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LETTER TO THE SECRETARY.

Washington, July 1, 1874.

Sir : In accordance with your instructions, I nave the honor to present

for your approval the Seventh Annual Report of Progress of the United

States Geological Survey ofthe Territories for the fiscal year commencing

July 1, 1873, and ending June 30, 1874. In my letter to the Secretary

of the Interior, dated January 27, 1873, (Ex. Doc. No. 166,) inviting his

attention to some views in behalf of an appropriation for continuing

the survey of the Territories, and his recommendation of the same, the

plan of operations for the ensuing season was marked out in general

terms as follows

:

For the last two years the survey has operated about the sources of the Missouri and

Yellowstone Eivers ; but the expenses of transportation, subsistence, and labor are so

great that it seems desirable to delay the further prosecution of the work in the

Northwest until railroad-communication shall be established. The Indians, also, are

in- a state of hostility over the greater portion of the country which remains to be

explored. It seems desirable, therefore, to transfer the field of labor, for the coming

season, to the eastern portion of the Rocky Mountain range, in Colorado and New
Mexico. I propose to commence with the southern limit of the belt of the survey of

the fortieth parallel, so successfully completed under the direction of Mr. Clarence

King. The northern limit of the area marked out is latitude 40° 30' ; the western limit,

the east bank of the Green and Colorado Rivers ; the eastern limit, the one hundred

and third meridian west of Greenwich, extending the belt southward to the south line

of the United States.

There is probably no portion of our continent, at the present time, which promises

to yield more useful results, both of a practical and scientific character. This region

seems to be unoccupied, at this time, as far as I am aware, by any other survey under

the Government, and the prospect of its rapid development within the next five years,

by some of the most important railroads in the West, renders it very desirable that its

resources be made known to the world at as early a date as possible.

In accordance with the recommendation of the Secretary of the In-

terior, an appropriation of $75,000 was made for the systematic survey

of Colorado, and, at as early a date as the season would permit, the

party reached Denver. This place formed our starting-point for the

various portions of the territory which had previously been marked out

for the season's work. Early in the winter, the area to be surveyed in

Colorado was divided into three districts, and a preliminary map was

constructed, based on the land-surveys of those portions concerning

which there was any definite knowledge. We found that none of the

existing maps were of any great service in the more elevated portions

of Colorado. The area to be surveyed comprised the eastern portion of

the mountainous part of Colorado, and it was separated into three dis-

tricts : North, Middle, and South districts.

1 G S
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As soon as suitable preparations could be made at Denver, three well-

equipped parties were assigned to these areas. Each party consisted of

a topographer, an assistant topographer, a geologist, two packers,

and a cook. There were usually two or three others attached to each

party as general assistants or collectors in natural history.

There were also three other parties, with very important duties to per-

form: First, a party under Mr. James T. Gardner, to carry the primary

triangulation over the entire area to be explored, thus connecting and

harmonizing the work of the first three parties ; secondly, the photo-

graphic party, under Mr. Jackson, which also passes over the entire

field, gathering such information and procuring such views as will be

useful to all the other parties and to the public generally ; to this party

are also attached one or two naturalists or collectors ; thirdly, the

quartermaster's party, which furnishes supplies to all the others. It is

very important that the working parties in the respective fields shall

lose no time from their proper duties, and, with this systematic arrange-

ment, they may work through an entire season without the loss of even

a day. During the present season (1874) there will probably be a party,

consisting of a topographer and the necessary assistants, under the im-

mediate direction of the chief geologist, which will make special studies

of some of the more complicated areas already examined during the

last year. This will render the final work more complete.

It will be seen, therefore, that the organization is complete and com-

pact, and prepared for the systematic work for which it is intended. It

may be enlarged at any time to meet the needs of the Government.

The addition of one or more parties at any time does not affect the

integrity of the organization. Each one of the parties is complete in

itself, and may be sent to any portion of the public domain as the needs

of the Department may require.

The divisions operating in the districts assigned during the season of

1873 were denominated for convenience the First or Middle Park divis-

ion, Second or South Park division, and the Third or San Luis division.

The Middle Park division was directed by A. E. Marvine, assistant

geologist, with G. E. Bechler, topographer, and S. B. Ladd, assistant

topographer. E. T. Luce and S. H. Nealy were attached to this division

for a portion of the season as general assistants.

The following interesting abstract has been prepared by Mr. Marvine
of the work of his division, which will apply, for the most part, to the

others.

The area surveyed by the Middle Park division of the United States

Geological and Geographical Survey of the Territories during the season

of 1873 comprised an area of about fifty-six hundred square miles, approx-

imately in the form of a rectangular belt, its eastern end resting on the

plains near Denver City and stretching westward across the main chain

of the Eocky Mountains, including the Middle Park.

The methods of survey were precisely the same as in the other divis-
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ions of the party; the main portion of the work being done from topo-

graphical stations situated upon the most commanding points within the

region, together making a system of secondary triangles within the pri-

mary system. From these commanding points, of which seventy, averag-

ing about eight miles apart, were occupied during the season, both drain-

age-sketches expressed in contours, and perspective profile-sketches,

were made by the topographers, and angles, both horizontal and vertical,

taken to all the intersections of streams, their principal crooks and
bends, all points, spurs, saddles, and sudden changes of slopes; which,

with similar angles taken from adjacent stations upon the same points,

served to fix their positions and elevations; and with the thousands of

points thus fixed during the season with an exceedingly close approxi-

mation to absolute truth, the map is filled in from sketches made by
the topographer.

The geologist, meanwhile, has made his own detailed and special

studies and sections along the route traveled, or on special trips for this

purpose ; and this detail he generalizes from the higher stations made
by the topographer, obtaining extensive views from them, from which

he can trace his formations across the country; and with the locations

and directions furnished by the topographer more accurately and readily

than he can obtain them himself, he can secure data by which he can

readily color a general geological map upon his return. Indeed, next

to entering the field with a finished topographical map of the region to

be examined, a thing as yet impossible in our West, the union of topog-

raphy and geology in one and the same party best furnishes the data

for a realization of the full value of the otherwise more or less discon-

nected observations of the geologist ; and equal benefits accrue to the

topographer, for mannerism and inexpressive effects are inevitable

results when a topographer sees but the surface of a country and under-

stands not its anatomy. Association of topographer and geologist thus

leads to benefits to each, and is certainly a great advantage to the sys-

tem of field-working now followed by the survey.

The first chapter of his report deals with the main drainage-systems

and principal topographical features of the whole district, which mate-

rial is greatly supplemented by the report Mr. Ladd has prepared upon

the means of* communication, elevations, distribution of timber, grass-

lands, and population.

The Sedimentary rocks underlying the great plains are all thrown up

along the mountain-base, with their edges exposed. The formations

thus exposed form the subject of Chapter II, where they are treated in

order from the lowest, the Triassic, resting directly on the Archaean

rocks, through the Jurassic, Cretaceous, and Lignitic (Upper Cretaceous

or Eocene,) with a few facts about the more recent gravels and lavas.

The detail-characters of the lower beds are exhibited (Plate I) in detail-

sections made at six points along the front of the mountains, while their

structural features—the more simple fold of the south, the more com-
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plex echelon-folds of the north, and the changes between—are shown

(Plate II) by cross- sections at seventeen points along the mountain-front.

A map to show the distribution of the Lignitic coal-openings, with rail-

roads, &c, is also given, and attention paid to what is at present known
concerning the usefulness of these coals.

The mountains are composed of a great series of metamorphic schists,

gneisses, and granites of pre-Silurian age, (with minor masses of erupt-

ive rocks,) all thrown into a complex system of folds, which are very

difficult to trace on account of the absence of permanent features in any

one horizon ; metamorphism so frequently obscuring what distinctive

features certain strata may possess for a little distance. A single,

indeed many, season's work, would be insufficient to unravel the problems

in structure, but more especially in metamorphism, here presented.

Even such material as is here presented cannot be made fully available

until carefully plotted on the final map. In the mean while, how-

ever, Mr. Marviue has prepared a provisional geological map of the

eastern slope of the front range, where these rocks were best studied,

which shows their general structure, accompanying it with a brief chap-

ter on the more general phenomena here observed.

The Sedimentary rocks of the Middle Park form the subject of Chap-

ter IV, their distribution being shown on the accompanying map, and
their structure by the five cross-sections on Plate III, together with

minor sections and figures. The relations between the geology and the

topography is particularly referred to. The more interesting geological

features here observed are : that the Cretaceous rocks seem to be the

oldest Sedimentaries, resting directly on the Archaean, a decided uncon-

formability of deposition between the Cretaceous and Lignitic formations,

proving that a small east and west anticlinal fold, which occurs along

the Lower Grand River in the Park, was formed at the close of the Cre-

taceous, and before the more extended Rocky Mountain uplift ; the

inclination of probably post-Tertiary lake-beds, pointing to a compara-

tively recent slight continuation of this uplift ; and interesting glacial

phenomena.

The energy and devotion to the work displayed by Mr. Marvine
merit the highest commendation, and the results so admirably brought
out in his report, as shown by the above short resume, are but the prom-
ise of the future. The map of the first district, prepared by Mr. Bech-
ler, with the assistance of Mr. Ladd, will be engraved the present sum-
mer, and will more than sustain .the high reputation which he gained
by his labor in the Snake River district during the season of 1872.

During the field-season of 1873, Henry Gannett was topographer in

charge of the Middle or South Park division. This party consisted, during
the greater part of the season, of eight men, Dr. A. C. Peale, division

geologist; W. Rush Taggart, assistant division geologist; Henry W.
Stuckle, assistant topographer; J. H. Batty, naturalist ; two packers;
and a cook.
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The area assigned to this party is limited on the north by the para 1 -

lel of latitude of 39° 15' ; on the south by the parallel of 38° 30' ; on the

east by the eighth guide-meridian of the land-survey, and on the west by
the one hundred and seventh meridian.

The party left Denver on May 29, and commenced field-work on June 1,

and ended October 21. The secondary triangulation and the topograph-

ical work of the district were completed, with the exception of a part

of the country in the immediate neighborhood of the North Fork of tbe

South Platte, and a small area on Ten-Mile Creek, which will be
completed early this season.

In the prosecution of the topographical work, ninety-six stations of

sufficient importance to be numbered were made, besides a large num-
ber, twenty-five or thirty, of minor importance, for obtaining local

details, &c. ; nine peaks exceeding 14,000 feet in elevation, and a very

large number of peaks exceeding 13.000 feet, were measured as accur-

ately as possible by barometer or theodolite. All the important passes

in the mountain-ranges within this district were examined.

During the winter and spring, in the office, Mr. Gannett has made a
map on a scale of two miles to one inch, in 200-foot contours of the

area worked, and has also reduced the hypsometric work of the season.

He has prepared for the press a new edition of the il Lists of Elevations

Westof the Mississippi Biver," (which will contain about 75 octavo-pages,)

and has prepared a short geographical report, and a short memoir on
the results of the trigonometric leveling carried on during the past

season.

Doctor Peale, the geologist of the South Park division, was assisted by
Mr. W. E. Taggart, and their plan of work was as follows : One per-

formed the detailed work at or near camp, such as making measured
sections, collecting fossils, &c, while the other accompanied the topo-

grapher to the station selected for the day's observations, which was
generally the highest point in the immediate region. At the latter

place, the boundaries of the geological formations were defined in colors

on a drainage-sketch ; this was, of course, based on previous detailed

work. In this manner, the geologist was able to make much more per-

fect results than he could otherwise have done. The amount of labor

thus performed by this party was very great, and reflects great honor

on the survey.

The labors of Mr. J. T. Gardner during the season of 1873 have shown
the importance of careful instrumental observation in raising the stand-

ard of the topographical work of the survey. His methods will be

explained more fully by himself in a subsequent portion of this report.

The primary triangulation during the season of 1873 covers about

17,000 square miles. Over two-thirds of this area the triangles are

completed, and the third angles of the remaining triangles will be ob-

served this season.

Sixteen stations were visited and the angles at them repeatedly
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observed. Thirty-two more points were located from the primary sta-

tions by cuts.

Forty-seven closed triangles were used in the adjustment of the sys-

tem. Their mean error of closure, after reduction for spherical excess,

is 10".3.

Two of the principal stations were accurately located in latitude and

longitude by the Uuited States Coast Survey.

Azimuths were observed at five of the stations.

The system of triangles rests upon a base about six miles long near

Denver. This was twice measured with a steel tape under twenty

pounds strain and the temperature taken every five minutes. A check-

base will be measured this year. A secondary triangulation, resting

. upon this primary, was carried by the topographers over the same area.

The primary triangles range from thirty to sixty miles in the length

of their sides, while the secondary average eight miles.

Mr. A. D. Wilson, a topographer of large experience, directed the San

Luis division. His method of work was, on arriving at his field of labor,

to select a peak from which, in his judgment, he could see the surround-

ing country to the best advantage, and from this also to choose other

points in advance. These points or stations were carefully located by a

system of secondary triangles, connecting directly with the primary-

triangulation points, several of which were visited. From each station

were taken angles, both vertical and horizontal, to all peaks, passes,

ends of spurs, streams, junctions of roads, and all recognizable features

of the country. The drainage-sketches and instrumental observations

were made by Mr. Wilson, while the assistant topographer, Mr. Chit-

tenden, was employed in making profile-sketches and observing the

barometer. Barometric observations were made at all stations, camps,

passes, valleys, and places of note. The district thus surveyed em-

braced an area between longitude 104° 30' and 107° and latitude 37° 50'

and 38° 45', of about eight thousand four hundred square miles. Within
this district ninety-nine regular stations were made by Mr. Wilson, be-

sides ten or twelve by the assistant, which give an average distance

from station to station of seven or eight miles.

According to instructions received, Doctor Endlich, geologist for the

San Luis division, visited, on May 17, 1873, the mining-regions of Gilpin,

Bowlder, and Clear Creek Counties in Colorado, remaining there until

Julyl. During that time all the important mines in operation were

personally inspected, with a view of determining their geological and
mineralogical relations among themselves as well as with reference to

the geognostic formations surrounding them. On July 3, the San Luis

division, to which he was attached as geologist, took the field, and
remained in active field-service until October 5. Eight thousand four

hundred square miles were surveyed topographically and geologically,

and particular attention paid to the agricultural and mineralogical

resources of the country traversed.
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Geological work and topographical observations were carried on in

harmony with each other, so that the geologist was able to prepare a

map showing, with a considerable degree of accuracy, the horizontal

distribution of formations throughout the district assigned.

The topographical stations were almost invariably accepted by the

geologist as suitable for his examination, and a co-operation was thus

secured that must render better results than can be obtained by any
other method which may claim to cover an equally large area.

During the winter of 1873-'74, the report upon the sections examined

was worked up from the notes taken in the field. A large map, showing

the distribution of formations, was prepared, and a report submitted. This

report is divided into four chapters and an appendix; the first chapter

treating of the mining-regions explored; the three next of the geology

of the San Luis district, which was divided into three sections in order

to facilitate descriptions and the comprehension of localities. In the

appendix are contained " Mineralogical notes," describing two new spe-

cies of mineral, and the occurrence of native tellurium—being the

second locality in the world where it occurs—and a " Catalogue of

minerals found in Colorado Territory,'' enumerating over one hundred

and fifty species, by far more in number and locality than had ever be-

fore been reported from that Territory.

Experience in the field has shown most Clearly the necessity of com-

bining topographical observations with geological research. Of all maps
that are of importance aud great use to the geologist, contour-maps

must be preferred. He may note by his observations, and express by
means of vertical sections, the arrangement of strata throughout a cer-

tain mountain, ridge, or range, and the contour given on the map will

then greatly facilitate his work by enabling him to define more correctly

than in any other way the limits of the successive strata.

From the stations selected, the geologist can indicate the points

important for his work ; the topographer can locate these points and
reproduce them on the maps which are plotted during the winter follow-

ing the field-work, thus giving to the former data that must be in-

valuable to any one who appreciates precise work, even when done on

so large a scale.

Mr. W. H. Jackson performed his duties in the field with his usual

success. His triumphs in the mountain regions of Colorado are already

well known all over the country. The panoramic views of the mountain-

peaks have been of great value to the topographer as well as the geolo-

gist, and have proved of much interest to the public generally.

Mr. W. H. Holmes also made numerous panoramic sketches from

the high peaks used as primary stations. The value of the present

report is greatly increased by the beautiful and accurate sketches aud
sections from the results of his skill in the field and in the office. His

knowledge of structural geology is such that he merits the position of

assistant geologist.
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Mr. James Stevenson acted as quartermaster and executive officer of

the survey, and performed the labors incident to his department with

judgment and fidelity.

Mr. Bobert Adams, jr., of Philadelphia, acted as assistant quarter-

master, with entire satisfaction.

By the kind permission of General Sherman and General Orel, Lieut.

W. L. Carpenter, U. S. A., accompanied the survey as naturalist, and
the result of his zeal in the work is well shown Jin subsequent portions

of this report.

Prof. W. D. Whitney, of Tale College, rendered most valuable assist-

ance to Mr. Gardner in his geographical work, for the months of July

and August, without compensation from the Government.

Mr. Leo Lesquereux is permanently attached to the survey as paleon-

tologist. He has just completed a memoir on the fossil flora of the

Dakota group, with thirty plates, and is now preparing a second me-

moir on the flora of the Lignitic group, which will contain over sixty

plates. This work will be ready for* publication in about six months.

Mr. F. B. Meek, the eminent paleontologist, is also a member of the

survey, and has nearly completed his most valuable, but long delayed,

memoir on the invertebrate fossils of the West, which will go to press

the present summer. It will contain forty-five beautifully-engraved

plates, all of which are now finished.

Prof. C. Thomas will remain in charge of the office, superintending

the printing of the reports while the main party is in the field.

The survey is under obligations for most valuable papers from Dr. A.

S. Packard, S. I. Smith, A. E. Verrill, H. A. Hagen, and Baron B. Os-

tensacken.

I have only words of commendation for all the members of the survey

for their devotion to the work.

To the officers of the various railroads in the West, to the citizens of

Colorado, and to the press all over the country, the survey is under

many obligations.

HISTORY OF THE SURVEY.

A brief history of the survey may not be out of place in this connec-

tion and at the present stage of its progress. In the spring of 1867
,

when the Territory of Nebraska was admitted into the Union as a State,

Congress passed a bill setting apart the unexpended balance of the ap-

propriation for the legislative expenses of the Territory for the purpose

of procuring a geological survey of the State. The amount proved to

be about $5,000, aud the summer of 1867 was occupied in making an

examination of the eastern portion of the State. A preliminary report

was published in the annual report of the Commissioner of the Land-Office

for that year. Some four years after, a final report, in octavo, was printed

by Congress.

In the spring of 1868, $5,000 more was appropriated, and the survey
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was extended into the Territory of Wyoming, along the line of the

Union Pacific Bailroad. A second annual report was made as the re-

sult of this brief preliminary examination. But it was not until the

spring of 1869 that the survey received its present form. At the close

of the session a clause was added to the sundry civil bill, in the follow-

ing words, " For the continuation of the geological survey of the Terri-

tories of the United States, by Prof. F. Y. Hayden, ten thousand dollars,

to be expended under the direction of the Secretary of the Interior."

By direction of the Secretary of the Interior a geological reconnaissance

was extended along the eastern portion of the Bocky Mountain range,

from Cheyenne to Santa Fe", N. Mex., and in the winter of 1869-70 an
annual report was published containing the preliminary results. In 1870

the appropriation was increased to $25,000, and the season was occupied

in exploring portions of Wyoming Territory. In 1871 $40,000 was ap-

propriated for the continuation of the survey, and by direction of the

Secretary of the Interior the work transferred to the interesting region

about the head-waters of the Yellowstone and Missouri Bivers. To this

expedition one topographer was attached.

In 1872 the work was continued in that region, with an increased ap-

propriation of $75,000, with two large parties and a full corps of

topographers and geologists. The result was a still more detailed ex-

ploration of previously little-known portions of Montana and Idaho,

especially about the sources of the Yellowstone, Missouri, and Snake

Bivers. A preliminary account of the results of the survey was given

in the annual report for 1872.

During the season of 1873 the geographical, as well as the geological,

corps was more complete and better prepared for its duties than at any

previous period. The Territory of Colorado was assigned to it as the

field of its labors ; and the report of progress, which contains many of

the important results, is now ready for publication.

THE PUBLICATIONS OF THE SURVEY.

The plan of publication of the results of the survey has been matured

gradually, and it is believed that it meets the requirements of the scien-

tific men of the country, as well as the people at large. The publica-

tions are divided into three principal classes.

The first class consists of the annual reports, or reports of progress.

These will be issued every year, and will give early information of the

progress of each season's labors. They will contain much new and im-

portant matter.

The second class comprises a series of "miscellaneous publications"

on different subjects connected with the West, which are important contri-

butions, but are to some extent compilations, and usually issued in smaller

editions. They consist of elevations, meteorological observations, ac-

counts of the botany, ornithology, entomology, catalogues, &c; all based

on the labors of the survey.
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The third class will embrace the more technical and matured results,

and will be issued in quarto form, and are designed more especially for

libraries and men of science. These volumes will be elaborately illus-

trated.

To meet the wishes of some of the collaborators of the survey, who
desired the early publication of important results, a bulletin was pub-

lished during the past winter and two numbers issued. This will be

continued from time to time as circumstances may require.

The following is a list of the publications of the survey up to the

present time

:

1. First, Second, and Third Annual Eeports of Progress for

1867-'68-?69, 261 pages, 8vo.

2. Fourth Annual Eeport of Progress for 1870, (Wyoming, &c.,)

511 pages, 8vo., with twenty-two wood-cut illustrations.

3. Fifth Annual Eeport of Progress for 1871, (Montana, &c.,) 538

pages, 8vo., with sixty-four wood-cuts, two plates and five maps.

4. Sixth Annual Eeport of Progress for 1872, (Idaho, &c.,) 844

pages, 8vo., with sixty-eight wood-cuts, twelve plates and five maps.

5. Seventh Annual Eeport of Progress for 1873, in process of publi-

cation.

6. Final Eeport of the Geological Survey of Nebraska during the

year 1867, 264 pages, 8vo., with a colored geological map and eleven

plates of Carboniferous fossils.

7. Supplement to the Fifth Annual Eeport on the Fossil Flora of

the West, by Leo Lesquereux, 22 pages, 8vo.

8. Synopsis of New Vertebrata from the Tertiary of Colorado, obtained

during the summer of 1873, by Prof. E. D. Cope, 19 pages, 8vo.

Miscellaneous publications.

9. No. 1.—Lists of elevations in that portion of the United States

west of the Mississippi. Collated and arranged by Henry Gannett,

assistant, pp. 47, 8yo. Second edition. A third edition of this impor-

tant paper will be issued shortly, very much enlarged and improved.

10. No. 2.—Meteorological Observations during the year 1872 ; Utah,

Idaho, and Montana
;
prepared for publication by Henry Gannett, assist-

ant, 120 pages, 8vo.

11. No. 3.—Hand-book of the Ornithology of the Territories of the

Northwest, by Dr. Elliott Coues, U. S. A., (in press.).

12. No. 4.—Synopsis of the Flora of Colorado, by Prof. T. C. Porter

and John M. Coulter, 180 pages, 8vo.

13. No. 5.—Catalogue of Photographic Negatives belonging to the

survey, by William H. Jackson, 83 pages, 8vo.

14. No. 6.—Meteorological. Observations, taken by the survey during

1873, 70 pages, Svo.
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Bulletins.

15. Bulletin No. 1.—Pliocene Vertebrate Paleontology of Northern

Colorado, Cope, 28 pages, 8vo.

16. Bulletin No. 2.—Vertebrate Paleontology, Cope; Cretaceous Flora,

Lesquereux, Acrididse, Thomas ; Geography, Elevations, &c, Gardner;

27 pages, 8vo.
Quarto publications.

17. Vol. I. Contributions to the Extinct Vertebrata of the Western

Formations, by Prof. Joseph Leidy, 358 pages, with thirty-seven plates.

18. Vol. II. The Vertebrata of the Cretaceous Formations of the

West, by Prof. E. D. Cope.

19. Vol. III. The Vertebrata of the Eocene Formations of the West,

by Prof. E. D. Cope ; 40 plates.

20. Vol. IV. The Vertebrata of the Miocene and Pliocene Forma-

tions of the West, by Prof. E. D. Cope ; 40 plates.

21. Vol. V. Synopsis of the Acrididse of North America, by Prof.

Cyrus Thomas ; 258 pages, 4to, one plate.

22. Vol. VI. Contributions to the Fossil Flora of the Cretaceous and
Tertiary Formations of the West, by Prof. J. S. Newberry ; 60 plates.

23. Vol. VII. The Fossil Flora of the Cretaceous Formations of the

Western Territories, by Prof. Leo Lesquereux ; 30 plates.

24. Vol. VIII. The Fossil Flora of the Tertiary Formations of the

Western Territories, by Prof. Leo Lesquereux ; 60 plates.

25. The Fossil Invertebrata of the Western Territories, by F. B.

Meek; 45 plates.

26. Sections, profiles, and other illustrations of the Geology of the

Western Territories explored by the survey, with descriptive text by

F. V. Hayden, in three parts. Part 1 contains about 75 plates of sec-

tions, &c. Part 2, 52 plates of scenery, prepared by the Albertype pro-

cess from the photographs of the survey. Part 3, 37 plates of the Hot
Springs, Geysers, &c, of Montana. A small edition of the profiles, sec-

tions, &c, one hundred copies have been issued without the text.

Maps.
1871. 1. Yellowstone Lake.

2. Lower Geyser Basin of Firehole Biver.

3. Upper Geyser Basin of Firehole Biver.

4. Yellowstone National Park.

Notes by A. Schonborn.

5. Parts of Idaho, Montana, and Wyoming Territories. (Prelim-

inary map for field use.)

1872. 6. Lower Geyser Basin of Firehole Biver. (Scale, six inches to

the mile.)

7. Upper Geyser Basin of Firehole River. (Scale as above.)

8. Heury's Lake, Idaho.
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9. Shoshone Geyser Basin, and Lake.

10. Parts of Idaho and Wyoming about the heads of the Snake

Eiver. (Scale, five miles to one inch.)

(Prepared by G. E. Bechler.)

11. Parts of Montana and Wyoming about the heads of the Yel-

lowstone, Gallatin, and Madison Eivers. (Scale, four miles

to one inch.) Drawn by Henry Gannett from field-notes by

A. Burck.

12. Part of Colorado, based on the United States land-survey.

1873. Compiled for field use.

No. 11, containing the complete list of the Ornithology of the North-

west, is passing rapidly through the press. Nos. 14, 18, 19, 20, 22, 23,

24, 25, and 26 are either ready for the press or in an advanced state of

preparation, and will be issued within a year.

The map of a portion of Montana and Wyoming Territories, embrac-

ing most of the country about the sources of the Madison, Gallatin, and

Yellowstone Eivers, in contour lines of 100 feet, and on a scale of four

miles to one inch, can hardly be said to be published yet, only a few

copies having been issued. The data for this map were collected in the

field by Mr. Adolph Burck, assisted by Mr. Henry Gannett. In the

office it was completed by Mr. Gannett. The following explanation in

regard to the method and purpose of the map will certainly be suffi-

cient for all fair-minded men.

The topographical work was carried on mainly from a meandered
line, (meandered with compass and odometer.) Points along the line

were located by angles, using the meandered line as a base-line. Much
topography, also, was done from mountain-peaks, with gradienter and

compass. In addition to this, short bases were measured in several

localities with steel-tape, and connected with the topographical work,

to serve as checks, and the whole was checked at tbe camps by sextant

observations for latitude and time, the longitude being determined by
chronometer, the rate of which was repeatedly checked.

The location of the contours was controlled by barometric observa-

tions, vertical angles with the gradienter, and slope angles with the

clinometer. While not pretending to be an accurate contour map,
which it would be useless to attempt to make in a hasty reconnaissance,

it does assume to express, with considerable accuracy, the form of the

country, in its \ ertical as well as in its horizontal features.

The system of plotting maps with elevation curves is of the greatest

importance for practical geological studies of any locality or country

that has been surveyed in that way. It is evident that wherever sedi-

mentary formations occur the curve system greatly facilitates the work
of the geologist. Geological maps, if carefully made, will always rep-

resent more or less scalloped curved lines, denoting the boundaries of

the different geological formations, and it is therefore apparent that
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whenever the stratigraphical conditions have been observed, and are

known, a map showing the elevation curves will enable the geologist to

recognize, wiih great accuracy and certainty, details of geological distri-

bution that otherwise would require considerable time and labor to

work out.

In working out sections the curves are of importance, giving the

geologist a means by which to give a correct diagram of the line of

country through which he has made his section, and furthermore fur-

nishes him valuable data facilitating the measurement of strata.

The map of the sources of Snake River and its tributaries, on a scale

of five miles to one inch, is a most valuable contribution to the geogra-

phy of a portion of our western country, previously almost entirely

unknown. The great amount of faithful, conscientious labor bestowed

upon it by Mr. Bechler, both in the field and in the office, is so evi-

dent that I need not speak of it in detail. An edition of the drainage

portion, with the brush-work omitted, will be published during the sum-

mer, showing the geological formations with colors, by Professor Brad-

ley. During the summer of 1872 Mr. Bechler resurveyed the Upper
and Lower Geyser Basins of theFirehole River; and the two charts, on

a scale of six inches to one mile, have just been very beautifully en-

graved on stone by Mr. Bien.

It is believed that all unkind criticisms of the labors of other scien-

tific men are out of place in an official report, and in no instance will

they receive the sanction of the geologist in charge. Each assistant is

held responsible for the correctness of his statements in his report, and

it is presumed that his love of truth is superior to his personal feelings.

Problems are arising and will continue to arise about which there will

be difference of opinion among true men of science. We shall accept

the verdict founded on the evidence as soon as it comes fairly before

us, regardless of our preconceived opinions.

In performing so great an amount of field-work, and in publishing so

freely and rapidly as we do, an unkind critic may find defects in our

reports which might not have existed with delay ; but it seems not only

necessary but eminently desirable to bring our results before the public

at as early a date as possible. Should mistakes occur, (and they cannot

reasonably be avoided,) we hope to correct them in future publications.

I regret that my own report has not been more carefully prepared this

season, and that I have been obliged to omit several chapters in which

I had intended to discuss some of the more important problems in the

geology of the Rocky Mountain region.

The discussiou of the Lignitic group will be continued by Professor

Lesquereux. His views in regard to the age of this group are well

known, and it seems probable that they will be sustained by future evi-

dence. The stratigraphical evidence on this subject, so far as Colorado

is concerned, will be subjected to the closest scrutiny the present season.

The present report of progress is submitted with the belief that it is
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a valuable contribution to our knowledge of the geography, geology.
and natural history of a very interesting portion of the public domain.
I would again extend my cordial thanks to the Secretary of the Interior

and to Hon. B. R. Cowen, Assistant Secretary, for their continued aid
and encouragement in advancing the objects of the survey.

Yery respectfully, your obedient servant,

F. Y. HAYDEN,
United States Geologist.

Hon. C. Delano,
Secretary of the Interior.
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REPORT OF F. V. HAYDEN, U. S. GEOLOGIST.

OHAPTEE I.

EEMAEKS ON SUEVEY—THE GEOLOGICAL FEATUEES OF THE EAST
SLOPE OF THE COLOEADO EANGE OF THE EOCKY MOUNTAINS, FEOM
CACHE A LA POUDEE EIVEE SOUTHWAED TO PIKE'S PEAK.

In the third annual report of the survey for 1869 I described with
some care the geological features of the east slope of the Eocky Moun-
tains, from Cheyenne to Santa Fe. My investigations were more par-
ticulairy confined to the sedimentary formations as they are shown by
their upturned edges along the immediate eastern base of the range.
In this chapter I can do but little more than confirm the accuracy of
the statements made in that report, and add a few new facts, referring
the reader to the more detailed reports of Mr. Marvine and Dr. Peale.
Although the sedimentary rocks along the flanks of the mountains

are of great interest, yet the general outline of their geology is compar-
atively simple. The vast plains to the west of Cheyenne are covered
with the drab-yellow and light-gray sands, marls, and clays of the great
fresh-water lake deposit, known as the "bad lands," (Mauvaisses terres,)

and may be Miocene, or Pliocene, or both. This entire group of deposits
juts up against the foot of the mountains, not conforming to the older
beds, and in a horizontal position or inclining not over 5°. The Union
Pacific Eailroad passes uninterruptedly across this deposit from a point
east of Grand Island, on the Platte, to the margin of the first range.
As we pass southward from the railroad this lake-deposit soon thins
out and disappears, and the full series of the older sedimentary rocks
known in this region are exposed in their order of sequence. The
fresh-water Tertiary deposits not conforming with the older rocks and
jutting up against the sides of the front range almost to the summit,
necessarily conceal the latter over a very long distance. For one hun-
dred miles or more they are not visible, only as the former have been
washed away, and for a considerable distance north of the Laramie Eiver
the fresh-water deposits conceal all the older beds, and rest upon the gran-
ites direct. About four miles south of a locality known on the maps as
Spottswood Springs, the Lignitic beds begin to be revealed in the valleys
of the little streams, and very soon the fresh-water deposits entirely thin
out. So far as I have been able to ascertain, the older sedimentary strata

perfectly conform, and we have here a series of uplifted ridges, showing all

the sedimentary rocks of the region up to the Lignitic group inclusive,

with remarkable distinctness. I am not certain that we have well-

defined Carboniferous beds south of the railroad. Along the line of the
railroad, between Hazard Station and Granite, the limestones of Car-
boniferous age are exposed to a limited extent. So far as I have ob-

2 G s



18 GEOLOGICAL SURVEY OF THE TERRITORIES.

served, rocks of this age do not occur again until we reach Colorado
Springs, south of the railroad. The brick-red group rests on the Meta-
niorphic rocks, and, starting from the granite nucleus, we pass across
the upturned edges of the sedimentary beds, as they iucliue from the
east slope of the mountains at various angles. We have been in the
habit of calling the brick-red beds Triassic; but it is by no means
proven, and as there are red beds of similar mineral character in the
well-marked Carboniferous group below, and the Jurassic above, I have
sometimes been disposed to refer them to one or the other, or to both,

and regarding the Triassic as wanting. The thickness of the red group
as exposed at different localities varies considerably, and it is oftentimes
difficult to decide whether the difference is due to original deposition, or
whether the beds have been crushed together, or concealed by newer form-
ations. If the Triassic group is wanting in this region I cannot point out
any locality where there is any marked unconformability between the
Jurassic and the Carboniferous, and this fact might be used to favor
the belief that the red group is Triassic. Above the red group is a
series of variegated beds, which seem never to be absent alon g the
margins or flanks of the eastern ranges of mountains from the north line

of our territory to Mexico. North of the railroad the Jurassic marls are
often filled with characteristic fossils, but south of that point they disap-

pear, and they have not yielded any positive paleontological proofof their
age to the numerous explorations as far south as Santa Fe. The litho-

logical characters of the group, however, are well preserved, although
from the line of the railroad far south to New Mexico the group is thinly
represented. Above the Jurassic is a fair representation of the Creta-
ceous series. No. 1, or the Dakota group, is well shown and is always
characteristic, though seldom containing any organic remains, but the
other divisions, which are so well defined farther north, are here very
obscure. The geologist studying these beds in their southern extension
first, would hardly think of separating them into the five well charac-
terized divisions of the Northwest. To one who has carefully studied
the divisions along the Misssouri Eiver the Cretaceous beds in Colorado
and New Mexico may be separated into the five groups without much
difficulty. No. 3 is represented by a thin bed of impure gray limestone and
thin calcareous shale, with Ostrea congesta and a species of Inoceramus.
The fossils are about the same as those occurring on the Missouri, but
the rocks have little of the chalky texture, as observed in the Northwest
and in Kansas. Nos. 2 and 4 are black shaly clays, and do not
differ materially from the same groups occurring in other localities to
the northward. No. 5 contains a great abundance of well-marked Cre-
taceous fossils, many of the species identical with those found on the
Missouri Eiver. This group passes up into the Lignite strata, appar-
ently without any marked unconformability. In passing upward in
number 5, one by one the mollusca of purely marine character disappear
until only some varieties of oysters remain with the plants peculiar to
the Lignitic group. I may say here that it is quite possible that a
more thorough examination of the strata intermediate between those
with well-defined Cretaceous fossils and the Lignitic beds would show
at least an uncomformability of sequence. In the Laramie Plains there
is a group holding this intermediate position of several hundred feet in
thickness, which I have called beds of passage.
There is an interesting fact which may be stated just here, that there

are no important flexures in the sedimentary group, whatever there may
have been in the Metamorphic rocks, but the difference in the inclina-
tion of the former is very great at different localities. Sometimes the
uplifted zone is ten to fifteen miles in width aud composed of a great
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number of ridges, which are called in the country " Hogbacks/' Some-
times the inclination of these ridges from the granite nucleus outward
to the plains is not more than from 10° to 25°, gradually diminishing
until the Liguitic strata assume an entirely horizontal position, so far as

can be detected by the -eye. Again, the entire group of strata will be
crowded into a space of a mile or less, and stand at a nearly or quite a
vertical position, but in suddenly passing from a very highly inclined

position to an apparently horizontal one on the plains, we can see that
however much the Metamorphic rocks which form the nucleus or body
of the great mountain-ranges may have been folded by the shrinking of

the crust, the sedimentary beds have been simply lifted up in a nearly
or quite vertical manner. I have often stated in previous reports the
belief, founded on most satisfactory evidence, that the sedimentary
strata formerly extended uninterruptedly across the area now occupied
by the Metamorphic mass of the mountain-ranges; that on the east and
west slopes can be found the broken portions inclining in opposite direc-

tions, but showing most clearly that the intervening portions had been
worn away in the process of upheaval. The sections across the range
will illustrate this statement most clearly. So far as can be seen at the
present time the process of upheaval has been very slow, long continued,
and uniform in its action. In many instances the sedimentary group
seems to have resisted the central force, and thus the strata were broken
off, and the edges turned up very abruptly over a very narrow belt or

zone, as at Golden City, and many other localities south of that point.

Again, the uplift seems to have influenced the strata for a long distance
from the Metamorphic nucleus into the plains, as at Cache a la Poudre,
where the inclination of the beds is nowhere very great, and gradually
diminishes eastward until they become quite horizontal ten to twenty
miles from the axis of power. In many instances the force from below
seems to have acted so nearly vertically that only the Lignitic and per-

haps a portion of the Cretaceous strata are exposed on the flanks of the
nucleus, and thus beds are broken off so abruptly that the detached por-

tions are thrown past a vertical and incline away from the mountain
mass; in other words, the great Metamorphic mass that forms the nucleus
of a range has been pushed up so directly vertical that the operation
did not materially disturb the sedimentary group except immediately
around the flanks. This phenomenon is not uncommon over the eastern
portion of the Eocky Mountain district. As the details of the geology
of the different districts are more fully worked out these points will

appear more clearly to the mind of the reader. It will be seen that the
geological structure of the Eocky Mountains is comparatively simple in

its general outlines, but that in its details it is remarkably complicated.
In the third annual report of the survey, season of 1869, I noted an

interesting feature in the structure of the mountain-ranges along the
eastern flanks, from Cheyenne to Santa Fe\ I directed attention to the
curious anticlinal ridges that seemed to extend down from the main
range and die out in the plains. Thus the great range or mountain
mass that fronts the plains from our north line to Mexico is made up of

a vast number of smaller ranges grouped together ; and while the great
mass, as shown on our maps, has an aggregate trend about northwest
and southeast, the front range from Laramie Peak to Santa Fe seems to

strike about north and south. If we examine the eastern flanks of the
range we shall find, from point to point, smaller ranges or spurs exteaid-

ing down from the main mass toward the plains, with a trend about
northwest and southeast, and soon dying out, leaving between the end
of the spur or minor range and the main mass a broad open valley, which
forms the sources of the more important streams. Most excellent illus-
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trations of this structure are seen where the Big Thompson and Saint

Vrain's Creeks emerge into the plains. Great notches are there formed
from point to point along the east front of the mountains, from which
some of the most important streams, or their branches, emerge into

the plains. Cache & la Poudre, Big Thompson, Saint Yrain, Fountain
Creek at Colorado Springs, and the Arkansas River near Canon City,

are excellent examples. This feature in mountain structure is shown in

a still more emphatic manner farther to the northward, where the front

group flexes to the northwest, leaving, however, somewhat separated

the Black Hills of Dakota, the Big Horn range, and the numerous
smaller ranges on the Upper Missouri. These ranges, large and small,

are all linked together at some point more or less apparent by anticli-

nals. By examining a general map of the Western Territories it will be
seen that the Black Hills of Dakota are connected with the front range
near Fort Laramie, and that the Big Horn Mountains are united farther

north at Bed Buttes by a low anticlinal that crosses the interval, re-

vealing no rocks older than the Cretaceous. These lines of connection

are best shown by colors on a geological map.
The illustration (section 1) will show quite clearly the dying out in

the plains of one of these spurs or ridges. It is also a fine example
of an anticlinal. Big Thompson Creek cuts its channel through the

south end. The portion thus separated forms a conical hill about 120
feet high above the south base, or about 200 feet above the valley of

the Big Thompson. The Upper Cretaceous beds pass off in low semicir-

cular ridges southeast. The main mass of the hill is triangular in shape,

and is composed of the rocks, of various textures, which make up the
Dakota group. The character of the group is well shown in this local-

ity. The pudding-stones, made up of small rounded pebbles, seldom
more than one-fourth of an inch in diameter, smoothly polished, sand-

stones and quartzites of almost every texture, with slicken on a marked
scale, and with the surface lined with white amorphous quartz.

The stream, which separates the triangular end of the anticlinal, cuts

directly through the ridge at right angles, and exposes in the section

the red beds very distinctly. The trend of the ridges is about 20° west
of north, with the uplifted ridges on either side inclining 16° to 20°

east and northeast ; on the west side of the ridge, No. 1 presents an
almost vertical wall for a mile or more, rising from a few feet to 100
or 150 feet in height, resembling the broken wall surrounding some
old city. This will always be pointed out to the traveler as one of the
curiosities of the region, aside from its geological interest. Just inside
is the rather thin group of Jurassic beds ; in the aggregate about 200
feet in thickness, made up of irregular thin layers of indurated arena-
ceous clay and sandstone, with two or three beds of limestone. Not a
trace of a fossil could be found, although a hundred and fifty miles
north well-marked Jurassic fossils are abundant ; and twenty-five miles
north they occur to some extent. The thinning out of the Jurassic
group in its southward extension is well marked, unless we include the
red beds among rocks of that age. Below the well-marked Jurassic
group the red sandstone appears, forming several small, rather low,
ridges, with thin beds of bluish-gray limestone, quite impure, but used
for burning into lime. Here and there, in close proximity to these lime-
stone layers, we have irregular deposits of gypsum. It is only in the
red group that these gypsum-deposits are sufficiently developed for
economical use. Gypsum in some form occurs in all the formations
above the Carboniferous ; but in the Cretaceous and Tertiary forma-
tions it is found mostly in the form of selenite. The origin of the gyp-
sum is so weD known that I will not refer to it in this place. It may be
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stated, however, that the absence or presence of large deposits of gyp-
sum seems in no way to affect the beds of limestone, although the gyp-
sum occurs in greater or less quantities all along the eastern sides of
the mountains wherever the group of red beds is exposed. There is a
very plain thinning out of the calcareous rocks as we proceed south-
ward. North of the railroad the Carboniferous limestones are quite
thick in some places ; near Fort Fettermau they reach a thickness of

1,000 to 1,500 feet, while south of the railroad the aggregate of the
limestone layers would not amount to more than 25 to 50 feet. The
beds or deposits of gypsum are much more extensive to the northward,
around the Black Hills, reaching a thickness of 40 to 60 feet, amor-
phous, and of a snowy whiteness.

The central portion of this anticlinal is a rather low grassy valley,

with one or two low ridges rising 2 to 4 feet above the surface, the
brick-red edges of the softer intervening strata outcropping here and
there where the rock is rounded. The intervening valleys between the
ridges are of various widths, depending upon the thickness of the indu-

rated calcareous sandstones. From their irregularity in weathering
there must be a very great variability in the texture of these brick-red
sandstones from point to point at not very great intervals. This differ-

ence is shown all along the base of the mountains. Sometimes the
ridges are very high and the upturned portions form a belt of consider-

able width, composed of quite compact sandstones and quartzites ; then,

within the space of a few miles, the greater portion of the group will

appear to be made up of indurated sands, which yield readily to atmos-
pheric agents. The irregularity in the wearing down of these ridges is

undoubtedly due in part to other causes, which will be discussed hi an-

other portion of this report. In the valley between the two sides of the
anticlinal are several lime-kilns, and the limestone is taken from a bed
2 feet in thickness, rising above the surface a few feet and standing
nearly vertical. On either side of the limestone the arenaceous lime-

stone and sandstone are very cellular, looking much like a spring de-

posit of tufa. It is certainly very gypsiferous all the way through.
There are two or three of these thin beds of limestone about the middle
of the red group, but no fossils have ever been detected in them. This
anticlinal valley, although so short, is very beautiful. At its upper end
it is about half a mile wide, tapering to a point on the southside of the
Big Thompson, so that it is about three miles in length. The west por-

tion of this anticlinal forms also the east side of the beautiful synclinal

valley, through a portion of which the stream flows. The eroding
agents have smoothed out this concave synclinal valley, which is

almost entirely grassed over, so that no formations can be seen newer
than No. 1. The quartzite wall on the east side, which stands
80° at least, must have been broken oft, so that the under-
ground portions cannot be very deep, but pass beneath the valley and
rise up on the opposite side, inclining at a very moderate angle. This
peculiar arrangement of tbe ridges produces a very curious drainage
for the Big Thompson and its branches. On the south side of the val-

ley of the Big Thompson the long, low, Cretaceous ridges can be seen
from a high point extending across the surface to the north, but stop-

ping abruptly at the creek, while tbe sjnclinal interval gradually closes

up to the northwest, in the valley of the East Fork. South of the
main stream, and on the west side of the synclinal valley, the No. 1
ridge is very prominent, and runs up to Big Thompson close above
the Bed Stone Creek, as seen on the maps. Between the end of the
anticlinal south of Big Thompson, and the same ridge as it rises on
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the sooth side of the same stream, the distance across the synclinal

valley is about three miles. As we pass up the axis of this triangular

anticlinal we find within it an open triangle; or, in other words, high
ridges of sandstone incline east, west, and south from the nucleus of
mica schists. The sandstones forming the ridges of this inner triangle

are much more compact in textnre, varying from a sandstone to quartz-

ite and pudding-stone. The pebbly portions are scattered irregularly

through the mass, showing everywhere that the sediments were depos-
ited in shallow and disturbed waters. Indeed, it is seldom that the
red groups give any evidence of long periods of quiet deposition.

Passing over the ridges of sandstone, which rise above the anticlinal

valley about 200 feet, we ascend a ridge of black mica-schist, which, on
account of its peculiar texture, I have called "bird's-eye schist." The
surface of these slate-like shales is covered with circular pits, while the
mass of the rock has a wavy texture, the whole reminding one at once
of a kind of timber common in our Northern States, known as " bird's-

eye maple." The south end of the schist-ridge rises 1,100 feet above
the valley of the Big Thompson, at the old stage-road. The second ridge,

still farther north, is 1,450 feet, while the highest part of the spur is

over 2,000 feet. The highest point is not over 8,000 feet above sea-

level. It will be seen at a glance that this ridge or tangential spur, as

it might be called, is a remarkable feature in Eocky Mountain struc-

ture ; that the internal forces should strike off at a tangent, as it were,

elevate a branch ridge from the main chain, and so suddenly, and
in many cases abruptly, die out in the plain, is difficult to compre-
hend. We shall endeavor to present the facts from time to time with
as much detail as possible, leaving the primary causes to become more
clearly known as we can accumulate illustrations. The synclinal on
the southwest side of the spur continues up until the spur joins on to the
main nucleus of granite. The ridges forming the east side of the anti-

clinal extend continuously along the east base of the mountains to Cache
a la Poudre, while the west side is cut off by the schist-ridge. The
synclinal is closed up in a sort of pocket or cul de sac, forming the drainage
of the North Pork or Eed Stone Creek. The red beds lie close up against

the granites, while the branches of the Little Pork have cut their way
.
through the ridges, as shown in the small chart. The schists in the
spur extend down as a sort of tongue between the uplifted ridges of

sedimentary rocks on either side. The schists all incline west or south
of west 60° to 80°. The strike of the schist-ridge or spur is about
northwest and southeast. The "hogback" ridges on the east side, ex-

tending along the base of the mountains to Cache a la Poudre, are quite

regular, and incline 20° to 25°. There is usually an interval or valley

between the schists and the first ridge, as shown on the surface, though
beneath the valley the red sands and sandstones jut up against the up-

turned edges ofthe schists. About five miles to the northward, on the east
flank of the mountains, a group of massive red feldspathic granites rise up
beneath the schists, and the surface has the appearance of a great morai-
nal deposit, so rounded are the detached masses of granite. These worn
blocks were scattered over the sedimentary as well as the Metamorphic
rocks and show marked signs of former glacial action. Such examples
may be found everywhere along the mountain sides. The subject, how-
ever, may be more fully discussed in another place. At this point rem-
nants of the lower sandstones lie high up on the granites, inclining 60°
to 80° southwest, while the upper sandstones dip nearly 20° east. The
sandstones, as they lie in contact with the granites, filling up the irreg-

ularities of the surface, are composed of a loose aggregate of quartz,
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pebbles, and other Metamorphic rocks, with a coarse quartzitic sand
as a ceinent. There "were many deep depressions, which are filled up
in a remarkable manner. These tongues or ridges of granite extend
down from the main range in many places, but seldom so far as to
break the regularity of the upheaved sedimentary ridges. Between Big
Thompson and Cache a. la Poudre there are quite wide grassy intervals
between the ridges, which produce excellent grazing for cattle. These
ridges are well defined ; there are usually about two principal ones of
the red group, and one very high and prominent ridge, composed of No.
1, underlaid probably with the Jurassic group. The Dakota group
ridge is immensely developed all the way to Cache a la Poudre. On
the inside of the ridge vast blocks of quartzite and pudding-stone, 20
feet cube, have fallen down into the valley or lie thickly scattered on
the sides of the ridge. At Spring Canon, nine miles north of Big
Thompson Station, there is a splendid section of the entire sedimentary
group. The little streams seem to have cut their channels direct from
the mountain-sides through the series of ridges at right angles. The
Dakota group is at least 250 feet thick, and is composed of beds of fine-

grained sandstone or quartzites, which are much used for building pur-
poses. So much has already been written in regard to the Cretaceous
group, as shown south of the railroad, that I do not know that I can
add anything new in this chapter. The very minute and accurate sec-

tions of Mr. Marvine will make the succession of the beds, as well as
the relative thickness from point to point, perfectly clear. Between
Cache a la Poudre and Big Thompson, the ridge composed of No. 1,

or the Dakota group, is most conspicuous, forming a peculiarly sym-
metrical roof. This ridge is higher and more uniform than any of the
others on either side of it, due probably to the fact that the texture
of the rocks of the Dakota group is so much more compact and resists

the wear of the atmosphere more effectually. The slope of the roof is

about 20°, and although much of the surface is bare, the upper portion is

covered with scattering cedars of a stunted growth. At irregular but
short intervals inverted conical notches occur, produced by the little

streams, which have worn their way, to a greater or less depth, directly
through the ridge. The more important streams have cut deep channels
from the mountains through into the open plains, but in the intervals are
numerous depressions, like those shown in the illustrations, that indicate
the erosion of temporary streams, thus giving a wavy outline to the
outcropping edge of the ridge. We may say here in this connection
that the Dakota group is one of the most widely-distributed forma-
tions in the West. To attempt to describe the variations in structure
from point to point would be an almost endless task, and yet, when care-
fully studied in one locality by the geologist he never fails to detect its

presence at other points where it exists, if exposed. All over the great
middle belt of the West, so far as I have observed it, between the paral-
els 47° and 34° and the meridians 97° and 114°, it maintains enough
of its peculiar lrthological character to be readily detected, and thus,
although in most instances destitute of, or containing very imperfect
organic remains, it forms a permanent basement-floor for the great Cre-
taceous formation of the West, as well as a most important datum line

for determining the age of the rocks above and below. The numerous
species of plants, with a few invertebrate fossils, which have been found
on the Missouri Eiver and in Nebraska and Kansas, have fixed the age
of the group, so that we believe it passes beneath all the more modern
beds from their points of appearance at the East to their exposure along
the flanks of the mountains. The eastern portions of this group are
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composed of a considerable thickness of dark iron-rust sandstone, in

which the plants are found for the most part. In the West this sand-

stone is not found in so marked a degree. Volume 7 of the quarto
series, by Professor Lesqnereux, contains 30 plates entirely devoted to

the plants of this group. The physical history of this group would be one of
great interest if we had all the details, forming, as it does, the line of

separation between two of the most important of the Mesozoic ages.

Indeed I have sometimes regarded it as a sort of transition group be-

tween the true Jurassic and Cretaceous series. The exact line of separa-

tion between the Cretaceous and Jurassic 1 have never seen, unless it be
the lowest layer of sandstone. The beds of sandstones, quartzites,

&c, form the characteristic feature of the group, but the beds are

usually separated by perhaps layers of indurated clay or shale, which
are of variable thickness. It is also probable that the Dakota group
passes gradually into the Jurassic through softer strata, for the sand-
stones are indurated with lower arenaceous clays. I hold the position

that the sequence of all formations is to be sought for in all places

;

that while breaks not unfrequently occur, the normal condition is the
entire absence of any line of demarkation, so that with the closest

scrutiny the geologist cannot tell where one formation ends and another
begins. Variability in texture and composition is regarded as indicative

of transition from one age to another, and this peculiarity is so persistent

in the Dakota group wherever it is known that I have been disposed
to regard it as a transition series, although the organic remains do not fix it

positively at the base of the Cretaceous. It is even possible that an uncon-
formability of sequence will yet be found. All through the group the
layers give unmistakable evidence of the shallowness of the waters of the
ocean during the deposition of the sediments. It seems somewhat sin-

gular that so widely-distributed sea-deposited rocks should exhibit such
uniform proof of shallow-water deposition. The rocks are usually in

rather thin layers, with very irregular laminae of deposition ; the sedi-

ments vary from a fine to a coarse sand or gravel, also from a hue
pudding-stone, made up of an aggregate of smoothly-worn pebbles from
the size of a pea to an inch or more in diameter, sometimes so closely

cemented together that the fracture of the mass is liable to pass
through the pebble. In somewhat rare instances this pudding-stone
becomes a coarse conglomerate. The average thickness may be stated

at 200 feet, but vibrates between 100 and 250 feet. Between the sand-
stones are perhaps partings of indurated arenaceous clay, and about
the middle of the group is a seam of impure Lignitic clay, which has
often been prospected for coal. Along the Missouri Eiver, in the vicin-

ity of Sioux City, Iowa, and in Southern Nebraska and Kansas, this

last is 2 to 4 feet in thickness, and has been wrought to some extent
for fuel, but with poor success. Along the margins of the mountain-
ranges there is no certainty of its appearance at all ; still it crops
out from point to point from the north line to Mexico. The entire

group of sandstones show that shallow water and land were near,

or at least areas where vegetation could grow, for all through the rock
are fragments of leaves, stems or sticks, and sometimes coal. Many ot

the beds are sort of mud-sandstones, of a drab-brown, from the abun-
dance of indistinct fragments of vegetable matter. Sometimes, in the
more compact homogeneous layers, well-defined leaves are found, usually
of a deciduous type. Leaves were found in these rocks, near Denver,
along the line of the Union Pacific Eailroad to Ogden, and in the Elk
Mountains. The sandstones pass up into brown arenaceous clays, with
rather thin layers of mud-sandstones, full of mud-markings, which re-
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semble casts of sea-weeds with fragments of vegetable matter. Then
comes black shaly indurated clay, which indicates quiet deposition in
moderately deep waters, at least. This is what we have usually denom-
inated No. 2, or the Fort Benton group, aud sometimes attains a thick-
ness of 200 to 000 feet, quite homogeneous in character. There is now
and then a calcareous layer which is charged with fossils, as Inocera-
mus, Ostrea congesta, and other well-marked Cretaceous forms. Above
the Dakota group the Cretaceous rocks have very little influence on the
scenery further than that the dark saline clays of No. 2 and No. 4 give
the appearance of an arid sterility to the surface, Nos. 2, 3, 4, and 5
are usually so soft and yield so readily to the atmospheric agents that,
where the mountain-streams emerge from the Dakota group, they flow
out into the plains. In some instances they have escaped erosion and
occur in a series of low ridges which pass off eastward into the plains
like the waves of the sea, This is well shown north of Cache a la

Poudre, where the Lignitic group is involved in the uplift and the belt
of uplifted ridges is several miles in width, but inclining at very small
angles. No. 3 Cretaceous is not well defined, yet it has a representation
in the yellow and gray limestones and shales or slates. The chalky
limestones are often full of the characteristic fossils of No. 3. Along
the base of the mountains in Colorado, No. 3 forms rather low, rounded
ridges, grass-covered, and not easily studied except where the mountain-
streams have cut deep channels directly through them. We can thus
trace the continuity complete, so that we find the passage from No. 2 to
No. 3, and from No. 3 to No. 4, then to No. 5, as gradual as if they
were all united in one group without any possible line of separation.
No. 3 varies from 50 to 100 feet in thickness, so far as can be seen,

yet the difference in thickness at different points may depend somewhat
on the clearness or obscurity of the exposure.
That all these groups vary in thickness at different localities would

be expected, but I doubt very much whether from any exposures along
the flanks of the mountains these variations can be determined with any
degree of certainty. Nos. 2 and 4, made up as they are of indurated
shaly clays, yield more readily to the eroding agents, and No. 3 rises

up between them in a low rounded ridge from a few feet to 50 or 100
feet in height. No. 2 usually underlies the concave parallel valley
or interval between the high sharp ridge composed of No. 1 and the low
eroded ridge of No. 3. No. 4 forms the more slightly concave de-
pression between Nos. 3 and 5. This series of parallel valleys between
the ridges, with a general trend north and south, is a feature peculiar
to the flanks of the mountain-ranges, and is best shown, on account of
the vast continuous extent, on the eastern side. The intervals are
usually softer materials, and have been worn out more or less smoothly
by the elements and then grassed over, so that some of the finest farming
and grazing lands in the Eocky Mountain" districts are found here.
These valleys are so inclosed that they are protected from the winds
and storms, and in consequence old settlers are working their way
up from the plains to the immediate base of the mountains in consider-
able numbers. As a range for stock these valleys are admirable. The
pictorial sections will illustrate what I mean by these parallel valleys.

The mountain-streams cut through them at right angles. I have already,
in the annual report for 1870, called attention to the wide parallel val-

leys north of the railroad between the older rocks and the modern
Tertiary or lake-beds.

In general appearance No. 4 resembles No. 2, yet the latter is more plastic

and of a darker color than the former. No. 4 is an indurated clay, some-
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times becoming a sort of slaty shale. South of the railroad it contains
very few fossils. It is not a thick bed, rarely exceeding 100 feet, and
gradually passes up into the yellow arenaceous clays of No. 5. No. 4
usually underlies one of the parallel valleys, and can only be studied to

advantage when a stream flowing down from the mountains into the
plains cuts a channel through it. In these localities the gradual litho-

logical changes may be observed. A low ridge is formed by the beds of

transition between Nos. 4 and 5, which is sometimes so regular and con-

tinuous that it looks like the ruins of an old wall. The shale gradually
becomes dull brown, indurated clays alternating with thin layers of mud-
sandstone, and finally rising up to rather thick sandstones of various
degrees of brown and rusty-yellow color. In some localities the fossils

are quite abundant, as in the valley of Cache a la Poudre, near Greeley,

and in the valley of Big Thompson, west of the Denver Pacific Eailroad.

Here are found rounded concretionary masses, like huge cannon-balls,

resembling those of the same formation on the Cannon-ball Eiver,

which empties into the Missouri Eiver from the East, far up in Dakota
Territory. These singular concretions contain quantities of well-marked
Cretaceous fossils, Ammonites, Baculites, Inoceranuts, &c, &c. This
group of calcareous sandstones, which reaches a thickness of 100 to 200
feet in this region, I have regarded as the upper portion of the true

Cretaceous groups. These pass gradually up into the Lignitic formation,

about the age of which there is some discussion among paleontologists.

North of SaintVrains Fork, the Lignitic group, as well as the upper por-

tion of the Cretaceous, is seldom lifted up at a high angle, usually 3° to

15°, the angle t)f inclination becoming less and less as the ridges die out
eastward in the plains. The lower portion of the Lignitic group shows
the influence of the forces that elevated the mountains, but soon they
become nearly or quite horizontal, and far east of the Cache a la Poudre
pass under the White Eiver deposits. The latter thin out in their south-

-ern extension, so that they are not unfrequently worn down to the un-
derlying Lignitic beds. About twenty miles south of Cheyenne there is

a bed of coal 5 to 6 feet in thickness, and above it is a bed of oyster-

shells 4 feet in thickness. Many of them are quite perfect, but they are
mostly fragmentary and worn, as if they had drifted into this locality.

In the lower portion of the Lignitic group it is very common to meet with
seams or beds of Ostrea, of various species. This species resembles
very closely a form holding about the same position on the Upper Mis-
souri, in the valley of Grand Eiver, known as Ostrea subtrigonalis. In
both localities it occurs in the lower portion of the Lignitic group, and
in the ascent gives place to purely fresh-water types. At the Mar-
shall coal-mines, south of Boulder City, I have collected small forms of
Ostrea, in strata above the most important beds of coal, and also along the
Un on Pacific Eailroad, at Point of Eocks, Black Buttes, and other sta-

tions, where the coal-beds are very numerous and their order of succes-

sion well shown. The various forms of the genus Ostrea are abundant,
passing up through several hundred feet of the coal group.

It is not my purpose to enter into a discussion of the age of these beds
in this connection. In a previous report I stated that the relations of
the well-defined Cretaceous group with the Lignitic forms one of the
most important problems in Western geology, and that no effort would
be spared to accumulate all the evidence bearing on the question possi-
ble. I believe that the area for the solution of the question lies in the
Laramie plains, and westward toward Salt Lake. There in the aggre-
gate are 10,000 to 12,000 feet of Cretaceous and Lignitic strata. Contigu-
ous districts may aid in throwing light on the subject, but with all that
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has already been done this region presents one of the most attractive

fields of geological research on this continent. The relations of the
fresh-water lake-deposits with the Lignitic is another interesting sub-

ject for investigation, and will probably be settled in connection with
the former. So far as we have the more important problem considered
we find the evidence from the vegetable remains wholly in favor of the
Tertiary age of the coal group. The vertebrate remains, according to

Professor Cope, place them with the Cretaceous group, while the prooffrom
invertebrate fossils is not strong in any direction, although, perhaps, lean-

ing toward the Tertiary. We must admit, however, that the lower coal-

beds are of Cretaceous age so far as the evidence goes. For instance,

the Coalville and Bear Kiver beds are most probably Cretaceous, inas-

much as many undoubted Cretaceous types are found in strata above
the coal. I admitted this evidence as far back as 1869 in a paper read
before the American Philosophical Society. I am more convinced that
farther south, in New Mexico, Arizona, and Utah, there are coal-beds of
undoubted Cretaceous age. The main question, then, is this : Are the

vertebrate paleontologists. Cope and Marsh, justified in regarding the entire

Lignitic group as Cretaceousfrom the evidencefurnished by the vertebrate re-

mains f During the progress of the survey this subject will be discussed
from time to time with all the light that can be gathered from every
quarter. We have in the preceding pages endeavored to describe some-
what in detail the sedimentary rocks as exposed in the vicinity of the Big
Thompson Creek, and either north or south of this point they do not
differ materially in their general character. We may now move
rapidly southward along the base of the mountains, noting here
and there some peculiar features of interest which may have escaped
attention in former explorations. About five miles south of the
Big Thompson a shaft has been sunk to some depth, apparently
in search of coal. It is just over the quartzite No. 1, and shows
very clearly the relations of No. 2 to No. 1. The shales incline

about 15°. In some thin mud-limestones Ostrea and Inoceramus
were observed in great numbers, mostly in fragments. A considerable
quantity of silicified wood was found here also. There is here an im-
portant ridge which seems to be made up of a fragment of No. 1 or a
stratum ofNo. 2—most probably the latter, It is composed ofa gray mud-
sandstone about 15 or 20 feet thick, and in many places filled with veg-
etable impressions which must have been originally formed by sea-weeds.
They are not distinct enough to determine, but have the forms of black
irregular stems, and from the mass of these markings the sea-weeds must
have grown here with great luxuriance. It is not uncommon for a se-

ries of the border layers, as alternate beds of mud-sandstone orquartz-
ites, with shales or clays, to occur in many of the beds. These layers

disappear again in shales. About two miles north of the Little Thomp-
son we find the quartzites standing nearly vertical in a sort of frag-

mentary wall. This was accounted for by another of these spurs from
which the greater portion of the Cretaceous beds had been worn away,
leaving a sort of semi-quaquaversal, (section 2,) Nos. 2, 3, and 4 in-

clining from a convex or dome-shaped ridge or puff (?) of No. 1. This
is certainly a very interesting example of the connection of the quartz-

ites of No. 1 in what might be called an anticlinal. The trend of this

puff (d) is about 30° west of north. On the west side of the puff there is

an interval of half a mile, a synclinal valley extending down from the base
of the mountains, underlaid with Nos. 2, 3, and 4, which originally ex-

tended over the puff. About two miles south of Little Thompson
there is another of these convex ridges (d) which shows the en echelon
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tendency of the mountain-ranges. It extends ont tangentially several

miles from the base of the main range into the plains between Little

Thompson and the north branch of Saint Vrain's Creek. Just as the
Saint Vrain emerges from the Hogbacks in the plains, the valley ex*

pands to a width of at least five miles, (c,) so that there is only this

main ridge or spur between the drainage of the Little Thompson and
Saint Vrain's Creek. This ridge is also partially domed over, although
a portion of the Upper Cretaceous beds incline away from the ridge on all

sides. On the east side an oval mass hasbeen removed through the quartz-
ites of No. 1 and the Jurassic group, just exposing the red beds in the bot-

tom of the depression. The quartzites stand up nearly vertical on the
east side, forming a semicircular wall, while on the west side the summit
rises 830 feet above the valley of Saint Vrain, with a dip of only 20° or
30°. The layers ofrocks are quite massive, 4 to 6 feet thick, composed of a
beautiful pudding-stone, the pebbles rounded and as smooth as glass.

There is here at least 10 or 15 feet of solid pudding-stone, and the peb-
bles all through it have the same elegant smoothness and are sometimes
an inch or two in diameter, but usually smaller. The depression as well
as the sides of the ridge are covered with huge cubical masses that have
fallen down. The last two smaller spurs do not appear to have inter-

rupted to any extent the trend of the ridges. On the north side of the
Little Thompson and inside of the uplifted ridges the short rounded
schist-spur is distinctly seen trending northwestand southeast, which has
produced the puff. The oval opening (d) in the puff is about half a mile
wide and a mile long, produced by erosion. To one traveling between
the Hogback ridges and the granites these tangential movements of the
internal forces do not seem to have disturbed the symmetry of the prin-

cipal series of ridges. The Little Thompson in passing through the
main ridges cuts them at right angles, and on the north side a fine, reg-
ular vertical section is shown, with the beds all in their normal position,

while on the south side the same beds incline toward the north from
the ridge or puff that extends down into the plains, (well shown in sec-

tions 2 and 3.) The Little Thompson, after emerging from the sand-
stone ridges, cuts a deep channel through the calcareous shales of No. 3.

The bed is here 200 to 300 feet in thickness. These unusual develop-
ments of a group show the difficulty of obtaining the exact thickness
of these uplifted groups of strata at different points with any degree of
accuracy. We may call this spur an oblong quaquaversal, for the beds
incline at greater or less angles from both sides, and come around the end,
forming quite distinct semicircles. Nos. 1, 2, and 3 form distinct ridges
from the end of the spur, and the plains below show clearly that they
are underlaid by the softer materials of the Upper Cretaceous. On the
south side of the spur there is a triangular-shaped valley, through which
the north branch of the Saint Vrain flows from the base of the mountains.
The upper part of this triangle is a synclinal, as is so well shown in the
illustration. South of Saint Vrain's Creek the ridges begin to close up
rapidly, so that at Boulder Creek they form a narrow belt. Two or
three fragmentary ridges of Lignitic sandstone rise above the surface 20
or 30 feet, not over three miles from the foot of the mountains, and the
strike would carry them close up against the very base near Boulder
Creek. The coal- strata continue to approach nearer and nearer, until
between Boulder and Clear Creeks they form a portion of the foot-hills.

The terraces along the base of the mountain are very remarkable, and
will be noticed more fully in another place. As they are composed of
superficial deposits the ridges pass under them at times, and are hidden
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from view. We will allude to these terraces again, under the head of
glacial effects, which are very conspicuous everywhere, and nowhere
more so than in the valley of the Boulder.
Near Boulder City the ridges hug the base of the mountain closely,

while between North and South Boulders they are worn away, mostly
exposing the granites. The terraces, as well as the lower valleys, are
literally paved with water-worn bowlders of all sizes. The origin of the
agencies which have produced these effects is evident from the
fact that as we recede from the mountain the bowlders diminish in
size as well as quantity, until far down in the plains they almost
entirely disappear. There is no evidence that the superficial deposits
are of remoter origin than the immediate mountain-side. At Valmont,
in the Boulder Valley, about five miles below Boulder City, there is a
singular dike of augitic dolerite, which rises up nearly through the hor-
izontal Lignitic strata like a wall. Its strike is about south 67° west. It

runs directly up the valley and parallel with it at right angles to the
mountain-ranges, and evidently had a much greater extent than at
present. It has been uncovered for the most part, and perhaps entirely,,

by the wearing out of the valley of the Boulder. Originally the igneous
material must have been forced up vertically, filling the fissure like a
mold; and while the soft yielding sandstones and clays that surrounded
it were easily swept away by the eroding agencies, this dike, by the
great hardness of the rock, has resisted so that it remains like ver-

tical walls. The highest portion is just at Valmont, and is 300 feet above
the base, while at either end in a line with the main mass is a raised
ridge covered with the fragments of dolerite. At the top it is 30 feet

wide, but expands to 50 feet or more at the base, while farther down,
where the dike is much broken, it appears to be 150 feet. It undoubtedly
varies in width from 50 to 150 feet. The south side of the dike is washed
by the Boulder, and is nearly vertical and loose, while the north side is

covered with the broken fragments and the sedimentary beds jut up
against it without any evidence of much disturbance. From the sum-
mit of the highest point the view up and down the valley is very fine,

and nowhere in Colorado can be gathered within a single scope of the
vision so abundant and so great a variety of the resources of Colorado.
The railroads are in operation here, and the broad valley from the
mountains down for thirty miles or more is covered with fields of grain
and other products of the farm. On the south side in the high
hills numerous openings for coal may be seen, and between Boulder
Valley and Clear Creek the bulk of the coal of Colorado exists. The
valley near the base of the mountains is full fifteen miles in width,
but gradually narrows as the long benches that extend down on either
side approach each other, and the little branches all unite in one stream.
So far as we can determine from the surface, the dike extends about
four miles in a direct line, and from the west end to the east end the
strike is about north 30° east. The Lignitic beds incline down the
stream, or about west 1° to 3°. About half a mile north of the dike, on
the north branch of the Big Boulder, there is a fine exposure of the
yellow-gray sandstone, apparently horizontal. Indeed, wherever any
of the underlying Sedimentary rocks are exposed, they do not seem to

have been disturbed by the forcing up of the igneous matter, and we may
therefore conclude that it merely filled an original fissure as a mold.

I will now pass hastily over the remaining portion of the country to

Colorado Springs, presuming that the reader will find a general view of

this region, with a pretty clear exposition of the great features of the
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geological structure, in my report for 1869, but calling attention to' the
more detailed work of Mr. Marvine and Doctor Peale. I may say here
that soon after leaving the base of the mountains we have what are
usually called the plains, and the slope is generally to the eastward, becom-
ing less and less to the Mississippi Elver. Ten miles from the foot-hills

the general elevation is from 5,000 to 6,000 feet above the sea ; the surface
is rolling, and in traveling from north to south we gradually rise to the
summit of one water-divide and descend into the valley of some stream
which flows from the mountains. These streams are usually, on an
average, about ten miles apart, and from one margin of descent to the
opposite side it is from five to eight miles. These valleys have been
worn out slowly by causes which will be noted in another portion of this

chapter. In a former part of this chapter I described in detail the series

of sedimentary beds from the granite nucleus of the mountains eastward
into the plains. From Cache a la Poudre far southward to the Arkansas
the plains are underlaid by some portion of the Lignitic group. The su-

perficial deposits are so extensive and the exposures of the underlying
beds so rare that it will always be difficult to work out the succession of

the beds in detail. It is most probable that Denver is underlaid by the
lower portions of the group, and that the divide far southward between
the waters of the Platte and Arkansas is composed of upper beds of this

group. The aggregate thickness of the entire group, as seen in Colo-

rado, cannot be less than from 3,000 to 5,000 feet. On a geological map
attached to my final report of Nebraska I represented the fresh-water
lake deposits as overlapping the Lignitic and extending far southward
toward the Arkansas. It is probable that some portion of that area is

occupied by the Lignitic group alone. That the Lake or White River
group covered a larger area southward along the base of the mountains
is most probable, but that has been worn away so that the present area
occupied by them would extend around to the southeast, much as shown
on the map. I am not positively certain that they extend south of the
line of theKansasPacificRailroad. We know, however, that they cover a
large area south of the Union Pacific Railroad. East of Denver the Lig-

nitic beds must extend two hundred miles without interruption. It is

possible, also, that somewhere in this great area basins occupied by more
modern Tertiary deposits may yet be found. It is probable that the Car-
boniferous group does not occur continuously, as colored on the map,
from the line of the Union Pacific Railroad to Colorado Springs. Near
the sources of Fountain Creek both the Carboniferous and Silurian

beds appear, and then southward, interrupted here and there, the former
group occurs along the flanks of the mountains. The more carefully-

prepared maps, which will be made hereafter by the survey, will correct
all local details, though in a general way this map was very correct.

I have already alluded to the fact that the belt of uplifted sedimentary
ridges became narrower at the Big Boulder. Between the Big Boulder
and Clear Creek all the strata were lifted up at a high angle. Even
the Lignitic strata are close to the granites, and stand at high angles,
varying from 40° to 70°. South of Clear Creek the belt is not wide, but
it expands somewhat wider now and then, but south of Platte Canon
hugs the mountains even more closely, the inner or lower strata lying
high on the sides of the foot-hills. Nowhere along this belt, from Big
Boulder to Plum Creek, do we see any traces of undoubted Carbonif-
erous beds. The lowest strata exposed next to the granites vary some-
what in color and texture; the prevailing color is brick-red, or reddish
brown ; but in some places the lower beds are composed of a rather
coarse conglomerate cemented quite closely together. In the vicinity
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of Bear Creek and its branches these lower conglomerate-beds fit into

the irregularities of the surface of the Metainorphic rocks in a marked
manner. Little streams flowing from the mountain-sides have cut excel-

lent cross-sections, showing the original deposition of the Triassic (?)

sandstones in deep depressions of the granite nucleus. We may say here
that the coarseness of the sediments of the lower beds of the Bed group
is not the only evideuce of the disturbed condition of the waters that
deposited them ; all through the group are quite remarkable illustrations

ofirregular and obliquelamination. These examples are shown onagrand
scale immediately after the SaintVrain emerges from the granites. There
is a considerable valley between the coarse, reddish, feldspathic granites
and the first principal ridge of sandstone which has been worn out by the
water, butremnants of the conglomerate have beenleft, fillingup the irreg-

ular granitic surface. The Saint Vrain here runs southward parallel with
the ridges for about three miles, and then turns to the east and cuts
through the ridges at right angles, and flows into the plains past Long-
mont. Just south of the point where the creek cuts through the belt

of sandstones, the parallel valley closes up and the ridges lie close up
on the sides of the mountain. Here the group of sandstones which we
have usually classed as Triassic exhibits a great variety of structure.

The conglomerates rest on the coarse feldspathic granites, and the
basset edges of the sandstones rise like a wall on the east side of the
creek. There are alternate beds of sandstone of various degrees of
firmness as well as hardness to resist the atmosphere, and softer layers

of sandy clay. The beds of sandstone thicken or thin out at remarka-
bly short distances. At one locality on the east side of the creek, the
most important bed of sandstone expands within a distance of 200
yards from 50 to 250 feet in thickness, and affords some of the most
remarkable exanrples of oblique lamination, the lamina inclining 10° to
17°. Here we have quite a broad interval for several miles or more be-

tween the granite foot-hills and the uplifted sedimentary ridges, pro-

duced by the excavation for the drainage of the Saint Vrain. Soon the
ridges lie close on the sides of the granite, and continue more or less

closely to Clear Creek. South of Clear Creek narrow intervals occur
again to a point about five miles south of the canon of the South Platte.

Just south of the Big Boulder the red sandstones seem to have been
partially changed by heat, and the ridges rise in lofty walls 1,500 to

2,000 feet above the plain, presenting a front which has no parallel in

any other locality along the eastern flanks of the mountains, from the
northern boundary to New Mexico.
About five miles south of the South Platte Canon we come to the

divide between the drainage of the main Platte and Plum Creek, where
the sedimentary rocks jut up against the sides of the mountain so that
the slope is continuous from the tops of the granite foot-hills down into

the valley. This divide is quite narrow, and southward we soon descend
into an interval again between the granite foot-hills and the sedimentary
region. Between the Platte Caiion and this divide there seems to have
been an unusual hardening of the Bed group, and the action of the eroding
agencies must have been peculiar, for the sandstones present a more
picturesque appearance than at any other locality, not excepting the
" Garden of the Gods'- at Colorado Springs. The main ridges seem to

have split up into a multitude of irregular ones, and the fragments now
stand up inclining eastward 30° to 50° in the shape of leaning columns
and spires, the ragged upper edges presenting almost every variety of

form which the meteoric forces could produce. These fragmentary
forms rise out of the grass and bushes which grow abundant all around
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their base, and one can wind about among them like meandering the
streets of some old ruined city. The view from either end, that is from
the north end southward, or the south end northward, is very fine, but
presenting a confusion of unique forms, the varieties of color, red, mot-
tled, &c, adding much to the picturesqueness of the scene. The roof-

like sides of many of these broken ridges are peculiarly marked by the
vertical furrows down which the rains of heaven have fallen for ages.

The opportunity for the study of forms presented here would rouse the
enthusiasm of the artist to any extent. It was difficult to estimate the
thickness of the Eed group, but it appeared to be at least 1,500 or 2,000
feet. The ridges of No. 1 Cretaceous outside formed a continuous wall
about 30° dip. The Jurassic as well as Cretaceous beds are well shown.
From the divide between the South Platte and the Arkansas there

is a marked change in the character of the sediments composing the
rocks above those, usually understood as Cretaceous. This divide rises

from 1,000 to 1,500 feet above the valley of the Platte, near Denver,
and also about the same elevation as at the north end of the valley

of the Arkansas, near Pueblo at the south. The strata are very
nearly or quite horizontal, except near the base of the mountains,
where they have, in many instances, been slightly disturbed. The full

series of beds from the Eed Triassic to the summit of No. 5, inclusive,

are quite well shown to be the main water-divide near the source
of Monument Creek, though obscured here and there by a modern de-

posit of what seems to have been swept from the mountains, and must
be of the Post-Pliocene age. This latter deposit is made up of the de-

composed feldspathic granites and schists of which the immediate foot-

hills of the mountains are composed. The red beds also have contrib-

uted their portions to this modern deposit. Prom the source of Plum
Creek to the Arkansas it seems to have filled up the irregularities of the
surface more or less, and it is only when it has been swept away that

the outcropping edges of the ridges are exposed. There is a certain de-

gree of obscurity about the geology of this district. The modern ap-

pearance of the group of coarse sandstones and conglomerates above the
true Cretaceous beds and their position with reference to the granites

induced the belief that they belonged to the Miocene period, and in my
third annual report of 1869 I gave them the name of the " Monument
Creek group." For a distance of from fifteen to twenty miles they ap-

pear to jut up against the base of the mountains with an inclination of

not more than 15° at the highest, and usually not more than 3° to 5°

;

and there is also an apparent unconformability with the older formations.

For example, the red sandstones at the north end lie on the sides of the
granite foot-hills at an angle of 70° to 80°, and suddenly disappear under
the nearly horizontal beds of coarse quartzose-sandstone. It is out of

these sandstones that meteoric agencies have carved the remarkable
forms which have given names to the little streams and other localities

in this region. There is one locality in the valley of Monument Creek
called Monument Park, from the great number of columns which are,

standing thickly over the surface, each one surmounted with a cap of
harder material. The shaft of the column is usually thick at the base,

rising up 10 to 20 feet, tapering to the cap, composed of a coarse ag-

gregate of quartz-grains, small pebbles, all water-worn, very loosely held
together with rather coarse sand cement. The cap is a deep rust color,

composed of sand cemented with oxide of iron, and by its greater
hardness has resisted more effectually the eroding agencies. I cannot
believe that all the effects which we now see were accomplished by the
ordinary atmospheric influences at present in operation in this region,
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although the air, rain, and snow may have done much to give the
monuments their present forms. The greater portion of the erosion
must date back into the past, at least to the Post-Pliocene period. It is

very probable that water had much to do with the formation of these
monuments at a time when there was a far greater supply here than
there is at this period. The entire surface of the country must have
been on a level with these caps at least, and probably much higher.
The caps themselves are nothing more than concretions mostly rounded
and flattened, while intervening materials have been slowly worn out
and carried away. There is another form of erosion which is character-
istic of this formation, and that is the mesas, or table-buttes, which are
scattered thickly over a broad belt east of the Denver and Rio Grande
Railroad. Most of these mesas are capped with a purplish porphyritic
basalt which originally flowed over the surface, doubtless covering a
broad area. These buttes, with their flat summits, were also carved
out of the horizontal strata, and vary in height from 100 to 150 feet.

The rocks composing the " mesas" are mostly of a finer material ; and
above the coarse sandstones of the monuments some of these mesas
are nearly round, others square, others oblong. On the east side of
Monument Creek and near the divide they assume curious castellated

forms, so that they look in the distance like the ruins of old castles.

These may be seen in considerable numbers in the distant plains as far

south as Colorado Springs. There is a large area in the plains east of the
Denver and Eio Grande Railroad line, from Denver to the Arkansas River,
which is not well known to the geologist as yet. The pine-covered ridge
from which so many streams rise flowing northward into the South Platte
and south into the Arkansas, forming what is located on the maps as
the Bijou Basin, must be underlaid by rocks which I regard as belong-
ing to the Monument Creek group ; whether this group as shown here
is only a portion of the great Lignitic group or not, the few observa-
tions we have made do not determine. The plants found in a number of
localities in Monument Creek Valley and near Colorado Springs indi-

cate that it is a part of that group—perhaps the upper portion. This
group contains beds and seams of impure coal, with deciduous leaves,

some of which are identical with species occurring in the Lignitic strata

from New Mexico to the Upper Missouri. Indeed, the general aspect of
the rocks in this region is much like the Lignitic group on the Yellow-
stone and Missouri Rivers near their junction and in the vicinity. The
Monument Creek group has not yet yielded many fossils, and these are
not usually well preserved. The rocks are extremely soft, usually dis-

integrating easily, and too coarse in texture to preserve plants well. Not
an invertebrate fossil has been found as yet, though it is supposed that
some very interestiug vertebrate remains came from it. More careful

explorations will undoubtedly reveal the existence of fossil evidence.

Plants are abundant in several localities, and other forms will most prob-
ably be found farther east, toward the interior of the basin.

Unless these deposits are of modern Tertiary age I am at a loss to

account for their position in relation to the metamorphic foot-hills, as

well as the older sedimentary beds. A great portion of the Lignitic

group has been lifted up at a moderately high angle, as is shown on
either side of the divide, but for about ten to twenty miles a group of

beds of very coarse texture, an aggregate of crystals of quartz and feld-

spar, jut up against the sides of the mountain at an angle of nearly 15°,

but usually not more than 8° or 10°. The beds which lap immediately
on the metamorphic rocks have the appearance of coarse feldspar

granites, and as we recede eastward from the base of the mountains

3 G s
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the sediments become finer and finer, until the whole group contains a
very small portion of the coarse aggregate. It would appear that the
sediments of these beds were derived from the mass of metamorphic
rocks in the vicinity after they had risen to or near their present eleva-

tion.

The variety of coloring is not so well shown in the Monument Creek
group as in the Triassic sandstones of Pleasant Park. The metallic

oxides have given a good share of beauty to the former, enhancing the
attractions of these singular freaks of nature. Pleasant Park is located

among the uplifted ridges of the Triassic, Jurassic, and Cretaceous
groups, and the peculiar forms that are worn out of the variegated sand-

stones are not even as wonderful as the variety of rich, beautiful shades of

coloring. Far north of this point, and south, in the Garden of the Gods,
and many other localities, the red sandstones are displayed on a grand
scale, but nowhere else are the rich colors, consisting of all shades of red,

pink, yellow, gray, and white so well shown. The tints were unusually

vivid, and contrasted so as to produce fine effects. This whole region

would be a paradise for an artist. The unique forms which have been
carved by the elements out of the sandstones are most conspicuous.

Near Koontz ranch is a group of weathered masses of sandstone that

look like hay-stacks. These rocks are stratified, with the layers in-

clining from the mountains to the east 10°.

The next point of interest is the district around the east base of Pike's

Peak, in the valley of the Fountain Creek. This little stream rises up
in the mountain-range of which Pike's Peak forms a part, flows south-

east, cutting through the upheaved Sedimentary ridges, after emerg-

ing from the mountains, nearly at right angles. The ridges on the

north side of the creek trend a little east of south, but immediately
on the south side flex toward the mountains at a sharp angle,

trending west of south and very soon apparently striking the granite

mountain-sides and are thus cut short off. The entire group thus forms
an obtuse angle, and Fountain Creek has carved out its channel pretty

directly through the angle. The channel therefore affords a most excel-

lent opportunity for the study of the formations in their consecutive

relations. But the question arises, how is it that they are developed to

such an enormous thickness so suddenly ? Has there been an increased

deposition of sediments at this particular locality? I have already

alluded to the absence of all rocks below the supposed Triassic or red

beds along the flanks of the mountains from the Union Pacific Eailroad

to Colorado Springs. We may, then, ask why it is that there should be
exposed here so suddenly, not only an unusual development of the Tri-

assic or red group, but below it 1,000 to 1,500 feet of reddish and gray
sandstone-quartzites with intercalated beds of clay of varied thickness,

probably Carboniferous, and below this a group of limestones more or

less impure resting unconformably on the Metamorphic rocks contain-

ing well-defined Silurian fossils. There cannot be less than 4,000 feet

of sedimentary beds below the Cretaceous No. 1 exposed in the valley

of Fountain Creek, while for a distance of one hundred and fifty miles

north of this point the aggregate thickness of the Triassic and Jurassic

groups is probably not over 1,500 feet at any locality. The little streams

that flow down from the mountain-sides have cut deep canons through the

Silurian beds as they lie high upon the granite foot-hills, and deep into the

granites also; so that the opportunity. for special studies is as complete

as could be desired. Most excellent sections can be obtained in Williams's
Canon, Chiann Canon, and in a dozen gorges extending along the mount-
ains for about five miles. My time was so limited that, even with
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the facilities afforded by these natural sections, only a partial examina-
tion was made. There is an area here of about ten or fifteen miles square
that must ever remain an interesting field for the practical geologist
and deserving of a special exploration. One may follow Williams's
Canonup two or three miles above the springs through a narrow gorge with
walls rising 300 to 500 feet on either side. At the entrance to the caiion the
red beds rest on a yellow-gray limestone which passes down into an
arenaceous limestone with a reddish tinge containing well-marked Silu-

rian fossils. The inclination of all the beds is about 35°, and the mass
runs high up on the mountain-sides, resting unconformably on the
coarse feldspathic granites, as shown in the illustration. The lowest
beds of sedimentary rocks are rather coarse sandstones, and conglomer-
ate made up of water-worn quartz-pebbles, with very irregular laniinse

of deposition, the whole reminding one of the Potsdam group. About
two miles up the canon the Silurian beds, inclining southeast 8° to 10°,

rests on the feldspathic granites, which are most distinctly stratified,

the strata inclining about north 35°. The sedimentary beds fill up in a
remarkable manner the inequalities of the original surface of the ineta-

morphic rocks. The Silurian group was noticed by me in 1869, and a col-

lection of fossils was made, but the fossils were not identified by Mr.
Meek until it was too late to use them in my third annual report. In
the fourth annual report, 1870, on page 295, several species of Silurian

fossils are mentioned by him belonging to the collections from this

locality. One of the species, according to Mr. Meek, is a well-known
form in the Calciferous group of New York, Ophileta complanata.

There is considerable variety in the aggregate of beds here, which
may be. regarded as Silurian, and we may conclude that the Potsdam
group is quite well represented, and that it is possible that some of
the higher divisions occur. These rocks require a still more careful

study, yet it is an interesting fact to know of their existence in this

locality. In the lower sandstones I found a species of Lingula, the pres-

ent season, probably a Potsdam form. I have never known of any Car-
boniferous fossils being found here, but I am confident that there are 1,000
to 1,500 feet of these beds between the Silurian group and the true red
beds or Triassic. They are composed mostly of sandstones, quartzites

with partings of clay variegated.. About four miles to the north the
Silurian limestones form high ridges on the sides of the mountains for

a short distance, then disappear entirely. There seemed to be an ap-

parent ilnconformability here. I studied the structure of the upturned
edges from every point of view, and I could not decide on a real non-
conformity. There were localities where the Silurian group is entirely

separated from the red beds, and inclining at different angles, but at

the upper end of the "Little Garden of the Gods" the order of sequence
appeared to be unbroken. We may now ask how 2,500 to 3,000 feet

of rocks disappear so quickly and mysteriously, as we go north of

Fountain Creek. The red sandstones that we have been in the habit of

regarding as Triassic rest upon the granites as if they had been deposited

there by water originally, but partook of the elevation of the mountain-
range. We may suppose that the Silurian beds once covered this entire

region, and that over large areas they were worn away prior to the
deposition of the overlying beds, and that the portions we see at this

locality are remnants that escaped the great erosions, or we may suppose
that they were not deposited. 1 believe the former is the true inter-

pretation, that the Silurian rocks once covered the entire country and
may still exist to a greater or less extent under the vast thickness of
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more modern beds which underlie the plains from the east base of the
mountains to the Missouri Eiver.

The plateaus between Monument Creek and the upheaved ridges are
formed to a great extent of a thick deposit of materials of quite modern
origin. There are ashen-brown and gray clays covered with a consid-

erable thickness of a sort of unstratified drift material, composed mostly
of the debris of the Metamorphic rocks, the red feklspathic predomi-
nating. This curious deposit fills up the inequalities of the surface in

many places produced by the disturbance of the older sedimentary beds.

Between the railroad-depot at Colorado Springs and the " Little Gar-
den of the Gods," the road, passes over a beautiful plateau, from which
the view of the country in all directions is exceedingly fine. This pla-

teau is underlaid by the modern deposit, and here it must reach a
thickness of 200 to 400 feet at least, and possibly more. The origin and
time of this deposit is somewhat obscure as yet, but an attempt will be
made to clear up its history in another place. It is undoubtedly Post-
Pliocene, and belongs to some portion of the Post-Glacial era of this

region. The deposit may be seen with a greater or less thickness all

along the eastern flanks of the mountains, and is composed of the ma-
terials worn from the rocks in the immediate vicinity. In treating of

the influences of water and ice in carving out the present mountain-
forms, I shall dwell more fully on this subject.

CHAPTER II.

COLORADO MOUNTAINS, SOUTH PARK, PARK RANGE, UPPER ARKAN-
SAS VALLEY.

In order that the annual reports may be read with greater interest

by the general public, I have presented the- matter in a narrative form
as far as possible, stopping here and there to discuss a topic more in

detail as it is suggested by some peculiar feature along the route. This
plan has enabled me heretofore to introduce more readily local details

of interest, both of a practcal as well as scientific nature.

Our starting-point was Denver, the most important town in Colorado.
The country between Denver and the mountains has already been de-

scribed in so much detail that we will hasten on toward the South
Park by the old stage-road. After passing the base of the mountains
we meet with only changed rocks, until we descend into the depression,

or basin, known as the South Park. The metamorphic schists and
granites in their almost numberless varieties which compose the central

portions of these mountain-chains will be discussed by Mr. Marvine, who
spent most of the season among them.
We entered the mountains by way of the Turkey Creek Caiion ; here

we had a most excellent opportunity to study the connection of the

Triassic rocks with the underlying metamorphic. The coarse sediments
of the Triassic were deposited upon the irregular surface of the schists, of-

tentimes filling up deep depressions. The canon has been carved out of the

schists so that they can be studied with ease on either side, and as the

stream passed through the sedimentary beds toward the plains the most
perfect cross-sections were made. The stratification of the schists is

even more distinct than that of the sedimentary beds. The south side

of the caiion is very rugged and precipitous ; the inclination of the schists
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is such that the basset edges projsct from the south side, while on the
north side the slope is quite moderate. The canon is partly one of
fracture as well as erosion. The stream has not cut the strata quite at
right angles, but slightly across the dip. The principal rock is a very
hard, black gneiss or schist, with seams of yellow feldspar, varying from
a few inches to several feet in thickness, running across the strata at
different augles. Some of the seams contain quite large masses of
quartz, but feldspar predominates. Sometimes the quartz is interstrati-

fied with the schists for a short distance, running out, however, at both
ends. In cutting the road along the north side of the Turkey Creek
Canon an old dike is exposed, with feldspathic quartzite on one side and
a seam of feldspar on the other. The dike-matter is filled with masses,
of greater or less size ? of the adjacent schists. • This dike would never
have been exposed but for the wearing out of the gorge by water and
ice. Igneous rocks of different ages are thus exposed at various locali-

ties all through this front range ; .seams of quartz or feldspar are so
numerous, intersecting the schists in every direction, that it would re-

quire a most detailed study to describe them properly. Pockets of
mica occur frequently in these seams. About a mile up the canon are
two dikes of syenite 10 to 15 feet wide, rising up in the form of a wedge,
but separated by about 8 feet of feldspathic granite. The schists here
present to the eye the appearance of utter chaos. The study of the
details would reveal a warping of the bedding that would be quite
remarkable. Layers several feet thick are warped, or dished, at least

half the circumference of a circle. The aggregate inclination seems to

be 20° east of south. The lower thin layers of schist are in some places
crushed in a remarkable degree, while higher up toward the summits
are thick massive beds of feldspathic granite in a horizontal position.

For about five miles up the canon the scenery is very rugged on both
sides, the valley widens out somewhat, and the mountains on either side

soften down and are covered more or less with debris and thin soil, on
which grow grass and pine trees. Near the junction and for some miles
beyond the rocks are massive granites, of which the great mountain-
peaks in the vicinity are composed. The surface is covered with groups
of weather-worn granitic masses resembling old ruins. The peculiar
forms of these masses determine to a great extent their texture. The
coarse feldspathic granites disintegrate easily, and peel off in thin, cir-

cular layers, giving to them a smooth, rounded appearance, while the
finer-grained, more compact granites are still angular. The varieties in

texture«give form co the surface-scenery over a very large area, and no-
where is this fact better illustrated than in these mountain-districts.
The great orographic lines were undoubtedly determined by upheaval,
but the present surface-forms were due largely to erosion. We shall

endeavor to show, from time to time, that sufficient importance has
never been attached to this agent in molding the lineaments of the
earth's surface ; that although the proofs of upheaval are everywhere
apparent, and in many localities most probably those of depression, yet
the immediate forms of the surface thus produced have almost entirely

disappeared under the effects of erosion or weathering. Many of the
water-courses have probably followed lines of fracture, so that the two
agents, upheaval and erosion, may have united to produce many of the
mountain-valleys. There is one interesting feature in connection with the
mountainous districts of Colorado, which is now apparent in the valleys
of the Colorado or front range. These grassy areas are fast being
occupied by a mountain-population, sparse, it is true, but a very thrifty

one. The grass not only covers the valleys in the elevated regions, but
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grows high up on the mountain-side, so that it is remarkably well adapted
for dairy purposes. A large amount of the best butter and cheese is

made, and the demand is greater than the supply, as yet.

Most of the hardy garden-vegetables and some of the cereals grow
well at an elevation of 6,000 to 8,000 feet. These mountain-ranches are

every year filling up the more elevated regions of Colorado, so that we
may conclude that no portion of the Territory, even aside from the min-

eral wealth, is practically unavailable to man.
From the high mountain-hills that border the north side of the South

Park we have a fine view of the great basin-like depression. The sur-

face of this basin is not entirely a plain, but is covered to a greater or

less extent with low ridges and hills, which trend about southeast and
northwest. The dish-shaped character of the depression, as well as its

origin, is plain, when we come to examine the borders. We find the

sedimentary rocks lying high up on the sides, showing clearly that these

strata incline in every direction toward a common center. In other

words, the South Park may be regarded as an immense quaquaversal.

On the north border, the sedimentary rocks are very much obscured by
the great deposit of mountain-drift and the igneous rocks that seem to

concentrate there to a great extent. . Fragments of sandstone, appar-

ently of the Triassic group, cover the hills, and here and there we see

an outcrop of the main beds, but not sufficient to make a connected sec-

tion. At one locality there was a circular depression surrounded with

a wall of trachyte, with a small lake in the center, which was undoubt-
edly an old crater. There is also a great thickness of trachyte here in

layers, varying from an inch to a foot in thickness, inclining from the

hill at first 45°, then increasing to 65°, showing that after the first out-

flow had cooled there were subsequent outflows elevating the cooled

portions at a high angle.

Passing along the road to the southwest, toward Fairplay, we see all

along the borders of the park a terrace, which seems to have such a
uniformity of level that it points to the existence of a lake here at a
comparatively modern period. There is also a very beautiful valley like

area here, which occupies about one hundred square miles. Near Lech-
ners ranch a shaft has been sunk about 30 feet deep, cutting a coal-bed

about 12 feet in thickness, with a dip of 45° northeast,- and a strike

south 45° east. The clay above the coal is about 6 inches, and be-

low the coal 10 inches thick. Below the lower clay is a sandstone, at

the bottom of the shaft, and above the upper clay a bed of yellow soft

sandstone. About 200 yards to the west another shaft has been sunk,

exposing a bed of coal 6 feet thick. I am inclined to think there are

two- different coal-beds here, though there may be but one. The slope

underlaid by the coal strata extends up close to the sides of the mount-
ain, and the surface is so covered with drift that it is only by means of

these shafts that the Lignitic beds can be seen at all. A few fragments
of deciduous leaves have been collected here, showing clearly that a
portion of the Lignitic group, as seen on the east side of the mountain-
range, occurs here.

As we pass along the road to Fairplay, we travel over the entire series

of sedimentary beds known in the park. Long ridges extend across the

basin, composed of the black shales of the Cretaceous, containing Inocera-

mus, Ostrea, Scaphites, the well-known Baculites ovatus, &c. The entire

series of Cretaceous, Jurassic, and Eed or Triassic group are well shown.
Toward the center of the park are some long ridges of trachyte, which
must have been produced by the outflow of igneous matter from an ex-

tended fissure. The sedimentary beds are exposed more or less all along
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the east side of the park. They slope up close on to the east side of the
Park range, but the wash or drift from the mountains has so covered
the slope that the beds in contact with the Metamorphic rocks can sel-

dom be seen.

Along the valley of the Platte the drift-material, consisting mostly of
water-worn bowlders, is immense. The entire mass of drift-deposit, in
which the placer diggings are located, has been washed down from the
valleys of the little streams of the South Park. The local origin of
the drift, so far as our Eocky Mountain districts are concerned, is illus-

trated in a remarkable manner in the park.

The area of the park is about 1,200 square miles ; its greatest length
is northwest and southeast, about forty miles, and in the opposite
direction about thirty miles. The shape is elliptical. The general ele-

vation varies from 8,000 to 10,000 feet above the sea. The drainage is

from the northwest to the southeast. Before presenting any details of
the geology of the Park range I will state briefly what I believe to be
its relation to the great Sawatch range, on the west side of the Arkan-
sas Eiver. I am of the opinion that the Park range is a portion of a
gigantic anticlinal, of which the Sawatch range is the central axis ; that
the Park range is a portion of the east side of the Sawatch range, and
that the great valley of the Upper Arkansas is mostly the result of ero-

sion through the granite rocks. The eroding agents began their work
in a fissure produced by the uplift, but once a depression or opening
formed for the accumulation of water and ice, the work of disintegra-

tion would commence. The subject of earth-sculpture, or erosion, as it

is illustrated in myriad forms in the Eocky Mountains, and nowhere in
the West on a grander scale than in the mountains of Colorado, will be
touched upon frequently in this report, and will be treated more fully,

under a separate head, at some future time.

The Park range is veiy irregular in elevation. Portions of it are low,
while several peaks rise about 14,000 feet. Mount Lincoln is 14,1S3 feet,

and upon the very summits are found the sedimentary rocks. The
action of the internal forces has been very irregular also, sometimes lift-

ing the granite nucleus up to an elevation of 12,000 to 14,000 feet in

the form of puffs, as it were, the sedimentary beds inclining at various
angles and in different directions from its sides. The aggregate inclina-

tion of the strata is plainly to the eastward, and the gentle slopes are
on the east side of the range, while on the west the sides are very ab-
rupt, and in some instances the rocks overhanging, so that the general
form or outline of the Park range would indicate that it might be
regarded as a portion of an anticlinal.

All along the east side of the Park range are numerous gorges, which
extend down from the crest and gradually expand out into moderately
wide grassy valleys. Immediately after leaving the gorge, however,
the drift-material is very great, covering the valleys and lying high
upon the mountain-sides. These gorges usually commence near the
water-crest in a somewhat extended amphitheater, which is constantly
enlarged by the breaking down of the sides. These gorges all point to

a common origin, and have no doubt been carved out by the combined
action of water and ice. The morainal matter brought down by the old

glaciers is shown most abundantly in the lower portions of these gorges
as they expand out into the valleys that open into the plains. The evi-

dences of ancient glacial action are quite abundant all through the
Park range, but far more remarkable proofs are found in the Sawatch
range. These facts will be noted more fully in another place.

From Fairplay we follow up the valley of the South Platte for ten
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miles, arid arrive at the base of one of the spurs extending from Mount
Lincoln, known in the country as Mount Bross. The entire mountain
is so thickly covered with surface-deposits that the angularities are

smoothed off, and the grass and flowers are quite abundant almost to

the summit. We find, however, on the summit, and around the sides of

the upper portiou, remnants of the sedimentary beds, quartzites and
limestones, but the nucleus is a schistose granite. Silver-mines are

opened everywhere on the sides both of Mounts Bross and Lincoln.

On the latter peak there are mines of considerable value, which are

wrought by a company, full 14,000 feet above the sea and within a few
feet of the summit. The Montezuma mine is located within 100 feet of

the top. The silver-ores are confined mostly to the limestones and
quartzites, and are segregated, as it were, in the fissures in the most
irregular manner. There seem to be no regular lodes, but they are like

the silver-mines in the limestones and quartzites of Utah. Indeed, the
formations are so similar that a description of one locality would apply
substantially to the other. The mountain is composed mostly of schist-

ose gneiss, with the lines of bedding very distinct, and unconformably
upon it rest the secondary beds. The quartzites, mostly crystalline,

partially changed by heat, rest on the edges of the schists, then comes a
blue impure limestone full of pockets and seams of quartz. Above
comes a thick bed of quartzites again, the whole mass a thousand to

fifteen hundred feet in thickness. The summit of the mountain is a
dike of porphyritic granite, which seems to have burst up in the form of

a wedge through all the sedimentary beds. The sides and summits of

the mountain are so covered with the broken masses of rock, mingled
with igneous, granitoid quartzites and limestones, that it is very diffi-

cult to obtain a clear section. On the east side of the mountain a sort

of gorge has been worn deep clown between Bross and Lincoln, expos-

ing in the vertical sides the order of superposition quite clearly.

The view from the summit of Mount Lincoln is wonderful in its ex-

tent. To the east, far distant, is distinctly seen Pike's Peak, with the
contiguous ranges which border the east side of the park and extend
northward toward Long's Peak, all of which are granitoid. On the

west and northwest side of the park is a vast group of high mountains,
gashed down on every side with deep gorges with vertical sides, reveal-

ing the strata of quartzites and limestones resting on the schists with
dikes of the trachyte. To the southward can also be seen the granite

nucleus, a remarkable range of mountains, the Sawatch, which, with its

lofty peaks—among them Mounts Yale and Harvard—looms up like a
massive wall, with a wilderness of conical peaks along its summit. To the

east and southeast the park lies spread out to the view with its variety

of low ridges and meadow. These ridges are composed of all the sedi-

mentary beds uplifted known in this region. Some of them, covered
with basalts, with a trend nearly north and south, extend in regular
order far across the park, eastward. From the top of Mount Lincoln
more than fifty peaks rising to an elevation of 13,000 feet and upward,
and above two hundred over 12,000 feet, can be seen. Probably there
is no portion of the world, accessible to the traveling public, where
such a wilderness of lofty peaks can be seen within a single scope of

the vision.

The limestones and quartzites incline down the north slope of Mount
Lincoln to Hoosier Pass, which separates the waters of the Platte from
those of the Blue Biver. The trend of the curious dike that caps Mount
Lincoln is about southwest and northeast. Silver-ore occurs to a great



HAVDEN.]
GEOLOGY SOUTH PAEK. 41

extent in pockets, some of which is very rich, yielding $500 to the ton.

Much of it is the decomposed carbonate, like the gulch-ores.

On the east side of Mount Bross is located the Moose mine, which
has yielded a large amount of valuable ore. The greater part of the

ore is taken from the limestone. Before going further I will state what
I believe to be the age of all the limestones and quartzites which seem
to cover the highest mountains, and in which most of the valuable
mines are found. I think there is no doubt that they belong to the
Potsdam group, though I was unable to discover any fossils. Doctor
Peale found a few obscure forms which indicated that the group is of

the same age as those next to the granites in Utah, which we now know
are of that age. In Mosquito Gulch we find the sedimentary beds dip-

ping southeast 20° to 25°, and toward the head of the gulch the schists

incline 15° in the same direction. There are most remarkable faults by
which the mass of sedimentary beds are dropped down 200 to 400 feet

directly, so that the schists jut up against the limestones or quartzites;

these faults are very common. The underlying metansorphic rocks are

made up in part of quartzitic sandstones, full of rounded pebbles of

quartz, which would indicate that they might belong to the Lauren-
tian series. The slides in this gulch are a prominent feature. Im-
mense masses have slidden down from the sides of the mountain, in

some instances a thousand feet or more, forming irregular terraces.

The faults are really very remarkable on both sides of the gulch. The
slides produce broad depressions near the base of the walls, in which
the waters accumulate, forming lakes, and these are the sources of

the little streams. The hundreds of gorges which have been carved
deep down into the sides of the mountains form channels for the little

streams that are fed by the melting of the snows near the crest. All these

little streams eventually uniting form the larger streams that traverse

the plains. Each one of these little branches starts from one of these

small emerald lakes, far up in the amphitheater, near the very water-

divide. Thus we can see that the miniature lake is a prominent feature of

mountain-scenery, and from the summit of some high mountain-peak
hundreds of these little emerald lakes may be seen nestled high up in

the very head of the gorges. They are not large, varying from 100 feet

in diameter to half a mile or a mile ; seldom more. On the summit
between Mosquito, Birdseye, and Evans Gulches, broken masses of the
quartzites and trachytes seem to have moved down a considerable

distance from their places, and are deposited in the form of windrows,
as if there had been glacier movements here. It is undoubtedly due to

the combined action of water and ice, so that there was a slow
movement of the masses of ice and snow down the slope, and in

gradually melting left those singular rows of rock. At the head of

Evaus Gulch there is a fine exhibition of a dike parallel with the
strata in a nearly vertical wall 2,000 feet high. The quartzites and
limestones pass beneath 1,000 to 1,500 feet of trachyte. The latter

present the appearance of having been elevated with the stratified

rocks, and incline in the same direction. The dip of the trachyte is 10°,

and the underlying limestones and quartzites about 10° to 15° south-

east, then about 1 ,000 to 1,500 feet ofthe quartzites and limestones. There
is here a portion that inclines in an opposite direction^ west, toward
the Arkansas, but this is probably caused by the sliding down of the

mass. The drainage of Evans and Birdseye Gulches flows into the Ar-
kansas. Great masses have fallen down on the sides of the mountain, so

that prodigious faults occur everywhere, and the form is that of irregu-

lar steps. Although examinations were made here in midsummer, yet
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the sides of the mountains were covered with, little streams of water
fed by the melting of the snow, and the great loose masses of super-
ficial earth and fragments of rock moved slowly down the slope like a
glacier.

One of the peculiar geological features in this range is the trachytic
beds, which appear to be interstratified with the older sedimentary
rocks. These igneous layers vary much in thickness, and appear or dis-

appear, reach a thickness of 1,000 feet or more, and diminish in a short
distance to a few feet, or disappear entirely. And yet, upon the out-
cropping face of the great uplifted ridges, or in the deep gulches where
not unfrequently 2,000 vertical feet of rocks are shown in their order of
superposition, these trachytes seem to have flowed out over the surface
of the Silurian quartzites, or, in other words, are interstratified among
the old Silurian limestones and quartzites, as if they might be of the
same age and have been elevated with them. It is probable that they
are not older than the Tertiary period.

On the summit of the pass or divide between Mosquito Gulch and
Evans Gulch, where the great vertical walls which face the Arkansas
are so well shown, we have several hundred feet of the quartzites in-

clining at a small angle, and resting directly on a great thickness, 800
feet at least, of unstratified trachytes. At the base, resting on the schists,

are quartzites with micaceous sandstone
;
pudding-stones, made up of

rounded pebbles ofquartz, passing up gradually into a yellow arenaceous
limestone, then into a blue limestone rather cherty, then up into a brown
quartzite upon which the trachytes rest. This peculiar structure in-

cludes all the prominent peaks of this range, extending in a nearly north
and south line from Buffalo Peak, south, to Quandary, north, and I know
not how much farther. There are so many points dependent on the com-
pletion of the topographical maps, and the detailed reports of the assist-

ant geologists, that these preliminary reports must necessarily be very
imperfect. The summing up of these detailed and preliminary reports,

which must constitute our final labor, will unite the whole work, the
same as the great preliminary triangulations link together into one"
whole the detached topographical districts, on the final map.
An examination of the map will show the water-divide between the

source of the South Platte and its branches and the Arkansas. Each
one of these little streams cuts a deep gorge from the crest down 1,000
to 2,000 feet, with more or less vertical walls on either side. Nearly all

of these gulches, or gorges, have been worked for gold, and the moun-
tains prospected for silver; thus the miners have given them local names
the origin of which is in most cases obscure. The superficial deposits
have been in many cases almost entirely worked over by the enterpris-

ing miner for gold. Placer-mining all over this region has yielded
great and brilliant results, but of course they can never be of a per-

manent character. All along the west side of the Park range, from
Quandary Peak to Buffalo Peak, we pass from one gulch to another in
quick succession ; each one of which has employed the enterprising
miner to a greater or less extent in search of gold. Not less so the east
side ; but we will follow our line of travel, examine the west side for a
time, and then return to the east slope again.
One of the njost noted of the mining gulches in Colorado is the Cali-

fornia Gulch. About four millions of gold have been taken out of the
placers. There are a few parallel lodes that run about 10° west of south
and east of north. Three of the lodes would average about 10 inches
between walls. The Five-twenty lode has been worked to the depth of
125 feet and 200 feet in length. The Pilot is a " chimney" lode, and is
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sometimes 80 or 90 feet wide, then closes up and disappears. About
$40,000 of gold has been taken from it. Many of these lodes spread out
in every direction in small branch seams, and lines of fracture run in

every direction, filled with ore, occasionally very rich. Sometimes these
branches will come together in one lode and again spread out, thus be-

coming a great source of perplexity and cost to the miner. The Printer
Boy is probably the most valuable lode in this gulch, and has yielded
rich results to the company. It is managed by two very polite and in-

telligent gentlemen, Mr. J. Marshall Paul, formerly of Philadelphia, and
Mr. Charles Hill. This lode has now been explored for a horizontal dis-

tance of 3,000 feet. The width between the walls varies from 4 feet to

10 or 12, but sometimes pinches up to not more than an inch. The
group is mostly decomposed clay with now and then masses of quartzite.

One hundred and twenty thousand dollars of gold have been taken out
of this lode, which inclines about 6° to the west. Carbonates of cop-

per and lead, iron pyrites, zinc blende, &c, are found. The walls are
remarkably well defined. Up to this time only the decomposed ore has
been taken out. There is connected with this mine a successful 15-stamp
mill, to which 10 stamps more are to be added. It is supposed there

that the yield of gold will be $1,000 per day. In California Gulch, as in

all the other gulches, the drift material is very great and entirely local.

Trachytes, quartzites, and some limestones compose the rocks ; the iron

ores are abundant, and in the lodes there is much iron pyrites. The
vast amount of the oxide of iron, mingled with the loose detrital deposits,

gives character to them. The clays have an intense rusty-yellow color,

and the broken rocks and pebbles are often cemented together into a
conglomerate. The oxide of iron covers and permeates all the superfi-

cial deposits, which are very thick. These thin out toward the head of

the gulch, but thicken down to the expansion of the gulch into the

Arkansas Valley.

At the head of Stray-Horse Gulch a very valuable iron mine has been
opened. The stray masses of hematite that cover.the surface, mingled
with the drift, are abundant, but the detached masses from the moun-
tains cover the lower nortion of the slope to such an extent that, even
in the channels of the little streams, it is difficult to find the basis rocks.

The prospector followed the float-ores up to a certain elevation on the

side of the mountain, and wliere it ceased to appear he sunk a shaft

and found the vein at no great depth. This vein is well shown in places

in Iowa Gulch, extending directly across the strata in a direction a little

west of north and east of south, and here it is at least 100 feet in thick-

ness. It appears high up in the south wall of the gulch, so that its

relations with the other rocks are apparent. The vein is at least 100
feet in width, and must have been segregated in a great fissure passing
down through the quartzites into underlying schists. It must extend
along the sides of the mountain for several miles, for the distance from
the opening near Stray-Horse Gulch and Iowa Gulch is about six miles.

This indicates a vast ibody of iron ore in this region. The iron-ore bed
trends about north and south, and extends down nearly vertical through
the quartzites. The iron ore is said to carry gold enough to pay mod-
erately. Excellent galena, carrying silver, is found in the quartzites

near the iron vein.

On the south side of Iowa Gulch there is an immense accumulation
of trachyte, gneissic, and quartzite bowlders, the former predominating.

The quartzite has fallen down from the north side of the gulch, while

the gneiss has been brought down from the head of the gulch by glacial

action. In the side of Iowa Creek we find the blue limestone lying
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over the speckled trachyte, quite compact, without lines of bedding,
and much changed, showing the effect of the igneous rocks below. We
can see here that the igneous rocks must be of comparatively modern
origin, and must have been intruded between the strata, forming a con-

spicuous agent in the uplift.

At the head of Iowa Gulch, on the south side of the stream, the mas-
sive granites rise up 1,000 to 1,200 feet, with a cap of the quartzites.

It is from this exposure that the great masses of granite scattered over
the lower portion of Iowa Gulch were derived. At the head of the
gulch the strata are greatly faulted. The varieties of texture in the
granites are numerous, and it appears more massive and older than any
before seen in this range. It is much broken by irregular jointing, but
no lines of bedding can be seen. The great amount of broken masses,
most of them more or less rounded, which are scattered over the sides

and bottom of these gulches, is marvelous. There is less of this glacial

evidence in the California Gulch than in any of the gulches on either

side. This granite nucleus, or uplift, seems to extend across the heads
of the gulches in a north and south course, while the streams that flow

down the west side of the range cut through this granite nucleus and
have their origin in the stratified rocks that incline from the east slope.

This, however, is not an uncommon occurrence. There is a constant
tendency in these mountain-streams to wear these gorges back beyond
the true axis on either side. Each one rises in a sort of amphitheater
which has been formed by the breaking down of the sides of the gorges
by the water and ice in the fissure, and the melting of the snow sweeps
the fragments slowly down into the gulch. This gnawing process, as
it might be called, at the mass of the mountain has been going on for

ages, so that in many places the crest is a single sharp ridge between
the amphitheaters on either side. In many places this crest is worn
through, and many of the low passes were once high walls wholly inac-

cessible.

The great mass of sedimentary stratified rocks of which this range is

largely composed inclines away south of east from this granite nucleus,

showing clearly its anticlinal structure. The granite, as seen in Iowa
Gulch, is a true " wedge," the quartzites capping the summits inclining

in opposite directions, a portion dipping west at an angle of 10° or 12°.

Although, in general terms, many of the mountains are illustrations of
the single wedge structure, I have never seen a clearer exhibition than
this, where the granite is capped with the quartzite strata, and the
eroding agents have sliced it down vertically, so that the relations are
seen perfectly. The amphitheater at the head of Iowa Gulch is about
10,500 feet. In passing over the crest into Horseshoe Gulch we are
obliged to climb an almost vertical wall for 1,500 feet. Resting upon
the granites at the bottom are about 200 feet of quartzites distinctly

stratified ! Above the quartzites are 800 to 1,000. feet of unstratified

sombre-gray porphyritic trachyte, breaking off in vertical columnar
masses. Over the trachyte comes quartzite and arenaceous limestone,
passing up into about 50 feet of very cherty, partially metamorphosed,
limestone, in which the galena mines are located ; above this are alter-

nations of quartzites with beds of limestone, 2,500 to 3,000 feet in the
aggregate, in the range. The summit of the divide is about 12,500 feet

;

the high peaks, north or south, rise upward of 13,000 or 14,000 feet.

The summits and sides of the range are covered with fragments or de-

bris of broken trachyte mingled with quartzites, the former predomi-
nating.

At the head of Empire Gulch the granites rise up nearly to the sum-
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in it, while the stratified quartzite cap only the highest peaks of the
Horseshoe and other cones in the vicinity. The quartzites here are
very hard, but brittle, breaking into small fragments greatly meta-
morphosed, though distinctly stratified, and remind one of the quartzites

of the Uintah Mountains. Below the massive quartzites are very hard
limestones, out of which considerable quantities of silver-ore are taken.
Below the limestones are 50 to 80 feet of a peculiar rock, composed
largely of yellow jasper. The dip of the strata in the north branch of
the Horseshoe is about 21°, and in the Horseshoe itself about 19°, north
of east, though it is quite variable. The Horseshoe is a most singular
mountain-form. The excavation here has wrought out a circular or
semicircular form, which suggested the name of Horseshoe Mountain.
On the south side a ridge runs down the gorge-like valley for four miles,

with an average dip of 13°, and then a high mountain occurs, in the
base of which the gneiss projects up 500 feet, while on the east side and
on the summit the lowest quartzites are again seen in contact with the
gneiss. The most remarkable faults in the strata occur here. In the
carving out of the Horseshoe amphitheater the granitic schists are ex-

posed at the bottom, and continue down for a short distance, when they
are concealed by the debris. Only the stratified beds are seen in the
walls of the gulch on either side. Here and there the schists rise up to

considerable heights. The sedimentary beds may rest on the schists

lower down in the valley, or on the high peaks 2,000 feet above. The
remarkably irregular surface of the underlying schists is hardly due to

erosion prior to the deposition of the sedimentary rocks, but to the
internal forces that have thrown all the rocks in this region into such a
remarkable chaotic condition. We do not find here the intruded beds
of trachyte on quite so large a scale as on the west side of the range.

The trachyte, however, shows itself about four miles below the depres-

sion of the Horseshoe, changing all the rocks to a greater or less extent
with which the igneous material comes in contact.

This gulch has really three heads, ofwhich Horseshoe forms the middle.
The evidence of the gradually slow excavation of these amphitheaters
is well shown in each. That the wearing out of the depressions may
have been more rapid in former times I do not doubt

;
perhaps, during

Glacial or Post-Glacial times. We shall hereafter discuss the subject of
the great Glacial period, which must have held sway over all this region.

Ice, snow, and water are still important agents, though their action is

slow and the results hardly perceptible in a century. It would be diffi-

cult to fix any very definite angle of inclination for the stratified rocks.

Sometimes it is nearly horizontal, and again nearly vertical. In the
Horseshoe district the dip will vary between 12° and 25° generally. A
typical section of the sedimentary rocks in this region may be found in

the gulch to the south of the Horseshoe. The strata which rest upon
the schists there present a nearly vertical wall for about 800 feet. The
schists as they occur in the bed of the stream appear to be vertical, with
grayish brown quartzites resting directly on the edges, passing up into

a cherty limestone. This is quite variable in texture, though the joint-

age and lines of stratification are clear. On the southeast side of the

gulch, at the very head, there is a massive wall of quartzites and lime-

stones 800 feet high ; then comes a bed of intruded porphyritic trachyte,

about 400 to GOO feet thick, and above this comes 300 feet of very hard
dark brown quartzite, evidently partially metamorphosed. Then comes
an interval, obscure on the surface, but composed of a dark slaty shale,

with layers of dark impure limestone, There are alternate beds of

limestone, quartzite, sandstone, and shale through what I estimated to
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be 1,500 feet of Silurian strata, and 2,000 feet of Carboniferous beds.
The upper portion of the latter is nearly all coarse, rusty, or gray sand-
stone, while the lower half contains many beds of shale, with layers of
limestone containing great numbers of well-marked Carboniferous fossils,

as TriloMtes and Productus.
In the Silurian group the first bed of trachyte is quite massive, and

must correspond with that seen on the west side of the range. The
jointage is perfect, and the mass breaks into huge cubical blocks. Some
of it is laminated vertically, as if composed of thin layers tipped on end.
Higher up are several beds of the trachyte, varying from 15 to 30 feet

in thickness. It was not possible to fix a line between the Silurian and
the Carboniferous groups, in most instances. I shall only speak of these
formations in general terms, referring the reader to the carefully-wrought
section in Dr. Peale's report. As a general rule, it is only at the very
heads of these gulches that the basis rock can be seen. The process of
grinding to powder, as it were, by ice and water, has been carried on to

such an extent that the entire valley is covered thickly with earth, filled

with more or less worn rocks, of every size, from that of a pea to several
feet in diameter. The snow, melting upon the crests of the mountains,
saturates these superficial earths with water, and they slowly move down
the gulch much like a glacier. This is another process of grinding
the underlying rocks, smoothing and grooving them. Underneath these
superficial deposits is what the miners call the " bed-rock," and it often
involves immense labor to strip them off to reveal the mineral lodes.

As we pass down Horseshoe or Four-mile Creek we soon find that
the vast amount of loose material covers everything, rendering the suc-

cession of strata very obscure above the Carboniferous, yet we know that
there is a full series of the red beds, Jurassic and Cretaceous, up to the
summit of the Lignitic group, inclusive. The upper group inclines away
from the base of the main Park range far eastward into the Park. Pass-
ing northward from Fairplay to the Little Platte or Twelve-mile Creek,
we find the foot-hills correspond to the more modern sedimentary beds,
inclining at all angles. In the channel of a little stream, about ten miles
south of Fairplay, the Triassic and Jurassic beds are exposed to some
extent, dipping 30° to 40° east or southeast. The foot-bills all along the
west side of the Park appear to be composed mostly of the red group,
lapping on to the sides of the mountain. The Carboniferous and Silu-

rian groups are seen on the sides and summits, higher up. A few of
these details will afford us a glimpse of the wonderful complication of
forces that have thrown these mountains into chaos, as well as the tre-

mendous power of the eroding agents which have aided to increase the
difficulties in some localities and to decrease them in others. As we
move westward to the Sawatch range, or the Elk Mountains, we shall

meet with a repetition of the same results, only on a far grander scale.

South of Horseshoe Mountain the main range continues 12,000 feet

and upward to Buffalo Peak, rising far above timber-line. The rocks
are mostly granitoid, but there are remnants of the quartzites even on
the crest ; but rather low down on the sides, perhaps 1,000 feet below
the crest, the Silurian limestones and quartzites crop out here and there,
though much obscured by the debris. In the valley of the Little Platte,
close to the foot of the mountains, is a considerable thickness of a group
of very peculiar gypsiferous strata, the same as those around the salt-

works about twelve miles to the southeast. The surface has a volcanic
appearance, as if covered with slag, and yet the clays, sands, and other
rocks of both the Cretaceous and Jurassic are incrusted with the
chloride of sodium as well as the sulphate of lime. Again, on the
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north and east side of Buffalo Peak the unequal elevation of both, the
granites and the sedimentary rocks is apparent. They may be seen
here in contact at the base of the Peak, or near the summit, 2,000 feet

above the base. Twelve-Mile Creek rises near Weston's Pass, flows
for a short distance, about six miles, east of south, then bends so that
the course is a little south of east after emerging from the range. The
deep gorges are very numerous, and seem to be carved out of the mass-
ive granites, presenting on either side remarkable sections.

The crest of the divide at the head of the south branch of the Little

Platte presents a fine view of the valley of the Arkansas toward the
west, with the grand range of the Sawatch on the west side, like a gi-

gantic wall, with its wilderness of peaks, upward of 13,000, and many
of them over 14,000 feet. Nestled at the base of the Sawatcb, at the
mouth of the Lake Creek gorge, are the beautiful Twin Lakes, separated
from each other by a belt of morainal deposits only about 200 yards wide.
To the southeast may be seen distinctly the ranges about the San Luis
Valley, with Ouray and Uncompahgre Peaks rising far above all the
rest. To the east we have the South Park full in the foreground, look-

ing like an immense meadow. The ridges which run across it in differ-

ent directions are softened down by the distance. Pike's Peak, with the
ranges of mountains on either side, shuts off the vision from the broad

.

plains beyond; it rises so far above the rest that it becomes a most
important landmark for a radius of fifty to eighty miles in every direc-

tion. To the northeast and west is the splendid group of peaks of

which Mount Lincoln is the crowning one ; while to the northwest are
the sources of the Arkansas with the Tennessee Pass and its associated
ranges of mountains. The Blue River range can be seen dimly beyond.
Such are the geographical features of this remarkable region, and I de-

scribe them from time to time, to convey to the reader the fact that the
variations are kaleidoscopic, and from every important mountain-peak
a fresh and equally grand view may be obtained.
As I have before stated, it is my belief that the range of mountains

on the west side of the South Park is a portion of a grand anticlinal of
which the Sawatch range is the central mass or axis. Therefore the
general inclination of the great bodj7 of the rocks of the Park range is

eastward, metamorphic as well as sedimentary. On the east side of the
crest the dip of the strata is obvious, and the granitoid nucleus is ex-

posed in comparatively few places, except in the gorges,, where the erod-

ing forces have cut deep down through the sedimentary beds into the
schists. But on the west side the granites are visible everywhere,
while the sedimentary rocks are the exception. The action of two forces
are indicated in this range ; one which acted uniformly and slow, ele-

vating the vast series of North and South ranges from the plains on the
east to the Colorado Biver, and perhaps farther, and a second force

operating synchronously, but probably spasmodically, tossing the gran-
ites as well as the sedimentary group into chaos. The one acted in

long lines of fracture, forming regular anticlinals with the stratified

groups, inclining from either side of the central axis in regular order;
the latter bringing to the surface the igneous rocks, and producing those
wonderful faults of which we find so many illustrations in the Park
range. The general form of this range also reveals its anticlinal char-

acter, through the fragments of the sedimentary groups which have
broken down from the crest on the west side. In the California Gulch,
and to some extent in other localities, the igneous rocks have been
poured out over the mountain side covering both granitic and sedi-

mentary beds, but the granitic rocks predominate, and all others occur
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only in detached portions that seem to illustrate a series of remarkable
faults.

The Arkansas Valley, from its head in Tennessee Pass to the point
where the river cuts through Front range and opens out into the
plains, has been worn out of the granite mass to a great extent.

The valley is partly a fissure, but is mostly due to erosion. The drain-

age was undoubtedly started by the fissures produced by the great up-
lift, but, as broad and deep as it is, it is undoubtedly due mostly to

erosion, and by this illustration we may form some conception of the
work of this powerful agent in giving form to the surface of this mount-
ain-region. From the crest of the Park range across the Arkansas
Valley to the crest of the Sawatch the distance will average from ten
to fifteen miles, in a straight line, and the average elevation above the
water-level of the Arkansas Eiver must be about 1,500 feet. Now, it is

probable that three-fourths of this vast space from the Tennessee Pass
to the Poncho Pass, near the head of San Luis Yalley, a distance of
one hundred miles, has been worn out by erosion, and the greater por-

tion of the material carried down the river and distributed over the
plains. It is probable, also, that this great space was at no very ancient
period filled with one vast glacier, which doubtless performed the greater
part of the grinding up of the rocks and the wearing out of the valley.

The glacier-worn sides of the mountains on either side of the valley extend-
ing nearly to the summits, the remarkable morainal deposits in the main
valley and on the sides of the gorges, point strongly to that conclusion.

We hope in the succeeding chapter to describe more in detail th';> phe-
nomena of ancient glacial action, which is so admirably shown on both
sides of the Sawatch range.
The remarkably rounded and grassy appearance of these high mount-

ain-ranges in many instances is quite surprising, and we ask how so

great a thickness of superficial earth could have accumulated so far

above timber-line? Besides, this drift-like deposit is covered with
masses of rock of various sizes, more or less worn, mostly granitic, and
mingled with the finer materials are numerous bowlders, so that there
must have been some agent that acted quite generally in grinding down
the surface. All along the west side of the Park range the granite
rocks crop out, but from a point opposite Tennessee Pass to Buffalo
Peak this old glacial deposit covers a great portion of the surface.

When the underlying or basis rocks do crop out to any extent the ab-
rupt side faces west toward the Arkansas, and the gentler slope is

toward the east, so that even the granitic nucleus testifies to the anti-

clinal character of the range. This is very well shown on the west
side of Buffalo Peak, and southward where the granitic rocks rise in
high, conical peaks, with the abrupt, wall-like face to the west, and
sometimes even overhanging at the summit. The heavy snows that fall

on these mountains, melting in the spring, thoroughly saturate these
surface-deposits, and great masses become more or less movable, de-
pending upon the steepness of the slope. The degradation of the under-
lying rocks is constantly going on, and the movements of the great
masses of earth produce results much like those of a glacier.

About five miles below the mining town of Granite the upper valley
of the Arkansas begins gradually to expand in width. Terraces have
been formed on either side, which show the former existence of a lake.

It is most probable that the lake-waters set high up the Arkansas Biver,
even to its source ; but the greater portion of the waters were gathered
into the lower part. By Upper and Lower Arkansas I mean the portions
above or below the canon. In the lower portion of the Upper Arkan-



tei

d





HAYDEX.]
GEOLOGY SAWATCH RANGE, 49

sas I described, in my third annual report, for 1869, a group of light-

colored marls, 800 to 1,200 feet in thickness, under the name of Arkan-
sas marls. I then regarded them as of Pliocene age, and noted their

inclination as 3° to 5°, which would imply that they were deposited be-

fore the great Sawatch range had reached its present height. It is plain

that at a period comparatively modern in date there was a lake here at

least forty or fifty miles in length, and from five to ten in breadth,
and that in the lower portions several hundred feet in thickness of fine

sediment were deposited in moderately quiet waters. The numerous lit-

tle streams that flow from the Sawatch range toward the Arkansas cut
deep channels through this modern deposit. The quantity of rounded
bowlders of various sizes in the vicinity of these streams is immense. Even
after the lake-waters had passed down the Lower Arkansas, through the

canon, there must have been tremendous glacial as well as aqueous forces

operating from the deep gorges in the mountains, transporting a vast
amount of drift material into the valley. Just how much of this broad
expansion is due to erosion it is difficult to determine, but I am inclined

to the belief that there was originally only the fracture of elevation,

and that the old lake-basin is mainly due to erosion. On neither side

of the valley do we see any of the older sedimentary rocks. From
Poncho Pass to the very source of the Arkansas, a distance of 80 miles,

no rocks but Igneous and Metamorphic can be seen upon the east side.

The Sawatch range is one solid mass of granite, intersected to a
greater or less extent by dikes. If we follow any of the little streams
that flow from the range on the east side, up to the sources of Trout
Creek, for example, just before reaching the borders of the South Park,
we shall find the full series of the sedimentary rocks, from the Silurian,

resting on the granites, up to the Cretaceous, inclusive, at least, inclining

in an easterly direction. The tendency of the waters of the Arkansas
Eiver was to gravitate to the extreme eastern side of the valley, from
the slope given by the anticlinal character of the elevation. The abrupt-

ness of the east side of the granite rocks on the east side of the valley,

from one end to the other, shows the part which they sustained in the
uplift. From a point about two miles below the mouth of Pine Creek
the Arkansas Eiver flows through a very narrow, tortuous channel, with
the granite rocks of a great variety of texture projecting over the base
in some instances, and rising in a precipitous wall a thousand feet high.

Below the mouth of Trout Creek the eastern portion of the anticlinal

becomes the Front range. I have dwelt so long on this great anticlinal

because it constitutes the key to the physical structure of a great area,

and also because it will throw much light on other portions of the Eocky
Mountain region. It seems to illustrate a statement that I have often

made, in previous reports, in regard to the simplicity of the structure of

the eastern portion of the Eocky Mountain region.

In general terms, while the details are extremely complicated, we may
express the structure of a belt of country known as the Sawatch range,

eighty miles in length from north to south, and at least forty from east

to west, as a single wedge of granite, thrust upward, and the sediment-
ary rocks inclining from either side. The illustration of which the

Sawatch range is the central mass is probably on a 'grander scale than
any other in the West, but there are abundant examples of smaller size.

The Black Hills of Dakota, the Laramie range, Big Horn, "Wind Eiver,

and many others are of the same type.
Our last movement, July 22, was along the divide from Weston's

Pass to the base of Buffalo Peak. We have described the splendid

view we obtained of the entire Upper Arkansas Valley, from the Ten-

4 G s
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nessee Pass to the canon, a distance of eighty miles. Our camp was
on the north base of the peak, above timber-line, at the very sources of
some of the little branches of the Platte. The granite rocks cropped
out all around us, although the greater portion of the surface was
covered with grass, and the moist valleys were peculiarly fresh and
green. The lower portion of the Upper Arkansas Valley is indeed a
park, and far more beautiful, though not so large as the South Park

;

but its origin is very different. The South Park is an area of depression,
that is, it is a basin surrounded by lofty ranges of mountains, underlaid
with rocks of the sedimentary group, which shows that it has never
been elevated equally with the surrounding mountain-ranges. The Ar-
kansas Park is an area of upheaval and erosion, and nowhere in it are
any sedimentary rocks exposed older than the modern lake-deposits.

A few small streams flow into the Arkansas River from the east side,

but the main drainage is from the west side. Descending into the val-

ley on the west side of the Park range, from the base of the Buffalo
Peaks, we found the traveling very difficult; the sides of the mountains
covered with debris and very precipitous. The fallen timber adds also

much to the labor of traveling. The autumnal fires sweep over the
sides of the mountains, killing the pines, and the winter and spring
winds lay them down in every direction, forming a j>erfect net-work
Reaching the valley nearly opposite Mount Harvard, we camped for

two days on the bottom to make a study of this interesting region. By
following our route of travel in our narrative, we are enabled to note
down the local details of the geology from point to point, on which any
general remarks we may make are founded. The maps, which will soon
be published, will enable the geological reader to follow these routes

with ease ; and, in connection with the sketches and sections, we hope
to make our observations clear.

The point from which we will start now on our march up the Arkan-
sas River is at the head of the Arkansas Park, a little below the mouth
of Pine Creek. The valley here begins to expand out somewhat, and is

about half a mile in width. There are several abandoned farms on the

bottom. Lower down in the main park, or valley, are some excellent

farms and prosperous settlements. The decline of the mining interest

has caused the upper portion of the valley to be almost entirely deserted.

A few years ago there were many thousands of miners in the valley, and
every gulch was filled with placer-diggings. Granite bid fair to become a
city and spread itself over a considerable area on both sides of the mines.

Now the buildings are all fast going to decay. A few miners still linger

among the old " placers," but the mining period has passed away.
I have spoken of the finer sediments which were deposited in the

ancient lake, in the lower portion of the valley to the southward. The
waters that rushed down from the north lost the greater part of their

force in the broader, deeper waters of the southern portion. Here the

fine material which was ground from the granite rocks by water and ice

to the northward was carried, and the greater stillness of the waters
then allowed it to settle on the bottom more quietly, forming a group
of marly strata at least 1,200 feet in thickness, which have weathered
into the peculiar architectural forms which characterize the modern lake-

deposits farther north in which the remains of so many extinct verte-

brate animals have been found. As we ascend the valley from the

lower end, these lake-deposits become coarser and show evidences t)f

deposition in more turbulent waters, until at the upper end the huge
rounded bowlders predominate. Near the bridge about five miles below
Granite are long, lone ridges of the coarse drift or detrital matter on
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the bottom, parallel with the river. The surface is covered with huge
granite bowlders on both sides of the river; long, high, rounded ridges of

worn bowlders are pileu up as if they had been left by the melting masses of

ice. We find the granite rocks in place much worn as we ascend the valley,

but no signs of grooving. The coarse texture of the granite permits them
to disintegrate readily, and they have a tendency to become rounded by a
process which I have termed exfoliation, or a tendency to peel off in thin

concentric layers. This is a very common feature in most of the varieties

of rock in the West, and the great variety of scenic forms, as well as

much of the loose debris or soil in the mountains, is due to this process.

Whenever the fires run over the sides of the mountains, burning the

forests of pine, the most compact granite rocks scale off in this manner,
and undoubtedly the sun's rays, expanding the surface by the heat,

produce similar results. Just below the mouth of Pine Creek a high
vertical point juts out from the east side of the Arkansas, over the river,

of a harder texture and more compact than the contiguous rocks. The
jointage, which is nearly vertical, presents strikingly smooth faces and
sharp angles. The great variety of texture in the granitic rocks is con-

tinually shown, varying from a close fine-grained feldspathic or quartz-

itic mass, scarcely affected by atmospheric agents, to a very coarse ag-

gregate, readily falling in pieces. Iron in some forms is a very powerful

agent also in destroying the cohesion of granites. This hard point seems
also to have extended across the river and to have resisted in part its

power, so that falls, or rapids, of 25 feet descent have been formed. Just

above this point there is a low ridge of granite, which in the wearing
out of the valley escaped, while on the east side of the Arkansas there

is an old river-bed. These remnants serve to indicate in some degree

the nature and extent of the forces that have operated here. They prove

that the valley is, for the most part at least, one of erosion. There is a
narrow bottom on the west side of the river, with small gulches coming
from the hills in which are quite extensive placer-diggings. Small log

huts, or miners' cabins, are scattered here and there among the huge
granite bowlders, presenting a unique appearance from their diminutive

size, compared with the bowlders themselves.
Perhaps the most interesting and novel features of this region are the

great morainal deposits, the remains of ancient glaciers. These proofs

of glacial action occur everywhere along both the east and west sides

of the great Sawatch or Mother range. But up the valleys of some of

the side streams the morainal deposits are more marked and regular

than in others. The finest illustration occurs in the valley of Clear

Creek, a small stream that flows into the Arkansas Eiver from the

Sawatch range, about six or seven mills below Lake Creek. This little

stream rises high up near the crest of the range, in a number of exca-

vated amphitheaters, and flows for several miles through a close canon
until it opens out into the foot-hills on the east side of the range. The
valley at once expands to about one-fourth of a mile in width, and at

the junction of the creek with the main river has become three-fourths

of a mile in width, with a detrital ridge on either side rising 300 to

500 feet above the little creek that meanders through it. These
detrital ridges show the loose character of the deposits by their

rounded forms, being covered over with grass and other vegetation.

The question would arise, whether the immediate valley of the stream

was originally filled up with the glacial detritus, or whether the mater-

ials composing these ridges were left on the sides of this branch
of the great Arkansas glacier which must at one time have occupied

the entire valley. I am inclined to think that the valley through
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which Clear Creek meanders so beautifully is a modern result, and was
worn out of the great detrital mass by water after the close of the true
Glacial period. Between the detrital walls in the valley are mounds or
ridges of the detritus that has been brought down Clear Creek and
lodged near its mouth. The last glacial movement was checked by the
remnant of the granite mountain in place at the lower end of the ex-

pansion, and as the ice melted the debris was left behind in irregular

mounds. Rounded masses of granite of immense size, 100 feet in

diameter lie scattered about the mouth of this creek, now going to

decay by the process of exfoliation. Between Clear Creek and Lake
Creek the slopes are rather smooth, with the granite rocks cropping out
here and there, but revealing the effects of abrasion in a marked degree.

The surface is covered mostly with a thick deposit of the detrital mat-
ter. The placer-mines are very extensive over this area, and the work-
ing of them in several localities has exposed a glimpse of the old chan-
nels worn deep into the underlying granites and covered with the
bowlder-drift. If this thick drift-deposit could be stripped off it would
expose a granitic surface Worn down by the movements of vast masses
of ice and snow, perhaps grooved and scratched, and the entire area
cut through from the mountains on either side with the old creek-chan-

nels. We believe, also, that this space between the main river and the
base of the range, a width of about six miles, has been worn down from
an elevation but little, if any, lower than the front portions of the range
that now remain. All the evidence points to the existence here of

aqueous forces at a comparatively modern period, of which the present
is but an insignificant remnant.
On both sides of the Arkansas up to its very sources the drift phe-

nomena are very remarkable, but much more extensive on the west side,

so that there is a slope from the immediate base of the Sawatch range
to the river ; but the terraces and bowlder-deposits are well shown on
both sides. On the west side the valleys of the mountain-streams are

now much used for the pasturage of large herds of stock during the
summer-season, the owners driving them south into the San Luis Val-

ley during the winter.

By glancing at the map it will be seen that there are a considerable
number of those little branches which run high up near the crest or

water-divide of the Sawatch, cutting deep channels or gorges through
the mountain-sides, and deep valleys after emerging into the slope,

or foot-hills. The slope, or foot-hill, forms a peculiar belt from four to six

miles in width between the base of the main range and the river, and
in a general way slopes down to the river. The difference in elevation

between the bed of the Arkansas and the junction of the slope with the
mountain-side would vary somewhat, but must be 1,000 to 1,500 feet.

Viewing this slope from the crest of the Park range on the opposite

side of the Arkansas we can see clearly the gorges and gorge-like

walls of the principal streams at intervals of a few miles apart. Be-
tween the main valleys the interval is singularly rolling, consisting of

rather deep grassy valleys, extending down from the mountain-sides

to the Arkansas, while between them are rounded ridges, or rounded
oblong hills, covered over with debris. In many cases the abrupt sides

are toward the mountains, and the sides and summits are covered
with immense bowlders, as if the masses of ice had lodged on them,
and melting had dropped their contents there. This furrowed condi-

tion of the surface continues to a greater or less extent up to the sources

of the Arkansas in the Tennessee Pass. The great morainal ridges

on the south side of Lake Creek are as much as 500 feet to 700 feet high
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above the lakes or valley. For about fifteen miles the Arkansas flows
through a gorge-like channel, commencing about four miles above
Lake Creek, when there is a moderate expansion with quite a broad
bottom, and on either side well-defined terraces. The terrace on the east
side of the Arkansas rises about 500 feet above the river-bed. In a dry
gulch the horizontal strata of sandstone crop out, showing that it is

composed of the modern lake-deposit. On the west side the first ter-

race rises 40 feet, the lower portions of the second or main terrace 250 feet

rising up, by a slope to the mountains, to the height of 700 feet. One
gulch is quite wide, half a mile, as it opens into the valley of the Arkan-
sas, with small, terrace-like steps on either side. The east fork of the
Arkansas also presents a broad, open valley for some distance along its

junction with the main stream. Passing up the west branch we find a
broad, open, meadow-like park, a mile in width, with the granitoid rocks
cropping out here and there on either side from beneath the great accu-
mulation of detrital deposits.

We can see, therefore, that this entire valley of the Upper Arkansas
was at no very remote geological period, a fresh-water lake, probably
at the close of the glacial period. I am now inclined to think that this

period extended back further into the past in the Rocky Mountains than
geologists have accredited it in other regions. It seems to me that the
evidence, though not clear as yet, points to the Pliocene era as its begin-
ning, at least, and that it extended pretty well toward the present
period. It was evidently a period in which powerful forces were in

operation, which carved out the surface-forms much as we find them at

the present time.

CHAPTEE III.

SAWATCH RANGE—MORAINAL DEPOSITS OF TAYLOR'S CREEK—ELK
MOUNTAINS, ETC.

We will now ascend the valley of Lake Creek, and wend our way
over the great Sawatch range. The valley of Lake Creek is filled with
the morainal deposits for which this range is so remarkable. It would
seem that the great glacial force moved here in a direction a little

south of east, inasmuch as the great mass of the detrital matter is

heaped up on the south side. The two lakes are about 350 yards
apart, with a small stream, perhaps 20 feet wide, flowing from one
to the other. The interval is made, up of worn detrital matter, but
over it and around both lakes are mounds or oblong ridges of the drift.

Scattered over the surface are masses of granite, coarse in texture, with
crystals of feldspar, 1 and 2 inches in dimensions, aggregated to-

gether. The rock has the appearance of a feldspathic breccia. The
lower lake is about two and, a half miles in length, and one and a
half miles in width. The upper lake is one mile in length, and half
a mile in width. The bases of both these lakes are undoubtedly
the result of glacial action. The greatest depth found by sound-
ing was 76 feet. The accompanying topographical sketch of Mr.
Gannett, with the soundings which were made by Messrs. Stevenson
and Holmes, will convey a true idea of the form of these basins. We
know by the land contiguous to both these lakes that they have been
slowly diminishing in area. Above the Upper Twin Lake there is a half-

mile in width of boggy meadow which at no distant period must have
been covered by the lake. At the head of the valley, or where the
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gorge begins, there is a sort of natural bridge. The stream has
worn a narrow channel through the rocks. At the summit the gorge
is about 8 feet wide, and in it a huge bowlder has lodged. The
stream rushes down its steep, narrow, winding channel with great
force. On the north side there is a huge bowlder just ready to topple

off into the channel, which is 50 feet in diameter. On the sides of
the channel are several most remarkable rounded cavities worn in

like pot-holes, 6 to 10 feet in diameter. One of them occurs 20 feet

above the water-level of the creek at the present time. About 100
feet above the bridge the stream flows through a narrow gorge not
over 4 feet wide, and the water shoots down as in a flume 10 or 15 feet,

producing a picturesque effect. In these rocks the jointage is very
distinctly defined. The dip of the rock is north about 30°, and the
channel has been worn through the rock, so that the north side over-

hangs the water, and the water and ice, aided by the jointage, have
removed masses like blocks from a quarry. There are two or three sets

of master-joints which break the mass into a multiplicity of forms.

Sometimes the broken portions are wedge-shaped. The rocks are a
coarse, massive granite of a gray color, with large crystals of grayish-

white feldspar. The worn rocks, or roches moutonnes, are most admira-
bly shown everywhere, and portions crop out in the bottom of the val-

ley to indicate the force as well at the extent of the erosion. It is quite

possible that if all the debris could be stripped off the gorge and valley,

the grooved or scratched surfaces would be apparent. On both sides

of the gorge the worn rocks are seen to the height of 1,000 to 1,500 feet

above the bed of the stream. One immense mountain mass on the north
side seems to have resisted the eroding forces, so that from base to

summit, a height of 1,000 feet, it is smooth like enamel. The vast gla-

cier which must have filled up the channel must have been obstructed
in its slow downward movement by this projecting point of the mountain.
In the side near the base are quite deep, rounded cavities, 2 to 4 feet in

diameter, produced by the same causes as the pot-holes. About 2 miles

above the falls there is an extensive dike of trachyte. It occurs in the
form of a vein, 6 to 10 feet wide, running about northeast and south-

west. There are many other dikes in this gorge, of different sizes,

and I suspect some of them would prove to belong to different ages if

more closely studied. The great branch-glacier of Lake Oreek must
have been 1,500 feet or more in thickness. The valley or gorge is

nearly uniform in width, about one-fourth of a mile, and the glacier must
have plowed its way along, paring off a great thickness of the gneissic

rocks on either side and on the bottom, the low, rounded remnants of
which can be seen cropping everywhere from the detritus. The sides

of the gorge for 1,000 to 1,500 feet are worn smoothly, and in some
places immense blocks of granite have been wrenched from their places
and carried down the channel, so that the sides look like a quarry.
The most striking feature is the very smooth surface of the sides of the
gorge to so great a height, like glass. About six miles above Twin
Lakes, in a straight line, Lake Creek forks, one branch extending up
northwest, and the other southwest. Both separate again soon into a
number of smaller branches, which end in amphitheaters near the crest.

About four miles up the North Fork a remnant of the gneissic rocks,

left in the wearing out of the valley, has a dip of 50° NW., with a strike

southwest and northeast. There are a number of these low ridges
rising up in various portions of the valley, showing most clearly that the
entire gorge has been carved out of the mountain mass. The dip of the
beds would indicate a fracture for the water and ice to commence their
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work, and, as the gorge increased in size, the power to excavate would be
increased. The crest of the range is covered with trachyte for miles, and
from that ridge extend down beautiful green valleys above timber-line.
The sides as well as the circular end of these gorges or valleys are cov-
ered with debris composed of the broken fragments of igneous or meta-
morphic rocks. All seem to originate in the same manner, and are con-
tinued by the same forces. The igneous rocks seem to have flowed out
over the gneissic rocks to a considerable extent, at least 500 feet in
thickness, as is shown in this high mountain-valley, where the sides are
nearly vertical, and the bottom of the valley here and there reveals the
granitic rocks upon which the trachytes rest. So, we have in the main
range the same x>henomena repeated that we find in all the southern
ranges, viz : a granitic nucleus or central mass, with dikes of igneous
rocks to a greater or less extent. The movements that elevated these
great ranges seem to have generated the heat that reduced the rocks in
certain portions of the crust to a fluid condition, and they came to the
surface in almost numberless places.

We will not now discuss the history of the glacial period of the Eocky
Mountains, but simply state, in general terms, that the evidence seems
to point to a time when the Arkansas Valley was filled with one enor-
mous glacier, and that extending from it, on either side of the gulches,
were branches of greater or less magnitude ; that as the temperature
changed so that it was gradually reduced, and the physical conditions
approached those of the present time, the basins of the lakes were
scooped out, the morainal detritus was deposited, and finally the im-
mense granite bowlders were scattered over the surface. We shall

endeavor to show in a subsequent chapter that this glacial period was
one of great length, and that the gradual transition from the extreme
glacial cold to the present climatic conditions was of great duration,
and influenced the sculpturing of the surface to a very great extent.
Our trail over the mountains led up the south branch of Lake Creek.

In many instances, these little branches have cut narrow channels into
the solid rock 30 feet in depth. This must have been done subsequently
to the melting away of the glaciers.

About four miles up the valley the debris begins to be made up of
igneous rocks that have fallen down from the high ridges. There are,

also, immense masses of volcanic breccia, very compact, composed mostly
of granitic fragments of various sizes, some worn and others angular.
We see again the high crests capped with the igneous rocks, which
originally flowed from fissures in the granite, and, as the liquid rock
was ejected, fragments of the contiguous granitic rocks were worn off

and inclosed. This fork also branches off to the north toward Eed
Eock Pass, and the usual signs of the wearing out of these vast mount-
ain amphitheaters can be seen. The valley, or gorge, here is unusu-
ally broad, and yet the abrupt walls on either side show its origin.

The ridges are all capped with the igneous rocks, and, in some instances,

they are a brilliant red. The gorge is cut deep down into the granitic

rock, and, when it is not concealed by detrital matter in the bottom of

the valley, is worn smooth.
We ascend the steep sides of the divide between the waters of the

Pacific and those of the Atlantic, by way of Lake Creek Pass. The
melting of the snow keeps the sides of the mountain, where covered
with loose earth, in a boggy condition, which impedes traveling. Upon
the summit of the pass is a little lake or reservoir for the water from
the melting snows. On both sides are high walls about a fourth of a

mile apart, between which is located the pass. It is not so very much
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lower than the crests around, being over 12,000 feet above sea-level, and
2,000 feet above our camp at the forks. But the pass itself is an illus-

tration of the slow wearing away of the crest between the sources of

the streams. The summit of the pass is very narrow, and on the top

and sides are vast quantities of fragments of rocks fallen from the side-

walls. There is no doubt in my mind that the crest of the mountain
was at one time continuous, and far greater than at present, and that a
mass of granite rock the width of the pass, and 500 to 800 feet high,

has been removed by agencies not now in operation. Yet theslow pro-

cess of the breaking down of the sides still goes on summer and winter,

and the debris forms one of the remarkable features of this region. As
we descend the west side of the pass, we have before us in full view
one of the most spacious and regular amphitheaters we have seen, form-

ing the source of Morainal Creek. It is in the form of a semicircle,

with an irregular wall around forming the mountain-crest. On the west
side are two mountain-cones rising up 13,000 feet or upward ; on the

east side, a high rounded peak covered over with debris, while the south
side has been broken down so as not to be more than 300 feet above
the base of the wall. Vast quantities of the debris, or talus, lie all

around the base of the wall, while in the center is a forest of pines.

"We see, therefore, that although the evidence is clear that these amphi-
theaters have been carved out of the massive granite, no forces are now
in operation to carry away the fragments of rock that are annually
loosened from the walls by water and ice, but they gather on the slope,

forming a talus of great magnitude. We shall have much to say, as we
pass from point to point, in regard to mountain sculpture. We believe

that geologists have hardly realized as yet the tremendous degradation
of our high mountain-ranges, which has been carried on during, or since,

the Tertiary period.

We descend to the west side of the mountain to the little creek, and
find ourselves in the midst of the most striking examples of morainal
ridges yet seen in the West. These extend from a point near timber-
line down to the valley of Taylor's Creek, a beautiful stream that occu-
pies in part a valley parallel with the Arkansas on the west side of the
main range. I have spoken previously of the anticlinal structure of
this region. On the west side of the Sawatch or Mother range there is

an irregular parallel depression, extending northward to the Mount of
the Holy Cross, and southward far down the Gunnison Valley. Yet the
drainage is not continuous north and south like that of the Arkansas.
The drainage tends toward the northwest in the valleys of Eoaring
Fork and Frying-pan Creek, and to the southwest in the valley of Gun-
nison and its branches. While between the waters of the two systems
the divides are quite high and almost impassable, still the inclination

of the great mass of the rocks is toward the west in general terms, and
the anticlinal structure well illustrated. The interval between the
ridges is much more broken, and has not been worn out by one con-
tinuous river like the Arkansas.
The morainal deposits are best shown on the west side of the

Sawatch range. Along the side of the mountains, rising 800 to 1,000
feet above the valley of Taylor's Creek, is a ridge entirely covered
with the debris falling from the summits of the range, and mo-
rainal matter. It is most probable that the granite rocks form
the nucleus, but that the ridge has been worn down by glacial action
and covered over with the miscellaneous deposits of morainal drift. The
ridge is quite rounded in form, covered in many places with pines, and
extending up on the sides of the range nearly to timber-line. The second
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terrace, as it may be called, is very irregular, varying from 20 to 80 or

100 feet above the valley, and is full of irregular depressions like small
lake-basins, but without any apparent outlet. Fragments of glaciers

must have remained in this place which melting away, formed reservoirs

of water, which finally dried up, the morainal matter accumulating all

around them. Sometimes these depressions are oblong and tortuous like

the old bed of a stream, and continue for a mile or so, and then close up
in a sort of pocket. The surface is covered all over with worn bowlders
of granite of various sizes, sometimes 20 or 30 feet in diameter. When
streams have cut through it so that sections can be seen, which is not
common, it appears to be composed of rather fine earth, evidently the

result of the grinding of the granite rocks by ice, and more or less

rounded granitic masses of all sizes from a small pebble to a mass of

many tons' weight. The position of the morainal deposits would indi-

cate that on the west side of the range also there was, during the glacial

period, a vast mass of snow and ice filling up the open valley and run-

ning up the gorge like valleys on either side. The valley of Taylor's

Creek, which will average a mile in width, is covered over with isolated

morainal mounds or ridges, never more than 50 feet high. The enor-

mous accumulation of the morainal matter on the west side of the range
would seem to show that the great body of the glacier was there, though
extending far westward are abundant signs of glacial action.

We shall speak of this subject again in describing the Mount of the

Holy Cross and its surroundings. Far to the south, looking down the

broad, open valley of the Gunnison Eiver, we can see the modern lake-

deposits much eroded near the junction with the Grand Eiver. Still

farther southward is the Uncompaghre range dimly seen on the horizon.

To the west is a portion of the Elk range, with the wonderful mass of

red rock and the great group of sharp peaks, which show a remarkable
chaos of strata. To the northwest are the sources of the Gunnison, with
the rounded granite mountains which have been so distinctly glaciated.

Here and there the stratified rocks may be seen resting on the granites,

and inclining at different angles. To the north is a wilderness of peaks,

which form the Sawatch range, some capped with igneous rocks, others

projecting their ragged, sharp, granitic points or crests high up among
the snows, 14,000 feet and upward. The quite irregular ranges of

mountains on the west side of the Gunnison show most clearly that they

are subordinate portions of the great anticlinal we have been describing.

The abrupt side or face is toward the east, while on the west side the

slopes are usually gentle, and whenever the sedimentary beds occur they

incline toward the west. The basis rock of the Gunnison Valley, under-

neath the great thickness of morainal detritus, is granitic, resembling

very closely the granite rocks of Salt Lake Valley, Utah. The gray

granitic rocks are full of black, apparently rounded masses, as seen in

Cottonwood Canon, which indicates that they were originally conglom-

erates, so changed by metamorphosis that only indistinct traces of the

included bowlders are now visible.

The irregular range west of the Sawatch is undoubtedly, as I have
before stated, a subordinate portion of the anticlinal on the west side.

Fragments of the great mass of sedimentary rocks can be found at differ-

ent elevations, especially on the west side, though the granite rocks pre-

dominate. About four miles up one of the small side-valleys of Taylor's

Creek, to the west, we find low down in the bottom a patch of massive

dark-blue carboniferous limestone with corals and stems of crinoids.

Some of the layers are made up of fragments of organic forms. The
whole is about 50 feet in thickness, inclining west 12°. It is simply a
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remnant of the great mass that once extended over the country from
the plains across the South Park, the Park range, Sawatch, &c, inter-

rupted, perhaps, here and there. We have already observed that the
Carboniferous as well as Silurian beds are omitted for one hundred
and fifty miles along the east margin of the mountains north of Colorado
Springs, while far north and far south the same rocks are well developed
in similar localities. So we may make the general statement that these

beds covered all this great area prior to the elevation of the ranges.

As we proceed westward from Taylor's Eiver, we enter a region in

which the rocks have been thrown into a greater state of chaos than I

have ever observed anywhere in the West. There is no doubt that the
original inclination was toward the west from the Sawatch range, but
the great number of dikes that intersect the crust in many places, have
tipped the stratified rocks in every direction, elevated them to the sum-
mits of the peaks, and, in many instances, completely reversed their

position, so that we have the oldest rocks overlying those of more mod-
ern date. It is not uncommon to see ridges of quartzite, or limestone,

standing vertical, and, in some instances, inclining several degrees past

a vertical. To solve all these problems well would require that every
portion of the country should be studied foot by foot, and hundreds of

detailed sections prepared. Our plans would not admit of this detail,

and, therefore, much must remain obscure until we can gain the time

to make special studies of the more difficult localities. Besides, we
need better maps, which are now in an advanced state of preparation.

It is plain, however, that the sedimentary beds are essentially the

same as those of the Park range, and that they have been subjected

to greater overturnings than those of that range. There is at the

base, and resting on the granites, a great thickness, perhaps in the

aggregate 2,000 feet, of quartzites and limestone in alternate strata.

Above these is a great thickness of limestones of a more modern aspect,

with well-known Carboniferous fossils in them, and in some localities

very abundant and well preserved. Above these comes a vast group
of red sandstones assuming a great variety of textures, as well as

shades of color, at different points. Above come in regular order the

Jurassic and Cretaceous groups. In this district of chaotic overturnings
we saw no rocks of more modern age than the Cretaceous, though it is

quite probable that a more extended exploration would have discovered
them. The main streams that flow toward the west have cut deep
gorges directly through the uplifted ridges, as well as dikes, while the
side branches have formed in many instances parallel valleys. In all

cases the amount of detrital matter is very great. Huge masses of

granite are strewn over the surface, sometimes in the valleys and some-
times on the sides of the hills or mountains. The peak named on the
map as Italian Peak, 13,255 feet in height, is an example of the varie-

gated colors of the rocks, due to the flowing upward through the fissures

of the melted rocks, accompanied with a force that tilted the sedimen-
tary strata in all directions.

Leaving the valley of the Gunnison, we took a southwest course, up
a nearly dry, rather broad, grassy valley, to the divide, and descended
again to West Taylor Creek. These little side-valleys occasionally

close up for a short distance in a sort of gulch or canon, then suddenly
expand out into an open oval one, covered with thick grass like a
meadow. This is a very common form in these mountain-districts, es-

pecially where the granites prevail. Soon after passing the divide we
find the sedimentary rocks cropping out everywhere. In the valleys

there is a great amount of the superficial drift, forming rounded hills or
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long ridges, the surface being covered over with fragments of limestone,

sandstone, and pudding-stone. About four miles below the divide the
little stream cuts through a high ridge. On the south side the ridge is

composed largely of laminated trachyte, inclining to the northwest at
an angle of 60°. While on the north side the rock is more compact,
hard, and full of masses of quartz, as if the old granite had been turned
to a somber gray by the heat of the igneous rocks ; this mass, which is

very conspicuous and rises 800 feet or more above the little stream, ap-
pears very distinctly stratified, and inclines 60° northeast, while the
limestone-beds dip northwest 30° to 60°. This is a most complicated
piece of geological work, which would require more time than any of
the party could devote to it to work it out in detail, though the report
of Dr. Pealeis more complete. "We believe that the igneous rocks have
been pushed up from beneath the overlying quartzites and limestones
in the form of dikes, along a line trending about northeast and south-
west. The peculiar bedding of the trachyte is so regular that it gives
them strikingly the appearance of stratified rocks. There are several
ridges nearly parallel which present somewhat the form of an anticlinal,

the felstone porphyries being lifted up so that they present their basset
edges opposite the outcropping edges of the limestone and quartzites

;

thus one side of the anticlinal is composed of igneous rocks, and the
opposite side of sedimentary. Between the porphyritic rocks and the
limestones there is quite a wide interval, 400 or 500 feet, worn out by the
action of water, and covered with debris, but underneath are the up-
turned edges of quartzites, pudding-stones, and sandstones. The strike

of the limestones is about southeast, with a dip northwest 60°. The
limestones are 150 feet thick, and filled with corals, Productus, and other
forms, which indicate Carboniferous age ; the whole standing up like a
massive wall 300 feet high. On the outer side of the wall comes 400 or

500 feet of soft sand, reddish-yellow and brown, with some harder lay-

ers of sandstone, inclining at the same angle, but worn down low, and
covered with grass. Then comes another bed of trachyte, with the
layers forming a synclinal with the Carboniferous limestones. Between
the two trachytic ridges deep side-gorges are worn down to the stream
that has cut its channel through all the ridges at right angles. About
two miles farther, near the junction of the little stream that flows from
the foot of Italian Peak, on the east side, the reddish sandstones occur
with layers of a coarse conglomerate, made up of well-worn pebbles of
limestone and quartzites, much like the conglomerate seen near Mount
Garfield, in Montana. I think there is here an example of a great fault,

where the old Silurian quartzites and limestones have been lifted by a
force acting vertically, so that the strata are horizontal, while the
younger beds, Carboniferous and Triassic, are inclined from the west
side at an angle 60° to 80°. The valley is full of detrital matter, and at
one point the stream cuts through a sort of moraine, showing a section
of 60 feet on either side composed of gravel and huge bowlders much
worn, while high up on the sides of the hills bordering the valley this

drift conceals to a great extent the basis-rocks. The rather rounded
wooded ridge on the west side of the branch is covered with the debris

of the trachyte, which shows that the dikes penetrated the crust

everywhere. The sedimentary rocks crop out here and there, so that
we can infer their existence. Sometimes only the quartzites are left,

and the igneous material has been poured over them ; again, on the
Carboniferous limestones, or the red sandstones of the Triassic, or even
the black clays of the Cretaceous. All these formations crop out from
beneath the trachytes in the vicinity.
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We passed up the valley of a small stream that flows southward from
Italian Peak. This peak is literally filled with dikes, which have so

changed the contiguous rocks that they present a great variety of struc-

ture and color, and hence the name. Indeed, the peak itself is the
result of pressure of the igneous matter from beneath. On the north-

east side the great mass has been pushed up 1,500 feet, so that on
the south side the unchanged quartzites, rusty brown and gray, stand
vertical, and in some instances 35° past a vertical. The stratified

quartzites are full of seams of crystalline quartz with what appears
to be silver ore. The upthrust of the igneous rock has produced great

chaos in the beds. Above this locality on the peak there is a fault in

which the entire group of Silurian strata is thrown off from the dike so

that one portion is separated from another and is lifted up vertically

1,000 feet above the original point of junction. In this district of igneous
uplifts the faults are very numerous and striking. Thrust in between
the strata are irregular layers of the trachyte, varying from a foot to

several feet in thickness, and extending horizontally sometimes several

hundred feet, thinning out at each end. One of these intrusions ex-

panded to a thickness of 40 feet on the east side of the peak. From
this peak we have a most remarkably extended view on every side. To
the south is the East Fork of the Gunnison with the red and yellow beds
in the foreground, and far distant the older rocks are thrown up at

various elevations, apparently local uplifts. To the west is a vast group
of sharp, jagged peaks and crests, saw-like, with stratified cone-shaped
pyramids ; some red, others dark ashen-brown, or maroon-color. All
the rocks, as far as the eye can reach, appear to be stratified, though
inclining in various directions. The general level of the summits of the
peaks is upward of 13,000 and perhaps 14,000 feet. To the eastwe see with
great distinctness the valley of Upper Gunnison with the Sawatch range
beyond, and on the west of the range the ridges of stratified rocks in-

clining from it. These extended views from the summits of the highest
peaks enable us to generalize to some extent the local details that we
have already worked out. We see thousands of feet in thickness of

stratified rocks, tilted in every direction by a great number of local up-

thrusts of the igneous rocks, so that we see strata of different ages some-
times on the summits of the highest peaks, over 14,000 feet above the

sea. And again, in the lowest valleys we have a thick group of Silurian

strata, quartzites and limestones, then above them a group of Carbon-
iferous beds, then the red or Triassic, and in some instances the Cre-

taceous; but the latter are seldom seen on the high mountain-ranges.
As near as we could estimate, there are near this peak 2,000 feet or more
of Silurian quartzites and impure limestones ; 1,500 to 2,000 feet of lime-

stones and shales of Carboniferous age.

From the Italian Peak we descended the valley of the little stream
that flows from its south base and runs southward into a branch of the
Gunnison. On the west side of the valley, or gorge, a wall of quartz-

ites rises up nearly vertical 2,000 feet. This valley presents an example
of a synclinal in which the shales are most chaotically crushed together.

The quartzites incline from each side of the valley or gorge. Dikes
of trachyte pass across the strata from east to west, sometimes disturb-

ing the beds so that they incline north and south, and again the dikes
are seen without any disturbance of the contiguous rocks. Quite abun-
dant fossils were found in the Carboniferous limestones j among them
Athyrus subtilita, Productus, corals, crinoids, &c.
As we continue toward the west the red or Triassic beds in full devel-

opment cover the surface as far as the eye can reach, interrupted only
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in restricted localities by the outflow of igneous matter. Between East
Fork and the next branch a long ridge runs nearly west down toward
the Gunnison 1,200 to 1,500 feet above the stream. On the north side

of the valley of the east branch the dip is variable from 10° to 30°,

and trending toward the west and northwest. There is really here

a broad slope extending from Italian Peak to Teocolli, where the little

streams have carved out deep gorges through the red sandstones and
pudding-stones. The aggregate thickness here cannot be less than
2,500 feet, and it may be much more. The valleys or gorges have all

been formed by erosion, and from margin to margin they are usually

about a mile in width, sloping down more or less abruptly to the bottom,

where the immediate valley varies from 100 yards to one-fourth of a mile

in width.
The texture of these red beds is very variable. Conglomerates vary-

ing from a fine pudding-stone to a coarse aggregate occur all through
the mass, but are not continuous. The entire group indicates deposition

in disturbed waters. In tracing abed horizontally sometimes it will

thicken to a massive fine sandstone, then gradually thin out, and in its

place* soft, yielding shales appear. Sometimes a bed will be a coarse

conglomerate, and in a short distance it will change into a fine sand-

stone or even soft sand loosely held together. The irregular laininse of

deposition and wave-marks are shown everywhere also, and the signs

of quiet waters are local and of comparatively short duration. The map,
when completed, will show a water-divide between the branches of the

Gunnison and those of the Blue, trending about northwest and south-

east, with Italian Peak at the southeast end, with Castle, Maroon, and
Black Pyramid along the line, and ending in Sopris Peak. The
numerous little branches will be seen extending down from this crest,

uniting to form the larger streams on either side. All these little

branches rise in broad amphitheaters which have been produced
for the most part by erosion or the slow process of wearing out in a
more or less circular or semicircular form by water and ice.

These amphitheaters are numberless and occur on both sides of

the crest. In many places the wearing out of the amphitheaters
on both sides has been such as to remove hundreds of feet of the crest,

thus forming a pass of greater or less elevation. In these amphithea-
ters vast bodies of snow accumulate during the winter, a portion of

which, in many instances, remains all the season. In the spring the

process of thawing and freezing commences, and the slow breaking down
of the amphitheater walls is continued. Thousands of little streams are

formed by the melting of the snow, and the water flows down to join

the main streams.
All these great ranges of mountains are full of fissures, which, running

in various directions, break up the entire mass. We can find these

openings full of ice at almost any season of the year, and the well-known
power of ice by expansion need not be stated here. This action will

account for the vast quantities of debris all over the sides and sum-

mits of our mountain-ranges. The more prominent the range of

mountains the more conspicuous is this feature, and the debris

becomes most noticeable among all the great ranges of Colorado,

as well as Montana. The Sawatch, Park, and Elk ranges are excellent

illustrations of what I have attempted to describe above. From the

crest or divide between the branches of the Gunnison and the Blue
Bivers, the little branches have carved out deep valleys or gorges, nar-

row or wide, depending much upon the texture of the rocks through
which the stream has cut its way. Many of these valleys are covered
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with thick grass far up on the sides, and even on the ridges between the

streams, so that as a grazing region it must be excellent. At a period

not far distant, this portion of Colorado must be settled to some extent

by a pastoral people.

We find, therefore, that from this crest or divide two great plateaus

descend in opposite directions, forming, in the aggregate, a huge anti-

clinal, cut deeply by the numerous streams that rise on the divide. This

inclination, on the one side to the south or south west, and on the other to the

north or northwest, is interrupted here and there by dikes of more mod-
ern origin probably than the granite nucleus of the crest. Sometimes
these dikes disturb the sedimentary beds, reversing their dip or produc-

ing great faults, and again they penetrate some fissures without chang-

ing their position. In the red sandstones that wall in the valley of the

little branch just east of Teocalli Creek is a very interesting dike of the

gray igneous granite, with a strike about northeast and southwest. It

passes across a little fork just at its junction with the main branch, and is

most distinctly seen at the summit of the wall on the west side. The ig-

neousm after seems to have flowed up through the fissure without disturb-

ing the contiguous strata of Triassi c sandstone, which are nearly horizon-

tal, and therefore there could not have been a great display of force. It is

probable that the origin of this dike is synchronous with the main
nucleus, for the materials are apparently the same. As the little mount-
ain-stream flows across the dike its greater hardness has formed a beau-

tiful cascade. We might dwell long on the great varieties of beautiful

forms which the crystal mountain-water assumes as it flows down the

rugged gorges. A dike about 50 feet wide passing across the channel,

the greater local hardness of the sedimentary rocks, or a reverse uplift,

will produce cascades of remarkable beauty.

Mr. Jackson, the photographer of the survey, has preserved a number
of scenes from this region, and in each one of these almost numberless

gorges that extend from the mountain-crest far down to the Green and
Colorado Eivers, two hundred miles or more, there could be found
many of these charming water-falls. Scenes of great beauty meet the

eye at every step, and yet the area is so large that we must have left

unseen by any member of the party views of even greater beauty and
value. It is probable, however, that our determinations of the geologi-

cal structure of the country passed over are substantially correct.

A great portion of the surface is covered with a thick forest of pines.

In the autumn the fires not unfrequently sweep through these forests,

destroying their vitality, and soon the winds prostrate them in every
direction, forming a net-work over which it seems almost impossible for

our animals to pass. These difficulties are met with in the mountainous
portions of the West ; and in Montana, 1871 and 1872, our work was
very much impeded, and in many cases arrested, by the intricate masses
of fallen timber. The Elk Mountains are not more difficult of explora-

tion on that account than the Sawatch range. In our description of the

Mountain of the Holy Cross we shall allude to this fallen timber again.

It is difficult for any one not familiar with this country to comprehend
how important an element of hinderance this is in making a detailed

exploration of the country. Yery frequently we are obliged to cut our
path through the logs for great distances, making only a few miles a day.

At the head of Teocalli Creek is a high mountain-peak which we
named Whiterock, from the fact that a seam of white or light gray
igneous rock, 60 feet wide, passes through the middle of the summit
vertically. The material is quite soft, disintegrating into moderately
coarse sand. The rocks composing the mountain are quite varied in
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texture, though all evidently of igneous origin. The jointage is in many
cases vertical, separating the mass into blocks varying in size from a
few inches to 2 or 3 feet cube. This vertical jointage gives a sort

of columnar appearance to the sides of the peak in the distance.

The sides are also deeply furrowed. There are three sets of master-
joints, with a multitude of smaller ones. The consequence is that the

sides of the mountain and the several amphitheaters are covered with
immense quantities of debris. The whole mass is filled with water
and ice during the winter, and in the spring, as the ice and snow melt,

it moves down the declivities slowly, like a glacier. Sometimes cavities

or reservoirs are made, and the melted snows form beautiful little lakes.

From the summit of Whiterock Mountain, which rises 13,563 feet

above sea-level, the eye sweeps over a scene of apparent chaos on every
side. There is a' wilderness of high peaks with deep gorges extending
out in every direction, 2,000 to 3,000 feet deep. The entire range is

composed of what may be called upthrusts of igneous granite; that is,

the granite is thrown up most irregularly, at various elevations, from
beneath the overlying sedimentary beds ; sometimes carrying portions

to the summits, or tilting them from the sides at various angles, or leav-

ing them 2,000 or 3,000 feet below. While there are numerous points

of upthrow in this region, there seem to be a number of foci of greatest

power. The Snow Mass group and Whiterock Peak may be regarded
as illustrations of tremendous upward force. From the summit of White-
rock Peak the deep gorges with nearly vertical walls for 2,000 or 3,000

feet in depth, showing sections of the rocks as perfect as if cut down by
human agency, can be seen on every side. We can see the junction of

the stratified sedimentary beds with the granitic core. The variety of

coloring to these groups is due to the different degrees of heat to which
they have been subjected. The lowest group of sedimentary beds,
although exhibiting all the stages of metamorphism, is usually of a
yellowish-brown color, and made up of quartzites and impure lime-

stones. I regard them as of Silurian age, and most probably Lower
Silurian ; 500 to 800 feet are shown in this vicinity, but the aggregate
thickness must be much greater. Then above this group there is a
series of maroon or deep purplish-brown sandstones, quartzites, and con-

glomerates. These vary much in color, from a light brick-red to a
purplish-brown or maroon color. They reach a thickness of at least

1,500 feet, and probably more. This group is probably of carbonif-

erous age. Id may be found capping the highest peaks of Elk Moun-
tains, over 14,000, feet above sea-level, and is weathered into unique
forms of cones, pyramids, &c. The third series is a bright brick-

red, and is probably of Triassic age. No one has, as yet, found
any organic remains in any of these beds, and therefore we can only
express a belief in regard to their age, strengthened by observations in

adjacent portions of the district. From the summit of Whiterock
Mountain the view on every side is most remarkable, presenting the
aspect of chaos, as if the entire group of stratified rocks, which origi-

nally covered the area now occupied by the Elk Mountains, had rested

on a vast pasty mass of the granite, but which, by forces generated in

this pasty mass, had been lifted up and tossed, as it were, in every direc-

tion. The faults are very numerous and of huge dimensions. Some-
times a group of strata is broken off, so that one portion is from 100
feet to 2,000 feet above the other portion. Sometime's 1,000 to 2,000

feet will be elevated by a force acting very nearly vertically, so that

some of the loftiest peaks, as Maroon Peak, 14,000 feet ; Black Pyramid,
13,000, and many others nearly as high, are composed entirely of strati-
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fied rocks inclining at small angles. Again, the beds are tipped off

from the granite core at all angles from 10° to a vertical, and not unfre-

quently past a vertical, and there are in the Elk range the most won-
derful instances of the complete overturning of immense groups of beds,

so that for several miles there is a double series, from the Silurian up to

the Cretaceous, inclusive, and then rising upward in inverse order, as is

shown at the head of East Eiver and near Snow Mass Peak.
Again, the two forces, one vertical and the other tangential, seem to

have acted at the same time, throwing 1,000 feet or more of older

strata directly over rocks of more recent age. The complications are

so great in the Elk Mountains that we could only make a preliminary

survey, and a special study must be made of this entire range. This
we propose to do the coming season.

By looking at the map of Elk Mountains it will be seen that several

streams have their sources in the Whiterock Peak. The little branch
that rises at the north side and flows around to the southward has
already excavated its amphitheater back nearly a mile, while the granite

here is rounded or smoothed as if by the movements of masses of ice,

though much of the erosion must have been performed by the movements
of vast masses of loose earth and debris. Erom the real base of the
mountain one can follow up this gulch for several miles, rising, as it

were, step by step, on a series of irregular terraces, which are the result

of these accumulations of debris. In this instance, the difference of

elevation of the real base of the peak and the immediate foot of the
crest is at least 2,000 feet, and the width from a fourth to a half a mile,

so that one can arrive at a moderate estimate of the tremendous work of

erosion which has been performed here. At thehead of this amphitheater
the crest is so narrow that it was with extreme difficulty that we could
creep along it, and we could look down on every side into similar exca-

vations. These mountain-ranges, of which the high peaks now form
the conspicuous features, were originally of considerable width, varying
from half a mile to several miles, but now the crest or divide may be
represented on the map as a zigzag line ; the sources of the little streams
running not unfrequently from them, having already removed this crest

for a little distance, thus forming a kind of low pass. The sides or

walls of these gulches are usually very steep, in many cases vertical,

but when the upper portions are composed of the easily disintegrating

sandstone, the vegetation, of a most vivid green color, has crept high up
on the sides, and the upper border is composed of a series of tongue-like

points, which give to the picture a unique appearance^ It would appear
as if the grass had struggled ineffectually to scale the sides of the gulch
to the very crest. In some instances these little tongues or points do
extend 20 to 50 feet above the main mass below. The melting of the

snow forms little furrows down the steep sides, and between them are

the sharp points or tongues of vivid green vegetation.
Ascending the valley of East Creek near its source, we pass over the

sands and clays of the Cretaceous group, containing a few characteristic

fossils, as the Baculites ovatus, and several species of Inoceramus. As
we proceed west and northwest the Cretaceous rocks increase in thick-

ness and extent. The valley of the East Eork, as we see it near Gothic
Peak, is a kind of rnonoclinal, the rocks apparently inclining in the

same direction, the west side being abrupt, while the east side has a
steep slope. Gbthic Mountain is composed of a vast mass of igneous
granite projected up throughthe superincumbent beds of stratified rocks,

perhaps raising them to a greater or less extent, but apparently not
changing the horizontal portion of the Cretaceous beds, which are all
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the sedimentary rocks that are visible around the base. There are the
black shafy clays which occur above the Dakota group, and whenever
they are in contact with the granite core, they are metamorphosed into

slates. Debris covered with vegetation conceals the slates below the
igneous core for the most part, but on the steep sides a considerable area
is exposed here and there, and, so far as we can see, the disturbance has
not been great. Just on the opposite side of the stream a bed of blue
limestone rises up from beneath the black shales filled with Inoceramus,
probably of the age of No. 3. This limestone is partially changed by
heat. A little below the Gothic Mountain the stream cuts a gorge
through this limestone, with walls 30 to 50 feet on either side, quite
compact, and resembling mason-work. The black clays of the Creta-

ceous extend up Gothic Peak more than half-way above the bed of

the stream, 1,000 feet or more. Near the top of the shales there is a
band of trachyte which extends through the peak, along the side of

the ridge, to the sources of East Fork, several miles above the peak. It

is undoubtedly a dike separated from the main mass of the peak by a
band of shales. As it appears to one ascending the valley, it seems like

a rocky stratum of irregular thickness interstratined with the black
shales. The valley is in part one of erosion. From margin to margin
it varies from one to two miles in width. At the upper end the stream
separates, one branch extending up into the ridge on the east side, and
the other cutting its way through the cross-ridge that separates the
East Fork Valley from the branches of Eock Creek. The west branch
cuts through the cros§-ridge of which Bellevue Peak is the prominent
point. At the summit of the divide, which is full 800 feet below the
summit of the ridge, there is a beautiful green lake fed by the melting
of the snows ; and it would be easy to believe that in seasons of high
water the little lake drained both ridges into Eock Creek north, and
into East River south. This might be given as a well-marked example
of a two-ocean lake if it were situated on the main Eocky Mountain
divide. On the east side of the source of East Eiver are the red beds
in their full development, and on the summit the quartzites, yellow,
drab, and brown, varying in intensity, depending upon the amount of
heat to which they have been subjected. The cross-ridge which sepa-

rates the drainage of East Eiver from Eock Creek trends about east and
west. We pass over this ridge and descend into a deep gorge-like
valley, with its side-gulches cutting deep through the ridges. This
cross-ridge shows a complete subversal of the sedimentary group from
the quartzites to the Cretaceous inclusive. Bellevue Peak is made up
of two sets of Cretaceous beds, the upper series being reversed, so that
the lowest portion caps the summit of the peak. This peak is literally

riddled with dikes that have changed the shales into slates. This cross-

ridge is a part of a long ridge of overturned strata with a trend west to
north ten to fifteen miles in length, extending to Snow Mass Mountain.
Dikes of trachyte project from the sides of the ridges at different eleva-

tions, varying from a few feet to over 100 feet or more, and resembling
in the distance massive beds of gray sandstone interstratined with the
shales and clays of the sedimentary group. Here and there these dikes
are nearly vertical, or incline at a high angle in the side of the ridge.

From Bellvue Peak we followed a trail on the east side of Eock Creek
Gulch, just below the summit of the ridge. The sides and bottom of

the valley were composed of the Cretaceous clays with the beds of lime-

stone containing characteristic fossils. As we ascend the ridge we find

the entire Dakota group overlaid by the Triassic, passing up into red
beds, showing most clearly that for ten to fifteen miles the great mass

5 G S
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or aggregate of the sedimentary strata has been completely overturned.
A careful, detailed study of this interesting locality would show very
many instances of this overturning of the beds as well as faults of the
most remarkable character. From Bellevue Peak we started for the Snow
Mass range in a northwest direction. The dikes in the Cretaceous strata

were very numerous. The igneous matter seems to have been forced
up through fissures, in the rocks which were produced by the uplift. On
the west side of our trail the little stream which has worn out the deep
eaiion and forms the south branch of Eock Creek presents in the walls
a wonderful display of the beds inclining about southwest 5° to 10°.

The strata here indicate in a marked degree two primary movements,
the vertical and tangential. The summits of the ridges on the west side

of the high mountain-ridges, at least 13,000 feet above sea-level, are
capped with the black clays and quartzitic sandstones of the Cretaceous
group, while underneath are the variegated sandstones and quartzites,

more or less changed by heat. These rocks present every degree of
change to the most compact quartzites or slates. The whole must have
rested upon a viscous mass, and by strange manifestations of the force the
superincumbent strata have been tipped in every direction, and through
the fractures thus formed was squeezed, as it were, the melted granite,

forming the numerous dikes which occur everywhere and of every pos-

sible form and size. Sometimes an aggregate mass of several hundred
feet of well defined strata is bent in graceful curves. These examples
of flexure are very numerous, and vary from a slight bend to an arc of
a circle. The gorges which are cut deep down into the sides of these
ridges display the flexure as well as the faults and dikes in a remark-
ably clear manner. The variegated color of the beds adds greatly to

the picturesque beauty of the scenery.

The Snow Mass range presents one of the most marked examples of
the complete subversion of the strata by the elevation of the great group
of granite peaks which form the core of that range. Our camp was
made in the valley of Eock Creek, on the south side of the range. The
high ridge which extends down from the southwest side is composed of

the double set of strata. The lower group, which holds nearly its normal
position, inclines at a small angle, while turned completely over on this

set or group is the same series in reverse order, like the overlaying of

sheets of paper or cloth. The Cretaceous shales are at least 60° past a
vertical, while the Jurassic, Triassic, and older beds incline at various
angles, varying from 60° to 40° past a vertical. The great group of

peaks which formed the center of the movement rises nearly 14,000 feet

above the level of the sea, and is composed of massive granite. The
jointing of this granite is very marked. One of the master-joints is

vertical with a direction about east and west. The joints are not all as
regular as the vertical, but they are so well defined that the mountain
is much broken up, and easily yields to the influence of air and moisture.
The sides and base of the range are covered with an immense quantity
of debris, the masses of rock varying in size from a few inches to 20 or 30
feet in diameter. In some instances the sides of the mountain seem
to be made of massive layers that break off in folio, as if the granite had
cooled in concentric layers. The entire range is in this way slowly but
constantly falling down, so that from base to summit the talus is quite
remarkable in quantity. At the base^on the south side, there is a
beautiful lake about 300 yards long and 150 wide, on which an abun-
dance of water-birds were swimming and feeding. This is named on the
map Elk Lake. The summit of the mountain is massive igneous granite,

remarkably compact. From the top of Snow Mass Peak the view is
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very extended and grand. To the south we can see the country we
have just passed over from the Sawatch range. In the foreground the
series of sedimentary beds on both sides of Bock Creek, which have been
subverted by the uplift of the Snow Mass group, the great sedimentary
covering laid off from the granite as the covering of a bed is drawn over
from the pillows. At the southeast the lower beds, or those that run
next to the granites, are nearly vertical in position, but the newer or
higher ones geologically are tipped far past a vertical. Farther still to
the south, across the gorge, is a ridge covered with snow, from the sides

of which ocher and maroon strata incline at various angles, on one side
about east, and on the other west, while the nucleus is a mass of igneous
granite. To the eastward, extending a great distance, the red beds can
be seen inclining at various angles for the most part from the central
mass, but full of dikes. It would seem that the cones and pyramids
formed remarkable cross-sections, showing fissures of various widths,
through which the igneous matter came to the surface. Twenty or thirty

of these dikes of all sizes are in sight on the east side of Snow Mass Peak.
These dikes present a great variety of forms. Sometimes the igneous ma-
terial has flowed up through vertical fissures, as in the maroon ridge to the
southeast. In the same ridge the igneous matter has come to the surface
and overflowed, so that the ridge is capped with the granite. To the north-
east there is a red ridge, with a wide vertical dike through which the igne-

ous matter has come up from the central mass and overflowed, forming a
cap to the ridge. At another locality to the northeast we can see dis-

tinctly the ocher beds, or the lowest sedimentary group, probably Silurian,

resting on the granite, inclining 10° to 15°, and on these a great thick-

ness of red beds, and on top of the latter masses of irregular thickness
varying from 100 to 400 feet of the eruptive granite, and at either end
the red beds again, resting upon the eruptive mass. In this case the
eruptive material must have been pushed up through a fissure in the
lower strata, and toward the summit lifted up the upper red beds, so
that it now appears like an interstratified mass. For twenty or thirty

miles from Snow Mass Peak to the northward between east and west,
the red or maroon beds rise in high, long ridges, with immense valleys
and gorges between. To the northwest are portions of the Snow Mass
group and Sopris Peak, all, parts of the great central granitic mass or
nucleus. Far in the distance, westward, thirty miles or more, is the
valley or canon of the Grand River, with stratified beds of a light red
on either side. In the amphitheater on all sides of this granitic nucleus
are quite remarkable glaciated rocks, with great numbers of beautiful
green lakes, which form the sources of numerous branches of the rivers.

These are reservoirs for the reception of the waters of the melted snows
which lie in glacier-like masses on the sides of the mountains. The
same proofs of the wearing away of these central masses is shown in

this range which we have so often observed in the preceding chapters.
The crest is a thin, sharp ridge, in many places so narrow that it is with
difficulty one can creep along it. It is remarkably zigzag in its strike,

enormous amphitheaters having been excavated on both sides, in many
instances having broken through the crest, either from one side or the
other.

On the east side of Snow Mass group there is a fine, -large amphithe-
ater in which are several small lakes with vast quantities of broken
rock, and just above them, on the side of the crest, a vast glacier-like

mass of snow and ice, from which, at this season of the year, (August,)
water is flowing rapidly. We might suppose that in old glacial times
each one of these amphitheaters was the abode of a glacier which each
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year slowly moved downward, carrying with it great quantities of earth
and fragments of rock far below. The time for this action in its full

force is now past, and the work of excavation could not have been per-
formed, as wye see it has been done in past ages, with the forces now in
operation.

Between the two main peaks, each of which is nearly 14,000 feet high,
the crest curves so as to form a full semicircle, and has been worn away
so that it is now 500 to 800 feet lower than these peaks, though it must
have been originally of the same height at least. We may see that it is

most probable that much ofthe original form of these mountain-ranges has
been lost, and that their present shape is the result of atmospheric
forces acting through ages—from the time of the uplift to the present day.
It is also evident that these eroding agencies operated with far more
power in the past than at present, and that it is most probable this force
has been decreasing slowly to the present time. The Blue River range
is a fine illustration of the same process of excavation. The Snow Mass
Peak is really a long, sharp ridge with two points, the northwest point
'being about 300 feet higher than the southeast one, while between the two
the crest has been worn away so that it is 600 to 800 feet lower than the
two ends. The shape seems to be given by the flexures of the
jointing. The sides are deeply furrowed, down which it is probable
that masses of snow and ice have slidclen for ages. On the south
side these furrows are very deep and regular, and at about the same
distance apart, so that the curved form appears like a series of waves,
extending from the summit down into the amphitheater. There can be
no doubt but that they have been worn down by the combined action
of water and ice. The square masses of granite stand up on these crests

or ridges like druidical columns. The remarkably broken condition of
the rocks composing the entire nucleus of these mountains would indicate
immense wear, and that all these peaks wdiich are now very lofty were
once much higher than at the present time. On the south side of Snow
Mass, near its base, there are vast masses of igneous rocks that appear
to be of more modern age. Much of the basalt being porous like

slag. It is most probable that the igneous rocks are of different ages,
and while none of them in their present form may be older than the
Cretaceous period, there may have been eruptions of greater or less ex-

tent all the way up to the present period. In tracing the channel of
Bock Creek up from our camp, we find the black Cretaceous clays dip-

ping past a vertical 50° to 60°. The channel of the little stream reveals
a complete section of the beds in their order, as well as their position.

We find two distinct sets of beds, the upper reversed, so that at the
upper falls we find the quartzites of the Dakota group on the black
clays of No. 2, and the latter over the limestones that usually charac-
terize No. 3. Near the lower part I obtained quite a collection of well-

marked Cretaceous fossils, among them Baculites, Inoceramus, and many
small shells. In the gray limestone are numbers of a high, round Inoce-

ramus identical with the species found on the east slope of the Bocky
Mountains. In No. 2 I found Ammonites, Ostrea congesta, and a small
shell with scalloped edges like O. larva. These shales and clays are more
or less metamorphosed at different localities.

In the little streams that flow from the high mountains are nu-

merous beautiful cascades. There is in most instances a reason
why the water should be interrupted ; and there are two excellent

examples in this stream above our camp toward its sources. The
upper falls are produced by the water flowing over the hard
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quartzites of the Dakota group, and thus the wearing out of the
channel was interrupted by the great hardness of the rocky bed.
The lower falls were formed by a dike, which commences on the left

branch, runs parallel with the strata for 20 or 30 feet, forming the top
of the falls, then drop down diagonally across the layers of shale about
10 feet, and on the opposite side rises again and is lost in the debris.

At first the trachyte is above a hard layer of calcareous sandstone
about 2 feet thick, but it passes through that into the softer clays
below, where its thickness is increased from 2 to 4 feet.' Both the
upper and lower sides of the dike-layers the Cretaceous shales are
changed into slates and are adherent. As we follow up the channel of

the stream to a high hill overlooking the gorge, we see that the entire

mass on both sides, and extending for miles, has been thrown over to
the west and southwest, and that the occasional sagging or bending
down of the mass produces a drainage-channel through which the little

streams find their way. In the case of Eock Creek, the curve down-
ward or sag is 600 to 1,000 feet. At another locality near this creek
there is a dike 4 feet in width, nearly vertical, or running across the
strata at right angles. We see, therefore, that the igneous matter was
pressed up through every fissure of any form through which it could
gain access to the surface, or relieve the pressure from beneath. Some-
times it is squeezed out between the layers or strata across them diag-

onally, or at right angles, in whatever direction the original fissure

might take. As we descend Eock Creek the channel reveals the lower
set of beds from the Cretaceous shales of No. 4, downward to the gran-
ites, with the various changes which they undergo. The shales, mud
sandstones, and clays, of No. 4 and No. 2, as well as the gray limestones
of No. 3, are frequently much changed. The black quartzites on Eock
Creek, and the blue limestones, with all the intermediate steps of change,
are most clearly shown. The gorge or channel is inclosed within nar-

row walls, which soon increase in height from 1,200 to 1,500 feet, inclining

at a moderate angle, 5° to 10°, about northwest, or nearly opposite to the
dip from Snow Mass range. Gothic Mountain, 12,315, and Crested Butte,
11,838 feet high, may be regarded as immense dikes, the melted mat-
ter pushed up through the superincumbent strata, but in such a way
as not to disturb to any great extent the great thickness of yielding
Cretaceous shales and clays, so that they surround the base of the
mountains like terraces, apparently in a nearly horizontal position.

Gothic Mountain presents an illustration not only of the vertical up-
thrust by which the central mass was brought to the surface, but also

shows an irregular layer of the trachyte squeezed out between the strata
of shale.

We have not been able in this chapter to present more than a glimpse
of the remarkable geological features of the Elk Mountain range. It is

the purpose of the survey to make a careful examination of this entire

region as a special study, and therefore only a preliminary notice of it

can be given in this report. We have frequently spoken of the chaos
into which the beds seem to have been thrown by the numerous centers
of uplift, and so it seems at the 'first glance; but our map will show that
the massive peaks are located along a regular line which indicates a
true axis of uplift, trending northwest and southeast. Studied in de-

tail, the geologist will find faults and dikes without number, strata in-

clining in every direction and at all angles, and very often entirely sub-
verted, yet the aggregate dip and strike may be reduced to a system, as
we see it on the map, from Italian Peak to Sopris Peak.
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CHAPTER IV.

FROM ELK MOUNTAINS TO MIDDLE PARK.

After a preliminary exploration of the Elk range was completed, the
party returned by way of Twin Lakes around the Arkansas Valley and
across the divide by way of the Tennessee Pass.

As we pass up the valley and examine the comparatively smooth ter-

races that are well shown on both sides, as well as the wooded foot-hills,

we form no conception of the deep gorges or cahoDS which are found
between the mountain-crests. Above the entrance of Lake Creek into

the Arkansas, the valley is quite wide, though the immediate bottom is

narrow, but the evidence of erosion in the subsequent deposits of de-

trital matter is very marked. Just opposite Massive Mountain the
river-bottom is about a mile in width ; then a terrace rises 40 feet above,
and a second terrace of 500 feet, composed of horizontal strata of sand,
clays, sandstones, and conglomerates, a kind of modern lake-deposit.

The distance between the immediate base of the Park r ange on the
east side of the Arkansas and the Sawatch on the west side is about
ten miles in a straight line. A coarse bowlder-drift or detritus covers
the foot-hills to a considerable depth, while beneath are the worn surfaces

of the granite rocks, which have most probably been ground down from
their lofty heights by the old glaciers that once filled the valley.

The evidence shows that the waters of the Post-pliocene lake were
1,200 to 1,500 feet above the present river-bed. In the mountains to
the west of the pass some valuable silver-mines have been discovered,

and the Homestake district laid out. Very little is known of them as yet,

except that about seventy tons of ore have been taken out and trans-

ported to a smelting-furnace near Denver. The yield is reported to be
from $100 to $200 of silver per ton of ore. The Tennessee Pass forms
the water-divide between the sources of the Arkansas and some of the

south branches of the Blue River, as the Roaring Fork. The height of

the pass is 10,223 feet above sea-level.

The country on both sides of the divide is covered quite thickly with
pines, with here and there openings like meadows. The pine-forests are

destroyed more or less every year by fires, which sweep over large areas.

Unless the autumnal fires can be checked, the pine-forests of all these
mountain-districts must disappear.
At the present time the various branches of the Arkansas are choked

up with ties which are to be floated down the main river toward Pueblo
for the use of the Atchison, Topeka and Santa F6 Railroad.

Remnants of the sedimentary rocks appear here and there about the
divide, but the basis rocks are so covered with debris or detritus that it

is hardly possible to determine them. It is most probable the granitic

rocks prevail. As we descend the west side of the pass in the narrow
gulch of Eagle Creek the gneisses, with well-defined bedding, are seen on
both sides for two miles, when patches of stratified quartzites occur,

resting on the upturned edges of the gneisses.

About ten miles below the Tennessee Pass, on Eagle River, on the
sides of the gulch, we have gneiss, with dikes of trachyte; white quartzite

stratified, 30 feet ; reddish quartzite, full of seams of white quartz and
much changed by dikes. The quartzite passes up into a quartzose
sandstone, rather coarse, 100 feet

;
yellow-brown arenaceous mud, lime

stone alternating with seams of shale and quartzite ; coarse and fine

sandstone of various textures, with layers of limestone interstratified^
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with partings of shale. The layers of limestone vary from 4 inches to
4 feet in thickness. As we ascend the sandstone predominates, and
becomes coarser until layers of rotten coarse sandstone alternate with
beds of pudding-stone and conglomerates. Some of the sandstones are
quite coarse in texture, and might be called pudding-stones. Indeed, the
whole section is a repetition of the one near Horseshoe Mountain.
The stratified beds are here over 1,000 feet in thickness above the

bed of Eagle Eiver. It would seem, therefore, that we have here on the
west slope a series of quartzites and impure limestone, like those resting

on the granites in the Park range, and most probably of the age of the
Lower Silurian ; above them a thick group ofCarboniferousbeds with num-
erous fossils, as Spirifer, Productus, and a trilobite, probably a Phillysia.

These fossils are found quite abundantly as soon as the more modern
beds occur. To the eye of the field-geologist this lower group of beds
presents a much more ancient aspect, where it is seen, than the Carbon-
iferous, although there are no remarkable instances of inconform ability
that have come to my notice. I think I can always detect the line of

deraarkation between the older group and the Carboniferous series in

all cases without the aid of fossils or other proofs, merely by the differ-

ence in the general external appearance. As we pass lower down the
valley of Eagle Eiver, we .find high bluff-walls on both sides of the
river, with several hundred feet of rather loose arenaceous beds with
hard layers of sandstone and quartzite alternating, of yellow and brown
color, evidently extending the Carboniferous group 800 to 1,000 feet

above the reddish-brown sandstone. This upper group of beds rises to

the summit of the ridges as we ascend the river, and probably forms the
upper portion of the Carboniferous series. The color of the rocks in this

region cannot be depended upon as of any value in tracing groups of

strata over large areas.

The same white quartzites which we have mentioned above as resting

upon the gneiss a little farther below hold the same position, but
are quite red. They may be white, gray, red, rusty-yellow, or brown,
within comparatively short distances.

In the canon of Eagle Kiver the order of superposition is well shown.
The canon is undoubtedly one of erosion for the most part, though, like

that of the Arkansas Eiver, it is also monoclinal. At the present time
the indications of any original fracture or fissures are only suspected
by the inclination of the stratified beds on either side of the river. The
dip is to the east and northeast from the great Sawatch range, of which
the Mountain of the Holy Cross is the northern end. The erosion lias

been so great that the sides of the canon for miles are nearly vertical,

although the left or east side is much more abrupt.
Sometimes the quartzites that rest on gneiss will wall in the valley

at the river's margin; again they will cap the summit of the ridges

1,000 feet or more above the bed of the river.

Both sides are penetrated with dikes to a greater or less extent. At
one locality, above the Silurian limestone, is abed of trachyte, apparently
interstratified, with a bluff-front of 50 feet, with marked vertical and
horizontal jointing. So far as 1 could discover, it does not extend
horizontally more than 100 yards. Sometimes the igneous material

rises up through vertical fissures without much disturbance of the con-

tiguous beds, and again it throws it into chaos, so that while the gen-

eral or aggregate inclination is north or northeast, the local dip is liable

to be in any direction or at any angle, depending upon the force exerted
by the igneous outflow. As we strike the main branches of Eagle
Eiver and they unite, the main river flexes slightly toward the west,
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and the monoclinal character of the canon becomes more apparent.
Fragments of the quartzites may be seen on the west side, high up on
the granites inclining northeast ; while on the right or east side they
incline in the same direction and dip beneath a vast thickness of varie-

gated sandstone and shales. At first the high mountain-ridges, 1,200

to 2,000 feet above the bed of Eagle Eiver, are granite or simply capped
with patches of the quartzite. As we descend the Eagle Kiver an
increasing thickness of the sedimentary beds is observed on that

side, forming a steep slope, while on the right or east side the abrupt
edges of the variegated sandstone and shale rise at least 2,000 feet,

forming the high rounded ridge between the Holy Cross and Blue
Eiver groups. Opposite the junction of Eoches Moutonnes Creek with
Eagle Eiver there is a very high, nearly vertical, bluff, showing a re-

markable section of the variegated beds, which are probably of Carbon-
iferous age.

We have already noticed the quartzites resting on the granites, and
above the quartzites are impure arenaceous limestones. As we descend
Eagle Eiver, these rocks, which have a more ancient aspect, and which
I regard as of Lower Silurian age, pass beneath the bed of the river, at

the entrance of Eoches Moutonnes Creek, and we have on the east or

right side of the river the series of strata which may be described briefly

as follows, in ascending order

:

1st. A group of rather light-red sandstone, varying in -shades of

color, oftentimes in massive layers varying from a few inches to 30 feet

thick, with partings of arenaceous shale, varying from a few inches to

6 feet in thickness. The two upper layers of sandstone are fine-grained,

and break into quite regular vertical columns. The lower bed is about
12 feet thick. The layers or strata are all irregular in thickness in the

horizontal extension, sometimes thinning out to a few inches, and then
increasing to several feet. In texture the rock presents every shade
from a fine-grained sandstone to a coarse conglomerate, and these

changes may occur in the same stratum within a few feet. There are

twenty-two layers of sandstone in this group, varying from 2 to 30 feet

in thickness, and the aggregate thickness is about 500 feet. Some shade
of red is the prevailing color.

2d. Then comes a series of similar beds, evidently portions of the

same group, but in this locality marked by difference in color, being
mostly yellowish-gray or brown, sometimes with a reddish tinge. The
first bed is about 6 feet thick with the same vertical columnar fracture,

which at a distance gives to the rock the appearance of basalt. This

group comprises twenty-four beds of sandstone, varying from 2 to

40 feet in thickness, with shaly partings varying from a few inches

to 4 feet. This upper group is much finer in texture than the lower

group, yet all the layers indicate the deposition of the sediments in

shallow as well as moving waters, by the oblique lamina? and the irreg-

ular thickness from point to point. The shaly partings are in many
cases very micaceous, and might be termed micaceous shales; while the

coarser sandstones, or pudding-stones, are made up of pebbles of quartz

mostly, and so far I could detect no fragments of the sedimentary rocks.

The shales are also variable in color from yellowish-brown to a light gray,

then changed into what may be called mud-sandstone, in groups vary-

ing from 50 to 200 feet in thickness. . Sometimes the mud-shales are

separated by a few feet of coarse sandstone or quartzite. The difference

in the texture of these layers may be detected at a distance by the

style of weathering; the sandstones fracture with a square vertical
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Section 01 upturned strata, Snow Mass Range. (See page 66.)

a, Cietaceous. b, Jurassic, c, Triassic. ri, Uarb. e. Granite.

Fia. 17.

View on Roches Moutonnes Creek. (See page 73.)
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face, while the quartzites weathered in rounded forms, the thin layers

dropping off concentrically.

The composition of those rocks would indicate that the gneissic or

granite rocks were very largely drawn upon for the materials. The two
groups described above will aggregate at this locality about 1,200 or

1,500 feet in thickness ; but as we descend the river we can see on the

summits of the mountain-ridge a great additional thickness, so that the

whole must sum up at least 3,000 or 4,000 feet. The character and
texture varies much in different localities, but the description given
above will apply to a great thickness of beds which extend over a
greater or less area west of the Sawatch range to the Colorado River.

Our trip down the Eagle River had for its principal object the dis-

covery of some way of access to the mountain of the Holy Cross. A
little stream joins the Eagle River from the west side, which rises among
the group of mountain-peaks of which the Holy Cross is most conspic-

uous. The valley of this stream varies from one-eighth to one-fourth of

a mile in width, and is about eight or ten miles in length, and so cov-

ered with the rounded glaciated forms of granite that it was impossible

to ascend it with our pack-trains. We were obliged to descend the

river about three miles and then climb the steep mountain-side over a

net-work of fallen timber. The obstructions to traveling were very
great. We often labored for a day or two to find some path to approach
the mountain-peak, and were obliged to cut our way through the fallen

timber, and finally succeeded in getting within about five miles of the

base of the peak.
The most remarkable feature of this wonderful region is the proof of

a great ancient glacier which must have filled up the valley from mouth
to source. The bottom, extending high up on either side, is covered
with the rounded granite masses, varying in size from a few feet to sev-

eral hundred feet length; so that, looking down upon them from a high
point, they resemble a huge flock of sheep, and from this fact they have
received from the Alpine geologists of Europe the appellation of

"Roches Moutonnes." It is most probable the valley itself has been
worn out of the granite mass. The mountains on either side rise to the

height of 2,000 to 3,000 feet above the valley, and the glacial markings
are visible 1,200 to 1,500 feet. The morainal deposits on the northwest
side reach a height of 1,200 feet above the stream and form a sort of

irregular terrace, which, when cut through by the little side-streams,

show that it is made up of gravel and bowlders much worn. In some
instances there are* well-worn cavities in the sides of the mountains,
showing how the running water, in connection with a mass of rock,

formed the cavity much as a " pot-hole " is made in our streams at the

present time.

Many of the "sheep-backs" are still covered with a crust like enamel,

but usually this has peeled off. There is no doubt that all these rounded
granite masses were originally covered with what may be called a glacial

crust which has scaled off, so that only remnants remain at the present

time. The rounded masses of granite are mostly oblong in form, or lie in

parallel lines, as if the. little stream had originally occupied a dozen or

more channels parallel to each other.

The amphitheaters on the west side of the mountain are quite numer-
ous, at least a half-dozen in number, giving birth to as many streams that

flow down the mountain-side. These unite in the valley, and form a

good-sized stream, 150 feet wide and 2 feet in depth.

At the upper end there is a boggy meadow covered with high, coarse

grass. This meadow is about one-fourth of a mile in length and about
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the same distance in width. This must have been originally the bed of

a glacial lake, scooped out by glacial action as a sort of reservoir for the

sediment swept down from the mountain-sides. The sheep-backs com-
mence at the lower end of this basin and continue for about ten miles,

presenting undoubtedly the most remarkable illustration of this partic-

ular kind of glacial action ever seen on this continent.

The main mass of the peak, like the whole of the Sawatch range, is

composed of granite gneiss; The summit of the Holy Cross is covered
with fragments of banded gneiss. The amphitheaters on all sides have
been gradually excavated, as heretofore described, and the more or less

vertical sides show the intermediate steps very clearly. The character-

istic feature of the Mount of the Holy Cross is the vertical face, nearly

3,000 feet on the side, with a cross of snow which may be seen at a

distance of fifty to eighty miles from other mountain-peaks. This is

formed by a vertical fissure about 1,500 feet high, with a sort of

horizontal step, produced by the breaking down of the side of the

mountain, on which the snow is lodged and remains more or less all

the year. Late in the summer the cross is very much diminished in size

by the melting of the snow which has accumulated in the fissures. A
beautiful green lake lies at the base of the peak, almost up to timber-

line, which forms a reservoir for the waters from the melting snows of

the high peaks. From this, one of the main branches of the Eoches
Moutonnes Creek flows down the mountain-side, forming several charm-
ing cascades on its way. The worn rocks or " sheep-backs" in the valley

of the creek display most remarkable examples of the curious markings
on the surface of gneiss produced by the separation of the different

constituents of the rocks.

The red feldspar sometimes makes bands or seams crossing each other

like mosaic work. Then there are patches of all sizes and shapes, in

which the particles of mica are so fine that they appear like rounded
masses inclosed in a coarse feldspathic matrix.

Many of the rocks look as if they were covered with a confused mass
of hieroglyphics. These peculiar markings in the structure of gneiss

are not uncommon, but they are shown on such a scale in this locality

as to attract attention.

We have already described the canon of Eagle Eiver as monoclinal

in part. It runs nearly parallel with the upheaved ridges, but as it

descends passes into the sedimentary beds from the granites to the Cre-

taceous clays of No. 4. At first the cation cuts deep into the granites,

1,000 to 1,500 feet, with vertical sides; soon the quartzites come in rest-

ing on the granites, and then cherty limestones of the thickness of

1,000 to 1,500 feet, which are undoubtedly a part of the same group seen
in the Park range, on the west side of the South Park, and regarded as

of Lower Silurian age. The channel cuts through an enormous thickness

of variegated beds, not only in color but texture ; a most remarkable
group, with an aggregate thickness of 3,000 to 4,000 feet. That this

group is of Carboniferous age, the few fossils that could be detected in

different localities seemed to testify.

As we descended this stream toward the main Blue River, the high
sloping ridges are seen on the left or south side, the dip well exposed
in the channels of the streams that have cut deep down from the

mountain-crests. Great quantities of worn bowlders and loose detritus

cover these ridges, growing more abundant toward the base or near the

river. On the north or right side the outcropping edges of the sand-

stones and indurated clays and shales are seen, the texture determining
the abruptness of the sides of the canon.
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Mountain of the Holy Cross.
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There are great numbers of side-canons formed by the little streams
that have their origin high up in the Blue Biver range.

We find here two forms of river-channels or canons; one nearly
parallel with the lines of fracture, monoclinal, as I have called them for

want of a better term, and the other at right angles to the ridges and
carved out of the solid mass. In the first class the drainage must have
commenced in a fracture, but erosion has been the main agency in the
formation of the canon ; in the latter, the channel is in most instances
entirely due to erosion, the strata corresponding in position to a greater
or less extent on both sides. Between the northwest end of the Sawatch
range and the Blue Biver range there is an immense mass of sedimen-
tary strata crushed in between the two great axes of uplift as it were,
forming a sort of synclinal. The beds incline with tolerable regularity
from the Sawatch toward the northeast, though the dip varies from 10°

to 50° or 60°. Sometimes the dip, close up to the margin of the mount-
ain-summits, is nearly vertical, but in a few instances great masses of
strata seem to have been carried up on the underlying granite, produc-
ing extensive faults, as seen in the Park range. But the elevation of
the Blue Biver range seems to have been somewhat peculiar, the force

having acted nearly vertically, so that on the west side of the- range the
sandstones jut up against the sides with but a slight dip. Following
up one of the branches of Eagle Biver, which rises high up in the west
side of the range and carves a channel across the uplift, we find the in-

clination from Eagle Biver extending eastward for about six miles,

where there is a sort of sag or depression and a reversed dip from the
Blue Biver range.
Erom Eagle Biver Valley we made a side-trip to the Blue Biver

range, ascending the highest peak, Mount Powell, by way of one of the
little streams that rise on the west side. There is no name for this little

stream, but it reveals in the sides of its canon a thick group of the
brick-red sandstones. The canon is carved out of the solid mass, from
the amphitheater high up on the west side of the range, down for sev-

eral miles through the sandstones at right angles to the inclination of
the strata. The sides of the canon are 1,200 to 1,800 feet high on either

side, and rise in abrupt steps, depending upon the texture of the differ-

ent layers of sandstone. The valley varies from one-eighth to one-
fourth of a mile in width, and rising up in various places in the bottom
are the worn edges of the sandstones. At one place they appear above
the surface completely across the valley, showing most conclusively
that this gulch or canon is entirely one of erosion.

On the west side of the Blue Biver range the sandstones lap on to

the granite nucleus, so that the usual valley of separation is wanting
;

or, in other words, the ridge of sandstone lies so close to the mountain-
side as to be continuous with it. As far as one can see from the summit
of Mount Powell, north and south, these sedimentary beds hug the
west side of the range with a very moderate dip, not usually over 10°.

There are numerous streams that flow from the west side of the range
and cut deep chanuels, which expand or contract, depending upon the
texture of the rocks through which the erosive agent has wrought its

way.
Everywhere there are more or less proofs of old glacial action. The

moraines are common, but not on such a scale as we have already de-

scribed, on either side of the Sawatch range. In the amphitheaters, as
well as in the upper portion of the valleys where the granites are ex-

posed, we find the same rounded glaciated masses which were so con-
spicuously shown near the Mountain of the Holy Cross.
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The effects of erosion, as shown in the Blue Eiver range, are on
equally as grand a scale as in other localities previously described.

Even the imagination fails to grasp the tremendous influence this agency
has exerted in past times, judging from the scenery both of mountain
and plain.

From the summit of Mount Powell one can follow with the eye the
sharp, zigzag crest of the Blue River range, with the numerous huge
amphitheaters on each side, which have been worn a long distance
from the base of the mountain. Very frequently the partition-wall is

broken through, forming a low bend or sag in the crest-line, and here
and there a huge shaft of granite rises up 1,000 feet or more above the
crest.

The Blue range, as seen from the summit, is one of the ruggedest in

Colorado, composed of a mass of sharp-pointed peaks, crests, and obelisks.

Great masses of snow, like glaciers, lie on the almost vertical sides per-

petually, though they abruptly descend 45° or 50°.

Huge fissures may be seen in these great masses of snow and ice, that
may indicate slow movements downward. At any rate, we may call

them remnants of the old glaciers that once existed here in abundance
and have left their traces on the surface everywhere. Numbers of little

gem-like lakes are seen high up in the amphitheaters, sometimes even
above timber-line, reservoirs for the water that melts from these old gla-

cier-remnants.

A fact worthy of note here is the vast quantities of dead grasshoppers
that are found on these masses of snow. The quantity may be estimated
by bushels, and the bears frequent these high places in search of them
for food. At certain seasons of the year the air is filled with grasshop-
pers, apparently flying in every direction, to a height far beyond our
vision. It is probable that they become chilled in flying over these
high mountain-peaks, and, dropping down on the snow, perish.

The Blue River range juts up against the south rim of the Middle
Park, extending southward along the west side of the upper portion of

Blue River. On the east side of Blue River, there is a long, rather high
ridge, extending into the park, composed largely of Cretaceous shales
with dikes of basalt in great numbers. The basalt occurs on the sum-
mit and crops out of the sides in many places.

Far in the distance to the northeast is the Front or Colorado range,
with Long's Peak, and the intermediate group of high peaks. To the
east, Torrey's and Gray's peaks are well shown, and to the southeast
are the peaks around the Middle Park. To the south is the Sawatch
range with the Holy Cross in the foreground, and west of south, Snow
Mass, Sopris, and other higih peaks can be distinctly seen.

The intermediate space is filled up with the sedimentary beds, of which
the red beds cover by far the largest area. The Blue River range trends
about north and south, extending up so as to form the northern portion
of the Park range. Looking to the west we can seethe great mass of sedi-
mentary beds inclining from the west side of the Blue River range and
from the east side of the Holy Cross, and its associated peaks forming
about midway a curious synclinal.

The two forces have crushed the beds together. The sedimentary
group here forms a belt from fifteen to twenty miles in width, expanding
to a greater breadth to the west and northwest. To the northwest from
Mount Powell we can look into Egeria Park, a sort of elevated plateau
or meadow, a beautiful park, though small, about five miles in diameter
and nearly circular in shape. North of the middle park but not very
distinctly visible from Mount Powell, is the North Park. To the west,
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just on the verge of the horizon, is a high range called the Elk Head
Mountains. Long, high ridges rising to the limit of perpetual snow may
be seen far to the west, apparently composed of stratified rocks.
Through these ridges the little streams have cut deep gorges as they
flow westward to the Colorado Eiver. These gorges must present most
excellent sections of strata to the geologist.

Here and there we can see the whitish marls and sands of the modern
lake-deposits on the upturned edges of the variegated beds. In tbe deep
basin of the Middle Park these Pliocene or Post-pliocene deposits are
quite conspicuous. The rocks which compose the great mass of the Blue
range may be called granites. Much of the rock is banded and strati-

fied, but the older portions are massive and solid, that is, the lines of

bedding are wanting.
From Mount Powell we descended the west side of the mountain

again, and returned to Eagle River. The evidence of the former ex-

istence of a large glacier extending up into the mountains in various
directions and filling up the valley of the little stream is quite clear.

The valley is oval in shape, and about four miles from the base of the
mountain closes up into a narrow channel, in which are a number of

morainal ridges. Above the ridges is a small lake one-fourth of a mile
wide, which was undoubtedly formed by the glacier. The high ridges
on both sides are covered thickly with rounded bowlders. Interstrati-

fied with the red sandstones are some thin layers of limestone, in which
are numerous fossils, Crinoids, Corals, Productus, &c, with other forms
which are unmistakably of Carboniferous age.

The dip is very slight, hardly more than 3° for several miles. The
fallen timber is a great obstruction to traveling. In the autumn the sur-

face becomes as dry as tinder, and the fires run over the country,
destroying the life of the pines as they stand. The winter and spring
winds prostrate them in every direction, so that they sometimes form
a net-work 5 or 6 feet high for many miles.

As we descend Eagle River below the mouth of Roches Moutonn^s
Creek, the valley closes up for several miles, but expands out again to

half a mile in width, with soft beds on both sides. High on the mount-
ain-slopes are thick groves of poplar or quaking asp. A group of beds
comes in on this stream about ten miles below the Roches Moutonn6s
Creek, 1,200 to 1,500 feet in thickness, which appears to be separatefrom
the regular formations, apparently a partially fresh-water deposit, for in

some thin layers of impure limestone were numerous small shells like

Planorbis, and Physa, and the lower 400 feet are composed of very thinly

laminated shales, while the upper portions are very gypsiferous, and
might be called gypsiferous clays and marls.

This group appears very abruptly, and continues down the river for a
few miles, and then disappears as if it formed a sort of basin in the va-

riegated group. Whatever may have been the origin of this curious gyp-
siferous group, it seems to be local, and to lie in the Carboniferous or

between the Carboniferous and the Triassic.

We traveled along the valley so rapidly that I could only examine
the immediate channel of the river ; and I here present these hasty
observations to call attention to the group. The whole district will be
studied in detail during the summer of 1874.

Above the gypsiferous group is a series of the brick-red beds, 500 feet

or more, and still above a series of variegated beds 400 to 500 feet thick.

In the lower portion of the gypsiferous group, in a bed of limestone,

I found a species of Productus and a Spirifer, all Carboniferous forms.

Above the gypsiferous group, and just below the brick-red beds, I
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found, still lower down the river, in a bed of blue limestone, an Orbicu-

la, plainly a Carboniferous specimen.
The evidence seems clear that all the rocks on Eagle Eiver are of

Carboniferous age. As we continue down the Eagle Eiver to the north-
west, toward its junction with the Grand, there is a very curious twist
in the bed, which can hardly be described except by an illustration.

Hitherto the great mass of the strata has been inclining from the
range of the Holy Cross, but here we seem to have met the force which
acted from the direction of the Blue Eiver range, by which the dip is

suddenly changed by a remarkable cause from a northeast to a north-

west direction, and while some portions of the group incline at an angle
of not more than 20°, others stand nearly vertical, and in some in-

stances have passed a vertical. We have here exposed in Eagle Eiver
a series of curiously-variegated beds, at least 4,000 feet in thickness,

of Carboniferous age ; above them 1,200 to 1,500 feet of brick-red sand-
stones and clays, probably Triassic, and above them 200 feet or more
of Jurassic age ; then overlaid by a heavy bed of quartzite, 150 feet

thick, undoubtedly No. 1, or Dakota group. Above the last are the
black plastic clays of No. 2, in a nearly horizontal position. Overlying
the clays is a bed of dark limestone filled with fossils, as Inoceramus,
Ostrea congesta, and other forms of mollusks, with abundant fish-remains,

but so broken that scarcely a good specimen could be found.

At this point we left Eagle Eiver and struck across the country north-

northeast through a synclinal depression, or a sort of basin, from five to

eight miles in diameter, with the quartzites of the Dakota group rising

up with a gentle slope on all sides, while the high divide on the north
side of Eagle Eiver is elevated by the dikes of basalt so as to form a
rim connecting the east and west sides of the basin. Eagle Eiver, be-

low the point where we left it, just before it joins the main stream, cuts
through No; 1 and a great thickness of the brick-red beds, which are

elevated so as to show a general dip east and northeast, while on the
opposite side of the synclinal the dip is south and southwest.
The quartzite bed of the Dakota group gives character to the slopes

as well as to the topography of this immediate region. The strata in-

clining to the north and northeast has been elevated by the Holy Cross
range, while the almost vertical- beds on the opposite side of the syn-
clinal have been lifted to their present chaotic position by two forces

;

one acting from the Blue Eiver range, and the other arising from the
outflow of igneous matter in the form of dikes. We may state, in gen-
eral terms, that in the Middle Park and its surroundings the complica-
tions in the positions of the strata of the various formations have been
produced by igneous eruptions. The terraces along Eagle Eiver ought
to receive a passing notice. There are usually two of them. Varying
from 10 feet to 50 or 100 feet above the river, usually covered with
rounded bowlders, there is a good thickness of the drift on them, bdt
the underlying strata of the original formations are everywhere exposed,
showing that the valley is for the most part one of erosion.

Not unfrequently the river cuts a narrow channel across the upturned
edges of the basis rocks, which, in this way, may be traced across the
valley from bluff to bluff. The height of the divide overlooking Eagle
Eiver is 1,450 feet above the river-bed, and this may be taken as the
aggregate thickness of the entire Cretaceous group in this basin. All
the divisions appear to be represented

; and what we usually regarded
as No. 5 I estimated as 400 to 500 feet thick, composed of brown arena-
ceous shales, with irregular beds of sandstone, varying from a few feet
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to 100 or 150 feet. In No. 5 are a great abundance of fossils of the

genera Inoceramus, Baculites, Ammonites, &c.

The surface of the entire country is exceedingly rugged, and the high

ridges, underlaid with No. 5 or No. 1, contrast curiously by the lux-

uriance of vegetation with the barren, sage-covered surface of the black

plastic clays of Nos. 2 and 4. The high ridges of the divide are

covered with vesicular basalt, much of which is spongy, like lava. The
dikes have a trend about 20° south of east, and as they are very numer-
ous and are nearly parallel, resemble waves of the sea as they extend

along the surface in more or less elevated ridges. These basaltic

ridges are sometimes continuous for several miles, but they usually

break up into fragments, yet still preserving about the same trend. As
we travel from Eagle Eiver to the valley of the Blue, the surface is

covered to a greater or less extent with loose fragments of modern
basalt, varying much in texture and color. The country reminded me
very much of portions of the Yellowstone Valley in Montana. As we
descend into the valley of the Blue, below the junction of the Grand,
we can see that the high ridges on either side are capped with basalt,

but underneath are the black clays of the Cretaceous.

A great thickness of the sedimentary beds cover the country, but
they are literally riddled with dikes, and the strata are thrown into

complete chaos. On the north side of the Blue Eiver, about fifteen

miles below the junction of the Grand, are several long mesa-like ridges

that rise 1,000 to 2,000 feet above the river-bottom, and apparently
incline from an extension of the Blue Eiver range along the west side

of Middle Park.
These mesas present a structure too complicated for our limited time,

but the entire mass seems to have been lifted up nearly vertically, pro-

ducing great faults, so that on the south side the variegated beds which
lie beneath the Cretaceous group were tipped up at the base in a verti-

cal position, and sometimes 15° to 20° past a vertical.

These mesas, capped with basalt, slope southwest 5° to 15°. In the
sides of these mesas several beds of basalt are shown, varying from 4

to 40 feet in thickness, with a layer of volcanic tuff intervening.

To work out the complicated structure of this most interesting region

would require the diligent labor of a season, and I can in this report

only notice it in general terms. There are, however, most abundant
illustrations of the action of the two forces, one of which, long contin-

ued and uniform, produced the anticlinals which are continually inter-

rupted or thrown into confusion by the eruption of volcanic matter.

Along the Grand and Blue Eivers, on the west of the Middle Park, are

three quite important caiions, the Lower, Middle, and Upper. The Lower
Caiion is formed by the passage of the Blue Eiver at right-angles through
a high ridge of feldspathic gneiss, with walls 1,200 feet high. There
seem to be a number of these granite uplifts, extending with a nearly

north and south trend across the park. The most western one rises

about 1,200 to 1,500 feet above the bed of the river. From either side

of these granite nuclei the sedimentary beds incline at various angles.

The Middle Caiion is about three miles below the junction of the Grand
Eiver with the Blue, and is much the most extensive. The Lower Caiion

is only about one- third of a mile in length, while the Middle Caiion is

full three miles long.

The anticlinal ridge, as it might be called, is really an extension north-

ward of the Blue Eiver range, and forms the west rim of the Middle
Park. The slopes on the east side are all gentle, and are mostly com-
posed of the quartzites of the Dakota group. So far as I could ascer-



80 GEOLOGICAL SURVEY OF THE TERRITORIES.

tain, the quartzites rest directly on the granite nucleus and flex over the
sides like a gently sloping roof. In the interval between the western
and middle ridges there are several small ridges or uplifts of the gran-
ites that produced small anticlinals and synclinals. There is one about
two miles above the Lower Canon and between it and the Middle Canon

;

the variegated beds form a well-marked synclinal. Scattered around
among the uplifted masses are depressions or basin-like valleys that are
filled with the modern lake-deposits. In the gorge of a little branch
that flows into the Grand from the south side, just above the Lower
Canon, there is a bluff-exposure of these modern deposits, mostly of a
deep drab or flesh color, and sometimes are 50 feet high, with three
layers of sandstone each 4 to 6 feet in thickness j at another local-

ity 200 to 300 feet in thickness of these modern deposits, with a bed of

basalt near the summit.
Like the modern lake-deposits in the valley of the Yellowstone, they

are very often capped with a basaltic layer. There is no doubt that dur-

ing the existence of the Pliocene or Post-pliocene lakes there were re-

peated eruptions of basalt, and probably there were hot springs which
dissolved the silica and feldspar, thus producing the fine materials
which have entered largely into the composition of these deposits. Be-
tween the west ridge and the middle ridge there is an interval of about
five miles.

In this interval the variegated beds seem to have thinned out much
from the west toward the east, and here they rest directly on the gran-

ites. 1 call them variegated beds from the great variety of colors

they present. Whether they be Jurassic or Triassic age, or both, I

could not tell. I only know that the well-marked Cretaceous beds are
immediately above them. Immediately below the Middle Canon the
Grand Biver flows for about three miles through what I would call

a valley of depression ; the river cuts down into the granite base, and
at the lower portion of the little basin forms a narrow canon with ver-

tical sides or walls 50 feet high, while on either side granite hills rise

1,000 to 15,000 feet above.
In the basin and resting upon this granite rock, but inclining at

various angles, is a considerable thickness of the variegated group.
Neither on the middle ridge nor in the valley of the Blue or the Grand,
east of this point, did we observe any of these red beds, and the quartz-

ites of the Dakota group rested directly on the granites. The entire

disappearance of from 4,000 to 6,000 feet of sedimentary beds within so

short a distance is certainly worthy of note.

I have mentioned the parallel ridges that extend across the Middle
Park in a nearly north and south direction, through which the Grand
Biver has carved out deep canons.
On the west side of Blue Biver there is one important ridge rather

convex in form, with a granitic nucleus. On the west side, near the
pass that leads over into the valley of the Blue Biver, is a singular

mass of basalt, with a form so peculiar as to readily attract the atten-

tion of the traveler. It has much the shape of a huge steamboat. The
materials were effused in such a manner as to form a series of thin lay-

ers, flexed upward at each end, dish-like, with vertical sides 100 feet or

more. These dishes in the granite nucleus are very common. In some
instances the effusion of the basalt has changed the adjacent rocks, and
in many cases it has flowed out like water from a spring, producing no
change, but simply covering the surface for a greater or less distance
with the igneous rocks. On the high summits of the surrounding ridges

caps of basalt are common, giving them a partial table-like form.
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As we descended the mountain-ridge into the valley of the Blue, soon
after passing the summit, we found the quartzites of the Dakota group
apparently resting directly on the schists, and as we descend the gently
sloping east side we here find sections of the full series of Cretaceous
beds inclining not more than from 5° to 8°. As far as the eye could
reach, from Mount Powell northward, the quartzites of the Dakota
group laid over the east side of the ridge like the roof of a house. On
the east side of the Blue there is a high Cretaceous ridge, mostly above
the Dakota group, penetrated in numerous places by dikes, out of which
great masses of basalt have flowed over the surface. The river itself

for a distance of nearly 20 miles to its junction with the Grand flows
over the black-clay shales of No. 4 and the dark-gray calcareous shales

of No. 3, following a monoclinal interval.

The terraces along the Blue Biver are quite noticeable. There are
two principal ones, but these not unfrequently break up for short
distances into several smaller ones. On the east side of the Blue
Biver, near the junction with the Grand, and on the north side of the
Grand, are isolated, low hills of granitic schists, around the sides of
which the Cretaceous clays are elevated at moderate angles. As we
ascend Grand Biver even the Dakota group thins out to a considerable
extent, so that in some localities it is quite probable that the entire Cre-
taceous group is wanting, and the lignitic strata repose on the schists.

Above the junction of the Muddy the valley of the Grand reveals a
good thickness of the lake-deposits. The terraces are also quite well
marked, rising sometimes 80 to 100 feet above the bed of the river.

MIDDLE PARK.

The geological structure of the Middle Park has been so carefully

studied by Mr. Marvine that I will pass over it very briefly. The geol-

ogy is very complicated and of great interest; but in order that it may
be clearly understood, it must be presented in great detail with illus-

trations. This Mr. Marvine was able to do. In 1869 I spent a few days
in the park, and the results form one of the chapters in my annual re-

port of that season.

The variegated beds occur in the southwest portion of the park near
Frazer Biver, beneath the Cretaceous group, and though far less con-

spicuous than on the east side of the front range, are undoubtedly of
Jurassic age. Near the hot springs there is a high hill, sometimes called

Mount Bross, to which I directed attention in 1869. It is composed
almost entirely of beds of the Lignitic group, 1,800 to 2,000 feet high
above Grand Biver.

From this hill we obtained a great variety of fossil-leaves characteristic

of the Lignitic group. From this group in the Middle Park Mr. Lesqureus
has identified Sapindus angustifolius, Staphylea acuminata, Planera longi-

folia, Rhus drymeja, Glyptostrobus europacus, Sequoia angustifolia,

Fraxinusprcedicta, tllmus tenuinerms,Myrica acuminata, Ilex splienophylla,

Pterocarya americana, Rhus Haydeni, Myrica latiloba. Of the above-
mentioned species S. augustifolia and Planera longifolia occur in ac-

knowledged Tertiary strata near Elko Station, Nevada, and the former
is also found in the South Park. Ilex splienophylla occurs at Green Biver.
The illyptostrobus europaeus is found at Fort Union and in the arctic

regions, and is regarded as a Miocene species. So far as we can judge
from the fossil-plants, this great series of strata in the Middle Park must
belong to the Lignitic group, and is probably of Lower Tertiary age.

On the north side of the Grand Biver, about the source of Trouble-

6 G s
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some and Willow Greeks, and between those two streams, the aggregate
thickness of the Lignitic group cannot be less than 4,000 feet, and it is

probably greater even than that. This is made up of sandstones of
various texture with partings of clay, the entire mass having the dark,
somber hue which characterizes the same group about the sources of

the Missouri and Yellowstone Eivers.

These beds have been so thoroughly studied by Mr. Marvine that I

allude to them in this connection simply to call attention to the possi-

bility that they did not form a connection originally with the same
group on the east side of the range. The differences iu thickness and
in lithological character of all the sedimentary groups in the Middle
Park, as well as their position, .indicate that a portion of the Front
range was elevated above the sea, thus cutting off this portion from
the east side. Although the peculiar flora of the Lignitic period is

very abundant in the Middle Park series, no beds of coal have been
observed as yet, and in this respect they offer a marked difference.

I have hitherto been disposed, from the original evidence shown at the
northward, to regard the physical connection of this great Lignitic

group on opposite sides of the mountain-ranges as proven, but there is

some doubt on this point, and I now await further proof.



REPORT OF ARCH. R. MARV1NE, ASSISTANT GEOLOGIST DIRECT-
ING THE MIDDLE PARK DIVISION.

Washington, D. 0., June 19, 1874.

Sir : 1 submit herewith my report on the geology of the region trav-

ersed by the Northern or Middle Park division of' the United States
Geological and Geographical Survey of the Territories during the work-
ing season of 1873.

The field was taken May 29 with a party proper consisting, beside my-
self, of Mr. G. E. Bechler, topographer ; Mr. S. B. Ladd, assistant topog-
rapher ; Sheppard Madeva and Bobert Mitchell, packers, and George
Bowline, cook ; the transportation of our baggage being effected by
means of a train of seven pack-mules. The methods of work were pre-

cisely the same as in the other parties. Messrs. Gardner, Holmes, and
Chittenden accompanied the party during the first month of the season,
when the base-line was measured, and the movements so directed that
the stations forming the first expansion of the primary triangulation
could be conveniently visited. When Mr. Gardner left to continue this

work, and Messrs. Chittenden and Holmes to join their respective par-

ties then entering the field, Messrs. Enos T. Luce and S. H. Nealy, gen-
eral assistants, joined me, and the work was directed solely to serve the
purposes of the detail topography and geology. The continental divide
over into the Middle Park was permanently crossed on September 2,

soon after which Messrs. Luce and Nealy returned, reducing the party
to its original number. In mid-October the breaking up of the season
rendered it judicious to return over the mountains before permanently
closed with snow, and on the 15th of the month we turned homeward,
leaving a portion of the work in the vicinity of Breckinridge incom-
plete. Being on the route to our work of the coming season, it can
then be conveniently and speedily finished.

The area actually examined during this interval of time, so that both
its topography and geology can be mapped in considerable detail, is

nearly four thousand square miles, which, by material obtained from the
land-surveys upon the plains, has been extended eastward to include a
total area of over fifty-six hundred square miles. This area is approxi-
mately in the form of a rectangular belt sixty miles wide north and
south, the eastern end resting on the western border of the great plains
and including Denver City, and extending westward over the main chain
of the Bocky Mountains, and across the Middle Park to the Park range
bordering the latter on the west. West of the plains there are no large
level areas to facilitate rapidity of work, while much of the zone of

mountain country bordering the main divide on the east not only pre-

sents peculiar difficulties to rapid and at the same time accurate map-
ping, but it is comparatively thickly settled, and demanded much more
time for its completion than equal areas elsewhere. Mr. Bechler's map
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of the whole region, on a scale of two miles to an inch, and in 200 feet

approximate contours, is now very nearly finished.

Geologically the area surveyed divides itself into three natural dis-

tricts: first, the sedimentary rocks of the plains; second, the great

system of archsean metamorphic schists and granites forming the Front
and Park ranges, with some minor areas; and third, the sedimentary
rocks of the Middle Park.
On account of the greater length of time spent upon the, eastern

mountain-zone, a very great -number of observations were made upon
the archsean rocks composing it, and a fair insight gained of their gen-

eral characters. Though the sedimentary rocks were much more rapidly

passed over, yet their comparative simplicity of structure and persist-

ence of lithological characters rendered them easier of study, and has
permitted of my plotting all my observations among them on the drain-

age map furnished me by Mr. Bechler early in the spring, and of my
completing my chapters upon them to the full extent of my observa-

tions.

I may say here that during the season the sedimentary rocks of the

plains were avoided as much as 'possible, and preference given to the

less-known archsean rocks of the adjacent mountains, with the expecta-

tion that when the autumn snows should have driven us from the latter

work could still be prosecuted among the former, an expectation not re-

alized because of the early return of the party to the .Bast. In order to

make my scattered observations among these sedimentaries more con-

nected and useful I have thought it desirable, therefore, to utilize such
other published observations upon them as I have been able to find,

chiefly from your own reports, giving credit and references in their proper
places.

Notwithstanding the special attention given to the archsean rocks,

their far greater complexity requires that before the large number of

disconnectetl observations made among them can be properly discussed
and correct results drawn from them, they should first be carefully

plotted on the finished topographical map. Since this is as yet impos-
sible, I have been obliged to treat this subject—the most interesting one
presented in the region in question—very briefly, simply giving the
most general impressions received while in the field, and without a proper
digest of the notes at hand.
Accompanying the report I submit also a provisional geological map,

colored on a photographic copy of the drainage map of the district, as

accurately as it can be done on a map expressing no topographical feat-

ures except the streams, and which will serve for office use until the
completion of the final map.
The report which Mr. Ladd makes to you separately on the means of

communication, elevations, distribution of timber and agricultural lands,

and population within the district, will greatly supplement the first

chapter of my report, and completes, I believe, the record which is to

appear in this annual report of the material gathered by the Middle
Park division duriug the past season.

Besides acknowledging cordial co-operation from all members of the
party, I wish also to refer to the many services volunteered by Messrs.
Luce and Kealy while attached to it.

For aid in my own specialty I wish to particularly recognize the serv-

ices of Mr. Holmes, Mr. Ladd, and George Bowline in the field, and of

Mr. Ladd and Mr. Holmes in the office, for to them are chiefly due the
sections, maps, and views accompanying this report. To Mr. Berthoud,
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of Golden City, is also due much information about the coal-openings

of the Territory.

Eapid preparation of a summer's observations, together with absence
during publication, must atone for many errors which will inevitably

occur.

Very respectfully, jours,

AEOH. E. MAEVINE,
Assistant Geologist, Directing the Middle Parle Division.

Dr. F. V. Hayden,
In Charge of the United States Geological

and Geographical Survey of the Territories.

CHAP TEE I.

AREA, NATURAL DIVISIONS, AND PRINCIPAL TOPOGRAPHICAL FEATURES.

The territory embraced by the survey of the Northern or Middle Park
division during the summer of 1873 is included between the parallels of
39° 30' and 40° 20' north latitude, and the meridians of 104° 45' and 106°
30' west longitude. It forms, therefore, a rectangular area, which has
a width north and south of about sixty miles, a length east and west of
about ninety-three miles, and which contains nearly five thousand six

hundred square miles. This area may be conveniently located by refer-

ence to the Union Pacific Eailroad, which passes about fifty miles north
of its nprthern border, on which side it is directly joined by a similar

area of the fortieth-parallel survey.
The eastern portion of this parallelogram rests upon the western border

of the great plains which extend uninterruptedly from the Mississippi
and Missouri Eivers, and includes some of the most thickly settled por-

tions of Colorado. Denver City, and many smaller towns, with their

railway connections and surrounding agricultural regions, are here sit-

uated.

The middle portion of the district is traversed north and south by one
of the highest portions of the main continental divide, with, on either

hand of the great crest, the accompanying zone of mountain country,
which contains nearly all of the more important metal-mines of the Ter-

ritory.

The western portion of the area is chiefly occupied by the several

depressions which together make up the Middle Park, with their sepa-

rating ridges, and is limited upon the extreme west by the Park range.
A strip along the southern edge of this portion was not completed by
this season's work. Eegarding its broadest topographical features,

therefore, this rectangle may be considered as dividing itself naturally
into three portions, which we may conveniently designate as the eastern

portion, or the plains, the middle portion, or the mountains, and the
western portion, or the park. So far as drainage alone goes, the dis-

trict as a whole may be regarded as being separated by the nearly north
and south crest of the main mountain-divide into two very nearly equal
east and west portions, in each of which the drainage system is quite

simple. The main artery upon the east is the South Platte River, which
flows diagonally northward and eastward across the plains portion of the

district. All tbe streams rising at the eastern base of the main central
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ridge flow in a general eastward direction, joining here and there, and
within the limits of the district find their way into the South Platte.

In the western half of the district the drainage is somewhat different,

though still very simple. The main divide not only passes through the
center of the district, but, at the north, turns westward along its northern
border, while at the south it also turns westward, trending along the
southern border, thus inclosing the park on the north, east, and south
sides. From all sides of this natural rim the streams flow inward to
join the Grand Eiver, which flows east and west through. the middle of
the system, forming its main artery. All the waters thus find their way
out of this basin through the single canon which the Grand has cut across
the Park range at about its middle point, and flow on westward to join

the Colorado Eiver and the Pacific Ocean. Upon the north the North
Park gives rise to the North Platte ; upon the south the South Park
gives rise to the South Platte, and both flowing eastward their united
waters finally join the Missouri. The Middle Park i^ thus inclosed by a
great eastward loop of the main continental divide, and it forms the
easternmost point north of Mexico at which waters flowing into the Pa-
cific take their rise.

PRINCIPAL TOPOGRAPHICAL FEATURES—MAIN DIVIDE.

The crest of the main divide crosses the northern line of the district

in longitude 105° 45' west, or at about midway of its length. From
this point its trend for ten miles is southeast to near Long's Peak,
where it turns directly southward, but with an undulating course, a
distance of sixteen miles, to Arapahoe Peak. Along this line, the
range is an exceedingly formidable one, and presents all the features of

mountains composed of granitic and schistose rocks.

The eastern face of the crest presents an almost continuous line of

amphitheaters and gorges rimmed with precipitous walls, which rise to

a serrated crest of which many points reach an altitude of between
thirteen and fourteen thousand feet above sea-level, while not a single

pass exists except such as the most expert mountaineer might with
difficulty ascend. Some of the higher points exist as eastern spurs
somewhat detached from the main ridge ; such are Long's Peak, (14,270
feet,) Mount Audubon, (13,190 feet,) and Smith's Peak, (13,090 feet,) on
either side of which are the deep-cut gorges, reaching past them to the
steep cliffs beyond, at the bases of which the banks of everlasting snow
are constantly eating their way farther and farther into the range.
Upon the northeast side of Long's Peak, forming its very face, is a

sheer, almost perpendicular, cliff, over 3,000 feet in the clear, reaching
from the mountain-summit to the timber-line, the grandest wall of rock
imaginable.
The western side of the main divide does not present so well-defined

a ridge. Instead, it is lined by a zone of high mountains, from five to

ten miles across, which falls abruptly, though not precipitously, to the
great trough-like valley of the Upper Grand. It is cut by profound
caiions draining into the latter. Upon the southwest, this rugged mass
is sharply limited by the East Fork of the Grand, while Arapahoe Peak
forms its southern apex. From Arapahoe, for twelve miles directly

south to James Peak, the topography changes. The crest presents a
very uniform ridge rising but little above timber-line, and for five miles
near the southern portion scarcely varying 200 feet in altitude. As at

the north, the eastern face of this ridge is precipitous, falling in great
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cliffs to a series of amphitheaters which make up the front, each with

Its hank of snow lying up against the base of its rocky walls. Some of

the rounded spurs reaching eastward between these amphitheaters

afford a means of access to the ridge. Thus, at the north end of this

depressed region, and directly at the base of Arapahoe Peak, is the

Caribou Pass, as yet not well opened, and unpromising ; about midway
of its length is the Boulder or Eollinsville Pass, (about 11,400 feet,) now
reached by a road over which wagons can pass ; while at its southern

end, below the walls of James Peak, is the James Peak trail, a wagon-
road from Central City reaching as yet only to the base of the Peak.*

The western slope from this ridge is of a very different character from

the eastern slope. Though of course having many of the characteris-

tics of a rugged mountain region, yet, as compared with the east slope,

it has no precipitous front, but its massive westward spurs fall in

rounded, gently-molded slopes, not separated by deep canons, to the

basin-like depression of the Frazier Eiver. The line of separation be-

tween this region and the rugged mountain area at the north is exceed-

ingly sharp, and is occupied by the East Fork of the Grand. Bising

from the canon of the latter on the north and east is the maze of peaks
and rugged ridges, separated by profound gorges and amphitheaters,

which drain into the East Fork. The south bank of the canon, however,
is cut by no important side gorge, but only by local gulches; and rising

up its steep but even slope the summit ridge is found to be a compara-
tively smooth table or plateau, sloping westward, with gentle eleva-

tions here and there. All these massive spurs to the south have these

more gentle slopes, and are remarkably similar in general section.

At James Peak, (13,283 feet,) there rises another group of rugged
mountain points, among which are Mount Parry and Mount Flora. Here
the divide bends more and more westward, and after making a southing

of about five miles and a westing of about ten miles, it again swings
southward for seven or eight miles and then southeastward for about
an equal distance, taking the famous Gray and Torrey Peaks on the way,
the former being 14,340 feet high, and the latter but about 5 feet lower.

Though from here the drainage divide turns again westward and south-

ward, passing into the South Park, or middle division of the survey, yet

the higher ridge runs eastward as a great spur which culminates in

Mount Evans, a great massive mountain, which rivals Gray and Torrey
in altitude. From James around to Evans is thus a great western loop,

inclosing the headwaters of Clear Creek. It represents, also, a high
mountain region, not as a whole, perhaps, so rugged as the Long's Peak
mass, but more extensive, spread out, and diversified in its character,

yet possessing some of the grandest mountain features and most im-

pressive scenery.

After leaving the James and Parry groups of peaks, and passing-

westward along the northern side of the loop, the ridge becomes less

rugged, somewhat resembling that north of James Peak, while some of

the separating valleys are cut to the timber-line. One of these forms

Berthoud's Pass, (11,349 feet, Parry,) the summit of which is not much
more than seven miles from Empire City, on the North Fork of South
Clear Creek, and over which a wagon-road exists, and a narrow-gauge
railway-line has actually been surveyed over to the South Forks of the

Frazer Eiver. The break next to Berthoud's Pass is called Vasquez Pass,

(about 11,500 feet.)

The mountain spurs descending northward to the Frazer here pre-

* For passes and means of communication generally, with information given more
in detail than here, the reader is referred to the report of Mr. S. B. Ladd.
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sent the same smooth and rounded contours as those on the east side of

the Frazer basin. From the northeast corner of the loop a high spur

runs out, separating the Williams and Frazer drainage, and culminat-

ing in Mount Byers, (12,778 feet,) one of the most commanding points

of all the Park region, at the north.

The western side of the loop is a rugged mountain ridge, with, I be-

lieve, a difficult pass, called Jones's Trail, across to the headwaters of

Williams Biver. The descent to the main valley of the latter, along

the west side of this loop, and from the Mount Byers ridge, is in. great

massive spurs, descending rather abruptly, but still quite evenly, and
cut by deep gorges. The Gray's Peak ridge is much the same, rugged

and grand, yet, on the western side, with an obvious tendency in the

spurs to a general plateau-like area, though it is almost obliterated by
the many canons. Directly beside the peak, passing almost over its top,

is a fair trail for animals to pass, while a few miles to the east a wagon-

road is built, crossing the range at the Argentine Pass at an altitude

of about 13,200 feet, and connecting Georgetown with Montezuma and
the other mining towns upon the headwaters of the Blue Biver. Nearer

Mount Evans a trail crosses the Evans spur from Georgetown over

into the South Park.
Eastward from Evans the spur is continued by a long ridge-like

line of hills, reaching nearly to the plains, and separating the waters

which flow southward into the South Platte, and without my district,

from those which flow eastward and into it. It forms, with the course

of the main divide upon the west, a natural southern boundary of the

district.

PRINCIPAL TOPOGRAPHICAL FEATURES OF THE EASTERN SLOPE.

The crest of the main divide as thus traced may be considered as pre-

senting, as a whole, a flat convexity to the east, on which side its prin-

cipal characteristic is abrupt slopes, usually in high precipices, sur-

rounding profound amphitheaters. Extending eastward from these

first abrupt slopes is a zone of mountain country which is narrowest at

about the center of the district, where it extends about seventeen miles

east from the main crest, but widening at the north and sonth borders

of the district to nearly thirty miles. The eastern face of this zone

thus presents a flat concavity to the east, the general trend of which is

north and south, while the depression westward in the center is about

ten miles.

This eastward border of the mountain-zone is exceedingly sharp and
well defined, and all along it the mountain-spurs abruptly give way to

the plains which stretch away uninterruptedly far to the east.

This mountain-zone can in nowise be regarded as made up of dis-

tinct ranges or a system of ridges, but as a unit in itself, having charac-

teristics which hold very uniformly over nearly all its parts. From be-

neath the precipitous crest, from all the gorges and amphitheaters at its

base, flow innumerable streams which, after emerging from these upper

canons into the smoother highlands, soon collect into a few principal

watercourses, generally uniting where they are not in deep canons.

Flowing in a generally eastern course these gradually sink their chan-

nels deeper and deeper into the rocks, the different main streams uniting

their canons here and there, and finally issue from their deep-cut gorges

in the mountain-front to flow out into the plains and" to the Platte.

Though over fourteen main branches may be considered as rising

within the fastnesses of the main crest, their united waters break through
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the mountain-front in only seven points, while uniting still further in

the plains, but four principal streams reach the Platte.

This is not including the many streams- which rise in the mountains
east of the crest, some of which unite with the main streams, while
others break in minor canons from the mountains ; while still others rise

independently in the plains, forming subordinate branches of the Platte.

Of the first class—these rising at the main crest—may be enumerated,
commencing at the north, The Big Thompson, North, Middle, and South
Saint Vrains, Jim Creek, North, Middle, and South Boulder Creeks,
North Clear Creek, Fall Biver, North and South Forks of South Clear
Creek, Chicago Creek, and Bear Biver. Of the minor mountain-streams,
those rising east of the crest, there are, likewise commencing at the
north, the Little Thompson, Left-Hand Creek, Four-Mile Creek, Coal
Creek, Balston Creek, and Turkey Creek. Those that issue from the
mountains are as follows: The Big Thompson, Little Thompson, the
united Saint Vrains, the united Jim and Left-Hand Creeks, united Four-
Mile and North and Middle Boulder, the South Boulder, Coal Creek,
Balston Creek, the united Clear and Chicago Creeks, Bear and Turkey
Creeks ; while the united Thompsons, the united Saint Vrains and Boul-
ders, the united Balston and Clear Creeks, and the united Bear and Tur-
key Creeks, or only four in all, join the Platte.

The tendency of these cross-cutting streams is to throw this eastern
mountain-area into east and west ridges. These ridges, however, are
seldom sharp, but massive, and rather than striking one as a system of
ridges it impresses one as a system of deep-cut river-channels. Large,
flat, park-like areas are numerous. In the northern two-thirds of this

area, approximately parallel with and a few miles east of the first great
slopes of the divide, is an irregular zone but little intersected with
canons, and these not deep, and varying in altitude from 8,500 feet to

9,000 feet. It is a park region of rolling pine-sprinkled surfaces, with
the high spurs rising on the west, and the mouths of the deep gorges
which extend back to the range opening out upon it. In going east, as
the caiions cut deeper and deeper, the spurs perhaps not changing
greatly in altitude, traveling north and south becomes almost impossi-
ble. Throughout this region, however, except Lilly Mountain, just east
of Long's Peak, and Balston Butte, between Balston Creek and the
South Boulder, there is a remarkable uniformity in the height of these
ridges. Their tops are frequently quite level or gently rounded; while
standing on one, the general level, which seems indicated in their tops,
is very striking. South of Clear Creek, in approaching the Evans
Bidge, this general summit level is more irregular, the Squaw Chief
and Bergen Park Mountain rising to exceptional heights

;
yet, even here,

large areas are frequently undulating or level, forming beautiful park-
like regions ; here usually occupied as farms or for pasturage. As
viewed from the plains this general evenness of the tops of the " foot-

hills" is very striking. The majority of these ridges rise somewhat
above 8,000 feet, while the plains along the eastern base of the moun-
tains average not far from 5,600 or 6,000 feet. A few points along the
face of the mountains rise higher than the country immediately in their
rear, such as South Boulder and Golden Peaks, and Bear Creek, which
stand close to the mountain edge.
But as a whole the mountain-zone lying between the main divide aLd

the plains certainly impresses one as being, with a few exceptions, a
region of very uniform or gently undulating general elevation, carved
by the powers of erosion, perhaps r)artly glacial but mostly by streams,
into a mountain area of which portions are exceedingly rugged.
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PRINCIPAL TOPOGRAPHICAL FEATURES OF THE MIDDLE PARK.

We have already seen how the branches of the Grand join it from the

northeast and south, like the rays of a great irregular leaf uniting with
the parent stem. Along the main Grand, especially where joined by its

tributaries, and following along some of the latter, are flat, open and
treeless areas, which may be considered as forming the Middle Park
proper. The ridges separating these tributaries are mostly well defined,

some reaching altitudes of from 2,000 to 4,000 feet above the adjoining

streams. These are mostly of sedimentary rocks, and quite different in

character from the mountains of harder metamorphic rocks forming the
main range.
The Middle Park thus differs from both the North and South Parks

on either hand, which are much better defined, large, basin-like areas

less broken up by local ranges. Indeed, the Middle Park is a sort of

accidental middle ground between the two. The more important geo-

logical dividing line between the North and South Parks is the great

fold which causes the massive spur of metamorphic rock west of the
Gray Peak mass, joining it with the Park range, though cut through by
the Blue. Between the Middle and North Park no such profound goo-

logical fact exists ; there is no folding whatever, but the divide has been
determined by the masses of hard eruptive rocks which have here found
vent and protected the softer rocks below from erosion. Indeed, it is

just possible that the drainage of the Middle Park once had its outlet

into the North Park.
In speaking of the more special topographical features of the Middle

Park region, those portions adjacent to the high eastern ridge have
already been referred to. Such is the rugged, canon-cut mountain
area west of Long's Peak, separated by the East Pork of the Grand from
the more gently-contoured massive spurs to the south, which swing
around with the main ridge from Arapahoe, through the James Peak
group to Mount Byers, inclosing on the east, south, and west sides, and
partially on the north, the basin-like drainage-area of the Frazier. The
latter river, after collecting the surrounding waters, escapes from this

basin by a canon carved through about six miles of the low northern por-

tion of the surrounding granite, and enters the basin of the Grand. . The
main fork of the Grand, before joined by the east fork, occupies a re-

markably well-defined, trough-like valley, trending directly north and
south. Its headwaters rise in the deep gorges separating the main
range from the high southern end of the Medicine Bow Mountains,
whose northern extension forms such a symmetrical eastern border to

the North Park. But where it crosses the north line of the district the

V form has changed to the U form, with a comparatively flat bottom,
between one or two miles broad, while the ends of the massive spurs
forming its sides rise abruptly, but in rather smooth curves, on either

hand.
The eastern slope of the valley retains its height and character all

the way down to where joined by the East Fork, though cut by the many
gorges draining the mountain area. The western slope, at the north, rises

equally high and steep, though the crest being less distant it is cut by
lesser canons. Toward the south the top of the ridge becomes smoother
in contour and gradually falls, finally giving way to the flatfish region

adjacent to the Grand. Here the latter turns westward and in a basin-

like terraced area receives the waters of Willow Creek from the north
and of the Frazier from the south. Passing on west it flows through
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two short rifts, or breaks in upturned strata, to the Hot Springs, which
by their reputation and position virtually form the center of the Park.
Here the stream enters a shallow canon three or four miles long, after

which, for over fifteen miles, its course is through an extensive basin,

much of the region along its lower course being river-bottom land.

Williams River joins it from the south, while Corral and Troublesome
Creeks flow into it from the north. The Muddy from the north and the

Blue from the south, however, are the two principal tributaries of the

Grand and join it at nearly the same point, just before it enters the

canon through the Park range which carries it from the Park. This
lowest point in the Park is about 7,180 feet above tide-water, while the

Hot Springs are 7,700 feet, and Grand Lake approximately 8,150 feet

above the same.
The Williams Eiver takes its rise in the deep western canons of the

Clear Creek loop and the Mount Byers ridge. Issuing from this granite

country it flows for several miles through a wide flat basin tributary to

that of the Lower Grand.
The Mount Byers ridge extends from the base of that mountain as a

quite straight and even-topped divide, separating the Frazier and Will-

iams waters, and falls abruptly to the Grand at the Hot Springs. On
the west side of the Williams Valley is the long, gentle, eastern slope of

the symmetrical Williams River Mountains, which reach an altitude of

about 11,400 feet, or nearly to the timber-line.

On the north side of the Grand the Willow, Corral, and Troublesome
Creeks drain an area which, being a geological unit, has uniform topo-

graphical features. The culminating point of this mass is Park View
Peak, near the northern line, 12,430 feet high, and directly overlooking

the North Park. On either side of Park View Peak the divide between
the two parks falls, the descent on the east to the headwaters of the

Willow being about 2,620 feet to an excellent pass connecting the

parks; a serrated region of not much greater height follows, and
finally the abrupt rise to the Medicine-Bow Ridge. South of this line

and parallel with the southern end of the latter ridge is a high, even-

topped ridge, reaching to timber-line, which is quite surrounded by the

eastern branches of Willow Creek. West of Park View, between the
two Troublesome Creeks, the ridge is also depressed as on the east, but
at the west fork it rises in a high lava-capped plateau, falling on the

west to the Upper Muddy. The next point of elevation of this mass is

Corral Peak and White-Face Mountain, lying south of Park View, be-

tween the Troublesome and Willow Creeks and north of the Hot
Springs. These also are due to iava caps protecting the softer horizon-

tal sedimentary rocks below. Between all these points and extending
south to the Hot Springs and across the Grand, somewhat, is a
broken country chiefly made up of very numerous small spurs abutting

against the streams, in all of which the tendency is to a more
or less definite terrace form, the broken terraces rising in steps to the

higher lands beyond. The two forks ofthe Troublesome leave this region,

where they join, and for the rest of the course the stream is in a flat

basin country like that of the Lower Williams River, tributary to the

Grand. This lower basin is separated by a low Lilly divide from the

Lower Muddy.
The drainages of the Muddy and Blue alone remain to be referred to.

Both lay at the eastern base of the Park range, and form very well de-

fined valleys, trending in nearly the same general direction, and facing

one another. The valley of the Upper Muddy is broad and shallow,

presenting a strong contrast to most valleys of this country. Its gen-
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eral features throughout are rolling-hills upon the sides, with low terrace-

forms near the streams, the latter being cut by many side-ravines. All
along upon the west is the great, rolling, wave like ridge of the Park
range, thickly timbered with pine. The broad head of the valley is a
gentle rise over into the North Park, the divide between the two parks
here losing its character of a defined ridge. On the east rises the high
table-land separating the valley from, the Upper Troublesome, but this

soon gives way to the low ridge separating the lower waters of the two
streams. Near the head of the valley is a prominent point called the
Upper Muddy Butte. Near its lower end, a similar isolated point, rising

at the.end of the low divide between the Muddy and Troublesome, and
called the Lower Muddy Butte, narrows the valley locally before it enters

the Grand. The general course of the valley may be taken as south 15°

or 20° east.

The valley of the Bine resembles that of the Muddy in the terrace feat-

ures along the stream, but it is a narrower and more strongly defined

valley, though by no means of the order of canons. For the lower
twenty miles the general course of the valley is north 40° west. A few
miles from the mouth and 'on the east the Williams Biver Mountains
commence to rise. The western face, or that sloping to the Blue, is much
steeper than the slope to the Williams Biver. It tends to a terrace

form, being of strata gently dipping east. The outline is very sym-
metrical, rising in long slopes and gently-undulating top to a central

point, and falling again in going south, but at twenty miles from the
Grand Biver it abruptly joins a mountain region of a different class,

namely, the granitic masses west of the Gray Peak group, which line all

the remaining eastern side of the Upper Blue and quite change the char-

acter of its valley. For nearly twenty miles south of the Grand the
Park range on the west retains the same massive, evenly-rolling char-

acter as at the north. But suddenly it rises to one of the most rugged
ridges conceivable.

The backbone of this ridge is near its western side, and trends about
north 40° east, but it is made up of numerous short eastern spurs,

which abruptly but pretty uniformly descend along a line nearly par-

allel with the main ridge. All these ridges are exceedingly sharp, and
rise to a very uniform and general level; though the highest point, Mount
Powell, is near the north end, and reaches an altitude of 13,285 feet.

These sharp serrated ridges inclose a system of most profound gorges
and amphitheaters. The main ridge is broken through by the valley

of Ten-Mile Creek, but is immediately continued upon the south by a
ridge running southward to the Mount Lincoln group.

GENERAL GEOLOGICAL DIVISIONS.

The three general divisions to which attention was first called—the
plains, the mountains, and the park—the more salient topographical feat-

ures of which have just been described, are as natural geological divis-

ions as they are topographical ones, and will be considered in the three
following chapters in the order mentioned. The one next following,

Chapter II, in the sedimentary rocks east of the Front range, presents
facts observed mostly along their western border, or near the mountains,
together with observations gathered from other sources. Chapter III

briefly gives some general results of observations among the Archsean
rocks which form the mountains, and though this study was made prin-

cipallv upon the eastern mountain slope, yet the results appeared
equally applicable to any other of the crystalline areas observed by the
writer. Chapter IV deals with the general structure and distribution

of the rocks of the Middle Park.
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CHAPTE R II.

THE SEDIMENTARY ROCKS EAST OF THE FRONT RANGE.

Before presenting in detail the isolated facts which together make up
our knowledge of the sedimentary rocks east of the mountains, and in
order that these facts may be more readily understood and their rela-
tions rendered apparent, it is desirable first to clearly understand cer-
tain general geological features which underlie the whole country. These,
though familiar to most geologists, may be less so to the general reader'
and I will endeavor to present them as simply as possible.

Attention has already been called to the abruptness with which the
mountains rise from the plains. The two .types of topography which
are separated by this sharp line of demarcation are not more wholly
distinct than are the two types of geology which it also separates.
The rocks of which the mountains are built, and which will be more

fully treated in the following chapter, are granite, gneiss, schist, and al-

lied rocks, which, in speaking of them as a class, it .will be convenient
to call ArcJicecm, or metamorphic*
These metamorphic rocks are hard and crystalline in character, and,

occurring .in large and comparatively irregular masses, present surface
forms which are peculiar and very characteristic, so that one can sel-

dom fail to recognize them even from a distance.
Beneath the plains, however, there is found a class of rocks which

possesses characteristics exactly the opposite of those just mentioned.
They are neither so hard, nor are they crystalline ; and instead of occur-
ring in large and irregular masses, they lie in broad, flat sheets or strata,
resting one above another, and stretching unbroken for miles in all di-

rections. From the Mississippi and Missouri westward to the mount-
ains stretches this great series of rocks

5
composed of layers of varying

thickness of sandstones, limestones, shales, slates, and clays, which re-

main much as they were when first laid down one after another in the
bottom of the vast ocean which once existed here. Since this ocean
was gradually drained off, the ceaseless action of the rains and rivers has
in places removed thousands of feet of these rocks, exposing beds which
were once deeply buried, and in which we can occasionally find the re-

mains of the shell-covered beings which still earlier lived and died upon
the ocean-bottom, or the skeletons of the animals and plants which peo-
pled the surrounding shores, and were swept by the ancient rivers out
into the sea to be buried with the then forming sediments. It is but
natural, therefore, that the surface characteristics of the great plains
and rugged mountains should differ as they do.

THE MOUNTAIN BORDER REGION.

But let us examine the line along which these two opposite classes of
rocks maybe supposed to join. This line, we have already seen, trends

* It has been found convenient, or rather necessary, for geologists to give definite
names to certain* groups of rocks. The accepted names of the more general divisions,
in the order of their superposition or age, commencing with the oldest and proceeding to
the most recent, are here given, those in small capitals occurring in the region under
discussion

:

1. Abchjean—most ancient. 6. Jurassic.
2. Silurian. 7. Cretaceous.
3. Devonian. C Pliocene,
4. Carboniferous. 8. Tertiary < Miocene,
5. Tkiassic. ( Eocene.

9. Post-Tertiary and recent.
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approximately north and south, passing about twenty miles west of
Denver.
Along it, the sedimentary rocks of the plains, instead of remaining

horizontal, with their edges thus abutting against the steep faces of the
mountain-rocks, like the sands along a rocky shore, are found to be all

bent or folded more or less abruptly upward, their worn edges often
rising into the air and presenting their scarred faces to the mountains.

It becomes evident, therefore, that the sedimentary strata rest upon
the rocks of the mountains, and that the latter, descending beneath the
former, form the foundations on which they rest.

This upturning of the sedimentary rocks along the mountains is illus-

trated in a general way in the accompanying diagramatic sketch.

Inasmuch as sediments laid down under water cannot end abruptly,
it is apparent that these beds must once have been extended much
farther up on the central mountain-mass than now, as indicated by the
dotted lines.

We will see later that after this folding of the rocks took place the
level of the sea long stood above the present upturned edges of the sedi-

mentary rocks, and that, as the land through ages gradually emerged
from the water, the wearing action of the slowly-retreating waves and
of the usual subaerial erosion gradually removed all the higher portions
of the strata, working back their edges, until they are left as we now
find them.
The surface of the country, as now presented to us, therefore, is due to

the action of two causes : first, a folding of the rocks ; second, erosion of

those higher and ever-enlarging portions which slowly appeared above the
gradually-retiring sea, and which may be progressing as rapidly now as

the average erosion in the past.

As there is always a variety in the hardness or other characters of the

different beds, some will withstand erosion far less readily than others,

and, wearing away faster than their harder neighbors, leave the latter

rising as ridges above the general surface. These ridges are cut through
every few miles by the streams that flow down from the mountains, and
while the immediate effect of these streams is to carve abrupt notches
or canons through the ridges, general surface-erosion tends to lower their

adjacent ends. As seen from the east, therefore, these ridges appear to

rise gradually out of the plain from either end to a nearly level center,

in long gentle convex curves, and they have thus earned for themselves
the unfortunate name of Hog-hacks.

But there are other beds to claim our attention a moment than those

which have been upturned. The erosion which has molded the latter

into their present forms has been much longer busy in the higher moun-
tains, and much of the material worn from them since the folding of the

rocks took place has been deposited in flat beds near the mountain's base,

often surrounding and quite covering the hog-back ridges.

This border region, which varies from one to ten miles in width, may,
then, be briefly described as one having abrupt mountain-masses rising

boldly and ruggedly upon the one hand, and rolling plains stretching far

past the eastern horizon upon the other, while along it the worn edges
of the harder upturned strata rise in long parallel ridges, the ends of

which may fall either abruptly or in long gentle convex curves to the

valleys of the cross-cutting mountain-streams, and which, rising gently

from the east, fall in abrupt escarpments on the west to the trough-like

valleys of softer beds between, in places all well exposed, and again so

nearly covered with the accumulation of more recent material in hori-

zontal beds that the higher ridges barely peep above the surface. In
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exceptional cases, harder beds may rise in ridges of abnormal height,

or all may be leveled flat ; the rocky fold may be more gentle or more
abrupt, or complex ; or the presence of volcanic products may add new
features to the scene. Still the normal structure of the region remains

the same.
This region furnishes, then, the key to a knowledge of the rocks which

underlie the plains, and, by selecting favorable localities for exposures,

we may, in passing from the mountains eastward, pass in succession

across the edges of the beds from the lowest to the uppermost. It

would thus be found that a thickness of probably over 7.000 feet of

sedimentary beds has partaken of the folding. These beds would seem
to divide themselves naturally into four groups, which, so far as the

present burden of proof goes, are referable to the following geological

formations, commencing with the oldest: Triassic, Jurassic, Cretaceous,

and Eocene(?). The upper part of this series, from the Middle Cretaceous

up, being of comparatively softer beds, has been generally eroded back
so far from the mountains, and to such a level and grass-covered sur-

face, that exposures are few and scattered, requiring for study more
time than could be given to them during the last summer. They have
received special study from others, however, so that some general

results can be given in the sequel. For the present we will confine our

attention to the lower portions of these beds, the Triassic, Jurassic, and
part of the Cretaceous.

In describing these beds it will be found convenient to regard, first,

their more detailed structural features, as lithological characters, age,

»fec.; and, second, their more general structural features, or the manner
of their folding. To illustrate the first class of facts Plate I has been
prepared ; and for the second, Plate II, (see end of chapter,) though in

dealing with either class it will occasionally be found desirable to refer

to both plates at once.

On Plate I are gathered sections taken at six points along the zone

of hog-backs, namely, commencing at the northern one, at Little Thomp-
son Creek, Bear Canon, Ealston Creek, Golden City, (Clear Creek,) Bear
Creek, and at the South Platte. The thicknesses of the beds were esti-

mated, and are, therefore, only approximate, but checks of various kinds

were used to prevent any gross errors, and when the same series were
observed by different persons the results were generally very concord-

ant. The beds whose thicknesses were thus obtained have their limiting

lines carried through to the vertical line forming the left-hand border

of each section, upon which, also, spaces of 100 feet each are indicated,

while beds expressing general characters of the series, but not so- ex-

actly placed, are carried through only to the line next to the left edge
of the section. The several sections are placed with the base of " No. 1

Cretaceous n upon the same horizontal line.

Throughout the series, what first strikes the observer is the marked
absence of limestones, and the great predominance of sandstones.

Limestones exist, it is true, and, considering their relative thinness, are

very persistent, forming good horizons to refer other* beds to, but they

are wholly subordinate to the arenaceous element.

THE TRIAS.

General characters.—Besting directly upon the smoothed, though often

irregular, surface of the Archaean rocks, and forming the lowest member
of the exposed stratified formations, is a series of sandstones which varies

in thickness from over 1,000 or 2,000 feet to possibly as little as 400 feet,
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and in which reel is so striking and predominant a color that they are

commonly known by the name of the " Red Beds." Though shaly strata

are frequent, and the whole series may be quite soft, yet the general

thickness, or massiveness, of the strata forms another prominent and
characteristic feature.

Most of these sandstones are of a normal red-sandstone type, varying

from coarse grits and moderately coarse sandstones, with fine examples
of cross-bedding, to quite fine-grained and shaly layers. The latter

occasionally may make up a considerable thickness, but though occurring

frequently they are generally so intercalated with the heavier beds,

that, as said before, a sort of massiveness characterizes the group.

Though conglomerates may occur anywhere in the series, they are

mostly confined to n'ear the base, where they are often plainly derived

from "the subjacent rock. It is in these lower parts, indeed, that the

beds are so directly made up of the material of older rocks near by that

a very little metamorphism has in some instances made it difficult to

distinguish small masses of sandstone from the underlying granites.

Dark red is the prevalent color, though light-red, yellow, and cream-

colored beds are frequent, and may, in places, quite predominate over

the red. This is more noticeable near the top, while the conglomerates

and beds directly composed of granitoid materials are also generally

gray or light in color. Sometimes, also, a peculiar character is shown
by sharply defined, often perfectly circular yellow or white spots up to

three-quarters of an inch in diameter scattered upon the deep-red back-

ground, as if drops of water in falling on the stone had worked the

color from it. This would not necessarily be characteristic of this for-

mation, though I did not see it elsewhere.

Although the surface of the Archsean rocks below is more or less

smoothed, it is often irregular, and occasional bosses of granite, &c,
project into the sandstone, as in the accompanying instances, (fig. 2,)

observed by Mr. Gardner, near Turkey Creek.

Near the Big and Little Thompson's and Saint Yrain's Creeks, expo-

sures indicate a general shelving off or abutting of the edges of the

lower strata against the Archaean rocks, or "overlap,'' a point of inter-

est to which attention will be called later.

Had opportunity offered, this feature would probably have been found
all along the base of the mountains.

Local characters.—Toward the north end of the district the shaly

character is more marked than elsewhere. At the Little Thompson
(see Plate I, section 1) the series has a total thickness of about 750

feet, and is composed of soft granite sandstones and conglomerates be-

low, white to red, with coarse soft red sandstones above, followed by
two or three hundred feet of shaly sandstone, the whole capped by
massive red sandstones about 250 feet thick, "but generally breaking
into from two to three prominent layers, with thin shaly strata between.
Farther north, the lower beds become much shalier than here, while

southward the shales grow heavier bedded. In this northern region,

the fact that the more massive beds are confined to the upper part of

the series, combined with a gentle eastern dip, causes the surface fea-

tures to differ somewhat from those farther south. The long, gentle

eastern slopes of the massive beds are denuded by erosion, often for

several miles to the east of the softer series of rocks which would lie

above them, (and yet to be described,) and the lower series, thus occur-

ring alone over considerable areas, has a sort of geographical individu-

ality given to it. It is this feature, a result of the more massive char-

acter of these beds as compared with those above, and this alone, which
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makes it convenient to place the plane of separation between these two
lower series just at this horizon, there being no fossils known in the
beds to afford any paleontological grounds for a separation at any par-

ticular plane.

Gentle folding near the north has in places left the red beds forming
several ridges, but between the Saint Vrain and Left-Hand Creeks
they run into one, and the whole series occurs as a simple upturned
ridge dipping away from the mountains at an angle of about 35°, and
as a simple fold it continues on southward, only varying much in dip,

being in places even turned slightly past the vertical. The general
characters, as given at the Little Thompson, also slowly change in
approaching Left-Hand Creek. The series thickens slightly

; the top is

a thickening band of yellow ; the shales have diminished in amount,
and the lower part has less conglomerate and yellow, while the general
softness is such that the ridges formed are not prominent. These litho-

logical features remain much the same to Bowlder City. Here a sudden
change ia the hardness of the red beds occurs; they become massive
nearly throughout, and all the lower 800 feet is of a deep dark red.

The hardness is so increased in these lower beds that they rise in a high
ragged ridge reaching over 2,000 feet above the plains, and even con-
siderably above the granite buttresses against which they rest. This
ridge of hard sandstone reaches south far enough to be cut by both
Bear Canon and the South Bowlder, the canon of the latter being quite
profound, while between the two canons the ridge attains its highest
point in Bowlder Peak, one of the stations of the primary triangulation.

The latter is, in reality, on a second or inner ridge of sandstone, which
has been faulted down from the outer one, as will be shown more in
detail later. (See Plate II, section 11.) These canons give excellent sec-

tions of these lower rocks, but this exceptional hardness at this point
does not make them typical. In places, however, the origin of the lower
sediments is well shown, being often composed of a rather coarse aggre-
gate of quartz and feldspar, with frequent pebbles of adjacent quartzitic

and granite rocks.

Lying over this lower 800 feet of red beds, which thus attain an alti-

tude higher than any other sedimentary rocks east of the Front range, are
about 300 feet of free, clean, gritty, siliceous sandstone, very light yellow
in color, inclined to massive in bedding, but cleaving with a fine plane
surface. They do not reach very far up on the higher ridge of their

harder underlying red companions.
Near Coal Creek the red beds have again become softer, and are

eroded away till barely exposed. At Balston Creek they again rise at

a low angle to a considerable height, but only to again fall to a valley
trough a few miles north of Golden City, where they begin to thin out
in a remarkable manner, and at that city scarcely reach a thickness of
400 feet. Their relations, however, are here not wholly clear, as they are

quite soft and have been eroded nearly away, the valley trough in which
they should outcrop being well sod-covered. They dip from between
40° and 50° near the granites, which form the very abruptly rising

western border of the valley, but near their top are thrown somewhat
beyond the vertical. Section 4, plate I, is scaled from a section given
me by Mr. Berthoud, of Golden City.
South of Golden City the red beds again rapidly thicken, and con-

tinue to thicken all the way southward to where the South Platte de-

bouches from the mountains, the southern limit of the district, where
they attain a thickness of over 1,000 feet. Throughout this southern
region, though still massive in general character, they are yet quite

7 G s
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soft, and though often forming a number of minor ridges, the latter no-
where rise in prominently continuous hog-backs, while, on the contrary,
they may be quite eroded away into a broad valley, with the Archaean
rocks forming its western side, the beds yet to be described forming their

bounding hog-backs in the east. They often rise, however, for consid-
erable distances up long gentle slopes of the mountain rocks, which
places them in a favorable position to be eroded into the peculiar and
grotesque forms which characterize the Garden of the Gods, which, how-
ever, is in a very different geological horizon, though somewhat simi-

larly circumstanced. The curious groups of worn rocks and monuments
thus formed sometimes have their tops worn off horizontally, as if by the
surface action of the old retiring sea, while the same sub-aqueous erosion
has in places smoothly leveled off considerable areas of the upturned rocks,

as is best shown a few miles north of the South Platte. (See Plate II,

section 17.)

THE JURASSIC.

General characters.—The series of strata lying next above the red beds
form a group of rocks in which the. thin-bedded and shaly element de-

cidedly predominates. The outcropping edges of these beds have there-

fore generally been more eroded away than the harder beds above and
below, so that they generally appear in valleys j and being soil covered,
they are not usually well exposed.
The arenaceous element still predominates, though argillaceous mate-

rial is often present to a very large extent, while beds of impure lime-

stone occur—one of which appears very persistent—and gypsum is

frequent in thin layers, and sometimes occurs in workable quantities
and of good quality. As before, red is the prevailing color, though
a series of marked variegated colors occur, and weathering frequently
produces an ashen-gray tint upon the surface. A brief detail-description

of sections taken at several points will best convey an idea of the litho-

logical characters of the series, proceeding in each case from above down-
ward.

Section of Jurassic beds near the Bear's Church, Big Thompson Greek.—
Dr. F. V. ffayden, Third Annual Report, 1869, reprint, p. 125.

No. Nature of strata.
Thickness
in feet.

Top.
Loose drab-yellow sand, debris of underlying bedstone limestone 2

feet thick.

Limestone, quite pure, blue, semi-crystalline
Variegated clays
Ashen clay, with six-tenths feet of blue cherty limestone, clay part-

ings
Blueish limestone..
Fine bluish-brown sandstone
Massive reddish-gray, rather fine sandstone

Base.

200

25
4
2
20
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Section of Jurassic beds exposed near Saint Vrairis Creek.— William H.
Holmes.

No. Nature of strata.
Thickness
in feet.

14

13
12

11

10

9
8

Top.
Argillaceous sandy shales, variegated and irregular, crumhling. ,

Hard, blue, beautiful limestone, solid

Argillaceous and sandy shales, same as No. 15
Fine-grained, calcareous quartzite, with seams of crumbling gypsif

ercus shales

Limestone
Shaly „

Red sandstone
Shales, with seams of quartzite
Shales and sandstones
Soft yellow massive sandstone
Soft red massive sandstones
Red shaly sandstones
Cherty limestone
Red shaly sandstones

Base.
Total -

20
4

30

20
2
5
4
12
20
30
60

200
or

300

400-500

Section of Jurassic beds exposed in Bear Canon.— William H. Holmes.

No. Nature of strata-
Thickness
in feet.

11

10

Top.
Light gray, fine, siliceous shale, almost quartzite
Sandstones, shaly, variegated, (white, snuff, orange,) containing a
shaly limestone

Limestone, hard, gray; conchoidal fracture, with beds of variegated
argillaceous, arenaceous, and calcareous shales

Covered
Soft massive sandstone, white, with hard siliceous seams
Limestone, hard, with conchoidal fracture
Covered
Soft white massive sandstone, with soft greenish concretions
Soft, red, thin-bedded, and shaly sandstones
Siliceous limestone, porous
Soft, red, thin-bedded, and shaly sandstones

Bottom.
Total, (about)

40

42

40
20
50
6

20
30

400
20

870

At remaining points, though taken in less detail, the sections still

show the general features of the series:

Section of Jurassic beds exposed near Ralston Creek.— William H. Holmes,

No. Nature of strata.

Top.
Variegated shales, mostly argillaceous, with thin beds of limestones

and sandstones
White sandstones
Variegated shales, mostly argillaceous
Thin red sandstones and arenaceous shales
Cberty limestone
Red sandy shales

Bottom.
Total, (about)

Thickness
in feet.

270
30
40

200
20
100

660
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Section of Jurassic beds exposed near Bear Greek.— William H. Holmes.

No. Nature of strata.

Top.
Variegated red and green arenaceous, some argillaceous shales, with

loose brick-red sandstones and gypsum
Like No. 5 above, with white or rusty yellow sandstones
Red arenaceous shales, and purple-red sandstones
Cherty limestone, bluish
Red arenaceous shales, like No. 3

Base.

Total, (about)

Thickness
in feet.

200
100
300
yo
150

770

Near the South Platte the general characters remain much the same
as near Bear Creek ; the white sandstones, which in the section (Plate I)

are placed near the base of the Jurassic, should more probably be includ-

ed in the lower formation as the equivalents of the yellow sandstones
at the top of the Trias. The South Platte section was made by Mr. J. T.

Gardner.
The cherty limestone, near the base of this group, seems to be a very

persistent bed, and being rather hard, often forms a minor hog-back
ridge. It varies slightly in character. At Bear Canon it is porous,
with the silica apparently disseminated through the bed. A rude at-

tempt here at making lime from it has failed. At Ealston Creek, how-
ever, the silica seems more concentrated in the numerous nodules of
pink chert, which are sprinkled thickly through the bed, the matrix
being compact and hard. A large kiln here in active operation seems
to be making a very excellent quality of lime.

Between Ealston and near Golden City, and again at several points
further south, more or less rude lime-kilns have been built for the pur-

pose of making lime from this bed, the product usually seeming to be
very white, though I know nothing definite of its adhering qualities.

Near Bear Creek a small mill was erected for the purpose of grinding
the gypsum which occurs in the Jurassic beds near by, and which Dr.
Hayden, in his third annual report, for 1869, p. 136, describes as fol-

lows :
" The gypsum is amorphous, but very white and pure, and would

make the finest of casts and moldings. Some of the layers are sus-

ceptible of a high polish, like the California marbles, only they are of a
more uniform white color.

It is possible that in this group also belongs the " silica in a state

of fine division," or an " aggregation of very fine grains of quartz"
which has been opened at Golden City.

THE CRETACEOUS No. 1.

Next above the last group of strata comes a series of sandstones,
which, though only from one to two hundred feet thick, form a more
convenient horizon for reference than any group in the sedimentary
series. Though this is partially due to its well-defined and pretty- con-

stant lithological characters, it is chiefly due to the fact that its hardness
is so constantly and so considerably greater than the beds either above
or below, that it forms a more persistent hog-back ridge than any other

group. Except when cut by the streams, this horizon can be traced,
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almost without losing it for a moment, from the Big Thompson to the
South Platte, unless it be somewhat obscured near Golden City. Be-
tween the cross-cutting streams for all this distance and beyond, it rises

in its long characteristic ridge, capping the soft Jurassic beds below,

and whether the dip be high or low its top usually reaches to about the
same general level. These sandstones are usually clean, gritty, even-
grained and siliceous in texture, varying from a siliceous conglomerate,
on the one hand, to a hard quartzite on the other, and only occa-

sionally becoming soft.
.
Their color is usually light yellow or light gray,

or even white, varying to rusty yellow, and only occasionally red in the
softer portions. These are the hard and massive portions which charac-

terize the group, and which are separated by thin shaly layers which
may be quite argillaceous or even carbonaceous in character, with many
broken remains of fossil plants.

Section of Cretaceous No. 1 at Bear Canon.

No. Nature of strata.
Thickness
in feet.

Hard siliceous sandstone
Same as 3, with hard blue siliceous shales
Siliceous sandstone, gray to flesh-red above,white below ; even-grained,

particles rather free, gritty ; few feet of siliceous conglomerate at
base ; obscure vegetable impressions near top

Total, (about)

40
50

150.

240

Dr. Peale has allowed me to use the following section made by him
near the South Platte

:

Sect ion of Cretaceous No. 1 near the South Platte River.—Br. A. C. Peale.

No. Nature of strata.
Thickness
in feet.

4 Gray and yellow sandstone , rather massive 70
3 Shaly sandstone, carbonaceous, Proteoides, &c . . 12
9 Fine-grained white sandstone . . 3
1 Rusty-yellow sandstone, rather massive . 300

Total, (about) 385

"Near the summit of the sandstone-ridge No. 1, on Turkey Creek, there
is an asphaltum spring which has been wrought for oil. A considera-
ble thickness of the sandstone seems to be thoroughly saturated with
the pitch or bitumen, and between the layers of the sandstones are
accumulations of tar. This spring is located on the east side and near
the summit of the 'hog-back.'"*

CRETACEOUS NO. 2.

In this group we have a series of shaly beds which may be either
highly argillaceous or quite arenaceous in character, there being as-

sociated with them in either case a few thin brown sandstones, the

* Hayden, Third Annual Report, 1869, reprint, p. 136.
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total thickness varying from about 200 to 400 feet in thickness. The
following sections will best illustrate these beds:

Section of Cretaceous No. 2 at Little Thompson Creelc.

No. Nature of strata.
Thickness
in feet.

Dark, thinly laminated crumbling shales, some slates 1 to 3 feet thick,

with interlaminated beds 6 to 18 inches thick, of fine compact
drab argillaceous limestones

Black, finely crumbling, argillaceous shales, some slates, and few
light-snuff-colored sandstones cleaving in slabs -

Light-yellow and snuff-colored siliceous sandstone
Black, crumbling shales, with broken and jointed argillaceous sand-
stones

Fine black, crumbling shales, with brown sandstones 1 to 3 feet

thick

Total, (about)

50

165
5

60

120

400

Section of Cretaceous JVb. 2 at Bear Canon.

No. Nature of strata.
Thickness
in feet.

Light, calcareous shales
Argillaceous limestone
Covered (pit sunk for coal) black argillaceous shale (?)

Total, (about)

12
5

100

120

It will be observed that between the Big Thompson and Bear Caiion
a decided change has taken place, not only in thickness, but also in

character. At Kalston Creek the argillaceous element again predomin-
ates, there being light-gray shales below, and very black argillaceous
shales near the upper part of the series. At Bear Creek these beds are
also mostly argillaceous in character, and are about 250 feet thick. Be-
tween Bear and Turkey Creeks small amounts of brown iron-ore in con-
cretions have been obtained in the shales of No. 2. Here, also, upon
the outcropping edges of No. 2 are some small lakes impregnated with
carbonate and sulphate of soda to the extent of 33 per cent. They are
described by Dr. Hayden in his report for 1869, page 137. The analy-
sis of the salt from the evaporated water, by Persifor Frazer, jr., was
as follows :* "A white, efflorescent salt, falling to powder'on exposure
to the air, and containing—

Sulphate of soda 63. 87
Sulphate of lime 9. 70
Chloride of sodium, sulphate of magnesia, &c 4. 55
Water of crystallization of the efflorescence 21. 88

'

?

CRETACEOUS No. 3.

Cretaceous 23 o. 3 forms, like No. 1, another excellent horizon for refer-

ence. Though forming a ridge not nearly so well marked nor so per-

Hayden's Report, 1870, p. 187.
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sistent as No. 1, yet, when it does appear above more recent accumula-
tions, the fact that it is of a decidedly calcareous character and that it

usually contains numerous fossils renders it easily recognized. A com-
plete section of No. 3 was not obtained at any point, though the lower
beds were observed at a few places.

Section of the lower beds at Cretaceous No. 3, at Bear Canon.

No. Nature of strata.
Thickness
in feet.

River terrace ; horizontal ; recent.

Dip 25° east.

Limestone, thin shaly, argillaceous, slate-color weathering white-gray;
near hase heds are 2 to 5 inches thick ; argillaceous and arenaceous
above, growing more calcareous below ; seams of gypsum, odor of
petroleum, some fossils

Covered
Like 3, but more calcareous ; near top some beds of massive compact

limestonej 3 feet thick, light-gray ; fossils quite numerous, Iuocera-
mus

45
40

20

Section of the lower beds of Cretaceous No. 3, at Little Thompson Creek.

No. Nature of strata.
Thickness
in feet.

4
3

Terrace of very coarse gravel and bowlders ; horizontal ; recent.

Dip 50° east.

Yellow shaly limestone, impure, weathering white or light-gray 20
100

2 10

1 Light-gray compact limestone, beds one to 2 feet thick, some shaly

;

20

A rude kiln had been erected on the lower bed here for burning lime,

making, as I was told, a good quality though not very white. The thin-

bedded, impure, calcareous, and fossiliferous character seems generally

to characterize the beds. The odor of petroleum is also often quite

marked, but not so much so as west of the mountains. At Bear Creek,

No. 3 was about 90 feet thick, but no section was made.

CRETACEOUS NO. 4 AND NO. 5.

Unfortunately opportunity did not offer to study in detail the dark
shales of No. 4, and rusty yellow and gray arenaceous rocks of No. 5.

The former were observed to be about 300 feet thick near Bear Creek,

but no detail-section was made. At several points characteristic fossils

were obtained from the beds, which are quite well exposed and fossil-

iferous near Ralston Creek ; but, as before remarked, the softer charac-
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ter of these upper beds has caused them to be rather poorly exposed,
and the mountain work left not sufficient time for their proper study.

Before turning to the consideration of the overlying beds it will be
well, now that their lithological characters have been described, to ex-

amine the reasons for separating the preceding beds into the divisions in-

dicated, viz, the Triassic, Jurassic, and Cretaceous, IsTos. 1, 2, 3, 4, and 5.

In 1869 Dr. Hayden passed along the base of the mountains, and in

his report for that year described these beds at the many points at which
he touched them. Having traced them from regions where they were

; typically developed he easily assigned them to their proper horizons,

and my classification is but a reflex of his. The reasons for his classifi-

cation he also gives, but at scattered points through the report. I hope
I may be pardoned, therefore, if I undertake to throw the evidence which
bears on the age of these particular beds in Colorado into a little more
definite form.

The Cretaceous age of the groups numbered 1, 2, 3, 4, and 5 cannot be
questioned.
From Nos. 3 and 4 especially the characteristic Inocerimi, Ostrem, bacu-

liies, sca/pMtes, ammonites, &c, determine their Cretaceous age conclu-
sively. The western Cretaceous was- first satisfactorily studied by Dr.
F. V. Hayden and Mr. F. B. Meek, in the Upper Missouri country, and
afterward by the former in the Black Hills, and five well-marked divis-

ions were there clearly made out, having well-defined Jurassic below
and Tertiary above.
These divisions, with their lithological and paleontological characters,

were first given in the proceedings of the Academy of Natural Sciences
of Philadelphia, May, 1857, and subsequently reproduced in tabular
form in Dr. Hayden's first annual report, 1867, reprint, page 49. They
may be expressed briefly as follows :

General section of the Cretaceous rocks of Nebraska.

No. 5. Fox Hill beds.—Gray, ferruginous, and yellow sandstones, and arenaceous
clays.

,

No. 4. Fort Pierre groups.—Dark-gray and bluish plastic clays.

No. 3. Niobrara division.—Lead-gray calcareous marls, and massive layers of chalky
limestone.
No. 2. Fort Benton group.—Dark-gray or black laminated clays, sometimes with lime-

stones near top and sandstones near base.
No. 1. Dakota group.—Yellowish, reddish, and occasionally white sandstones, with,

at places, some clayey beds and dicotylodenous leaves.

The general resemblance between these five divisions and the cor-

responding ones in Colorado, but for the great distance separating the
two localities, would naturally suggest their direct co-relation and
identity.

Dr. Hayden has, however, directly traced them, except some easily-

passed gaps, across the intervening region, thus establishing their

identity.

In his third annual report, 1869, page 121, he says

:

Quite marked changes occur in the sediments of these divisions in different parts of
the West, but by following them continuously, in every direction, from their typical
appearance on the Upper Missouri, the changes are so gradual that I have never lost

6ight of them for a mile, unless concealed by more recent deposits.

Again, page 114, in speaking of the Cretaceous in Colorado, he says

:

At various localities all along the margin of the mountain ranges these divisions of
the cretaceous are far less distinctly separated, and vary more or less in their structure
and composition, and yet in tracing them carefully and continuously from the Mis-
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spuri River they always retain enough of their typical character, so that I have never
been at a loss to detect their presence at once, although after leaving the Missouri
River we do not find any well-defined lines of separation, either lithologically or pale-

ontologically.

In Colorado the want of fossils in No. 1 has made its position the
most uncertain of any of the five ; but Dr. Peale's discovery in these beds
of the fragments of leaves in his section near the South Platte seems to

fix this horizon with quite a degree of certainty.

Professor Lesquereux, in writing to Dr. Peale in relation to these
leaves, says that these are fragments of a Proteoides, very near Proteoides

acuta, (Heer,) if not a small form of the same. As yet no leaf of this

genus has been recognized in our American measures higher than the
Dakota group, or No. 1. These sandstones, then, probably lie at the
base of the Cretaceous.

In the so-called Jurassic and Triassic, I believe that not a single fossil

has rewarded this sninnier's search. In the Upper Missouri, not only
does well-defined Jurassic underlie No. 1, so that we might expect to

find it beneath No. 1 in Colorado, but Dr. Hayden has traced it also

directly to Lake Como, near the Union Pacific Railroad, where it con-

tains well defined Jurassic fossils.

In tracing it further south along the base of the mountains the fossils

disappear ; but in a section exposed on the Box Elder Creek, north of

the Big Thompson, Dr. Hayden found some beds which he described
(report, 1869, p. 119) as " undoubtedly the usual Jurassic beds, with all

the lithological characters as seen near Lake Como," and containing a
species of ostrea and fragments of Pentacrinus asteriscus, a characteristic

Jurassic fossil. These beds are the same that occur near and above the
cherty limestone in the sections which I have described as Jurassic, and
seem to settle the correctness of their assumed age as decisively as
possible without the direct finding of fossils in the very region under
discussion.

THE TRIASSIC BEDS,
i

The correctness of the assumption of this age for the red beds depends
only upon their position in relation to other beds of known age, for no-
where that I know of have fossils ever been found in these beds.
Somewhat north of my district, and between the Cache a la Poudre

and Cheyenne, there appears between the red beds and the Archaean
rocks, outcrops of Carboniferous rocks, so that the red beds here lie be-
tween Carboniferous and Jurassic rocks. West of the Middle Park,
where all the upper beds retain their characters as east of the mount-
ains, the development of the Carboniferous beneath the red beds is far

more marked, and consists principally of a second series of red beds of
deeper purple hue than those referred to the Triassic.

Leaves gathered from the upper measures of these by Dr. Peale are
referred by Professor Lesquereux to the Permian. Unless the red beds,
then, are referred to the Triassic, there will be an unoccupied gap be-

tween the Permian and Jurassic ages; nor would we know to which of
these ages the beds in question could be more properly referred. Until
fossils are found, therefore, to definitely settle their age, it seems most
reasonable to refer them to the Triassic.

I have already spoken of the indefiniteness of the line between the
Triasisic and Jurassic, and have suggested the convenience of placing
this arbitrary line above the more massive portions of the red beds, and
above the massive sandstones which usually cap them, and not far be-
low- the cherty limestone.
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THE LIGNITIC FORMATION.*

We turn now to the consideration of the group of rocks which lies

directly superimposed upon the Cretaceous beds, and which, economi-
cally considered, is of more importance than any of the preceding
formations. This is the formation that contains in its lower portions
the lignites of Eastern Colorado. To what epoch of geological time
this group of rocks should be referred, whether it should be considered
as an upward extension of the preceding cretaceous, or the commence-
ment of a more recent epoch, is a matter about which there is still di-

versity of opinion. Its fossil flora is very abundant, fifty-six species of
vegetable remains having been found at Golden City alone. Yet Pro-

fessor Lesquereux, the eminent authority in fossil botany, says that
throughout the group not a single leaf has as yet been found identical

with a Cretaceous species ;t and, further, that, ''no member of the
American lignitic, as far as this formation is known by its vegetable
remains, can be referred to the Cretaceous." | He concludes, from his

extended observations, " that the great lignitic group must be con-

sidered as a whole and well-characterized formation, limited at its base
by the fucoidal sandstone ; at its top by the conglomerate beds. That,

independent from the Cretaceous under it, and from the Miocene over it,

our lignitic formations represent the American Eocene.' 7
§

There seem to be indications near the base of the group, however, of

Cretaceous fossils. Lesquereux, himself, calls attention to the fact

that Dr. Hayden and Dr. John L. LeConte have each found a badly-

preserved Inoceramus low down in the series. Both of these localities,

however, have since been carefully but unsuccessfully searched for fos-

sils ; while the similar occurrences which have thus far from time to

time been reported from various localities have, upon investigation,

been shown to be the result either of inaccurate observation, or that

the facts observed were wrongly interpreted, or their bearing over-

estimated, or else that they occurred at points where geological com-
plications of the rocks made all observation more or less uncertain, as,

for instance, at Golden City. Indeed, none of these observations so
far recorded can be considered as furnishing evidence in the case, and
should be thrown out. Only the occurrence of Cretaceous fossils bear-

ing the clearest and most undoubted relations to the adjoining beds, and
that at more than one or two exceptional localities, can, under the cir-

cumstances, be accepted as defining the age of this great overlying
formation. Even if further observations were to show that these occur-

rences were other than exceptional, or, perhaps, accidental, they would
not necessarily prove more than that these lower beds only were of Cre-

taceous age, or, as considered by Hayden, beds of transition between
the Cretaceous and the Eocene ; though, in view of Lesquereux's idea

of the definiteness of the formation as a whole, if the lower beds are
proved to be Cretaceous the rest of the series also could hardly, with
consistency, be considered otherwise.

* So many facts have already been collected from this formation by observers of re-

pute that, in any attempt to give as complete an idea as possible of the geology within
my specified area, it becomes necessary to draw upon these facts to a very great extent,
especially as the writer's opportunities for observation in these better-known upper beds
were quite limited. The endeavor will be made to make tbe material obtained from
each authority supplement that from tbe others. The principal sources of information
have been the reports of James T. Hodge, Professors Lesquereux, F. V. Hayden, and
John L. LeConte, while much practical information has been personally given by Mr. E.
L. Berthoud, of Golden City, Colorado.
tHayden's Report for 1872, p. 343.

t Ibid, p. 419.

§ Ibid, p. 350.



„ AKVIVirl GEOLOGY ROCKS EAST OF FRONT RANGE LIGNITIC. 107

So much for the general character and extent of the testimony thus
far presented from the marine life found in or near the base of these

beds.
Terrestrial vertebrate remains, however, occur under neither so equiv-

ocal nor restricted circumstances, but such as have been found range
higher in the formation, and are considered as of decided Cretaceous
types, and, judging from them alone, the formation would be considered

as Cretaceous.*
It must be supposed, then, that either a Cretaceous fauna extended

forward into the Eocene period, and existed contemporaneously with an
Eocene flora, or else that a flora, wonderfully prophetic of Eocene times,

anticipated its age, and flourished in the Cretaceous period to the ex-

clusion of all Cretaceous plant-forms. Which of these views is correct

is still the undecided point. Though the latter might seem the more
probable view, if judged by the rapidity of faunal changes as coin-

pared with floral changes in the more immediate past, yet not only the
great amount, but the remarkable unanimity of the evidence of fossil

botany, as interpreted by Lesquereux, would indicate the former. New-
berry's interpretation of the facts from fossil botany, however, again
leans toward the latter view. In either case the fact remains that here
the physical and other conditions were such that one of the great king-

doms of life, in its progress of development, either lost or gained upon
the other, thus destroying relations and associations which existed

between them in those regions from which were derived the first ideas

of the life boundaries of geological time, causing here apparent anom-
alies.

Much of the confusion and discrepancy has, in my opinion, arisen

from regarding different horizons as one and the same thing. It must
be distinctly understood that this group as it exists east of the mount-
ains in Colorado is very different from and must not be confounded with
the horizon in which much of the Utah and New Mexican lignite occurs,

and which belongs undoubtedly to the Lower Cretaceous; and, further,

that the extended explorations of Hayden and others would seem to

prove almost conclusively that the Colorado lignitic group is the direct

southern stratigraphical equivalent of the Fort Union group of the
Upper Missouri,! which is considered generally to be no older than the
Eocene, while Newberry asserts it to be Miocene.f When all the facts

are known they may develop some new ideas as to geological transi-

tions.

But only the consideration of large areas of country, as Hayden, Les-
quereux, Meek, Cope, Leidy, Marsh, and others have already done, will

solve the problem. Here we have to do only with the aspects of the forma-
tion, whatever may be its age, as it occurs within our district, and for

the present we will speak of the formation as the lignitic. §

The nature of the rocky fold found along the mountain front, and of

the subsequent erosion, has been such that in passing eastward over

* See Cope, Trans. Amer. PMlos. So. 1869, pp. 40, 98, 243 ; also Bulletin. No. 1 of the

U. S. Geol. and Geog. Surv. of the Terr., 1874, p. 10, and Bulletin No. 2, p. 7.

t Equivalence founded on similar fossil vertebrates has recently been suggested by
Cope. (See Bulletin No. 2 of the U. S. Geol. and Geog. Surv. of the Terr., p. 7.)

t Hayden's annual report, 1870, pp. 95, 96.

§ The most complete resumi of the evidence bearing upon the age of the lignite forma-
tion has probably been given by Professor Lesquereux in Hayden's last report, 1872,

pp. 339-350. See also Newberry, in Amer. Jour. Science, April, 1874, (III, vol. vii., p.

90,) and Lesquereux, Ibid., June, 1874, (III, vol. vii, No. 42, p. 546.) See also Cop'e,

Bulletin No. 2 of U. S. Geol. and Geog. Surv. of the Territories ; Meek in Hayden's
report, 1872, p. 461, &c.
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the upturned edges of the strata all the lower formations are found dipping
eastward at an angle seldom above 60°, and generally much less, until,

upon reaching the Upper Cretaceous and lower lignite beds, they are

found—at least all through the middle of the district—to be tipped up
nearly vertical, or even pushed over beyond the vertical, so that they
appear to dip at a high angle toward the mountains.
Immediately there follows an abrupt bend, which at once throws all

the remainder of the lignitic series into nearly its natural horizontal po-
sition, and thus it stretches eastward as the formation directly underly-
ing and formiug the plains. All through the plain portion of the dis-

trict these nearly horizontal beds have been eroded by the streams into

a rolling country, the irregularities of which are really quite considera-

ble, the hills frequently rising several huudred feet above the numerous
intersecting streams, and, though generally gently molded in long,

rounded slopes, still abrupt and irregular bluffs, formed of the edges of
sandstone strata, and of considerable height, occasionally occur. Trees
occur only along the streams—such as the cottonwood and willow—the
hills being clothed in a sort of grassy vegetation of very uniform yellow-

green color, so that, standing upon an elevation, all the surrounding
hills are thrown against their neighbors with but little sense of relief,

and all appears quite level, notwithstanding the decided unevenness of
the surface. Along the South Platte Eiver, near and below Denver,
the strata dips very gently from either side toward the river, forming
a flat synclinal of the valley. To the east, as the surface gradually rises,

pines in scattered groups begin to occupy the country, the precursors
of the tract known as the pineries.

The rocks comprising the lignitic formation, which directly underlies
this country, are principally sandstones and clays. As compared with
the older formations, these generally present a much newer or less con-
solidated appearance, The sandstones are usually of somber colors;

dull reddish-brown and yellow, and rusty gray, perhaps, prevailing.

They vary from the conglomerates to quite fine sandstones, and are
usually friable, and but seldom compact and firm enough for building
purposes. Some few clean, gritty, white siliceous sands occur.

The clays which predominate in the formation are of the nature ot

fire-clays. They are of various colors, most often perhaps light-gray,

generally rather soft, and when very fine and unctuous to the touch are
commonly called " soapstones." At Golden City excellent fire-brick, pot-

tery, &c, are made from some of the lower clays. The transitions be-

tween sands and clays are sometimes gradual, giving zones of mixed
material; soapstones becoming gritty, and sands argillaceous. No
limestones occur, and argillaceous shale and slate only in very subordi-

nate quantities.

Fossil leaves, and fragments of wood, &c, are very numerous in some
horizons, usually near the coal. They are mostly of deciduous trees,

many of which are closely allied to species common in our Southern
States and the tropics, the flora of which this ancient vegetation must
have somewhat resembled, while no true coal-measure (Carboniferous)
plants, such as ferns, &c, have been found. The remains of trunks of
trees of enormous size are sometimes met with.

The following sections are given as illustrating the general characters
of the series : The first, which shows the strata as they occur at Golden
City, is from a section made by Mr. E. L. Berthoud, the positions of the
outcrops being given on Plate II, section 13. It probably shows a
greater portion of the full thickness of the lignitic than exposed else-

where, for which we have to thank the protective action of the cap of
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hard lava, which has preserved the lower beds from erosion. The sec-

tion is from the artesian boring for water at Denver City. The first

part is constructed from samples from the well, given me, with descrip-
tions, by Mr. Brooks, the engineer superintending the boring, the lower
part being furnished by Mr. Brooks directly, his section being indicated
by quotation marks. ' The sections illustrating the character of the strata
associated with the coal will be given later.

Section of tlie lignitic strata at Golden City, Colorado Territory, from a
cross-section made by E. L. Berthoud, civil engineer.

No.

14
c3
-la

13 a
o

12 N

O
11

A
>a

10 c3

9
CD

to

8
7 a

6 -^

h o>

4
>
>5

3
2 c3

1 to

Nature of strata.
Thickness
in feet.

Doleritic lava, thickness averaging 125 feet

:

Conglomerate and dark sandstone, with layers of buff clay
containing fossil leaves and plants

Yellow, gray, and rusty sandstones and conglomerates
Red, yellow, and gray clays, with streaks of coal, fossil ca-

ries, sedges, and grasses
Yellow, gray, and white sandstones and conglomerates, with
beds of buff and yellow clay, with fossil leaves

Rusty sandstones, with obscure casts of stems and leaves .

.

Conglomerates and clays, probably
Green clays and marls, with septaria :

Dark conglomerate
Clays and marls
Fire and potter's clay, with rusty red sandstone
Clays and marls
Bog-ore bed, with fossil bones and plants
Sandstone and fire-clays

Coal-measures, (five seams or veins of coal)

Sandstones and clays, probably

Total thicknesss of lignitic, from

25
135

45

130
30

900 or 1,000

70
260
150
250 «

00
260
350

400 or 500

3, 060 to 3, 360

Section of artesian ivell near Denver City, by Eli Brooks, engineer.

Nature of strata.

Surface-soil, probably indurated clay decomposed in place by atmo-
spheric agencies

Ligkt-giay clay ; some sand
Fine black sand
Irregular black sand
Light siliceous sand and clay
Light-gray unctuous clay
Fine black sand
Light sandy clay
Sand, rather coarse, with clay
Light-gray clay, mingled with some sand
Fine, clean, gray, siliceous sand ; water
Clay, mingled with sand ',

Gray, indurated, unctuous clay, (soapstone)
Coarse, dirty, irregular sand, with clay below
Fine, clean, gray siliceous sand ; some mica flakes ; coarser sili-

ceous sand near base ; water rising high in the well
" Soapstone "

" Sandrock "

" Soapstone "

"Sandrock"
" Soapstone "

Depth of well February 8, 1874

Thickness
in feet.

20
55
20
5
16
16
68
8
8

35
5
84
160
30

10
10
40
30
90
65

795
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THE COAL SERIES.

At mauy points scattered through the formation streaks or indications

of coal occur. The only points at which their development has reached
financial or commercial success, however, seem to be confined to the
lower horizons of the series as exposed near the mountains. These
horizons would also be found underlying the plains east of their natural
outcrops, and could be reached by artesian borings. How deep these
borings would have to be, however, to penetrate to the coal horizon be-

neath the plains, sufficient examination has not yet been made to deter-

mine with any degree of certainty ; and even if reached, it is by no means
certain, though quite probable, that coal would be found to exist in the
same workable quantities as nearer the mountains.

CHARACTERS AND APPLICATIONS OP THE LIGNITIC COALS.

Chemical characters.—The name lignite would imply that these coals

were allied to the brown coals of Europe, a relation indicated by the large

percentage of water, usually above 12 per cent., which they contain. At
the same time this amount of water is small as compared with that of most
foreign lignites, while, instead of having a fibrous or woody structure,

they are compact, and generally have a very black color and high
shining luster, thus more resembling some bituminous coals. The per-

centage of ash for lignites is also low, varying from 2 to 6 per cent., while
sulphur seldom reaches 1 per cent., and is often nominally absent. The
u volatile products" evolved from coal below a dull red-heat usually

vary from 25 to 37 per cent., while the amount of "fixed carbon'' gen-
erally lies between 45 and 60 per cent., these two components repre-

senting approximately the calorific or heat-producing power of these
coals. The above characters would seem to indicate that these coals are
superior to those foreign coals from which the term lignite has been de-

rived. Since, on the other hand, they differ in some respects from bitu-

minous coals, and since their extensive occurrence in the West requires

some convenient term which will express to a certain extent their char-

acter, I have seen fit to use the term lignite coal or lignitic coal.

It has been necessary to thus separate these coals as above into the
four principal ingredients—water, ash, volatile products, and fixed

carbon—because nearly all the analyses of them that I have been able

to find thus separate them. While such proximate analyses, as will be
pointed out shortly, do not give sufficient data for estimating closely

the actual calorific value of these coals, and would therefore be mis-

leading in comparing them with bituminous and other coals, they yet
serve, to a certain extent, to compare these lignites among themselves

;

indeed, they form the only data for such comparisons at the present
time.

With this end in view, I have gathered together in the following table
all the trustworthy proximate analyses that I have been able to find.

They are arranged geographically, commencing in New Mexico and
Xiroceeding northward along the eastern base of the mountains through
Colorado to the line of the Union Pacific Eailroad in SouthernWyoming,
thence westward along this line to Utah, then proceeding northward
along the Pacific coast, and ending finally with a few localities near our
northern boundary. For better comparison, the localities within my dis-

trict are printed in small capitals, and are included in the group between
the two heavy lines. All the analyses give the percentages of the com-
ponents as calculated upon the coal as taken from the mine—that is,

including the moisture—except those with the reference " </" attached,

in which the percentages are calculated on the dried coal ; that is, after
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the moisture has been expelled. They consequently give too high per-

centages of volatile products, fixed carbon, and ash, as compared with
the other analyses : and in them, therefore, the percentages of these
ingredients should be diminished proportionally to the amount of water
present in each.

A few words in connection with the heat-producing power of coals.

The amount of heat developed in the burning of coal is simply the result

or outward expression of the chemical union of the oxygen of the air

with those substances in the coal for which it has a chemical attraction

or affinity. These are principally the carbon and the hydrogen. The
products of the union of oxygen with these simple elements are the com-
pound substances carbonic acid and water. The amounts of these pro-

duced in combustion represent directly the amount of heat which has
been produced as the result of their formation. Having once been
formed, chemical action ceases and no further heat arises. If substances
are present in the original coal that are now combustible, or already

united with oxygen, that is, already burned, they deteriorate the coal

accordingly. The ash and moisture present in coals are such substances;

they both act as simple impurities, as slate or clay would act, diminish-

ing the relative percentages of the combustible ingredients, and hence
the heat-producing power of the whole. But the moisture acts further;

to convert it into steam requires a considerable amount of the heat pro-

duced by the other substances, and which would otherwise be available.

The amount of moisture in the same coal may be a very variable

quantity; so that in analyses the moisture is often first driven off and
its amount determined, and the remaining ingredients calculated as per-

centages of the dried coal, as has been observed in those marked "</" in

the table.

Practically, however, the moisture goes into the furnace with the coal,

there to absorb a large amount of heat and diminish the metallurgical

value of the coal as a fuel. Analyses which ignore it, therefore, give

misleading results.

Are there no other ingredients present which would further deterio-

rate the coal % In the table above the "volatile products" are consid-

ered as combustible. Ultimate analyses, however, show them to be
composed of carbon, hydrogen, oxygen, and a small quantity of nitro-

gen. The latter is simply inert, an impurity, and too small in amount
to be of importance. But the oxygen is already united with the re-

maining two, and to just this extent they must be considered as already
burned, and so far unavailable as heat-producers.

This oxygen is usually considered as being combined with the hydro-
gen to form water. From the " volatile products," then, there should
be taken away as non-calorific the oxygen, and so much of the hydrogen
as with it will form water, leaving only the remaining hydrogen and all

the carbon as available for producing heat. This " combined water" in

the "volatile products" acts just as theuncombined water, or "moisture,"
in diminishing the efficiency of the fuel. To arrive at its amount, ulti-

mate analyses only will serve the purpose. To illustrate these points,

Mr. Rossiter W. Raymond, United States commissioner of mining sta-

tistics, has recently* collected a number of ultimate analyses of lig-

nites, (none, however, I am sorry to say, of coals in my district,) some of

which I reproduce here, with two additional ones, following him in the

lessons he draws from them. I have also added columns 15 and 10,

which are explained later:

* See Engineering and Mining Journal, May 27,1873, Sillirnan's Journal, Sep-
tember, 1873, p. 220, and Report of the Commissioner of Mining Statistics for 1872,
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The moisture, or uncoinbined water-ash and sulphur, in the above table

appear in the same manner as in the preceding table. The carbon
appears greater in amount because, besides the " fixed carbon," it in-

cludes the carbon before contained in the " volatile products."

The amount of oxygen included in these volatile products now becomes
apparent. If combined with the associated hydrogen to form water, it

has thus already rendered one-eighth of its weight of hydrogen un-

available as a heat-producer. The resultant combined water (equal to

the oxygen plus one-eighth of its own weight of hydrogen) is given in

column 11, and this acts precisely as the moisture does in absorbing
heat. Mr. Raymond, in speaking of the first three columns of calorific

powers, which he gives, says

:

In each of these the amounts are expressed in centigrade heat units, and there-

fore indicate directly the pounds of water which could theoretically be raised from
zero to the boiling-point by the combustion of one hundred pounds of fuel. The first

column is obtained in the following manner : The amount of combined water is found
by adding to the oxygen one-eighth its weight in hydrogen ; the remaining hydro-
gen is multiplied by 34,462, the number of heat-units evolved in the combustion of

hydrogen ; and the amount of carbon is in like manner multiplied by 8,080, the calo-

rific modulus for carbon. The sum of these two products is the number of units gen-
erated by the complete combustion of one unit of the fuel, containing the given pro-

portions of carbon and available hydrogen. The heat units due the combustion of the
sulphur are disregarded, in view of the small amount of sulphur, its low calorific

capacity, (about 2,240 units,) and the circumstance that it exists partly in the form of

pyrites, the decomposition of which still further diminishes the amount of heat from
this source, and partly as sulphuric acid, causing a net loss.

The second class of calorific powers is obtained by a similar calculation on the suppo-
sition that the moisture is absent. The third column gives the closest approximation
to the available heat, and is obtained by deducting from the figures in the first the
amount of heat-units required to vaporize the moisture and combined water. This is

537 units of heat for each unit of water.

In reality, the results in column 14 (calorific power III) should be
still further reduced.
We have seen that the full amount of hydrogen given in the analysis

cannot be realized as a heat-producer, as part of it already exists in the
form of water. Is the remaining hydrogen to be regarded as in a con-

dition to give out all its great heat energy ? It is, in fact, combined
with some of the carbon present, probably mostly in the form of marsh-
gas, (composed of one part by weight of hydrogen to three of carbon,)

and though the two ingredients are both combustible, yet they have to

be separated from one another in uniting with oxygen in the process of

burning. As the union of elements to form compounds produces heat,

so the separation of compounds in their elements absorbs heat, and
each unit of marsh-gas thus decomposed absorbs about 1,612 units of

heat. In other words, when a unit of marsh-gas is burned it produces
but 13,063 units of heat instead of the 14,675 units which would be pro-

duced if it were first separated into its components and these then
burned, as is implied in the preceding calculation of calorific power III.

In estimating the calorific power of the fuel from this last point of

view, the amount of hydrogen rendered unavailable as a heat-producer
in the form of water remains the same as before. (Columns 6 and 11.)

The remaining hydrogen, (column 5,) if its combination with carbon is

considered to be in the proportion to form marsh-gas, which is approxi-

mately true, must take up three times its weight of carbon (column 4)

to form this gas, and the sum (column 4 plus column o) multiplied by
13,003—its calorific modulus—will give the heat produced in its com-
bustion. The remaining carbon only, then, gives out heat in proportion
of 8,080 units to one of carbon, and the two products together give the
total amount of heat produced, from which, as before, the heat ab-
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sorbed by the vaporization of the water must be subtracted to obtain
the actual available heat produced by the combustion of a unit of this

coal. The results are given in column 15. (Calorific power IV.) They
may also be obtained by subtracting from calorific power III 64.5 units

of heat for each per cent, of hydrogen present in the analyses over and
above that required to form water with the oxygen present. Column
14 gives the relation between the heat-producing power of these coals

as compared with that of pure carbon, (8080.)

It shows that many of them may be considered as having three-fourths

of the calorific power of that substance as represented by perfectly

purified charcoal. These numbers, of course, can never be fully real

ized in actual practice, but neither can the full calorific power of pure
carbon ; they still serve, however, for purposes of comparison, and they
show that the inherent or potential capabilities of these coals are far

greater than they are usually supposed to be.

So much for the quantity of heat that these coals are capable of pro-

ducing, if completely and perfectly burned. The temperature produced
by this combustion, and which is the chief consideration in the applica-

tion of fuel to practical purposes, is another matter. This temperature
depends on the rapidity or intensity of the combustion in a given space,

and the amount and specific heats of the gases produced by it, and may
be as seriously affected by the physical behavior of the fuel as by its

chemical composition. That the latter is favorable to the production of

high heats is shown above ; but before being able to judge of the best
mode of application of these coals, their physical characters and behavior
must be first examined.

PHYSICAL CHARACTERS OF THE LIGNITIC COALS OF THE PLAINS.

The.lignitic coals of Colorado occur varying from mere streaks of

carbonaceous matter to beds 18 feet in thickness. "For the most part
they are remarkably free from impurities, it being not rare to see a face

of 8 or even 10 feet of clean coal of brilliant luster, perfectly sound and
solid in the mine, without a particle of slate or any visible foreign mat-
ter that would injure it. Iron pyrites, however, may generally be de-

tected in small flakes and thin disks, but very rarely in sufficient quan-
tity to be injurious. Mineral resin is a common ingredient." *

Their specific gravity is seldom below 1.3, sometimes 1.4. With one
or two exceptions, in which the color is a dull black, they all possess a
high shining luster, and cleave readily into cubical blocks. When well

protected they may remain a long time unchanged, but on exposure to

the atmosphere^ <they disintegrate very rapidly. "This tendency to

crumble is the cause of great waste at the mines—all the greater that
these tertiary coals can scarcely ever be made to melt and agglutinate

into a firm coke. With rare exceptions, when submitted to the coking
process they retain their form or crumble into a dry powder." " The
coal kindles and burns freely, making a bright fire with a yellow blaze

and comparatively little smoke ; the odor of this is not so strong or

disagreeable as that of the bituminous coals, and somewhat resembles
the smell of burning peat. The smoke is not always dark and thick,

but is sometimes of a light-g«ray color. The ashes are remarkably light

and bulky." t

* Hodge on the Tertiary coals of the West, (Hayden's Report for 1870, p. 319.)

t Ibid., pp. 319-320.
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APPLICATIONS.

These coals have been found to serve well for all domestic purposes,

either for cooking or warming', and are now largely used both for sta-

tionary boilers and locomotives. Their freedom froin sulphur, in ren-

dering them less injurious in burning out grate-bars, &c, would recom-
mend them for these purposes; though with some of these coals a
frequent use of the exhaust in increasing the draught is necessary to

insure a sufficiently rapid combustion. According to Hodge, the engi-

neers find that the more crumbling varieties sift through the grate-bars,

requiring closer screens at the top of the smoke-stacks. " They endeavor
to obtain the coal as freshly mined as possible, on account of its sounder
condition. Clinkers sometimes form sufficiently to be troublesome when
the coals are obtained from those mines that contain seams of slate."

These coals are at present also used for the following purposes, for

information about which I am indebted to Mr. Berthoud : At the two
smelting works at Golden City the best lignitic coal is used in roasting

ores, either inclose furnaces, or in step-furnaces used in desulphurizing
pyritous ores. It is also used at Golden for baking the bricks, &c,
there made from the clays of the lignitic series. For gas-making in

Colorado the lignitic coals are alone used, while a five-feet bed at Golden
City, Canon City coal, and 'Trinidad coal are all used in blacksmith-
work.
And here we seem to stand on the limits of the usefulness of these

coals. Notwithstanding the high potential calorific power which we
have seen that they possess, it remains for some reason unavailable.

For all those processes in the arts in which high temperatures are
required, the lignitic coals—as compared with anthracite and bitumin-
ous coals—have so far proved seriously defective. Indeed, they hardly
compare with some of the coals with which they are allied in both
physical and chemical features, as, for instance, the "block-coal" of
Indiana, which, though not equaling in calorific power some of these
western coals, as Eaymond has shown, yet is successfully used in

smelting iron. With these coals, however, even for common black-

smithing purposes, it has required much experience before they have
become to be permanently used for welding, and, while they are used at

Golden City for roasting the ores, for smelting them (mostly galena, and
siliceous ores of gold, silver, copper, lead, and zinc) a large proportion
of Pittsburgh coke is used. One or two experiments in reverberatory
furnaces and several trials in blast furnaces have all proved unsuc-
cessful. In the former the common fire-box and horizontal grate was
used, and in no case was strong artificial draught or pressure employed.
What might be accomplished with the many recent appliances in the
way of improved grates, fire-boxes, and high pressures remains yet to

be seen, but, so far as tried, they have failed as producers of high
temperatures.
The cause of all these failures appears to be due simply to the physical

behavior of the coal when heated—in giving off their large percentage
of moisture they crumble into small pieces. On the furnace-grate this

produces a layer not readily penetrated by sufficient air to support a
rapid combustion and consequent high temperature, and the frequent
stirrings necessary to avoid this difficulty introduces another in the loss

of heat incident upon the constant opening of the furnance-doors. In
the blast furnace the tendency to crumble is augmented by the super-

incumbent weight, so preventing the access of air that the furnace
nearly chills without reaching a smelting temperature. They might
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still be made available for this purpose to a small extent by mixing
them with charcoal. In Austria somewhat similar coals have been used
to the extent of one-eighth or one-fourth of the amount of charcoal
used.*
The usual process employed to make coals of low calorific power

useful, by driving off the moisture, and concentrating, as it were, the
combustible material, is the process of colling) but this, as we have
already seen, fails with these coals. I believe that no coal so far found
in my district has been successfully coked. They either crumble to
powder in the process, or make such a friable product that it pulverizes

in handling or in the furnace. Further south Trinidad coal makes a
fair coke, and Canon City coal a poorer one.

A process has been patented for coking the lignites, but I am in-

formed it makes a crumbling, inferior article, unfit for smelting iron,

though applicable for light forging.

To obviate the great loss arising from the easy crumbling of these
coals—and the process would improve their behavior in the furnace as
well—Professor Lesquereux has suggested the mixing of the coal slack
accumulating at the mines with some agglutinizing material and com-
pressing the mixture into coherent, blocks ; and for the Western Wy-
oming and Utah coals he suggests the use of the bitumen stored in the
black shales of the Green River group of rocks near by. Were this to
give sufficient coherence to the mass, it is certainly an admirable sugges-
tion. Many of the substances used for such purposes, as clay, &c, being
non-combustible, only subtract from that calorific power in which the lig-

nites are originally somewhat defective, while the bitumen would natu-
rally assist in their combustion. The enormous accumulations of slack
about Eastern and European coal-mines have already led to many ex-

periments to render them commercially available. When some of these
processes are perfected, their application to western coal-slack may
some day form an important industry.

But any process which can employ directly or which requires a fuel

of friable character is the one best adapted to these coals. Heat-pro-
ducing appliances have naturally been designed for the use of coherent
fuels, and hence these crumbling lignites have failed when used in their

stead. Processes, however, have comparatively recently been intro-

duced which attain the very highest metallurgical results, and which
are yet assisted by the friability rather than by the compactness of the
fuel 5 and, so far as this character is a factor in the operation, these
coals would be admirably fitted for such processes.

Such processes maybe considered as divided into two classes; namely,
those using gaseous fuel, and those using pulverized fuel. The type of
the former is the now well-known Siemen's process, with the regenera-
tive furnace. Here the coal, or any carbonaceous matter, is first burned
in a small, close furnace, called the " Producer," in which the object is

to produce, not a high temperature, but a combustible gas. For this

purpose the fineness of the coal rather aids the process, for the carbonic
acid, formed by the first contact of the air with the lower layer of burn-
ing coal on the grate, is then all the more certain, in passing up through
the fine mass of incandescent fuel above, to become carbonic oxide, the
gas employed in the final operation in the•main furnace. This process
has so far probably been more generally successfully used for the pro-

duction of the very highest metallurgical temperatures than almost any
other ; and as not only lignites, but peat, wood, and even sawdust have
been successfully used, and all but the latter for the greatest heats, there

* Tunner's Leob. 3 Jahrb., YL 186.
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is no doubt but that the lignites of Colorado could be employed in any
process embodying this principle. The " plant," however, is expensive,
and has so far only been economically used, so far as I know, in large
iron operations, the ore necessary for which is still wanting in the far

West. The principle of producing and using the gases from these coals,

however, could still be applied when such high temperatures as require
the use of the " regenerators " are not desired.

A successful type of a pulverized fuel process is that of Messrs.
Whepey & Storer. In strong contrast with the expensive plant of the
Siemen's process, the essential piece of apparatus here is a machine dif-

fering but little from a fan-blower. The coal, first screened to the size of
coarse gravel, is automatically fed into a cylinder varying from 12 to 30
inches in diameter, in which a paddle-wheel revolves at the rate of from
1,500 to 3,000 times per minute. Caught in the rapid revolutions of
this paddle—the particles abrading one another in the swift air-cur-

rents—the coal is rapidly pulverized to the finest dust, and, with the
accompanying air, is forced in a constant stream through a short pipe a
few inches in diameter into the previously slightly heated fire-place

beneath the boiler, or into the combustion-chamber of the furnace, as
is the air from an ordinary fan-blower, every minute particle of coal
floated upon and surrounded by the very air which is to burn it, while
the supply of either coal-dust or air can be instantly regulated and
varied in amount until so proportioned to one another as to produce the
most perfect combustion. Indeed, the conditions for combustion here
seem almost perfect, so that, notwithstanding the apparent inadequacy
of the means employed, the highest metallurgical heats may be obtained
and used on a large scale. It is easily applicable to common boilers, or
most heating appliances, and generally requires but slight change in
the original apparatus.
Aside from the portability and ease of application of the apparatus,

important considerations in the West,) the process appears to be so
)articularly adapted to these friable coals, especially in view of the
(ifnculties surrounding their application in other ways, that it seems as
iit were in this direction that the lignitic coals of the West could be
bst rescued from the metallurgical difficulties which now surround
tlern. It is certainly a process which is aided by that very character
olthese coals which renders them unfit for use by the usual methods.*

DISTRIBUTION AND DEVELOPMENTS OF THE LIGNITIC COAL.

>n the accompanying map (figure 4) will be found indicated nearly
allthe points at which openings have been made on coal deposits within
mjdistrict, the positions of which with respect to the sections, with but
fewexceptions, have been very kindly furnished me by Mr. E. L. Berth-
ouc of Golden City. These openings are indicated by prominent black
squres, the names of the mines, or their owners, being in most cases
attched to them ; while the outcrop of the coal horizon, as inferred

• froi these openings, is given in the strong black line to better einplia-

sizets position.

Oer most of this region this outcrop is hidden from view by the
suprincumbent horizontal terrace-beds or detrital material. Along the
wesirn edge of the maps are the abrupt ends of the massive mountain-

* Fr a clear and simple statement of the chemical principles which underlie the com-
busth of fuel, and of the practical considerations affecting the carrying out of these
prinoles, and realizing the full value of the fuel, the reader is referred to James Mac-
1'arlai's Coal Regions of America, New York, D. Appleton & Co., 1873, pp. G2G-G38.
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spurs of the Archaean rocks. Then comes the zone of outcropping edges
of the Triassic, Jurassic, and Cretaceous beds, approximately shown by
the lining; the first two by oblique lines downward to the right, the
last by horizontal lines. To the east, so far as I know, all is of the
Lignitic formation.

Sections illustrating the relations between these beds at several points

(indicated by numbers on the map) are given on Plate II. The basis of

this map is compiled from the United States land survey, the town-
ships and sections being therefore authoritative. The limits of the
counties are shown by the oblique lining downward to the left, while
all the railroads at present in operation are also given. It will be seen

that, as before stated, the main coal-measures, so far as known and
opened, lie chiefly near the mountain-base. From near Bowlder City
southward through Golden City to where the South Platte debouches
from the mountains is almost a continuous line of openings, among
which are the Marshall and Murphy mines, probably as well known as
any coal-mines in Colorado. Though at the north the beds dip gently

to the east, throughout nearly all the remainder of this line they stand
nearly vertical, and in places are thrown over beyond the vertical. To
the north, along the zone of hog-backs, this horizon would probably be
found lying a little above the Cretaceous beds, and it has, I understand,
been opened near both of the Thompson Creeks, but so far the demand
in this northern region has not required an active search for coal.

Instead of to the north, the main openings have been developed to

the northeast of Bowlder City, reaching to Platteville near old Fort
Saint Vrain. Of these, the Erie and Baker mines are the most prom-
inent. Whether belonging to tbe same or to a higher horizon in the
lignitic group than the former coal-openings, is not yet ascertained with
certainty.

The best known coal-openings, then, may be considered as arranging
,

themselves along a line running from Platteville southwestward to near
J

Bowlder City, and then turning southward along the base of the mount-
ains to the South Platte. It is near the middle of this zone that thej

best and thickest development of the coal seems to occur. Besidesj

these openings, excepting a few poor indications of coal at scattered
places, the only others that I have heard of lie from fifteen to seventeen
miles east of Denver City, and near the Box Elder station on tbi

Kansas Pacific Eailroad.
In describing what is known of the occurrence of coal at the varioiS

points indicated, I will speak first of this-eastern group, and then, coii-

mencing at the north, follow southward along the line of openings befofe

spoken of to the South Platte. The information is gathered mostly froa

the reports of Hodge, Hayden, and Lesquereux, supplemented by inufi

material given me by Mr. Berthoud. It is to be understood that p.

speaking of " mines," such extensive openings as characterize the eajb-

ern coal regions are by no means intended. As yet the demand for cftl

has been but small, and in nearly all cases the mining has been crudefn
method and small in extent, though the time is at hand when both (ts

improvement and enlargement will be very great.

THE VARIOUS OOAL-OPENINGS.

East of Denver, in township 4 south, and probably between fanes
65 and 66 west, a shaft has been sunk for some depth in <i high bpk
on the south side of Sand Creek, but is now abandoned. The coal }so
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outcrops on the bank, and there appears as of a very poor quality.

Fossil-leaves are abundant.
It was near here that the first discoveries of coal were made in Colo-

rado, and the stream at this point is often known as Coal Creek, though
called Sand Creek farther down. The latter name should be retained,

to prevent confusion between this and the better known Coal Creek on
the west side of the Platte.

About four miles to the north, near Box Elder on the Kansas Pacific

road, in range 65 west, township 3 south, section 28, (?) and probably
in the same horizon as the last, are two shafts which reach coal, and on
which work has been done now and then for some years. It is probably
in one of these three shafts that the following section was made by Mr.
E. B. Mally, (quoted by Lesquereux in Hayden's report for 1872, p. 327,)

and which serves to give an idea of the strata near here

:

Section of strata in shaft fourteen miles east of Denver.—E. B. Mally.

No. Nature of strata. Thickness.

Top.
Slaty clay
Siiiid

Yellow clay
Light-blue soapstoue
Brown soapstone
Soapstone and clay
Drab soapstone
Dark-brown soapstone
Black slate, with veins of coal

Coal, wet and smutty
Coal, better
Black-clay parting
Coal
Soapstone, blue, brown, and black
Hard sand-rock
Spotted sand-rock
Very hard sand-rock
Soft sandy clay

Bottom

Total

Feet. in.

16
18
5
6
2

13
14

2
5 6

4
3

4
1

24 7

1 4

12

5
9 6

142

The work was abandoned on account of the poor quality of the coal.

Professor Lesquereux thinks that the section indicates the horizon of
the bed as being at the top of the great lignitic or fucoidal sandstone
under the series of beds of clay and soapstone, as at the Eaton Mount-
ains.

Platteville, range G6 west, township 3 north, sections 17, 18, 19, 20;
coal in small veins, now owned by the Saint Vrain Coal Company.
McKissack, range 67 west, township 2 north, sections 18, 19 ; coal

in bed or beds some 10 feet thick, now coking, crumbling, and with but
little sulphur, as usual.

Erie mine, range 6S west, township 1 north, sections 7 and 8, called

also the Briggs mine. This opening, which is one of the larger ones,

is on.the west side of a hill facing Coal Creek, the opening being down
the gentle slope of the bed east-northeast into the hill.

InlS70the main adit had been driven 500 feet, with galleries on
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eitlier side, no provision being required oh account of water. The coal
is glistening black, breaking in rectangular blocks, and occurs in
an upper bed of SJ to 8f feet thick, and a lower one of 3 to 3J feet, sep-
arated by a slate parting of 1^ feet. The property is owned by the
Kansas Pacific Road, and it is connected by railroad with Hughes, on
the Denver Pacific. In 1872 the amount frequently taken out daily
was 200 tons. For analysis see Table A, No. 19.

In passing up the eastern banks of Coal Creek from the Erie mine,
we first pass the Eulner coal-bank, and in about four miles reach the
Baker or Douglass coal-bed, range 67 west, township 1 south, sec-

tion 6.

The Erie coal horizon has meanwhile risen higher and higher on the
hills, and at the Baker mine appears some 200 feet above the outcrops then
worked. The bed is 4£ or 5 feet thick, dipping at a low angle eastward
into the hill, and produces a " coal very different in appearance from that
of the other mines. A part is a dull jet-black, hard and brittle, break-
ing in cuboidal fragments, and streaks of this cannel-like character are
seen in the more brilliant varieties that are also found. Iron pyrites in

extremely thin disks, and resin also, are noticed in this coal. Two or

three other small beds appear in the bank of the creek, and in the slates

or shales over them are courses of kidney ore." (Hodge. See analysis

18, table A.)

Davidson's opening, range 69 west, township 1 south, section 6. This
coal, which was found in 1869 near the summit, of the high ground lying
about six miles west of the Baker mine, is about 3'J feet thick, and
probably lies far above the main coal-horizon.

Alan opening, range 70 west, township 1 south, section 12, northeast
corner of the northwest corner.

Barber opening, range 70 west, township 1 south, section 15, north-
east corner of the southeast corner.

Marshall mine, range 70 west, township 1 south, section 16, northeast
corner of southeast corner, on the east side of the valley of the South
Bowlder Creek, about five miles southeast of Bowlder City, and twenty-
two or twenty-three miles north-northwest of Denver. This mine
was among the earliest worked in Colorado. It was in operation in 1863,
has been worked with no material interruption since, and stands among
the best mines of the Territory. Eleven seams of coal are said to be
recognized here, amounting in all to a thickness of 63 feet in a thickness
of beds of 500 or 600 feet. Several of these have been opened and
worked, the principal one of which is the lowest in the formation. This
bed is nearly horizontal, dipping easterly but 8°, and having an east
and west vertical cleavage. It is worked to a thickness of from 10 to 12
feet, through the whole of which the coal is remarkably free from slate

and other impurities. It contains very little pyrites in thin disks, and
some resin in small particles. In the mine the freshly-exposed face pre-

sents a beautifully brilliant appearance, and the coal is so found that a
cubic block of it, said to weigh over three tons, was taken out for exhi-

bition at the fair at Denver. In 1870, according to Hodge, the two par-

allel headings or levels by which this bed is worked had penetrated to a
distance of 600 feet, being driven in from the north side of the hill, and
rising a little up the slope of the bed. From there rooms are worked on
either side, but chiefly up the slope. In the other direction, the bed
passes under a meadow where the coal will have to be worked and
drained by means of vertical shafts. This bed was then mined for $1.25
per ton, besides cost of props and keeping the track, &c, in good
condition. In 1869 the average amount mined per day was 50 tons ; in
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1872, but 25 tons. The coal is used very generally by blacksmiths, who
have overcome the difficulty they formerly experienced in not being able

to get up a welding-heat with it.

A bed 7 feet in thickness, and lying somewhat above the main bed,

was formerly mined through a shaft 50 feet deep, while, lying still above,

a three-foot bed, capped with fire-clay, was followed for CO or 70 feet down
its gentle eastern slope into the hill. Still higher, a bed known as the

Dabney bed is said to be 9 feet thick, and, when worked, furnished coal

of a superior quality, especially for blacksmiths' use. Several other beds

have also been opened to a small extent.

I append a section of the neighboring beds made by Dr. Hayden in

1867 and I860

:

Section of the lignitic beds at the Marshall mine, Colorado.—Dr. F. K
Hayden, 1869.

48. Drab clay with iron ore along the top of the ridge.

47. Sandstone.
46. Drab clay and iron ore.

45. Coal, (No. 11,) no development.
44. Drab clay.

43. Sandstone, 15 to 20 feet.

42. Drab clay and iron ore.

41. Coal, (No. 10,) no development.
40. Yellowish-drab clay, 4 feet.

39. Sandstone, 20 feet.

38. Drab clay full of the finest quality of iron ore, 15 feet.

37. Thin layer of sandstone.

36. Coal, (No. 9,) nearly vertical where it has been worked, 12 feet.

35. Arenaceous clav, 2 feet.

34. Drab clay, 3 feet.

33. Sandstone, 5 feet ; then a heavy seam of iron ore ; then 3 feet of

drab clay; then 5 feet sandstone.

32. Coal, (No. 8,) 4 feet,

31. Drab clay.

30. Sandstone, 25 to 40 feet,

29. Drab clay, 6 feet.

28. Coal, (No. 7,) 6 feet.

27. Drab clay, 5 feet.

26. ~) . C Sandstone with a seam of clay, 12 to 18 inches, intercalated,

I
& I 25 feet.

25. j>^<( Drab clay, 4 feet.

24.
I

.&
|
Coal, (No. 6,) in two seams, 4J feet.

23. 3 3 I Drab clay, 3 to 4 feet.

22. Yellowish, fine-grained sandstone in thin, loose layers, with plants,

5 to 10 feet.

21.
) gj f Drab clay, excellent iron-ore.

)
20. V £ ) Coal, (No. 5,) .7 feet. > 15 feet.

19. ) q ( Drab clay. )
18. Sandstone, dip 11°. This, sandstone has a reddish tinge, and is

less massive than 14.

17. Drab clay. )

16. Coal, (No. 4.) S- 20 feet, obscure.
15. Drab clay. )

14. Sandstone, massive, CO feet.

13. Drab clay.
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12. Sandstone.
11. Drab clay.

10. Coal, (No. 3.)

9. Drab clay.

8. Sandstone, 25 feet.

7. Drab clay.

6. Coal, (No. 2,) 8 feet.

5. Drab clay.

4. Sandstone, about 25 feet.

3. Drab, fire-clay, 4 feet.

2. Coal, (No. 1,) 11 to 14 feet.

1. Sandstone.
" In bed No. 22 there are three layers of sandstone, which contain a

great variety of impressions of leaves. Below coal-bed No. 6 there is a
bed of drab clay, 7 feet thick, with a coal-seam at the outcrop, 3 feet

thick ; but the coal appears to give out or pass into clay as the bank is

entered, so that tbere are 10 feet of clay above coal-bed No. 6. Much of
the iron-ore is full of the impressions of leaves in fragments, stems, grass,

&c. The ore is mostly concretionary, but sometimes it is so continuous
as to give the idea of a permanent bed. Above coal-bed 5 there is a
seam of iron, with oyster-shells, apparently Ostrea siibtrigonalis?

Professor Lesquereux estimates, allowing for wastage, &c, that
90,000,000 tons of lignitic coal are probably obtainable from beneath
twenty-five square miles of the Bowlder Valley region. In arriving at
this amount, he considers the total thickness of coal obtained over this

area as being only 9 feet. For analysis see Table A, Nos. 16, 17.

Fullerton bank ; range 70 west, township 1 south, section 21.

Coal Creek openings : range 70 west, township 1 south, section 33.

These are about three miles south of the Marshall and Fullerton mines,
and are separated from them by a plateau twelve to fifteen hundred feet

high. They were first opened in 1860, when a drift of 150 feet was driven.
The bed opened probably corresponds with the sixth coal-bed, or bed No.
23, of the Marshall-mine section, and was here 7 feet thick. Six other
beds have also been found, all dipping eastward at an angle of about 43°,

but steepening in dips to 68° north of the stream. Underneath the
third bed is a layer of excellent fireclay, 6 or 7 feet thick, having in it

nodules of iron-ore containing impressions of leaves of deciduous trees.

The bed that was opened had but little clay on either side between it

and the usually inclosing sandstones, while above the upper sandstone
is another bed of coal and more fire-clay. "Above the coal the clay is

very irregular, sometimes thinning out entirely, so that the sandstone
comes directly upon it." All the beds of coal are so badly crushed to-

gether that they are rendered somewhat obscure.
From Coal Creek the sandstone ledge above the coal can be easily

traced south about four and one-half miles over a broad and highly ele-

vated plateau to the Leiden mine; range 70 west, township 2 south,
section 28.

The bed here appears on the western side of a sandstone ridge, and is

bent over slightly beyond the vertical, and appears dipping at a high
angle toward the mountains. The owner in September, 1870, lost his
life by entering the mine when the air was foul in consequence of its

having been left unworked for some time.
Following on still south about a mile, we come to the Murphy

mine: range 70 west, township 2 south, section 33, on Balston Creek;
about five miles north of Golden City, and but twelve or thirteen
miles from Denver, with which it will shortly be directly connected by
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railway. This mine ranks with the Marshall, Erie, and Golden mines in

importance, and the same number of seams of coal are claimed to have
been found here as at Marshall's, namely, eleven, but here all standing

nearly vertical. Of these the lowest, or westernmost, was first opened in

the south bank of Ealston Creek to a distance of about 30 feet, and found
to be 9 feet thick of good coal. The bed nest above, however, or about
25 feet to the east, being more conveniently situated and thicker, was
worked in preference. A shaft was sunk in this bed on the north side

of the stream to a depth of 60 feet, and levels run either way, since

when the shaft has been farther sunk to a total depth of 112 feet.

"Where worked, the course of the vein is south 23° east, magnetic dip

vertical, and thickness varying from 14 to 18 feet, averaging 16 feet, of

brilliantly lustrous-cleaving coal, without parting of any kind, and free

from slates. For analyses see Nos. 11 to 14 in Table A.
In 1870 mining cost $1.50 per ton, coal run out by the miners, who

found their own powder, lights, and tools, the owner getting the timber
from the mountains ; coal was then $4 per ton at the mine. Eighteen
thousand tons of coal had been taken out up to 1872. For the greater

part of 1873, thirty-two tons per day were extracted, the working capacity

being probably one hundred tons per day. On the west side of the
bed 4 feet of fire-clay are found suitable for pottery and fire-bricks, and
a similar bed 8 to 10 feet thick is found on the east side. Above and
below these the usual yellow sandstones occur. Limonite, or bog-iron

ore, is found near by to some extent.

Loveland mine : range 70 west, township 3 south, section 4, near south
line ; strike north and south j magnetic dip 70° or 80° west ; vein 9 feet

thick ; no parting.

Golden City Mines.—In going south from the Loveland bank, the
course of the coal formation is irregular, bending in westward behind
North Table Mountain, and not showing well upon the surface. Here
the Mineral Land Company owns the veins. The first opening is on
section 16, township 3 south, range 70 west, where a 2-foot vein has been
found. The line of the vertical beds is but poorly indicated by the

streaks of coal-smut or blossom. In one instance, about two miles north
of Clear Creek, these were followed to a depth of 70 feet through fire-

clay before they led to solid coal, which was there found to be 10 feet

thick. Passing to the south bank of Clear Creek, we come to the Golden
City mines proper. These were first discovered in 1861-'62, and have
been worked continuously since 1865.

Several small and nearly vertical beds quite near together were firstfound
in the steep bank of Clear Creek, about half a mile below where it issues

from its mountain canon. The place was unfavorable for working, and
the extension of one of the beds southward was opened on the summit
of the ridge about a quarter of a mile from the creek. The bed here

was found to be 10 to 14 feet thick, and a shaft 100 feet deep was sunk
in it, levels being driven north and south from the bottom, and also at

a depth of 5Q feet. The course of the vein is south 53° east, with dip

varying from 72° to 65° southwest. The bed proved to be quite irreg-

ular in thickness, sometimes pinching to a few inches in thickness, and
then winding to 8 or 10 feet Dr. Hodge considers its average thick-

ness as being about 5 feet. He says also that the appearance of the

coal itself, which is of a dull black, without the bright luster common to the

coals from the other mines, has operated unfavorably on its reputation

in the Denver market, though no inferiority of quality is indicated by
the analyses. (See Table A, analyses 7 to 10.) It is obtained, too, in

pieces of very irregular shape, quite unlike the handsome rectangular
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blocks of the other coals. Like them, however, it is almost entirely
free from slate and iron pyrites. Eesin occuis in it in scattered particles
and bunches more abundantly than in the coals of the other mines. In
1872 the vein was worked from three openings, and up to that time
about 8,000 tons of coal had been mined, the average amount being about
thirty tons per day.
A cross-cut from the bottom of the mine driven 70 feet east, gave

the following section, the east or upper end being at the top of the sec-

tion :

No. Nature of strata.
Thickness,

in feet.

15

14

13
12
11
10

9
8
7
6
5
4

3
2
1

East end, highest, geologically

:

Sandstone
Coal
Clav
Coal
Clay
Sandstone
Clay
Black slate

Clay ...

Sandstone
Clay
Sandstone
Coal
Sandstone
Clay, (west end, lowest, geologically)

Main coal bed, total

6
2
8
2
2
3
4
3

8
7
3

12
2
4

4

The eastern sandstone (JSTo. 15) is probably the extension below of a
heavy ledge of sandstone, that forms the crust of the ridge. The clay

is all fire-clay, of pretty uniform and excellent quality, very similar in

appearance to that of the true coal-measures. It is used for the manu-
facture of fire-brick in an extensive manufactory at the base of the hill.

Dr. Hayden observed near by the following outcrop of the lower lig-

nite beds

:

East, highest.

Busty yellow sandstone.
Fire-clay, with one or two unimportant seams of coal, 10 to 15 feet.

Coal, 8 feet.

Fire-clay.

Busty yellow soft sandstone.
West, lowest.

The clay is used for fire-brick and potter's ware. In the upper bed of

sandstone impressions ofleaves of deciduous trees are found, among them
a Plaianus. In the southern extension of the Golden City beds we pass
several openings, one of which is a shaft 70 feet deep, showing the
nearly vertical bed to be 5 to 11, and even 14, feet thick of good coal.

Johnson mine : range 70 west, township 4 south, section 3, shows a
bed of coal 7 to 9 feet thick, which is mined from a shaft 90 feet deep.

Welch and Loveland mine : range 70 west, township 4 south, section

3, about a quarter of a mile only south of the Johnson bank ; course,

south 50° east to south 48° east ; dip, 71° southwest. A drift having a
course of north 34° east furnished Mr. Berthoud with the following sec-

tion :
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No. ;

Nature of strata.
Thickness,
in feet.

Top, (northeast.)

Coal, No. 5

Sandstone and clay
Coal, No. 4

Sandstones
Fire-clay
Coal, No. 3

Sandstones
Fire-clay
Coal, No. 2
Fire-elav
Coal, No. 1

Shale and sandstone

5
16

1

6i
3
3

<H
4

2
5
3
5

Coal No. 5 is mined by a shaft 15 feet in perpendicular depth at the
end of the drift.

"Wheeler mine ; range 70 west, township 4 south, section 14. The bed
has a coarse of south 45° east, magnetic, and dip of 74° ; is 7 feet thick,

and has been worked to a depth of 40 feet, furnishing coal not of very-

good quality.

Eowe mine ; range 70 west, township 4 south, section 23. The course
of the bed is here south 48° east, and dip nearly vertical where mined,
though it is 70° east near by. The coal is 4 to 6 feet thick, and is the
lowest of several coal-beds near by. Dr. Hayden gives the following
section : Top, arenaceous clay, 3J feet ; coal, 4 feet ; clay, 3£ feet ; coal, 4
feet ; clay, 5 feet, base. The coal is reached by .passing 141. feet through
sandstone. Its ash is white, like pine-wood ashes, and small in quantity.
Up to 1868, 250 tons of coal had been taken out, but in 1872 the mine
was idle for want of good communication.
Mann opening ; range 70 west, township 4 south, section 24.

Wilson mine; range 69 west., township 4 south, sections' 31 and 32;
course, south 50° east, magnetic ; not mined now.

Gilpin (or Wenrich) mine; range 69 west, township 5 south, section 9.

Jones mine ; range 69 west, township 5 south, section 35.

A little farther south coal was opened near the Platte in 1866. It

occurred in two beds, in all about 5 feet thick, separated by about 2
feet of clay, and not of very good quality. On the opposite (south) side
of the Platte, in the continuation of the same line of outcrops, coal has
also been opened, and a considerable quantity used in Denver.

Iron.—Iron concretions occur here and there scattered through the
clays and shales of the lignitic formation at certain points, usually in
the coal horizons, and may be so continuous as to give the idea of a per-

manent bed. By the weathering away of the inclosing rock, as the
degradation of the surface by erosion goes on, these concretions some-
times accumulate in sufficient quantities to appear as solid ledges of ore.

In the South Boulder Valley these accumulations cover quite large areas.

These nodular masses are of limonite, more commonly known as brown
hematite, or brown iron-ore, and probably originally existed in the beds
iu which they occurred as clay, iron, stone. They vary from an ounce
to a ton or more in weight, and on breaking them open they are often
found to have a regular concentric structure, like the layers of an agate,
the layers perhaps varying in color from brown to yellow, while many
of the nodules are full of impressions of leaves in fragments, stems,
.grasses, &c. From the vicinity of the Marshall mines, on South Boulder
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Creek, Mr. Marshall has gathered and taken out more than 500 tons of

this ore. In smelting it in a small blast-furnace, with pure charcoal
from the mountains, the following mixture was used : Ore, 200 pounds

;

limestone, 20 pounds ; charcoal, 13 to 15 pounds. Smelted in this way,
4,400 pounds of ore produced one ton of a very excellent quality of gray
pig-iron.

PQST-LIG-NITIC FORMATIONS.

In the lignitic we have the uppermost of those sedimentary formations
which participated in the folding and upturning of the rocks along the
mountain front, while it is also the last extended formation with which
we have to deal east of the mountains. The remnants of but one group
of sedimentary rocks is here found which is more recent than the lig-

nitic, and that is quite subordinate both in extent and importance.
Opportunity was not had to study it particularly, but the impressions
received from what was seen of it will be briefly stated. These beds
usually consist of gravels, often exceedingly coarse, which are derived
principally from the archeean rocks of the mountains, and consist mostly
of hard quartzite, schist, and granite dShris. They always lie nearly or

quite horizontal, apparently entirely undisturbed, frequently nearly
cover the upturned edges of the older folded strata, occasionally almost
lapping over them on to the metamorphic rocks of the mountain spurs,

and stretch eastward into the plains in well-marked terraces. Their
thickest development is naturally nearest the mountains from which
they were derived, though they probably nowhere reach a thickness of

500 feet, perhaps not half that amount. The main cross-valleys nearly
always cut through them to the lignitic or cretaceous beds beneath,
though the latter are generally concealed by debris or alluvium of the

streams. They seldom completely cover the highest portions of those
ridges capped by Cretaceous No. 1, and, at the north, where the zone of

hog-backs is wide and these ridges lie some distance from the mountains,
the gravels are forced out eastward equally far. From the gently-slop-

ing tops of No. 1 or No. 3 they here extend eastward for several miles as
low terraces, as near the Thompson and Saint Vrain Creeks. Near the
latter some yellow marl occurs above the gravels, the latter being cement-
ed largely with oxide of iron. The benches or terraces here seldom
reach an altitude of more than 200 or 300 feet above the streams, often
break off quite abruptly at their ends, with occasional outlying "table-

mountains," lower terraces showing here and there, while the main ter-

race is in places separated from the hog-back ridges at the west by a
small north and south valley. Between Left-Hand and Boulder Creeks
a large area has been removed, leaving a shallow, fertile valley. In
proceeding southward the lower folded beds, assuming a steeper eastern
dip, occupy a much narrower zone than at the north, and the terraces,

likewise, lie close up under the mountain-spurs and reach greater alti-

tudes. They have, perhaps, a typical development between the North
and South Boulder Creeks. It is here that the Triassic sandstones rise

to their greatest height in the formidable ridge cut midway by Bear
Canon. Passing from the sandstones over hardly more than 2,000 feet

of outcropping Jurassic and lower Cretaceous beds, we pass directly

from No. 3 upon the high gravel terrace. Boulders of the red sand-
stone, over 10 feet in diameter, may here be seen, and the mass through-
out is of exceedingly coarse material, in which sandstone boulders pre-

dominate. For a quarter of a mile outward the inclination of the surface
is about 5°, gradually becoming flatter, until, in less than a mile, the
abrupt slope is reached which descends to the valley of the South Boul-
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der, lying some 800 feet below. Opposite rise the high flat-topped hills,

composed mostly of the nearly horizontal lignitic strata, with the Mar-
shall and other mines upon their sides, but capped with the same gravel

deposits.

South of the Boulder Creeks to Coal Creek the long sweeps of high
gravel terraces are quite continuous, and reach quite up to the higher
slopes. Then they again diminish in altitude. From North Table Mount-
ain, near Golden City, they may be seen at the north extending in two
or three terraces from the higher hog-backs tar eastward to near the

junction of Clear Creek with the South Platte, a few miles below Denver.
Near this point several prominent outlyers occur, rising a few hundred
feet above the river, and capped with from a few to 50 or 60 feet of

siliceous gravel. Even to the east of the Platte a few remnants are

found still retaining their cap of archsean debris, chroniclers not only.of

the former wide extent of the bed, but of the great amount of erosion

which has taken place since it was deposited. Over a great deal of this

region patches of debris from this bed may be found, the remains after

the weathering away of the soft subjacent strata. Farther south, from
near Bear Creek to the Platte, the terraces are again lower, and much
like those at the far north.

It is here hardly necessary to refer to the latest of all the geological

formations, and that progressing at the present time, the alluvium
which has accumulated in places along all the larger streams of the
plains. In places spreading out in considerable areas, it forms, both on
account of natural fertility and ease of irrigation, (which has here to be
resorted to,) some of the best agricultural lands in the Territory. Oth-
erwise it is of no special interest, being apparently like most local river

alluviums.

THE ERUPTIVE ROCKS OF THE PLAINS.

The eruptive rocks east of the mountains are exceedingly limited in

extent, and would barely attract any attention but for the fact that

they occur in the midst of thickly-settled regions. The only points at

which they are known are at Valmont, situated at the junction of the
North and South Boulder Creeks, and near Golden City. At the latter

place are the two well-known table-mountains which form such con-

spicuous objects in the foreground of the high range when viewed from
the east. The accompanying sketch (Fig. 5) by Mr. Holmes gives their

appearance as viewed from Bear Creek Station, a high point on the
very border of the mountains overlooking the plains, and about six

miles south of Golden City. The characteristic appearance of the plains

to the eastward is also well given. The table-mountains are separated
from the granite mountains by a valley about a mile in width, in which
Golden is situated, and stand one on either side of the gorge through
which Clear Creek flows after debouching from the mountains. The
railroad now passes through this gorge and on up the caiion of Clear
Creek to the mining regions. These two hills, which are irregular in

shape, with diameters but little over a mile in any direction, are formed
below of the horizontal strata of the lignitic group, capped by layers of

basaltic lava. The northern table stands the highest, reaching some
900 feet above Clear Creek, and 700 or 800 above the surrounding valley.

The tops of both are nearly in the same plane, which dips gently to the
south and east at an angle of about two or three degrees. The source
of this lava is from beneath North Table Mountain, on the summit of
which, and near the northwest corner, the remnants of a group of small
volcanic cones may still be seen; weather-beaten, and nearly worn away,

9 G s
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tliey still suffice to show from whence the lava came. From near this

point the lava flowed toward the then lowest portions of the country,
and, in virtue of its hardness, formed a protective cap to the softer beds
beneath, which could withstand erosion better than the surrounding
unprotected hills. The latter have, therefore, wasted away the faster,

and the former valley has become the mountain. The thin edges of the
lava-sheets have also been gradually worked backward, and broken
away, and the limits of the tables are constantly becoming more and
more circumscribed.
The more compact varieties of the lava vary from brown to black in

color, and from a very compact to a fine-grained texture, being rather
dull in luster, (basalt.) In this as a matrix there may or may not be
porphyretically imbedded numerous black and well-formed crystals

of augite, giving a doleritic character to the basalt, while yellow decom-
posing spots of an undetermined mineral, probably olivine, are often
present. These varieties are columnar in structure. Very vesicular or
scoriaceous lava also occurs, as well as amygdaloidal material. At one
point the latter had a light gray or purplish base, granular, with im-
bedded augite crystals, the numerous irregular cavities being filled

with zeolitic minerals, Chabazite, leucite, natrotile, and others are said
to occur.

JSTear the north end of the north mountain the edges of several of the
harder lava-flows show well as lines of cliffs or palisades running along
the hill-side, separated by the slopes of softer rock between. A sec-

tion was here observed as follows

:

Feet.

Cliff at top.—Dark columnar doleritic basalt 40
Slope.—Scoriaceous basalt and amygdaloidal dolerite 30
Palisade.—Columnar basalt , 60
Slope.—Debris of scoria and volcanic sand 100
Palisade.—Columnar basalt 30
Slope.—Covered to base.

These lava-flows are not widely continuous, some extending much
farther than others. The northern end of South Table Mountain rises

about 600 feet above Clear. Creek, the volcanic products reaching an
average thickness of about 125 feet. Immediately below the lava the
lignitic beds at several points yield many fossil-leaves. Besides the two
tables, and extending from near them in a line trending a little west of

north to the bend of Ralston Creek, near the Murphy mine, are four
rounded buttes topped with the same lava ; whether an extension of

the dike through which the lava has been erupted, or remnants of a
lava stream from the Korth Table, was not ascertained, though it is ap-

parently the latter.

Green Mountain, or Mount Hendricks, is a bulky hill situated a few
miles south of South Table Mountain, and, like it, isolated from the
main range by the zone of hog-backs. Below it also is made up of lig-

nitic strata, while above occur large bowlder-beds of rolled volcanic
rocks, showing, in its northeast side, that it is apparently an extension
of the same lava that caps the South Table Mountain.

Valmont.—The only remaining instance of the occurrence of volcanic
rock east of the mountains is the dike at Valmont. This dike was
examined by Dr. Hayden, and a description and illustration will be
found in his report. Being within my district, however, I will mention
it briefly, the facts being gathered from the notes of Dr. Hayden and
Mr. Holmes.
The dike is vertical, and appears as a wall-like ridge rising abruptly
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just east of the junction of the North and South Boulder Creeks, to a
height of 275 or 300 feet. From this point the trend is very nearly
northeast, and for a mile the points of the ridge all reach a height of

over 200 feet. In another mile it falls to the plain and disappears. On
the south side of the dike abuts a remnant of a gravel terrace. In a
direction nearly west of the west end of the main dike, and near Boulder
City, a small outcrop again shows itself above the plains. This wall of
rock weathers in very square blocks. A specimen shows the lava to be
a doleritic basalt composed of a very hard crystalline base, much more
crystalline than the golden lava, of handsome dark gray color, in which
a greenish transparent feldspar seems to predominate, and containing,
porphyritically imbedded, numerous crystals of black augite. North of
Valmont some miles, a conical hill would seem to indicate the presence
of another small dike.

There is no reason why lava did not flow through the vertical crevice

or fracture which here broke across the sedimentary rocks, eventually
giving form to the dike which we now see, and pour out over the then
higher surface of the country in sheets, as at the Table Mountains of
Golden City. Destroy the flat tops of the latter, as erosion is certain

to do in time, and beneath them, at least of the North Table, afac simile

of the Valmont dike would probably be found. Indeed, above and near
Valmont the old lava flows, which poured through the dike and flowed
over the surface of the country, were first probably formed into table-

mountains and then gradually worn away until erosion has entirely

removed all evidences of them save the lava which remains as a dike in

the crevice through which the earlier lava flowed.

GENERAL STRUCTURAL FEATURES OF THE MOUNTAIN-BORDER RE-
GION.

It has been quite impossible in giving, in the preceding pages, the
more special features of each formation, not to refer more or less to the
manner in which the whole series of sedimentary rocks has been folded
at different points along the face of the range. These general structural
features, however, have so many points of interest attached to them that
they deserve to be considered separately.

On Plate II are gathered seventeen geological sections across this zone
of folded strata. They trend as nearly as possible at right angles to
the outcropping beds, or approximately east and west, extend from the
archsean rocks on the west across the more prominently exposed ledges
of sedimentary rocks, and are arranged one below the other in their
natural order from north to south, No. 1 being farthest north, No. 17
farthest south. The map upon the plate covers the northern portion of
this zone, and shows the positions of the first nine sections. The char-
acteristic topography of the region is given in contours, approximately
200 feefr apart vertically, and the geology is indicated as far as possible
without the aid of colors and without obscuring the topography. Since
the outcrops of Cretaceous No. 1 and the border of the archaean rocks
here give the key to the general structure, they are indicated more promi-
nently than the other formation. The positions of the remaining sec-

tions, from 10 to 17 inclusive, are given on the map, showing the distri-

bution of coal, &c. (Fig. 4.) Sections 1 to 9 are drawn on a scale of
three-quarters of a mile, or 3,520 feet to one inch ; sections 10 to 14 on
a scale of 800 feet to one inch ; sections 15 to 17 on a scale of 1,000 to
one inch

; the vertical scale in all cases being as nearly as possible the
same as the horizontal. Sections 3 to 9 are arranged exactly north and
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south of one another as they actually occur, while 1 and 2 are offset a
few inches to the left. The latter, to be represented in their true relative

position with respect to the others, therefore, should be considered
moved about 5f inches (representing 4.3 miles) to the right, as indicated

by the points at which each section is intersected by the meridian of 105°
15' west longitude.

These sections are the result of rapid field-work, and can by no means
claim to be free from local errors, though they express truthfully all the
main features of the region.

Thicknesses have in all cases been estimated or obtained by pacing,

and many local points not well fixed by the topographer's notes have
been filled in by the eye.

In traveling from the north along the zone of hog-backs lying at the

base of the mountains southward, the traveler finds the mountain-slope
directly west of him falling lower and lower until it becomes an insig-

nificant ridge, and finally dies away in the plains, v

Passing around the southern end of the diminishing ridge the main
mountain-slope is found lying several miles to the west, and separated
from the ridge by a bay-like valley extending northward behind it.

There are here several such offsets or jogs in the mountain-border,
caused by its component ridges being arranged en echelon, north and
south of each other. The trend of these spurs is somewhat west of

north, while their echelon arrangement is such that a line touching
their southern ends trends east of north and west of south, with a flat

concavity presented to the east. As is so often the case in the West,
these peculiar topographical features are but the surface expression of

a similar and equally important geologic cause. These ridges, and the

included valleys, indicate that here the folding of the rocks have also

taken place en Echelon. The ridges are uplifted or anticlinal folds, the

valleys depressed or synclinal folds, both dying away southward into

the flatness of the plains, though the west side of the westernmost
synclinal is always preserved in the normal uplift along the main
mountain-base. With such a structure, and since the sedimentary rocks

have been to a very great extent eroded from the summit of the ridges

and worn down to a pretty uniform level, it is necessary that the out-

cropping strata should be found bending around the southern ends of

the spurs, their strike first swinging westward, that of the lower beds

bending on still farther to the northwest to form the eastern side of

shallowing synclinal basins, which finally terminate to the north, the

reverse, in all respects, to the anticlinal ends, while the uppermost beds,

those farther out, do not necessarily bend around into the synclinals,

but after turning somewhat westward, again resume their southern

course with the others.*

The most interesting feature of these folds, next to their general eche-

lon arrangement, is the fact that in the anticlinals the western side of

the fold is always more abrupt than the eastern side, and may become a

fault, the downthrow being upon the western side. That is to say, the

tendency of the forces forming the folds seems to have been to lift up
the eastern side relatively to, and push it over against, the western side;

and the expression of this tendency has been either an abrupt down-
ward bend of the west side, or a direct downward faulting of the west

side, or by both combined. And along the same fold these three forms

of arriving at the same result are interchangeable. Indeed, the type of

these anticlinals en echelon may be expressed thus : From the rather

* These echelon ridges and folds were first observed, so far as I know, by Dr. Hayden
in 1869, and partially described in his report for that year.



Fig. 4.

Diagram showing the course of the outcrop of Beds around the northern end
of an Echelon Fold.
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abrupt southern point of one the ridges of outcropping rock soon bend
on the one side east of north, on the other to the west of north, inclos-

ing between them the higher ridge of archsean rock. The eastern side,

however, dips gently eastward, frequently not over 20°, seldom reaching
40°, while upon the west the same ridge often stands nearly or quite
vertical, and, following it northward, the drag downward soon becomes
quite sufficient to fault the bed also, while, farther on, the increasing

fault may not upturn the beds upon its west side at all. Farther north,

after passing beyond the limits of the sedimentary rocks, the fault be-

comes far more difficult to trace in the more structureless archsean rocks.

The echelon folds and faults that occur within my district are shown
by the first nine sections of Plate II and the accompanying map. The
anticlinals are designated by the letters a, b, c, d, e, the same fold always
having the same letter attached. Folds a and c are the two principal

ones.

Circling around the southern end of the high schist ridge a, section 1,*

and dipping away from it to the east, south, and west, are the edges of
the Triassic red-beds which once mantled over it, but which erosion has
removed and worn downward, leaving but two prominent ridges now
projecting above the surface. Two or three miles to the east rises the
abrupt west face of the hog-back ridge formed of the variegated Juras-
sic shales, capped by the hard sandstones of Cretaceous No. 1, all dipping
gently to the east. The latter sandstones are here formed of two main
layers, separated by about 100 feet of softer shales and sandstones.
This double ridge trends from here nearly southwest to where the Big

Thompson and Dry Creeks join, when, turning very abruptly, it assumes
a northwest direction. At the point of turning the southward dip of
the lower sandstone of No. 1 is 20°, that of the upper being 50°. The
outer beds likewise swing around, but in curves of much larger radius,

though they are much obscured by the soil and the gravel terraces. In
its northwest course the double ridge stands vertical like two parallel

stone walls, for about two miles, when it quite abruptly disappears, cov-

ered either by the thick soil present or faulted below the surface. (See
sections 1 and 2.)

Along the west side of the valley the same beds again outcrop in their

normal position upon the face of the granite ridge b, dipping east at a
gentle angle, and, with a nearly southward strike, they may be followed
nearly to the Little Thompson. When crossing Dry Creek No. 1 has
an east dip of 20°, that of the overlying beds of No. 2 and No. 3 in-

creasing to 35° and 50° within a mile to the east.

Before reaching the Little Thompson, however, No. 1 again steepens
in dip, and the strike suddenly swings from south to west and northwest,
inclosing a low anticlinal hill (b, section 5) of Jurassic beds, on the south-

west side of which it appears standing nearly vertical.

Following it north it shortly disappears, and, as the Cretaceous shales

now lie upon the west, both a fault and fold probably exist. (Section

5.) Still farther north, at b, section 4, a ridge of quartzite makes its ap-

pearance, indicating a decided increase of the fault. (Section 4.)t

Again to the north the fault seems to be replaced by a simple fold, as
in section 3, b. To the north of Dry Creek the high schist ridge b, sec-

* The details of this northern fold have heen kindly furnished me by Mr. Holmes
and Dr. Hayden.

t Though the structure at this point was at the time understood to be as given in
section 4, and though the quartzite is lithologically the same as neighboring arehiean
quartzites, this ridge may still be a metamorphosed fragment of the somewhat similar
Cretaceous No. 1 broken down into the present position.
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tion 2, rises in a long spur, the red-beds mantling round its southern
end with a very low dip, while upon its western side small areas of the
red-beds still remain, and, preserving an eastern dip, indicate a fault

separating them from the main ridge.

Returning southward we find west of the ridge b the same series again
reclining at a gentle angle upon the next echelon ridge to the west, c*

The hill c, section 4, is a very commanding point, rising some 2,000 feet

above the adjacent creeks.

Its uniform eastern slope descends to the long ridge of red-beds which
runs uninterruptedly from Dry Creek to the Little Thompson, and dips

eastward at an angle not far from 10°. Ending as a ridge at the Little

Thompson, the next ridge of red-beds to the south is found between the
Little Thompson and Saint Vrain's Creeks, but offset some three miles

to the west with respect to the former ridge.

In the Lower Little Thompson the ridge b does not exist as an anti-

clinal at all, though its effect may be seen in the flatter dip of the beds.

Proceeding up the stream an excellent section of the rocks may be ob-

tained from Cretaceous No. 3 downward to the Metamorphic rocks, the
gravel terraces concealing all east .of No. 3. (Section 6.)

In passing through the ridge formed by No. 1, it is here seen to flatten

and swing around westward to the south, on through the red-beds,

which show a like tendency, when, at their base, a rugged outcrop of

archsean quartzite presents itself, on which the red-beds rests, and on
the west side of which their lower members are dragged abruptly down-
ward, followed by a space of contorted strata which is fairly represented
in section 6. The quartzite is the southern extremity of the long south-

east spur of the ridge c. Continuing southward from this point, and after

passing some of the contorted beds, No. 1 is found on either side gradu-
ally closing to the south, with a flat east dip and steep west dip, c, sec-

tion 7. The trio sides join farther on, the bed becoming continuous, but
again the area covered by No. 1 is broken open, and a small crescent-

shape patch of the underlying Jurassic is exposed on the summit of the
hill c, section 8, lying midway between the Little Thompson and Saint
Vrain's Creeks. The steeper dip at this isolated point is upon the east.

This is the last known indication southward of fold c. Taking it up
again at the Little Thompson, section C, and following it northward, we
find upon the east side of the schist ridge, c, the long sandstone ridge
before spoken of dipping gently east, while the red-beds upon the west
side of the sharp ridge, instead of being upturned upon it and dipping
west, are faulted sharply downward, abutting directly against it. As
the northern end of the valley rises, and erosion having removed the
beds at higher levels, the lower sedimentary rocks are found forming a
bay-like area southwest of the high hill c, section 4, faulted against the
schists at the east, and lying upon the schists on the west and north,

(section 5.)

Passing north around the steep west base of the high hill c, an iso-

lated sandstone area of similar structure is found in Rattlesnake Park,
(section 3.) It would here seem as if the fault bent from a northwest to

a northeast course. Returning to the sandstone bay, west of ridge c, its

lower red- beds are found mantling around the south end of the lower
schist ridge d, lying west of hill c, with a south dip of about 40°, when,
turning southward, they form the high, western, most hog-back ridge

between the Little Thompson and North Saint Vrain's. East of this

ridge the same beds are folded into the rolling anticlinal d, section 7,

which a few miles south is only apparent by the flatness of No. 1 on the

south side of the Saint Vrain's, (sections 8 and 9, d.) The high promi-
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nent butte just west of the junction of the two Saint Yrain Creeks is

a southward continuation of the ridge of red-beds to the north, and, at

its western base, its lower beds are found faulted- downward about 300
feet, showing about 50 feet of granite at the base of the hill, section 8.

This forms the minor echelon fault e. Upon the south side of the river

canon it may be seen as an exceedingly gentle fold, and on still farther,

where the red-beds lie at a very low angle reaching far up upon the gentle
mountain slope, it is still barely indicated, (section 9.) From here south-
ward the pronounced multiple character of the fold ceases with the
dying away of the fold e, though the influence of the various flexures

may still be felt here and there in the plains in slight changes of dips.

The gentle plications found at the Baker and Marshall mines may be the
southern continuation of some of the folds at the north.

From a few miles south of Saint Vrain Creek the flatness of the dip
gives the outcropping beds a wide zone of exposure upon the surface,

the lower measures reaching farther west upon the long mountain-slope
than at any other point. The dip, however, rapidly steepens in going-

south, causing the zone of outcrops to contract within narrow limits,

which is accomplished by the approach toward the mountains of the
outer lines of ridges. At Left-Hand Creek they are gathered within
quite a narrow space, the lower beds dipping eastward at an angle of
20° or 30°.

From here southward to South Platte, this one line of upthrow is per-

fectly continuous, and, though peculiar in its character, being something
more than a mere simple upward fold, it is nowhere prominently
offset en echelon by another fold at the north, though the tendency is

exhibited at a few points, as at Bear Canon and Golden City. The gen-
eral direction of this line is at first south, gradually swinging to about
south 20° east, or about parallel with the echelon folds, of which, in
reality, it may be considered as a very long one. Taken as a whole, the
general course of the line of outcropping hog-backs along the mountain
front, as indicated by a line drawn tangent to the southern ends of the
echelon folds at the north, and following the more connected line of out-
crops at the south, presents a great cresent or arch-like form, with its

flat concavity to the east ; the span north and south being sixty miles,

the ver-sine, or depression westward, at the middle, being about ten
miles. The southern portion of the fold yet remains to be examined.
North from Boulder City the lower red-beds appear in a low ridge, the

western portions of which are thrown over a few degrees beyond the
vertical, as in section 12, to be described later, the remaining beds being
pretty effectually obscured by the gravel terraces. They probably quite
abruptly assume a very gentle eastern dip, however.
At Bear Caiion, as frequently noticed before, from beneath the high

gravel terraces the full series, 'from Cretaceous No. 3 downward, are all

fully exposed, clipping very regularly 50° to 55° eastward. But beyond
the high ridge of harcT Triassic sandstone, and the granite behind it, a
second and higher ridge appears. It is of the same sandstone, a fault
separating the two, the down-throw being on the west side, as shown in
section 10. The western ridge probably never stood so high above its

present position as to be in the same plane with the eastern sandstone
as it now stands, being subsequently faulted down into its present posi-

tion, but both were probably simultaneously tilted from the horizontal
into their present positions by the one operation.

Scarcely a mile south of this section, in South Boulder Peak, a portion
of the western ridge has been caught in the faulting and bent abruptly
upward, forming a sharp synclinal, as shown in section 11. Though
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much nietarnorphism and obliteration of bedding has here naturally
taken place, yet there is enough structure remaining to show that the
legs of the V make an angle of only about 70° degrees with one another.
The erosion of the surrounding rock has left the south end of this V-
shaped mass almost as if perched upon a pedestal of granite. The main
ridge, however, continues on past the deep cut of the South Boulder
almost to Coal Creek, but gradually disappearing beneath the soil.

Abreast of Bear Canon, about three miles to the east, the outer series

of rocks, as the lignitic with the coal horizons, all have a gentle eastern
dip, but in coming southward of Coal Creek they approach the mount-
ains and assume a nearly vertical position. Just south of Coal Creek
Cafion section 12 occurs, (Plate II, as usual, and Fig. 4,) in which some
of the red-beds lean beyond the vertical, and appear as an eastern wall
to the little valley inclosed between them and the hills of schist and
granite upon the west. To the east they rapidly flatten, while within a
half mile to the south the same beds, rising in a higher ridge upon the
archsean rocks near Balston Creek, again show a fiat dip. Within ex-

ceedingly short distances, then, great changes of dip may occur, and
from them, with but slight changes of exposure, unconformability might
be inferred. Yet all are perfectly conformable ; the sudden change
really indicating only a very abrupt flexure in the main fold, as indicated
by the dotted lines. To the east the formation again steepens, the coal
horizons being found nearly vertical, while still east the higher beds
again quite suddenly assume a flatter position, indicating just such
another abrupt flexure as occurs here nearer the mountains, but not
necessarily any more of an unconformability than here.

A few mites north of Golden City (see Fig. 4) a very remarkable con-

traction of tlie whole series commences, all the outer ridges bending
rapidly westward to form a sort of loop or bay in the rear of the Table
Mountains, and near the narrowest point of which Golden City is situated.

There has been some differing opinions expressed about the structure of

this region, and a section here is one of the most important of the series.

In absence of a complete or personal examination, a section drawn by
permission from one made by Mr. E. L. Berthoud, is presented, (No.

13.) Its general correctness may be assumed not only on account of the
opportunities and ability of Mr. Berthoud, but from the evidence afforded

by the adjoining sections, between which and that at Golden there are
many points in common.
The close proximity of the vertical coal-beds to the horizontal beds of

Table Mountain has been taken as indicating unconformability between
the two, though in reality it no more follows from this fact than would
unconformability in the Triassic from the similar phenomenon presented
near Coal Creek. Indeed, the change of dip here is hardly as abrupt as at

the latter point. An abrupt fold, as indicated in the other sections

along the front ©f the range, with erosion removing those portions which
by fracture, &c, are most likely to be removed, would naturally leave
this portion of the section as it now appears, the lignitic being continu-

ous and conformable throughout.
One of the most interesting features presented in the Golden section

is the apparent thinness of the usual lower beds of the series. This
may be caused by an actual thinning of the original deposits at this

point, or by a fault which has pushed the higher portion of the series

westward over the upturned edges of the lower portion, thus concealing
much of the latter. That the former is not impossible follows from the

conditions naturally attending the laying down of new formations upon
the newly-prepared, and hence uneven, surfaces of older rocks, and
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becomes quite probable when one recollects the shelving' or overlapping

which these strata present, or the similar meaning phenomenon of the

appearance of the Carboniferous beds from below the Triassic at the

north, as well as the great variations of thickness which occur just to

the south. At the same time, some of the facts at hand indicate that a
peculiar fault, depending on the nature of the sharp fold, and possibly

connected, with the lava near by, may have caused the present appear-

ance. Enough is not yet known to decide with certainty which of these
explanations is the true one, but it is hoped that a few hours' work dur-

ing the coming season may clear up this interesting dynamical problem.
A few miles farther south of Golden the formation again widens,

though not so rapidly as north of the town, and near Mount Vernon it

again presents nearly the same section, (No. 14.) The lower dip of the

lower beds growing steeper in passing over them eastward till the coal

is reached standing nearly vertical, with the flat beds just beyond, in

Green Mountain, gives the usual type of section hereabouts. Nearly
the same order is preserved at Bear Creek, section 15. East of Creta-

ceous No. 1 nearly all is here covered, but a few exposures show the

upper Cretaceous very nearly level. This space is followed by an out-

crop of the coal horizon, standing nearly vertical, and surrounded by a
gravel terrace. Beyond, the Lignitic beds again flatten. South, still

the same general features appear. The lower sandstones at first occupy
a widening zone, owing not only to a lessening dip, but also to an actual

thickening of the beds. Near Bradford Hill, section 16, they extend
quite a distance upon the schists, having a low dip at the west, (15°,)

increasing eastward, (to 40°,) and flattening again in No. 1 Cretaceous,

(30°.) As the coal-measures farther out probably steepen, we have
again the common type of fold, a larger fold which seems to carry

upon it two minor ones, the upper and western one with a rather large

radius, the lower and eastern one more abrupt, often setting the beds

beyond the vertical ; the larger and main fold, as a whole, being con-

cave upward ; the minor folds upon it being convex upward. A large

area of apparently subaqueous erosion is an interesting feature here.

At the South Platte, section 17, the fold seems to be in a
#
simple curve,

the dip of the lower red-beds being nearly 70°
; of No. 1, about 50°.

The abrupt fold which is so constantly present along the outer part

of the main upthrow in all the southern half of the district, is probably
due to the crumpling which would naturally take place in the upper
members of a thick series of rock when folded in a rather sharp curve

whose concavity is upward. South from the Platte the mountain fold

passes on into the next district. While plication may occur in the

plains, it must be to an exceedingly small extent, and wholly subordi-

nate to the more profound fold found alongthe mountain border, the main
features of which have just been given. The detail and careful exami-

nation of this fold would be rendered quite easy on account of the many
cross-cutting streams, and thelessons in dynamical geology to be gathered

from it can be of scarcely less interest than the results from the careful

study of the historical geology of the region.

Leaving the plains, the subject next in order is the geology of the

mountains.

CHAPTEK III.

THE METAMORPHIC CRYSTALLINE ROCKS OF THE MOUNTAINS.

As was dwelt upon at length in the last chapter, the nearly flat sedi-

mentary rocks which underlie the plains have an exceedingly well do-
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fined and continuous western border, along which their edges are found
folded more or less abruply upward, thus forming the zone of uniclinal

ridges or hog-backs which lie at the eastern base of the mountains.
Along this well-defined line the occurrence of these rather simply com-
posed and structured rocks abruptly ceases, and westward for many
miles no sandstones, slates, or shales, or other comparatively little-

changed and normal sedimentary rocks are to be found. An entirely

different class of rocks take their place. First rising either abruptly

or in great massive slopes for one to two thousand feet from beneath
the lowest of the Triassic sandstones, they form the first great eastern

slope of the main range. This slope is not an unbroken north and south
line, for all the streams from the range beyond cut great canon-gashes
through it, emerging from which they break across the zone of upturned
sedimentary ridges and thence out onto the plains. Moreover, between
these greater canons, the faces of the more continuous slopes are still

cut and broken by almost an infinite number of lesser ravines and
gulches which drain down the slope to the first longitudinal valley back
to the inner sandstone-ridge, and thence north or south to the adjacent
greater cross-cutting streams. Eising in this manner to a pretty gen-

eral uniform level with higher mountain masses here and there, all cut

by the canons into a rugged mountain country, this region extends west
for fifteen to thirty miles to the last abrupt rise to the great main crest

of the front range, which, in this portion of its course, constitutes the

main continental divide, separating the waters of the Pacific from those

of the Atlantic, and the topographical characteristics of which were
described in Chapter I. The whole of this portion of the great front

range, down its less abrupt western slope to the comparatively small

and lower-lying sedimentary area of the Middle Park, with nearly all of

the elevated country lying south of the park and separating it from the

South Park, and forming the connecting link between the Frontand Park
ranges, and all of the latter bordering the Middle-Park drainage area

on the west, together with the southern extremity of the Medicine-Bow
range, which penetrates into the park at its northeast corner, and,

finally, a few low, small, and isolated areas in the park itself 5 all this

great area, which includes all the grander mountain country, is com-
posed of crystalline rocks, schists, gneisses, and granites.

Disregarding some comparatively small, and, in this connection, wholly
unimportant occurrences of undoubted ancient eruptive rocks, (por-

phyries, &c.,) as well as some minor granite areas of uncertain eruptive

nature, the series as a whole must be regarded as a great system of an-

cient sedimentary rocks which have undergone, in greater part, the

most profound metamorphism, the result of which, over large areas, has
reached that last term of metamorphism, viz, structureless granite.

Though, in the region under consideration, the Triassic red sandstones
form the oldest recognized sedimentary rocks which rest upon this un-

derlying series of crystalline rocks, and thus indicate that they are only

at least of Pre-Triassic age, yet further south and west the Potsdam
sandstone covers it in large and well-recognized areas, thus demon-
strating it to be at least of Pre-Silurian or Archaean age, a conclusion

also rendered almost necessary on the independent ground of the extent,

uniformity, and completeness of the metamorphism which has affected

the mass. For it is no case of local metamorphisin, nor one of supposed
dependence upon adjacent masses of eruptive rock, nor of the acci-

dental presence of mineral waters. The metamorphism is regular, or

normal, affecting a great system of bedded rocks of unknown thickness

and indefinite extent. Throughout the district examined, this character
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of the metamorphism was unmistakable. Disappearing beneath the
rocks of the plains it becomes impossible to tell how far the series and
its characters may continue in that direction. Where appearing through
the sedimentaries of the Middle Park and from beneath them along their

western border in the park range, their clearly metamorphic nature is

still present. Again covered with the sedimentaries, yet many hun-
dreds of miles to the south and west, where the canons chiseled Iby the
Colorado and its tributaries have penetrated the upper rocks, and on
beyond past the limits of the Colorado plateau, in the regions of Ari-
zona, Nevada, and Utah that have been stripped of the sedimentaries,

rocks similar in character occur, indicating that the substratum of the
whole country is what is left of ancient and highly metamorphosed
series of rock formations. No special facts bearing on the equivalency
of the metamorphic series, as exposed in the front range of Colorado, to
any of the divisions of the Archaean rocks at the East, were observed.
The prevalence of siliceous and granitic types recalls the descriptions

of Laurentian areas. But the presence of granites may only mean extent
of metamorphism and not necessarily a greater age. There may, indeed,
be the representatives of twoor more groups of theArchsean present, but a
strong impression was received that there was but one great conforma-
ble series of rocks, and that its characters might be quite peculiar to

the series and region in question. It will be impossible here to go into

any detailed lithological study of the series. Though, notwithstanding
the extended and rapid character of the exploration, much material was
gathered bearing on the subject, yet sufficient time for its elaboration
and study has not yet elapsed, and more complete results must be post-

poned for a final report. A few general results, however, can be offered.

Considering the extent and antiquity, the formation and the probable
mutations of its history, its lithological characters, as a whole, seem to

be remarkably simple and uniform. From quartzite through siliceous

and mica schists to very simple varieties of gneisses and granites, in

which the mica is wholly subordinate, and the feldspar mostly a tabular
and twined orthoclase, with possibly one or two triclinic feldspars pres-

ent, and the list of rocks seems complete. Aside from an apparent
tendency at several points to the formation of iron garnets, hardly any
other accessory minerals were observed, while the syenitic element and
the more basic rocks generally were almost entirely wanting. This does
not refer, of course, to the occurrences of inany minerals, some contain-

ing rare elements, in veins, nor to mere local rock occurrences, but to

the impressions received from the general and extended view of the
formation as a whole.
The least metamorphosed rocks observed were quartzites, the purest

form of which were of clear milk-white or bluish color, excessively hard
and compact. Near the lower canons of Coal and Ealston Creeks, where
the largest mass observed had been preserved from erosion, they passed
into a series of highly siliceous schists, in places very ferruginous, and
which may possibly yet be found to contain workable deposits of iron-

ore. They were here associated with siliceous mica schists finely, com-
pactly, and evenly bedded or banded. Above very irregular schists

occurred, contorted and blotched, largely composed of lenticular-like

masses of white feldspathic and black or dirty-red micaceous material,

intercalated irregularly together, with garnetiferous schists. Gueissic
and granitic strata are frequent, while below a great granite mass occurs
with but remnants of bedding left, but which are apparently conforma-
ble with the series above. Both above and traced alorn;- the series more



140 GEOLOGICAL SURVEY QF THE TERRITORIES.

and more gneissic and granitic beds come in until they wholly predom-
inate.

At a point farther north, near the Little Thompson, a few exposures
of similar quartzites show them to be. associated with a highly quartz-

iferous series of greenish color, and apparently impregnated with acti-

nolite, which occurs in small radiated jjatckes. Bedded directly in the
mass are many small granitic and gneissic strata. Longitudinally the
beds pass into dark, finely-laminated mica schists, but beyond are lost be-

neath the unconformable and comparatively little disturbed Triassic

shales. Beneath them the granitic gneisses occur to an enormous thick-

ness, with schists here and there, all apparently bedded in conformity.

Both these occurrences of quartzite are near the limits of the range,

and in the upper portion of the series exposed beneath tbe newer sedi-

mentaries. At two other points only were quartzites observed, one
having the radiated actinotite impregnations. Schists inclining to

gneisses occur over large areas, but the dominant rocks are granitic

gneiss, or even granites, and of these the tendency is decidedly toward
a binary granite to which the name of Aplite might apply, a rock with
a decided predominance of the quartzose and feldspathic elements, the
micaceous ingredient being frequently nearly absent. The latter usually

occurs in small black flakes, with the feldspar in greater part orthoclase,

in large flat crystals, twined in two thin plates parallel with the flat

faces, and of white or reddish color, the mass being rather loosely tex-

tured and inclined to crumbling. Great areas are composed of this sim-

ple feldspathic granite, and while it may appear structureless for long-

distances, yet search seldom failed to find evidences of structure, such
as inclosed masses of schist, perhaps several hundreds of feet in extent,

passing by imperceptible stages into the inclosing granite. Perhaps
patches only a few miles in extent, or a congerie of patches all parallel,

but separated by the better defined granite, may only remain to attest

former structure. When sufficient mica is present a gneissic structure

may indicate bedding, but in the ternary granites, or when the mica is in

too small flakes to clearly show a parallelism, the less changed and iso-

lated remnants of former structure must be resorted to. In a few in-

stances when bedding was not thus indicated by the mica the tabular

feldspar crystals were observed all arranged in parallelism with the bed-

ding, and in others a marked per cent, of the crystals were so arranged
as if the crystalizing forces had been partially controlled by the original

structure of the mass, just as in well-defined schist or gneiss the crys-

tallizing out of the mica seems to have so been determined.
When the almost structureless granite is homogeneous over consider-

able areas, the characteristic " dome "• form is developed in tbe erosion

and weathering of the country. The most structureless granite of all

was an exceedingly compact and hard porphyritie granite which was
observed but in a few small areas- and bore an impress of an eruptive

origin. In it the feldspar crystals were not so tabular, while the rock
was closely built and not so loosely textured as in the broader masses
of the more friable granite with tabular feldspar crystals

;
yet in one of

these masses, apparent transitions from adjacent schists could be ob-

served.

That the characters noted above are evidences of a structure that

once existed throughout the whole mass ; that the inclosed schistose

patches and areas are neither remnants of foreign schists inclosed in an
eruptive granite mass, nor accidental lamination %developed by crystalli-

zation or motion in a plastic rock, is abundantly proved by the fact that

whenever, over a continuous area, a great many of the strikes and dips
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of such remnants are carefully noted and platted on the map, they are
invariably consistent among themselves in indicating a definite struc-

ture of the whole, and accord with the structure that may he indicated

by neighboring schists and other masses of undoubted bedded rocks.

Thus, suppose a horizon of exceedingly well-bedded quartziferous and
mica schists to be under or overlaid by granites which possess in general
no distinct structure, and that the foldings have been such that a sharp
anticlinal has been formed with its axis dipping steeply to the north.
The outcropping edges of the schists would thus appear, forming an
angle or curve, with the apex directed northward and widening out to

the south, while the beds dipped off outward to the west, north, and
east. Now going among the granites above and below, and noting care-

fully the directions and dips of all the little evidences of structure found,
however insignificant, it will be found that they, too, all accord with the
zone of schists, and indicate precisely the same sort of fold. For many
miles, often, such a fold may be traced in this manner, perhaps retain-

ing the same characters as it is clearly shown to have in the schists, or
increasing in sharpness or finally dying out entirely and disappearing.
And when it is observed that the zone of schists, when traced longitu-

dinally, may also be formed, changed into a similar granite region, with
the same indications and remnants of bedded structure, the proof be-

comes conclusive. Indeed, so constantly and without exception did
this agreement of isolated observations occur, whenever chance and time
threw a sufficient number of observations into a small enough area,

that observations at first looked upon as doubtful, if not misleading,
finally came to be regarded as trustworthy evidences of structure, and
the conclusion drawn that, however extreme and profound the metamor-
phism may have been, the tendency of its action was to produce a homo-
geneous or structureless mass, and never such as to impress on the rock
definite indication as of a new bedding; and that where indications of

structure do occur they simply represent the remnants of bedding that
have not been obliterated by the metamorphism, and thus indicate the
original structure of the whole mass. Many observations that were at

first considered as wholly questionable and provisional, were afterward
found to accord with trustworthy data found not far off. Even a much
less expected indication of bedding was noticed at many points, though
it was by no means accepted as a trustworthy one. When strata of

varying degrees of hardness are inclining somewhat, and subjected to

erosion, the irregularities of surface formed are almost always steepest

on the sides that exhibit the edges of the strata, the slopes with the
inclination of the strata being usually much the more gentle, as shown
so repeatedly in the hog-backs. Now, over considerable granite or

gueissic areas, especially in theregion near Turkey and Last Eesort Creeks,
the at first apparently structureless granite hills presented their steepest

faces to the south, or southeast, or southwest, and in nearly every case
the remnants of structure found here and there in them, and which
conformed in plan to the plainer schists at the north, bore the normal
relation to the form of the hill, i. e., dipped with their gentler slope, and
showed their edges on the steeper ones. It seemed strange that such
a simple topographical feature should be preserved in such much changed
rocks.

Thus it became certain that all the great masses of rock which here
compose the archa;an areas of the district, the granites inclusive, were
metamorphosed in situ, and that the latter, as a whole, must be consid-

ered as indigenous in its character. This metamorphism would seem to

have been deep-seated. Not only would its nature and extent, judging
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from otlier regions, indicate it, but the evidence exists to show that an
enormous amount of material has actually been removed from the ancient
surface to bring to light the rocks as now exposed. The callon-cutting

and surface-erosion of the present has only been in progress since the
latestuplift—probably in early Tertiary times—and is almost as nothingin
amount, so far as themetamorphics are concerned, compared with erosions
in the distant past. Eegarding as still correct the evidence from within
the district in question, the whole region, except, perhaps, its extreme
southwestern portion, stood above the ocean-level at least just previous
to the deposition of the Triassic sandstones, and probably did so all

during Paleozic time, and if the erosion then approximated in rapidity

to the erosion of the present time, in such a long interval it must have
been enormous. That the erosion was by no means gentle is evidenced
by the almost universal coarseness of the adjacent derived sediments,
the amount of which themselves attest and measure the amount of ma-
terial removed from off the adjacent archsean areas. The " overlap"
and shelving-off of the lower Triassic sandstones all along the east bor-

der of the range show a gradual encroachment of the shore-line, a win-

ning of the land by the sea, effected by the slow degradation of the land
by erosion. How far and rapidly this extended cannot be told, but all

of what is now the Middle Park, and probably much farther up on the
range, had, by Cretaceous times, succumbed to this degrading and sea-

encroaching process. And yet adjacent land must have existed, as the
marked coarseness of some of the Lignitic (Eocene?) beds indicate, com-
posed, as they are, of granitic debris, and the complemental and actual

evidence exists m part in the archsean rocks themselves. Looking at

those that are only now exposed to view, some of the lower horizons
showing near the center of the range lie many thousands of feet in geo-

logical antecedence below the upper exposed portions, and how much
the latter may have been below the surface that existed when meta-
morphism was in progress, is an unrevealed story, the evidence being
hid beneath the ruins of the rocks themselves in the debris that now
forms the sedimentary rocks of the plains, but which, as said before,

show that much more has been removed than now exposed. Thus the
thickness to which the archsean rocks were piled up strata upon strata,

before even their own debris was worked over into the more modern
rocks, must be recorded by thousands of feet, if not by miles. Thus
deeply buried beneath the surface, heat from below must have gradually
invaded the mass, and have played an important part in its meta-
morphism. That depth, and hence, probably, heat, was a factor, seems
indicated by the fact that in a general way the largest and most struc-

tureless masses occupy the lowest geological positions, while the less

generally metamorphosed regions lie higher up in the exposed series.

Some profound plications have occurred in the mass, the strata, generally
beinghighly inclined, and the resistance to this folding, in friction, crush-

ing, and motion, must have added much heat to the invading earth-heat
following upon the accumulation of the strata. For the metamorphism
itself is ancient, the debris of the already metamorphosed rock being
frequent in the derived sedimentaries, and I think evidence may be
found to show that it probably continued, if it was not most active,

during the earlier foldings of the series. The intensity of this heat can
hardly be stated. It was not necessarily of that temperature that would
be required to melt the granites as they now stand, for the presence of

saline waters may have so acted as to have assisted the heat in inducing
plasticity or liquidity, to produce a state of " aqiieo-igneous fusion" without
the actual temperature being very great. How far such action really
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occurs I suppose it difficult to tell, but whatever the conditions, whether
more or less heat, assisted more or less by aqueous action, they have
apparently been such that plasticity or liquidity has actually been pro-
duced in portions of these rocks, and probably to a considerable extent.
Such conditions, or a tendency to them, would certainly assist in pro-
ducing homogeneous or structureless masses of rock, by allowing freer
play of the particles in obeyance to chemical and other molecular forces,

and the large granite masses, indicating centers of greater metamorphism,
probably also indicate areas of once greater plasticity. While meta-
morphism alone has often left sharp lines of clemarkation between dif-

ferently affected rock, there are also points where movements of the
plastic rock seem to have occurred ; while, in tracing a line of schist
into a granite area, points may occur where the normal granitoid strata
regularly belonging to the series may gradually increase in number and
thickness, monopolizing the series and producing a normal metamorph-
ism ; or tongues of granite may invade the schists, as if an active meta-
morphisui had proceeded outward from the granites, eating, as it were,
into the schiste, and absorbing first those beds by nature most readily
succumbing to the change, and leaving the intercalated masses less

changed. Yet the remnants of structure left in the granites still show
that no important movement has taken place in the mass, but that the
rock remains in situ, and is an indigenous granite. But, besides these
confusing appearances, lines of the granite sometimes appear as if actu-
ally injected or intruded among the schists, sometimes on their bedding,
but perhaps across it as eruptive veins. Indeed, there seemed cases
where, in approaching the same mass of granite from different points,

that at one all the appearances of a truly exotic and eruptive origin
might be found—abrupt lines ofdemarkation and veins ; while at another
point nearly all the steps of a gradual metamorphism and transition
from the schists beyond might be traced, while the remnants of struc-

ture through the mass itself would, in greater part, conform to the sur-

rounding system of folds, showing it as a whole to be an indigenous
mass. Two observers thus approaching such a mass would justly ren-

der different verdicts as to its nature, one ascribing to it a wholly erup-
tive origin, the other a clearly metamorphic character. A few minor
masses of granite did not show well-marked transitions from schists,

though in part the ends of the latter gradually, though yet abruptly,
merged into the granite, as if absorbed by it, the mass as a whole pre-

senting the character of an intrusive mass. There is no evidence what-
ever, however, to show that such masses have traveled far, or that they
might not have come from a short distance only, and have been derived
from rocks similar to those in which they are inclosed, or others of the
same series, for their likeness may be found at other points as true meta-
inorphics. Penetrating various portions of the series are granitic, usu-
ally mostly feldspathic, veins, many of which probably extend long dis-

tances and appear to be of true eruptive character, while other granitic

veins, usually of very coarse bluish quartz and white cleavable feld-

spar, with sheets and large crystals of white mica, seem to be more
naturally referred to infiltration, or to be endogenous in character, like

many metalliferous veins, some of each kind showing layers of deposi-
tion or structure. Nearly all of the metalliferous deposits, for the pro-
fusion and richness of which Colorado is so justly celebrated, occur in
veins in this great system of metamorphic rocks, or in debris derived
from the same. The more noted of these were studied with care by Dr.
F. M. Endlich during the early portion of the season, and his results will

be found as a portion of his report as geologist of the southern or San
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Luis division of the survey. A complete knowledge of the general

geology of the region as a whole, as well as of these ore-deposits, would
probably show connections between the two, and lead, as in other

regions, to results valuable to the mining-engineer. To trace such con-

nections, and to master the relations of the veins and their contents to

the formation as a whole, could not be expected to be accomplished in a

single season's work over an extended area.

A number of porphyry dikes, usually of short extent, have penetrated

the metamorphic rocks at many points, perhaps most noticeable in the

region drained by Left-Hand, Four-Mile, and adjacent creeks. They
have considerable variation of composition, but have not yet been made
the subject of special examination by the survey. It is on either side

of one of these porphyry dikes, along the planes of contact between it

and the inclosing granite, that the rare and interesting telluride ores

of Gold Hill are mined.
Dr. Endlich's analysis of specimens from this locality has revealed

some new mineral species, while specimens of this and neighboring

porphyries furnished with notes upon their occurrence to* Professor -Ben-

jamin Silliman, jr., of New Haven, have formed the subject of an exami-

nation by him, in the American Journal of Science and Arts for July.

The description of these ores, and their mode of occurrence, is given in

the chapter on mines in Dr. Endlich's report.

THE STRATIGRAPHY OF THE EAST SLOPE OF THE FRONT RANGE.

Three causes combine to render the rapid study of tbe stratigraphy of

the archeean rocks difficult and its results uncertain : First, their struc-

ture is not only often complex, but obscure, the evidence of it being at

times nearly or wholly obliterated by the metamorphism, and often over

large areas very difficult to find; second, this metamorphism renders

lithological characters inconstant, so that a stratum that at one point

may be characteristic among its neighbors, may, at another, become
like them, or all may change so as to retain none of their geological fea-

tures, becoming again like other series, so that lithological resemblances

cannot often be taken as a guide to follow, and may even become mis-

leading; third, the erosion producing the present surface features ol

the mountain region had the direction of its action determined by
movements of the surface which were not closely connected with the

extended plications of its rocks ; and, moreover, since this erosion has

not long been active among these rocks, there appears no well-defined

connection between the topography and the structural geology. The
ancient erosion gradually wore down the mass to the surface of the

sea, and while previously to this it was no doubt directed by the struc-

ture, yet the mass was finally leveled off irrespective of structure or

relative hardnesses of its beds by the encroaching ocean, which worked
over its ruins and laid them down upon the smoothed surface in the

form of the Triassic and other beds. The recent great uplift, while it

probably added new plications to the accumulated plications of the past

in the ancient rocks, was quite simple with respect to their total plica-

tion, and left the upper Triassic and other sedimentary beds compara-

tively simply structured, they having been affected alone by the later

movements.
As the mass appeared above the sea and surface erosion once more com-

menced, but which now acts upon the recent rocks covering probably in

greater part the complex underlying rocks, it was directed offfrom the line

of greater uplift down the long slopesof the rising continent to the retiring
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sea. The channels of drainage started were directed solely by the struc-

ture and characters of the upper rocks, and when they gradually cut
down through these and commenced sinking their canons into the under-
lying complicated rocks, these canons bore no relation whatever to their
complications. It is but recently that the upper rocks have been com-
pletely removed from the summits of the mountain-spurs, the ancient
level of subaqueous erosion being still indicated by the often uniform
level of the spurs and hill-tops over considerable areas, and large plateau-
like regions which became very marked from certain points of view.
Two or three such levels are indicated at a few places, showing not only
that the sedimentaries have once extended up over what are now the
mountain rocks, but that the uplifting has'been mainly confined along
certain partly well-defined lines, the intermediate belts, though uplifted
bodily, remaining comparatively level, a type of folding, probably, not
uncommon farther west, and which will be referred to again in the fol-

lowing chapter.
Eroded away, worked farther and farther back, the sedimentaries

have receded to the line of hog-backs, and having a structure bearing a
partly constant relation to the eroding forces, with persistent lithologi-

cal characters, their topographical features indicate their geological
structure, and it is through the former that the latter may be most rapidly
and easily read, the long ridges nearly always, as shown in Chapter II,

conforming to a particular bed or series of beds harder than their neigh-
bors, and thus traceable as far as the ridge is visible. Not so the meta-
morphics. Penetrating the formerly covering sedementaries, the canons
commenced sinking into the lower and more complicated rocks, with
directions impressed upon them by the latest uplift and the overlying
rocks, and bearing no constant relation to the structure of the lower
ones in which we now find them. It is true that the structure of the
lower rocks has begun to affect the courses of the streams, and in places
to a considerable extent. Meeting a softer bed a canon will often have
its course directed by it, and follow it for some distance, leaving the
adjacent harder beds plainly indicated by the ridges, and sometimes the
sinuosities of structure are very curiously followed by a stream in all its

windings, but it soon breaks away and runs independently of the bed-
ding. Many of the smaller ravines have had their positions determined
by the structure; but in a broad sense the drainage is from themain mount-
ain crest eastward, independent of structure. Thus, while in places
geological features may find expression in surface form, yet, as often,

there may be no conceivable relation between topography and geology.
The subaqueous erosion, in smoothing all to a common level, destroys
all former surface expression of geological character, and the present
erosion has not yet been in progress sufficiently long to recreate the
lost features.

With geological structure but feebly featured upon the surface, and
with such structure as dees exist, not only complicated, but often lost

in metamorphism, it becomes no easy task to trace it out, often requiring

close inspection of the rock, and^even long search to detect it, while but
little definite character can be made out in distant views. On the other

hand, the exposures are both numerous and continuous, the many canons
affording fine sections of the rocks, and when sufficient time is expended
in their examination I conceive that some exceedingly interesting and
clear results as to metamorphic action will follow, to say nothing of

structural features, and the connection of both with the filling the innu-

merable mineral veins which occur in the series with their valuable ores.

Notwithstanding the natnral difficulties in the way, many observations

10 g s
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of the structure of the mountains, more particularly of the eastern slope
of the front or main range, were made during the past season. These,
though by no means exhaustive, and, in a 'portion of the region, too
scattered or imperfect to there define the structure, yet such material
as was obtained seems sufficient to indicate certain general features, and
a portion of the material from which the inferences regarding the
structure are drawn, together with the inferences themselves, are given
below.

Lithological and metamorphic characters are not here regarded as
much as they should be in a complete study, nor as much as they may
be after the further study of the notes and specimens yet at hand. The
accompanying map (Fig. 7) shows the Archasan area over which the most
connected observations were made. It is an area extending north and
south across the full width of the district, with the main crest of the
front range near its western border. The streams along the northern
half of the west border belong to the Middle-Park drainage. The main
divide passing out from the western border of the map a little south-
west of James Peak, comes in again at Gray and Torrey. On the east
are the Lignitic beds of the plains in horizontal lining, with the coal
horizon and principal masses of terrace gravels approximately shown,
followed by the hog-back zone of more or less upturned and eastward
dipping Cretaceous, (dotted,) Jurassic shales, (white,) and Triassic red-

beds, (heavier horizontal lines.) To the west extends the mountain
zone of Archsean rocks to the extreme border of the map. Nearly all*the
observed strikes or curves of the rock are indicated by the short dashes,
the direction of which show the trend of the strike, while the little mark
on one side shows to which side the rock dips, with numbers sometimes
attached showing its amount in degrees, the dips being from the hori-

zontal. The shorter line extending across the dash indicates vertical

strata, with both sides equal, horizontal bedding, and approximate un-
certain strikes and dip, seen either at a distance with a field-glass or too
small a remnant of structure to be trustworthy, are indicated by the
broken dash. A dash may be the result of a single observation of ob-

scure structure in granite, or, more often, may indicate the result of a
number of observations, or the whole formation may clearly have the
given trend, obviously bending here and there as strikes indicate. Re-
garding a number of neighboring observations they serve to show the
present structure of the region in which they occur.

Drawing dotted lines through a region so that they are parallel to all

the strikes near or abreast of which they pass, they may be considered
as indicating, approximately, the course the strike would have if the
outcrops could have been traced continuously along them. In other
words, the dotted lines represent approximately where the continuous
outcrop of a horizon, or series of beds, would be if it could be traced.

When the structure is clear, or when the observed strikes are rather
thickly scattered, these dotted lines may represent an outcropping hori-

zon quite closely, but where the observations are more scattered, the
course of -the horizon becomes more conjectural, and the line, instead of

remaining on its proper horizon, may gradually pass higher up or lower
down through the series, while unobserved faults may throw the beds
aside and not be indicated by the lines

;
yet the latter, though so far

incorrect, still serve to connect the observation which would otherwise
be too disconnected to the eye, and just so far as the observations go,

truly indicate, if approximately, the curves of the outcrops of the folded

rocks. An anticlinal, or synclinal, with north and south horizontal axis,

would thus have the beds outcropping on either side in north and south
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parallel lines ; but if the anticlinal dipped north^ the beds would mantle
around its northern end in curves, with their convexity or apices directed
northward, the beds dipping from it northeast and west, with a northern
dipping synclinal would have the curved outcrops pointing south, but
dipping northward and inward from all sides. Anticlinals are indicated

by dot and dash lines, synclinals by three dot and space lines, the arrow-
heads indicating the direction of the inclination of their axes. It is by
no means claimed that the map represents with perfect accuracy the
geology throughout ; it is simply a means of putting together before the
eye the observations recorded, and to show, only so far as these indicate,

the broader ideas of the structure of the mass. Long study will be
required to unravel completely the structure of these rocks, and much
that is here inferred may finally have to be modified. The portions
represented with least certainty on the map will be mentioned in the fol-

lowing brief and hurried description :

The portion of the region under consideration whose structure was
probably most clearly made out is that lying south of South Clear Creek,
and having Mount Evans as its great culminating mass. This mountain
was approached from the upper branches of Bear Creek, on its northeast
side, and for eight miles near the summit no evidence of structure what-
ever was obtained, the great massive bosses of rock being often sculptured
into dome-like forms, with profound gorges and amphitheaters, all com-
posed of normal granites, both coarse and fine, some containing much
mica, others with but little, in small, scattered flakes. The different

granites were not observed to occur in zones, as if once bedded, but not
enough was seen of the mass to say that they did not so occur. As will

be seen later, the mass is probably all metamorphic, and a more extended
examination of it would probably have developed many evidences
of a former structure throughout it. These granites seem to occupy as
low a geological position as any rocks observed anywhere in the mount-
ains. At the northeast the high ridge rising opposite the mountain
from the other side of Bear Creek, and between the latter and Clear
Creek, and which culminates in The Chief, is composed of well-bedded
schistose rocks, all striking about northwest-southeast, and dipping from
25° to 60° to the northeast. The Chief itself, and ridges running from
it to the southeast, are composed of very irregular and contorted dirty-

red and white-banded schists, often granitiferous, which compose a con-

siderable thickness of the formation above. Below, on the southwestern
face of The Chief, and extending southeastward, is a well-defined bedded
zone of fine, handsome, light-gray granite, with small scattered mica-
flakes many hundred feet thick, and in turn underlaid by a still greater

thickness of more evenly and flner-banded schists than above the granite,

inclined to steel-gray in color, with some irregular schists. The edges
of these form the lower southern elopes of the hills, their bases being
followed quite closely by the valleys of the main streams, which seem
to indicate a well-defined and regular line of demarkation between this

plainly bedded series, above on the northeast, and the underlying struc-

tureless granites rising in the great slopes of Evans. The impression
thus first received is that here are two different and distinct rock forma-

tions. The heavier dashed line upon the map here shows the limit of

the granites as it follows one of the principal northern forks of Bear
.River, gradually bending eastward, and indicating, with other strikes

observed in the schists above, a flat synclinal, with its axis dipping north-

ward. The dotted extension of this horizon southeastward is but ap-

proximate, and will be referred to later, while the extension westward is

wholly inferred from the observation farther to the northwest, and was
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not itself directly traced. Descending from The Chief northward, thus
crossing the edges of the steeply upturned schists and ascending through
the formation, but at the same time following somewhat along it north-

ward, it is found to swing more and more northward, and then—near a
north and south line passing through Idaho—to bend directly around to

a southwest strike and northwest dip. It is a sharply-folded anticlinal

dipping steeply northward. Still following along the strata, they again
swing northwest and again southwest, showing a similar abrupt fold.

Following up Clear Creek from Idaho, a number of such folds occur, the

dip of the irregular schist and gneiss rocks being invariably east, north,

or west, but never south until, near the head-waters of that stream, a
more constant southwest strike is attained, with northwest dip, as finely

shown in the Gray and Torrey Peaks, and north and east of the same.
Thus regarded all together, the Evans mass appears as a broad anticli-

nal, with its axis dipping northward, and carrying on its face a number
of minor crumples, smaller anticlinals and synclinals, like ripples on the
greater wave of rock, Naturally these smaller folds render the more
general geology very confused. This seems to be particularly the case

near Idaho, but many observations showed the same little folds running
for considerable distances. The smaller valleys here show some pecu-

liar relations between topography and geology, sometimes following the
softer beds in their sinuosities for considerable distances. The numerous
minor anticlinals and synclinals here observed are indicated by their

proper symbols. The schists and gneisses appear well exposed in the
lower portions of Chicago Creek, but higher up granites begin to pre-

vail, very abrupt transitions from one to the other being frequent.

Starting from the eastern base of the Gray and Torrey Peaks, and curv-

ing around northward, is a most profound and regular glacier-carved

gorge, with sweeping precipitous sides towering up on the east side to

the rather even-topped summit of MacLellan Ridge. On the west side,

plainly noticeable in Gray and Torrey, the handsome gray and rather

evenly banded gneisses dip rather steeply to the west and north, while
just opposite, on the east side, an opposite dip occurs, the saddle 'just

east of the two peaks being in a sharp anticlinal axis. Opposite the
mountain, and a little south, perched midway up the precipitous face of

the MacLellan Eidge, its houses held on to the face of rock by chains
and rods, and accessible only by the aid of ropes, is the Stevens mine.
Here some structureless granite masses confuse the gray gneiss, the mine
being in one of them, and faults occur, but it seems to be here that the
axis of the anticlinal leaves the valley, for down the latter the general
dip is to the northwest. Joining the next fork, the strike still bears east

and west, or northeast and southwest, dipping north and west, till about
midway to Georgetown, when a mass of hard, structureless, massive,
porphyritic granite is met, iu which the Terrible mine is situated. The
contact between the schists and granites can be quite readily traced up
the steep northern slope of the valley just west of the mine, and is mostly
very abrupt. The ends of the westward-dipping schists mostly lie up
against the granite, but in places bend down into it, being much con-

torted, and while the line of contact is often remarkably well defined,

the change from one to the other being instantaneous, yet in places the

change is less abrupt, the irregular ends of the schist-bands being ap-

parently absorbed in the granite mass. Some inclosed patches of schist

appeared iu the granite, but with no recognizable general arrangement,
while below the structureless granite a southeast dip appeared, intimat-

ing that the granite occupied an anticlinal axis, probably the northern
continuation of the Gray's Peak anticlinal, as indicated on the map.
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Toward Georgetown the schistose-gneisses stand for the most part very
nearly vertical, with many faults. At one point near Silver Plume, a
small hill on the north side of the valley showed an abrupt synclinal
structure, a fault apparently passing directly through the axis. About
as far below Georgetown as the Terrible mine is above it, a rock on the
west side of the valley, and forming a little promontory at the junction
of a side stream, shows the same hard, structureless porphyritic granite
as at the Terrible mine, with some abrupt lines of demarkation between
it and the adjacent schistose-gneisses, but also presenting some examples
of more gradual transition than elsewhere, and deserving of more care-

ful study than the time allowed. This porphyritic granite impressed me
as being more probably an eruptive mass occupying an anticlinal axis

than one metamorphism in situ, though it may not have come from afar,

nor from rocks of an origin dissimilar from that of its present com-
panions. The dip on the southeast side of this anticlinal must become
reversed in rising up against the Evans mass, forming a synclinal be-

tween the Gray's Peak anticlinal and Mount Evans, but as this region
was not directly entered, it was not observed, and is not indicated on
the map.
Eeturning to the irregular schists of The Chief lying on the Mount

Evans granites, and following them eastward, they maintain their char-

acters for some distance, but with increasing granite characters, until

they appear to cross Bear Creek and merge into a granite country. The
hills are less high and sharp than before and rise from a more uniform
plateau-like surface, with southern sides almost always steep and almost
invariably steeper than their massive northern slopes. The rock gen-

erally appears to be a reddish granite, with tabular trimmed feldspar

crystals, and small scattered mica flakes
;
yet remnants of structure are

very numerous and can be found in almost every hill. Patches of the
dirty-red and white-contorted schists, similar to those ofThe Chief, occur,

apparently indicating approximately the same horizon. Near the bor-

der of the range, and approaching the sedimentaries, schists predomin-
ate, a line of white quartzite outcrops being observed at one point ex-

tending for a little distance. All the rocks still uniformly incline to the
north, or else east and west, and none to the south. A most decided
unanimity exists among the very numerous recorded strikes and dips
observed in the granites, which is confirmed by the adjacent schists, in

indicating a series of minor folds with axes dipping northward, some
quite abrupt, as shown upon the map. Though concealed by the sedi-

mentaries, the last-observed rocks on the extreme border of the archsean

rocks seem to indicate that the general strike has swung from southeast
to northeast, as if the border was near the principal and northward dip-

ping-axis of a great synclinal—the compliment of the main Evans an-

ticlinal, with the rocks within it crumpled into minor folds just as the

similar wrinkles exist on the Evans fold. The more southern rocks here

are the most metamorphosed, and in tracing them toward Mount Evans
evidences of structure become less and less marked until they become
so difficult to find in the red and gray granites, that the latter become
practically structureless. While the higher mountain-mass beyond may
hereafter be found to be partially exotic in character, yet here, upon its

southeastern extension, its rocks are certainly clearly metamorphic. It

is at points here that an approximate parallelism of the tabular feld-

spar crystals to the bedding was first observed, though it is a character

that readily became lost in a wholly fortuitous arrangement of the com-
ponents of the granite. Large inclosed schistose masses, with most
gradual transitions along their borders into the surrounding granites, to
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the smallest and most isolated of little collections of mica flakes, grad-
ually dying out more and more in approaching the central mass, afford

opportunity for a most accurate and careful study of the metamorphism
of bedded rocks into structureless granites of the most absorbing inter-

est. A few uncertain observations in the red granites near the south
border of the map may indicate that a southward dipping of the forma-
tion begins, and if such is the case, the eastern ridge of Evans may be
of an anticlinal structure, the mountain itself thus being at the inter-

section of an east-west and north-south fold, just as, topographically, it

lies near the intersection of a north-south and an east-west range of

mountains. About midway between the lower reaches of Clear Creek
and Bear Creek the rather obscurely-exposed granites show gneissic

areas, having invariably a high southern dip, or the reverse of the rocks
of the chief ridge and to the southeast of the same, indicating a north-

west and southeast synclinal, as shown on the map. This seems to first

appear in the canon through which Turkey Creek debouches from the
mountains, but here affected by one of the minor north and south
folds, and from here on the course of the axis seems indicated at three
points, where the rocks were found having an abrupt change of strike,

the meaning of which was not at the time understood. What is thus
indicated of this axis would show it to dip to the northwest, but the
complimentary southeast dip that should occur does not seem to be in-

dicated, and its northern end is probably cut off by a fault.

The minor folds upon the Mount Evans anticlinal give to the greater
fold a squarish form, the northeast corner of which—that at Idaho—being
a sharp bend, while the northwest portion seems to be more rounded.
These two outer folds are the two principal components of the main
fold, and as the latter lies nearest the main axis of the range, it will

be mentioned first. From Clear Creek to James Peak no observa-
tions were made. At the latter the general strike of the gray-banded
gneissic schists forming the main ridge is northeast and north-northeast,
and dipping northwest from 25° to 45°. Following them along north-
eastward, however, they swing around more and more east to southeast
and in places nearly south, with rather low eastern dips, thus indicating
an anticlinal, having an axis lying just east of the main topographical
crest, and having a northward inclination. South Boulder Creek rises

at this point, and for nearly ten miles down its canon there seems to be
an uninterrupted series of schists and gneisses of different varieties,

some gray and some garnetiferous, striking more or less northwest-
southeast, with northeastern dip of 20° to 50°, till the stream enters an
apparently structureless granite mass, which will be referred to later.

Following northward along the range, the same swing of the strata

appears at the Boulder Pass, and again at Arapaho Peak. Through all

this distance, from Evans northward, would thus seem to be a great
anticlinal, with a northward-dipping axis, and if the series were unin-
terrupted, an enormous thickness of rocks must be represented. It is

quite possible, however, that unobserved faults occur, the northern side

being thrown upward, thus bringing the same series to view more than
once. A little north of Arapaho Peak the character changes some-
what ; some strikes from the northwest instead of from the southwest
would seem to show that the axis of the anticlinal was nearly horizon-

tal, or rather had a gentle southward dip, as if an east-west synclinal

fold had flexed the north-south anticlinal fold. From Arapaho, and
from points northwest and southeast of the mountain, many fine views
of the great canon-cut mountain-mass at the north may be had, and the

structure generally shown is that of a broad flat anticlinal, with a nearly



marvlne] GEOLOGY STRATIGRAPHY OF THE EAST SLOPE. 151.

horizontal axis, the plainer bands of rocks showing as doming over in
great flat curves, with minor flexures here and there, and steepening in
dip on either the east or west. Long's Peak, the grandest mass of all, is

mostly of coarse granite, but with several lenticular masses of darker
schistose rock plainly showing in its precipitous glacier-scored sides. East
from Long's generally the country-rock seemed almost wholly of granite,
both gray and deep red, coarse, crumbling, and with large tabular feld-
spar crystals. But little evidence of structure was noticed, but all that
was observed showed eastward-dipping rocks, thus enforcing the gen-
eral anticlinal structure of the range. Throughout all this northern
portion of the map the dotted outcrop-lines are wholly approximate,
and intended simply to indicate probable structure.

At Lilly Mountain a more schistose zone, with red granite beds con-
taining garnets, was found, which southward gave way to some reddish
granites, but seemed to again show itself somewhat plainer between
North and Middle Saint Vrain's Creeks. East of Lilly Mountain but
random and uncertain observations were made, but what was seen ap-
pears to conform to the nearest more certain observations. Close to the
border of the range, between the Little and Big Thompson Creeks, and
best exposed in the high and rather isolated hill thrown up by the eche-
lon folding of this region, rocks of well-defined bedding occur, gray
schistose gneiss, &c, changing to hard greenish siliceous rocks, as if

impregnated with actinolite, while still farther out, and exposed by faults
that push aside the covering sedimentary rocks, are clear white quartz-
ites. Between the North and South Saint Vrain's a few strikes in the
mostly structureless granites would seem to indicate a pretty sharp east-

west anticlinal dipping east. Tracing these outer beds farther south-
ward, a flattening of the formation, south of South Saint Vrain's, spreads
the strikes in a peculiar way, opening out or widening the outcrops of
the formations. Still, all the dips are eastward, except one small occur-

rence of white quartzite. This appeared as a ridge, only about 100 feet

long, rising above the soil of a flattish contoured region, where all other
exposures showed the coarse, reddish, crumbling, tabular-crystalled

granites, with but occasional evidences of structure, which, however, as
just remarked, all indicate a dip in a general easterly direction. The
small patch of white quartzite had a well-defined trend of 15° to 25°
east of north, and dipped 45° northwest, as if it represented a remnant
of an unconformable series resting on the granites. The joints and
seams contained radiated actinolite, and some of the quartzite was
tinted green, as if containing the same disseminated in the mass. It

thus resembled the green siliceous rocks north of the Little Thompson
and elsewhere, which certainly pass into and belong to the schist series.

In the neighborhood of Jim Creek the observed strikes appear incon-

sistent with one another, and are too few to indicate what the structure
really is. For a little way above where Jim Creek joins Left Hand,
schists or banded gneisses prevail, as well as on down Left Hand to' the

sedimentaries, all having a general northeast strike and southeast dip.

They are probably the same as those a little north, near South Saint

Vrain's, the two apparently swinging around to join one another along
the eastern mountain base, the higher hills at the west being of coarse

granites. For some miles up Jim Creek the coarse structureless gran-

ites prevail, with porphyry dikes penetrating them here and there.

Some debris of true syenite was here seen. This irregularly-banded

schist-zone seems to form the high ridge between Jim and Left Hand
Creeks, running toward Gold Hill and dipping southeast. From Gold
Hill southeast a zone of similar schists and banded gneisses shows here
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and there in Four-Mile Creek as striking south of east and dipping
northward. Eunning from Gold Hill eastward would thus appear to be
an eastward dipping synclinal axis, the included surface-rock seeming
to be a coarse gray and reddish gneissic granite, some of it containing
considerable mica, but much of it, like most of the granites north, hav-
ing but little mica, and that in small and scattered flakes. This syncli-

nal may be the eastern extremity of the fold that was stated to flex the
great north-south anticlinal of the main range near Arapaho Peak,
flattening the axis toward the north. The schists running southeast
from near Gold Hill seem to continue on westward in a pretty well de-

fined zone with some small but obvious north-south folds, as indicated

on the map, but with general northern dip. A northwest extension of

schists, with south dip, as if the east-west synclinal extended through
here westward, does not appear from the few and imperfect observations
made in this direction to exist here, indicating that a fault must be re-

sorted to to explain the curious outcrop that the map indicates. South
of these schists there seems to be shown a pretty sharp line of demarka-
tion between them and a coarse granite region across which the North
and the Lower Middle Boulder Creeks cut their impressive canons.
Along the canon of the latter a very few imperfect east-west strikes,

with steep north dip, seemed indicated, which lower down, near the
sandstones, swing southward. South of here, between the Middle and
South Boulder Creeks, though no direct strikes were observed, yet the
different granites were plainly arranged in zones trending about north
and south, but running more southwest in following them southward.
Near the mouth of the South Boulder Canon, and resting on these zoned
but otherwise structureless granites, the quartzites first appear in force,

with a south-southwest strike, and dip of 60° to the southeast. Though
mostly quite pure, yet these quartzites may be traced into siliceous

schists and are associated with mica schists and gneisses. The above-
described structural relations would seem to indicate that these quartz-
ites were the stratigrapkical equivalent of the Four-Mile schist zone,

though here by no means so far metamorphosed, and that could the cov-

ering sandstones at the east be stripped off, the two might be traced
out till they unite and become continuous. The quartzite ridges are
well marked, and near the southern end the rocks appeared to show as
if folded upon themselves into a sharp synclinal, the east side being
thrown even beyond the vertical, and if this is so it may be the north-
ern prolongation of the flatter synclinal that appears east of The Chief,

as indicated on the map, but this is very uncertain. Attention has
already been called to the sharp fold near Idaho, and forming the north-

east corner of the greater Evans fold. The region lying directly be-

tween Idaho and Central was not passed over, but at Central the rocks
indicated a sharp fold similar to that at Idaho, aud in view of the per-

sistence of the fold south of Idaho it would seem to be the northern ex-

tension of the same, as likewise shown on the map. It would then pass
on northward and be lost in the structureless granites below the quartzite.
These here form the bulky mass of Ralston Butte. The granites here
are not red, but gray, the feldspar being mostly a clear, translucent
white, and the rock very coarse-grained aud exceedingly handsome.
Still one or two small isolated gneissic patches were observed. If the
stratigraphy is here indicated by the dotted lines this granite area must
represent much flattened strata in order to widen out the formation as
it appears to do, yet all the observations made near its edges were of

steep dipping rocks. The relations, however, all through here are not
so clear as it could be wished. In the region near Ralston and Clear
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Creeks, and just back of the "bog-backs," the straight-banded gneissic
and siliceous schists and the irregular red and white garnetiferous schists
seem folded into a pretty clear case of a southward dipping anticlinal
with the west side thrown over past the vertical. Such a structure,
however, would be inconsistent with the general structure immediately
west, unless we assume the west side of the fold to be in the normal
position and the eastern rocks tipped past the vertical. As some of
them lie quite fiat it hardly seems as if the inversion could have been so
great. Notwithstanding the many observations here made the structure
does not seem to have been clearly made out, and no attempt is made to
indicate it by the dotted approximate horizon lines. The western slopes
of the main range, as well as the other areas of archsean rocks gener-
ally, were not studied even as carefully as the east slope, and but little

can be said of them. The western slope of the main range, in its north-
ern portion whenever it was observed, appeared to have a general west-
ern dip, which was also indicated in all the general views obtained of
it. Crossing the great trough-like valley of the Upper Grand Eiver,
the high southern portion of the Medicine Bow range, where visited, was
of a very sharp anticlinal character, the rocks appearing folded quite
flatly upon themselves. It is quite possible that the fold is recent and
that the sedimentary once mantled over it, tilled the trough of the
Grand, and ran far up on the main range. When the broad rolling
ridge of the Park range was touched, at the extreme northwest corner
of the Middle Park, it presented only a massive granite of the very
coarsest description, with great crystals of feldspar, and no observed
structure whatever.
Many miles south, where the range rises on the great Blue Eiver

group of mountains, schists and gneisses predominate. These all seemed
to have a pretty uniform trend, following pretty closely the remarkably
sharp spurs running out northeastward from the main ridge and dipping
southeastward. In Ute Peak the trend runs nearly east and west with
a nearly vertical dip. In Mount Byers, the northwest spur from the
Berthoud Pass group of mountains, the strike was mostly with the spur.
The great east-west ridge connecting the Evans group with the Park
range, and forming the divide between the Middle and South Parks,
was not examined.

It is unfortunate that more definite and positive results could not
have been arrived at, but when the extent of the area traversed, and the
short time employed, together with the fact that other rocks demanded
attention, and the peculiar difficulties in the way of this special study,
are all taken into consideration, the outcome of the season's work can-
not be regarded as so very small. The fact that the great front range
is practically composed, throughout this region at least, of metamorphic
rocks, and that these rocks possess a definite and accessible structure,

is certainly shown, and while errors may be found in minor points, yet
it is believed that the more general structure of the range as shown in

tke map will be ultimately found to be substantially correct. Some of
the topographical features of these rocks are dwelt upon in the early

part of the following chapter, when speaking of the upper valley of

Grand Eiver, and later when describing the Blue Eiver Mountains. It

is hoped that a more complete digest of the notes, with study of the
specimens, aided perhaps by chemistry and the microscope, may not
only add interesting results to the lithological and metamorphic ques-
tions involved, but assistin perfecting the knowledge of the stratigraphi-

cal structure of the range as presented above.
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CHAPTER IV.

THE MIDDLE PARK.

In Chapter I was given a brief description of the principal topo-

graphical characters of that region, the drainage system of which, as a
whole, may be considered as composing the Middle Park. The general
symmetry of this drainage, with Grand River as an axis, its radiating

tributaries, as well as the remarkable isolated character or unity of the
system, all of its waters finding their exit through the single outlet

—

canon of the Grand—were there noticed, and attention called to the
fact that, notwithstanding the great basin-like character of this area, as

indicated by these features, yet this character is in great part lost by
the prominence of many of the ridges separating its secondary drainages,

and the general diversity of much of its surface, wherein it presents a
striking contrast with the far-better defined basin-like character of the
North and South Parks on either hand. The fact that this isolated and
independent system is the easternmost region in the United States, in

which Pacific waters take their rise, was also referred to, while it was
suggested that, as a geological basin, the northern side is wanting.
The general course of the streams forming the system, as well as the
more salient features of their valleys and separating ridges, were also

briefly sketched out.

The distribution and structure of the rocks forming this region will

now demand our attention. (See map at front of chapter, Fig. 8.)

All the eastern, southern, and western rim of this isolated drainage
basin, as well as the massive mountain areas bordering much of the
same, chiefly on the east and south, are composed of apparently the
same system of metamorphic crystalline schists and granites that are
found on the east slope of the range, excepting always certain smaller
areas of Paleozoic sedimentary rocks, which occur near the sources of

the Blue River, and which are quite separated from the younger sedi-

mentary rocks to follow, and will not be further considered in this report.

All the northern and middle portions of the park, which include all

the lower and more truly park-like portions, are composed, excepting a
few areas of Archsean rocks along the Grand, of younger sedimentary
rocks, which are not, as a rule, greatly disturbed.

THE CRETACEOUS FORMATION OF THE MIDDLE PARK.

Apparently the oldest of this series, resting, where found, directly

upon the crystalline rocks, is the Cretaceous. This formation seems to

vary from about 3,500 to about 4,500 feet in thickness, and is divided
much like the Cretaceous upon the east side of the range, with some
very strong lithological resemblances existing between some of the divis-

ions.

At the base is a series of sandstones, some of which are red, and both
massive and shaly, but the most characteristic feature of the group
is the presence of hard, whitish or white, highly siliceous sandstones,
often conglomerates, which, at times, form such compact quartzites that

in hard specimens the rock can hardly be distinguished from some ar-

chasan quartzites. Being so hard, erosion has generally molded these
sandstones into prominent exposures, leaving the softer beds in less no-

ticeable positions, while their marked persistent lithological characters
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render them easily recognizable. These sandstones, therefore, naturally
occur near to, and dipping at angles of from 10° to 50° away from, the
ridges of archseau rocks surrounding the Cretaceous areas. This group
appears to vary from about 350 or 400 feet, near the Hot Springs, to, per-

haps, 1,200 feet, near the head-waters of the Muddy.
At the summit of the formation there is also a series of sandstones.

Here, however, the predominent colors are rusty-brown or yellow, and
while shaly sandstones occur, the more massive beds are soft and
friable in nature, and often concretionary. From only about 700 feet at
the east, these may become 1,000 feet thick farther west. Between these
two series of sandstones, and all through the middle of the formation,
embracing an average thickness of, perhaps, 200 feet, dark argillaceous

slaty shales prevail. These naturally contain arenaceous beds here and
there, which sometimes become quite numerous, more especially toward
the top. No well-defined division of these middle beds was observed.
In the northwest portion of the park, however, and about one-quarter
or one-fifth of the way up from the base of the shales, is a horizon
at which calcareous beds tend to occur. These usually appear as
thin limestones, consisting sometimes of two or three more prominent
beds, with several minor ones, the thickest reaching, perhaps, not much
more than 15 feet. Though inclined to tabular, or irregularly thin-bed-

ded, the limestone is sufficiently harder than the adjacent shales to ap-

pear, when thick enough, as a hog-back-like ridge above the surface.

It is brownish compact saccharoidal, and often almost wholly made up
of Cretaceous fossils, the principal one of which resembles closely Ino-

ceramus acutirostris, a fossil of the Cretaceous No. 2, of the Nebraska
section of Meek and Hayden. These limestones bear constantly a
characteristic odor of petroleum.
The usual Cretaceous fossils are found here and there through the

middle shales, and appear quite numerous in the upper friable sand-
stones. At one point in the latter, fossils, probably the Inoceramus bar-

abini (Morton) of the Cretaceous No. 5 of Nebraska, were found.
There thus appears to be a very striking resemblance between the

general arrangement of these groups and the five divisions of the Cre-
taceous, while the lower and upper sandstones present lithological char-

acters remarkably similar to those of No. 1 and No. 5, respectively, of

Hayden's divisions of the Cretaceous as present east of the mountains.
The true equivalent of No. 3 may not have been recognized, and though
the Inoceramus acutirostris (M. and H.) of the thin limestones which
occur in the lower middle slates may indicate it as belonging to No. 2,

yet this horizon of calcareous sediment would seem, on other grounds,
to be the real representative of No. 3, and is so given on sections 2 and
3, Plate HI. A complete examination of the fossils is needed to estab-

lish the true correlations. All these softer portions of the formation
occupy the valleys, and are mostly covered with subsequent beds, ren-

dering their characters not readily studied, and not always clear. The
representatives of Nos. 2 and 4 are much more strikingly argillaceous

than along the east base of the range, and may be undistinguishable
from one another unless the beds assumed as No. 3 occur distinctly

enough to separate them.
Though no fossils were observed in the lower siliceous sandstone, its

relations to the beds above, as well as its lithological character, show
it to be identical with the Cretaceous No. 1, east of the range. Near
the entrance of the park, and on the Upper Muddy River, there was a
much greater thickness of the redder and softer beds lying between the
more characteristic quartzites of No. 1 and the arclmean rocks below,
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than in the remaining portions of the park. These may represent small
portions of the Jurassic caught between the Cretaceous and the under-
lying archa3an ; and if so, the Jurassic should be represented as occur-
ring in the park. On the other hand, however, they do not strongly
resemble the variegated arenaceous shales of the Upper Jurassic, which,
both east of the range and west of the park, occur below the Lower
Cretaceous, while they do contain thick beds of siliceous sandstone
very like those characterizing the undoubted No. 1, just above; and,
moreover, in beds laid down upon a newly-prepared sea-floor of far older
and non-conformable rocks, as these were, unevennesses of the under-
lying surface and corresponding abrupt changes of thickness of the
newer beds are to be expected. I have, therefore, in view of these con-
siderations, and in the absence of fossils, regarded these beds as form-
ing a portion of the Cretaceous No. 1. The transition between No. 1

and the slates above is abrupt, while the shales of No. 4 and sandstones
characterizing No. 5 appear to commingle, giving no marked line of sep-

aration between them. As was first distinctly pointed out by New-
berry* east of the range, so here in the middle park, the general aspect
of the formation as a whole is that of a " circle of deposition," an en-

croaching shore-line deposit of sandstones attending slow submergence,
followed by a deeper water sediment forming slates and shales, but not
reaching sufficient depth or attaining the proper conditions to develop
extended limestone deposits ; in turn followed by a shallowing sea, with
more arenaceous accumulations. The latter shallowing probably accom-
panied, perhaps as an effect of the same cause, the formation of a gen-
tle anticlinal fold, found along the lower portion of the Grand Eiver,

and which occurred shortly after the deposition of the No. 5 sandstones,
and before the laying down of the next great sedimentary deposit, as
will be seen later.

A thin seam of coal occurs in the lower mid-cretaceous slates, a few
hundred feet above the quartzitic sandstones of No. 1, at the Hot
Springs, indicating that coal-forming conditions existed far below the
usual lignite horizon just east of the range. The latter, as shown later,

seems to be also found in the park, but very poorly indicated.

DOLERITIO BRECCIA.

Above the Cretaceous No. 5 the next youngest rock is a local occur-

rence of volcanic doleritic material, consisting partially of subaqueous-
arranged material—dolerite, tuff, and breccia—and partially as accom-
panying lava-flows ; in all, reaching a maximum thickness of 800 or 900
feet.

THE LIGrNITIC FORMATION OF THE PARK.

Resting " upon the latter when it occurs, but elsewhere upon Creta-

ceous No. 5, and apparently conformable with the latter, except at one
point where there is a decided unconformability, is a series of beds
which reach a thickness of about 5,500 feet. Not being capped with
any beds following them in direct geological sequence, it is impossible

to tell how much thicker they may originally have been, erosion having
already removed an unknown amount of them. They are composed in

part of sandy shales, in places more or less argillaceous and quite soft,

spaced rather regularly with more prominent and characteristic hori-

*American Assoc, meeting, Newport, R. I., 1860 ; also, later, Proc. Am. Assoc, Aug.,

1873, p. 185, &c.
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zons of coarse sandstones, which are often inclined to grits and fine

conglomerates. The texture of the latter is usually open and not firmly
compacted, while the material of which they are composed is character-
istically the debris of the archaean rocks of the mountains, granitic de-

bris prevailing. While some of the finer-grained massive beds are som-
ber brown in color, the usual colors are light gray or whitish. Escarp-
ments of the harder gravels, reaching 30 feet in height, separated by
shaly slopes of 5 to 10 feet, cften make up the hill-sides, while every few
hundred feet in altitude a predominance of the more massive gravels
has caused the erosion to carve the whole formation into a series of high
terrace-like steps, in places well defined, but in others indicated only by
changes of steepness in the long, wavy, graceful slopes of the hills. It

generally forms a high broken-terraced region. Impressions of decid-

uous leaves are quite numerous at favorable localities and small isolated

patches, and one or two thin seams of carbonaceous material were also

observed. No other fossils were observed in these beds. It has been
strongly affected by the last great folding accompanying the formation
of the Eocky Mountains, portions of it being abruptly upturned, to-

gether with the underlying sedimentary rocks. In position and char-

acter, therefore, this group of beds appears to be the equivalent of the
lignitic group east of the mountains. Here, as there, in view of the
as yet disputed age of these beds, whether Cretaceous or Eocene-Ter-
tiary, and to avoid possible error, the nou-commital name of lignitic

formation will be at present retained. These beds are intersected to

their highest points by dikes of handsome light-gray, porphyritic

trachite.

LAKE BEDS OF THE MIDDLE PARK.

After the lignitic there is a geological break, the beds next following
being of far more recent age. These occur nowhere at the higher eleva-

tions, but occupy all the lower basins. In these, and following the
streams, they usually form broad, low terraces, often much cut by the lat-

eral streams into isolated pieces or long even-topped tonguesrunning out
from the valley sides. IsTear the borders of these areas these beds often

plainly show that their material was derived from the adjacent rock,

often being of coarse, granitic or schistose debris, or of the lignitic sand-

stones worked over ; more frequently they are of finer sands and of
characteristic marls of exceedingly white color. They are usually found
resting on the archaean rocks, as along the Lower Grand, or on the softer

shales of the Cretaceous, which, in former times, as now, afforded the
weakest lines for erosion to work most successfully at, and which, there-

fore, occupy nearly all of the lower areas. Along such lines, then, the

streams cutting through these terraced beds, constantly expose beneath
them the more or less upturned edges of the Middle Cretaceous beds.

They show a thickness of probably not over 300 feet at any one point,

though their vertical range seems to reach to or above a thousand feet.

A few dips of ten, possibly of fifteen, degrees, were observed in them in

the eastern portion of the park. Unfortunately no fossils were found
in these beds, leaving a satisfactory determination of their age impos-
sible, though they are undoubtedly very late, or, perhaps. Eost-tertiary.

They may, following Dr. Hayden, be very appropriately called lake-beds.

GLACIAL.

In the Upper Grand, and at the base of the Blue Eiver Mountains,
are extensive glacial moraines. Though no good exposure was observed
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proving the fact conclusively, yet the manner of their occurrence is such
as to indicate that they were, in part, contemporaneous with the lake
beds, the upper terraces of the latter apparently covering and mantling
around their ends.

Alluvial material occurs here and there adjacent to the streams, and
may in places have been taken for lake beds, being probably the same
material worked over. Indeed, the alluvium is in places the later pro-

duct of the same or similar forces which produced the lake beds.
With the alluvium should be classed the meadows inclosed by the gla-

cial material.

Basaltic lava covers wide areas, forming some of the highest points,

where it usually caps, as a protective covering, the lignitic sandstones,
though it has also run down into the lower regions, covering large areas
of the lake beds.
Having spoken thas generally of the various rocks composing the

Middle Park, their more special characters and distribution will now
receive attention, taking up in succession the various areas which com-
pose the park.

THE VALLEY OF THE UPPER GRAND.

The North Fork of the Grand Eiver occupies a profound valley lying
between the southern end of the Medicine-Bow range, upon the west,
and the Long's Peak group, of the main range, upon the east. Looking
up this great valley from the south, the walls of rock seem to rise in great,

abrupt, but rather even, massive slopes to a pretty general mountain
level on either hand, the bottom of all the lower portion of the valley
being quite flat, and averaging about two miles in width. Within the
valley, however, the numerous great gorges coming down from either

side, chiefly from the east, so break up the apparent regularity of the
sides as seen foreshortened from the south, that the impression is of a
maze of rugged mountain spurs and canons. Those from the west are

of lesser magnitude, the Medicine Bow crest being only from three to

four miles west of mid-valley. At the north this crest is a sharp and
ragged ridge, but southward it becomes comparatively even and rounded
in outline, a massive ridge, falling gradually until covered with lake

beds near the junction of the East Fork with the Main Grand. The east-

ern valley side retains its ruggedness all the way to the East Fork. The
principal drainage of the latter area is that collecting into Grand Lake,
and is by a system of the profoundest mountain canons.

All this surrounding mountain region is of the archsean rocks, schists,

and gneisses. The few dips and strikes that I had opportunity to actu-

ally observe, together with the impression obtained from the style of
weathering of the rocks, indicated that the valley might be a great syn-

clinal, but this is by no means certain. The apparent appropriate uni-

formity of form and slope of the valley sides seems hardly a product of

erosion, but as if the general surface of the metamorphics had been cov-

ered, as at the west, with sedimentary rocks, perhaps the Cretaceous,

and as if all had then been folded together to form an anticlinal over
the Medicine Bow, a synclinal in the Grand Valley, the latter probably
originally determining the course of the drainage, and hence of the

greatest erosion which has since removed all of the sediments, but not
quite yet destroyed the general impress left by the fold upon the harder
underlying rock.

All the main portion of the valley is occupied by a mass of morainal
matter, (see Fig. 9.) Below. where the upper canon portions widen
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into the flatter valley, the bottom becomes a swampy, grassy meadow,
between one and two miles broad. Some pretending gneissic masses show
roche-moutonee forms. This meadow has a semicircular border at the
south, where it is limited by a not very prominent, but well-defined termi-
nal moraine, a a, (see figure.) Below this is a great mass of morainal
matter, b, with a well-defined southeastern border, c c, indicating a medial
moraine lying between the glacier which occupied the main valley, and
that from the Grand Lake canons. The northern part of c, and the main
portions of the mass &, are throwu into piles and ridges reaching altitudes
probably 300 or 400 feet above the meadows. Its surface is exceedingly
uneven, abrupt depressions, perhaps 60 feet in depth, existing here and
there with no outlet, while the general tendency of the ridges is across the
valley in semicircular forms, marking the stoppages and accumulation
of the material from the surface of the slowly-retiring glacier. Several
small meadows are scattered in the lower portions of this mass. The trib-

utary canons of Grand Lake also contain, I am informed by Major Powell,
equally strong evidences of glacier occupation, both in their erosion and
morainal debris. A small terminal incloses the lower end of Grand
Lake, while the lake itself, though' not well examined, gave the impres-
sion of occupying a true rock basin of deep ice erosion. From the
west end of the spur just south of the lake an exceedingly well-defined
lateral moraine (d) commences, and extends southward nearly two
miles. Though probably over 800 feet high where it leaves the spur,
it falls uniformly and evenly to its end. The southern end of ridge c is

low but well defined. The North Fork cuts through it in a curious man-
ner, bending back northward to run along the upper side of the termi-

nal moraine, (e e;) also a low but well-marked ridge, through the eastern
end of which the united streams pass. Below is a meadow, limited

likewise on the south by still another but more prominent terminal
moraine, (//.) The eastern end of the latter moraine rests against a
granite mass, while a small meadow lies below its adjacent portions.

The upper end is rather confused with smaller side moraines. The cen-

tral portion merges almost imperceptibly into the irregular morainal
mass, (g,) which rises in low rolling hills and indefinite border from the
flat terraced, sage-brush valley m at the south.

All these morainal masses are covered with a scanty soil and a thick
growth of pines. The latter have been blown down in all directions,

often in great broad swaths, and as often partially burned, rendering
passing directly across the moraines, without resorting to the little open,
marshy meadows, all but impossible.

Good exposures of their rocky contents are not numerous. So far as

observed the boulders seldom retain well-preserved scratches, much
surface disintegration having taken place. Indeed, such is the general
rule with all the glaciated rock masses of the Bocky Mountains. The
roclw-moutonee form is frequent, but the schists and granites succumb
early to surface disintegration, and there has not been, as at the East, a
boulder clay or tuff to preserve them from weathering. It is rather a
curious feature that the Grand, instead of passing through the lower
portion of the valley occupied by the morainal mass, (#,) has cut a canon
through the higher rolling spur of hard archoean rocks, (h.)

The East Fork of the Grand commences as a well-defined open gorge
at the base of Arapaho Peak, and running about north 25° east for

nearly six miles, it gradually swings around to a nearly westward conrso

near its mouth. Throughout this course this valley is exceedingly well

defined. The tendency is to a U rather than a V form, indicating, as

well as the usual scoring of the rocks, its glacial origin. The massive



160 GEOLOGICAL SURVEY OF THE TERRITORIES.

and rather uniform rocky slopes rise on the north to the rugged mount-
ain mass of Long's Peak, and are cut by several deep canons, while on
the south they emerge in great curves with the smoother and more pla-

teau-like granite mass lying on that side. From the end of the massive
spur, which comes down over this canon valley between two and three
miles from its mouth, commences a great glacial moraine, as indicated
at (i ft) in figure. It is at first several hundred feet high, and presents
a most rugged and uneven surface, with great irregular depressions and
a tendency to a parallel ridge structure. Enormous boulders, many 20
feet upon a side, are found scattered upon its surface, while here, again, a
maze of fallen timber lies around. It is rather singular to see the East
Fork cutting a rather abrupt passage through this mass at a point where
it rises perhaps nearly a hundred feet above the stream on either side,

while to the west the continuation of the main valley on to the Grand
is perfectly free from obstructions, the soft surface soil rising but little

above the stream. This fact would seem to have its explanation in the
explanation of another singular fact, which is, that the main Grand,
rather than follow the main open valley west of the granite mass I, has
cut a rugged canon through the latter as indicated in the figure. It
would seem as if originally it had followed the former course, passing
north and west of Z, while the glacier, reaching to I, and being deflected
northward by it, had a terminal moraine, which was but the extension
of the lateral, the glacier stream having its natural outlet northward
through it at some point ft. Certainly the outlet of the East Fork could
never be at ft, if the original course of the Grand was through I, as it is

now, while it is inconceivable that the Grand should have selected the
hard and higher spur Z, in which to cut a channel, rather than the low
depression occupied by soft sedimentary beds, except influenced by some
abnormal cause. The cause that would seem to have deflected the Grand
from the main valley to its present course would appear to be the flood
of lava which has poured down from the region between Willow and
Stillwater Creeks

;
(see map at head of chapter, Fig. 8.) As will be seen

later, many of the hills are capped with remnants of this lava, while at
many points it occurs low down, as if occupying former stream beds.
These remnants, as shown in the figure (9) prove that this lava stream
reached to the granite I, and occupied as high a level as it, as indicated
by the table-topped hill near by. The small mass of lava on I appears
to occupy a little caiion, probably that of a stream running from the
granite mass on the south across I, northwestward tojoin the old course of
the Grand.
Thus dammed off by the flow of lava the accumulating waters rose in

a lake, and escaping at the lowest point around the end of the lava,

gradually wore out the present channel through the granite. At that
time, the waters must have passed through the channel ft, but there was
probably sufficient water present to also wear the outlet between the
end of the moraine ft and the rock I, as the lower portion of the canon
through the latter was slowly cut. If this explanation is the true one,

and the facts, so far as known, admit of no other, this lava is more
recent than the older glacial phenomena. Some of the lava near by
seems even still younger than that here shown. A few miles farther

down the Grand a small sheet rests on the gentle surface-slopes of lake-

beds, apparently so recent that erosion has not yet had time to throw
it into prominence by the wearing away of the softer beds on which it

rests.

Another point seems explained by the action above described. The
small area to, lying between the Grand and Stillwater, west of the roll-
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ing hill h, and south of the morainal mass g, is occupied by loose gravel
deposits covered with a fine dusty soil, which occur in a flat terrace, ris-

ing about 50 or 60 feet above the main stream. Near the center of this
area is a low ridge which much more resembles the lake deposits farther
down the Grand. No exposure showing the actual relations between
this ridge and the lower terraces was observed, but the general im-
pression received was that the former was the older—a hill of erosion,
surrounded by the more recent terraces. If so, the latter were probably
deposited beneath the waters of the lake formed by the dam of lava, and
filled up the previously eroded valley surface.

The Grand, after leaving the small caiion through the granite mass
Z, flows out into a flat terraced basin, where it is joined by Willow Creek
and the Frazier Eiver, and which forms a portion of the most interest-

ing geological region of the park, before describing which, however, we
will turn to the drainage basin of the Frazier.

THE FRAZIER BASIN.

South of the East Fork of the Grand the westward mountain-slopes,
as has been previously mentioned, are far more smoothly contoured and
gently molded than north of that stream. These massive slopes fall to

the area about the junction of the Frazier and Grand, and form a low
northern side to the upper Frazier basin. Southward, the lateral ex-

tension of the same slopes, which retain their former characters, descend
from the main divide and form the east side of the basin. Sweeping
around westward they fall from the Berthoud Pass ridges northward to

its southern border. The western border of the basin is more ridge-

like, with accompanying hills ; is much lower than the east and south
sides, but retaining a rather even top.

The James Peak group stand at the southeastern corner of the basin,

Mount Byers at its southwestern corner. The natural outlet of this

basin is at the northwest corner, where the surrounding granite ridge
rises scarcely 300 feet above the river in a broad gentle divide, passing
over into the basin of the Grand, and across which the Berthoud, James
Peak, and South Boulder trails, after uniting, pass to the Hot Springs.
The Frazier, however, has cut its outlet by a rugged and impassable

canon—about six miles long and several hundred feet deep—through
the spur of metamorphic rocks a few miles east of this divide. All of

these surrounding mountain-slopes are of the metamorphic crystalline

archsean rocks. Their contours seem to indicate a surface of former
subaqueous denudation, covered subsequently with sedimentary rocks,

which have not so very recently been entirely eroded away, leaving
their impress still on the underlying rock surfaces. Indeed, some ap-

pearances upon the western side of the basin would seem to indicate

that patches of such sedimentary rocks may still remain, though they
were not visited.*

Glacial action alone could never have effected such wide-spread uni-

formity of character.
All the flat lower central portions of this basin, forming an area ap-

proximately five miles in diameter, are occupied by sedimentary rocks
which have been eroded into distinct though low terraces. The dis-

tribution of trees is here quite marked, being confined to the granite

slopes, and apparently to above a certain level on the higher terraces,

* Major Powell informs me that he found some small areas of siliceous sandstones,
probably Cretaceous No. 1, thus resting on both sides of the western ridge of the Fra-
zier basin.

11 G S
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though these pine-covered areas may, in part, "be granite bosses rising

above the surrounding beds. All the lower terraces and bottoms are

free from timber. Between the terraced filling may still exist remnants
of the sedimentary rocks which probably originally filled the basin.

The only sedimentary rocks examined, however, were along its northern
border. East of where the Frazier River enters its callon, and along
the stream, followed by the Boulder Pass road, there are a few exposures
which the stream has cut out of the adjacent terraces. One, about a
mile east of the caiion mouth, is between 60 and 80 feet high, and is

composed of light-drab sandy beds, weathering white, from four to

eighteen inches thick, mostly somewhat indurated ; considerable clayey

sand, and some lenticular bodies of gravel. Pebbles in the latter are of

gneissic and granitic rocks, reaching two inches in diameter. Some of

the sand is quite fine, with scattered pebbles, and some layers of grains

of chalcedonic or agate-like quartz.

The dip of all is from 5° to 10° to southwest. This branch of the
Frazier River lies mostly in these beds, but at a few points near the

granites on the north it cuts through little southward-projecting points

of the latter which are surrounded by the sediments. The lower river

terraces have much sage brush sprinkled over them. In the northwest-
ern corner of the basin, from two and a half to three miles west of the

canon entrance, the low hill-slopes near the road show some dull, dark,

somber, brown-colored sandstones of coarse texture, which dip 8° or J 0°

to the southwest. They are at first composed mostly of quartz and
fieldspar, with some mica, debris from the surrounding nietamorphic
rocks ; but farther on small pieces of red and whitish sandstone occur,

growing larger as one advances, till frequently one-half to one inch in

diameter, and usually brecciated rather than rounded. They are prob-

ably derived from the hard sandstones of Cretaceous No. 1, which occur

farther on, and show that these beds of the Frazier do not belong to

the older sedimentary series of the park, while their general characters

indicate that they are very recent, probably the same as the usual lake

beds, and derived from the rocks immediately around. The fact that

these recent beds incline slightly is interesting.

About three miles from the canon, the road passes from these beds to

the smoothed granite region of the low divide, and passes over into

another portion of the grand drainage, to which we will now turn.

THE REGION IN THE VICINITY OP THE HOT SPRINGS.

The region that will next attract our attention is shown in the accom-
panying map, (Fig. 10,) the relations of which to the park in general
may be seen by glancing at the general map, (Fig. 8.) A section (A. B)
across the same is given on Plate III, section 1, which shows, also, the
character of the country lying north of the section.

It is but a mile or two after leaving the sandstones of the Frazier
basin, across the low granite divide just spoken of, to where the road
enters the lower side of the map. It soon divides the right-hand trail

going to Grand Lake, the left-hand road continuing on to the Hot
Springs. Following the latter a little past the branching, some of the
recent sandstones, similar to those just left, appear upon the granites,

followed by a small ridge of a hard white sandstone, dipping at an
angle of 55° to the northwest. The exposure is small, and the outcrop
was not observed extending toward the hills to the southwest. Follow-
ing along the exposure over the ridge to the northeast, and in the valley
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followed by the Grand Lake road, a better cross-section is exposed along
the road as follows

:

Section of Cretaceous No. 1, near junction of Hot Siwingsand Grand Lake roads, entrance ol
Middle Park.

Nature of strata. Estimated
thickness.

Strike al)out north 20° east, dip aoout 35° northwest.

Doleritic lava
Covered
Sandstone, white and yellow, fine, gritty, siliceous, iron-stained
Covered, red soil, debris of soft brown sandstone, and near base of purple

shale and some limestone
Sandstone, massive, white, some cream-colored, red blotches, siliceous,

gritty ^

( red soil •.

Covered < soil

( debris of brown sandstone and fine cherty limestone
Ridge ; white, fine, gritty, siliceous sandstone, some cream-colored and red.

Covered, red soil, (red shaly sandstones ?)

Coarse gray granite, considerable mica, obscure gneissic structure. Strike ^
north 35° east, dip 50°-80° southeast.

Feet.

15
150
125

225

80
50

150
100
100
60

This section would indicate a thickness ofabout athonsand feet for those
beds, and affords an example of the greater thickness which I suppose the
lower Cretaceous beds occasionally attain. But ten miles to the north-

west, at the Hot Springs, a thickness of only about 360 or 400 feet is in-

dicated, butthe same general characters are there found ashere. Thelava
forming the top is composed of a dull, dirty gray, fine granular matrix,
with numerous black, quite weli-formed crystals of augite scattered
through the mass. It weathers a dirty brown, with narrow white seams
two or three inches apart, parallel with the bedding, and speckled with
black augite crystals, as well as by both rusty and white-colored spots.

It is probably a dike occupying the line of junction between the hard
sandstones and the softer Cretaceous shales, which probably occur im-
mediately above, though they are not here exposed. At one or two
other points in the park the weak point between the sandstones of

No. 1 and shales of No. 2 have afforded a very natural outlet for erup-

tive matter, and such is probably the case here. After passing across

this section the Grand Lake road leaves tlie stream, and, turning to the
right along the outcrop, passes up a small valley, having the little ridge

of dolerite lava on the right. From the lava ridge, and on either side

of the main stream, is a steep slope rising to the summit of a terrace.

The channel of the stream passes into this, cutting a sharp V-shaped
gorge, the east side of which rises some 50 feet higher than the general

level of the west side. The material of this terrace thus cut through
by the stream is coarse angular debris, of highly micaceous schistose

gneiss, of the dirty-red and black-banded variety, and some granite.

On the summit some large masses indicate that these metauiorphic
rocks are in place. These facts would indicate that a fault had been
passed ; one which had thrown the outcrop of sandstone just described

downward on the southeast side, bringing the granite upward on the

northwest side, as in the accompanying section, Fig. 11, the position of

which is shown by the line C D, Fig. 10.

Passing on northwest, the coarse debris terrace is found to fall in
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three pretty-well defined steps of about 90, 140, and 80 feet respectively,

to a stream, on the opposite side of which is a low-terraced treeless

park, about three miles broad, rising in rounded slopes to a ridge capped
with a broken pallisade beyond.

.On the left (southwest) the terraces abut against and run out from a
hill which looks off in the same valley, and on its northern sides lie the
same sandstones, dipping northwestward at an agle of 35° with the bed
of dolerite lava on their top just as before. See section E, Fig. 10 and Fig.

11. Low terraces abut against the lava and run out occupying the valley

basin beneath which, however, as we will see later, lie the Cretaceous
shales. The hill and region lying south of E was not personally ex-

amined, and, while the sandstones may mantle over it, it is apparently
of granitic rocks as indicated on the map. On the right, also," and a
few miles in an opposite direction to E, similar beds may be seen like-

wise clipping westward beneath the main valley.

Eeturning to the Grand Lake road and following it northward, it is

found to pass over into the head of another valley leading down to near
the mouth of the Frazier Canon. On the right (east) is the ridge formed
by the edges of the sandstones resting on granite below, and dipping
down underneath the trail. Near the Frazier these edges overhang
the canon and form the top of its western wall. Beneath the valley
through which the road passes, however, the beds are flexed, forming a
synclinal of the valley and an anticlinal of the ridge just west of it, (see

section 1, or A B,) the western slope of which, just as at E, dipping
westward beneath the terraced valley. The mouth of the Frazier Canon
is through the ridge of upturned sandstones, after which the valley opens
somewhat, with terraced lake-beds before entering the main valley.

The exposure upon the west side of thecaiion gave the following section

(at B, section 1, Plate III.)

Section of No. 1 Cretaceous at tlie mouth of the Frazier Canon.

Nature of strata.
Thick-
ness.

Covered hill-slope, inclining west, faciug east, dipping west into hill 15°, very
compact, hard siliceous sandstone, mostly white, gritty

Covered debris of brown sandstone, and compact blue-gray limestone
Sandstones, reddish, thin-bedded, some shales
Compact gray-blue limestone, somewhat cherty, blotched
Sandstones, in 2 to 5 feet beds, white to yellow pink shales
Covered, debris of snuff-colored and rusty brown sandstone
Gray, rather granular granite, with but little mica, containing very large scat-

tered crystal of feldspar to river.

Feet.

40
80
25
2

30
85

These beds are probably liable to considerable local changes, both in

characters and thicknesses. They are probably the same as a portion of
the lower beds of the preceding section, the higher ones having been
here swept away by erosion, and being found west. Crossing the Fra-
zier northward, station LYIII is found upon a hill of the siliceous

sandstones. Its surface has a gentle eastward slope, the sandstones
dipping also east, but curving up again they are found lying as usual
on the granites, thus forming a little synclinal. The upturned edges of

these sandstones are leveled off in a peculiar way, being evened off

with the granites behind them. (See section near B.) The west side of
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Lake Beds, four miles southeast of junction of Frazier and Grand Rivers.
Dip 10° east.—VV. H. Holmes.
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bill LVIII is abrupt, and sbows in its upper portions the edges of tbe
sandstones, with, at tbe base, some granite and gneiss beneath them,
and again, just west, but lying low in tbe stream, some of apparently
tbe same sandstones, but gently inclining west. In other words, a fault
passes at the west base of LVIII, in which tbe east side has been ele-

vated, and which is probably tbe equivalent of tbe anticlinal just south,
and the fault still farther south, near the Hot Spring road.

Tbe terraces mantle about the west and north base ofLVIII, concealing
its sandstones in these directions, but the main ridge of sandstones rest-

ing on the granites continues on northward to the Grand River. The
ridge is not prominent—tbe sandstones dipping steeper than farther
south, reaching 45°—while from it the nearly horizontal lake-beds, which
reach high upon it, sweep out between the Grand and Frazier Rivers in
many long, low terraces. The ridge of Cretaceous sandstones is lost be-
neath these lake-beds near tbe Grand,where the latter issues from its short
canon through the granite mass below where theEast Fork joins the main
stream (I) of the map of the moraines of the Upper Grand. The sandstone
ridge does not appear lying on this granite, the lake beds surrounding it

instead. At the north, and just without the map on the right, are the
valley of the Upper Grand and the south end of the Medicine Bow
ridge. Xear Willow Creek and the Grand the lake-beds predominate
also. The north side of the Grand is lined pretty continually with two
low terraces of white lake-beds lying from a quarter to a half mile from
the stream, tbe country rising from them in long slopes, and rounded
hills lying between it and Willow Creek. A fine, dirty, dark, basaltic
lava lies at one or two points on tbe upper terrace, and appears also to
cap the hills, while much of the terraces are covered witb lava fragments
and jaspery pebbles. The small patches of lava near the mouth of Wil-
low Creek occur but little above the stream, and seem to cap low sur-

faces, dipping gently to the northeast. East of these the larger area
near the edge of the map is a mesa, or table-hill, capped with lava. (See
section.)

Ascending Willow Creek, the beds of the valley are apparently of the
usual lake-beds. Where the dip of 5° east is indicated there occurs,

among light-gray sandstones, white marls, and other beds, a more indu-
rated bed of semi-compacted gravel, in the composition of which pebbles of

lava, often scoriaceous and up to tour inches in diameter, enter largely,

as well as metamorpbic rocks. While considerable false bedding occurs,

the general dip seems to be 5° or 10° to the east, a little north.

Just above, in some similar light-gray crumbling sandstones, a dip of
10°-15° northeast was observed. While the bills seem lava-topped,
much basaltic lava here occurs in tbe valley also. At first a tongue of

a dark, decomposing irregular lava touches the river from the north,

but above the river is lined more continuously on the north side with a
very irregular, red, brown, and black lava rock, bften having the appear-

ance of a consolidated mud. On the south, the rounded hills rise more
abruptly, but still seem lava-capped. A little farther up tbe lava occu-

pies both banks, and appears as if coming from an extensive flow on the

north and east, the eastern tongues of which cap ridges running out to-

ward Stillwater Creek. At the north rise hills adjacent to the Medi-
cine Bow ridge, which show somewhat in the section, but which will be
referred to later.

We have seen that between tbe Frazier and Grand are the long, low
terraces, and that they also occupy most of the area drained by the

main tributary of the Lower Frazier, and that near the metamorpbic
rock, at one or two points, they are composed of coarse debris, witb
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some finer uncompactecl sediments. Farther out they are of soft,

crumbling, white marls, with surfaces usually sprinkled with bould-
ers, often quite large pieces of metamorphic rocks, as remnants of a
bed which had existed above the present surfaces, and had been eroded
away. It was in this neighborhood that the following section, Fig. 12,

was observed and illustrated by Mr. Holmes, when accompanying Dr.
Hayden's party, and shows well the characteristic weathering of these
soft beds when exposed, as sometimes happens, in a eliff. Here also is

an inclination in these recent beds of 10° to the east. Thus, a greater
part of the eastern corner of the map is of lake-beds, in part covered
with basaltic lava, and at the east abutting against an outcropping fold

and ridge of Cretaceous sandstones, which dip west beneath them, and
rest on metamorphic rocks. They form a flat terraced and treeless val-

ley, but at the north and west rise in higher bulky hills. Just west of
the junction of the Frazier with the Grand rises an abrupt, sharp, well-

defined ridge, several hundred feet high, which is broken through by the
river in a narrow gate-way. Just outside of this gate-way, at the north
side of the stream, and directly beneath the ridge, there are exposed by
the ravines cutting through the terraced lake-beds, a thickness of about
300 feet of brown concretionary, friable sandstones—the characteristic

features of Cretaceous No. 5—and which yielded an Inoceramus and
joints of JBaculites. These beds dip westward beneath the ridge at an
angle of 25°. The gate-way exposes the larger ridge to be composed of
a rough, sedimentary aggregate of volcanic material; a series of con-
glomerates, breccias, sands, and irregular material, of which the most
distinct rock is of a doleritic character, consisting of a gray granular
base, containing occasional small crystals of a trichinic feldspar, and
more numerous, larger, and well-defined crystals of augite. This more
compact portion is a similar rock to the lava dike resting in the siliceous

sandstones near the entrance of the park.
This volcanic detrital series attains an estimated thickness of from 800

to 900 feet ; the lower part being a massive accumulation, and not show-
ing distinct stratification, the upper part being well bedded, and often of
fine materials. These strike nearly north and south, and dip westward
at an angle of 60°, though the higher portion of the ridge on the south
shows an abrupt bend, dipping but 25° or 30° west, (see section.)

Passing down- stream through this gate-way, the valley again opens
out, but its character changes entirely. The beds that lie above the
doleritic breccia and sands, though likewise abruptly turned up and
dipping west immediately adjacent to them, suddenly become nearly
horizontal, with a gentle northern dip, and form, all along the north
side of the Grand, a series of regular and high terraces running in long
tongues out toward the river.

There are two principal terraces, the lower one rising nearly a
thousand feet, and attaining this level between one and two miles back
from the river. Harder beds on its face break up the front slope of this

terrace, tending to mold its face into minor terraces two or three

hundred feet high.

The second terrace stands about a half mile back from the edge of

the lower one, and rises in a more even slope, unbroken by intermediate

beds, to an altitude of about a thousand feet above it. The accom-
panying section, Fig. 13, gives an idea of the profile of these well-marked
terraces, which attract attention even from Long's Peak far to the east.

Back a few miles rises still another terrace, estimated at about half

the height of the last one, or about 500 feet. Estimating that there

were at this point about 100 feet of beds beneath the river, and be-
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Volcanic Breccia Bed, one-half mile north of Grand River, above the Hot
Springs, Middle Park.—W. H. Holmes.
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tween it and the volcanic breccia, there occurs here a thickness of about
2,700 feet of sedimentary rocks lying above the breccia bed. The ravines
from the north cut deep into these terraces, breaking them up into promon-
tories with squarish fortification-like fronts facing the river. Upon the
south side of the river these features are far less defined, and here only
thelowerand softer beds occur, while the northward clip increases. The
valley, after passing the breccia bed, is quite open, the river being lined

with much beautiful bottom-land. Below the gate-way some of the lava
appeared to outcrop low down near the river, but its relations were not
examined.
These terraced beds are of the characteristic lignitic group, and are

very different lithologically from the undoubted Cretaceous beds lying

below the breccia. Nearly all the exposures here show them to be sand-

stones, the more prominent ones, or those which give the terrace-form

to the eroded beds, being mostly grits, quite coarse, often becoming con-

glomerate, not very firmly cemented, and composed almost wholly of

granitic and metamorphic debris, (except that the mica is naturally ab-

sent,) while feldspar crystals, sometimes retaining much of tbeir form,

occur. The color is mostly somber dark brown, though some are quite

white. Some finer and more compact beds occur, with occasional fossil

leaves.

In descending the Grand, the terraced beds on either hand are found
to become slightly inclined to the northeast, amounting perhaps to about
10°, the river thus passing down through the lower beds as before it

passed up through these, until at about four miles in a straight line

from the upper gate-way, another and somewhat similar passage is found
by which the river again breaks through a ridge of precisely the same ma-
terial as before. It is, in fact, the same bed again appearing to view from
beneath the same lignitic sandstones, the strike being about northwest
and southeast, but the dip about 15° to the northeast, the bed there-

fore being folded into a synclinal form, the east side being bent down-
ward more abruptly than the western side. As before much of this

series is massive, or wholly indefinitely bedded, and some compact lava

occurs, as if of distinct lava-flows. The latter seems to be doleritic,

crystals of augite being quite frequent, though some is more basaltic,

being fine, and quite homogeneous. Most, however, is of a distinct

conglomerate and breccia, some very coarse, of pebbles like the accom-
panying lava, many scoriaceous, while much is of fine material, finely

and evenly bedded. Their total thickness was estimated at about 800

feet at this point. The accompanying sketch, Fig. 14, of an exposure
about half a mile north of this gate-way was made by Mr. Holmes,
and shows the distinct bedded nature of this volcanic ash, &c.

THE NONCONFORMITY AT THE HOT SPRINGS, MIDDLE PARK.

Passing through the short break by which the stream cuts through
this ridge, the western edges of its gently eastward-dipping beds are

found extending northwest and southeast as a continuous line of black

palisades which look down upon valleys tributary on either side of the

Grand, that at the south being wider and Hatter than the one from the

north.
Regarding for a moment the section found immediately along the

Grand, (see Plate III, section 1,) there appears above the alluvium on the

north side of the stream, and a little west of, and nearly parallel to, the

breccia ridge, a hog-back like ridge of sandstones which dip at an angle

of 25° or 30° northeast below the breccia. Some baculites were found
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in the sandstones which are undoubtedly the equivalents of the beds that

bear similar fossils and lie below the breccia east of the upper gate-way,
and near the junction of the Grand and Frazier. It is Cretaceous No. 5.

This ridge extends a mile or more from the river, gradually flattening and
bending westward. Following down the stream, nothing but river allu-

vium is found for nearly a mile, when, along its southern bank beneath the
alluvium, there are exposed some 800 feet of black clay, shales, and slates,

at first dipping up-stream only 20°, but increasing to 40° farther down.
After passing these slates the river breaks through another ridge, but
this time of the quartzite and siliceous conglomerates rising out from be-

neath the shales, and, like them, dipping 30° up-stream. Behind the first

ridge some small longitudinal valleys, with minor ridges of quartzite and
siliceous conglomerates with dip lessening to 20° occur, while from 600 to

700 feet below, where the quartzite hog-back is first met, the river passes

into a canon cut in a smooth-topped mass of reddish granitic gneiss, thus
giving an actual thickness for the quartzite series of about 360 feet.

These beds are the Cretaceous No. 1, the shales above being. No. 2, while
directly on the line between the two issue the well-known Hot Sulphur
Springs of the Middle Park.
From the granite, upon the eastern edge of the map, to the granite

belowthe Hot Springs upon the western edge, the line of the Grand
Kiverpasses, therefore, directly across, at least so far as the granites,

the Cretaceous, and the volcanic breccia bed are concerned, a synclinal

fold, the eastern side of which has some minor flexures, (see section.)

Not so the lignitic beds, however. Immediately above the Hot Springs,

Mount Bross rises abruptly for over 1,500 feet. It is composed through-
out of the characteristic lignitic beds, mainly coarse grits and sand-

stones, yellow, gray, and white, with laminated arenaceous shales,

which contain many fossil leaves, barely, if any, disturbed from a hori-

zontal position. Though direct contact between these and the Creta-

ceous in the river at their base was not observed, the position of the
mountain is such that its beds must rest unconformably upon the up-

turned and eroded edges of the Cretaceous sandstones and shales below.

As may be seen in the section, the tops of the great terraces above the
lower gate-way of the Grand sweep in long slopes up to White Face
Mountain, which is also composed of the lignitic beds, slightly inclined

and capped with recent basaltic lavas, which will be spoken of later.

The southern face of the mountain is steep, and beneath it the north-

west extremity of the breccia ridge disappears. Around the latter

appear to sweep the lignitic beds, and to connect directly by a high
ridge the west spur of White Face with Mount Bross, throughout which
ridge the lignitic strata appear nearly, if not quite, horizontal. The
western end of the hog-back like ridge of No. 5 sandstone, about a mile
above the Hot Springs, likewise seems to disappear beneath the eastern
side of Mount Bross, apparently surrounded by its horizontal beds, as
is the end of the breccia ridge by the similar beds of the White Face
mass. Mount Bross itself shows an indistinct terrace form, though not
well pronounced, and its lower terraces in the west run out and appear
to quite cover the quartzites of No. 1, if not to reach to and rest directly

upon the granites beyond.
These facts clearly show that here was a local folding of the rocks

which occurred before the lignitic formation commenced to be laid down,
and probably close upon the completion of the deposit of the friable and
concretionary sandstones which have been designated as No. 5. Closely

connected with this folding, and probably an effect of the same cause,

was the eruption of the material which forms the breccia-bed.
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As the Hot Spring fold gradually rose, the edges of the Cretaceous and
of the breccia must have "been eroded back to where the latter was
nearly horizontal, before the lignitic beds were deposited upon their

edges. This state of things is shown in the following diagram, Fig. 15,
in the western end of which, near the springs, the dips are as they now
exist, indicating the flexure to be as shown by the dotted lines:

Since the Eocene beds in and on the west side of the breccia synclinal
are inclined eastward with the breccia slightly, some movement must
also have taken place since their deposition. This probably occurred at
the same time that the east side of the synclinal was upturned, which
obviously took place after the lignitic period, for upon this side the lig-

nitic beds are everywhere upturned steeply with the breccia and Creta-
ceous below. This was at the great mountain-forming period, when the
greatest recent folding of the Rockies occurred. It was at this time,
probably, that the rocks of No. 5, as shown in the hog-back ridge above
the Hot Springs, were inclined from a flatter dip to their present dip of
25° or 30°, while this later fold seems to be also indicated by a very
gentle anticlinal appearance beneath White Face Mountain.
Let us turn to the evidence of this unconformability between the Cre-

taceous and lignitic south of the Grand River. The Grand flows close

to the southeast base of Mount Eross. On the south side of the river

there is no corresponding eminence, the tributary from that side of the
stream occupying a rather flat and open valley. The edges of the
breccia ridge line this valley on the northeast, and following them along
they are found to swing eastward and then northward, joining the
southward extension of the upper breccia ridge of the Grand. In other
words, the breccia outcrop is continuous throughout, showing the fold

to be a synclinal, with its axis dipping northwest, thus exposing the
edges of the bed in the form of a great spoon, with the point directed
southeastward, and filled with the lignitic beds in terrace form, the
eastern side being bent up much steeper than the western one. The
map shows this clearly, while it is far better presented pictorially in the
accompanying sketch, Fig. 16, made by Mr. Holmes from points upon
Mount Bross. The terraces and breccia palisades, with the many pic-

turesque accessories of the region, as seen from this point, form a very
interesting as well as beautiful view.
Thus the lignitic beds do not lap over and cover the edges of the

breccia south of the river as they do between Mount Bross and White
Face south of it. South of the valley, and opposed to the breccia palis-

ades, however, the lignitic again occurs, the edges of the nearly horizon-

tal beds appearing on the rather steep slopes leading up to station LIV.
From this point the spurs of the LIV ridge extend westward toward
the granite canon below the Hot Springs, showing very indistinct terrace-

forms, but sufficient to indicate a very nearly horizontal bedding
throughout. In the valley, at their northern base, and southeast of the

springs, however, are two or three ridges of cretaceous sandstones out-

cropping from the otherwise soil-covered valley. These dip eastward
toward the breccia ridge, and trend toward the lignitic mass on the south
in such a way, and approach so near to it, that, though no direct con-

tact was seen, they must pass unconforinably beneath it, (see sketch.)

Two or three miles west of these ridges, and nearly a mile west of where
the quartzites of No. 1 would appear to pass the lignitic beds, and but
little south of the caiion, the western extension of the LIV mass shows
the characteristic coarse brown sandstones of the lignitic in a precipice

two or three hundred feet high, dipping 10° or 12° to the south. These
sandstones must here rest directly on the granite.
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What appeared to indicate unconforinability occurred at one other
point. Leaving the Hot Springs and following the road southeastward,
we pass over a gentle saddle, having the breccia palisades on the left,

and the lignitic rising to LIV on the right, and proceed on to where the
road first enters the portion of the park that we have been considering.
Standing upon the outcropping ridge of Cretaceous quartzites, E, before
described, and looking southwestward, there lies on the left a hilly region,

apparently of the metamorphic rocks, and upon the right the flattish

valley occupied mainly by terraced lake-beds. Across the line of vision

extends the ridge on the northern end of which station LIV stands.
From the station the top of the ridge lowers very slightly in going south
in a long convex curve, rising in about six miles to a somewhat higher
point. The whole ease face of this ridge is steep, and shows the edges
of the lignitic beds which compose it, and which dip, like the top, very
gently south at the north end and north at the south end.

At the small notch which ends this part of the ridge at the south,
the contour of the ridge changes, and all the rest of the wray on up to

Mount Byers, of which it is a continuation and spur, it appears to be of
the metamorphic rocks. In the line of vision, however, at the base of
this ridge, and near where the lignitic appears to rest on the metamor-
phic, is a small ridge like the ridge E, and apparently of the same rock
outcropped in the same manner. If so, the Cretaceous quartzite would
here also pass unconformably beneath the but slightly-disturbed lignitic

beds. I have already expressed the uncertainty of the nature of the
hills lying southeast of the point last mentioned and E, and border-
ing the west side of the Frazier basin. Some ridges here are not decid-

edly of metamorphic outline, but may contain patches of the Cretaceous
quartzites with which, as before remarked, the contour of the spurs would
indicate that they were once all covered.

In the low region near the point of the breccia " spoon," and near E,
are a few small hills or ridges of doleritic lava, like that composing the
breccia bed. They appear irregular in their mode of occurrence, not
bedded, but more like dikes. Precisely the same lava has been men-
tioned as occurring on the summit of the Cretaceous quartzites in sections

C, D, and E. It would appear as if these were quite likely the points of

outlet for the material which composes the breccia bed ; that above them
at the then surface of the country were actual rents, possibly volcanoes,
from which issued the lava and ash and breccia which now lie between
the Cretaceous and lignitic beds. If so, these rents have been most
completely swept away by erosion, part of which quite probably taking
place immediately after the deposition of the main portion of the bed,
and before covered with the lignitic beds, for some of the lower lignitic

beds in the breccia " spoon " contain volcanic debris along with their

usual metamorphic constituents. Moreover, the breccia thins in going
northward, the thickness where it crosses Willow Creek being less than
where it crosses the Grand.

WILLIAMS RIVER VALLEY.

From the western side of the lignitic portion of the LIV ridge, its

indistinctly-terraced spurs appear to break off indefinitely into the val-

ley of Williams Eiver, but whether the beds dip gently down beneath
the lake-beds, which occupy all the lower parts of this valley, was not
ascertained.

The Grand, after cutting an irregular canon through the flat-surfaced

granite mass below the Hot Springs, enters this lake-bed region about
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four miles below the Springs. These extend in broad terraced surfaces
far up the Williams River Valley, forming all the flat lower and treeless
portion of the valley. The southern and eastern borders of the valley
appear to be wholly of metamorphic rocks, which rise in massive spurs
and slopes to the Mount Byers ridge ; and though the upper caiions of
this drainage cut deeply into these rocks, a uniformity of contour is

pretty well preserved among the great spurs. Though not examined
directly, some appearances on the eastern border of this valley seem to
indicate the presence of the lower Cretaceous beds resting on the arch-
rean rocks. The western side of the valley is of the lignitic beds which
compose the Williams River Mountains, and which dip gently north-
eastward and probably beneath the lake-beds of mid-valley. At the
south a great north and south fault occurs, in which the west side has
dropped several thousand feet, leaving the metamorphics on the east
and the lignitic on the west, The fault probably dies out in coming
north. It will be referred to more in detail when speaking of the geol-
ogy of the Blue River Valley. The details of the Williams River Valley
were not studied.

THE NORTHERN LIGNITIC AREA.

The lignitic beds which have been described as occupying the ' brec-

cia basin " above the Hot Springs, and as lying unconformably upon
its western arm as well as upon the Cretaceous below in the nearly hori-

zontal beds of Mount Bross, spread out in their northern extension, and
form the greatest continuous area occupied by any one geological forma-
tion expressed upon the map, except that covered by the archsean rocks.
Throughout this area, except along its eastern edge, the roCks are but
very slightly disturbed, their inclination being generally less than ten
degrees and being in various directions, though mostly northward.
Though the region as a whole is one of elevation, its surface is uneven

and rises in four principal masses, which stand high above the interme-
diate country. This unevenness is due wholly to the, erosion having
eaten farther down into the mass of nearly horizontal beds in certain
areas than in others, and this erosion has been thus directed along these
channels by the intrusion of eruptive rocks rather than by more pro-

found structural causes, as folding, &c. The southernmost and lowest
of these four elevated points is the White Face and Coral Peak mass,
lying a few miles north of the Hot Springs, which has withstood erosion
better than the surrounding country, and hence retained its elevation

in virtue of the protective cap of hard basaltic lava which here covers
the softer lignitic sandstones. The divide between the middle and north
parks is also naturally elevated, but it attains special height at two
points : one, Park View Peak, which, though higher than any of the
others, is composed of a smaller mass, and hence has more abrupt slopes

j

and another, the great mesa-like mountain mass lying west of the Park
View, and between the head-waters of the Troublesome and the Muddy.
This latter elevation is due to a great capping flood of basaltic lavas

covering the lignitic, while Park View and the divide adjacent, though
having no lava-cap, is intersected by great dikes of porphyritic tra-

chyte, which give to it its sharpness as compared with the other and
lava-capped masses. The fourth elevated mass of lignitic strata is the
high and exceedingly even-topped ridge which is almost completely sur-

rounded by Willow Creek and its principal eastern branches. Though
unvisited, this ridge appeared to be caused less by the presence of erup-

tive rock than by the fact that the drainage, and hence the erosion, had
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been directed away from it because of its being somewhat upturned
against the Medicine Bow ridge of metamorphic rock lying just east
of it.

From these four masses the country descends in slopes, which are
broken up into innumerable small ridges, to the main drainage of Wil-
low and Troublesome Creeks. There is a tendency throughout to a ter-

race form, but nowhere is it so pronounced as in the breccia " spoon "

above the Hot Springs. Just north of the White Face group, this is

partially clue to the gentle northward dip of the beds, the inclination of
the surface being in the same direction, while the northern part of the
region is in the upper portion of the lignitic series, where there is less

difference in the hardness of the beds, and hence less opportunity for

the erosion to create terrace forms. The tendency still exists, however,
the form of Park View being very graceful, the steeper slopes running
out in flatfish spurs to become rather abruptly steep again, but not at-

•taining escarped edges. The valleys of the Willow and Troublesome,
therefore, show forms characteristic of the geology of this lignitic re-

gion, and are very different from the forms of valleys elsewhere in the
district. Nowhere in the lignitic area are the streams bordered by low,

flat, terraced banks like the lake-beds adjacent to portions of the Wil-
liams Eiver and the Grand, nor do they flow in sharp-cut, rugged
canons, as in archsean areas. Instead, a bottom usually but a few
times wider than the water-course accompanies the streams, often

marshy from the presence of beaver-dams, but not terraced, from which
steep slopes rise on either hand for several hundreds of feet in escarp-

ments which show the edges of the harder sandstones, with lesserslopes

of sotter beds between, and finally merging by curves, rather than
abruptly, into a pretty general terrace-like level, rising on and on, per-

haps, with other indistinct terrace steps to the higher masses beyond.
In the Eastern or Willow Creek ridge these slopes run quite evenly to

the top. In the White Face mass the last slopes up to the lava are

abrupt and lined with some palisades of lava. The slopes up Park View
are steep but graceful, while the western mass is surrounded by great
palisades of black lava, white volcanic tuffs, and conglomerates eroded
into pinnacled forms, and looking down into the upper canons of the
Troublesome. The southern border of this great lignitic mass as it

occurs near the Grand Eiver has been already described.

In ascending Willow Creek from its junction with the Grand, and
after passing through the rounded hills of lake-beds, most of which
dip gently eastward, and the accompanying basaltic lava, as before
described, there is found crossing the stream about eight miles from its

mouth the same ridge of dolerite breccia that crosses the Grand at its

upper gate-way. About half a mile before reaching the principal ridge,

however, an outcrop of similar material (breccia, &c.) is found on the
east side of the stream, dipping 20° to the northeast, and just beyond
and between the latter and the main continuous breccia ridge, which
dips 60° to the northwest, are several outcrops ; also, on the east side

of the stream, of Cretaceous No. 5, here containing many fine cretaceous
fossils. The upper outcrops near the main ridge dip 20° northwest, but
following along them northeastward, they swing more and more east,

dipping north 10°, and appear as if they swung around to become con-

formable beneath the lower occurrence of the breccia. The dips are

given in the Hot Springs map, (Figure 10,) and would seem to indicate

a small local anticlinal, with the axis dipping north. These beds were
not directly traced farther northward along their outcrop. The main
breccia ridge, however, after crossing Willow Creek, appears to pass



teAKVixE.]
GEOLOGY NORTHERN LIGNITIC AREA. 173

along the eastern base of the nigh, even-topped Willow Creek lignitie

ridge. The line ofjunction of the sedimentary rocks of this ridge and
of those beneath it, with the inetamorphic rocks of the Medicine Bow
ridge, must lie along the valley between the two ridges. Unfortunately
this was not examined.
The facts presented near the Frazier and Grand Eivers, the apparent

gentle westward dip of the Willow Creek ridge, and the smoothed ap-
pearance of the west slopes of the Medicine Bow ridge, would all seem to
point to the fact that all along between the two ridges the Cretaceous
underlying the lignitie, together with the breccia between the two, are
abruptly turned up against the Medicine Bow ridge, dipping steeply
westward away from it. From Park View appearances seemed to indi-

cate such upturned ridges of rock coming out from behind the north
end of the Willow Creek ridge, lying along the base of the Medicine
Bow ridge, and passing on north into the North Park. The narrow-
ness of the valley between the two ridges, as well as the apparently
slight western inclination of the lignitie of Willow Creek ridge, how-
ever, may indicate that a great fault lies between the two ridges, sepa-
rating the archsean on the east from the Cretaceous and lignitie forma-
tions in the west, the down-throw being upon the west side. Such a
structure is by no means improbable, as the tendency of all the folds

throughout this region is to an abrupt western down-throw, which often
passes into a fault.

Where Willow Creek breaks through the doleritic breccia-bed the
latter forms a well-defined ridge a few hundred feet high, striking a little

east of north, with irregular curving, and dipping west about 60°. It

is here only about 500 feet thick, and considering its greater thickness
near the Grand, it is probably thinning in going northward. Passing
up the Willow through the gap formed in the ridge by the stream, a
small, sharp valley is found on either hand behind the ridge, with some
exposures of soft brown sandstones, mostly shaly, dipping 60° west.

A thousand feet beyond, a ridge parallel with the breccia ridge is passed,
which is composed of coarser and harder brown sandstone, mostly of

granitic material, like the lignitie terraces of the Grand, dipping 50°
westward. Two or three hundred feet farther on a smaller ridge shows
a dip of about 40°, and but little over half a mile above the breccia
ridge, the dip is reduced to five or ten degrees, or even less. Here
the dip is more across the river to the north than up it, the valley being
a partial monoclinal, though the dip is very gentle. The terraces near
the stream are somewhat marked, but best so on its northeast side.

The first slope is between four and five hundred feet high, quite abrupt,
in escarpments of coarse gray sandstones, some rather finely and com-
pactly banded, and conglomerates, all of metamophic debris, sometimes
30 feet abrupt, with slopes of 5 to 10 feet of softer shaly beds. Some
exceedingly fine, compact, dark-blue argillaceous bands occur, carrying
small black spots of carbonaceous material. Dips of 5° to 10° or 12°

generally occur, mostly to the north, the observer constantly rising

through the formation in going up the stream. At a point about south-

east by east of Park View, however, a dip of about 10° to the south
occurs along the stream for a half mile, ending at the north in a dip of

about 30° to the south, till the up-throw of the beds on the northern
side is perhaps 150 feet, when the gentle northern dip is again resumed.
About in line with this small southward-bending fold, and perhaps a pro-

longation of it, there occurs upon the southern spurs of Park View Peak,
a short south dip of about 15°, but the usual northern dip is here, like-

wise, at once resumed. In a spur just northwest of Park View, the re-
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verse may be observed, a northern dip of 25° being observed for a short

space, but soon flattening to 10° again. The whole slope north of Park
View seemed to indicate a continuation of this northern dip, carrying

the lignitic beds down into the low flat basin of the North Park. To
the west the abrupt palisade edges of the great lava-cap covering the
lignitic in that direction show, extending in a high promontory north-

ward into the North Park ; and here, also, a gentle northern dip seemed
to be apparent at a few points.

Though a large dike and several smaller ones occur in Park View
Mountain, their connection with the topography is best shown in a hill

northeast of that mountain, and across the westernmost fork of the Wil-
low from it. These dikes vary from 5 to 30 feet in thickness, some being
apparently over five miles in length, and extending across the country
like huge broken walls. Where several intersect or occur near one
another, their combined resistance to erosion has formed a hill, every
spur of which contains a dike. Between the two mountains is the pass
for the Willow Greek trail over into the North Park. The accompany-
ing sketch-map, Pig. 17, shows the forms of these two points, and their

connection with the dikes. There are probably several large dikes

upon the northern spur of Park View, and on the hills to the northwest,

which are not indicated in the map, as they were not clearly seen.

The dikes are of a very handsome porphyritic trachyte, a grayish

green micro-crystalline or granular paste containing, as the more
noticeable ingredients, numerous large, well-formed crystals of white
orthoclase, and short, well-formed, hexagonal crystals of a soft, dark-

green chlorite.*

The lava capping Corral Peak has some peculiar features which
should be mentioned before leaving this lignitic area. The summit of

the mountain is a squarish, rugged mass, rising precipitously at the

southwest end of a ridge that runs about three-quarters of a mile

northeastward from it, where it is crossed at right angles by an
equally long but excessively sharp ridge, trending nearly northwest
and southeast. This whole top descends steeply, especially on the
northwest and south sides, for several hundreds of feet to the lignitic

beds on which it rests. The northeast ridge, though not examined at

its base, appeared as if it were the dike through which the eruptive

matter found its outlet. This ridge rises a little higher than the
broader neck connecting it with the main point which rises some 500
feet above either. The sharp ridge and all the main top is composed
of a dark, nearly black or brownish-black, brittle basalt, which pos-

sesses a resinous luster on a fracture face because of the very large

proportion of olivine permeating the mass. This lava weathers very
peculiarly, breaking in thin flakes or slabs, sometimes shaly, usually

standing nearly vertical, with flat conchoidal faces, which meet along the

edges as do the facets of a cut-glass tumbler. These slabs are highly
phonolitic ; and in weathering, the surface sometimes looks like a red-

dish, even-grained sandstone. The columns which compose the western
precipice are remarkably well formed. Some of them are two or three

feet across, sharply cut generally into five sides, cross-jointed into

lengths of from a few feet to a few inches, with, on the upper surface

of each joint, an exceedingly well-formed convex spherical surface,

rising two or three inches above the surface of the joint, and with its

circumference nearly tangent to the sides of the joint. A corre-

* It is intended that a proper chemical examination of this lava, as well as of all

the volcanic and other rocks that require it, shall be made to be used in the final report

of Colorado.
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sponding depression, of course, exists in the lower side of the section

above. This upper columned, jointed, splintered mass of lava shows
no signs of bedding, but it rests below in a mass of volcanic conglom-
erate, containing patches of white-weathered tuff, in all a few hundred
feet in thickness, dipping somewhat to the northwest, and forming a
zone of most curious pinnacled forms surrounding the base of the
steep upper slopes of the peak. At the very base a small patch of
lava was observed, consisting of a hard white matrix, with numerous
imbedded grains of sanadine and quartz, apparently a typical western
rhyolite. The conglomerate and basalt probably rest directly upon it.

The summit of White-Face Mountain and its western spurs seemed
covered with the same lavas as covered Corral Peak.
In the upper part of the East Fork of Troublesome Creek several dips

of the lignitic sandstones were observed at right angles to the stream,

or southeastward, some of perhaps 10°, thus forming a gentle mono-
clinal of the valley. Lower down, dips of 5° or 8° to the southwest take
their place, and the inclination of the strata being greater than that of

the stream, they gradually disappear beneath it. The valley is not as
deeply cut as that of the Willow, the first more abrupt rise being less,

and the semi-terraced slopes rising rather gently on either hand, inter-

sected by innumerable small ravines. A little lower, about five miles

above the junction with the West Fork, the river turns westward and
approaches a ridge into a narrowing gorge through which it enters, the
high hills on either side becoming capped with volcanic material. As
the stream cuts through the gently westward-dipping lignitic beds, the

capping lava descends more and more, until the palisaded canon is

wholly in it, the lignitic disappearing beneath it, the stream finally

emerging from between the gradually lowering sides to its junction with
the West Fork, in the flat, low-terraced basin of the Lower Troublesome
tributary to that of the Grand. This volcanic material lies upon the

hill-slope with a western dip of 6° to 1°, and consists of poorly strati-

fied or irregular volcanic conglomerates, some white tuffs, but mostly of

dark or black basaltic lavas, some columnar, which form the palisades.

On the south side of the canon a well-defined bed shows at one point a
thickness estimated at seven or eight hundred feet. Some of the lavas

observed were very fine-grained, with conchoidal fracture, some with
rough resinous surfaces, with the usual variations of appearance com-
mon in basalts. Except the peculiar tabular structure, some were un-

distinguishable from those of Corral Peak, and it is quite possible that

these lavas flowed down from that source. Inclining westward, the lava

ends abruptly at the canon's mouth in a steep slope of about 100 feet,

which descends to a narrow lake-bed terrace skirting its base, which in

turn descends in a slope of 40 feet to the river " bottom" of the West
Fork. (The section is shown in Plate III, section 4, east end.) Down
the Troublesome, the lava seems to end abruptly along the river in a

similar manner for some distance, being bordered on the west by the

terraced lake-beds of the stream, and thus concealing the western edge
of the great lignitic area from view. From here to the Hot Springs the

southern limit of this formation was not traced. It is probably some-

what concealed by this same lava flow, but it seems quite likely that

near Corral Creek, and on to Mount Bross, the lignitic beds may rest on
the granite, or on the upturned edges of the Cretaceous, as it certainly

does just beyond, near the Hot Springs. Somewhere near this line, and
not far below the junction of the two forks, are some sulphur springs

said to be similar to those near Mount Bross, but cold. As it is not un-

likely that the former may have an outlet similar to the latter, their
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presence may indicate here the upturned edges of the Lower Cretaceous
beds. Northward a few miles from the junction of the two Troublesome
Creek?, the lava on the east slope of the West Fork seems to draw away
from the stream, leaving it apparently on the lignitic beds. A little

west of the stream, some exposures dipping westward below the low
terraces seem to continue these beds in this direction. (Plate III, sec-

tion 3, east end.) Beyond the hills merge gently into the slopes leading
up to the great northern lava mass, and are cut by the deep canon of

the North Fork, (not shown in the perspective of the sections.) The
extreme western border of the lignitic area, that bordering on the val-

ley of the Muddy, will be described when speaking of that valley.

LOWER TROUBLESOME VALLEY.

West from the junction of the two forks of the Troublesome, the
gentle slopes of two or three low terraces rise to the low divide between
the Lower Troublesome and Muddy Elvers. The lower terrace rises

about 40 feet above the river-bottom, which is here a few hundred feet

wide. Upon the divide the uncompacted, crumbling, light brown and
gray sands and white marls of the lake-beds are well exposed, and all

the terraces of the adjacent valleys are probably of them. Much alkali

here abounds, and the terraces support a thick growth of sage-brush
and little if any grass. These beds seem to effectually conceal the
structure and relations of the rocks beneath. The divide and adjacent
slopes are covered with boulders, pebbles, and smaller debris of basaltic

lava, and moss-agate stones are frequent. Near the divide a few of

the higher elevations of white lake-beds are lava-capped, and at one
point a mass of lava occurs, as if occupying the ancient channel of a
small stream in the lake-beds, (Plate IIL section 3.) The lava-flow, of

which these are the remnants, must have originally extended quite

widely over this region, and the greater resistance to erosion due to its

presence may have determined the present position of this divide. The
latter ends at the south in the rather abrupt and high knob of granite,

the Lower Muddy Butte, which will be referred to later. This broad-
terraced valley of the Lower Troublesome opens out upon the similar

region adjacent to the Grand, and agrees in general features with the
lower portions of the Williams Eiver Valley, which opens in a similar

manner upon the southern side of the Grand.

VALLEY" OE THE LOWER GRAND.

The region adjacent to the Lower Grand is of terraced lake-beds,

through which protrude several small knobs of the nietaniorphic rocks.

The Grand emerges from its canon in the red, crumbling, gneissic granite,

four or five miles below the Hot Springs. At first, the granite forms its

northern bank, terraced beds being on the southern side, extending on
up the Williams Eiver Valley. A little lower, the river cuts somewhat
into the latter, leaving a narrow zone of terraces lapping up on the low
granite mass at the north. There are here two terraces ; the lower about
90 feet high, mostly of soft, dark-gray, friable sands, some compacted,
and a few brown conglomerates, a few hundred feet back from which
rises the upper terrace, about 125 feet high, capped with a brown con-

glomerate of granite debris which forms a small escarpment at the top

of the bank. The ravines cutting into the latter open out on to the

lower terrace, but do not cut deeply into it. An exceedingly gentle

dip of 2° or 3° up-stream toward the granite was here observed. The
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conglomerates strangely resemble some of the lignitic conglomerates in
general characters, but lake-beds at this point, being naturally made up
of debris from the granites and lignitic beds adjacent, might readily re-

semble the latter.

A little farther down the river again approaches the red granite,
which rises ruggedly to form its northern bank, the lake-beds being
again confined to its southern side, and here of a rolling rather than of
a terraced character. The granite appears rather smoothly surfaced,
and is cut through by the cafion of Corral Creek, which flows from the
lignitic area upon the north. Nearly opposite its mouth, and west of
the mouth of the Williams Biver, is a high hill with a great white ex-
posure, so characteristic of the lake-beds, on its steep, north face. Near
its eastern base are evidences of formerly existing sulphur springs.

After leaving the Corral Creek granite area the river-bottom is often
a half mile wide, bounded on either side by a terrace of about 80 feet in
elevation, except where the latter has been cut back by erosion, when
the rise is often 150 feet, or to the summit of the second and higher ter-

race, direct. The latter terrace surface, rising in more gentle slopes to
200 or 250 feet, forms the general level between the Grand and lower
Troublesome Creeks. From it here rises a rocky knob composed of
granitic gneiss and dark irregular gneiss. South of the Grand, also, are
two hills showing granitic outcrops, the lake-beds stretching past them
southward, their relations to the Upper Cretaceous or lignitic beds of the
north end of the Williams Eiver Mountains not being examined. Ex-
posures of highly cross-stratified sands are here exposed on the south
bank of the Grand. Farther down the river the well-defined terraces,

each of about 80 feet in height, are quite continuous. On the north side

a few small knobs of metamorphic rocks protrude through them, while a
quite large mass of the same (Station LXVIII) rises on the south, close

to which the river runs, with steep slopes rising to it. A spur of the
same runs quite to the junction of the Blue and Grand. Here a large
flat alluvium area spreads out, lying, when visited, only about five feet

above the river, and probably subject to inundation in very wet seasons.
Passing it, the river breaks through the Lower Cretaceous rocks lying
up against the eastern granite slopes of the Park range and enters its

impassable caiion through the same, carrying with it all the drainage of
the Park. The rapid deepening of this canon will probably ere long
retrieve the rich alluvium bottoms just above from serious inundations.
Nearly all the terraces of this region adjacent to the Grand are covered
with debris of metamorphic rocks, and sustain a poor vegetation of sage-
brush, with very little grass, though the river-bottom appears very fer-

tile. In the softer lake-beds much alkali is present, and the ravines are
boggy. Though obscuring the underlying rocks as they do, enough is

visible to show that the zone along the Grand is one, essentially, of the
archsean rocks. Taken in connection with the sedimentary rocks both
to the north and south, it would seem to be a gentle anticlinal, with an
east and west axis, extending from the Hot Springs to near the mouths
of the Blue and Muddy, with the overlying rocks swept away by erosion

and replaced by the later lake-beds; while the apparent continuity of
the mass with the granite of the Hot Springs would suggest that possi-

bly the fold throughout was of the same age as the Hot-Springs fold,

viz, post-Cretaceous, but pre-lignitic. The lake-beds so cover up the
edges of the adjacent formations that the relations between them are
readily seen, but ravines might be found exposing sufficient to really

determine these relations and the true nature and age of the fold. As
before mentioned, several sulphur springs occur a little east of the Lower

12 G S
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Troublesome, wliile indications of former ones are said to exist in the

Lower Williams Eiver. It is by no means improbable that, like the Hot
Sulphur Springs at the base of Mount Bross, these, also, have their out-

let between the Lower Cretaceous sandstones and the shales above; and
if so, indicate that these rocks, though now covered by lake-beds, still

occur beneath, and dip off northward and southward away from the
archsean area of the Grand. The relations of the Cretaceous to the west-

ern portion of this archsean area will be given shortly, when describing

the lower portions of the Muddy and Blue Elvers whore they join the

Grand.
THE VALLEY OF THE MUDDY.

The Park range forms the western limit of the Middle Park drainage.

North of the Grand, and all along west of the Muddy Valley, it is by no
means a high and rugged mountain-range, but a great rolling, even-

contoured swell of archsean rock, on the gentle eastern slopes of which
rest the Lower Cretaceous quartzites, extending more or less far up on it,

and dipping off to beneath the Muddy Eiver, which has excavated its

broad valley in the soft Middle Cretaceous shales. At the north, the

gentle eastern slopes of the valley are made up of the western edge of

the great northern lignitic area ; at the south, the low ridge of lake

beds lying between the Muddy and the Lower Troublesome Valley, limit

it on the east. The Cretaceous shales and sandstones of midvalley are,

however, nearly concealed by the long low terraces of lake-beds which
cover their upturned edges, and occupy nearly all of the main valley,

reaching far up on either side, the underlying Cretaceous rocks being
exposed at innumerable points in the many ravines which cut through
the lake beds in all directions. The valley, however, is not wholly a
simple monoclinal. The Park range trends wrest of north, and from it,

at one or two points, low anticlinals run out in an east of north, or north,

direction for a few miles and then terminate, the beds flattening out at

their ends, the river meanwhile being forced more and more east, as it

passes around their northern ends. In the following more detailed de-

scription of the valley, reference should be made to the geological map
of the Middle Park, (Fig. 8,) and sections 2, 3, and 4, of Plate III, the

positions of which are indicated on the map. •

The main source of the Muddy is the westernmost one, rising on the

long even massive slopes of the Park range, which are here composed of

very coarse granite. The waters collecting on these granite slopes flow

down to a small north and south valley at their base, which is formed
by the westward facing edges of the Lower Cretaceous beds which lie on
the granites. Breaking through the ridge formed of these in a narrow
canon, the stream flows out into the more open valley. (See west end
of section 2.) The lower beds are mostly soil-covered, but seem coin-

posed mostly of soft red sandstones, with a few harder beds, especially

at the top, where a prominent layer of hard, white, quartzitic sandstone
occurs. The estimated thickness of these beds is about 1,200 feet, or

nearly three times the thickness of the corresponding beds at the Hot
Springs, or about the same as the section noticed southeast of the Hot
Springs. Considerations as to whether a portion of the Jurassic may
be here represented, or whether all should be referred to No. 1, have
been given before. In the absence of fossils the latter is the most nat-

ural conclusion. They appear to become much thinner in their southern

extension, approaching the usual type and thickness of No. 1. Passing
east through the canon, the river flows across another little north and
south valley, and breaks through a smaller uniclinal ridge, likewise dip-
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ping east. The side valleys are in dark slaty shale with occasional are-

naceous and calcareous beds, reaching a thickness of about 350 or 400
feet. This outer ridge is capped with two strata of thin bedded lime-

stone about 8 feet thick, separated by a thin shalier layer, all dipping
eastward at an angle, near the river, of 10°, flattening to 6° higher up.

The limestone varies from coffee-brown to gray in color, is inclined to

saccharoidal, possesses a strong petroleum odor, and contains many im-
perfect fossils of a few Cretaceous species. The one occurring quite to

the exclusion of others is a small Inoceramus, which Mr. Meek informs
me closely resembles Inoceramus acutirostris (M. and H.) of Cretaceous
No. 2 of the Nebraska section. Passing on down the river, there ap-

pears here and there beneath the terraced lake-beds forming its sides a
long series of dark argillaceous shales, which dip eastward at a very low
angle.

The lake-beds, indeed, which here at first rise in a few low terraces,

then gradually merge into the adjacent bulky and irregularly contoured
hills, everywhere so obscured these beds that no good section was ob-

tained of them. There appeared to be no prominent beds among them,
however, and as the limestones last described are quite characteristic

and appear at other points, I have, for convenience, designated the hor-

izon as No. 3, though, as indicated by the fossil above, it may be lower
than No. 3, when paleontologically considered. If these beds are not

regarded as Cretaceous No. 3, there does not seem to be any horizon

here which could be so regarded. The shales above, which then become
No. 4, are probably thirteen or fourteen hundred feet thick.

Just east of where the stream receives its main fork from the north,

rises the Upper Muddy Butte, a steep precipitous mountain reaching
some 2,400 feet above the river, and standing in its abruptness in strong
contrast with the surrounding country. Before reaching it, the hori-

zontal lake-beds which rest on the eastward dipping shales sweep north-

ward in low sloped hills, with many small ravines, to a series of hills

which are lava-capped, the lava having flowed down from the great

basaltic mass resting on the lignitic at the east. The lava-capped hills

which remain near the sources of the North Fork are not visible in the

section, being hid by the Upper Mud'dy Butte, though five of the western
ones are seen. The Butte is also a mass of basaltic lava, the steep west
front being faced with many columns; planes of division cut through the

mass, dipping east of an angle of 25°, giving the impression that the

mass has been upturned into that position. This lava reaches lower
down than any of the other masses, as if it occupied a depression in the

former surface. On the south side of the stream, opposite the Butte,

are two or three connected, indefinite hills, all of the lake-beds, which
extend westward across a small terraced valley, and lap up on the ridge

of Cretaceous No. 3. Upon and about them many lava boulders are

found, often scoriaceous, and not well rounded, the remains, probably,

of a southward extension of the lava flow, the remnants of which cap the

hills of the north. It is this flow which would seem to have determined
the divide between the north and middle parks, which is here a gentle

swell, hardly worthy of the name of pass. Whether the northern lava

masses rest on lake-beds or on a westward extension of the lower lig-

nitic beds was not ascertained. The latter is quite possible, as the lake-

beds would have to reach unusually high to cover the whole pass, while

the lignitic beds appear to flatten in their northern extension, and may
swing around somewhat to the west.

"

Just south of the Butte a branch joins the main stream from the east,

up which the eastern end of section 2 was made. A little south of this
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branch and near the main stream, ridges of sandstones are exposed by
the ravines cutting through the lake-beds. These show a higher dip than
the shales to the west, being tipped up eastward at an angle occasion-

ally above 30°. The intermediate beds are not exposed, and are quite

likely to be shales eroded away more than sandstones. The latter, how-
ever, give the character to the horizon, being absent in the shales lying

below and to the west. A line of exposures a little east of the main
stream shows a dirty, dark, somber-brown sandstone, medium grained,

about 10 feet thick. Strike north 20° west, dip 45° northeast. A more
continuous line of outcrops (all in the ravines) is about half a mile to the
east of the main stream. There are here, beside the line of more prom-
inent exposure, several minor ones, all being of sandstones, mostly light,

but some dark brown, thin bedded, friable, and though not concretion-

ary, strongly resemble the Cretaceous No. 5 in the region near the Hot
Springs; the common eastward dip here is from 20° to 30°. Up the east

branch, about two miles from the Butte, a small side stream from the
north has cut a deep valley, exposing a cliff of a few hundred feet in

height upon its east bank, (a in section.) At its base is a uniclinal ridge
(strike north 15° west, dip 10°-15° east) which exposes a thickness of

about 250 feet of light, gray, friable, thin-bedded sandstones, someperhaps
of the consistency of freestones, none thicker than one foot, but mostly
shaly. Above, for about 225 feet, and foriqing the lower portion of the
cliff, the beds are shaly, and some almost earthy. A band of about four

feet in thickness here is of bituminous shale, quite irregular, and con-

tains some thin seams of black but weathered and shrunken lignitic coal.

The cliff is capped by about 150 feet of coarse, massive sandstones com-
posed of metamorphic dSbris, the characteristic and unmistakable beds
of the lignitic group. Though the eastward inclination of the upper beds
is small and much less than those below, the transition between the two is

gradual, showing a flattening of the fold, there apparently being no uncon-
formability anywhere in the series. Here, then, the lignitic must rest di-

rectly on the Cretaceous without the intervention ofthe doleric breccia bed
of the Hot Springs. That the latter marks the most natural line of de-

markation between the two horizons follows from the entire change of

lithological characters which it separates, as well as from the unconforma-
bility between them at the Hot Springs, and, so far as known, from the
complete change of life which here occurs, molluscan life giving way
to plant life. Near the muddy, however, the line of demarkation be-

tween the two horizons is not so well marked. From the fact that in

the breccia basin, on both the Grand and Frazier Eivers, a few hundred
feet of shaly beds lie beneath the lowest coarse sandstones, and between
them and the breccia it becomes no unnatural inference to suppose that
the carbonaceous shales which underlie the coarse sandstone escarpment
here near the Muddy probably form the base of the lignitic, thus leav-

ing the lower sandstones of the ridge below as the probable summit of

the Cretaceous. Though no fossils were found in these beds directly,

yet sandstones characteristic of No. 5, with fossils, occur just below.

No. 5 might thus be taken as probably being very nearly 1,500 or 1,600

feet thick, making the total thickness of the Cretaceous here in the

Muddy Valley about 4,500 feet. These thicknesses, though checked by
scaled distances on the map, may be in error from incorrect estimation

of average dips, as so much is obscured by the lake-beds. I think that

they rnaj be much too small rather than too large.

A little north of the lignitic escarpment, a few exposures indicated a

flattening of the formation, as if the lignitic beds might extend north-

ward and westward toward the Pass into the North Park, as before in-
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titnated. Following on eastward up the valley, all is covered with a
curious porous soil to its head, where the high escarpment of the great
volcanic mass is met.

Flows of black basalt, lined with columned escarpments, great thick-
ness of volcanic conglomerate and white tuff, and red scoriaceous
masses show on this western face. The thickness of the volcanic mass
must exceed a thousand feet. The peculiar porous soil of the valley is

probably due to soft volcanic material. The ridge running toward the
exposure of the lower lignitic rocks (a) has some small lava masses on
it, while a long arm stretched northwestward would seem to indicate
the direction of the lava flow, which reached all around the northern
sources of the Muddy.
Southward from the Upper Muddy Butte, the formation, as indicated

by the more frequently outcropping sandstone ridge of No. 5, would
seem to follow very closely, in its changing trends, the general course
of the river. The effect on the topography of the intermingling of the
flat lake-beds with the including upturned Cretaceous, is here very curi-

ous. For ten miles down the river the lateral streams from the east are
very numerous, and have cut the lake-beds into long, often irregular,

tongues, whose ends fall in a steep terrace slope to the river, and the
sides falling similarly to the cutting ravines. These, however, often cut
through ridges of the Cretaceous sandstones at right angles to their

course, which close to a narrow cut the ravine-shaped valley, and mod-
ify in many ways the naturally regular forms of the lake-bed erosion.

The types of these tongues are flat and even, all of pretty uniform
length, with surfaces sweeping up in long, graceful curves to the gently
molded hills bordering the valley on the east, and which are probably
of the lignitic rocks. Near the river the Cretaceous shales, and the
sandstones just east of them, dip rather steeply or up to 30° or 40°

eastward, but they flatten in going either east or west. West of the
upper part of this region, and partially encircled by the southward
bending of the Muddy, are the rolling hills of lake-beds, which have
been before referred to. South of these, however, the ridge in which
Station LXV is situated, is of a very different character. Northwest of

the station, and in the deep ravine at the base of the hill, is a small
ridge striking N. 40° E., and dipping 55° to the northwest. The beds
about show it to be swinging around the northern extremity of the sta-

tion, and beneath the hills of lake-beds just north. It is of limestone,

in all respects similar to the bed called No. 3, a few miles to the north-

west, and is undoubtedly the same bed. Following the main ridge

southward, this bed forms a minor, but parallel, ridge on its northwest
side, which dips as high as 65° in the same direction. The southern
end of the main ridge is quite broad and flat, and is surrounded by a
small palisade facing south and east, which appears to be the same bed
capping the hill and dipping gently east. It is through here that sec-

tion 3 (Plate III) is drawn. Outcrops of the same limestone, which is

still composed of two prominent layers, but is thicker than farther

north, appears as if broken downward along the east side of the ridge

also. All along the lower slopes upon this side the slates of No. 4,

where observed in the ravines in the confusing lake-beds, dipped gently

eastward toward the river, some being barely inclined, and few, if any,

exceeding 30°. The ridge, indeed, is an anticlinal, with a gentle east

side, an abrupt west slope, trending about north-northeast, and flatten-

ing at the north. To have sections 3 and 2 (Plate III) in their proper

stratigraphical relations, section 3 should be moved eastward until the

anticlinal on the left comes under the Upper Muddy Butte in section 2.
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The flatness of the dip near the Butte is probably due to the effect of

this fold.
4'

r Southward along the east slope of this fold the valley widens before
its contraction at the Lower Muddy Butte. On the west, the slopes
coming from the anticlinal ridge are less cut up by intersected ravines
than at the north, the terraces being more continuous and longer, run-
ning from the ridge in long flat slopes, and falling in one or two steeper
descents to the river. On the east side of the river the lake-beds have
here been more extensively eroded away than at the north, and the
sandstones of No. 5, being here quite flat, are exposed with their west-
ern edges showing in low escarpments facing the river. Back, (east-

ward,) they disappear beneath the ridge of the lake-beds which sepa-
rate the Muddy from the Troublesome. West of one of these flatly dip-

ping tables of No. 5, and about five miles north of the Lower Muddy
Butte, and a little south of section 3, some of the Cretaceous beds are ex-

posed in the face of the lake-bed covered river-bank, and show a folding
of the formation along a north and south line, the dip to the west being
45°, that to the east at first 20°, flattened to about 10°. The horizon
again brought to the surface is probably the No. 3 limestones. Here,
then, is another anticlinal fold indicated. It was not directly traced
southward, and since the soft beds have been leveled by erosion, and
probably almost wholly covered by lake-beds, there are no easily traced
surface features to indicate its extent or nature. A few exposures on
the east side of the stream, and a little south of this point, would seem
to show that the beds on the east side of the fold were swinging some-
what eastward, as if to pass to the east of the Lower Butte, but they
then become concealed by the ridge of lake-beds. This fold is indicated
in section 3.

A pretty constant outcrop seems to be of a harder horizon of sand-
stones in Cretaceous No. 5. These usually outcrop east of the river,

and, as indicated on the map, seem to show the effect of these two folds
in their line of strikes. At first quite flat, the outcrop in going north
gradually steepens, and trends more and more west, till, on a northwest
strike, it forms a hog-back ridge nearly 200 feet high, and dipping 40°
northeast. It would seem to be here running around the north end of
the eastern fold, but, feeling the influence of the western fold, it turns
more northward. Again it runs northwestward, as if tending to mantle
around the northern end of the latter fold, but near the Upper Butte it

turns northward, probably farther north to swing west again.
The Lower Muddy Butte is a high knob rising abruptly on its north

and west sides to a height of about 1,800 feet above the river. It is of
granite, with its base almost wholly surrounded by the low-lying lake-

beds, and is probably the northwestward extremity or arm of the gran-
ite mass shown to exist along the lower portions of the Grand.
Westward, but a few miles from the Butte, and across the narrowed

valley, may be distinctly seen the limits of the Lower Cretaceous quartz-
ites and sandstones, as they lie up against the granite of the Park
ridge and dip down eastward toward the Butte. The broad, low valley
stretches northward, and occasional outcrops of its Cretaceous rocks
may be seen beneath the terraced slopes; but in this direction, as said
before, all is so leveled and covered with the terraces that the relations
of the Cretaceous to the granite of the Butte are not apparent. Whether
the former are upturned against the Butte, or whether a fault separates
the two, or whether the Butte may not represent an elevation of the
granite which existed before the Cretaceous beds were laid down sur-

rounding it, is not readily seen. The abruptness of the hill, the apparent
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total absence of upturned beds, and the undisturbed appearance of the
usual Park range fold on the west, would indicate the latter. But the
fold spoken of as being found a few miles north of the Butte, as well as
the unusual presence of granite masses protruding through undisturbed
Cretaceous rocks, would seem to lend probability to the view that the
Butte owed its presence to at least a post-Cretaceous disturbance, which
folded or faulted the Cretaceous rocks about it, though erosion and
deposition since have almost totally obscured the evidence of such action.
South of the Butte, however, is evidence indicating the latter origin.
Here, between the Butte and the Grand, is a curious area of Cretaceous
beds. It is a true geological basin, the beds dipping toward the center
from all directions. The west and south sides are best preserved, the
others being confused with lake-beds. This portion is conrposed of two
ridges, their abrupt slopes being presented outward, their gentle slopes
inward toward the center, so that, approaching the center radiallyfrom the
south and west, we would have to rise a hundred feet or more up a steep
slope, showing the edges of crumbling shaly sandstones, (some argilla-

ceous,) to a harder bed on top sloping gently in the opposite direction,

when another sharp but steep ascent would have to be made before
descending again gently to the center and the river ; for the Muddy,
breaking through the north edge of the basin, curves around through
over half a circle in its very center, finally breaking through the south-
eastern side to join the Grand.
To the west the steep faces overlook a narrow belt of lake-beds, from

beneath which appear theLower Cretaceous beds rising in the Park range.
To the south the steep faces overlook the broad alluvium bottom of the
Grand, which probably here covers the Lower Cretaceous beds, for just
south of the river, near its junction with the Blue, some schist-knobs are
indicated by the terraced beds of schist debris. East of the basin, the
terraced beds cover nearly everything, but a ravine shows the lower
beds dipping 30° westward. Farther east is the area of terraced lake-

beds, with a few protruding knobs of granitic rocks. It is across in this

direction that section 4 (Plate III) is drawn, extending on to the junc-
tion of the two forks of the Troublesome. Beneath the lake-beds here
forming the surface, the Cretaceous may dip off north and eastward from
the granites, which show above the surface here and there, and beneath
the lava- covered lignitic beds of the Troublesome.
Nearly at the steep southern base of the granite butte, and exposed

in a small ravine, is a small patch of white saccharoidal or quartzitic sand-
stone, lithologically like the characteristic beds of No. 1, and dipping from
the granite about 30° southwestward. It not only dips from the granitic,

but it lies in a small sharp ravine in the granite, and appears to be
folded with the ravine. A little farther out the same beds dip gently

toward the granite, its edge facing out over the river, descending to

which the beds of the basin are found as before described. (See the

small section just above section 4.) A little west of here, and at

the northern end of the basin, a southward dip is also found, which
turns west as if curving around the west end of the butte.

It would appear from these facts, then, that south of the butte, and
crossed by the Lower Grand, there occurs a patch of Cretaceous rocks

which have been folded into the form of a basin, surrounded on the

north, east, and south by the metamorphic rocks, and running up on the

Park range on the west, as part of the strata forming that told, and
that the butte itself had been brought to its present position by a fold

which has turned up the Cretaceous rocks about its southern slopes;

probably about its northern slopes also.
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THE VALLEY OF THE BLUE RIVER.

The sources of the Blue Eiver are in the area of arepean, with some
small patches of older sedimentary rocks lying between Gray's Peak on
the east and Mount Lincoln on the southwest. From their mountain-
surrounded valleys, the collected waters, at about thirty miles from the
river's mouth, pass into an area of Cretaceous rocks, and it is this lower
portion only which will be regarded at present. For this thirty miles

up from its mouth, the Blue, in several respects, is the direct comple-
ment of the Muddy, and especially as it occupies a monoclinal valley in

Cretaceous rocks, the valley bottom being eroded in the soft, eastward-
dipping, mid-cretaceous shales, with the hard lower sandstones lying up
on the archsean rocks of the Park range on the west, and the sandstones
of No. 5, with rocks above, forming the eastern side of the valley. But
it is a far better-denned valley than that of the Muddy, being both
straighter, narrower, and deeper, though there is yet room nearly all

along mid-valley for a zone of recent terraced beds, which, as in the
Muddy, conceal most of the Cretaceous shales from view, and take away
any idea of ruggedness of bottom, which might attach itself to the term
narrow, as applied to the valley.

From its monoclinal nature, the river naturally lies nearer the eastern
side of the valley, or the base of the Williams Biver range. The first

steep slopes of these mountains rise along a very straight line, and while
the Blue is for a short distance close to their base, a zone of terraces

from one to two miles wide usually sweep from the mountain-base
westward to the river. The range is exceedingly symmetrical in its

outline, both in cross-section and longitudinally, the highest point, which
rises some 3,600 feet above the river, being nearly in the center. From
this point the summit-line, which varies in distance only from two to

four miles from the river, descends in uniform wavy slopes both north-

west and southeast, while in cross-section the eastern slope is compara-
tively gentle, the one facing the Blue being very steep. This west front

is made up of the edges of the strata, which show upon it as horizontal

bands. There are two bands which are more prominent than the rest,

forming escarpments, one about half way up, where the range is highest,

the other near the base. Toward the northwest, where' the range falls,

the upper horizons are eroded away, and the lower bed forms the general
summit of this lower portion of the range, reaching to within five miles
of the Grand. Both of these more prominent beds appear as bands of
ashen-gray color, and are apparently sandstones, separated by a series

of shales, weathering gray, with many white bands.
The summit of the Park range varies from six to eight miles from the

river on its opposite side. For fifteen miles south from the Grand,
except being somewhat narrower, this ridge has much the same char-

acter as north of that river, a massive rolling ridge of the archsean rocks
with the Lower Cretaceous sandstones lying up against it. South of

this point, however, it rises in one steep slope to the jagged crest of

the main Blue Biver range, the principal characteristics of which will

be described a little later.

Proceeding up the valley, the long middle slopes of the Park range,

capped with the Lower Cretaceous sandstones, lie on the right; the upper
portions of the ravines cutting through these to the metamorphic
rocks below. Lapping up on these slopes are the terraced beds which
run out toward the river in long graceful slopes. The stream usually

has a much narrower bottom or flood-plain than the Muddy, and it is there-

fore much less serpentine in its course, the lower terrace generally rising
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close to the stream. This first rise is perhaps about 100 feet to the top
of the lower terrace, then a long gentle rise to a subordinate terrace

(often absent) of 30 or 40 feet steep slope*, then another long slope to

the highest, but less distinct terrace, of 150 to 250 feet in height. Just
above the middle subordinate terrace another low terrace is sometimes
present. The lower slope is the most marked, and is often several

miles across.

The Cretaceous shales are frequently exposed in the ravines and river-

channel. On the left is the hill of Station LXVIII, with the shorter

terraced slopes of coarse archaean debris. Mixed with this debris, on its

northwest side, is also much debris of shales, as if the Cretaceous rocks
laid up against the granite. In the ravines near the river some ex-

posures showed a bending of the strike of the strata from southward
around to the eastward, at first with a flat northward dip and then a
steeper southward one ; in other words, as if the strata were mantling
around the southern side of the archsean area of the Grand. Though
perhaps too few points were observed to make the fact absolutely cer-

tain, yet, where seen, the strata occupied just such positions as would
exist at the junction of two folds, one (perhaps the older) bringing the
granites of the Grand to the surface, with rocks here dipping off to the

south and west, the other, the Park-range fold, trending nearly at right

angles to the former, and lying just across its western end. Indeed, the
LXVIII hill, in its geological characters, is probably the complement
of the Lower Muddy Butte, and seems to be the southwestern extrem-

ity of the east and west fold of the Grand, which, judged by the un-

conformability at the Hot Springs, occurred before the deposition of

the lignitic beds, and preceding by a long interval the great final folding

of the mountains.
About five miles from the Grand there rises above the terraced- slopes,

on the east, an escarpment of bedded rocks, about 100 feet high. These
are mostly of buff-colored with some brown friable sandstone, showing
in four prominent and nearly horizontal layers. At first, at the north-

ern end, a low dip to the south is apparent, again a probable indication

of the fold of the Grand. Their usual dip, however, is gently to the

east, and into the flattish-topped mass which they mostly make up, and
all along the west face of which they show in banded escarpments. The
exposures, meanwhile, in the ravines of the valley seem to be, so far as

observed, almost wholly of shales and slates, so that these bluffs would
appear to be the Upper Cretaceous sandstone No. 5. The horizon can be
quite readily traced by the eye all along the base of Williams Eiver Mount-
ains, and in it, near the south end of the range, was found an Inoceramus,

which Mr. Meek identifies as being closely allied to I. barabini, (Mor-

ton,) a fossil of Cretaceous No. 5, of the Nebraska section. All the lower

portions of the Williams Eiver Mountains, therefore, are composed of

Upper Cretaceous strata.

For five or six miles these sandstones mostly form the flatfish north-

ern arm of the range before it rises in rounded curves to its higher and
more ridge-like middle portions. At one point they are covered with a

large mass of apparently eruptive rock, probably basalt, or trachyte,

but which was not ascertained. Southwest of those lava-covered escarp-

ments are two dikes of trachytic lava, which appear as low ridges cross-

ing the terraces on the east side of tbe valley, the westward trending

nearly south, the other trending more southwest; the two intersecting

near their southern ends. The one is vertical, the other apparently dip-

ping noithwest at au angle of 00° toward the other, and probably joining
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it below. The rock is of a hard, fine, semi-vitreous base, light gray or

greenish-white in color, and inclosing crystals of orthoclase or sanadite.

The trend of these two dikes is toward a hill which lies about eleven

miles from the Grand, and which, in its isolation and abruptness^ pre-

sents a unique topographical feature on the otherwise regularly formed
valley, and therefore indicates some equally unique geological fact. The
main valley seems to lie between this hill and the Williams Mountains,
but the river appears to leave its valley and turn out of its course to

cut a deep canon around the western base of the hill, which rises to a
height of 1,500 feet above the stream. Looked at either from up or

down the river it shows a series of massive beds, with softer layers be-

tween, all dipping eastward, the upper beds at an angle of 30°. These
massive beds are of trachyte; the softer beds are Cretaceous shales, and
the bedding is apparently so perfect as to give the impression that the

lava was contemporaneous with the sedimentary rocks, and that here
were trachytes of Cretaceous age. But either north or south of the
hill the Cretaceous shales in the neighboring ravines show very flat

eastward dips, indicating that the lavas are but intrusive masses of

post-Cretaceous age, which, instead of breaking across the strata, here
followed along their planes of bedding, and forcing apart and upward
the strata between which they wedged themselves, caused them to

incline eastward at a steeper angle than those on either side. Ex-
amination of the hill confirms this idea. In a single section made
about in the middle of the hill several points were found where the lava
broke abruptly across one or two feet of the shales, breaks of a few
inches being common, while a generally uneven surface exists between
the two. At one point a limestone rested on a lava for a little ways,
and then slates commenced to wedge in between the two, generally with
broken edges. The section is indicated in Plate III, section 5, and is

given in more detail below. The three thick lower beds of trachyte in-

dicated in the section are all joined in one on the southwest corner of
the hill, and form a high pinnacled cliff overhanging the river. Near
here, and a little south, maybe seen what appears to be the side or edge
of a flow, where the undisturbed slates lie on the south, dipping at
an angle of 10° eastward, and abutting against lava which from there
north forms a layer, and on which rest the slates which have been turned
up by the lava. On the opposite (west) side of the river is a massive
hill, also apparently of the trachyte, a remnant of the thickening dike,

with the capping slates eroded away. On the hill-slopes to the south-
west appear some disturbances of the Cretaceous beds, possibly caused
by the incoming of the lava. In the river canon about 80 feet of a white
siliceous sandstone is exposed, probably the upper bed of the Lower
Cretaceous sandstones No. 1. It dips but a few degrees to the east.

The beds included between the trachytes gradually increase their dip in

ascending the hill. They are mostly of dark argillaceous shales, with
some blue-black slates, and one or two limestones. The usual Cre-
taceous fossils occur here and there. Considering the preponderance
of lava in the hill the sedimentary rocks seem to have been but very
little affected by any heat that may have accompanied its eruption.
"What little effect it has produced, however, is as markedly on the beds
lying above lava as on those below it. The lava throughout is a hand-
some trachyte, with a tendency to very large feldspar crystals, which
are inclined to glassy, and seem to be of the sanadite variety of ortho-

clase, though the usual orthoclase forms are more common than the
square tabular crystals. Some of the latter are from one to two inches
across. The upper trachytes seemed usually more porphyritic than the
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lower ones, the average size of the very numerous feldspar crystals be-
ing, perhaps, from a quarter to one-half an inch. While much of the
matrix was greenish, some was olive-brown, and, though mostly fine-

grained, some was slightly vesicular, and a little was observed inclining
to scoriaceous. The following is a record of the section down the west
side of the hill, the thickness being obtained, as usual, by using an ane-
roid, pacing, and estimation

:

Section of hill in Blue River Valley, eleven miles from Grand River.

Nature of strata.
Thick-
ness.

Trachyte
Slaty shales
Coarse trachyte
Shale
Trachyte
Slates, mostly shaly, very fine, blue-black, at center heavy bedded to 18
inches ; uneven and broken surface

Trachyte ; somewhat porphyritic, but mostly fine, irregular, and some scoria-

ceous ; breaks of one and two feet across slates

Fine shales

Limestone, fine, compact, dark blue; beds eight inches thick, subjointed to
shaly ; brittle ; in part shales below

Trachyte
Shales ; dark, fine

Trachyte
Shale :

Trachyte
Siliceous sandstone, white
River.

Feet.

100?
2001
100?
25
110

120

10
60

10
80

100
275
20

150
80

Across the valley, eastward from the hill above described, on the west
face of the Williams Mountains, is a little projected ridge, apparently a
short dike, passing through the lower beds of the mountains. It is

indicated in section 5, and modifies the section of the range, here near
its highest point, by causing the lower bed to run farther out in a ter-

race form than in the usual mountain section, which shows the west face

as steeper, and more as in the dotted line. A few miles south, in a
steep east bank of the main river, a vertical trachyte dike was observed,
about a foot thick at the base, thinning to nothing about 80 feet up, and
so disappearing before reaching the surface, on which no indications of

it existed.

THE PARK RANGE AND BLUE RIVER MOUNTAINS.

Meanwhile, the Park range has undergone some change. The
rounded ridge has gradually risen until, near the base of the abrupt
slope up to its southern extension as a rugged range, it is at the timber-

line. The Cretaceous sandstones, resting on the ridge, are here cut up
more than nearer the Grand. A remnant caps the very summit of the

ridge, but greater erosion has cut much of the sandstones away, leaving

the valleys in the granites. Much of this erosion has been glacial. The
valley, which has the steep and rugged slope of the northern ridge of

the mountains rising from its southern side, and the more even-con-

toured massive ridge on its northern side, i. c, the first valley north of
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the greater mountains, is a glacier-cut gorge, widening and narrowing,

with many glacial lakes scattered here and there, while its whole bot-

tem is a maze of uneven roche-moutonee, which frost and vegetation are

now fast breaking down, and gradually obliterating. It has cut deep
into the granites, apparently leaving the Lower Cretaceous sandstones
bordering the northern edge, and, farther to the east, where the main
ridge falls to a lower and flat-topped spur, the southern edge also.

Lower down, where these flat-topped spurs fall off rather abruptly, mo-
rainal masses run out from their ends on either side, and, first running
down the valley, finally cross it and join in a bulky terminal mass be-

low, which covers the granite, and then hides the upturned edges of

the lower sedimentary rocks. One or two of the valleys draining off the
rolling Park ridge north of this one present some similar features,

being cut through the sandstones and exposing much metamorphic
rock. About midway of this ridge, toward the Grand, a higher point

presents some of the characteristics of a lava mass. It is probably
basaltic.

THE BLUE RIVER OR MOUNT POWELL GROUP.

The Park range, after its abrupt rise from the broad rolling ridge at

the north, entirely changes in its characters. It appears to be a rectan-

gular-shaped mountain mass cut into the most profound amphitheatral
headed gorges, which are separated by the most rugged and sharp saw-
like ridges of rock imaginable. The main ridge lies along the south-

western side of the mass, and from it the valleys and their sharp sepa-
rating ridges trend in a general northeast direction. The northernmost
spur was composed of a very distinctly and evenly bedded series of

schists, gneisses, and granites which had a strike nearly with the ridge,

and a dip of 40° or 50° to the southward. Looked at from the east, the
general impression is received that all of the large ridges of the range
have a similar structure. These rugged ridges, in their easternmost
portions, (see Plate III, section 6, west end,) present a pretty uniform
general elevation, (a &,) and as the northern ridge expands at its end into

an even-surfaced table-like mass of rock, the impression is given that all

of these sharp ridges are but the remnants left from the cutting away of

a plateau-like step which once followed along the mountain-face. These
ridges also end quite similarly along a pretty straight line, and descend
to rather a uniform level. Regarding now more particularly the north-
ern ten or fifteen miles of the high range, which includes but four or five

of the ridges, it is observed that at the base of each steep end
;
the low-

ered spur does not continue on as a sharp ridge, but slopes off, a flat-sur-

faced, plateau-like area, descending gently eastward, (c d, section 6.)

Since upon the corresponding area at the base of the northernmost
ridge great quantities of debris of the Lower Cretacerous sandstones
were found, abundantly proving that they covered the area, it appears
that all of these flattish areas either are now, or have comparatively
recently been, covered with the same sandstones. Such features would
seem to indicate that the Cretaceous had once extended high up, or

quite over the whole range, and that the latter, in its upfolding, had
received the most pronounced uplifts along certain well-defined lines,

the intervening portions not being tilted up at high angles. It is by
such a process that the front range, at least from the Big Thompson
to the South Platte, has received much of its uplift. Major Powell and
Mr. Gilbert have noticed similar folds in the Kaibab plateau and adja-

cent regions on the great Colorado plateau of Northern Arizona, through



jiarvixe.J GEOLOGY SOUTHERN END OF WILLIAMS EIVER RANGE. 189

there the sedimentary beds have not (by many a thousand feet) been
stripped by erosion from off the underlying rocks. It is a form of mount-
ain-building, which I think is not uncommon in the West.
The canons issuing from the high Park range, or Blue Eiver Mount-

ains, are glacier-scored, and cut deeply into the metamorphic rocks
between the supposed Cretaceous covered areas, which lie between their
mouths. From the edges and ends of these areas commence the moraines,
which extend valleyward and end in broad indefinite morainal masses,
reaching nearly to the river. The metamorphic rocks exposed in
the canons probably extend some distance down them, and finally be-
come covered by the moraines, encroaching on it from either side before
the edges of the Cretaceous sandstones which underlie the main valley
appear crossing the stream-bed ; these edges apparently being covered
by the moraines, as indicated by section C. In this section the plateau
area c d is not shown quite high enough to be in its proper relation to

the moraine.
From the lower surfaces of the moraines the terraces sweep off to

the river, the upper terraced beds evidently lying directly on the mo-
rainal mass ; the two formations being probably to a certain extent
contemporaneous.

THE SOUTHERN END OF THE WILLIAMS RIVER RANGE.

Opposite the portion of the Blue Eiver range last considered, lies

the southern end of the more symmetrical portion of the Williams
Eiver range, which terminates at a saddle at Pass Creek, its highest
point being nearly midway between that stream and the northern end
of the range. The Blue Eiver bends near this point, the valley turning
from a southeast to a south course, in going up stream. Looking
down the valley from a point above the bend, the eye sees, then, the
southern end of the Williams Mountains, (see section 6, east end,)
with the edges (oc, cc) of the prominent upper bed of the range running
across it. As shown in the section, it seems to be folded or faulted
somewhat. On the south side of Pass Creek is TJte Peak, rising

some 3,800 feet above the Blue. This mass shows as somewhat offset

to the east with respect to the Williams Mountains. Its western
face is terraced like the west face of the latter, the uppermost
bed appearing running prominently across it, with the lower promi-
nent bed showing on a portion of the face, and both dipping slightly

eastward into the mountain, but all the mountain summit is of the
metamorphic rocks. There are here mica, schist, and gneiss, rather
finely banded, but somewhat distorted or irregular, with some felds-

pathic seams, the strike being about north 10° east, with a dip vertical

or high to the south. Its eastward slopes carry one at once into a
country characteristic of the archsean rocks and different from the
valley just left, the first eastward descent being directly to the deep
caiions of the Upper Williams Eiver, and then on and up on to the
massive, deep-cut spurs leading to the Mount Byers and Gray's Peak
groups of mountains.
To the south all seems likewise a mountainous region carved from

the hard metamorphics. The western face of the hard archsean rocks,

which form the summit of the mountain, is abrupt for about a thousand
feet down to the uppermost layer of the sedimentary rocks. Close to

the base of this steep upper slope some of the sediments dip slightly

away from it, but their inclination just abreast of the peak is mostly
toward the latter, at an angle of 8° or 10°. There passes through
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here, therefore, a great fault, which separates the sedimentary rocks of
the Blue River and Williams Mountains from the inetaniorphic rocks
of the peak and the region at the east, the down-throw being on the
western side.

The sedimentary rocks which form the valley and lower portion of the
peak cannot be taken at less than nearly 6,000 feet thick, probably much
more, while the schists of the peak rise more than a thousand feet higher,

so that, making no allowance for an unknown thickness of material
eroded from the summit of the peak itself, the western side of the fault

must have moved down, with respect to the eastern side^ a distance of at
least 7,000 feet.

This great fault passes northward east of the Williams Mountains,
but was observed nowhere along the Grand, and probably dies out in

that direction. Southward it appears to form the eastern side of the
valley of the Blue for some distance, while it may be the northern con-

tinuation of some Of the great faults that occur in the neighborhood of
Mount Lincoln, but the connection was not traced out at all.

The beds which make up the west side of the peak are in part the
same as those of the Williams Mountains. At the base, but best ex-

posed on the north side of Pass Creek, or in the south end of the Wil-
liams Mountains, are the series of somber, dull-brown sandstones, ex-

posed in several heavier beds, with narrower, slatier beds between,
which lie all along at the base of the range. Those here exposed seem
to be the upper r>ortion of this zone. It was in those beds that the
fossils allied to Inoceramus bambini, (Morton,) before referred to, were
found, confirming the age of this horizon as being Cretaceous JSTo. 5.

Above follows a slope of shalier beds, perhaps 500 feet thick, capped
with the bed of sandstones which forms the upper prominent layer seen
along the west face of the Williams Mountains. The characters of this

sandstone I seem to have failed to record, except that the main massive
portion was about 80 feet thick. Above were 500 feet, mostly shaly,

with another harder band of thin-bedded, dull-brown sandstone, about
40 feet thick on the summit. In the slope of about 600 feet of softer

beds, lying still above, some black argillaceous shale was observed, and
at the top harder sandstones, some shaly and dull-brown as before, and
some white, inclined to saccharoidal, a few of the harder beds being 18
inches thick. ~No fossils were observed. Some of the sandstones noticed
were whitish and reddish, and rather coarse, while a few only seemed
plainly composed of debris of metamorphic or granitic rocks, and to re-

semble therein the characteristic coarse ligni tic sandstones of the other
sections. Indeed, the series seems more to belong to the lignitic hori-

zon because lying above the usual thickness and divisions of the Creta-
ceous rocks, rather than by the close lithological resemblances so well
marked elsewhere in the park. Though differing from the Cretaceous
in lithological characters, and having no place in the usual Cretaceous
series of the park, they yet retain but to a slight degree the characters
of the lignitic rocks farther north. I have considered them the same,
however, and have so represented them on the maps and sections.

Search would undoubtedly be rewarded with fossils proving their age.

From the base of the high terraced front of Ute Peak the long, low,

terraced lake-beds sweep out to the Blue, close to the west side of which
are the lower indefinite masses of morainal matter from the Blue River
Mountains, partially confused with the lake-beds. A few miles to the
south the terraces are broken by a broad, uneven rise lying directly

across the valley, and through which the river flows in a canon. Ap-
proaching it, it is found composed of the Cretaceous beds, the harder
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beds forming ridges running across the main valley, and dipping north-
ward, with the valleys of softer beds between partially filled with the
terraced beds. Meanwhile, on the west, the flat areas at the base of
the high mountain-spurs, and which I have considered as covered with
Cretaceous No. 1, have approached the Blue, swinging around to a more
eastward trend and northward dip, as if to cross the stream ; while on the
east the upper escarpments on the face of Ute Peak are eroded away and
come to an end, the lower escarpments rising higher, and exposing more
of the face of the main ridge, thus showing the background of the rneta-

morphic rocks which compose it. When first encountered crossing the
valley, the northern Cretaceous ridge dips at an angle of 25° or 30° to
the north. A little farther on this is followed by a nearly flat dip, and
again by a steepening northward one, showing a reflexed or double
curvature of the fold. Besides, on the side toward the Ute Peak ridge
the sedimentaries, instead of dipping down toward it, seem to have
felt more the action of the fault, and dip slightly away from it, so that
the valley is now rather a synclinal than a monoclinal, and a synclinal
with the axis dipping northward, and its eastern edge cut sharply off

by the great fault which has thrust the archsean rocks so high up upon
the east, and brought them in direct contact with the edges of its slightly

upturned lower strata. A little further south, and the edges of the
Lower Cretaceous quartzites are found swinging across the valley to their

broken contact with the wall of rock upon the east, and the road passes
over them on to the granites, which then form the whole floor and sides

of the valley, though still for a little distance farther some remnants of
the sedimentary rocks lying up against the fault on the east side are
visible. From here for a number of miles southward the valley still

retains its open though profound character. The southern continuation
of the Blue Biver group still rises most ruggedly and impressively
on the west, bordered at its base with great morainal masses ; while the
lowered spurs of the Ute Peak ridge and adjacent mountains border
the valley on the east; the terraced gravels and sands still occupying
and concealing the middle portions of the valley. Debris of shales and
sandstones was observed at a few points, and may indicate the further
presence of some of the Cretaceous rocks. At the junction of Ten-mile
€reek from the west and Snake Biver from the east—the two principal
Iributaries of the Blue—an area of reddish beds occurs ; and again, at
the very southern sources of the drainage, and forming a portion of the
high mountain divide between it and the South Park, a thick series of
sedimentary rocks present themselves which are apparently of pre-Creta-
ceous age. Neither sufficient examination was here made either to de-

termine their limits or structural relations, nor to ascertrin whether
other similar masses might not be present, the region, which is mostly
composed of the archaean rocks, and contains important and interesting

mines, being left for the coming season's investigations.
It is hoped that in the preceding pages the main purpose of these

reports has been accomplished, viz, to present a description, not only of
the surface features of the region examined, but also of its interior

structure, as to the nature, position, and extent of the rocky masses
that compose it, which will be sufficiently clear to be intelligible to

tbe general reader interested in our West. It is further hoped, how-
ever, that scattered through its pages may be found some new facts

which will ultimately aid in explaining more in detail than heretofore

some of the problems of the gradual growth of this portion of the con-

tinent, such as the former extent of its lands and waters, and the na-

ture of tbe foldings, dislocations, and erosions which have been mainly
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instrumental in developing the present state of things and in giving us
the country as it is now found. Some conclusions touching such points
were briefly suggested when the facts upon which they more directly
depended were described. By considering together many of the facts

thus separately presented, more extended and interesting conclusions
may be arrived at, but the facts are confined to too small an area, and
are as yet too isolated to afford reliable data for generalization, and as
this is not the place to collect facts from other sources and regions, the
temptation to draw general conclusions as to the former history of the
district is resisted.

ARCH. E. MAEVIXE.
June 19, 1874.
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REPORT

^l. C. FEA.LE, JVI. D. 9

GEOLOGIST OF THE SOUTH PARK DIVISION.

Washington, D. 0., May 1, 1873.

Sir : Herewith I hand you my report upon the " South Park District"

to which I wTas assigned as geologist during the season of 1873.

To the report of Mr. Henry Gannett, who had charge of the division,

I refer for details of organization, routes followed, and the topographi-

cal and geographical features. I have confined myself somewhat strictly

to the enumeration of geological facts, leaving deductions and gener-

alizations mainly for the final report to be made when the entire terri-

tory shall have been explored.

The limited time at our disposal, the want of an accurate topographi-

cal map, and the rugged character of a large portion of the region ex-

amined were disadvantages under which we necessarily labored, and
which will account for any real or apparent deficiencies in the work.
In addition to the absolute value of the results recorded, I am satisfied

that the data obtained will be of great service to future more detailed

investigation.

My plan of work was as follows : With Mr. Taggart, my assistant, I

instituted a division of labor. One of us did the detailed work at or

near camp ; the other accompanied the topographical party to the sta-

tion of the day, and made a drainage-map of the surrounding country,

upou which the geological boundaries were defined in color. This sta-

tion was usually the highest point in the region, and the work done
from it was of course based upon the details previously obtained. I

shall therefore color the final geological map, not from memory nor
solely from notes, but from field geological maps. By this plan I am
enabled to present a much larger number of detailed sections than I

otherwise could have done.

I have appended to the report the usual catalogues of rocks and min-

erals.

In conclusion, I wish to express my obligations to Mr. William B.

Taggart, who acted as my assistant, and by his zeal and efficiency con-

tributed largely to the success of our division of the survey. My thanks
are due to Mr. William H. Holmes, not only for invaluable illustrations,

but also for useful notes on several localities not visited by myself. I

desire to thank, also, Messrs. George Summers and M. France, of Colo-

rado Springs ; Messrs. Stevens and E. A. Kirker, of Fair Play, and C.

L. Hill, of Oro City, for favors and information afforded.

With great respect, I remain your obedient servant,

A. C. PEALE.
Dr. F. V. Hayden,

United States Geologist.

13 G s
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CHAP TEE I.

FROM DENVER TO COLORADO SPRINGS—FRONT RANGE—BERGEN
PARK—HAYDEN PARK.

On the 29th of May the division of the expedition with which I was
connected as geologist left Denver, and proceeded southward to com-
mence the summer's work. On the 1st of June we crossed the northern
line of our district a short distance north of the mouth of the canon of
the South Platte Eiver. Here our work commenced. As we look from
the plains westward before us rises a plateau-like mass of hills, beyond
which we discern the snowy peaks of the main range. I will consider,
first, the front range, or the foot-hills, as they are called by the settlers.

Seen from a distance, the height of this range seems very uniform. As-
cending the hills, however, we find they are much cut up by the various
small streams that drain them. The lange is made up almost entirely

of plutonic rocks, so covered up that little can be definitely determined
in regard to them. North of the Platte canon they were thoroughly
studied by Mr. Marvine, and to his report I refer the reader. On the
south the general strike seems to be nearly north and south. The incli-

nation at some points seems to be toward the west, and at others to the
east. There is probably a series of folds, for the elucidation of which
more time than we were able to give will be required. Toward the out-

side of the range the schists are of a bright-red color, from the predom-
inance of the crystals of flesh-colored feldspar. They are also porphyr-
itic. As we approach the center of the plateau, gray schists prevail,

much finer grained, and containing considerable epidote : they are also

more micaceous. The general elevation of the range, two miles south of
the Platte Eiver, is 6,735* feet. Five miles farther, at Station No. 7, it

is 7,979 feet. About nine miles south of this station we have, on the
western side of the range, rising considerably above it, a rough granite
ridge, to which the name Platte Mountain has been given. Its elevation
above sea-level is 9,027 feet. About five miles below it the general ele-

vation is 8,448 feet, while on the eastern edge of the range, twelve miles
south of Platte Mountain, the elevation at Station No. 11 is 8,986 feet,

and this, five miles farther south, at Station No. 12, increases to 9,124
feet. We see, therefore, that as we go south there is a gradual rise

toward Pike's Peak, which seems to be the culminating point. The
width of the range varies somewhat, but it will average from six to eight

miles. The question of the elevation of the range, as well as the con-

sideration of its. western slope, I will leave to a subsequent portion of the
chapter. I will refer next to the sedimentary formations, which are

beautifully exposed along the eastern edge of the range, extending from
our northern to our southern line, south of Pike's Peak. My first sec-

tion was made on the south side of the South Platte Eiver, just as it

leaves the canon, and flows toward the plains. Its course here is about
north 70° east.

Eesting immediately upon the granite rocks we have very coarse

sandstones, mottled red and white. Close to the granite the sandstone
is coarsest, and contains pieces of unchanged granite. In other places

the sandstone appears to pass by gradation into the granite. They were

* All the elevations in this report are based on the elevation of Denver, which is

assumed at 5,069 feet above sea-level.







PEALE.] GEOLOGY SECTION NO. 1. 195

evidently deposited in shallow water and near a shoreline. The angle
of inclination is about 65°, and the dip is north 65° east.

Above, the sandstones soon become uniformly red in color and some-
what finer grained.

Fig. 1, Plate I shows the beds on the north side of the river, their
relations being exactly the same as on the south side, where the section
was made.
The following is the section :

Section JFo. 1, on south side of South Platte River.

In descending order

:

# . i 1. Fine-grained white limestone, with cross fracture )
l
'\ 2. Gray limestone, (fossiliferous) > 600(?)feet.

Cretaceous No. 2*h. 3. Space covered up. )

| f 4. Gray and yellow sandstones, 70 feet ~)

|
rt
-J

5. Shaly sandstones, (fossiliferous,) 12 feet.
|

jy j
6. Fine-grained white sandstone, 3 feet } 930 feet.

<j? ( 7. Busty, yellow sandstones, 245 feet
|

[ 8. Space covered up, estimated 600 feet ... . \

9. White arenaceous limestone, 5 feet 7
£ 6

\ 10. Pink calcareous limestone shales ) .?
f

.

|

£« * 11. Arenaceous and pebbly limestone \ } 150 feet. .

.

§ 12. Space covered up )
10f) f

,
|

*"
1 13. Compact red limestone j

1UU Ieet
j

s
6

C 14. White sandstone with red bands 600 feet.

|i J
15. Space covered up

) 1 500 feet to <> 000
!•! 1 16. Bed sandstones \

1
'
&uu teet t0 w

>
uuu

^-
H [l7. Coarse white and red mottled sandstones. )

*a. 18. Granite.

The thicknesses in this section are for the most part estimated. The
letters correspond with those in Fig. 1. Beds 14 to 17 will still have to

be considered as Triassic (?) both from their general character and their

position. Although there are exposures of these red sandstones all

along the edge of the foot-hills from Denver southward, I could find in

them no fossils, even after the most careful search. They are for the
most part so coarse in their texture as to be unfavorable for the preser-

vation of animal remains. The space IS
T
o. 15 in the section is, in all

probability, filled with red sandstone, of which No. 16 is the continua-
tion. In No. 14, the white portions are somewhat conglomeritic, while
the red bands are fine grained and calcareous. The red bands vary in

thickness from 4 feet to 6 feet, while the others are 20 feet to 30 feet at this

place. As we go south, however, we find that these sandstones are very
irregular in structure. No. 13 is a blood-red limestone, somewhat irreg-

ular in structure, but very hard. Although it contains no fossils, I am
inclined to consider it, together with beds 9, 10, and 11, as of Jurassic

age. Space No. 12 is filled most likely with limestones, while in space
No. 8 we have at the top greenish shales passing down into limestones
with the gypsum bed, as seen in some of the sections made farther

south. The pink calcareous shales (No. 10) pass gradually into the
limestones (No. 11) in which there are large flinty pebbles. All the

beds covered up in space 8 are probably Jurassic. That these beds
from No. 8 down to No. 13, inclusive, should be referred to that age, is,

I think, scarcely to be doubted, not only from their position, but also

* The letters given in the sections refer to the illustrations.
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from the lithological identity with beds that are undoubtedly Jurassic in

the following section made by Dr. Hayden at Box Elder, in 18G9. The
following is the section made by him in ascending order :*

1. Brick red sandstone, with irregular laminse, and all the usual signs of
currents or shallow water. Some of the layers loosely laminated,
causing projections. Thickness, 300 feet to 400 feet.

2. Yellow or reddish yellow massive sandstone, 60 feet.

3. Grayish yellow, rather massive sandstone, 50 feet.

4. Ashen brown nodular, or indurated clay, with deep, dull purple
bands ; with some layers of brown and yellow fine-grained sandstone,
undoubtedly the usual Jurassic beds, with all the lithological characters
as seen near Lake Como, on the Union Pacific Bailroad. Near the
base of these beds are thin layers of a fine-grained grayish calcareous
sandstone, with a species of Ostrca and fragments of Pentacrinus
astericus. Scattered through this bed are layers or nodules of impure
limestone, 150 feet to 200 feet.

5. Sandstone and laminated arenaceous material varying in color from
dirty brown to grayish white, with layers of fine grayish-white sand-
stone, 200 feet.

Dr. Hayden says, " I do not hesitate to regard the beds described as
4 and 5 as of Jurassic age, and they are better shown here than at any
other point between Fort Laramie and the south line of Colorado, on
the eastern slope of the Bocky Mountains." Nos. 1, 2, and 3 of this

section correspond to Nos. 16 to 14 of the South Platte section, (No. 1.)

Beds Nos. 4, 5, 6, and 7 of section No. 1 form the main hog-back which
is so conspicuous along the entire extent of the foot-hills. No. 4 forms
the summit of the hog-back, and is a rather fine-grained uniform
textured siliceous sandstone. All these beds belong to the Dakota
group No. 1 Cretaceous. Layer No. 5 contains a large percentage of
carbonaceous material, and in it I found fragments of leaves and stems.
Among the former, Professor Lesquereux has recognized a Proteoides

very near Proteoides acuta, (Heer.) These shaly sandstones weather of a
bluish color in places, and are followed by No. 6, which passes into No.
7. The latter has occasional shaly bands, and in some places instead
of being yellow the sandstone becomes reddish. Space No. 3 is filled

in with No. 2 Cretaceous, Fort Benton group, and perhaps a portion of
No. 3 Niobrara division, to which formation also I refer the layers marked
Nos. 1 and 2. No. 2 is somewhat sandy, and in places is very dark
colored, and on being fractured has a perceptible bituminous odor. It-

contains quantities of Ostrea and a few Inocerami. East of these beds
the country is so leveled that the remainder of the Cretaceous forma-
tion and the entire extent of the Tertiary beds are concealed, being-

covered by the local drift from the hills. That the Tertiary layers are
not far distant, however, is evident, for along the Platte Biver are ex-

posures of lignitic sandstones. After passing out through the main
hog-back, (Cretaceous No. 1,) the Platte turns to the northward, and its

course is about north 7° east. The dip of the main hog-back at the
Platte Biver is north 65° east ; angle 55° to 60°. Fig. 2, Plate I, repre-

sents a section made at Willow Creek, five miles south of the Platte.

The dip here is north 55° east ; angle of inclination, 50° at the outside,

increasing to 55° as we go down to the red-beds. It is not necessary to
give the beds of the section here, as it would be a repetition of the order
given in the Platte section, (No. 1.) They are so much alike that I will

refer only to those where there has been some change. The thicknesses
are about the same. In No. 14 of the Platte section, at this place, we have

* Report for 1869, page 19.
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merely indications of the red bands, the prevailing color of the sandstone
being a creamy yellow. The lower beds are perhaps deeper in color and
not so much mottled as at the point where section No. 1 was made. I was
unable to carry the section any farther to the eastward. Willow Creek
after leaving the hog-backs turns and flows nearly northward, emptying
into the South Platte Eiver five miles below the canon. As we go
south from Willow Creek, the upturned edges of the sedimentary beds
are covered up, and between Jackson and Spring Creeks we find resting
on them sandstones of Tertiary age, which reach to the edge of the
hills. These sandstones contain fossil leaves in which Professor Les-
quereux has recognized Platanus nobttis and a Sdbal. The beds are prob-
ably lignitic. On Jackson Creek are some well-defined terraces sloping
from the mountains. Qn Spring Creek the sedimentary ridges again
show themselves, and on Bear Creek we have them beautifully exposed
in Pleasant Park. This beautiful little park is studded with pines. Its
western boundary is the range of foot-hills, while on the east the main
hog-back (Cretaceous No. 1) separates it from the valley of West Plum
Creek. Bear Creek flows through the park, cutting across the ridges at
right angles to the strike. Inside the sandstone wall we have ridges of
sandstone and limestone, giving the park some most picturesque
scenery. Just before reaching the park, Bear Creek flows in a series of
cascades through a deep and narrow calion in the foot-hills. Plate II
shows the outline of a section through Pleasant Park eastward across
West Plum Creek Valley to one of the mesas between the two branches
of Plum Creek. The following is the section

:

Section No. 2, through Pleasant Parle.

In

O

ascend
a.— 1.

C 9,

< M

d 9.

d

3

(10.
in.

€.—12.
{13.
14.

15.

16.

17.

18.

ing order:
Granite.
Very coarse white sandstone, 80 feet.

Ked calcareous sandstone, 4 feet.

Dark purplish cherty limestone, 3 feet.

Compact red sandstone in layers of one foot thickness, with
cross seams of calcite, 15 feet.

Ked calcareous sandstone, very hard, and with cross cleav-

age layers of one inch, 3 feet.

Irregular limestone, with pebbles of greenish chert and lime-

stone, 3 feet.

Indistinct outcrop of limestone with chert pebbles and fos-

siliferous : in the upper part of the space we have a
purplish sandstone, above which is a gray sandstone
passing into the next bed, G feet.

Coarse white sandstone loosely aggregated. In the upper
part of these beds there are bands of red sandstone vary-

ing in thickness from one to three feet, 80 feet.

M

Space covered up

.

Massive red sandstones
Mottled yellow and red sandstones.
Space
Pink arenaceous limestone, 4 feet.

.

Space
White limestone, 3 feet

Space, 48 feet

Fine sandy limestone shales, 4 feet.

About 1,500
thickness.

feet in
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_ I I 19. Pink mottled laminated shales, 9
b ± f w fc

S, i 1
feet

1 20. White limestone, 2 feet

f 21. Space
|
22. Gypsum, 81 feet

g. <( 23. White sandstone, 22 feet

|
24. White limestone, 2 feet

I
7i. 1 25. Space, 100 feet j
i.—26. Massive siliceous sandstones, yellowish, 213 feet.

j.—27. Space.
Jc.—28. Limestones, fossiliferous.

I.—29. Space, valley of West Plum Creek.

^ 30. Brown sandstone shales, 2 feet.

j 31. Space.

| 32. Yellow sandstone shale, 2 feet.

|
33. Fine white sandstone, 6 feet.

} 34. Yellow sandstone, 10 feet.

^ 3o. Space.
36. Yellow sandstone, 60 feet.

37. Space.
38. Yellow sandstone, 75 feet.

I
39. Space.

o.—40. Sandstone conglomerates, 841 feet.

^.—41. Trachyte, 20 to 30 feet.

In this section I am inclined to consider all the beds from No. 2 up to

the base of No. 9 as Carboniferous, a total thickness of about 114 feet.

None of these lower beds seem to agree with the Silurian layers in Glen
Eyrie, nor with those found west of the range on Trout Creek. I have
therefore referred them all to the Carboniferous. Puture investigation

may modify this view. The fossils found in No. 8 (Terebratula and
Spiriferina,) prove it to be Carboniferous beyond doubt. Layer No. 9 is

the same as No. 17 in the Platte Eiver section, (No. 1,) and is the lower
portion of the Triassic. Nos. 9, 10, 11, and 12, comprehend the beds that

we have in Nos. 14, 15, 16, and 17 of the Platte section, (No. 1.) Here,
however, they do not appear to be so thick. The difference may be ap-

parent rather than real, as the thicknesses in both cases are only esti-

mated. The red sandstones (No. 11) are massive, and present the same
characters we have seen in the same beds all the way from the Platte

southward. Space No. 10 is probably filled with an extension of these

beds into those of No. 9. The red sandstones in the upper part of No.
9 are of a dark purplish color. The angle of dip of the lower beds (No.

2 to 9 inclusive) is 10° ; at No. 12 the dip has increased to 30°. The
red sandstones are not abruptly succeeded by the yellow sandstones of

No. 12, but there is a gradual change, the upper part of No. 11 being
somewhat faded, while in the lower part of No. 12 we find streaks

and spots of red. These variations in color give the bluff on which they
are exposed a rich and beautiful appearance. In the upper part the

sandstones of No. 12 become very light colored. Space 13, as indicated

by several indefinite outcrops, must be filled with the continuation of

the sandstones of No. 12. The dip on the summit of the ridge is north
65° east. In No. 14 we have the lowest of the beds that I have con-

sidered as Jurassic, extending up to space 25. Near the top of No. 19
is a layer having a very irregular structure, and containing cavities lined

with crystals of calcite. The lamination is most decided at the bottom.
The gypsum bed (No. 22) is well exposed here. As we have it again
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near Colorado City, it probably continues southward uninterruptedly.
It can be traced northward as far as Spring Creek, but above that
point seems to be covered. Whether or not it is present at the
the Platte Kiver I could not determine, as the space where it would be
found was covered so that all the beds were totally concealed. The
space (No. 21) below the gypsum is probably filled with shales and lime-

stones. That above is filled with the shales just below No. 1 Creta'ceous,
which is represented in No. 26. The general color of these sandstones
is a yellowish white, becoming pink below. No. 27 is filled, in all prob-
ability, by the sandy shales of Cretaceous No. 3. Everything is con-
cealed until we reach 28, where we find the same fossiliferous limestone
that we have in bed 2 of the Platte section, and outside of it the out-

crop of the white, chalky-looking limestone with cross fracture. From
this outcrop, which forms a low ridge outside of the hog-backs, we have
no exposures until after we have crossed West Plum Creek, a distance
of abont three-quarters of a mile. This would give us, with the dip at
10°, a thickness of about 700 feet of strata, mostly the shales of No.
4 and the upper part of No. 3, to which No. 28 of the section is referred
and of which it forms the lower part. Beds 30 to 38, inclusive, I have
referred to No. 5 Cretaceous, although I could find no fossils to prove
the correctness of the opinion. Their position and lithological charac-
ter warrant their being so considered. The dip of these beds is about
20°. The junction between them and the horizontal sandstones in the
butte shown in the section could not be seen, as the base of the butte
is covered with debris. At the base of the butte is a thickness of
about 840 feet of rather coarse sandstones. Some of the layers are rusty-

colored, and they are nearly, if not quite, horizontal. They are capped
with a layer of light purplish trachyte. This capping is about 20 feet

in thickness. The area of this mesa or table-like butte is about 30
acres. As we approach the Colorado divide, the Tertiary sandstones
reach to the mountains, resting on the upturned edges of the older
formations. Plum Creek and its branches have cut their valleys
through these sandstones and conglomerates. Throughout the valley
of Plum Creek we find numerous mesas, and all that I visited were
capped with trachyte. The origin of this volcanic material I was
unable to determine. These sandstones probably belong to the Mon-
ument Creek group, and once extended to the edge of the mount-
ains along the whole range as we still see them on the divide. The
summits of the mesas show us the original surface before the eroding
agents had commenced their work. The Colorado divide, or Pinery, is a
ridge with a mesa-like top extending eastward from the mountains. It

is merely the undisturbed sandstones of the Monument Creek group,
capped with the trachyte layer, and forms the water-divide between the
branches of Monument Creek, which flow southward to the Arkansas
Paver, and the waters of Plum Creek, which empty to the northward in

the South Platte Eiver. The divide is well timbered, and is already the
seat of an extensive lumber trade. The shrill whistle of the steam saw-
mill echoes and re-echoes among the hills, while the valleys are all being
rapidly settled and the capabilities of the land for agricultural pursuits

being demonstrated. On the divide close to the mountains, the eroding-

forces have cut a narrow pass in the Monument Creek group, and the
fragments of these sandstones are seen resting immediately on the

granites, while to the eastward the beds continue uninterruptedly.

This pass is about half a mile in width, and through it the Denver and
Rio Grande Railroad crosses on its way southward. In the sandy debris
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on the divide, and on either side, very good crystals of smoky quartz
are found. Crossing the divide, we find ourselves on the branches of
Monument Creek. On this side, the overlying sandstones have been
subjected to less erosure than on the north side, and with the ex-

ception of a few indistinct outcrops of the red-beds a short distance
south of the divide, the underlying formations are concealed until we
get within a few miles of Colorado City. Between the branches of Mon-
ument Creek on the western side we have sloping from the mountains
eastward long grassy terraces. Monument Creek flows in a southerly
direction, and the general slope of the country from the divide is south-
ward. As we go down the creek the sandstones of the Monument Creek
group rise like long lines of fortifications and castle-walls on the eastern
side. On the western side also we have remnants left. There are, just
south of Beaver Creek, several monument-like forms that are perfectly

isolated. The terraces here are about 96 feet above the level of the creek.

This height is near the mouth of Deadman's Creek, the first creek south
of Beaver Creek. As we go toward the mountain, of course the eleva-

tion increases. Thus at the point given above the elevation is 6,592

feet above sea-level. On West Monument Creek, three miles farther

south, and about two and a half miles west of the previous station, the
elevation is 7,014 feet. In Monument Park we find the sandstones
curiously eroded, so that there are monuments and pillars scattered
throughout its extent, from which fact it derives its name. The follow-

ing description is mainly from the notes of Mr. Taggart : The park lies

south of West Monument Creek, and is an elliptical basin, about two
miles in length from east to west, and three-quarters of a mile in width
north and south. It extends from Monument Creek westward, where it

is bounded by the ridge of sandstone (Cretaceous No. 1) which forms
the main hog-back. The columns and monuments are found in two
ridges that run lengthwise through the park. These monuments are

from 12 to 25 feet in height, and are composed of sandstones of the
Monument Creek group. The lower third of the exposed rock is fine-

grained, containing argillaceous layers, and also carbonaceous shales.

Above, the«eandstone is very coarse, becoming almost conglomeritic. It

is from the breaking down of these layers that the local drift, found
along the edge of mountains, is derived. The capping of the monu-
ments is a dark ferruginous sandstone conglomerate, very hard, the
sand and pebbles being cemented by iron. This lay^r is about 12 inches
thick, and being so much harder than the underlying sandstone, has
been more successful in withstanding the eroding influences, and in some
places we see it extending continuously over a number of the columns.
West of Monument Park, and forming its boundary in that direction,

we find the massive sandstone of No. 1 dipping under the Monument
Creek group. From this point southward to a point below Colorado City
we have this sandstone and the underlying strata well shown. The
west section, perhaps, is shown in Glen Eyrie, a beautiful little canon,
which Camp Creek has cut through the granite and superimposed strata

at the " Little Garden of the Gods," about two miles above Colorado
City. In the canon the creek flows in an almost easterly direction.

After getting outside of the hog-back it turns abruptly and flows due
south along the strike of the upturned shales and sandstones.
The following section is made from Glen Eyrie, eastward, to Camp

Creek, and is in ascending order corresponding with Fig. 2, Plate III.
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Section No. 3.

.. Granite.
Coarse grayish white sandstone, 20 feet.

Coarse dark-green sandstone, 4 feet

Coarse gray sandstone, 6 feet > 40 feet.

Brick-red sandstone, with green layers,

20 feet

Red and greenish limestone, 5 feet ~)

Irregularly laminated limestone, 3 feet. .
j

S. Eed limestone, 1 foot } 19 feet.

9. Eed shaly limestone, 1 foot
|

10. Red limestone, 2 feet
|

11. Red limestone, with flint nodules, 7 feet, j
12. Limestone, with interlaminated shales, 7 feet.

13. Red shaly limestones, with fragments of fossils, (Silur.,) 4
feet.

i

14. Gray purplish and yellow limestones, 279 feet.

2 \-H5- fPaee .. Uboutl,000feet.
Masssive red sandstones = )

'

Space of 200 feet.

White sandstone, becoming pink below 60 feet.

19. Calcareous shales, dark and light red, with green layers, 20
feet.

Pink-mottled shales, 1 foot.

Light-red sandstone, 2 feet.

Red calcareous shales ) n jv^r,™
23. Green calcareous shales ]

'

'

i

24. Brick-red shales, 6 inches.

25. Compact sandstone, 3 inches.

26. Fine-red calcareous shales, 6 inches.

27. Sandstone shale, 6 inches.

( 28. Gray arenaceous limestone, 5 feet.

e. 29. Space, 57 feet.

[ 30. Gypsum bed, 57 feet.

31. Soft gray sandstone, 3 feet.

32. Compact limestone, 2 feet.

33. Pebbly limestone, 2 feet.

34. Compact gray limestone, 18 inches.
35. Hard calcareous clay shales, 4 feet.

36. Space, 49 feet.

\ d. { 37. White massive sandstone, 200 feet.
"8. White fine-grained sandstone, becoming yellow ~)

as we go down ; again white near the bot-
|

torn, we have a layer that is lignitic, contain-
j

ing fragments of stems and leaves. This is
J>

. . .57 feet,

just below the yellow layer in which I found
fragments of shells (Lingula) that were very

I indistinct }

14.

15.

16.

17.

18.

20.

21.

22.

23!

©

C e

I
c. 39.

I
{"40.

j
141.

><[42.

j 143.

j (.44.

Space, 150 feet.

White shaly limestone
Bluish calcareous and argillaceous shales . .

.

White shaly limestone, (fossiliferous)

Dark-gray limestone, (fossiliferous) .....

White limestone, with cross fracture. !•

30 feet.

..46 feet.

This section extends over about three-quarters of a mile.

Beds No. 2 to No. 14, inclusive, have a dip of only 10°, and are all
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older than Triassic. From No. 13 clown all is Silurian. Perhaps the

limestones of No. 14 should be referred to a higher horizon. Beds Nos.
2 to 5 I have referred to the Potsdam group, while those just above are

undoubtedly of the Quebec group, as in beds lithologically the same in

the western side of the range I found characteristic fossils. I found in

them Terebratula and Crania. In these beds, also in the Ute Pass, in

1869, Dr. Hayden found Ophileta complanata, Bucanella nana, (Meek,) and
other species, from which Professor Meek referred the beds to the

Calciferous division of the Lower Silurian.* The line of junction be-

tween No. 14 and No. 16 could not be seen, as it was covered with debris!.

The massive red sandstones of No. 16 (No. 16 of section No. 1, and No.
1 of section No. 3) are here tipped 5° past the vertical, and the weath-
ering of these ridges has given rise to the peculiar forms seen in the
" Garden of the Gods," and which have been fully described in previous

reports. These sandstones have here the same general characters that

we have noticed all along the range. They are still coarse-grained,

giving evidence of their deposition in shallow waters. I was unable to

get the thickness of the beds, but estimated it, including No. 18 and
the space between, at about 1,000 feet. Prom No. 19 up to the bottom
of No. 37, we have the layers that I have considered as Jurassic. In the

gypsum bed (No. 30) I found some selenite and some fair pieces of satin

spar. Nos. 37 and 38 represent the No. 1 Cretaceous, while the space
just above, (No. 39,) which is in all probability filled with shales, be-

longs to the Fort Benton group. Bed No. 40 is filled with excellent

specimens of Inoceramus, while in No. 43 we have quantities of Ostrea.

This bed has the same bituminous odor on breaking that I noticed at

points farther north. The dip of these beds is about due east, at an
angle of 30°. This angle as we go down increases quite rapidly. At
No. 40 it is 55° ; at No. 38 it is 60°, and at No. 39, 65° to 70° ; below
this it decreases to 50°, and at No. 18 the beds are vertical, while the

red-beds (No. 16) are tipped past the vertical, as we have already seen.

Between Camp Creek and Monument Creek, a distance of about two
miles and a half, there is a drift-covered mesa, in which the beds are

entirely concealed. They belong probably for the most part to No. 4
Cretaceous, and perhaps the upper portion of No. 3. In the banks of

Monument Creek we find the upper portion of the black shales of No. 4.

In the bed of the creek, a few miles above Colorado City, we find a bed
of hard, bluish limestone, which is in thin layers, and contains Inocera-

mus and other cretaceous fossils. Above this there are brownish and
black shales, all more or less fossiliferous. Above the black shales we
have a thin layer of sandstone, containing Baculites and Ammonites.
Above this are sandstones. Above the cretaceous layers are the lig-

nitic beds. These have been studied by Professor Lesquereux, and I

refer to his reportt for the details. I will only insert here a section

made by him at Gehrung's coal-mine

:

1. Brown laminated fire-clay or chocolate-colored soft shale, a

compound of remains of rootlets and leaves and branches
of undeterminable conifers 2 feet.

2. Coal, soft, disaggregating under atmospheric influence. . . 2 feet.

3. Chocolate-colored clay-shale, like No. 1, with a still greater

proportion of vegetable debris 6 feet.

4. Soft yellowish coarse sandstone in bank 8 feet.

5. Clay, shale, and shaly sandstone covered slope 130 feet.

*Report 1870, United States Geological Survey, page 287.

tReport 1872, page 325.
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6. Soft laminated clay, interlaid by bands of limonite iron
ore, thin lignite seams, and fossil-wood 88 feet.

7. Lignitic black clay, in banks 32 feet.

8. Fine-grained conglomerate 112 feet.

9. Fine-grained sandstone 4 feet.

10. Coarse conglomerate 7 feet.

11. Sandstone 3 feet.

12. Ferruginous hard conglomerate 32 feet.

426 feet.

The coal found here is of poor quality, and at present I believe the
mine is not worked. Professor Lesquereux found the following leaves
in the sandstone, jSTo. 4 of the section : Sabal leaves, Flatanus Haydenii,
Newb., Dombeyopsis obtusa, Lesq., and Ficus Uliwfolia, A. Br. Through
the kindness of Mr. France, of Colorado Springs, I was taken to an out-

crop of coal twelve miles east of Colorado Springs. We could see only
the top of the coal-bed, which was exposed in the dry bed of a creek. I

was told that the bed was 9 feet in thickness. All the coal I saw wras
cf very poor quality, having been exposed for some time to the weather.
Just above the coal, there is a bed of chocolate-colored clay shale filled

with fragments of leaves and stems. This bed is about 2 or 3 feet in
thickness, and above it is a very soft yellow sandstone, in which I found
impressions of leaves, among which Professor Lesquereux has recog-
nized Bhamnus Cleburtii, Lesq., Sabal leaves, Ficus spectabilis, Lesq., a
Pali Urns, and a Quercus. These plants characterize the layers as be-
longing to the lignitic group, as do also the beds at Gehrung's, to
which they so closely correspond. The clay shale on top of the coal is

precisely like the clay of No. 3, in the section made by Professor Les-
quereux, while the yellow sandstone in which I found the fossils is

evidently the same as No. 4. A short distance west of this outcrop,
there are massive beds of white sandstones and conglomerates corre-
sponding to the sandstones and conglomerates given in the section
above the coal. These are the beds that, seen from Colorado Springs
looking northward, appear like huge castle-walls. Even out on the
plains they stand up in bluffs. Just west of them, at the latter

place, I visited an opening that had been made in hopes (not realized)

of finding coal. The shaft had been carried a distance of about 50
feet into a lignitic clay, corresponding, I think, to beds and 7 of the
Gehrung section. All these beds out in the plains are nearly horizon-
tal, dipping perhaps 3° to the northward.
Returning again to the upturned sedimentary formations near the

mountains, both the dip and strike vary considerably. Thus, in the Cre-
taceous layers on Camp Creek, it is 30° at the point where section No.
3 was made. This dip was taken on bed 44 of section No. 3. It repre-
sents a portion of the Fort Benton group. Following this to the south-
ward, we find the dip increases rapidly. On the high ridge of Creta-
ceous No. 1, beds 37 and 38 of section 3, near Glen Eyrie, it is 65° to
70°. Going south, and crossing the u Fontaine qui boule," the beds
incline past the vertical ; and still farther south, on Bear Creek, they
ire vertical. The dip then decreases after crossing Bear Creek. As we
go westward, however, to the older formations, the angle of inclination
is very much smaller. Thus in Glen Eyrie it is only 10°, while in the
Ute Pass the older sandstones rest upon the granites, inclining at vari-

ous angles, but never exceeding 20°. Returning again to the hog-back,
we observe in Fig. 1, Plate III., that the strike also Varies. Opposite
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Glen Eyrie it is north and south. This turns slightly to the eastward,
until we reach the "Fontaine qui boule," when there is rather an abrupt
turn to the west. Between the " Fontaine" and Bear Creek the strike is

N. 40° east to S. 40° west. Where the strata cross the creek is still

another turn to the eastward, and the strike here is north 25° east.

On the south side of the creek is a more abrupt turn, and the strike is

south 15° east. From this point southward the beds are entirely con-

cealed, and do not appear again until we get south of Cheyenne Mount-
ain, where they are in Dr. Eudlich's district, and will be considered in

his report.

In section No. 3, we have seen that the lower beds (Silurian) dip at

an angle of only 10°, while the red-beds (Triassic?) just above are

tipped 5° degrees past the vertical, and that the inclination of the

succeeding layers becomes less and less as we go eastward, until on
Monument Creek it is only 5°. This variation, especially the abrupt
change from the Silurian to the Triassic, can, I think, be be-st explained

as follows: After the deposition of the Silurian, and possibly the Car-

boniferous beds, there was an elevation of the range north of Pike's

Peak, the peak itself being the center of elevation. Succeeding this,

we have the period during which the red sandstones were deposited.

These beds near the Silurian shore had a slight inclination, perhaps only

a fraction of a degree. Then, after the deposition of the red sandstones
and the succeeding layers, there was a second elevation of comparatively
modern date, which tipped up the sedimentary formations as we now
find them along the entire range. This force at the foot of Pike's Peak
caused the slightly-inclined red-beds to be tipped past the vertical.

The following explanation also is possible : It may be that the difference

in the angle of inclination is due simply to a fold, and that the red sand-

stones that we ought to find resting on No. 14 of section No. 3 have from
their softness been entirely removed, leaving only the vertical portions.

If this be so, we should expect to discover beneath the surface that the

lower limestones conform to the Triassic beds, (No. 16, section 3.) The
case then would be analagous to that near Golden, which is described

in Mr. Marvine's report.

At the foot of Pike's Peak, around the northeast side, during the

Silurian age, a bay probably extended in to the westward. That it ever

extended across to the west side is exceedingly improbable. The beds
extend farther up on the hills here than at any other point north of

the peak. At the South Platte Eiver, in section No. 1, the Triassic (?)

sandstones rest immediately upon the granite, and it is not until we
get some distance south that we have any older beds exposed. At Pleas-

ant Park we have. Carboniferous beds beneath the Triassic layers, but
it is not until we get to Glen Eyrie that undoubted Silurian shows itself.

That both the Silurian and Carboniferous layers are beneath the red-

beds (Triassic?) along the entire range is scarcely to be doubted. Their
non-appearance to the northward can be readily explained. The force

that elevated the range radiating from the center at Pike's Peak, and
very likely also from Mount Evans to the northeast from the first point

and eastward from the second, caused a general elevation of the plains

to the northeast and east. This elevation would enlarge the ancient

sea-border, and cause the succeeding deposits to overlap the older ones,

and therefore rest immediately on the granite.

The same effect might of course have been produced by a general de-

pression of the country. In this case, however, I think it is improbable
that depression has been the cause. All the facts seem to point toward
an elevation. The overlapping diminishes as we go southward. The
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Sections giving comparative thickness of sedimentary strata.





FEALE.] GEOLOGY PIKES PEAK. 205

difference in dip between the Silurian and the Triassic in section No. 4,

also points to an elevation rather than depression. Near Pike's Peak
the force was direct enough to elevate the Silurian layers above the sea,

and cause them to- form part of the shore-line, while the border of the
sea retreated to the eastward. To the north and northeast, however,
the force was more widely distributed, the elevation more general, and
we have the margin of the sea more to the westward. The widening of
the sea-borders would, of course, result iu a shallower sea, and the char-
acter of the red sandstones points to a comparatively shallow sea during
iheir formation, while their structure shows them to have been derived
in all probability from the red porphyritic granite found along the
margin of the foot-hills from Denver southward.

Pike's Peak is composed of a very fine-grained reddish granite. It is

a question whether the rock is eruptive or inetauiorphic ; I incline, how-
ever, to the opinion that it is metamorphic. About the base of the peak
I found, rather abundantly, good crystals of amazon stone (green feld-

spar) and smoky quartz.

It is doubtful whether the sedimentary beds ever extended across the
range of foot-hills from the east to the west side. There is no positive
evidence anywhere along the range that they did. No remnants are to
be found on the plateau, and -it is scarcely probable that the beds would
have continued uninterruptedly across without having left some trace.

The nearest approach is near the foot of Pike's Peak, where the older
formations extend for some distance up on the hills near the Ute Pass;
but this, as I have before said, is due to the existence here, during Silurian
times, of a bay extending to the westward. I do not think it reached
to the head of West Creek, although, as we will see further on, the Silu-

rian beds on Trout Creek are exactly like those in Glen Eyrie. Taking
a general view of the sedimentary formations along the eastern flank of
the mountains, we see that the red sandstones have their greatest devel-
opment near the exit of the South Platte from the mountains, and that
as we go southward they become much thinner. This is shown by the
sections in Plate IV. In No. 1, the section at the Platte, the red-beds
have an approximate thickness of 2,000 feet, which at Pleasant Park,
No. 2 in the plate, has decreased to 1,280 feet. At Camp Creek, sec-

tion No. 3 in the diagram, I was unable to ascertain the exact thickness,
as the line of junction between the red-beds and those next below was
very obscure. I have, however, estimated the thickness at 1,000 feet.

With the exception of No. 1 Cretaceous, the other beds also decrease to
the southward, as seen in the diagram.
Considering the strike, we find that north of the divide, or Pinery as

it is sometimes called, it is very uniform. Thus, at the Platte, it is north
25° west ; at Willow Creek, north 35° west ; and at Pleasant Park,
north 30° west. Below the divide is a turn to the westward, and east
of Glen Eyrie the strike is north and south. From this point, as we
have already seen, the strike changes. I have already treated of the
dips.

The Garden of the Gods, the springs, and the various beautiful caiions
about the foot of Pike's Peak have been so fully described in previous
reports that I will but refer to them here. It is to their attraction, per-

haps, that Colorado Springs and the village of Manitou owe their pros-

perity. Within a year the former town has more than doubled, both in
size and population. At Manitou is a large hotel for the accommodation
of the visitors that every summer resort to the springs. There are also
many beautiful cottages about the springs, and the springs themselves
are inclosed in tasteful pavilions.
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It will be necessary here to give only this year's observations, and
for details the reader is referred to the reports of 1869 and 1872.

The water from one of the springs has been devoted to bathing pur-
poses, and is conducted in iron pipes from the spring to bath-houses
near by. The following temperatures were taken by Mr. Taggart

:

Temperatures June- 12, 1873.
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Name of spring.
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© w ©
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P.M. o o

Shoshone 12.20
12.25

60
60

72
72

Manitou, or Doctor Spring 12.30 59 68.5
Little Chief 1.10

1.20
48
54

74
72

. Temperatures June 17, 1873.
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Name of spring. o o cs-H

© Pi
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9.25
9.30

59
58

77
78

9.35
9.38

10
10.05
10.25

58
60
45
48
53

78
78

Little Chief 74
72
70

The Shoshone, the Navajo, the Manitou, and the Comancne are on
the " Fontaine qui bouik4" all being on the right bank except the Mani-

tou. The Shoshone gives off a great deal of gas, the Navajo a medium
quantity, while the Manitou gives out very little. The latter has the

best tasting water. The Iron Ute and the Little Chief are on Bux-
ton's Creek, a short distance above the " Fontaine."

They are distinguished by having a larger percentage of iron than any
of the rest. The "Little Chief" gives off a moderate amount of gas

irregularly, while the " Iron Ute " is quiescent. The last spring given

in the second table is on the bank of the Fontaine, near the Ute Pass
road, a short distance below the falls. Its water is very agreeable to

the taste, but as the spring is some distance from the others, it is not so

generally used. Leaving the eastern side of the mountains, we fol-

lowed the "Fontaine" to its head, through the beautiful and picturesque
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canon which it has cut in the granite. Near the head of the creek we
again meet with the sedimentary formations, having a dip to the north
and northwest. Following the beds to the northward, the dip turns more
and more to the west. The northerly dip is, therefore, the residt of the
elevation of the mass of which Pike's Peak is the center. Leaving the
Fontaine, we cross to the head of Trout Creek, the branches of which
drain the country to the northwest of Pike, and, flowing northward
through Bergen Park, empty into the South Platte in the caiion. At
the extreme head the creek is among granites and schists. Just above
Bergen Park the main stream flows through a small caiion, in which we
have outcrops of a dark purplish red sandstone, seemingly very much
metamorphosed, and having a dip to the east. Just above this is a soft,

grayish sandstone, on top of which is a red sandstone like that beneath.
These outcrops are indistinct, and the angle of dip could not be ascer-

tained. Emerging from this caiion we come out into an open valley, in

which there is a small settlement clustered about a saw-mill. The rocks
are all covered with debris, and the eastern side is so heavily timbered
tbat little can be seep. As we approach the range to the eastward we
will doubtless find the same beds that we see so well exposed to the north-

ward with a westerly dip. At the lower end of the valley the creek enters

a cafion, of about a mile and a half in length, in the granites, from which
it flows into Bergen Park. The park is about eight miles in length, and
will average about three in width. It is, I think, the axis of a synclinal

fold, although I cannot be positive, as everything on the western side

is so much obscured. The beds seen in the small canon referred to

above dipping to the east, and a few indefinite exposures farther south
seeming to dip in the same direction, point toward the existence of a
synclinal fold, the center of which is filled with red sandstones, (Triassic.)

Through this park the creek flows in a direction a little west of north.

At the lower end we have monument-like masses of red standstone re-

sembling those seen east of the mountains. These red-beds have a
westerly dip, and incline at very low angles, not exceeding 10° to 15°.

At the lower end of the park the creek enters a canon-like valley,

which is about a quarter of a mile in width. At the entrance to this

valley there are on either side the massive red sandstones which on the
west side rise in high bluffs. On the east side the surface of the country
is more rounded and smoothed off, while we have numerous canons cut
by the streams that drain the western side of the Front range. Fol-

lowing up the first small creek that joins the main stream after it en-

ters the valley, we observe that the red-beds become lighter and lighter

in color until they are pink. They are also conglomeritic. These lower
layers are followed by massive white limestone ; this limestone is suc-

ceeded by white and pink shaly limestones, which are superimposed on
sandstones that rest on the granite.

The following is a section from the red-beds down. The thicknesses
are estimated

:

1. Bed beds.
2. Bed and pink conglomeritic sandstone 50 feet.

3. White massive limestone \ -^oo feet
4. Shaly white limestone J

5. Pink limestone, somewhat shaly 30 feet.

6. Green sandstone - 4 feet.

7. Brown purplish sandstone feet.

8. Yellow sandstone.
9. Granite.
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The angle of inclination is 5 to 10°.

As we go down Trout Creek the sedimentary beds are influenced by
the mass of mountains to the northward. The strike of the beds
crosses the creek, and instead of the bluffs on the west side of the
creek being red sandstones, they are first the massive white limestone
and then the pink limestones underlaid with sandstone. The creek
then enters a granite caiion, which has here and there isolated points
capped with remnants of the sandstones under the limestones of the sec-

tion given above. The dip as we go down the creek changes more and
more to the southward until, just above the canon, it is south 25° west.

Still farther below it is south 85° west. The following sections are made
across Trout Creek, just above the canon, the head of which is a few
miles below the foot of Bergen Park. Section No. 4 is made through
the bluff on the west side, while No. 5 is made on the east side ,• both
are in ascending order

:

No. 4. No. 5.

Feet. Feet.

1. Granitic.

2. Yellow sandstone.
3. Pinkish sandstone

\-n
}

65

4. Dark, purplish-brown sandstone . 16 13

5. Green sandstone 4 3
6. Blood -red calcareous sandstone
7. Pink limestones ( j

Beds No. 6 and 7 are fossiliferous, and belong in all probability to the
Quebec group, while the sandstones below are Potsdam. In No. 6 I

found Lingulepis and Obolus, and in No. 7 an Orthis, which Professor
Meek says is very much like 0. desmopleura, Meek. Also, Uuomphalus,
Asaplms, (Megalaspis,) Conocoryplie, Lingula, Bathyurus, and Paradoxides
or Olenus. On the east side of the creek, in bed No. 2, are several

small faults, which are merely local. In the caiion the course of the
creek, instead of being north, is about northwest. It is there joined by
West Creek, which, for most of its course, is parallel to Trout Creek,
from which it is separated by a granite ridge. The caiion at the time
of the year we visited it was impassable. Ascending the hills we see
all about us patches of sedimentary beds. In some places we have
merely portions of the lower yellow sandstone, mostly soft, but often
quartzitic, while in other places we will see all the sandstones and por-

tions of the overlying pink limestones. Fig. — is a section from West
Creek across Trout Creek and the plateau eastward to Pleasant Park, a
distance of about eleven miles. It will be seen that the dip on the west
side of the range is very much less than it is on the east side, and that
the beds extend farther up on the plateau. This appears to indicate

that the beds may have extended across the range. Section No. 6 was
made at the point marked C in the Fig. 1, Plate V, and is from below
upward.

Section No. 6.
'

. Thickness
in feet.

1. Eed limestone, (fossiliferous) 26
2. Light shaly limestone 20
3. Eed limestone ) „,

4. Purplish sandstone , *,-„.. J

5. Mottled limestone 3
6. Yellowish-white limestone „ 20

103
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The lower part of the bluff is covered with debris, but as seen from
the other sections made near this locality, is probably composed of the

Potsdam sandstone. Bed No. 1 contains Orthis, Batliyurus Saffordi, (Bil-

lings,) and Lingulepis or Lingula. Whether the yellow limestone, bed

6, belongs to the Silurian or to the Carboniferous is uncertain. Careful

search revealed no fossils. I think it probable that it is the equivalent

of the Niagara limestone. The angle of inclination of these beds is 15°.

Just above we have beds of massive white limestone. Going westward
we pass over a rolling country which, as a few outcrops indicate, is un-

derlaid by soft red and gray sandstones, the latter being above the red-

beds, and' dipping at an angle of from 10° to 12°. We then begin to

ascend the hills, and find them so covered with debris that very little

can be seen. 1 think, however, that the illustration, Fig. 1, Plate V,
presents the correct view of the beds. The ridge above West Creek is

granitic, giving a red debris. The elevation of the ridge is about 7,556

feet.

Beturning to the east side of Trout Creek and following one of the

little streams toward its source, we find that only the Silurian layers are

to be seen resting on the granite. Section No. 7 is made at the point

B in Figs. 1 and 2, Plate V.

Section JV
r
o. 7.

Thickness
in feet.

1. Granitic.

2. White and yellowish sandstone 43 ~)

3. Pink sandstone - 16 I 57 f^ #

4. Dark purplish-brown* sandstone 5
|

5. Green sandstone 3 3
6. Brick-red shaly limestone 19

7. Pale-pink and gray limestones - 16

8. Pink limestones.

About 6 feet below the top of bed No. 3 is a layer of pink quartzite

which, at the point where the section was made, was only 2 feet in width.

On following the bed northward, however, it increases to 4 or 5 feet.

At the top of No. 3 is a shaly layer 2 feet thick, in red and pink bands.

Nos. 4 and 5 are alike except in color. They are very coarse-grained

and soft. The red limestones (No. 6) are full of green spots, probably
glauconite. In the limestones the same fossils occur that we found on
Trout Creek. They cap the hill. Between B and C in the figures on
Plate Y huge granite boulders are strewn over the surface. The granite

is soft, and readily disintegrates. The feldspar is red orthoclase and the

mica black. Masses in some places have weathered into forms resem-

bling those found in Monument Park. At the point C we have only

the lower sandstone, beds 2 and 3, and those here seem to be much
changed. Standing on this hill we see all about us similar monuments
capped with fragments of beds. We can also see Platte Mountain, to

which we have alluded before. There seems to be a line of these jagged
granitic points, the course of which is northwest and southeast, Platte

Mountain and the Palisades, near the Platte Biver, being the most prom-
inent. South of Platte Mountain these detached points show merely the

general course. A comparison of the sections given above shows that

the Potsdam group is represented by sandstones having a thickness of

from 60 to 80 feet, while the beds that represent the Quebec group are

a little over 100 feet thick. Comparing with the section (No. 3) made
at Glen Eyrie, we see that the beds on the west side of the range are

14 G s
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thicker. Thus, instead of 60 to 80 feet of the Potsdam, in Glen Eyrie,
we have only 40 feet. The beds correspond, beds 2 to 5 of section No.
4 being the same as 2 to 5 of No. 7. So it is with the limestones above.
At Glen Eyrie we have 73 feet where there are over a hundred on Trout
Creek. Bed 14, of section No. 3, is, I think, the same as the white
limestone above the pink shaly limestones on Trout Greek. Eeturning
again to the head of Trout Creek we cross into Hayden Park. This
name has been given to the low rolling country to the west of Pike's
Peak. Hayden Park is drained by Trout Creek, West Creek, and
Beaver Creek. The latter flows to the northwest, and empties into the
South Platte just below the upper canon. About five miles from its

mouth, around the settlement of Florissant, is an irregular basin filled

with modern lake deposits. The entire basin is not more than five

miles in diameter. The deposits extend up the branches of the creek,

which all unite near Florissant. Between the branches are granite

islands appearing above the beds, which themselves rest on the granite.

Just below Florissant, on the north side of the road, are bluffs not over
50 feet in height, in which are good exposures of the various beds.

The following section gives them from the top downward

:

1. Coarse conglomeritic sandstone.

2. Fine-grained, soft, yellowish-white sandstone, with bands that are

more or less argillaceous, and containing fragments and stems of

leaves.

3. Coarse gray and yellow sandstone.

4. Chocolate-colored clay shales with fossil leaves. At the upper part

these shales are black and below pass into

5. Whitish clay shales.

These last form the base of the hill. Tile beds are all horizon-

tal. Scattered around are fragments of a trachyte which probably
caps the beds. In one of the valleys,' Mr. Taggart discovered, near an
old well, pieces of trachyte, which, on looking at the excavation, was
found to be the first layer penetrated. The point of overflow from which
this material came is probably to the southward, in Dr. Endlich's dis-

trict. The lake basin may possibly be one of a chain of lakes that ex-

tended southward. I had thought it possible that the beds were of

Pliocene age. The specimens obtained from bed No. 4, of the section

above, were submitted to Professor Lesquereux, who informs me that

they are " Upper Tertiary." "But I do not believe, as yet, that the

specimens of the Green Eiver group to which your species are referable,

authorize the conclusion of Pliocene age. I rather consider it, as yet, as

Upper Miocene. The species known of our Upper Tertiary are as yet

too few and represented in poor specimens for definitive conclusion.

Your specimens have a Myrica, a Cassia, fragments of Salix augusta,

(A. Br.,) a Rhus, an Ulmus, and a fragment of a Poa or Poaeites."

The shales were so soft and friable that it was rather difficult to ob-

tain any specimens.
About one mile south of Florissant, at the base of a small hill of sand-

stone, capped with conglomerate, are 20 or 30 stumps of sihcified wood.
This locality has been called " Petrified Stumps " by the people in the

vicinity. The specimens of wood are not particularly good.

The upper caiion of the South Platte Biver is about eight miles in

length, and marks the exit of the river from South Park. The range

in which it is, if it deserve that name, is the eastern boundary of the

park. The rock is all granitic to the northward and to the northeast.

South of the canon is an area of volcanic overflow which extends south-

ward into Dr. Endlich's district, and I will only refer to it again in
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the next chapter in connection with South Park. The rocks to the

north of the canon were very carefully studied as far as the time would
permit by Mr. Taggart, and I will therefore quote largely from his

notes. " Going south from the road that leads from Colorado Springs
to South Park is a granitic ridge running out into the park, and having
a westerly direction. Passing southward we find a light grayish granite

standing up in rough, jagged points. They seem, looking at them from
one side, to have been thrust up through the coarse beds that lie about
it. More conclusive proof of this was found farther along on the south-

ern slope, where I could see the coarse beds tipped up against the

lighter-colored and more compact granite, with a dip of about 10°.

They then sloped gradually to the bottom of a narrow valley, which is

the axis of a synclinal fold, for on the opposite side were the same beds
and resting on the same kind of granite. Passing still farther along
the ridge I found still another synclinal. The compact granite rises in

sharp conical peaks. After passing three of these peaks the ridge be-

comes flatter and continues to the canon. As we skirt the base of the

ridge we find first a red feldspathic schist bending slightly against the

base of the third cone. The dip is west of north, at an angle of not more
than 5°. Still farther along we find beds of micaceous gneiss dipping

in the same direction, at an angle of 10°. This is followed by a very
coarse and then fine, compact granite. The bedding one mile from
the canon shows a dip of 60° to the northwest. As we go toward the

canon it increases. Beyond the caiion the beds continue dipping at

about the same angle as in the canon.
" Going eastward along the caiion, the same beds with the same dip are

exposed. The granites are much broken at right angles to the bedding,

so much so as to make it somewhat difficult to determine the inclination.

To the south of the caiion there is a gradual rise in the ridge until it

terminates in a high cone.

"North of the road is a ridge with a series of high points and rather

open valleys between. The highest of these points is the one next the

opening through which the road to Pair Play passes. This ridge is not

a continuation of the one described above, but is parallel with it. The
latter is more to the south and west, and the axis of upheaval seems to

pass out under the park. The other ridge extends about five miles to

the southeast, and presents the same general features as the one first

described. The eastern part is low, rising gradually toward the north

until within a few miles of the northern extremity, when the greatest

height is attained in a conical peak of light gray granite, then gradually

sloping to the park, the slope being broken by a few valleys. On station

35, one of the points north of the road about half a mile, the gneiss

dips nearly north."

In the irregular triangular space between this range of hills on the

east side of the park, which Mr. Taggart refers to above, and the Platte

Eiver and Tarryall Creek, is a beautiful rolling park-like country, which,

although for the most part covered with debris, is plainly seen to be
underlaid by granitic rocks. The following is from the notes of Mr.

Taggart: "On the northeast side of Tarryall Creek are three high

ridges, the general trend being northwest and southeast. There are

two main ridges which to the north unite, inclosing a third which has
a less elevation. The dip on the southwest side is to the southwest,

forming a synclinal with the ridge on the east side of the park. On the

summit the beds are horizontal, and then there is a dip to the northeast,

and auother synclinal is formed with the ridge farthest removed, form-

ing the saddle northwest of the middle ridge. On the southwestern
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slope of the second main ridge there are very few outcrops to be seen
through the trees which cover it. At the northwest end there is a dip
to the northwest, while at the opposite end the dip is to the southeast."

In passing up Tarryall Creek the prevailing dips are to the northeast
and southwest. The dip is the same in the country about the North
Fork of the Platte, as is shown by the course of the stream, which is

about parallel to that of Tarryall Creek. The latter, as far as could be
ascertained, flows through a synclinal axis. Along the Platte Eiver are
high masses rising in dome-shapes above the canon. The study of this

part of the country would require the work of almost an entire season.
The different streams should be followed, and this can be done only in

the latter part of the season. We were there in June, and I attempted
to follow the Platte Eiver, but found it impossible, not only on account
of the rough and difficult traveling, but also because the stream was
then at its highest point. The whole country is probably archasan. There
may be, and most likely are, points of eruptive material, but, as I have
said above, close study will be required to work up this district

thoroughly. Our time was too limited to do more than take a general
glance at the most salient features. We have seen that on the North
Fork and on Tarryall Creek the strike is from northwest to southeast,

and that as we go south this changes and becomes northeast and south-

west. This change is shown also by the change in the course of the
Platte when it enters the upper canon. Before that it flows from the
northwest, but in the caflon its course is toward the northeast.

CHAPTEE II.

SOUTH PARK—PARK RANGE.

This chapter will be devoted to the consideration of the remainder of

the district lying to the east of the continental divide. This comprises
South Park. The park is about forty-five miles in length, and.somewhat
irregular in shape, being widest at the southern end, where it is about
forty miles from east to west. Its surface is very irregular. As the
drainage shows, there is a gradual slope from the northwest toward the
southeast. At the northwest end, the elevation is from 9,372 to 9,981

feet above sea-level. The elevation of Fair Play is 9,764 feet. As
we go east this decreases until we have an elevation of a little over
8,000 feet, and as we go south we notice the same gradual decrease.

Thus, at the salt-works the elevation is 8,573 feet. In the southern por-

tion of the park, the elevation is more uniform than in the northern part.

Still, the slope is toward the southeast, and where the South Platte

enters the canon the elevation is only 7,991 feet. There are numerous
ridges running through the park, generally parallel to each other. Thus,
starting at Fair Play and going eastward, the first is a low ridge a
couple of hundred feet in height. Crossing this, we descend to Crooked
Creek, and then ascend a second ridge that rises 500 feet above the val-

ley. On the east side of this ridge is the valley of Trout Creek, and
beyond it a third ridge rising to about the same height, perhaps a few
feet higher. East of this is a low roiling country extending for some
three or four hundred miles, bounded by a series of rounded hills rising

about 000 or 800 feet above the general surface. These hills extend
for a few miles, and then there is a space having an almost uniform level
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from which the hills bounding the park on the west rise. In the south

end of the park are numerous isolated buttes, the majority being of

volcanic origin, although some are composed in part of sedimentary for-

mations. They will be referred to again in subsequent portions of the

chapter. Almost the entire southern end of the park is volcanic, and
the countiy gradually rises from the South Platte Eiver to the divide,

and then slopes to the Arkansas River. The outlet of the lake existing

here in early Tertiary times was probably in this direction. The erup-

tive forces acting after the deposition of the lignitic sandstones elevated

this part of the country, and the water had to find an outlet in a new
direction. It was then that the present drainage was probably out-

lined. The lake was most likely drained through the Platte caiion at

the southeast end of the park. The lake itself must have extended
farther to the southward than the present outlines of South Park would
seem to indicate. The mountains on the east side of the park, as we
saw in the last chapter, are composed of schistose rocks which extend
westward some distance into the Park. The outline is rather irregular,

but the general course of the range is northwest and southeast, and, as

we have seen, the dips are to the northeast and southwest. The range
is therefore an auticlinal axis, which, as we go south, bends to the east-

ward. The elevation is over 10,000 feet above sea-level and over 1,500

feet above the park. The northeast boundary of the park is a continu-

ation of the schists, identical with those on the east except that here the
hills are capped very frequently with eruptive material, mostly trachyte.

On the more uniform level of the park, the sandstones are but little dis-

turbed. As we shall see further on they are of Tertiary age. The vol-

canic rock extends around the northern edge of the park, close to it, not
extending far to the northward until we get around to the northwest. It

seems to have been an overflow, as I found in several places that it

capped hills whose bases were composed of dark micaceous gneiss. The
hills that rise above to the northward are also metamorphic. On one of

the branches of Michigan Greek, extending some distance up the valley,

is a tongue of sandstone, a prolongation from those in the park, proba-

bly outlining an old bay. The upper edge of this narrow belt, bounded
on one side by trachyte, and on the other by granite, was found by Mr.
Gardner to be 500 feet above the general level of the park. A period of

elevation in the range north of the park, therefore, must have taken place

after the deposition of this sandstone. The granites and schists form the

basis of the range north of the park until we get to Mount Guyot, when
eruptive rocks are seen at the head of Michigan Creek, near Mount
Guyot. This mountain has an elevation of 13,389 feet, and is on the

continental divide, which, on the west side of the Arkansas, has a di-

rection nearly north and south, and then turns to the east around the

head of the river, and again, beyond Mount Guyot, turns abruptly to the

northward toward Gray's Peak. Just east of the mountain is a low sad-

dle, forming the water-divide between Michigan Creek and the waters
of Snake Eiver, one of the tributaries of the Blue Eiver.

On this saddle (Georgia Pass) we have the following section, shown
in Fig. 4, Plate VI

:

(«.) 1. Erupture granite forming the peak.

(&.) 2. Hard gray slate.

(c.) 3. Quartzite.
(d.) 4. Coarse gneiss, light colored.

(e.) 5. Black micaceous gneiss.

This latter, (No._5,) as far as could be ascertained, extends eastward
for some miles. Bed No. 4 is very coarse, with white feldspar and a silvery
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mica. The quartzite and slate are both very much changed, and are each
about 60 feet in thickness. The slate weathers on the surface a rusty-brown
color. The dip is south 55° east ; angle of inclination, 50°. I am at a
loss as to the position of these beds. They are fragments that have
been caught and lifted up, but they are so changed and too few in num-
ber to say anything definite of them. They could not be traced to the
southward, and our time was too limited to try and follow them to the

northward. The mountain itself is composed of a fine-grained granite

of a gray color, and, I take it, is eruptive. In it are seams of a dark-

green porphyritic rock, in which the matrix is very compact, the crystals

being a white feldspar. The mountain has been called Crater Mountain, a
name derived from its peculiar crater-like shape. Ascending the eastern

side on a slope of about 30° over a mass of shingle like dSbris, on reaching

the summit we are on the edge of a crater-like depression, the walls being
perfect, except on the southern side. It is not, however, a true crater,

the shape being the result, in all probability, of erosion, due partly, per-

haps, to past glacial action. This form is common in the mountains on
the west side of the park and in the Sawatch Eange on the west side

of the Arkansas. In the latter we have abundant evidence of former
glacial action in the moraines, which, as we shall see further on, are

found along all the streams. Besides the depression below the main
peak there are three others, two facing the south and one looking toward
the north. Between Tarryall Creek and Michigan Creek are high hills

or mountains composed of a porphyritic volcanic rock, approaching the

character of a phonolytic trachyte. The summits of these hills are

rounded, and their slopes are covered with slab-like masses, which, on
the surface, weather to a rusty color, and ring under the blows of the

hammer. Following the edge of these hills around to the town of Ham-
ilton, on Tarryall Creek, and then going up stream a short distance

above the town, an outcrop of quartzite appears, dipping a few degrees-

to the south of east under the volcanic (?) rock. At this point is an
abrupt turn in the course of the creek. Until it reaches this place it

follows the strike of the quartzite, but here breaks through them at

right angles. Beneath the quartzite is a soft grayish-white sandstone,

and in the banks of the creek are exposures of red sandstone.

The quartzite and gray sandstones are, doubtless, Cretaceous ]S"o.

1, and a continuation of beds farther southward, between Trout
Creek and Crooked Creek. They are in line with them, and the

strike corresponds precisely. The red sandstones are Triassic, and have
a dip of about 5°. They form the bed-rock upon which the auriferous

gravel rests. This gravel is about 10 feet thick, and has yielded a great

deal of gold. The mines in this vicinity are treated of in Dr. Endlich's

report. About five miles west of Hamilton is the mountain called Silver

Heels, having an elevation of 13,731 feet. We ascended it, and on the
eastern slope I made a partial section of it, as follows :

Section No. 8.

1. The summit of the peak is made up of an eruptive rock resembling
that in the hills above Hamilton. This, with a few layers of

coarse micaceous sandstone, sometimes conglomeritic, extends

for about 1,500 feet. The slope here is very small, only about
5°, and the beds are so covered with debris that it is impossible

to define them.
2. Metamorphosed sandstone and volcanic rock. The sandstone con-

tains rather large rounded pebbles. The volcanic rock is beneath
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the sandstone, and is probably trachyte. The thickness of both
is 117 feet.

3. Green and purplish sandstone shales, very mnch metamorphosed, 60
feet,

4. Volcanic, (trachyte ?) 1 feet.

5. Purple metamorphosed slates, 5 feet,

6. Volcanic, (trachyte ?) 4 feet.

7. Coarse brown sandstone, very much metamorphosed, but rather

uniform in structure, 100 feet.

8. Volcanic, (trachyte ?) about 20 feet.

9. Very hard, dark sandstone, in layers, 6 or 8 inches, 50 feet.

10. Light-brownish sandstone with streaks of dark-brown, 30 feet.

11. Volcanic, (trachyte ?) 20 feet,

12. Dark-gray sandstone, 70 feet.

13. Volcanic, darker than the other layers. The lower portion is covered
with debris. Thickness, about 80 feet,

14. Bed shales very much metamorphosed. These shales break into

laminae of about an inch thickness, and are micaceous. There
are mud and rain marks between the laminae, 8 feet.

15. Greenish-gray quartzitic sandstone, 10 feet.

16. Volcanic : this layer has a wedge-shape, and on the surface its

thickness is about 20 feet.

17. Bed shales, 10 feet.

18. Pinkish sandstone, very irregular in structure, 8 feet.

19. Bed shales, 10 feet.

20. Light-gray conglomeritic sandstone, 4 feet.

21. Bed shales, 4 feet.

22. Gray sandstone, becoming coarse toward the bottom, having large

pebbles: above, it has a pinkish tinge; 10 feet.

23. Hard-red sandstone in laminae of 2 to 3 inches, 5 feet.

24. Compact sandstone, with general color gray, but becoming pinkish as

we go down, 30 feet.

25. Bed shales, 4 feet.

26. Compact sandstone, pinkish and calcareous above, gray below, 5 feet.

27. Dark-blue limestone, containing veins of calcite, and without fossils,

2 feet.

28. Bed and purple shales, darker in color than those given above, 3 feet.

29. Compact sandstone, light-gray, 5 feet.

30. Bed shales, 2 feet.

31. Volcanic, (trachyte *?) 6 feet.

32. Dark purplish-red sandstone, breaking into blocks, 30 feet.

33. Bed and purplish shales, 3 feet.

34. Greenish- gray sandstone, banded and streaked with green in layers

from 2 to 3 feet thick, some conglomeritic, 25 feet.

35. Hard, red sandstone shales, 2 feet.

36. Hard, red sandstone, 1 foot.

37. Greenish-gray sandstone, with bands of brown sandstone shale from
1 foot to 2 feet thick, 15'feet.

38. Bed shale, 1 foot.

39. Brown-banded sandstone, with bands of volcanic, 50 feet.

40. Bed, gray, and purplish sandstones, 20 feet.

41. Greenish conglomeritic sandstone, 6 feet.

42. Brown sandstone, 8 feet.

43. Very hard greenish sandstone, 6 feet.

44. Light-gray sandstone, 10 feet.

45. Volcanic ; could not get thickness.
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From this point, there is a slope with occasional outcrops of red
shales and greenish sandstones, all rather coarse. These no
doubt continue to the red-beds (Triassic ?), above which is Cretaceous
No. 1, to which I referred above as crossing Tarryall Creek above Ham-
ilton. Beyond this is a hill of the same material as that resting on the
same bed (Cretaceous No. 1) on the north side of the creek. This slopes
to the park, where the Tertiary sandstones appear. The distances in the
section given above are all estimated. For want of time, I was unable to
carry the section any farther to the eastward, but the sections made in

the park at points farther southward comprehend it. Silver Heels is

drained on the south by the branches of the South Platte, and is hol-

lowed out, leaving the high ridge on which the section is made standing
out prominently. The volcanic layers seem to be intruded masses which
have so changed the sedimentary beds and hardened them that they
have been able to resist the eroding influences, and the result is this

prominent ridge. Leaving Hamilton, and still keeping close to the edge
of the mountains, in going around the northwest rim of the park, we
notice after crossing Tarryall Creek that the Tertiary formations extend
to the edge of the mountains, which -here are volcanic. Near McLaugh-
lin's ranch is a coal-mine. This was visited by Dr. Hayden, and will no
doubt be fully treated of by him. The Tertiary beds here are so cov-
ered with drift that they are almost entirely concealed. Following the
road southward we pass around the edge of a trachytic hill, and come
across cretaceous shales belonging in all probability to the Fort Pierre
group, (No. 4.) They are found in a valley between the hill just referred

to and a low volcanic ridge that runs out into the park. Crossing this

ridge we again pass over the shales. Here is a well-marked terrace on
a small branch of Tarryall Creek. It is about 100 feet in height. Ter-

races are io be seen on almost all of the branches of Tarryall in the
northwestern part of the park. Just south of the terrace referred to is

a long volcanic ridge, the course of which is almost due north and south.
I have already spoken of this ridge, which is shown in the profile across
the northern end of the park. The following section was made from the
Platte Eiver eastward to Trout Creek, about five miles north of Fair
Play, and is shown in Fig. 1, Plate VI. The length of the section No. 9,

given below, is about six miles. The distances and thicknesses are es-

timated, the average dip being about 30° toward the eastward.

Section No. 9.

a. 1. Starting from the Platte Kiver, the point a in the illustration,

we have the valley covered with drift to the edge of the hills, a dis-

tance of about a mile. We then begin to ascend the hills, which are
well timbered, concealing the beds. From the character of the debris, I

think there is volcanic rock beneath. The first exposure we met with
furnished

—

b. 2. Bed sandstone shales : thickness, 400 to 500 feet.

Then followed

:

3. Gray shaly sandstone.
4. Brownish limestone.
5. Eed shales.

6. Yery coarse white micaceous sandstone. These beds are indi-

cated by very indistinct outcrops, and are from 500 to 600 feet.

Then we have next

—

c. 7. Limestone mostly of a grayish color or grayish-blue, in some
places brownish, compact in some layers, and then again ir-

regular, with seams of calcite. Thickness, 6 feet.
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d. 8. Space : tliis is marked by the letter d in the illustration, and is

the valley of Beaver Creek. The beds are covered up. Proba-
bly a thickness of 700 or S00 feet.

9. Very coarse and somewhat massive red sandstones, about 100 feet.

10. Space of about 400 feet.

11. Dark -blue limestone, 5 feet.

12. Space with a few indistinct outcrops of sandstone and lime-

stone, about 700 feet.

13. Coarse red sandstones in massive layers, 300 feet.

14. Space probably filled with sandstone at bottom, shale above,

300 feet.

15. Deep-red shales, 90 to 100 feet.

16. Blue limestone, 4 to 6 feet.

17. Bed sandstone, coarse and shaly micaceous, 30 feet.

. 18. Gray micaceous sandstone, about 5 feet.

19. Dark-blue limestone, 2 feet.

20. Space filled with shales, 3 feet.

21. Dark-blue limestone, with irregular structure, 5 feet.

22. Mottled red and white sandstone shales, weathering red, 5 feet.

23. Blue limestone, coarser than below, and in thin layers, 2 feet.

24. Space covered up, but filled in all probability with shales and
interlaminated limestones, about 120 feet.

25. Dark-blue limestone, 2 feet.

26. Very coarse soft shaly sandstones, below and next to the lime-

stone, having rounded pebbles of quartz. At the top they are

finer grained and softer ; the color becomes deeper as we get

toward the middle, where it is brick-red, and then becomes
pink at the top, 10 feet.

27. Blue limestone, 1 to 3 feet.

28. Space probably filled with shales, 40 to 50 feet.

29. White and red micaceous shaly sandstones, 40 feet.

30. Coarse sandstones, 10 feet.

31. Dark-blue limestone, 4 feet.

32. Space covered up, but filled in all probability with sand shales, 4
feet.

33. Blue limestone, 4 feet.

34. Space shales, (?) 90 to 100 feet.

35. Dark-blue limestone, 2 to 3 feet.

36. Bed and white sandstone, 16 feet.

37. Dark-blue limestone, 3 feet.

38. Space sandstones, (?) 100 feet.

39. Coarse and somewhat massive brick-red sandstones, 50 feet.

40. Space sandstone, (?) 20 feet.

41. Coarse red sandstone like No. 39, 50 feet.

42. Space sandstone, (?) 15 feet.

43. Dark-blue limestone, 3 feet.

44. Space covered up; indications are that sandstones and shales

entered through it, 60 to 70 feet.

45. Dark-blue limestone, 4 feet.

46. Space sandstones, (?) 32 feet.

47. Blue limestone, 5 feet.

48. Space sandstones, (?) 150 feet.

49. Blue limestone, 3 feet.

50. Space sandstone, 350 feet.

e. 51. Blue limestone, 3 feet.
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[ 52. Space, the valley of Crooked Creek. On the east side of the valley

we have the massive red sandstones (Triassic?) with ail the charac-
teristics of the same beds east of the foot-hills, and on Trout
Creek west of them. It is probable they extend down to bed 51.

Their softness has allowed them to be worn down, and they have
been covered with debris. The total thickness is from 1,300 to

. 1,500 feet.

53. Coarse pink sandstones, 25 feet.

53. Fine-grained rose-colored sandstone, 8 feet.

These two beds are the upper part of the red-beds.

54. Bather coarse calcareous sandstones, shales mottled red and
gray, 5 feet.

55. Space probably filled with a continuation of 54 grading into the
next bed, 30 feet.

56. Gray compact limestone. This limestone has cross cleavage,
and becomes harder as we go up, 10 feet.

57. Hard fine-grained limestone, light gray, 15 feet.

58. Space probably filled with limestones and shales, 75 feet.

59. Outcrop of green shales, 10-feet.

I 60. Space filled with shales and sandstones, 60 feet,

f 61. Rusty yellow sandstone, 5 feet.

62. Fine-grained white sandstone with fragments of stems and
leaves, 5 feet.

63. Space sandstones, (?) 20 feet.
*

64. Yellow sandstone, 40 feet.

65. Space sandstone, 80 feet.

66. Space filled with shales, (?) 500 to 600 feet.

67. Dark-gray fossiliferous limestone, 2 feet.

h. J 68. Space, probably limestone, 20 feet.

69. Black argillaceous shales, 2 feet.

1 70. Space shales, (?) about 700 feet.

'"71. Calcareous sandstone shales, 60 feet.

72. Space shales, (?) 300 to 400 feet.

73. Black and green shales, fossiliferous with interlaminated lime-

stone bands, 400 feet.

From this point to Trout Creek, a distance of about half a mile,

are no exposures, the beds being covered with drift. When
we reach Trout Creek it is evident that we have crossed a
synclinal axis, for the dip now is toward the westward instead
of east as before. On the bluff the beds are as follows

:

74. Black argillaceous shales, outcrop 2 to 3 feet.

75. Bluish-black limestone, 1 foot.

I
76. Black shales, about 180 feet.

This brings us to the bed of Trout Creek, and crossing it black shales
prevail until we reach the volcanic ridge which doubtless caused the
fold just referred to. This ridge, A in the figure, is about 400 or 500 feet

high, and extends north and south. It is trachytic. Alow hill between
the two branches of Trout Creek south of the hill marked i is of the
same rock. Whether the eastern side of the fold extends along the
ridge to the southward or not I could not determine, as the valley was
covered with debris, and there were no exposures on the east side until

we came to the volcanic rock itself. The line of the section given above
is from the northwest to southeast, and with the exception of the beds
from No. 18 to No. 51 is a continuous section. The portion of the section

between these points was made farther southward, but connects with
the others. At the point where the greater part of the section was
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made these beds were entirely concealed. All the beds below No. 52

are probably to be referred to the Carboniferous and Permian systems,

although I cannot so refer them positively as there were no fossils found

to prove it. The red-beds (Triassic?) have a thickness of about 1,500

feet, which is about the same as we found east of the mountains. Cre-

taceous JSTo. 1 (Dakota group) is somewhat thinner, while the Jurassic (?)

between has about the same thickness as seen heretofore. The entire

thickness of the Cretaceous as shown here (beds 61 to 73 inclusive) is

over 2,000 feet. The beds have about the same characters as the analo-

gous beds east of the mountains. The illustration Fig. 1, Plate VI, car-

ries the section still farther to the eastward. Around the northern end
of the ridge "A" (trachyte) are, as indicated by the debris, Cretaceous

shales. No definite exposure was observed, and it was impossible to

tell whether or not the shales extended around to the eastern side, and
if they did, in what direction they inclined. On the east of the ridge is

a grass-covered valley (k) about a mile in width, from which, going east-

ward, we ascend a low hill rising about 200 feet above the valley. On
the west side of this hill are outcrops of trachyte, seemingly stratified

and dipping toward the east. : On reaching the summit we find that it

is plateau-like, cut into low hills by small gullies. Crossing toward the
eastward in one of these gullies, the following beds are exposed (the

point I in the illustration) from below upward

:

1. Volcanic breccia.

2. Sandstone.
3. Volcanic breccia.

4. Breccia looking very sandy.
The entire thickness is not more than 50 or 60 feet. The dip here, how-

ever, is not to the east, but west. The angle of inclination is only 20°. Be-
tween the points Jc and I is, therefore, a synclinal fold. The sandstone is a
dark greenish brown, very much metamorphosed ; some of the layers

look like a volcanic sandstone. The breccia seems to be inters tratified

in places, but is probably, in part, intruded, as in some places the sand-

stones on both sides are much changed. Still farther east, at the point

m, are similar beds, with the dip once more to the eastward. From this

point we descend into a broad valley, in which the beds are, for the most
part, covered up. Here are a few small lakes, with no outlet, and the
ground about them is covered with alkali. The valley is somewhat roll-

ing in character, not uniformly level, but having a gradual slope to the
east. It is underlaid by sandstones, and is a mile in width. On the

eastern side, on ascending a low ridge rising about 40 feet above the
valley, an outcrop of white shaly sandstones is seen, below which is vol-

canic breccia. The dip here is south 80° west ; so the valley we have
just crossed (n) is another synclinal. The angle of dip is about 25° or

30°. There are three or four of these low ridges that are parallel to each
other ; the general strike being north 10° west. The first two, at o, in the

section, form an anticlinal. From m to n are exposures of light-gray

sandstones, somewhat fine grained, with interlaminated coarser sand-

stones of a dark-brownish color. The outcrops are not very decided. At
o, in a bed of rather coarse sandstone, I found fossil leaves, among which
Professor Lesquereux has recognized Rliamnus Poldiaiuis, Platanus Hay-
denii, and a fragment of a leaf of a Quercus new to this country, and
related to Quercus Heerii, Al. Br. The flora, he says, is Lower Tertiary,

and represents the lignitic group. From o to p is a distance of about
an eighth of a mile. From the latter point we have a meadow-like val-

ley about a mile in width, from which we ascend granitic hills. This
valley is another synclinal axis. The hills are at B in the section, and
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are about 500 feet high, rounded in outline, and extending about three
miles in width. On the east we descend into another valley, 0, in which
all the rocks are concealed "by the drift. I have little doubt, however,
that it is underlaid by Tertiary sandstones. This valley is somewhat
irregular in shape; but in the section it is represented at C as about six

miles in width. From q to r the line on which the section is made is

changed, and has a course of south 45° east. The Tertiary sandstones,
which we have just spoken of, are the same that we noticed extending
to the edge of the trachytic hills in the northern and northwestern part
of the park. We have seen that they extend across the park in a wave-
like manner, occasioned, no doubt, by volcanic action that was contem-
poraneous with the elevation of the volcanic ridge on the east side of

Trout Creek. Eeturning to this ridge, and following it southward, we
observe that it turns more and more to the eastward; and this fact is

also rendered evident when we notice the course of the streams that are

parallel to it. At Station No. 92, a high point to the southeast, which
seems to mark the termination of the ridge, we have, on the south side

and dipping toward the south, as I learn from the notes of Mr. Taggart,
an outcrop of sandstone, somewhat metamorphosed. This I take to be
the bed of sandstone so characteristically marked as Cretaceous No. 1.

It evidently belongs to the western side of the synclinal fold, to which I

have already referred as existing at the head of Trout Creek. Still far-

ther clown the river, and on the eastern or rather northeastern side, is

another butte, in which I found exposures of beds belonging to the Da-
kota group. The sandstone here, being very much metamorphosed, is

quartzitic. Just above it are the same shales that we saw in other places,

and the limestone, with Cretaceous fossils, (bed No. 2, in section No.

1, and No. 67, in section No. 9.) These beds all dip to the southwest at

an angle of 50° to 60°, and are, I take it, a prolongation of the eastern

side of the fold on Trout Creek, and at the butte (Station No. 92) referred

to by Mr. Taggart. The volcanic ridge, which is the cause of the uplift

on the eastern side, making a turn to the eastward, of course, the strike

of the sedimentary beds is also to be found turning in that direction. At
the base of the butte just referred to are remnants of a soft sandstone,
which I consider to be of Tertiary age, whether Eocene or more modern
I could not determine. Before leaving this butte I will describe the
springs that are at the south end. They are all saline. There are four

principal springs, although there are beside a number of places where
the water bubbles up. Spring No. 1 is about two feet in diameter and
three feet in depth, and has no doubt been artificially enlarged. At
intervals of a few seconds there is a slight escape of gas, probably all

carbonic acid. The water has rather a pleasant taste, though by no
means as agreeable as that in the springs at Manitou. It is saline,

somewhat pungent, tasting slightly also of sulphur. The temperature
of the water was 58° Fahrenheit ; the air being 78° Fahrenheit.

Spring No. 2 is about 6 feet below No. 1, and about a foot in diameter
and 6 inches deep. The water tastes very much like that of No. 1,

although not quite so pungent, nor is there as large an escape of gas.

The temperature was the same as that of No. 1.

Spring No. 3 is very little different from the other two. It is about 4

feet from No. 2, and has a greater evolution of gas. The temperature
is still 58°.

Spring No. 4 is about 30 feet from No. 3, and about a foot in diameter
and 6 inches deep. It is a very quiet spring, the water tasting strongly

of salt, and also slightly of sulphur. Between No. 3 and No. 4 is a

marshy space, in which, by a little digging, a spring could be formed.
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At this place is a considerable deposit of iron not noticed in the springs.

For some distance about the springs there is an efflorescence of salt and
alkali. The principal constituents of the water are common salt, sul-

phur, iron, and carbonates. Southeast of the butte, at the base of
which we find these springs, is a double-topped butte, which I found to

be composed entirely of granite. The rock was somewhat covered, but
I consider it to be a remnant of a line that once extended northward,
and that the rocks probably incline to the southwest or to the northeast.

The whole southern end of the park, as I learn from the notes of Mr.
Taggart, is volcanic. The Platte River for some distance follows a
course very near the line between the trachyte and the sedimentary
formations. On this line are several buttes, on the northern end of

which are granite outcrops, while the rest of the butte is either trachytic

or basaltic.

Following the river up from the canon we find that it flows through
schists for about five or six miles. We then meet with trachyte,

which at this point is found on the south side of the river. As we near
the salt-works we find numerous isolated buttes of trachyte, many of
them having a conical shape. A line of these buttes extends from the
Little Platte, about eight miles above its mouth, toward the southwest.
They mark the limit of the volcanic rock in this direction. The Little

Platte forms the boundary from the mouth up for eight miles. The
main river for about eight or ten miles above the mouth of the Little

Platte flows in the axis of a synclinal fold, the same to which I have
several times already referred. The fold is here much broader than at

the head of Trout Creek, where we first observed it. Above the mouth
of Trout Creek, the Platte River cuts through the beds after being for

some distance on a monoclinal valley in the red-beds. Above, at Fair
Play, its course is again across the strike of the beds. Here it has cut
deeply into deposits of gravel, which are probably the result of glacial

action. This may also account for the course of the stream at this

point, as its bed may have been determined by a glacier. Near Fair
Play, the gravel, which is auriferous, is from 70 to 100 feet thick, com-
posed of rather large rounded boulders. Between the Platte River and
the mountains that form the western boundary of the park, the country
is rather uniformly level, and so covered with drift that we have very
few exposures of rocks. It is not until we reach the Little Platte, about
ten miles south of Fair Play, that we have any definite exposures. At
this point, near a bend in the creek, I made the following sections, sec-

tion No. 10 being made at the point A in Fig. 2, Plate YI, and section

No. 11 from the point B to C. The dip of the beds on the bluff where
section No. 10 was made is about south 75° west; angle of inclination,
25o to 30°.

Section No. 10.

In ascending order:

a. 1, Pink sandstone \ -

2. Space covered up ]
feet.

3. Blue limestone, 3 to 4 feet ) 21 feet
4. Space covered up , j

5. Reddish sandstones 120 feet.

6. Space probably filled with alternation of sandstones and
limestones 120 feet.

7. Blue limestone 4 to 5 feet ) gg ^ee^
8. Space covered up . )
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andstone , i r » „

10. Space covered up ]
eet "

11. Light-gray sandstone. ) ,9 fflof
12. Eed sandstone ]

°J Ieet -

13. Blue limestoDe ..'.,.. 10 feet.

. 14. Eed sandstone shales 8 feet.

15. Dark-gray argillaceous sandy shales, breaking into fine

layers, between which are crystals of pseudo-malachite 10 feet.

16. Eed sandstone shales 25 feet.

17. Light-gray sandstone 8 feet.

h. 18. Very dark blue, almost black, limestone 5 feet.

These beds are, I think, a portion of those just below the red-beds
included in section No. 9, between beds 17 and 51. I am inclined to
refer them all to the Permian or Permo-Carboniferous. At any rate, if

not Permian, they are high up in the Carboniferous. I shall refer to

them again in a subsequent chapter, when I have occasion to speak of

similar rocks found on the Eagle Eiver, a branch of the Grand Eiver.
Between the points A and B in Fig. 2, Plate VI, the Little Platte

makes a bend, as is seen on the map. The section in the illustration

crosses the stream twice, therefore, as shown at the points c and d. We
then ascend the hill B, which, from the exposures of bright-red sand-
stones where the river had cut through, is conspicuous from a long dis-

tance. It is from the summit of this hill westward that section No. 11
is made.

Section JVo. 11.

Made in descending order :

[ 1. Eed sandstone shales outcropping on the summit
of the hill dipping south 50° west, at an angle
of about 30°

2. Yery compact sandstones, generally of a mottled ~)

character, in rather thin layers
;
general color,

brick red , .

.

3. Yery soft red sandstone, the first outcrop dipping
as No. 2. Proceeding a very short distance

we find that these sandstones form the center !

of a small synclinal fold, the dip of the west- f

ern side being to the northeast, at an angle
of about 35° to 40°. We then have beds No.
2 and 1 the same as given above; below
which we have— «...

e. to/. *{ 4. Bright red shales )

40 feet.

5. Coarse pink sandstone
6. Eed sandstones and shales

7. White sandstone with greenish tinge

8. Yery hard light-gray sandstones with bands of

red shaly sandstone, varying from 4 inches to

3 feet

9. Hard gray sandstone, very similar to No. 8, with
bands of soft red shales. The gray sand-

stone is in bands from 6 inches to a foot ....

10. Brick-red sandstones with pinkish layers

11. Bands of hard gray sandstone with interlami-

nated shales, very fine and dark red. The
lower band is about 2 feet thick, middle 6

inches, and top 1 foot

10 feet.

80 feet.

3 feet.

40 feet.

20 feet,

31 feet.

33 feet.
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f 12. Coarse light-red sandstone G feet.

13. Maroon-colored sandstone, shales streaked with

red. Near the top there are lighter-colored

bands showing a gradual change toward
No. 12 107 feet.

14. White sandstone 13 feet.

15. Maroon-colored shales 400 feet.

16. Pink sandstone with red bands 110 feet.

17. Fine maroon-colored shales 220 feet.

18. Light-maroon red sandstone shales 10S feet.

19. Dark-maroou red sandstone shales, very fine-

g. \ grained 10S feet.

20. Eeddish maroon-colored sandstone 20 feet.

21. Gray micaceous sandstone with green spots,

very closely resembling those found in bed
15 of section No. 10. I think this is a higher

bed, however 15 feet.

22. Sandstones of a general greenish-gray color

extending for about a quarter of a mile.

These are probably a few beds of interlami-

nated limestone. The beds were too much
covered up, however, except to show that

the sandstones are micaceous. . . , 060 feet.

23. Dull reddish sandstone, rather light colored.

This bed is on the summit of the bluffs at C
in the figure 16 feet.

Fine black and gray shales 22 feet.

Yellowish-white sandstone 15 feet.

Brownish-red sandstone 26 feet.

Space reaching to the bottom of the hill, proba-

bly filled with sandstone, but so covered with

debris that the rocks are entirely concealed. 38 feet.

All the beds given in this section are probably above those of section

No. 11. They probably came up in the valley of the river between the

points A and B, where the river turns, their softness allowing them to

yield readily to the action of the water.

My time was too limited to carry the section any farther either to the

eastward or to the west. In the latter direction the beds continue down
through the Carboniferous and Silurian. In following up the Little

Platte we find exposures of red sandstone shales resting on limestones.

I did noi have time to make any section in the canon, but in a subse-

quent portion of the chapter will give a section made a little to the

north of the creek. To the eastward, about five miles down the stream,

I learn from the notes of Mr. Taggart, is a butte on the northeast side,

west of which are exposures of red -beds, as shown in Fig. 7, Plate VI,

at B. The dip here is 5° toward the northeast. Therefore, between
this point and the bend of the stream where section No. 10 was made,

is an anticlinal axis increasing from north to south, for there is no indi-

cation of it due east of Fair Play. This is probably the only fold, there

scarcely being room for more. The axis is about north and south. The
butte itself is volcanic, and the red-beds tipped up against a dip from
8° to 10° to the westward, as shown in the illustration. Crossing-

Four Mile Creek the dip is again east or northeast. Eeturning to the

road, which keeps close to the low hills, a short distance below the point

where sections Nos. 10 and 11 were made, is an outcrop of gray sand-

stone, dipping a few degrees north of west. Still farther down the road

i. 24.

?*• 25.

fr. 26.

I 27.
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we pass over the upturned edges of the same sandstone now dipping in

the opposite direction. Just above it is an outcrop of dark-blue lime-

stone only a few feet in thickness. This is the same fold that we find in
section No. 11, at the point B in Fig. 2, Plate VI. The axis has a
direction nearly north and south. The fold continues southward, and is

shown again in a low hill above the salt-works at the point in
Fig. 7, Plate VI. It is not so decided here, however, and seems to be
dying out. Fig. 7, Plate VI, represents a section running from the
west side of the park eastward to the volcanic butte on the west side of
Four Mile Creek. The following section is made on the bluff shown in

Fig. 7 at the point C. It is in ascendiug order on the line a b :

Section No. 12.

a. 1. The beds at the base of the bluff are entirely concealed for some
distance, and then we have

—

2. Red shaly sandstones breaking into very irregular pieces, 18 feet.

3. Light red shaly sandstones in bands of varying structure. The
general color is of a brick red ; some of the bands are very
soft, and in fine lamina?, while others are very hard. The latter

are very dark, almost brown. The top of the bed is especially

shaly, and has lighter-colored bands, 68 feet.

4. Eather coarse, grayish-white sandstone, 8 feet.

5. Reddish and greenish-gray sandstone, with interlaminated shales.

Near the top there are very fine red shales, 45 feet.

6. Greenish-gray sandstone with bands of shale, 5 feet.

7. Brownish-reel sandstone with interlaminated pink shales, 50 feet.

8. Coarse, light-pink sandstone, 12 feet.

9. Shaly sandstones, dark-red and very compact, at top lighter colored

and more shaly below, 8 feet.

10. Conglomerate sandstone with irregular pebbles of limestone, 38 feet.

11. Coarse yellowish sandstone, 10 feet.

12. Coarse irregular sandstone, 10 feet.

13. Compact dark-red sandstone, with interlaminated shales, 125 feet.

14. Soft light-red shaly sandstone, 15 feet.

15. Soft and rather fine gray sandstone shales, 15 feet.

16. Gray sandstone, 10 feet.

17. Brownish-red shales, 28 feet.

18. Light-red shales, 77 feet.

19. Coarse white sandstone.
20. Bed shales

This last bed crowns the bluff. The dip of the beds is from 15° to
20°. They are, without doubt, of the same age as the beds of sections 10
and 11, which I thought were Permean. Near the salt-works we have
three isolated buttes. The most southern, the one on the east of the
salt-works, is trachytic, and is about 580 feet high. The rock is of a liver-

color, and jaspers are scattered over it in abundance. The base of the
butte is covered up, but from the occurrence of gypsum in considerable

quantity I take the rocks to be either of Cretaceous or Jurassic age.

There are, however, no well-defined outcrops. To the east of this butte

are two others, which Mr. Taggart determined to be volcanic, and of the
same character. One of these buttes has two cone-like projections.

The plain around them is covered with an alkaline efflorescence. This
is especially seen in the valley in which the salt-works are situated.

All the water in the streams in this region has an alkaline taste. At
the works are two springs and two wells that have been sunk by the

}
42 feet.
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company. The works, which have been quite extensive, are now entirely-

deserted. Crossing the stream to the butte north of the works, we discover

at the base exposures of gray sandstones laminated, and containing gyp-
sum. These sandstones seem to dip toward the north. In some places the
gypsuin seems to be interbedded, and in others occurs only in pockets.
Ascending the butte, we find on the top trachyte, very much like that

on the butte east of the works. The slope for some distance is covered
with debris from this rock. It is probably a portion of an overflow that
was once continuous toward Buffalo Peaks, for to the west, on a line

between it and the peaks, is a third butte capped in the same manner,
having gypsiferous beds at the base. The gypsum is very impure com-
pared with that found in the hog-backs outside the mountains. East of
the salt-works the line of the volcanic material has a direction toward
the southwest, to the divide between South Park and the Arkansas
River, where we shall speak of it again in a subsequent portion of this

chapter. The range on the west side of the park, the Park range, is

for the most part composed of sedimentary formations, which have been
thrown up, and dip toward the park. There are a number of extensive

faults, the down-throw being alwTays on the west side. This, however,
will be rendered clear as we proceed. We will return to the northwest
part of the park and commence the consideration of this range with
Mount Lincoln, one of its highest peaks. Mount Lincoln and Mount
Bross have both become widely known since the discovery on them of

extensive deposits of silver-bearing galena. The mines here will be
described in the mining report of Dr. Endlich. Mr. Taggart ascended
Mount Lincoln from the town of Montgomery, and in speaking of the
geological structure I will quote frequently from his notes. On the

west side of the Platte River, below Montgomery, he made the following

section

:

Section No. 13.

Ascending order

:

1. A light-colored quartzite, very much broken up. The weathered sur-

face is greenish. The dip is 12° to north of east, 20 feet.

2. Gray crystalline limestone, conformable to No. 1. It has bands of
laminated gray limestone, varying from a foot to a foot and a
half each, 12 feet.

3. Limestone very much like that of No. 2, only darker in color, 15 feet.

4. Cherty limestone, 12 feet.

Mount Lincoln is 14,121 feet above sea-level. It is capped with a
trachytic rock, as seen in Pig. 5, Plate VL. This is probably the result

of a flow from a dike; erosion has carried away so much material that

it is isolated, and it resembles a bed that is contemporary. At one point

on the northeast spur of the mountain Mr. Taggart says he found a
well-defined dike, about 10 feetin width, which seemed to extend through
the bends.
On the ridge running toward Mount Bross Mr. Taggart made the fol-

lowing partial section

:

Section No. 14.

1. Soft and brittle carbonaceous shale, 6 feet.

2. Gray quartzite, with bauds of a dark ferruginous quartzite one to

two feet each, 78 feet.

3. Laminated micaceous sandstone, 2 feet.

15 G s
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4. Gray crystalline limestone, with cross cleavage, breaking into small
irregular pieces, 10 feet.

5. White quartzite, 3 feet.

6. Dark quartzite, 6 feet.

7. Gray limestone, with shaly bands and cross-cleavage, harder and
lighter colored in the upper part of the bed, 20 feet.

8. White quartzite, gradually becoming darker until it is red, 80
feet.

9. Very hard brownish limestone becoming laminated and dark-col-

ored towards the top, 125 feet.

10. Light-colored quartzite, 50 feet.

11. Brown volcanic rock like that on the summit of Mount Linjcoln,

only darker in color.

" Below No. 11 is the limestone in which the mines are situated. After
about 100 feet of this is a gray crystalline limestone, very hard and com-
pact. This continues for several hundred feet. It is very irregular and
much broken up, and is followed by a brown crystalline limestone, from
which there is a great deal of debris."

Fig. 5, Plate VI, represents a section through Mount Lincoln and Mount
Bross, in a direction north and south. Mount Bross is nearly two miles

south of Mount Lincoln. Between the two there is therefore a portion

hollowed out, probably by glacial action. A semicircular ridge connects
the two mountains, which were once probably continuous. On this ridge

Mr. Holmes made the following section from below up :

1. Gneiss.

2. Quartzite.

3. Blue limestone.

4. Yellow limestone.

5. Limestone, (ore-bearing.)

6. Volcanic.
I learn from Mr. Gardner and Mr. Holmes that the quartzites are

faulted on Mount Lincoln. The quartzites are probably the equivalent
of the Potsdam saudstone, and the limestones, which are mostly magne-
sian, should be referred to the Quebec group. In the latter, in Four
Mile Creek Canon, I found fossils that point toward such a conclusion.

Fig. 6, Plate VI, is a section through Mount Bross from west to east.

The beds of the section will be found in Doctor Endlich's report. Further
notes in regard to Mount Lincoln will be found also in Doctor Hayden's
report. West of Mount Lincoln is Buckskin Mountain, which heads
three streams, viz : the South Platte River, Buckskin Creek, and a
branch of the Arkansas River. The first flows to the northeast, and
turning to the east around Mount Lincoln, flows southeast. The second
flows to the southeast into the South Platte, while the third flows to the

northwest for about five or six miles, and then turns to the southwest
and empties into the Arkansas. Above the town of Montgomery,
between the South Plate and the Blue Rivers, on the main divide, is a

pass called Hoosier Pass. Its elevation is 11,364. In regard to the

geology here, I refer again to the notes of Mr. Taggart, who says : "The
pass shows no outcrop, but is covered with granite boulders. East of

it is a point, (A in Fig. 3, Plate VI,) the sides of which show no out-

crop. The summit, which is flat, is covered with volcanic rock, and holes

dug by prospectors\show the same material. There is a slope to the

eastward. In the depression or saddle between this point and the next

•one, which is higher, the surface is covered with a debris of fine-grained

gray granite. As we ascend the higher summit we meet first with an
outcrop of volcanic rock, and then higher up an outcrop of coarse con-
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glomeritic sandstone, which continues only a short distance, and
then we have volcanic again, which continues over the summit until

we again find on the opposite slope the sandstone. There is another
rise. Then we have volcanic again, and then sandstone and vol-

canic rock alternately for about half a mile, when, in a greater
depression than the previous ones, we meet with, first, a coarse sand-
stone, which becomes fine-grained, somewhat shaly toward the top. It

is followed by a red micaceous laminated sandstone at the point B.
These beds all dip east at an angle of about 15°. They all seem to lie

in the lap, as it were, of the volcanic rock which is pushed up through
them. This is shown in the illustration Fig. 3, Plate VI. On the north-

ern slope of one of the higher points (D) are fragments of a blue lime-

stone. Above it is volcanic rock, but I could not determine the order

of superposition. On the opposite side is a cliff-like wall about 6 feet

high. The volcanic rock seemed to overlie it, and at one point there

was a distinct dike about 2 feet in width, running through the lime-

stone. The volcanic rock seems to have been thrust up and spread out'

over the limestone. On the next slope are some coarse sandstones,
dipping toward the west. From this point the ridge continues to rise

gradually, and we have a long saddle-like depression connecting it with
Silver Heels Mountain. On the side of the next high point, in addition

to the beds already named, are

—

"1. Coarse sandstone.
"2. Eed shale sandstone.
"3. Conglomerate.
"4. Sandstone.
" These beds lie against the side of the hill, and dip to the northeast."

The following section was made by Mr. Taggart on the ridge east of

Mount Lincoln, on the east side of the South Platte Eiver, and is in

ascending order :

Section No. 15.

1. Volcanic rock, which seems to reach to the timber-line, although
there are no distinct outcrops. The whole surface, however, is covered
with fragments of the rock.

2. Coarse gray conglomeritic sandstone.
On the summit of the next ridge we have

—

3. Volcanic rock in blocks. Then

—

4. Gray shaly sandstone, dipping to the , at an angle of about
15°. This is about 3 feet thick.

5. Eed shaly sandstone, about 6 feet.

6. Fine gray sandstone, with small gray quartz pebbles.
7. Volcanic rock in blocks as before. This exposure is on a higher

point.

This section made by Mr. Taggart fills the gap between Mount Lin-

coln and section No. 9, made across the park, the profile of which is

shown in Fig. 1, Plate VI. This volcanic rock, to which reference has
been frequently made, is mostly trachytic, and although in inauy places

it has very much the appearance of being contemporary, I am of

the opinion that it is all intrusive. We find that where it is conforma-
ble to the sandstones and limestones the latter beds are always changed
on both sides of the volcanic material. We have already seen this in

the section made on Silver Heels, and we shall see it again in sections

made farther south. There are also, as we shall see in Buckskin Gulch
and in the canon of Four-Mile Creek, a number of faults and dikes, in

which everything points to the intrusive origin of the volcanic rock.
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This will be more clearly shown as we progress. First, we will speak of

Buckskin Gulch. Buckskin Creek, like all the streams heading in the
Park range, has cut profoundly into the rocks, giving us an excellent

opportunity to study the geological structure. As I have said before,

the creek rises on the southeast side of Triaqua, or Buckskin Mountain,
and flows toward the southeast, around the west side of Mount Bross,

and empties into the South Platte. Passing through the deserted town,
which was once a mining center, we soon find ourselves in the canon.

On the top of the wall-like bluff on either side, capping it, are quartzites

and limestones dipping a little south of east, at an angle of about 19°

to 15°.

Approaching more closely, we see that the quartzites resting on the

granite are faulted. The appearance of the bluff-like wall is shown in

Fg. . This is on the south side of the canon. The following section

in ascending order is made on the line af, in Fig. 3, Plate VII

:

Section N~o. 16.

a. 1. Granites, coarse and rose-colored. They extend to the bed of

the creek covered with debris.

b. 2. Very hard white quartzite, 20 to 30 feet.

3. Greenish volcanic rock, growing wider as we go toward the
west and thinning out to the eastward, 15 feet.

e. 4. White quartzite, 10 feet.

5. Greenish volcanic rock, terminating in a wedge-like point. It

has split No. 4 from the bed above, (No. 6,) 12 feet.

( 6. White quartzite, really a part of No. 4, 6 feet.

d. ) 7. Brownish snuff-colored quartzite, 2 feet.

( 8. Light-colored qnartzite, with dark bands,14 feet.

9. Greenish volcanic rock, terminating in a wedge-like point, the
point this time being to the westward, while before, in No. 5,

it was toward the east, 12 feet,

f 10. Dark-colored quartzites, 6 feet.

11. Light-colored quartzites, 8 feet.

12. Banded quartzite, in layers about a foot thick each, gray and
e. { rust-colored, 12 feet.

j
13. Light pinkish quartzite, 4 feet.

|
14. Dark reddish quartzite, 15 feet.

[ 15. Banded quartzites, about 100 feet.

These beds correspond to the quartzites on the side ofMount Lincoln,

and are undoubtedly only their southern prolongation. As we go up
the creek we find that there is a large fault, and that we again come to
these beds dipping in the same direction. The line of this fault if pro-

longed would pass to the west of Mount Lincoln near Triaqua Mountain.
It probably extends into Mr. Marvine's district. It also continues to the
southward, where we shall refer to it again ; the down-throw is to the
west. In Mosquito Gulch, the next one south of Buckskin, the same
beds occur with the same great fault, and with smaller local faults in the
quartzites. Mr. Taggart made the following section on the south side

of the creek. It is made to the right of the fault (AB, CD, EF
? )
shown

in Figs. 1, 2, and 3, Plate VIII.

Section JVb. 17.

1. Beddish volcanic rock.

2. Dark quartzite, (reddish,) 3 feet.

3. Light quartzite, dipping 20° toward east, 8 feet.
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4. Beddish volcanic rock, 12 feet.

5. Light quartzite banded with dark, 5 feet.

6. Gray quartzite.

f e. S. Greenish volcanic rock, 10 feet.

9. Light quartzite ; unable to get thickness.
.T^Vt'tt { I®- Micaceous sandstone, 4 feet.

Plate VIM. n< White qliartzite, 8 feet.

[ d. 12. Eeddish volcanic rock, 15 feet.

_.
1

( c. 13. White quartzite opposite volcanic rock.
* }&L: '

T
) b. 14. Greenish volcanic rock, 8 feet.

Plate V ill.
£ ft< 15 Gray qUart,zite, 6 feet.

16. Micaceous sandstone, 4 feet.

17. Grav quartzite, with bands of brown sandstoue,
20 feet.

18. Pink sandstone, with bands of pink shales 2 to 6

inches thick, 3 feet.

19. Gray quartzitic sandstone, 40 feet.

20. Compact gray limestone, 15 feet.

From Mr. Taggart's notes I take the following :
" Below bed No. 2

there is gneiss on the same plane with a gray quartzite,/, in Fig. 3, Plate

VIII. From diagram No. 2 to 3 the line of the fault is continuous.

The fault is filled" with volcanic rock, which can be very readily traced.

The diagrams had to be made in sections. The line is not uniform.

The volcanic rock at the bottom of diagram No. 2 is probably continu-

ous with that at the top of No. 2, but there was so much debris that I

was not able to ascertain definitely if it was or not."

The quartzites in Mosquito <sJ ulch dip more nearly to the east than they

do in Buckskin. The angle is about 15°. Going up creek we find the

same fault we saw in Buckskin, and after passing the gneiss we find a

small patch of quartzites, still dipping east but at a less angle. The
gneiss has seams of volcanic rock. Then we have another fault, the

line a b in Fig. 1, Plate VII, which shows the appearance on the

south side of Mosquito Creek. A short distance farther up, between
the forks of the creek, is an isolated hill. (Fig. 2, Plate VII, shows
this hill looking north.) The eastern end is gneiss, then follows vol-

canic rock, and at the western end the same beds of quartzite outcrop

that we saw at the mouth of the canon. When we cross to the Arkan-

sas side of the range we find them again, while between is a layer of

very massive volcanic, rock. In addition to the quartzites on the Ar-

kansas side are very dark, almost black, limestones, which probably

belong to the Quebec group. These rocks are all highly metamor-
phosed. The divide itself is composed of a volcanic rock with Silurian

strata above. Between the divide, wrhich has an elevation over 12,000

feet, and the hills to which we have just referred, and which are shown
in the illustrations, there is a low pass, the direction of which is north

and south. On the branches of Sacramento Creek—the next south of

Mosquito—the same beds are lifted up on the granites. I did not go

up the creek, but doubtless the same faults exist that are seen on the

other streams. It was on Horseshoe or Four-Mile Creek that we were

able to make the most complete sections. The following section was

made from the mouth of the canon of Four-Mile Creek westward to

Horseshoe Mountain. It is iu descending order

:

Section No. 18.

a. 1. Brown metamorphosed sandstone, 3 feet.
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2. Blue limestone, 30 feet.

3. Lamiuated limestone, bluish-gray, 10 feet.

4. Coarse brownish quartzite, 3 feet.

5. Light-bluish limestone, with cross cleavage, and containing in
places grades with quartz crystals, 20 feet.

6. Light grayish-blue limestone, on weathered surfaces light gray

;

in the middle there is a band of blue limestone with white
seams, 70 feet.

7. Blue limestone, the upper layers very hard and compact. The
lower layers are fossiliferous, and contain on the weathered
surface fragments of an Orthis like O. desmopleura, Meek, and
Uuomphalus, 50 feet.

8. Light-gray magnesian limestones, 30 feet.

9. Quartzite',. 10 feet;

10. Bluish magnesian limestone, 4 feet.

11. Very hard, reddish quartzite, with interlaminated black shales, the
latter about 6 inches in width, and the quartzite varying from 8
inches to 2 feet, 10 feet.

12. lied and green hard shales, in fine laminae, and breaking into small
pieces, 2 feet.

13. Beddish-brown quartzitic sandstones. About 3 feet from the bot-
tom there is a layer 6 inches thick of red shale, with mud-marks
in layers of a few inches each. The surfaces between the layers
are brightest in color ; 40 feet.

14. Fine brownish-gray sandstone shale, in laminae one-fourth of an
inch thickness, 2 feet.

15. Brown quartzitic sandstone, in laminse from 2 to 4 inches thick ; at
the top the surfaces are coated with green, 30 feet.

16. Beddish quartzitic sandstone, 20 feet.

17. Dark-purplish quartzitic sandstone, containing near the top irregular

layers of soit, dark-purple sandstone, with green glauconitic (?)

grains, 15 feet.

18. Beddish quartzitic sandstone, somewhat irregular in structure, and
containing layers of quartzite each a few inches in thickness, 15
feet.

19. Quartzite, white below and pink above, in beds of 2 or 3 feet thick-

ness, 15 feet.

I. 20. Gneiss reaching to the bed of the creek. On the summit of the

, hill we have some of these beds folded in, as shown at the point
Jc in Fig. 1, Plate IX, between the gneiss and the next bed.

21. Volcanic rock, causing the great fault between the points Jc and c

in the section. In this volcanic rock there are included frag-

ments of the stratified beds of the section given above. The thick-

ness of the rock is about 300 feet.

c. 22. Sandstones somewhat coarse and conglomeritic, dipping at an
angle of about 25° to 30°.

d. 23. Volcanic rock, like 21. This forms the cap of the hill, marked d
in the illustration. At the bottom it appears to be about 300
feet thick, and at the top must be nearly 1,000 feet. The rock is

porphyritic, and the lower layer next to beds of No. 24 have a
somewhat regular jointage at right angles to the dip. The color

below is a gray, becoming rusty in places and lighter in color

above.
24. Sandstones, for the most part coarse and conglomeritic, with inter-

laminated black argillaceous shales, especially near the top; below
we have a few bands of limestone, reaching 3 or 4 feet in thick-
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ness. These sandstones extend from e to g in the illustration. At
the point/ there is a small fold. The general dip is to the east-

ward, at an angle of from 10° to 20°. The angle is greater on the
west side of the fold. The thickness of the sandstones is about
903 feet.

25. Black and greenish-gray sandstones, shales micaceous, 6 feet.

26. Sandstone, 51 i'eet.

27. Blue limestone, very dark, and weathering of a reddish brown color,

20 feet.

28. Sandstones, conglomeritic, generally of a gray color, about GOO to
800 feet.

29. Fine black shales, 6 feet.

30. Greenish-gray micaceous, sandstone-shale. The mica is silvery and
especially distinct between the laminae. They become quartzitic

above, 34 feet.

31. Bluish and brownish limestone, with interlaminated shales, 10 feet.

32.* Sandstone, 2 feet.

33. Limestone, 4 feet.

34. Fine black argillaceous shales, 9 feet.

35. Coarse grayish sandstone, 10 feet.

36. Limestones and shales, 6 feet.

37. Greenish-gray micaceous sandstones. Toward the top the beds be-

come very coarse, 15 feet.

38. Limestones and bluish argillaceous shales with sandstones. The
upper portion of the bed contains in blue shaly limestones fine

specimens of Productus semireticularis, P. nebrascensis, Spirifer

opimus, Productus prattenanus, and a Pleurotomaria* 57 feet.

39. Black sbaly limestones, in the lower part of which we find the fol-

lowing fossils, Productus Spirifer, and fragments of Trilobites, 34
feet.

40. Quartzite sandstone laminated and micaceous, 15 feet.

41. Space covered with the debris of a porphyritic volcanic rock, 5 feet.

42. Sbaly limestone, 3 feet.

43. Space covered with debris of volcanic rock, limestone, and sand-
stone, 27 feet.

44. Porphyritic volcanic rock, about 10 to 20 feet.

45. Blue laminated limestone, 10 feet.

46. Quartzitic sandstone, lighter colored and laminated above general
color, steel gray to brown, 6 feet.

* Pleurotomaria Taggarti, Meek.

Shell attaining a large size, turbinate, very thin, slightly longer than wide; spire
depressed, conical, a little shorter than the length of the aperture ; volutions five to
five and a half, flattened above to the slope of the spire, last one very prominent and
angular around the middle, with the under side slightly convex and eloping inward
nearly at right angles to the flattened slope of the upper side above the peripheral
angle ; suture merely linear; umbilical region but very slightly excavated and imper-
forated ; aperture rather large, subquarate, with height and breadth apparently nearly
equal ; spiral band extremely narrow, occupying the peripheral angle of the body
volution, and passing around only about its own breadth above the suture on those of
the spire ; surface nearly smooth, or showing only obscure lines of growth, with ap-
parently merely tho faintest possible traces of revolving stria}. Height about 2.00

inches ; breadth about 2.49 inches.
In size and general appearance this fine species somewhat resembles P. ynissouriensis,

(Trochusmisffouricnsi.'j, Swallow,) but it maybe at once distinguished by having' its body
volution below the periphery longer than the height of tho spire above ir, instead of
flattened, as well as by wanting the distinct revolving lines of that species. The
spccilh; name is given in honor of William K. Taggart, esq., of Dr. Ilayden's survey,
who discovered the type specimen.
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47. Porphyritic volcanic rock, 20 feet.

48. Brownish -gray arenaceous limestone, 15 feet.

49. Blue laminated limestone, 15 feet.

50. Sbales, 5 feet.

51. Porphyritic volcanic rock, 20 feet.

52. Bine laminated limestones, 6 feet.

53. Bluish-gray limestone, fossiliferous, 10 feet.

54. Volcanic rock, 8 feet.

55. Blue shaly limestone, 15 feet.

56. Sandstone, 10 feet.

57. Blue shaly limestone, 15 feet.

58. Sandstone, 6 feet.

59. Bluish black limestone, 5 feet.

60. Brownish quartzitic sandstone, 21 feet.

61. Bluish black limestone, 11 feet.

62. Sandstone, light colored and soft above, becoming darker and quartz-
itic as we go down, 10 feet.

63. White laminated volcanic rock, 17 feet.

64. Indistinct outcrops of a black shaly limestone, 12 feet.

65. White quartzite of a rusty color on weathered surfaces. Just
above it there are indications of bluish limestone, probably a con-
tinuation of bed 64, 75 feet.

66. A very dark-blue limestone, weathering black crystalline, and con-

taining nests of calcite distributed through it, 8 feet.

h.67. Light colored laminated porphyritic volcanic rock, very similar to

No. 63, about 10 to 20 feet.

68. Dark bluish-black limestone, very irregular in structure, especially

near the top ; at top is pink on weathered surfaces, 60 feet.

69. Sandstone and limestone conglomerate, .10 feet.

70. Dark-blue limestone, 2 feet.

71. Rusty-brown quartzite, 2 feet.

72. Blue limestone, 50 feet.

73. Light-gray quartzite, 4 feet.

74. Light-blue limestone, with irregular cross-fracture weathering of a
lighter color, for the most part fine grained, becoming coarse in

some places. In the upper part it becomes laminated and some-
what darker. On weathered surfaces there are crinoidal frag-

ments. Thickness estimated, 10-15 feet.

75. Light brownish quartzite, passing into sandstone near the top; a
few feet from the bottom there is a layer, a few inches in thick-

ness, of greenish sandstone, 20 feet.

76. Magnesian limestone, light colored, with seams of dolomite. The
beds become darker from the bottom up 5 50 feet.

77. Light-bluish magnesian limestone, weathering of a yellowish color,

becoming siliceous as we go down, 15 feet.

78. Brown quartzite, 10 feet.

79. Laminated sandstones,general color a pinkish gray; about half way
down there is a layer of shales. The lamination is most distinct

in the lower part of the bed, the laminae having a red coating, 15

feet.

80. Massive gray sandstone, 10 feet.

81. Pinkish-gray sandstone, laminated, lamina? 1 to 3 inches in thickness,

with green coalings between, 10 feet.

82. Light-gray laminated sandstone, somewhat shaly in places, laminae

from 1 to 3 inches in thickness, 6 feet.
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83. Light reddish-gray sandstone, with red shaly bands. At the top
there is about one foot of pink sandstone ; 6 feet.

84. Sandstone with brown and red lines, general color reddish brown,
dark below, 6 feet.

85. Yellowish-brown laminated sandstone, very hard and compact,
almost quartzitic, breaking into laminae from one-eighth of an
inch to 2 or 3 inches in thickness, 6 feet.

86. Gray sandstone, somewhat laminated at the top ; weathering of a
rusty brown ; 20 feet.

87. Brown laminated sandstone, with green coating between the laminae,

2 feet.

88. Light brown sandstone, with bauds of white quartzite varying in

thickuess from four inches to a foot ; the thickest at the top ; 6

feet.

89. Brown quartzitic sandstone in laminae of about 18 inches each, 6

feet.

90. White quartzite, 4 feet.

91. Brown quartzitic sandstone, 2 feet.

92. White quartzite, (about 2 feet from the bottom there is a layer of

brown sandstone 6 inches thick,) 5 feet.

93. Brown quartzitic sandstone, 2 feet.

91. White quartzite, 5 feet.

95. Brown quartzitic sandstone, 5 feet.

96. White quartzite, 20 feet.

97. Brown quartzite, 10 feet.

i 98. Granite, coarse, and rose-colored.

This bed (98) reaches to the bottom of the canon at the head of the

creek under Horseshoe Mountain. The section from bed 1 to 20 is made
on the line a b. Fig. 1., Plate IX. From bed 24 to bed 67, inclusive, it

is made between the points e and h in the illustration ; while the remain-

der of the section (68 to 98) is made on the line marked h i. In the top

of bed 23 of the section given above we have fragments of the sandstone

of No. 22 caught in the mass; and again we see the volcanic rock pene-

trating the sandstones, and their interlaminated shales changing their

character very much. Mr. Holmes sketched several of these intrusive

masses, which are beautifully shown in Figs. 1 and 2, Plate X. The
lower beds in the section given above dip at an angle of about 10 to 15

degrees. The quartzites and magnesian limestones in the last part of

the section are the same that are given in the first part on the east side

of the fault.

It is a question whether or not the sandstones of No. 22 of this sec-

tion (No. lb) are the same as No. 24, or whether they belong to a higher

horizon, and have been mer'ely separated by the intrusion of No. 23. I

incline to the latter. The character of the sandstone in both places is

similar, but in No. 24 there is very little difference between the top and
the bottom layers. The difference is no greater than between No. 22 and
the top of 24. If 22 is merely the continuation of 24 folded, the ends of

the two probably connect below the surface. The rock of No. 23 is pe-

culiar. It is trachyticvaud very highly siliceous. It is very white, and
might, if seen alone and not very carefully examined, be mistaken for a

highly-metamorphosed sandstone. A closer examination reveals the

presence of crystals of feldspar. The large proportion of silica is due,

perhaps, to the intrusion among the sandstones, from which it was, in

great measure, derived.

As seen in the illustration, Plate IX, Fig. 1 at c, bed 22 dips about

30°, while No. 24, at e in the illustration, dips about 15°.
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At the head of Four-Mile Creek are two branches which head in
Horseshoe Mountain. Each of these small streams heads in an amphi-
theater, the center of which is granite, upon which rest the quartzite
and limestone given in the section above at the lower part. They form
an arch, as is seen in the illustration, and it is this that gives the nam©
to the mountain. Between the two amphitheaters is a point which is

capped in the same mauuer. The limestone and quartzite extend up
on the divide, and it is in them that the silver-bearing galena is found.
They are very much metamorphosed and somewhat broken up by veins
of volcanic material. In Empire Gulch, which, with Iowa Gulch, heads
directly opposite Four-Mile Creek, these beds outcrop again. Iowa
Gulch affords the best exposure, however. Fig. 2, Plate IX, repre-

sents the outline along the south side of Iowa Gulch, continuing the
section that we made on Four-Mile Creek. We see, then, that at the
head of the gulch another fault, as great as the one noticed on the divide
as the head of Mosquito Creek. It is in fact a continuation of the same
fault. A section through the hill, marked B in Fig. 2, Plate IX, is

represented in Fig. 3, Plate XI, the figures corresponding with those
in the following section

:

Section A.

1. Volcanic, capping the hill.

2. Black limestone, very much metamorphosed.
3. Thin layer of quartzite.

4. Volcanic rock, columnar.
5. Bed of quartzite.

6. Volcanic, columnar.
7. Quartzite.

8. Volcanic, columnar.
9. Fragment of quartzite bed.

10. Quartzite.

11. Volcanic, columnar.
12. Fragment of quartzite.

The quartzite from a distance has a yellow color. The base of the hill

is covered with debris, but underneath I think we would find gneiss.

The beds of volcanic rock (which is a variety of trachyte) are beautifully
columnar. Beds 7, 9, 10, and 12 are fragments that seem to have been
caught in the flow of volcanic material. Figure 2, Plate XI, represents
a section through a hill about half a mile west of the hill B, on the north
side of the creek, between the main creek and a small branch. Here we
have the following section

:

Section B.

1. Volcanic.
2. Blackish limestone, very much metamorphosed.
3. Yellowish quartzite.

4. Volcanic, in fine columns.
5. Gneiss.
6. Volcanic.

The rest of the hill is covered to the base. In the gneiss, layer 5,

there are seams of the volcanic rock. A section through the hill A,
which is the same hill as A in Fig. 1, Plate IX, is shown in Fig. 1, Plate
XI, corresponds to the following:
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Section G.

1. Volcanic, capping the bill.

2. Black limestone, very niucb metamorphosed.
3. Yellow quartzite.

4. Volcanic, in columns.
5. Quartzite.

6. Volcanic.

7. Quartzite.

8. Volcanic.
9. Quartzite.

10. Gneiss.

In these three sections just given the bed marked No. 1 is the same in

all. So is tbebed of limestone marked No. 2 in all the sections. No. 3 of

the second section, (ft,) in the third (c) has been split up into four beds,

Nos. 3, 5, 7, and 9. In the first, (a,) it has beeu split into six beds, viz,

3, 5, 7, 9, 10, and 12.

No. 4 of section (b) which is represented iu the first (a) by Nos. 4, 6,

8, and 11. In the third section (c) the volcanic rock is much thicker,

and is represented by Nos. 4, 6, and 8. It has thrown the fragments of
quartzite, Nos. 5, 7, and 9, lower down. The bed, No. 10, corresponds
with No. 5 of the second section. The hill marked G in the illustration

(Fig. 2, Plate IX) is capped with volcanic, and below are sedimentary
beds again which have dropped down. The center is gneissic. Still

farther down the creek, at the point D, is another fault, and then a fold

which is merely local in the quartzite between a and b. At the latter

place there is a break again, and then the quartzites are almost, if not
quite, horizontal. At E is another fault, and beyond the quartzites dip
about 12°. It will be seen that in all these faults the down- throw is on
the west side. In California Gulch, which is the one next north of Iowa,
the rocks are more covered up, but there is probably the same condition
of affairs as we see here. We have seen, then, that there are two ma4n
lines of faulting running north and sonth, which we have traced from
Mount Lincoln southward to Horseshoe Mountain, a distance of about
ten or eleven miles. In Plate XII is represented a section made
through stations 56 and 57, about five miles south of Four-Mile Greek.
The section is as follows

:

Section No. 19, made by Mr. Gardner.

a. 1. Conglomerate.
2. Soft white limestone.

3. Gray limestone.

4. Nodular limestone.

5. Blue limestone.

6. Quartzite, white.

b. 7. Schists with veins of granite.

8. Quartzite.

9. Nodular limestone and shales.

10. White quartzite.

c. 11. Gneiss and schists.

12. Limestones.
13. Quartzite.

d. 14. Gneiss.
The faulting in the center of the diagram is evidently the second or

western fault at Horseshoe. That is the one observed on the divide.
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The first one probably dies out to the southward of Station 45, or Sheep
Mountain. The country slopes off in that direction, and from station 45
there is a long ridge on the east side of a branch of the Little Platte,

which slopes toward the park. In following up the Little Platte to

Weston's Pass, I saw no indication of the first fault. The trend of the
fault at the point b in the illustration is about south 10° east. How
much farther it extends to the southward I was unable to determine for

want of time. The dip of the schists at the point d in the diagram is

toward the east. They are of a rusty-red color, with micaceous layers

in some places, and in others quartzitic beds with light-colored granites
below. These schists extend to the Arkansas Eiver, and it is through
them that the river cuts the canon, to which I will refer further on. On
leaving the mouth of the canon on Four-Mile Creek and going eastward,
we find that all the underlying beds are covered. From a few indica-

tions of volcanic rock, however, I am inclined to believe that there is a
fault running toward the north, the line of which would pass east of
Mount Lincoln. We have seen (section No. 16) that on the ridge east

of Lincoln there is a line of volcanic rock. This probably represents a
line of faulting. On looking at the map we see that there is an abrupt
turn in the course of Four-Mile Creek directly on the prolongation of
this line, the course for a short distance being in a line with that of the
Platte west of the ridge where section No. 15 was made.

In section No. 18, we have the Potsdam group in beds No. 11 to 19, a
thickness of 119 feet. This is repeated again in beds 78 to 79. The
estimated thickness here is greater, being 156 feet. In section No. 18,

made by Mr. Taggart, in Mosquito Gulch, the thickness is 160 feet. In
Buckskin Gulch it was estimated at over 200 feet in section No. 16.

This last is probably exaggerated, as the upper bed in the section was
estimated from a point some distance below it. The thickness of the
Potsdam group along this range probably averages about 150 feet.

The remainder of the Silurian layers will probably average about 200
feet in thickness. It is probably all referable to the Quebec group.

The lower layers are so beyond doubt. A comparison with the same
layers already treated of in the first chapter is given below :
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There has, therefore, been an increase in thickness as we have come
westward. The line between the Carboniferous beds and the Silurian is

in all probability the bed No. 68 or 69 of section 18. The lower part of

the Carboniferous contains a number of beds of limestone, with inter-

laminated black shales, more or less argillaceous. In no case do
these beds attain a great thickness, and between them are beds of.

micaceous sandstones, which are laminated. Their general color is a
greenish gray, with the mica especially noticeable between the laminsB.
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As we go up the limestones gradually thin out, and the sandstones be-
come coarser and coarser, pointing to the existence of shallower waters
during their deposition. I was unable to define the line between the
Carboniferous and the beds that I consider to be of Permian age.
Going south from Weston's Pass we find that the range ends rather

abruptly in Buffalo Peaks. South of this the divide between South Park
and the Arkansas is comparatively low. Buffalo Peaks consist of two
hiiih conical points of about equal elevation, viz, 13,365 feet. Between
the two there is a ridge bounding an amphitheater, which faces to the
northeast. On the face of this we find, going from the top toward
the base, the following beds:

Section No. 20.

a. 1. Trachyte, weathering very dark from the amount ofiron it contains.
There are crystals of hornblende and sanidine. On fracturing
the rock the matrix is seen to be light-colored. This is found
on the western summit of the peak, and extends across along the
ridge to the eastern summit. Below we have

—

o. 2. Trachyte. The upper part of the bed has a bluish color, which
becomes red below. This is also hornblendic, and contains crys-

tals of sanidine. The rock is more compact and finer-grained

than that on the summit ; 100 feet.

c 3. Beddish breccia. The included masses are highly porphyritic, 100
feet.

d. 4. Light gray tufa. I could not see the line between it and the one
above. There are light-yellow pebbles in this rock. In the lower
part there is a soft black layer, thin ; 5 feet.

e. 5. Columnar layer of very hard black rock, containing a large quantity
of hornblende and obsidian. There are, also, a few included
pebbles. The columnar form is quite distinct in places ; 50 feet.

[ 6. Light tufacious rock, very solt, mostly of a white color, but pink in

r \ some places and yellow in others, 150 feet.
'

j
7. Gray breccia,which reaches to the base of the peak as far as can

/ be seen ; 200 feet.

This section corresponds with Fig. 8, Plate VI.
I was extremely sorry that I was unable to work to the eastward of

the peak. Until that is done the opinions in regard to these rocks mnst
be to a great extent conjectural. On the west side of the west cone, g
in Fig. 8, Plate VI, resting on the granite, is a bed of white and rusty-

looking quartzite, dipping toward the east at an angle of about 10°.

Going toward the north we find above the quartzite, and dipping in the
same direction, a bed of limestone very much changed. In one place
there is a flinty layer, over which I found coatings of chalcedony. These
beds are probably a continuation of those seen in Weston's Pass at the
point e in Fig. 1, Plate XII. They seem to have been caught here by
the volcanic rock. As we go south the beds continue uninterruptedly,
as we shall see on Trout Creek. The rock on the summit of Buff-

alo, although lighter in color, is very nearly like that found on the
tops of the buttes near the salt-works. They are probably identiical,

the differences being caused, perhaps, by the difference in length of

time of cooling. In both places the trachyte is micaceous. The peaks
are evidently a center of eruption, and the overflow was probably toward
the southeast in thedirection of the salt-works. Fig. represeutsau ideal

section through the peaks from east to west, the dotted lines representing
the planes of deposition of the various beds given in the section above.
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There has been so much erosion, preceded by glacial action, that the
greater part of the beds has been removed. That the section represents

the actual condition of affairs is rendered the more probable by the fact

that Dr. Endlich found in his district just south of our line the same
succession of beds at Promontory Point. Here the succession and order
of superposition was more clearly demonstrable. Trout Creek is the
second large creek flowing into the Arkansas from the east below Buf-
falo Peaks. Crossing the low divide southeast of the salt-works, we
find exposures of black shales and conglomerate sandstones dipping a
few degrees east of north, and inclining 35° to 40°. Below the black
shales we have sandstones and green shales; then we have bluelimestone;

then there is a space in which all the beds are covered up. The next
outcrop is a gray limestone, below which there is a blue limestone. I

was unable to get the dip, but it is probably the same as we saw in the
beds above. After leaving these outcrops we come into a small park,

about five miles in length and over a mile in width. It is a beautiful

meadow-like park, in which the underlying beds are almost entirely con-

cealed. At the upper end, however, I was able to make the following

section

:

Section No. 21.

In descending order

:

1. Light-reddish gray micaceous sandstone, 50 feet.

2. Blue limestone, 3 feet.

3. Yellow sandstone shales, 13 feet.

4. Light-red micaceous sandstone, 10 feet.

5. Hard reddish brown sandstone, 6 feet. *

6. Gray shales, 4 feet.

7. Bed shaly sandstones, 6 feet.

8. Fine bluish shale, 5 feet.

9. Yellowish-brown sandstone, 3 feet.

10. Bluish shales, 6 feet.

11. Bed shales, 9 feet,

12. Brown and red shaly sandstone, 13 feet.

These beds all dip toward the northeast at an angle of 40°. They
correspond closely to the limestones and sandstones seen in sections

Nos, 10 and 11, and to those east of Fair Play below the red beds, and
which I have already referred to the Permian. Farther down the
creek we find outcrops of greenish micaceous sandstone. These beds
are laminated, and between we have fine black shales. The dip
is still in the same direction. Below these are blue limestones, and
still farther gray limestone. These beds are undoubtedly Carbon-
iferous, and a closer search than I had the time to make would
doubtless reveal fossils in some of the layers. At the lower end of the
park the creek has cut its way through the beds at right angles
to the strike, and the beds stand on either side as a high wall,

dipping northeast at an angle of 15°. Besting immediately on the
granite there is a bed of quartzite. Above this there is a bed of dark-
gray limestone, about 200 feet in thickness. Next follows 10 to 20 feet

of brown quartzite and then limestone. Above this the beds are cov-

ered until we reach the Carboniferous layers already referred to. The
quartzite and limestone resting on the granite are evidently the direct

prolongation of the beds noticed west of Buffalo Peaks. Farther south
and southeast, in Dr. Endlich's district, these beds are more distinctly

shown, and will be fully treated ot by him. Trout Creek, for the rest of its

course, flows through granitic rocks. About two or three miles below
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the park we find on the east several high hills of trachyte. There is a
small branch coming in here which seems to form the boundary between
the trachyte and the granite. This is a portion of the same eruptive
material seen east of the salt-works, of which it is the continuation
southward. I shall reserve the consideration of the Arkansas Valley to

the next chapter.

CHAPTEE III.

ARKANSAS VALLEY—EAGLE RIVER—SAWATCH RANGE.

The Arkansas River, in our district, has a course a few degrees east

of south. On the east side we have the Park range, separating the
valley from South Park, while on the west is the Sawatch, or main range
of the Pocky Mountains, forming the continental divide. It has here,

perhaps, its culmination. The range to the southward of Mount Bowles
falls off, as it also does north of the mountain of the Holy Cross, which
is the last peak in the range in this direction. Before reaching this

point the water-divide sweeps around the head of the Arkansas to the
eastward. In the Sawatch range we have first Mount Bowles, rising

14,106 feet above sea-level. About twelve miles farther north is Mount
Harvard, having an elevation of 14,208 feet. The next high point meas-
ured was La Plata Mount, which is eleven miles northeast of Harvard:
its height is 14,126 feet. Grizzly Peak, at the head of Lake Creek, is

about seven miles from La Plata, and a little north of east from it. Its

elevation is 13,786 feet. Six miles east of north from La Plata is Mount
Elbert, named in honor of the governor of Colorado: its elevation is 14,150
feet. Six miles farther north is Massive Mountain, having an elevation

of 14,192. North of Massive Mountain the range is comparatively low
until we near the mountain of the Holy Cross, when it rises again. The
elevation of the Holy Cross is 13,478 : it is about eighteen miles north
of Massive Mountain. Beyond it, the range dies out, and we have Eagle
Biver sweeping around to reach the Grand River. As we have seen in

the latter part of the last chapter, Trout Creek flows through granitic

rocks, which continue to the valley of the Arkansas and are the pro-

longation of those seen west of Buffalo Peaks. The granite is gen-
erally coarse and of a reddish color, with seams of white quartz. The
bedding is probably the same as we saw at the peaks, that is, to the north-
east. The eruptive rock that is seen near the head of the creek extends
to the southward and southeast, and will be fully treated of in Dr. End-
lich's report. I did not go farther down the Arkansas Valley than oppo-
site the mouth of Trout Creek. Here we have a beautiful broad valley,

with streams coming in from either side, and cutting deep terraces in

the deposits of drift. There is a gradual slope from either side to the
river. The main part of the valley lies on the west side, and it fs here
that the terraces are most conspicuous. The valley is park-like, and is

about six miles wide : it extends southward into Dr. Endlich's district.

I found nothing but drift as far as I had time to examine the deposits.

I was unable to determine whether the drift is of glacial origin or not.

It is probable, however, that it is, for in the canons in the range far-

ther north we have abundant evidence of glacial action.

Below the mouth of Trout Creek, Dr. Hayden, in 1860, found Tertiary

beds. He refers to them as follows :* " On the west side of the Arkan-

* Report, 1869, page 177.
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sas Valley the recent Tertiary beds run up to and overlap the margins
of the mountains. They are composed mostly of fine sands, arenaceous
clays, and pudding-stones, cream colored arenaceous clays, and rusty
yellow marls, fine sand predominating. These beds weather into pecu-
liar architectural forms, somewhat like the ' Bad Lands of Dakota.7 In-

deed they are very nearly the same as the Santa Fe marls, and were
doubtless contemporaneous, and dip at the same angle, three to five

degrees a little west of north. The tops of the hills have all been planed
down as if smoothed by a roller. 1 have called this group the Arkansas
Marls."
Above this valley the river is in a canon, or rather a canon-like valley,

until we get above Twin Lakes, when we have another valley reaching
almost to the head of the stream. It is about sixteen to twenty miles

in length, and about ten miles in width at the lower end. The whole
valley, as far as could be determined, is underlaid by granite. At the
lower end, back of Weston's ranch, in the terraces, there are modern
Tertiary deposits, soft conglomerate sandstones. The whole valley is

terraced, especially on the eastern side. These terraces are covered
with drift, no under-lying beds being exposed until we get to the lower
end of the valley. On almost all the streams coming into the Arkansas
from the west above the lower valley we have moraioal benches. Be-
tween the two broad valleys mentioned above, the river flows through
a monoclinal rift in the granites and schists, the eastern side of the
canon remaining intact, while the west is somewhat broken down by the
streams coming from the mountain on that side. The canon is plainly

one of erosion, and in some places is from 1,000 to 1,500 feet in

depth. The bed of the stream is strewn with enormous boulders, in some
of which there are pot-holes. The river while in the caiion falls at the
rate of about 60 feet to the mile. The first large creek coming in from
the mountains above the mouth of the canon is Pine Creek. There are
along this creek well-defined lateral moraines. I did not, however, go up
the creek, but waited until I reached La Plata, which is much larger,

being about fourteen miles in length. The valley is about half a mile
in width, with beautiful meadows in the lower portion through which
the stream gracefully winds. On either side bordering this meadow-like
valley are two morainal benches extending from the edge of the mount-
ains to the river, a distance of about 800 to 1,000 feet in height j they are

at the edge of the mountains, gradually falling off as we approached the
river. I could find no evidence of any terminal moraine. The southern
bench is well timbered on top with piues and aspens, while the sides of

both are overgrown with sage-brush. Entering the canon, which is

cut profoundly into the granites, and is cpiite picturesque, we find that

the rocks scattered over the bottom are rounded and polished. There
were very few evidences of striation and grooviugs on the rocks on the
sides, and these were all very indistinct. In the center of the caiion

the stream has cut a deep, narrow, secondary caiion in the granites,

some 50 feet below the general level of the valley, which once formed
the floor over which the glacier passed. The next creek to the north is

Lake Creek, which is by far the most extensive branch of the Arkansas

;

it is about sixteen miles in length, and flows almost due east, one branch
draining the country between La Plata Mountain and Grizzly Peak,
while another branch, the North Fork, comes from the north, draining the
country southwest of Massive Mountain. Before reaching the river, the
creek passes through the Twin Lakes, two beautiful lakes, probably of

glacial origin : they are separated by morainal material. There are

moraineson both sides of the creek, as well as along all the main branches,
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which are somewhat concealed in many places by the timber. The
granites in the canon are beautifully polished, and rounded even more
noticeably than in the canon of La Plata Creek. The rock exposed in

these canons is granitic—a granitic porphyry of a light color, with crys-

tals of feldspar, (orthoclase,) rather large and conspicuous, in a fine-

grained matrix : on weathered surfaces the crystals are of a purplish

color.

On La Plata Mountain Dr. Hayden found evidence of volcanic intru-

sion. At a point in the caiion below the junction of the North Fork there
are also evidences of a trachytic dike. Following up the creek that
rises immediately west of La Plata Mountain, and ascending the ridge
opposite, we find trachyte. The western slope of the' ridge is covered
with debris, which weathers of a bright red color. The exposures are

limited. We find an obsidian rock, which seems to rest on the granite

:

above this there is a gray layer ; then a light-colored trachyte ; and
the summit of the hill is capped with a quartzitic- looking layer, the
weathered surfaces of which are bright crimson : from a distance this

color is very noticeable. There is a similar spot at the head of a small
creek rising southeast of Grizzly Mountain. This was visited by Mr.
Taggart, who reported as follows :

" In Eed Eock Pass we have firs't

the quartzitic layer, the debris of which is bright red, and from which the
pass takes its name. Above this, as we pass eastward along the ridge,

we meet with varieties of trachyte. Over the first point, lying appar-
ently on the surface, there is granite and mica schist; next trachyte,

and again mica schist, having an easterly dip, and an inclination of

about 30°. Then we have more volcanic rock, followed by a coarse con-

giomeritic layer, somewhat like the quartzitic layer first mentioned. It

contains pebbles of quartz. This continues for some distance, and is

succeeded by a green schist, (chloritic?) Above this there is trachyte
again. Finally, we meet with a fine-grained granitic rock which con-

tinues for quite a distance, alternating with a volcanic breccia, above
which we have an obsidian rock, which is porphyritic." At the head of

the other branch we find granites and schists, having a dip a little north
of east. The schists are dark and micaceous, with seams of quartz. The
bedding is quite distinct in places, inclining at an angle of 40° to 50°.

In the smoothed rocks at'tke head of the canon, we have abundant evi-

dence of glacial action.

On the north side of the creek, high up on the ridge separating it from
the one next to the north, on which Mr. Taggart reported, there is a
capping of trachyte in columns. The rock

#
is of a reddish color, and

at one point seems to have included a portion of a bed of gneiss, as
shown at &, in Fig.—, Plate XIII, a a, being the trachyte. Grizzly Peak,
which was visited and ascended by several members of the party, was
also found to be volcanic.

The figure in Plate XIV represents a block of volcanic breccia from
this peak. I was unable to follow the line of the eruptive rock so as to

define it accurately. In going up the creek, about a mile and a half

above the mouth of the North Fork, we first meet with it crossing the
creek in a direction south of east. The western line has a direction of
about north 25° west, and south 25° east ; on the north side it curves
more to the westward, while I think that not very far southward the
western line joins the eastern. The North Fork probably flows partly
along the line of juncture, between the volcanic on the west and the
gneiss on the east. The extent of the outflow will have to be deter-

mined by closer investigation in the future; I do not think that it ex-

16GS
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tends very far to the north of Grizzly Peak. On Massive Mountain the
rocks are mainly gneissic, with alternations of a porphyritic granite, or
rather granitic porphyry, with seams in places of quartzite and a horn-
blendic volcanic rock. The general dip seems to be toward the north-

east. To the southwest of the peak the dip seems to be toward the north
and northwest. At the head of Roaring Fork, opposite the head of the
Gunnison, the dip is to the northwest, and the angle of inclination about
50°. Between the two there is a continuation of the eruptive rock of Griz-

zly Peak, but to what extent I am unable to say. The gneiss is mostly
dark and micaceous, with alternating beds of coarse white granite, in

layers from four to eight feet in thickness. The country all about is very
rough and rugge'd, making traveling very difficult.

Between the head of the Arkansas and the head of Eagle Eiver there
is a low pass—Tennessee Pass—the elevation of which is 10,242 feet.

The upper part of the river flows through granitic rocks, in which there
are occasional dikes of volcanic rock. The river flows through a canon
for about three miles, when it emerges into a broad, open valley about
four miles in length and three wide. Here the sedimentary beds again
make their appearance, dipping a little north of east at an angle of 5° to
70° Besting on the gneiss there are quartzites about 200 feet in thick-

ness, above which there are limestones, succeeded by shales and brown-
ish sandstones. Mr. Holmes obtained some fossils here

—

Spirifer, Pro-
ductus, Grinoids. &c. On the western side of the creek we have the lower
quartzites capping the granites—the continuation of the same beds on
the eastern side of the valley. At the head of the valley a large branch
comes in from the east. Toward the head of this creek there seems to

be a slight change in the dip. The beds which before were horizontal,

or nearly so, 'and having a dip on the main stream to the eastward or

northeast, now are slightly inclined to the westward, influenced- proba-
bly by the Blue Eiver range. On the west edge of that range I am in-

clined to think there is a fault, the continuation of one of the faults west
of Mount Lincoln. I hope to be able to study this region more closely

next season, so that it may be determined.
Just below the meadow, the creek enters a canon, and the line of the

sedimentary beds crosses the creek. The trail here leaves the branch
coming from Tennessee Pass, and crosses to a large branch coming from
the west. For about four miles of its course, it is parallel to the other
stream, and on the low ridge between them capping the schists there is

a layer of quartzite, and on the east side of the canon of the main
branch we have all the layers from the Silurian upward at least to the
Upper Carboniferous. At" the mouth of the Western Pork, a high hill

stands between it and the other fork, capped with the Silurian quartz-

ites. Here the main river enters a deep and rough inaccessible canon.
The trail keeps high up on the hills overlooking it. Sedimentary beds
are shown on both sides. On the west are only the quartzites which I

have referred to—the Potsdam group. On the eastern side, however,
we have beds at least as far as the Permian, and if we could have gone
far enough to the eastward I am satisfied I would have found the Triassic

sandstones on top, and perhaps even the Jurassic layers. Mr. Holmes
says that farther north, on Eagle Eiver, not only is the Jurassic present,

but also the Cretaceous. This was west of Mr. Marvine's district, and
will be the subject of future investigation. The creek rising just north
and west of the Holy Cross Mountain, and flowing to the northeast into

Eagle Eiver, was once the seat of intense glacial action, and the valley

now presents us with the most beautiful example of what is on the Alps
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known as Bodies moutonnes that is perhaps to be seen anywhere in this

country. These Bodies moutonnes are immense rounded masses of rock
scattered through the valley, and from a distance look like a large

flock Of recumbent sheep. These rocks have all been polished by the
glacier. In this valley are also groovings and striations 5 these strise and
grooves have the same direction as the valley.

On the eastern side of the valley of Eagle Eiver we have high bluffs,

from which I made the following section

:

>

Section No. 22.

In ascending order

:

1. Gneiss.

2. White quartzite.

3. Fine-grained, rather compact sandstone in laminae, having greenish
grains, (glauconitic ?) 10 feet. v

4. Sandstones somewhat like those of No. 3, but grayish-brown in color;

the laminae have a greenish coating on which there are mud-
marks; 98 feet 6 inches.

5. Space probably filled with sandstone, 22 feet 8 inches.

6. White quartzite, like No. 2, 4 feet 9 inches.

7. Space, in the upper portion of which there is an outcrop of a met-
amorphosed conglomerate, seemingly made up of pieces of white
quartzite and brown sandstone. The masses are irregularly

shaped. The lower part of the space is probably filled with sand-
stone ; 68 feet 4 inches.

8. Light-bluish limestones, weathering on the surface white and yel-

low, non-fossiliferous. It is in bands of from 3 to 8 inches, and has
a cross-fracture. At the top it is crystalline. Part of the lime-

stone is probably magnesian ; 219 feet 6 inches.

9. Very hard black flinty limestone, with fragments of fossils and pieces

of pyrite, 273 feet 9 inches.

10. Space probably filled with limestone, 1,400 feet.

11. Laminated volcanic rock, 15 feet.

12. Blue limestone with fossils ; could not define limits above.
13. Space, lower part of which is probably filled with a continuation ot

limestones of No.. 12, and the upper part with gray micaceous
sandstones and shales, 408 feet 2 inches.

14. Greenish-gray micaceous sandstones, conglomeritic in places, 352 feet.

15. White granular sandstone, with brown spots, 8 feet.

16. Brownish sandstone, 99 feet 8 inches.

17. Ked sandstone, 11 feet 4 inches.

18. Soft greenish sandstone in fine layers, with a few hard bands each
a few inches in thickness, 99 feet 3 inches.

19. Coarse white sandstone, with grains of quartz; becomes finer

grained above, 71 feet 3 inches.

20. Eed sandstone, 57 feet.

The fossils in No. 9 are very indistinct, some resembling Spirirer or

Spiriferina ; the layer is probably Carboniferous. In No. 12, 1 found the
following, identified by Professor Meek : Aviculopecten, Pleuropliorus,

and Avicula or Bakevellia; these indicate Carboniferous age for the layer.

The section above (No. 22) was made north of Eoches moutonnes Creek,
and could not be continued farther because the bluffs became perpen-
dicular. Section No. 23 was made below the mouth of Eoches mou-
tonnes Creek, and completes section 22.
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Section No. 23.

Ascending order :

1. Light-red conglomerate sandstone alternating with fine-grained

sandstone shales. The latter have a greenish tinge, and are mi-
caceous, and are from a foot to 2 feet in thickness. The conglom-
erate beds are about 2^ feet thick. The upper beds of shales are
darker in color and break into thin lamina, while the conglomerate
becomes lighter-colored ; while in the middle they are dark-red.
Near the top there is a layer of green shales about 8 feet in thick-

ness ; 231 feet.

2. Silvery-gray micaceous sandstone shales, breaking into thin lami-

nae, 1 foot.

3. Coarse white sandstone, with grains of quartz and some decomposed
feldspar. This layer is the same as No. 19 in section 22; 3 feet.

4. Fine-grained sandstone—white ; becoming pink in places, with two
or three layers of gray micaceous shale, from two to four inches
thickness each, 4 feet.

5. Brownish-red sandstone, somewhat conglomeritic in places, 30 feet,

10 inches.

6. Dark-red micaceous shaly sandstones, 6 feet S inches.

7. Bed conglomeritic sandstone, 38 feet 8 inches.

8. White conglomeritic sandstone, 5 feet.

9. Coarse white sandstone. Near the top there is a band of very hard
fine-grained red sandstone. All the beds seem to be micaceous

;

more marked between the layers ; 40 feet.

10. White and greenish-gray conglomerates and shales. First we have
conglomerate and then green micaceous shales, with black car-

bonaceous layers ; then conglomeritic layers, above which we have
about 15 feet of hard sandstone, with interlaminated shales that
are soft ; then 5 feet of gray compact micaceous sandstone. Next
there are very soft greenish-gray micaceous shales for about 10
feet, followed by from 10 to 12 feet of alternate beds of shale and
sandstone, (some of the latter conglomeritic,) varying from 2 to 4
feet in thickness. Above these we have first conglomerates, then
shales, and last of all, conglomerates; 511 feet 7 inches.

11. Coarse-grained gray sandstone, very hard, with greenish spots, 4
feet.

12. Fine-grained reddish-brown sandstone, 27 feet 4 inches.
13. Coarse grayish sandstone, with interlaminated shales near the top

;

there is a layer of red sandstone, above which there is a con-

glomerate layer ; 25 feet 1 inch.

14. Sandstone conglomerate below, with pebbles of quartz, 2 inches
in diameter. This bed is the base of a bluff, and is about 10 feet

thick. Above there are alternate beds of shale and coarse sand-
stone. On top of all there is greenish micaceous sandstone ; 252
feet.

15. Sandstone and shales, 251 feet 7 inches.

16. Sandstone conglomerate, 5 feet.

17. Shales, 20 feet.

18. Coarse sandstone and fine micaceous shales, 86 feet 10 inches. '

19. Conglomeritic sandstone, 3 feet 9 inches.

20. Blackish micaceous shales, 3 feet 9 inches.
21. Light gray shales, with hard sandstone bands, 3 feet 9 inches.

22. Conglomerate and gray shales, 92 feet 9 inches.

23. Pink conglomeritic sandstones, 37 feet 5 inches.
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24. Coarse white conglomerate, 27 feet 3 inches.

25. Greenish-gray micaceous sandstone shale, with hard sandstone bands

;

45 feet 11 inches.

26. Very hard blue limestone, irregular in structure; brown on weathered
surfaces. This limestone has the same character as the limestone
in the shaly sandstone in section No. 10; ]0 feet.

27. Coarse gray sandstones with shales, 145 feet.

28. Massive sandstones of a greenish tinge. Mostly fine-grained and
micaceous. Some beds are pebbly, and near the bottom there is

from to 8 feet of black shale with carbonaceous material. The
upper part of the bluff on which these exposures are is conglom-
eritic, where the color is darker than below ; 205 feet 10 inches.

29. Bather coarse gray sandstones in these beds, weathering of a rusty
color, fossiliferous ; 342 feet 4 inches.

30. Space reaching to the summit of the bill, and filled, in all probabil-
ity, with sandstones ; 500 feet.

All the beds in this section have a dip toward the northeast, the
angle of inclination varying from 10° to 25°. As we go down Eagle
Eiver, we find that the beds above gradually make their appearance,
and that the dip becomes more and more toward the north, until the
beds curve around the end of the range of which the mountain of the
Holy Cross is the last high point. Going eastward from the mouth of
Boche Moutonnes Creek the dip gradually decreases toward the Blue
Eiver range, where there is, as I already mentioned, no doubt a fault.

There is also, I think, a very small synclinal fold between Eagle Eiver
and the Blue Eiver range.
In bed No. 29 of section No. 22 I found fossils which were submitted

to Professor Lesquereux, who has found the following species : Calamites

Suckovii,~BTgt., Calamites gigas, Brgt., Stigmaria fucoides : of the first he
says : " This species is perhaps more abundant in the coal-measures ; but
it ascends to the base of the Permian, where, in Europe at least, it has
been found in plenty." The same species, however, was associated with
Calamites gigas, which, ProfessorLesquereux says, is exclusively Permian,
or has as yet never been found in the Carboniferous measures. Of
Stigmaria fucoides he says :

" It is a universal species of the coal-measures,
also ascending, rarely however, to the Permian. I am inclined to con-

sider it as Permian merely by the lithological relations to the other

specimens, but it is not possible to decide positively from this." The
latter specimens were found somewhat lower (a few feet) than the other
specimens. The layer in which these specimens were found probably
lies near the line between the Carboniferous and Permian formations.

All below probably belongs to the Carboniferous. Two things are

especially noticeable here, namely, the small amount of limestone when
compared with the section made at Horseshoe, (section No. 18,) and
again the presence of so much carbonaceous material in the shales and
sandstones. We have seen in the section above that there are numer-
ous black shaly layers, but besides there are also in the sandstones at

various places patches of black carbonaceous material. When these

layers were being deposited there must have been low, marshy ground
bordering this part of the Sawatch range. This range must therefore

have been partly above water, or at least not very far below the surface.

There may have been oscillations of the surface.

The sandstones at the upper portion of the bluff, those in the la iter

part of the section, are very much like those below the first fault on Four-
Mile Creek, (No. 24 of section No. 18.) I think they are of the same age.

Another season we may study these beds again, and above them I hope
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to discover the limestones and interlaminated red shales that we found
east of Fair Play, (No. 13 to 51 in section No. 9.)

The Sawatch range is, therefore, probably a true anticlinal axis, the
sedimentary beds on the east side, where the Arkansas Valley now is,

having been removed and carried down the Arkansas to help in form-
ing the plains. The beds spoken of in the last chapter as being faulted

in the range on the west side of the park, are the -remnants of these
beds that once extended uninterruptedly to the Sawatch range, form-
ing the eastern side of the anticlinal. We have seen that the range
dies out both toward the north and toward the south, its highest por-

tion being just opposite the park. Not only is the evidence of the
anticlinal shown at the northern end, but also on the south, as will be
seen in Dr. Endlich's report. The western side will be treated of in the
next chapter. The elevation of the park range, in which Mount Lin-

coln and Buffalo Peaks are situated, probably took place in the Creta-

ceous or early in the Eocene, times. It is probable, also, that at the
same time the main range west of the Arkansas attained its greatest
elevation. It was doubtless above water before this, the sedimentary
beds dipping slightly from it toward the eastward. This may have re-

sulted from a more gradual action, while the later elevation was due in

part, at least, to volcanic action. Crossing the range at the head of

Lake Creek, we descend on the west side to the waters of the Gunnison
Eiver, which at this point flows through a meadow-like park called Tay-
lor Park. This park is bounded on the west by gneissic rocks. The
basis of the park is also granitic and gneissic, but it is for the most part
covered with drift, probably all of glacial origin. All the creeks com-
ing into the Gunnison from the east, rising on the western slope of the
Sawatch range, in the park, present evidence of glacial action. On
Texas Creek, the second creek from the lower end of the park, there are
well-marked lateral moraines, reaching from the edge of the mountains
almost to the main river and gradually decreasing in height. Almost
all the curves of these moraines correspond with those of the streams
upon which they are found. In the limited time which I had I found
no evidence of terminal moraines. The main portion of the park lies

on the east side of the Gunnison Eiver, which keeps close along the edge
of comparatively low granite or gneissic hills. Several outcrops of
granite are found throughout the park, but they are mostly covered
either with the glacial drift, or, close to the streams, by alluvium. The
park has its greatest width at the southern portion, where it is about
six miles wide. At the northern end, on some of the branches coming
in from the northeast, volcanic material is seen, which is probably con-

nected with that on Grizzly Peak and that in the pass at the head of

Lake Creek. At the southwest corner of the park the Gunnison enters

a canon in the granites. Dr. Endlich went through this canon, and for

an account of it I refer to his report. East of the canon and south of

Taylor Park, from which it is separated by a low ridge of granitic hills,

is a smaller park called Union Park. Here we found some men work-
ing in the drift on the branches of a small creek and getting out a lit-

tle gold. The two principal gulches are named Cotton and Lotus
Gulches. Placer-mining was carried on here and in Taylor Park in

1860, but it was broken up by the Indians. Both Taylor and Union
Parks are partially timbered, and in the valleys of the streams we have
a growth of sage-brush, (artemisia.) The remainder of our district, in-

cluding the Elk Mountains and the head-waters of Roaring Fork, I will

reserve for the next chapter.
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CHAPTEE IV.

Gunnison River—Elk Mountains—Soaring Fork.

Leaving Taylor Park, we followed to its source one of the western
branches of the Gunnison, which for the greater part of its course flows
through gneissic rocks of the same character that we saw on the west
side of the Gunnison, and of which they are really the continuation.
The course of the stream is about northeast. Near the head of the
creek we found the first sedimentary beds we saw west of the Sawatch
range, in an outcrop of blue limestone containing Zaphrentis and Spirifer.

The layer in which the fossils occur is very dark in color, and has above
it lighter-colored layers that are non-fossiliferous. The strike of these
beds is north and south, and they incline about 10° to the west. As
we follow them southward, the strike gradually turns toward the west-
ward. A few miles south of this outcrop, between the Gunnison and
the east branch of Taylor Eiver, I ascended a high point, which I found
capped with the same limestone. I named it the Triangle, from the
shape of this capping, which was triangular. It seemed to be the center
of these ridges, one running toward the west, one toward the north, and
the third toward the south. Its height is 12,830 feet above sea-level.

Beneath the limestones are quartzites, probably Silurian. The northern
side of the hill heads a small creek that joins the east branch of Taylor's
Creek just above a deep gorge. The course of this small creek is at first

toward the north, and then west. It rises in an amphitheater, recalling

the form of Horseshoe Mountain. The dip here was toward the north-
west, there being a sharp turn to the west in the strike, which on the
ridge to the north is almost north and south. As we follow the ridge to

the west, however, the strike turns still more until its direction is north
of west. Toward the south, however, the dip is toward the southwest,
and on the next high point, about a mile south of the Triangle, on the
northern part, it is toward the northeast. Between these points, there-

fore, there is a fold. The more southern point was visited by Dr. End-
lich, and I learn from him that the summit is granitic, and that the beds
dip away from it in all directions. I think that the cause of this folding

is to be referred to eruptive agencies, the evidence of which is to be seen
in the dikes that we find to the westward, and which will be referred to

presently. Before this disturbing element was present the general dip
was probably to the westward. The east branch of Taylor Creek cuts

its way at right angles to the strike across the strata that continue west
from the Triangle, and flows through a narrow rocky gorge, in which I

made the following section from north to south :

1. Volcanic.
2. Limestone.
3. Quartzite.

4. Volcanic.
5. Sandstone and conglomerate.
G. Limestone.
The first layers are very indistinct, but. enough is seen to show that

the dip is toward the northeast in Nos. 2 and 3. The first layer is a
dark-green porphyritic rock, probably trachytic. Nos.2 and 3 are prob-
ably Silurian, and are the direct prolongation of some of the lower lay-

ers seen on the Triangle. We see that the dip has changed. Layer No.
4 is a highly siliceous rock (Rhyolite?) and is in lamina; •which incline
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toward the southwest. There are included fragments of limestone and
quartzite noticed in some places. The last bed of limestone has a dip
to the southwest and inclines at an angle of 65°. About two miles
farther down the river, at the mouth of Dead Man's Gulch, the dip is

again north, or a few degrees west of north. At the head of Dead
Man's Gulch, and between Taylor River and Cement Creek, are two
points, stations 72 and 73, which we ascended from the valley of East
River. On the ridge running southwest from Station 72, which is the
most western of the two, the first rocks met with were sandstones
dipping north 75° west, beneath which was a bed of limestone dipping in

the same direction at an angle of from 5° to 10°. We next passed over a
saddle, beyond which are irregular structured pink and white mottled
limestone, containing fragments of fossils like those we found in the
Silurian layers in Glen Eyrie, east of the foothills. Indeed, the beds bear
a very close resemblance to them, and I have but little doubt that they
are of the same age. The dip here is north 55° west, at an angle of
from 5° to 10°. Below the beds just given are quartzites which rest on
reddish granites. On the station itself we have limestones and quartz-
ites, in too much confusion, however, to make a very complete section.

The lowest exposure is a coarse quartzite, above which is a band of very
black limestone, flinty and containing pebbles. This is from 3 to 4 feet

thick. Next is a light yellowish limestone, followed by a brownish-gray
limestone, above which we find dark-blue limestone. The dip on the
western side is toward the northwest. This changes toward the north
until it becomes northeast : the angle is 10°. There is also a change to
the south and southeast, where we find the dip to be south and south-
west, and the angle 25°. The station has a broad top, and is 11,862 feet

above the sea-level. On the ridge, between stations 72 and 73, the dip
of the beds is east of north, and the angle 15° to 20°. We have here
about 60 feet of white limestone and then about 40 feet of reddish quartz-
itic sandstone. These beds, 1 think, belong immediately below those
seen on station 72 and above those seen on the ridge we ascended.
At Station 73 we have the following beds :

1. Irregular spotted limestone
;
general color, gray. The lower portion

is very compact, and full of purple spots. It contains, also, on the
weathered surfaces, fragments of crinoidal stems and corals. The
thickness I estimated at about 20 feet. '

2. Soft white-purple spotted sandstone, about 8 or 10 feet in thickness.

3. Light-gray limestone ; very compact,«especial]y above, where it is also

somewhat laminated ; and on the surface, weathers red. Its thick-

ness is from 30 to 40 feet.

4. Irregular gray limestone, with large flint nodules and pebbles. This
is at the upper part of the bed ; could not get at the lower part,

which is probably like that I have referred to above on the first

ridge we ascended ; could not give the thickness.
5. Quartzites and sandstone 5 thickness not estimated.
6. Mica schist; below this bed we have rose-colored granites.

These are the extension of the granites in the calion of the Gunnison
Eiver, and they reach to the westward and southwest toward East River
to a line of trachyte rock. Along the creek heading under Station
73 and flowing into East River, there were several exposures showing
the bedding of the granite very distinctly. The dip was about north 75°

west, at an angle of from 55° to 60°. From the station we could over-

look the canon of Taylor River, which seems to be very rugged and cut
through the granites. From Station 93 the line of outcrop of the
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sedimentary beds curves in toward the northward, and then back toward
the south, and crossing Taylor Eiver turns gradually toward the north
around the granite point just south of the Triangle. The general dip

seems to be north and northwest. This entire region is one of great
interest, and to be worked up in detail will require some time. I can
hope to give only the most prominent features.

Below the mouth of Cement Creek, East River flows through a beauti-

ful broad valley, in which it has cut well-defined terraces in the drift.

On the south side, some distance back from the river, are two mount-
ains, with mesa like summits. They were not visited, but they are un-
doubtedly capped with^ trachyte, as is a high hill on the north side,

which was ascended by Mr. Taggart. It is composed of a light purplish

trachyte. This rock extends to the eastward and southeastward, and
is probably continuous into Dr. Endlich's district. Above Cement Creek
the river flows through a broad open valley, on either side of which
the Cretaceous formations are exposed. I will refer to this valley again
further on. Leaving the valley of East River we proceeded up Cement
Creek, which, near the mouth, is in a canon. The first exposure of

sedimentary rocks is on the west side, near the mouth of the canon.

Here are. white and rusty sandstones, dipping about south 65° west,

inclination 15°. These sandstones probably belong to the Cretaceous
No. 1. Farther up the creek we meet with dark and rusty-colored lime-

stones, which I think are unconformable to the sandstones near the
mouth, and belong to a lower horizon. They will have to be traced to

the westward before their exact relation can be determined. The dip

here is about north 45° west. Farther up stream, below these lime-

stones, are beds of quartzite, which rest immediately on the granite.

They are probably Potsdam. The dip gradually changes, and about
three-quarters of a mile up the canon it is north 5° west, angle 10°.

The course of the creek here is south of west. The canon for about two
miles has a comparatively wide valley, reaching to the base of cliffs

on either side. Above this point the canon narrows, and the trail has
to make a wide detour. Just at the point where the creek enters this

canon the sedimentary beds cross almost at right angles to the course
of the stream. The dip here is about north 15° east, angle 20°. Above
this point the creek flows through a beautiful grassy valley, in which
all the beds are covered until we have gone about a mile and a half up
stream, when we come to beds of conglomerate with a red matrix con-

taining pebbles of limestone and granite. These seem to be somewhere
near the line between the Carboniferous and the Triassic (?) formations.

Above it are red sandstones. The dip of these beds is, toward the
northeast angle, 10° to 15°. Leaving Cement Creek at this point, we
crossed to Deadman's Culch, striking one of the northern branches,
down which we proceeded until we reached a fork coming in from the
north. At the head of this the red-beds are tipped up, and dip about
south 35° west, at an angle of 25°. This change in the dip seems to

have been caused by the upheaval of a high point to the eastward,
which I took to be volcanic, judging from the debris in the creek heading
under it. I was unable to visit it for want of time. Following up the
main Taylor Creek we find that the layers we saw crossing the east

branch of the creek still continue, the strike being toward the north-

west. One of the dikes (Layer No. 4 in the section) is very prominent.
Whether the other continues or not I could not determine. At the
head of the creek there is some confusion in the beds. On the west
side of the creek are high bluffs of limestone, on top of which there
is a conglomerate sandstone. Below these beds, near the creek, is'a
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series of limestone shales. These beds on top of the bluff dip toward
the northeast at an angle of 60° to 65°. Following the ridge to the north
we find that a red feldspathic granite makes its appearance, and on a
high rounded hill on the east side of the amphitheater at the head of
the creek, resting on the granite, is a bed of white quartzite, above
which are bluish and yellow limestones. These beds, I take it, are
Silurian. At the southwest side of the hill the dip is toward the south-

west. This gradually changes to the west, and finally to the northwest
as we go toward the northern end of the hill, where the angle of inclina-

tion is 25°. Between these beds and those referred to above as appear-
ing in the cliffs farther down the creek, there seems to be a break. In
the amphitheater are beds of blue limestone with shales, all dipping
toward the southwest ; but when we ascend the ridge on the northern
side we find limestones, black shales, and sandstones, followed by thick
beds of limestone, all dipping to the northeast. When we ascend
Italian Mountain the confusion of these beds is explained. The mount-
ain is named from the colors it shows at a distance, red, white, and
green, the Italian national colors. The white is due to the granite, of

which the peak is mainly composed ; the red is seen on the weathered
surface of included beds of quartzite, and the green is seen in the
grassy slopes on the eastern side of the mountain. Its elevation is

13,255 feet.

The peak is made up in part of a light-gray granite, which I consider

to be eruption, and rusty quartzites very much metamorphosed. These
quartzites in places stand on end, and in others dip southwest and north-

east, at angles from 80° to 85°. Between some of the beds are long
narrow seams of the granite. This is beautifully shown in the accom-
panying illustration made by Mr. Holmes, Fig.

This shows, also, how the quartzite has been broken up by the gran-

ite. The illustration shows the* northern face of the peak. On the west
side there is a fault of about 400 feet in the quartzite. This fault ex-

tends to the northwest, and I shall refer to it again. Extending from
the peak toward the southeast is a line of eruptive granite gradually
thinning out. Close to Italian Mountain is a high point at the com-
mencement of a ridge, which forms the western side of the amphithea-
ter heading Taylor Creek. Italian is the most eastern high peak in the
Elk Mountains. The name Elk Mountains is applied to the mass of

mountains between the Gunnison Biver and the waters of the Boaring
Fork of Grand Biver. The trend- of the range, at first, is almost at

right angles to the trend of the Sawatch range. Afterward, however, it

turns to the northwest. The nucleus of the range is composed of erup-

tive granite, of which that on Italian Mountain is a part. The general
trend of this granite, which shows itself in three island-like patches,
entirely isolated from each other, is northwest and southeast. This is

also indicated by the courses of the principal streams. The course of

Boaring Fork and its branches is toward the northwest, while East
Biver flows to the southeast, its course being parallel to that of Boar-
ing Fork, although it flows in exactly the opposite direction.

To the north of Italian Peak, between it and the divide between the

Gunnison and Boaring Fork, there are remnants of the sedimentary beds.

To the west we have a grand view from the summit. The island of erup-

tion is distinctly shown, the white or light-gray color of the granite be-

ing contrasted with the dark colors of the older stratified rocks, above
which are the bright-red sandstones of Triassic age, and resting on them,
in a few isolated places, patches of lighter-colored beds that are of

Jurassic and Cretaceous age. The sedimentary beds are beautifully
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shown dipping away from the granite nucleus. They are lifted high up,
and form some of the most prominent peaks in the range, the stratifi-

cation of the rocks giving the mountains a peculiar architectural form.
The pyramidal form is frequent. Southeast of the peak I made the fol-

lowing section in ascending order

:

Section No. 24.

1. From the pass at the head of a small western branch of Taylor Eiver
we have a space reaching about 400 feet up the hill, in which the
beds are covered. Occasional outcrops indicate that this space is

filled with red sandstones below, above which there are lime-

stones, with interlaminated shales and conglomerates. Above
we have as follows

:

2. Hard gray laminated sandstone, becoming coarse near the top ; dip
50° ; 50 feet.

3. Conglomerate
;
pebbles of blue limestone and granite, from 1 to 4

inches in diameter, in a coarse red sandy matrix, 30 feet.

4. Brownish red sandstone, 20 feet.

5. Space probably filled with continuation of ~No. 4, 20 feet.

6. Dark, compact, grayish-blue limestone, fossiliferous, with veins of cal-

cite, becoming laminated, and somewhat laminated as we go up,
12 feet.

7. Yellowish-gray standstone, becoming conglomeritic above, with peb-
bles of limestone and granite. The dip here is about 40°

; 4 feet.

8. Coarse yellow sandstone, 5 feet.

9. Fine yellowish sandstone, in laminse of about £ of an inch. The
lower layers have a reddish tinge, while those above become more
gray ; 3 feet.

10. Sandstone shales; some of the layers are conglomeritic, with peb-
bles of limestone. Below they are gray, in the middle red, and
above yellow ; 60 feet.

11. Compact blue limestone, very dark and lamiuated below, lighter-

colored above, and fossiliferous, 4 feet.

12. Bluish-gray calcareous shales, 8 feet.

13. Yellowish sandstones, somewhat shaly, graduating toward the top
into fine calcareous shales, 50 feet.

Bluish calcareous shales, 3 feet.

Snuff-colored sandstone, loose textured and porous, 4 feet.

Bluish-gray calcareous shales, 25 feet.

Blue laminated limestone, weathering light gray, 5 feet.

Sandstone, weathering dark yellow, with interlaminated soft gray
sandy shales, all calcareous, in layers from 1 to 2 feet thickness,

50 feet.

Coarse reddish yellow sandstone, followed by an alternation of sand-

stones and shales, 60 to 70 feet.

Purplish-red sandstone, 5 feet.

Beddish-yellow sandstone, 30 feet.

Yellow sandstone, 10 feet.

Reddish sandstone, 5 feet.

Sandstones and shales, 30 feet.

Space probably filled with sandstone, 70 feet.

Blue laminated sandstone, 25 feet.

Gray sandstone, 8 feet.

Coarse reddish sandstone, becoming gray toward the top, 65 feet.

Blue fossiliferous limestone, 5 feet.
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30. Micaceous sandstones and shales, general color gray and yellowisn,

greenish gray at top, 40 to 50 feet.

31. Greenish-gray micaceous sandstones, all laminated and having a few
thin beds of limestone near the top. They extend a distance of
about a quarter of a mile, dipping at an angle of about 30° toward
the northeast.

32. Hard irregular black limestone, 10 feet.

33. Rusty-brown quartzetic sandstone.

34. Brown crystalline limestone.

I was unable to get the thickness of these last two beds, as they were
somewhat confused by the presence of the eruptive granite, which rises

here toward the high point just south of Italian Mountain. The
quartzites seen on the peak evidently belong to this section, of which
they are probably the lower portion, for the upper layers here are really

the older or lower if the beds were in their proper position. There has
been a complete inversion. The dip on the top of the ridge is about
north 40° to 50° east.

In bed "No. 1 of the section No. 24, some distance below No. 2, in a
red limestone, I found a specimen of Loxonemia. It was below the con-

glomerates given in the upper part of the bed. It is probably Carbon-
iferous. In layer No. 6 1 found Productus muricatus, Spirifer, and other
indistinct fossils. In No. 11 there was a profusion ; among the speci-

mens collected, Professor Meek has identified Productus muricatus, N.
& P. ; Athyris subtilita, Hall ; Bhynclionella osagensis, Swallow ; Semi-
pronites crassus, M. &. H. 5 Terebratula bovidens, and Betzia punctulifera.

In No. 29 I found some fragments, among which Productus muricatus

was identified.

Descending to Cement Creek we again find conglomerates and red
sandstones, dipping to the southwest, the angle being only a few de-

grees, (5° to 8°.) As we go up creek this increases gradually until the

beds are suddenly turned up and stand almost on end. Mr. Holmes
tells me that beyond this point the beds dip to the northeast. There is

therefore running across the creek here a line of fracture, the direction

of which is northwest and southeast. On the south side of this line,

which is probably connected with the fault in the quartzites on Italian

Mountain, fragments of the Cretaceous beds cap the hill. Some distance

down the creek, as we have already seen, the dip is toward the north-

east, inclining from 6° to 15°. Between the two points there must be
a synclinal fold, the axis of which crosses Cement Creek with a direc-

tion a little west of north. From Cement Creek we crossed to the head
of a small branch -of Cascade Creek, the east branch of East River.

This small creek rises on the broad divide, and has cut its way through
the red sandstones, which are capped here with lighter-colored beds,

probably of Jurassic age. Below the red sandstones are thick beds of

red conglomerates like those seen on Cement Creek. The dip is west,

or perhaps, in some places, a few degrees south of west. For a short

distance the creek flows through a grassy valley, that gradually deepens
until it ends on the edge of steep bluffs, over which the creek flows to

join the main stream, which is about 600 feet lower down. From here

we have an excellent view down the river. The canon walls of Cascade
Creek are bright-red sandstones and conglomerates, in which, on the

west side near the forks of the two streams, is a broad trachytic dike.

(a b in Plate XV.) It is about 50 feet wide, and crosses the creek. Its

direction is about south 65° west. The dip of the beds seems to have
been but little affected by the dike. As we go down stream the dip
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becomes more and more toward the south, and we pass over red sand-
stones and conglomerates. The matrix of these conglomerates is a
coarse red sand, in which are large pebbles of limestone. The angle of

the dip to the southwest is 25°. This is at a point about a mile' below
the forks. A number of beautiful falls and cascades diversify the
course of the stream. Below these the dip changes, and it is toward
the north and northeast. This corresponds exactly with what we saw
on Cement Creek. Below, in all probability the Silurian layers may
be discovered, although I did not have time enough here to identify

them.
About two miles below the forks a large creek comes in from the

northwest. It rises under Castle Peak, and I will have occasion to refer

to it again when I speak of the peak. From its mouth a broad open
valley reaches almost, without interruption, to East Biver. Just above
the mouth, on the east side, in the bed of the creek, there is an outcrop
of quartzite, below which are shales. On the west side, reaching up
for 400 or 500 feet, are limestones, above which we find the red-beds. I

cannot say with certainty of what age these beds are, but they are
probably Carboniferous. A little less than a mile farther down the
stream we find, on the west side, outcrops of Cretaceous rocks, consist-

ing mainly of calcareous clay shales, with interlaminated limestones.

In one of the upper layers I discovered fossils agreeing with those I

found east of the mountains in bed No. 2 of section No. 1. The bed has
the same characteristics, including even the bituminous odor on fracture.

Above we find from 25 to 30 feet of rough conglomeritic sandstone of

a rusty yellow color ; next are thick beds of laminated limestone. All
these beds dip toward the northeast. Crowning the hill are red-beds.

There is, 1 think, a fault running through here. Its direction is proba-
bly northwest and southeast. It extends across Teocalli Creek also.

Here, however, the beds are very much confused, seeming to have been
crushed together. Mr. Holmes has made a very excellent drawing of
the appearance of the beds on the west side of Teocalli Creek in

Plate XVI. The following section was made here, the letters being the
same as those in the illustration

:

Section No. 25.

{ 1. Conglomerate of large limestone pebbles in a red ") Thickness not

,

j
siliceous matrix. ! accurately

] 2. Fine red sandstone shales, with bands containing [taken ; about

I nodules. j 10 to 15 feet.

r> j 3. Very hard, compact, dark and blue, almost black, limestone ; 8
'

( inches to 1 foot.

[ 4. Purplish blue limestone; weathering, reddish on surfaces; 1 to 2

|

feet.

C { 5. Steel-gray quartzitic sandstone, 1 foot.

|
6. Soft light-gray calcareous sandstone, shaly below, 10 feet.

[7. Bed sandstone, fine grained, and somewhat soft, 2 feet.

j. (8. Gray sandstone, 3 feet.

\ 9. Soft gray sandstone shale, 2 feet.

E 10. Conglomerate, 6 feet.

Below the beds given in this section we have as follows

:

Bed sandstones, 10 feet.

White sandstones, 15 feet.

Bed sandstone, 8 feet.

Mottled sandstone shales, 10 feet.
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The beds are very irregular in structure, and also in color. The samebed
may be congloineritic at one place, and then gradually become fine, while
the color will shade from a deep red into white or gray. Not only are

the beds crushed together, but they are also broken, as seen in the illus-

tration. The line F G represents the fracture. As we go up Teocalli

Creek the beds on the west side dip at first at a very small angle, not
more than 5°, to the south or southwest. Farther up it is 45°, and this

soon increases to 80°. As we go west, along the ridge, we find, that the
beds are completely turned over past the vertical. Mr. Taggart was oh
the ridge, and found Carboniferous fossils in beds that were inverted.

On the east side of the creek is a high pyramidal mountain, (Teocalli,)

which I ascended. Its height is 13,098 feet, and it rises over 3,000 feet

above the bed of the creek. The stratification of the rocks composing it

is almost horizontal, and they have weathered into curious forms. On
the east and south is a series of enormous steps, while the north face

presents castellated forms. The rocks are all very much metamorphosed,
and are of a dark maroon-red color. At the base on the southern side

Mr. Taggart found the following beds from below upward

:

1. Yellow conglomerate.
2. Purplish limestone.

3. Yellow limestone and purple shales.

4. Purple shaly limestone.

5. Compact brownish-red sandstone.
6. Green ckerty limestone.

7. Purple sandstone.
8. Sandstones.
These beds all dip about north 45° east, at an angle of about 55°. He

was unable to carry the section any higher, as the slopes were grassed
over. The mountain stands on the southern edge of the eruptive island

of which Italian Mountain is the most eastern high point. Here it is

rather narrow ; but to the east, south of Castle Peak, it widens, as it also

does around White Eock Mountain, to the northwest of which it again
narrows and ends, the sedimentary beds not having been broken
through.
The following section was made from the summit of Teocalli Mountain

in descending order :

Section No. 26.

1. Very fine textured laminated sandstone, generally of a maroon color,

although grayish in some places. They have been very much
changed. Thickness about 350 feet.

2. Yellowish metamorphosed sandstone, 50 feet.

3. Metamorphosed conglomerate gray matrix, with large purplish peb-
bles, 50 feet.

4. Fine-grained sandstone streaked with lines and spots; general color

reddish maroon ; about 50 feet.

5. Gray conglomerate, with interstratified purplish and grav sandstones,

200 feet.

6. Gray sandstone and conglomerate, 150 feet.

7. Coarse-grained light gray sandstone, greenish in places, 6 to 8 feet.

8. Sandstone conglomerate, 5 feet.

9. . Light-grayish brown sandstone, 50 feet.

10. Coarse greenish variegated sandstone, 20 feet.

11. Space probably filled with sandstones that are yellow, judging from
the debris ; 55 feet.
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12. Yellowish-white limestone. The upper part grades into a sandstone,
and has small crystals of pyrites. Below the bed has an irregular
cross-fracture, and is white on the weathered surfaces. Thickness
about 20 feet.

13. Busty yellow quartzite with seams of eruptive rock running through
it, which has disturbed the beds very much. The angle of the dip
here is about 50°, and seems to be toward the east or north of east.

Thickness is about 50 feet,

14. Eruptive granite reaching to the creek, a distance of about 600 feet.

These beds on Teocalli Mountain seem to have been broken off from
those on the west side of the creek, and carried up past them. Crossing
the ridge from Teocalli Creek to Dike Creek, coming from Castle Peak,
we followed the stream up to the foot of the peak. At the foot of Teo-
calli on the east side, there seems to be a dip to the west or southwest.
This gradually changes to the south and southeast, toward the east.

The exposures are all of reddish sandstones and coarse conglomerates.
As we go up, the strike of the sedimentary beds crosses the creek and
has a direction a little north of east, probably joining the line of out-

crop of the beds northwest of Italian Mountain. After leaving this line

the valley is underlaid by eruptive granite, and near the head of the
creek resting on this granite on the summits of the ridges on either side

are the sedimentary formations, forming a semicircle around the head
of the creek. At the head of the amphitheater thus formed is Castle
Peak, a high, black-looking peak, in shape somewhat resembling Teo-
calli. It is not so regular, however, the outline being very rough and
ragged. It is on the north side of the eruptive island, and is composed
mostly of sandstones that are very much changed and intersected with
dikes. We ascended the mountain, but the weather was so stormy that

I did not attempt to make any section. The summit is 13,930 feet above
sea-level, and about 2,400 feet above the head of the creek. While
on the top we were almost constantly surrounded by clouds, and it

was only occasionally and for a very short time that we were able to see
any of the surrounding country. From the peak eastward the general
strike is a little south of east, with an irregular outline until we reach the
head of the Gunnison Biver, when it turns to the north, and seemingly
follows a branch of Boaring Fork, which flows to the northward. On
the summit is a very hard metamorphosed laminated sandstone, gener-

ally of a somber reddish-brown color, streaked in places with green.

Next below is a very handsome sandstone conglomerate, and then a
yellowish sandstone, all metamorphosed. Below these we have an alter-

nation of red sandstones and conglomerates until we reach the base of

the mountain. The beds are all more or less changed and intersected

by dikes, which sometimes cut across the strata, and again lie between
different layers. The dip is nearly due north, and the angle of inclina-

tion on the ridge below the summit is from 5° to 10°. It is difficult

without closer study to determine" with exactness to what age these
rocks should be referred. I think it probable, however, at that the base
we have the Potsdam sandstone or quartzite, and above the Silurian,

the Carboniferous, and Permian rocks. Those on the summit are proba-
ably Permian. Perhaps Pernio carboniferous would be the best term to

apply to them. White Bock Mountain is at the head of Teocalli Creek.
To the south the sedimentary beds are overturned, the strike being
northwest and southeast and the dip to the northeast. On the north
the dip is to the north and northeast. To the west the sedimentary
beds extend across the granite. There is, however, a break, although
the granite does not appear through them. Before reaching this point
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the beds that were turned over beyond the vertical have resumed their

original position, and the ends have been dragged in, as shown in Fig.

1, Plate XVIII, which represents a section made west of White Bock.

The peak is made up of eruptive granite, and is 13,671 feet high. Near
the base I found micaceous hematite coating the surfaces of the granite

debris in radiating crystals. The rock near the summit is very much
broken up, rendering the ascent of the peak a little dangerous in places.

North of the peak the summits of the ridges are capped with sediment-

ary beds, dipping north and northeast. All the mountains in this mass
have conspicuous amphitheaters, in which there are snow-banks and
small lakes, the latter generally frozen. Eeturning to the mouth of

Teocalli Creek, we find ourselves in the broad valley of Bast River.

East River flows through Cretaceous rocks. Below the mouth of Slate

River, the largest western branch, are several beautiful terraces. The
Cretaceous area extends southward into Dr. Endlich's district. Below
the mouth of Slate River, on the west side of East River, beyond the

valley, the Cretaceous rocks are covered by an overflow of trachyte.

As we come around from Teocalli Creek to East River, the most strik-

ing points are " Crested Butte " and "Gothic Butte," which stand be-

tween East River and Slate River. They are both isolated, and rise

considerably higher than the surrounding country. Both are sur-

rounded with cretaceous shales. Crested Butte is the more southern of

the two, and is 11,838 feet in height. It is composed of eruptive gran-

ite, similar to that on Italian Mountain and "White Rock. Between the

two buttes there is an exposure of trachyte, which is probably continu-

ous with a band that is seen in Gothic Butte. The latter is six miles

from Crested Butte. It was visited byDoctor Hayden, and to his report the

reader is referred for the details of its structure. The summit is trachytic.

Whether this is only a capping or not I cannot say positively. I am
inclined to think, however, that it is not merely a capping, but that its

relation to the surrounding beds is as shpwn in Fig. 1, Plate XVII, at a.

Below the trachyte that is seen on the summit are cretaceous shales on
the side of the butte, and below a second layer of trachyte. On the oppo-
site side of the valley Mr. Holmes found in the shales of No. 2 Creta-

ceous, a bed of trachytic rock. This extends for some miles. I think

that this mass is intrusive, and is connected with the trachyte of the

butte. Mr. Holmes was unable to determine the line of junction
between it and the beds above. I but little doubt that the shales just

above will be found changed to a greater or less degree near the tra-

chyte. I have before referred to the inversion of the beds on the north-

east side of East River. These inverted beds are seen in Fig. — , Plate
XVII, the Silurian being on top. The lower beds are all cretaceous.

At the head of a small branch of East River we have bluffs of these

beds dipping to the northeast about north 55° east, at an angle of 20°

to 25°. First are about 100 feet of very thinly laminated black shales,

non-fossiliferous. Next are yellowish sandstones and shales for about
150 or 200 feet. In the lower part of these shales fragments of stems
and leaves are found. I saw also some poor specimens of inoceramus.

Above we have black shales. How far they extend I wras unable to

determine, the slope being grassed over. On another small creek, the

one seen to the right of a hill, the first exposure is a bed of white lime-

stone shown at /, Plate XVII. Below, or rather above, as the beds
are inverted at the point e, Mr. Holmes found fossils of No. 3 Creta-

ceous. This bed of limestone is, therefore, probably the same white
bed that is seen in the Cretaceous all along the foot-hills on the edge of

the plains. It is bed No. 1 in section No. 1, and No. 44 in section No.
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3. Then tbere is a space reaching to the bed d, which seems to be filled

entirely with black shales. At d is a bed of white sandstone, quartzitic

in places. It is beyond doubt the Xo. 1 Cretaceous. Above it

are variegated shaly beds. The colors are very bright. They are
green, purple, yellow, and white. They extend for 300 or 400 feet, and
are succeeded by red-beds which extend for nearly 1,000 feet, grading
into maroon-colored beds, beyond which are yellow beds, probably rep-
resenting the Silurian. Above No. 1 Cretaceous, therefore, is a com-
plete series from the top of the Jurassic to the base of the Silurian. At g
the eruptive granite is seen. The illustration shbws also how the beds
farther along, at a, are in their natural position. On the other side of
the valley, just above Crested Butte, the dip is northeast, and at this

point, therefore, East Eiver flows in the axis of a synclinal fold. At
the base of Gothic Butte the dip is the same as on the opposite side of
the valley, viz, toward the southwest. On Slate Eiver the rocks are
all Cretaceous, and there are some very fine terraces cut into these rocks.
The general dip, I think, is to the northeast or east. I hope to be able
to visit this region again in continuing the work westward, and to be
able then to determine some points that are as yet somewhat indefinite.

The Elk Mountain region is sufficient of itself to furnish several years'
work. Slate Biver formed the western limit of our work for the season
at this point, although more to the north we worked considerably farther
to the westward. Fig. 1, Plate XVIII, represents a section (partly
ideal) through Gothic Mountain and across the granitic area west of
White House Mountain. It is an interesting fact that the beds from b

to c are right side up, while a short distance down the river they are
inverted, as seen in Plate XVII, and also on Bock Creek, as shown in
Fig. 2, Plate XVIII. It is opposite Gothic Mountain that they are in
the normal position. It is fair, then, to infer that the presence of Gothic
Mountain has something to do with it. Either the force of upheaval of
the latter counteracted the force of elevation of the main range, or the
egress of the trachyte acted as a relief to the latter force. The two
elevations were probably contemporaneous, at least in part. The erup-
tion of Gothic Mountain must have occurred at the same time that the
inversion of the beds, both below and above it, took place. At the same
time the beds were compressed laterally, and the fold between c and d
was formed. As we look down East Biver, from Bellevue Mountain,
we have a fine view of these beds. They are so folded between c and d
as to form a semi-quaquaversal. As shown in the illustration, subse-
quent erosion has broken the connection between the beds, and a little

beyond the point where the section was made the granite is seen in the
center. At e, on the north side of the granite area, the sedimentary
beds are seen dipping toward the northeast. It is probable that the
mass of granite shown at/ and the trachyte forming Gothic Mountain
are connected. It would be interesting if we could trace the trachyte
down to that connection and learn whether or not there is a gradual
transition into the granite. The Elk Mountains present many complex
problems, and it will require years of close and arduous work to master
all the geological details. Each stream, with all the numerous small
branches, will have to be followed to the very source, and almost every
ridge and prominent peak will have to be ascended before all the ob-
scure points can be made clear. It is one of the most interesting regions
in the entire extent of the Bocky Mountains. I am confident, however,
the observations made during the season of 1873 are in the main cor-

rect, and although much remains yet to be done, future observers will

find but few errors in the work already recorded.

17 G s
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Above Gothic Mountain, at the head of East River and on the same
side of the stream, is Slate Mountain, which is so called from the fact that
it is largely composed of bluish and black slates, all of which belong to

the Cretaceous formations. At the base of the mountain the quartzite
of Xo. 1 outcrops. These shales prevail toward the southwest beyond
Slate River. Bellevue Mountain, opposite Slate Mountain, at the head
of East River, is similar in its composition.
From East River we crossed to the head of Rock Creek, which is one

of the branches of Roaring Fork, which it joins below Sopris Peak.
On Rock Creek, as I have already intimated, and as is shown in Fig.

2, Plate XVIII, the beds are again inverted on the east side. The in-

vestigation of the beds on the west side of the creek had to be left to

the explorations of the next season.

'

The following section was made a few miles down the creek on the
east side, and is in ascending order

:

Section No. 27.

1. Reaching from the bed of the creek up on the hill to the point a
in Fig. 2, Plate XVIII, we have a space filled in with limestones
and black shales.

a, 2. Very hard calcareous black shales, breaking into laminae of about
of an inch, 44 feet 7 inches.

3. Argillaceous sandstone, in places "very shaly, 89 feet 2 inches.

4. White limestone, breaking into laininse of about £ of an inch thick-

ness, 6 feet.

5. Black argillaceous shales, with interlaminated bands of hard sand-
stone, 191 feet 3 inches.

6. Space of which the upper part is probably filled with white sand-
stone, and the lower part with alternate sandstones and black
shales, 213 feet.

7. Bluish shaly sandstone, weathering a rusty color, 8 feet.

8. Rusty-colored calcareous sandstone, 15 feet 10 inches.

9. Bluish calcareous sandstone, 4 feet.

b. 10. Yellowish-white sandstone, containing impressions of leaves, 82
feet 8 inches.

11. Shaly sandstones, with included hard bands. The lower beds
are rusty-colored and the upper ones greenish ; 45 feet 4 inches.

12. Space, the bottom of which is probably filled with shales, gradu-
ally giving place to limestone. At the top there is an outcrop
of blue limestone, having near the upper part a band of green-
ish shale ; 90 feet 3 inches.

13. Yellowish sandstone, with bands of light blue limestone, 36 feet

3 inches.

14. Space, in which, as indicated, there are coarse red and gray lam-
inated sandstones, 83 feet 10 inches.

15. Coarse purplish conglomeritic sandstone, 12 feet.

16. Rather fine variegated sandstone.
17. Purplish conglomerate,

c. 18. Space filled with alternations of conglomerates and fine shaly
sandstones. The general color is a reddish-streaked and mot-
tled with gray. On top there are some white beds, which, from
a distance, I took to be limestones.

T was unable to determine the exact thickness of the last beds in the

section. Above them, there is but little doubt that all the beds reach-

ing through the Carboniferous to the base of the Silurian are present.
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The dip is north 55° east. At the point a in the illustration (Fig. 2,

Plate XVIII) the angle of inclination is 5S°, and at b it is 35°. Bed
No. 10, in section No. 27, is the sandstone of "No. 1 Cretaceous," and in it

Mr. Holmes found some fragments of leaves, none, however, very dis-

tinct, but sufficient with the lithological characters to identify the bed.
The layers just above should probably be referred to the Jurassic. Fig. 2,

Plate XVIII, represents a section through the Elk Mountains, near
the head of Eock Creek. Section No. 27 was made from a to 6.

Whether the line of junction is exactly as represented at cl in the
illustration cannot be definitely determined until the line shall have been
followed throughout its entire extent. The granite probably makes its

appearance in places along this line. On the eastern branch ofEock Creek,
(e in the figure,) which is in part of its course parallel to the main stream,
the Carboniferous or Perrho-carboniferous rocksare exposed at tbebottom
of the valley, and above them forming high bluff-like walls. On either

side are red sandstones dipping north of east. Near its head the main
branch of Eock Creek turns to the west, and at this point the dip of
the rocks also changes. On the north and west side of the creek, in the
space formed by this turn, is Treasury Mountain, so named from the
discovery there of lodes of silver-bearing galena. At tbe south end of
the mountain the dip of the sedimentary beds is south 5° east, and the
angle of inclination is about 12°. As we follow the course of the creek
the dip changes as the creek turns, and on the west side it is east of
north. Treasury Mountain is composed mainly of cretaceous shales.

Toward the west there are gypsiferous beds. At tbe point where the
mines are situated, black shales containing quantities of Inocerami pre-

vail. They are all very much changed, probably by the intrusion of the
metaliferous lodes. The latter are described in Dr. Endlich's report.*

On the east side of the creek, opposite Treasury Mountain, there
seems to be either a bend or a fault in the Cretaceous beds ; the
shales at one place appear to dip toward the northwest. I did not
have time to investigate it, but I am inclined to regard it as merely
local. As we go down the creek the beds on the right side still occupy
an inverted position. Just below the mouth of the eastern branch of
Eock Creek, it enters a deep canon. Here, below the cretaceous rocks,

the older formations, at least as far as the Carboniferous, are exposed,
as shown at a in Fig. 3, Plate XVIII. Following the eastern branch we
cross the No. 1 Cretaceous twice. The second time the bed is inverted,
as above it we find the older beds, which are beautifully shown on both
sides of the deep gorge-like valley, dipping toward the northeast at an
angle of from 50° to 60°. There is, therefore, probably a fold as indi-

cated in the illustration. In the cretaceous rocks at & a dike outcrops.
The creek, as it flows over the edges of the cretaceous rocks, does so in

a series of beautiful cascades and falls. As we continue up creek the
beds become more and more horizontal, until they dip slightly in the op-
posite direction, and we have a synclinal fold, the center of which is

filled with Silurian beds, for the layers are still inverted. The ends of
these beds, c, seem to have been broken away from those which outcrop
in the canon at a. We next cross a comparatively narrow belt of gran-

* Mr. R. A. Kirker, "who is interested in the mines here, showed me specimens of coal
found in this region. He did not disclose the locality, and I did not discover it. From
his description of it, however, I judge it occurs in the Cretaceous rocks that prevail
about the heads of Slate River, Washington Gulch, and East River. In appearance
these specimens approach anthracite more closely than any other coal I have seen in
the West ; how closely, an analysis will have ]to prove. It has a luster like anthracite,
and is very hard. I think, however, that it is only an altered Cretaceous coal. I
judge it to be of excellent quality.
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ite, d, similar to that of White Eock Mountain. Its direction as it

crosses the creek is northwest and southeast. It is the south extension
of an island-like area of granite like that of White Eock and Italia.

Snow-Mass Mountain and Capitol Peak are two of the principal high
points in this area. On the northeastern side of 'this belt (at e in the
illustration) the Silurian beds are seen resting on the granite, and above
are the Carboniferous and Triassic formations. Here there is a turn in

the course of the creek. Above the granite belt it follows the strike of
the sedimentary rocks. It is this part of its course that is parallel to

the main stream, from which it is separated by two ridges, c and/, Fig.

2, Plate XVIII. The first one, /, is composed mainly of red sandstones
and conglomerates, probably of Permo-carboniferous age, or possibly in

part Triassic. Section 27 was made on the western side of the second
ridge, (c in the illustration.) The creek rises in an amphitheater between
Station E, or Maroon Mountain, and another high point of similar for-

mation. On the eastern side of the valley is a high bluff-like wall com-
posed of red sandstones and conglomerates, the latter prevailing toward
the base of the cliff. The general dip is toward the northeast, at an
angle of about 20°. There is also a. slight curve on the face of the wall
along the strike of the beds. As we go toward Maroon Mountain the
bright red sandstones become darker. Maroon Mountain derives its name
from the color of its rocks. We did not ascend it, but made a station on
a high point a short distance south of it. Here the rocks are mostly
sandstones and conglomerates, a thin bed of gray limestone now and then
appearing toward the base of the station. The sandstones are intersected
by numerous dikes, which are probably connected with the main mass
of granite. This may account for the changes in color and structure that
we notice in the sandstones. All the dikes are irregular. A prominent
one intersects Maroon Mountain, and another the ridge that rises toward
it. East of Maroon Mountain is a dike, which is probably the southern
extension of the large dike seen east of Snow-Mass Mountain, and to

which I shall refer again. It is only near the base of Station 76 that
we find any limestone. On the summit the beds are brownish, becoming
red as we go down. These beds are also, for the most part, finer grained.

In some places there are circular spots resembling sections of concretions.

They are generally white or light yellow, and sometimes have a black
central point. Near the base of the hill are'also greenish shales. The
beds exposed along the creek at the bottom of the canon are probably
of Carboniferous age, while those on the summit of the ridge should
perhaps be referred to the Triassic. On the southwest face of Wx

hite

House, or Snow-Mass Mountain, a small branch of Eock Creek rises.

It soon expands into a beautiful lake, to which the name of Elk Lake
has been given. A short distance belowr the lake, the creek falls over
the edges of the stratified rocks to the level of the main creek, a vertical

distance of 1,102 feet. It fails over these rocks in two falls or cascades,

the white foaming belt of water contrasting with the bright-red con-

glomerates and sandstones. Snow Mass Peak is 13,785 feet in height,

and is made up of a light-colored granite, such as wre saw on White
Eock and on Italia. Southwest of the peak, at the. head of the creek
flowing into Elk Lake, there seems to be a dike in the granite. First

is a band of very fine-grained dark rock, with seams of white feldspar.

It is about 100 feet in thickness, and its direction is about due north-

west and southeast. Just below it is a band about 3 feet thick, of a

green rock, the color of which is probably due to iron. This is prob-

ably dioritic. Next to it is about 4 feet of the same rock that we saw first.

It is followed by about 50 feet of a porphyritic rock, with a green matrix
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containing granitic pebbles, some of which are quite large. I have already
referred to the fact that Snow Mass Mountain and Capitol Peak are situ-

ated in an eruptive center that is distinct from the one in which White
Bock and Italia are included. The latter is more extensive and also more
irregular in shape. The amphitheater, on the eastern face of Snow Mass,
contains an extensive snow-field, the largest I have ever seen on any peak
in the Eocky Mountains. It is from this snow-field that the mountain was
named. To the northeast of Snow Mass, on the east side of Snow Mass
Creek, is a high, bluff-like wall, which mustbe between 1,500 and 2,000 feet

high. The most remarkable feature in this wall is an immense bed of

eruptive rock, probably granite. At the base of the bluff, just above
the bed of the creek, are exposures of beds that from a distance I

judged to be Silurian. Fragments of these beds are also seen on the
opposite side of the creek resting dn the granite. The dike is about
600 or 800 feet in thickness, and has just below it what I think are Car-
boniferous beds, although on this point I cannot be certain, as they may
be Triassic. Above the dike in some places is a capping of red sand-
stone. This has been removed in other places by erosion. As we go
southeast along the ridge the dike diminishes in thickness. The dike
I referred to as extending back of Maroon Mountain is probably an ex-

tension of this one. In the latter place, however, its dimensions are
much smaller. To prove that they are the same the line would have to
be followed. There are a great many of these dikes in the sedimentary
beds dipping away from the granite. The large one just referred to,

and shown in the illustration, is very easily explained. In the upheaval
of the granite the sedimentary beds were of course broken through,
and wherever there was no resistance the melted material intruded
itself. The planes of stratification afforded points of weak resistance,

and the beds were forced apart. Subsequent erosion, effected both by
water and by ice, has carried away so much material that the connec-
tion with the main mass has been cut across, and we have at present the
appearance as seen in the illustration. To fully investigate and work
up in detail all of these dikes would require that each one be followed
throughout its whole extent. Some of them would' probably be proved
to be trachytic, but I am of the opinion that if they could be traced to
the granite they would be seen to grade imperceptibly into it. I think
the entire mass of granite in the Elk Mountain district has been in

either a plastic or a melted condition, and that the granite is eruptive.

It is a question whether or not it is remelted metainorphic rock. The
future will have to decide this point. The elevation of the range was
Post-Cretaceous. The erosion since its elevation has been enormous.
The different peaks are connected by sharp, semicircular ridges, each
the ruin of a huge amphitheater, in the center of which the granite
appears. On some of these ridges the sedimentary beds form a capping.
The occurrence of these sharp ridges, high peaks, and these huge amphi-
theaters, renders traveling in the heart of the Elk Mountains extremely
rough. All the peaks are somewhat difficult of ascent.

Looking northeast from Snow Mass Mountain, on the ridge beyond
the one in which the dike is seen, cappings of light-colored beds appear
along the summit. These are probably a portion of the Cretaceous beds
that slope from the Elk Mountains toward the valley of Roaring Fork.
They will be referred to again in a subsequent portion of the chapter.
Capitol Peak is about three miles from Snow Mass, and has an elevation
of 13,816 feet. Judging from its appearance, as seen from Snow Mass,
it is similar in structure. West and southwest are the inverted beds
shown at /in Fig. 3, Plate XVIII. Northwest of the peak the relations
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of the beds are as shown in the section from Capitol to Sopris Peak,
Fig. 1, Plate XX.
Leaving Rock Creek we proceeded down East River to Cement Creek,

and then crossed to the Gunnison, which we followed to one of its sources,

and then crossed to the head of Difficult Creek, one of the branches of

Roaring Fork. The divide between this creek and the Gunnison where
we crossed it was 11,619 feet above sea-level. The rocks here, which are

all granitic and gneissic, were referred to in the preceding chapter. On
one of the stations (76) near the head of the creek, I found fair specimens
of rose quartz. The view from this station looking westward was ex-

tremely fine. In the foreground we had the low ridges, heavily tim-

bered with dark-green pines, beyond and above which the mass of

mountains about Castle Peak towered, their somber blackness relieved

by patches of snow. To the right and nearer us the dark colors changed
to a deep orange, streaked by light gray wherever there were slides of

rock. Still more to the right we had the red sandstones, their bright

color contrasted with the grassy slopes on the rounded hills. Beyond and
reaching high above, bathed in sunlight, stood the Capitol and Snow Mass
Mountains, their immense snow-fields glistening with silvery brilliancy.

To the right of the Capitol is a prominent point seen from all parts of the
Roaring Fork Valley. It is noticeable for a bright yellowish band which
is distinctly outlined in its face, like the band on an escutcheon. It may
be a dike. We did not have time to visit the peak to determine to what
the appearance is due. The creek we followed to the main Roaring Fork
is densely timbered, and just before reaching the main stream plunges
abruptly down a steep hill about 1,000 feet in height. Here we had to

work about six hours in order to get our train down. One thing par-

ticularly noticeable when we reached Roaring Fork was the change in

the vegetation. On the Gunnison we had seen but little in the way of

vegetation besides the sage-brush, (Artemisia.) On Roaring Fork, how-
ever, we found a profusion, among which we noticed the scrub-oak,

(Quercus alba,) a willow, (Salix,) two species of raspberry, (Eubus deli-

ciosus and E. strigosus,) the service-berry, (Amelanchier canadensis,) the

common currant, (Bibes rubrum,) and the common wild rose, (Rosa Manda.)
The upper part of Roaring Fork is in canon, emerging from which the

stream flows through a valley that gradually increases in width, and is

filled with drift that has been carried down by the water. Above Cas-

tle Creek this drift is made up principally of granitic boulders. Castle

Creek is the first large creek coming into Roaring Fork from the left side.

It drains the east side of Castle Mountain, one branch also heading on
the west side of the peak. All the branches have cut deeply into the red

sandstones exposing the carboniferous layers below. A short distance

**above the mouth of Castle Creek Hunter's Creek comes in from the

east. It is here that we first meet with the stratified rocks. The Silu-

rian quartzites cross the main stream, and the line of outcrop extends

up Castle Creek. On the east side the dip seems to be north 35° west,

angle 25° to 30°. On the other side the beds are more highly inclined,

and dip in about the same direction 50°. From this point the valley

widens, and is covered with an extensive deposit of drift, a large portion

of which was probably derived from the Elk Mountains. Indeed, this

is shown by the great quantities of red sandstone boulders in the bed of

the stream. This deposit is cut into terraces by Roaring Fork, and all

the branches coming in from the southwest. The terrace on the right

side of Castle Creek is 130 feet in height. On the opposite side ifc is

about 210 feet in height. The next creek below Castle Creek, Maroon
Creek, is also large, and drains the portion of the Elk Mountains east





•4jwMj%fr

££»& ^

SL 'w

I

%u,



PEALE.] GEOLOGY SECTION NO. 28. 263

of Maroon Mountain. The profile across this creek is shown in Fig. 1,

Plate XIX. Here on the right side we have three steps, the first, «,

being 15 feet; the second, Z>, 35 feet; and the third, c, 50 feet. The
latter is about 4 feet above the level of the stream. The tops of the
upper terraces seem to have a general level, and are overgrown with
sage-brush. Along the streams at the bottom of the small canons there

is a growth of aspens and pines. Between the mouth of Maroon Creek
and Boaring Fork there is a conical-shaped butte that rises about 350
feet above the general level. This is represented at A in Fig. 1, Plate
XIX. The following section was made here from the x^oint d in descend-
ing order

:

Section No. 28.

d. 1. Soft fine-grained yellow sandstone. At the south end of the
butte there are two small faults in this bed and in the bed next
below ; thickness, about 20 feet.

2. Eed sandstones. The upper portion very hard, becoming softer

and shaly as we go down. They become greenish also as we de-

scend ; thickness, 40 feet 2 inches.

3. Very hard greenish-gray calcareous sandstone, with calcite dis-

tributed through it; thickness, 18 inches.-

4. Fine red shales, with a band of hard sandstone in the center, 1

foot.

5. Sandstone, with a band of shales 1 inch in thickness, 12 feet

inches.

6. Yery fine deep^red shales breaking into very small pieces, and
having interlaminated bands of hard sandstone each about 1 inch
in thickness, 8 feet.

7. Coarse pink sandstone, shaly in places and conglomeritic at top,

15 feet.

8. Coarse pink shaly sandstone, 6 feet.

9. Coarse pink conglomeritic sandstone, like Xo. 7, but not quite so
coarse-grained. The pebbles and matrix are both siliceous, 25
feet.

10. Irregular purplish limestone, very coarse, with shales, 8 feet.

11. Sbaly sandstones, 10 feet 6 inches.

12. Coarse irregular x>nrplish limestone, resembling a conglomerate.
There is about 5 feet of this and then 1 inch of green shale, be-

low which we have a bed of the limestone in structure like the
upper part, but of brick-red color ; total thickness, 8 feet.

13. Limestone conglomerate, with masses of purplish blue limestone,
varying from 1 to 4 inches in diameter, 4 feet.

14. Irregular brick-red calcareous sandstone, with cross fracture. In
some places there are greenish bands, 40 feet.

15. Coarse brick-red sandstone with cross fracture, 5 feet. -

16. Fine-grained red sandstone, 5 feet.

17. Limestone conglomerate, like Xo. 13, 8 feet.

18. Irregular brick-red sandstones, 21 feet 8 inches.
19. Eed sandstones, compact above, becoming irregular and mot-

tled toward the center, and compactbelow again , 84 feet 10 inches.
e. 20. Compact fine-grained yellow sandstone, 77 feet 7 inches.

21. Blue limestones, with interlaminated shales. The limestone is in

beds about 2 feet each in thickness, while the limestone varies
from 2 to 5 feet ; 155 feet.

22. Space reaching to base of hill, 155 feet.

Below these beds, on a ridge between the mouth of the creek and
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Roaring Fork, other beds are exposed. Here Mr. Taggart made the
following section. The beds would be represented under the drift at the
point/ in the illustration, (Fig. 1, Plate XIX.) The beds seem to be
conformable, all dipping about 40° to 50° north, 45° east:

Section No. 29.

In ascending order, by Mr. Taggart

:

1. Blue limestone, 20 to 30 feet.

2. Gray compact fine-grained sandstone, 10 feet.

3. Compact fine-grained blue limestone, 50 feet.

4. Fine-grained sandstone, 6 to 8 feet.

5. Space covered with debris, 150 feet.

6. Brown sandstone, 2 feet.

7. Brown shales, 10 feet.

8. Fine gray compact sandstones, with small quartz pebbles, 150 feet.

1). Dark shales, very much broken, 200 feet.

10. Space probably filled with shales, 200 feet.

11. Brown limestone and shales, alternating, in beds from 1 to 2 feet

in thickness, and containing fossils; total thickness, 30 feet.

12. Blue limestone, with interlaminated shales, 150 feet.

This is as far as Mr. Taggart was able to carry the section. Bed Xo.
12 corresponds with Xo. 21 of section 28. When we cross to the east side

of Roaring Fork, the beds on the hills are very much obscured. Enough
is seen, however, to warrant the conclusion that near the base of the
hills, g, are yellowish sandstones and shales. Above these are outcrops
of red sandstones, h, dipping north 15° east, and inclining 50°. I am
not satisfied as to the age of these beds, although I think it is probable
that they are either Carboniferous or Permo-carboniferous. The beds
given in Mr. Taggart's section dip conformably beneath those given in

section Xo. 28. They are uu doubtedly Cretaceous, as proved by the fossils

he obtained. Bed Xo. 20, in section Xo. 28, is probably Xo. 1 Cretaceous.
There would seem, therefore, to be an inversion of beds here, although
it is difficult to imagine what should cause it. I was unable in the short
time at my disposal to determine accurately the relations of these beds
shown in the butte to those skirting the Elk Mountain range on the
northeast. Crossing to the opposite side of the valley, the Cretaceous
beds are seen dipping to the northwest. The line of outcrop follows
the course of the western branch of Maroon Creek, and then turns to
the northwest along the edge of the eruptive area about Snow Mass
and the Capitol, and continues across toward Sopris Peak. The dip
seems to change also, being at first northwest and gradually changing
to the northeast. At the points i and j, in the illustration, Fig. 1, Plate
XIX, we have two benches, with a gradual slope toward the northwest.
They are covered in part with a growth of aspens, and strewn over the
surface are numerous granite boulders of all sizes. These benches, I

think, must mark the old courses of Hunter's Creek, that joins Koaring
Fork above the mouth of Castle Creek coming in from the east. They
curve toward the present bed of the stream. About two miles below
the butte through which the section given above was made, the river

cuts through the Cretaceous beds, leaving a high bluff on the west side

in which the beds are inclined at an angle of 15° to 20°. Opposite these
bluffs is a level valley filled with drift, which reaches to Cretaceous
bluffs on the eaet side. The river cuts its way deeply into this drift,

which is underlaid by Cretaceous rocks, as is shown by several expo-
sures along the course of the river higher up stream on the east side, just





japiclzZ)

*
W

1

I

;/,? ?/2?fjr/>u2A/&

„,<

<'<",<

yuojr £u2Uoozc



peale.] GEOLOGY FRYING-PAN CREEK VALLEY. 265

below the butte. Beyond the Cretaceous beds on the east side of the

river, which are, I think, at this place right side up, there are ex-

posures of red-beds, which I did not have time to visit. About eleven

miles farther down stream, Snow Mass Creek comes into Eoaring Fork
from the southwest. This creek has two large branches, one of which
heads near Maroon Mountain and Snow Mass Mountain, while the other,

Capitol Creek, rises north of the Capitol. Opposite the mouth of the

creek there is a hill capped with a volcanic rock, which is also exposed
on the southwest side. It seems to be trachytic in character. A simi-

lar hill stands near the mouth of Frying-Pan Creek on the north side.

South aud southwest of Eoaring Fork is a large area reaching from the

river to the Elk Mountains, covered with Cretaceous rocks. Fig. 2,

Plate XIX, represents a section across this area. At the point a the

dip is south or a little east of south ; angle of inclination about 15°.

At the base of the hill &, on the creek coming from Sopris Peak, ex-

posed on the left side, is a sandstone which I took to be Cretaceous Xo.

1, (Dakota group,) above which were limestones and shales, all dipping

west of north at an angle of about 20°. There is, therefore, at this

place a synclinal fold, the axis of which is northeast and southwest.

At the point c there is a second fold parallel to the first. The Cretaceous
area extends across Eoaring Fork, and also westward around the end of

Sopris Peak, and across Eock Creek. Opposite the mouth of Eock
Creek, on the east side of Eoaring Fork, there is an outcrop of red-beds

below the Cretaceous. I think the section between Frying-Pan Creek
and this point is as represented in Fig. 3, Plate XX. Sopris Creek,

seen from a distance, has a rounded outline. It is composed of erup-

tive granite, aud is the center of the third eruptive island in the Elk
Mountains. On the southeast side we have chloritic schists, quartzites,

and sandstones, all very much metamorphosed. These beds have a dip

toward the Capitol. In them I found the following minerals : Eematite,

actinolite, chlorite, and talc. The peak is 12,240 feet in height. Between
the Capitol and Sopriswehave a fold as represented in Fig. 1 , Plate XX, the

center being filled with red-beds that, I take it, belong to the Triassic.

There is not only a fold in this direction, but also east and west, as shown
in Fig. 2, Plate XX, which represents a section through the range at right

angles to the section in Fig.—. To the westward the only rocks to be seen
are Cretaceous. To the north and northwest we have the valley of Eoar-
ing Fork extending -to the Grand. West of the mouth of Eock ("reek

there are some comparatively low hills in which there are exposures of

red-beds, as seen from the summit of Sopris. Leaving Sopris Peak, we
followed Frying-Pan Creek to its head. We had considerable difficulty

getting up the creek, as it is in canon the greater part of the way. The
rocks exposed at the lower part are all red sandstones, dipping a few de-

grees east of north, inclining from 7° to 10°. About ten miles from
the mouth of the creek we reached an open valley, in which we camped.
Here, on the northern side of the valley, there were some very fine cas-

tellated forms in the red sandstones. These beds dip a little east of

north, but as we go north the dip changes toward the south. A short

distance above the camp the creek is again in canon, and here we find

the dip of the red-beds is west. This changes to southwest as we fol-

low the outcrop. Where the beds cross the creek we have a deep nar-

row caiion cut through them at right angles to the strike. The dip of

the beds is south G0° west, and the angle 30° to 50°. The outcrop
forms a high ridge about 950 feet above the level of the valley just

above. This valley is comparatively wide, and the stream flows through
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it in beautiful curves. On the north side we have very extensive de-

posits of gypsum, which, I think, occur in irregular masses. I think

they are in rocks of Carboniferous age. North of Frying-Pan Creek

there are broad-topped hills reaching just above timber-line, in which

we have exposures of red sandstones dipping a, few degrees west of

north. A section made from these hills northward is shown in Fig. 3,

Plate XIX. There seems to be a series of faults. The section was made
from the summit of the red hills and may, perhaps, have to be modified

in some of its details when the region shall have been more closely

studied next season. Just above the canon on Frying-Pan Creek there

are exposures of red sandstones, on the south side of the creek, dipping

nearly west at an agle of 25° to 40°. These beds are, I think, the di-

rect prolongation of those seen on the east side of Eoaring Fork near

the mouth of Castle Creek. The gypsum-beds extend some distance up
the creek, and in the valley there are several cold sulphur springs. The
first one we met with was near the creek, and about 20 feet by 30 feet,

with a deposit of sulphur at the bottom. The water is colder than the air,

and tastes of the sulphur, although not disagreeably. The next spring is

about three-quarters of a mile farther up the stream, and is much smaller,

being only about 4 feet in diameter. The water here is also cold, and has

a much stronger taste. In the hills on the north side there are outcrops of

blue laminated limestone and greenish shales, mostly micaceous. These
I believe to be Carboniferous. I did not have time to make a section.

The north fork of Frying-Pan Creek, just before joining the main stream,

cuts a canon in a blue limestone, in which I found some corals. These
limestones, I think, belong to the base of the Carboniferous. They dip

a few degrees west of north, at an angle of 20°. Below this blue lime-

stone, which is exposed on both sides of the creek, there are yellowish

limestones, followed by dark limestones that are cherty and have frag-

ments of crinoidal stems. These are succeeded by very compact light-

blue limestones, below which we find pink and white quartzites, which
rest immediately on the schists. On the north fork, for a short distance

above the small canon, to which I have just referred, there is an open
valley. Above this valley, the stream is in a very rugged canon in

gnessic rocks, there being on the hills exposures of sedimentary rocks,

dipping west of north at an angle of about 10°. Just below the canon
there is a small creek joining the Xorth Fork on the west side. Here
there have evidently once been warm springs, from the abundance of

calcareous tufa seen in the course of the creek. A short distance up
the creek there is a low bluff, composed almost entirely of the tufa.

It is now overgrown by low bushes. The water in this creek has an
alkaline taste. In the rocks that we referred to in the preceding chap-

ter as curving around the end of the Sawatch range north of the Mount-
ain of the Holy Cross, we doubtless have the continuation of those seen

crossing Frying-Pan Creek, and which we have just described. In the

valley of Frying-Pan Creek, above the Xorth Fork, we have no sediment-

ary beds, except those just mentioned. The valley is filled with bowlders

of a granitic porphyry, exactly like that seen in Lake Creek Canon. At
Massive Mountain, northwest of which the creek rises, we have schists.

These, however, were described in the previous chapter. From the head
of Frying-Pan we crossed to the Arkansas Eiver, and visited the Holy
Cross Mountain, after which we retraced our way to Colorado Springs,

and thence to Denver. The facts noticed there have already been em-

bodied in the report. We reached Denver on the 23d of October, and
there disbanded, our work for the season being finished.
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. No. 1.—CATALOGUE OF MINERALS.

This catalogue includes only the minerals found in the South Park
district. I am indebted to Mr. Peters, of Fair Play, for those marked
with an asterisk. The complete catalogue will be found appended to
Dr. Eudlich's report.

Actinolite. (See Amphibole.)
Agate. (See Quartz.)

Alabandite*. Massive in some of the old gold-mines near Quartzville.
Amethyst. (See Quartz.)

Amphibole. Actinolite on Sopris Peak; hornblende on Sopris Peak;
in schistose rocks near Montgomery ; in trachytes of Buffalo Peak and
the south end of South Park.

Anglesite. Small crystals in the lead-mines of Horseshoe Mountain.
Anhydrite.* (Crystallized.) At the salt-works in South Park.
Apatite.* (Massive.) In schists near Mount Lincoln.
Argentite.* (Amorphous and laminated.) In the Silver Star, Moose,
and other mines of Mount Bross.

Arsenopyrite.* (Massive.) In Priest Mine, Mount Bross.
Azurite. Crater Mountain. In mines near Fair Play ; in mines in Elk
Mountain district.

Barite. In all the silver-mines about Fair Play forming the principal
gangue. It is both massive and crystallized ; at Homestake Mine near
Tennessee Pass.

Basanite. (See Quartz.)

Biotite. (See Mica.)

Calcite. Abundant in all the limestones throughout the district; yellow

crystals near Cheyenne Mountain ; red crystals on Mount Bross.; rhomb
spar at Sulphur Springs in South Park

;
fibrous at the head of Trout

Creek, near South Park.
Carnallite.* (Crystallized.) At salt-works in South Park.
Cerargyrite.* (Massive.) In small quantity in the Wade Hampton
mine. The Moose and other mines in the limestones of Mount Bross
carry from 5 to 20 per cent, of their contents in the shape of chloride
invisible to the eye.

Cerrussite. In the mines in the Elk Mountain district near the head of
Rock Creek ; in the mines of Horseshoe Mountain, where it occurs
abundantly; at Homestake Mine, near Tennessee Pass.

Chalcedony. (See Quartz.)

Chalcopyrite. In the mines of the Elk Mountain district. It is found
also in all the gold and most of the silver mines near Fair Play. It

is the richest matrix for gold, and often assays $150 per ton, and also

$300 in silver. It is crystallized and massive, and often iridescent ;*

at Homestake Mine, Tennessee Pass.
Chlorite. (See Ripidolite.)

Chromite.* (Massive.) On Silver-Heels Mountain.
Coal. At Gehrung's Mine on Monument Creek; twelve miles east of

Colerado Springs, northeast of Fair Play; in Elk Mountains, good
quality.

Cuprite. In minute crystals in Sacramento Gulch and in the Sw^et-
Home Mine.

Dolomite. (Massive.) In limestones in canon of Four-Mile Creek.
Epidote. Very abundant in the schists in the foot-hill range ; on the
summit of Mount Bross ; in Lake Creek Canon ; on Massive Mount-
ain ; at the head of Rock Creek ; at the Elk Mountain mines.
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Feldspar. In many varieties in the schists near Montgomery.* Labra-
dorite in fine crystals near Montgomery.* Orthoclase, flesh-red in

color, from the foot-hill range. Good crystals of pale pink color in the
granites of the Sawatch range. Amozenstone, good crystals, from
Pike's Peak and Cheyenne Mountain. Sanidine in the trachytes of
South Park and Buffalo Peaks.

Fluorite.* Massive and crystallized, pink and violet colors, from Sweet-
Home mine.

Garnet. In schists, near Montgomery.
Galenite. Near Silver Heels, above Hamilton. In all the mines, in

limestones and sandstones, near Mount Lincoln, Mount Bross, and
Horseshoe Mountain, assaying from $3 to $200 per ton in silver, and
as high as $120 in gold.* It occurs in simple and modified cubes and
twins at the Homestake mine, near Tennessee Pass ; in the mines of

the Elk Mountain district, at the head of Empire Gulch, and Iowa
Gulch;

Graphite.* In limestones on Silver Heels Mountain, containing much
iron and earthy matter.

Gold. In the placer-mines of Tarryall Creek; in the placer and lead

mines near Fair Play; occurring in laminse, flat grains and shot-like,

and rarely in imperfect crystals;* in plates and laminse at the Printer

Boy mine, at the head of California Gulch, near Ore City ; in the
placer-mines of Washington Gulch, in the Elk Mountains ; in Union
Park, east of the Gunnison Eiver.

Glauconite. In the Silurian quartzites in Glen Eyrie; on Trout Creek;
in Four-Mile Creek canon^ and on Eagle Eiver.

Gypsum. Selenite and satinspar. At Pleasant Park, on Bear Creek ; on
Camp Creek, near Glen Eyrie ; at the salt-works in South Park ; at

the head of Bock Creek, in the Elk Mountains. At all these localities

it occurs amorphous, generally of white and pink colors. At the salt-

works there is a black variety.

Halite. In the sulphur springs, South Park ; in the springs and marshes
at the salt-works in South Park.

Hematite. Beaver Creek, near the Colorado divide; specular, Philips

mine ;* micaceous, good specimens, on White Eock Mountains ; on
Sopris Peak

;
fibrous on Silver Heels Mountain and near Hamilton

;

argillaceous in the mines of Elk Mountain district ; in many places in

South Park.
Hornblende. (See Ampliibole.)

Jamesonite, Capillary. At the Sweet Home mine, Mount Bross mining
district.

Limonite. Earthy in Tertiary sandstones along the east range of mount-
ains; near the coal-exposures, twelve miles east of Colorado Springs;
extensive beds in South Park.*

Labradorite. (See Feldspar.)

Magnetite. In the granites in foot-hill range ; on Tarryall and Michigan
Creeks ; on Silver Heels Mountains ; at the head of Lake Creek ; at

Snow Mass Mountain.
Malachite. On Mount Guyot ; at Sweet Home and Baker mines, Mount
Bross mining district ; in the mines of norseshoe Mountain ; in mines
•f Elk Mountain district.

Marcasite,* (cellular,) Philips mine, Mount Bross mining district.

Melaconite,* from the Unknown mine of Montgomery.
Melanterite, in concretions at the Sweet Home mine, Mount Bross min-

ing district.

Mica, very abundant and of many varieties, (biolite, muscovite, and
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phlogopite,) near Mount Lincoln and Mount Bross, especially near
the junction of the sandstones and schists ; Halite in the granites of the
Elk Mountains and in the rocks of the various dikes in that range

;

Muscovite common in the foot-hill range, along Tarryall Creek and in

the Sawatch range ; brown variety on Buffalo Peaks
;
green variety in

schists east of Italia Peak.
Molybdenite,* in thread-like veins on Silver Heels Mountain.
Muscovite. (See Mica.)

Obsidian, on Buffalo Peaks; chips in the Arkansas Valley and in

Union Park.
Orthoclase. (See Feldspar.)

Phlogopite. (See Mica.)

Prehnite, in clusters of small crystals in trap in Mount Bross mining
district.

Pseudomalachite, in gray argillaceous slates at the bend of the Little

Platte River, south of Fair Play.
Pyrite, in all the gold and silver mines of Buckskin Gulch, invariably

auriferous, but seldom enough to be valuable ; massive in simple cubes
and pyritohedrons; (perfect cubes of four to five inches are found in

the Philips mine*,) on Italia Mountain in small octahedral crystals

near the base of Teocalli Mountain ; at White Eock Mountain 5 in the
mines of the Elk Mountain ; in a black flinty limestone on Eagle
River opposite Roches Moutonnes Creek.

Pyrolusite,* massive in Buckskin Gulch and on Silver Heels Mountain.
Pyroxene, in the limestones in the Mount Bross mining district.

Quartz, in the granites of the foot-hill range, the Sawatch range, and
the Elk Mountains. Bock crystal, in the granites and in the sandy
debris on the Colorado divide ; at Pike's Peak 5 in the limestones of

Mount Lincoln and Mount Bross and Horseshoe Mountain ; in the
Cretaceous shales on East River ; on Massive Mountain ; in the mines
of Elk Mountain district at head of Rock Creek ; on Sopris Peak

;

Homestake mine near Tennessee Pass. Amethystine, on Rock Creek

;

Rose, near the head of Granite Creek ; smoky Cairngorinstone

;

on the Colorado divide ; on Pike's Peak ; near the Platte Canon
in fine large crystals ; on Massive Mountain. Milky, on the Colorado
divide in caiion of the South Platte ; near Mount Howard on Granite
Creek ; on Massive Mountain. Chalcedony, in South Park east of Pair
Play ; near Buffalo Peaks ; on Frying-Pan Creek ; in the small park
at the head of Trout Creek near the salt-works southwest of South
Park. Agate, in South Park on Frying-Pan Creek ; in the Arkansas
Valley in the park at the head of Trout Creek ; on the butte east of

the salt-works. Basanite, on the butte east of the salt-works in

South Park. Silicified ivood, at petrified stumps near Florissant.

Rhodochrosite,* (crystallized,) in the gangue of the Diadem mine,
Buckskin Gulch.

Ripidolite, on Sopris Peak, near Red Rock Pass, at the head of Lake
Creek.

Rutile,* in veins of quartz traversing the limestone in Ute Pass.
Sanidine. (See Feldspar.)

Satin spar. (See Gypsum.)
Selenite. (See Gypsum.)
Siderite,* (crystallized,) at the Sweet Home mine and many places in

South Park.
Silicified wood. (See Quartz.)
Silver, (native,) in nuggets, wire, and thin scales in the mines around

Fair Play; in Washington Gulch, in the Elk Mountains; in the
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mines at the bead of Rock Creek in the Elk Mountains ; at the Home
stake mine, near Tennessee Pass.

Sphalerite,* in large quantities in the Mosquito gold mines; also in

some of the silver mines, carrying from $10 to $150 per ton in silver:

(some specimens contain cadmium : it is mostly massive and highly

ferruginous ;) at the Homestake mine, near Tennessee Pass.

Stephanite,* (crystallized and massive,) in the Moose and other mines
. in the Mount Bross mining district.

Sulphur, in the springs in South Park, and also on Frying-Pan Creek.

Talc, on Sopris Peak.
Tennantite,* (crystallized,) in Buckskin mining district.

Tetrahedritre,* in complicated crystals and massive; It is the principal

silver 'ore of the Buckskin mines, and assays from $50 to $300 per-

ton.

Tourmaline, on Italia Peak ; no fine doubly terminated crystals in the

schists near Montgomery.
Tufa, (calcareous,) on Eoaring Fork ; on the North Fork of Frying-Pan

Creek.
Vesuvianite, in fine crystals on Italia Peak.
Wollastonite,* in veins traversing the lower limestones in the Mount
Bross mining district.

Zinkenite,* in minute crystals in the Sweet Home mine.

No. 2.—CATALOGUE OF BOCKS.

Catalogue of rocks collected by A. C. Feale and W. B. Taggart.

No. Name. Locality.

9

10
11
12
13
14
15
16

17,18
19,20

21
22

23,24
25
26
27
28
29
30

31-33
34
35
36
37
38
39
40
41
42
43
44

Yellow sandstone, (Cretaceous ?)

White sandstone, (Cretaceous?)
Purplish sandstone, (Cretaceous ?)

Arenaceous limestone, (Jurassic ?)

Brick-red limestone, (Jurassic ?)

Gray limestone, fossiliferous, (Cretaceous No. 3)

Red feldspathic granite
Red sandstone, (Triassic ?)

Gneiss
Gypsum
Pink calcareous sandstone shale, (Jurassic) .

.

Pink mottled limestone, (Jurassic)
Gray sandstone, (Tertiary)
Pink trachyte ". .'

Gray trachyte
Ferrugineous sandstone
Gypsiferous sandstone, (Jurassic,)

Gypsum, (Jurassic ?)

Pink limestone
Dark-green sandstone, (Potsdam 1)

Red sandstone, (Potsdam ?)

Pinkish-gray limestone, (Silurian ?)

Granite
Gneiss
Granite
Trachyte
Argillaceous shale, (Tertiai-y)

Coarse sandstone, (Tertiary)
Conglomeritic sandstone, (Tertiary)
Shaly sandstone
Brown sandsl one, (Silurian ?)

Green sandstone, (Silurian ?)

Yellow sandstone, (Silurian ?)

Red limestone, (Silurian ?)

Red limestone, green spotted, (Silurian ?)

Mottled conglomeritic limestone, (Silurian ?) .

.

Red limestone, (Silurian 1)
'.

Pink shaly limestone, (Silurian ?)

South side of South Platte River below the
cafion.

Do.
Do.
Do.
Do.

Willow Creek.
Canon at head of Bear Creek.
Pleasant Park, on Bear Creek.
Hills west of Pleasant Park._
Pleasant Park.

Do.
Do.

Mesa east side of Plum Creek.
Summit of mesa east side of Plum Creek.

Do.
Monument Park.
Near the Garden of the Gods,

Do.
Do.

Glen Eyrie.
Do.
Do.

Summit of Pike's Peak.
Upper Canon of South Platte River.

Do.
Beaver Creek Valley.
Beaver Creek Valley, near Florissant.

Do.
Petrified Stumps, near Florissant.

Do.
East side of Trout Creek, below Bergen Park.

Do.
Do.
Do.
Do.

West side of Trout Creek, below Bergen Park.
Do.
Do.
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Name.

Red sandstone, (Silurian ?)

Pink limestone, (Silurian ?)

Yellow limestone, (Carboniferous ?)

White arenaceous limestone, (Carboniferous ?)

Pink quartzite
Yellow quartzitic sandstone
Brown quartzitic sandstone
Bed sandstone
White quartzite, (Cretaceous No. 1)

Gneiss
Granite (?)

do
Metamorphosed slate

Quartzite
Gneiss, (Micaceous)
Trachyte (?)

Gray sandstone
Green slate
Quartzitic sandstone
Trachyte (?)

Coarse micaceous sandstone
Blue limestone
Sandstone
Bed calcareous sandstone shale
Quartzitic sandstone
White quartzite, (Silurian)

Purple sandstone, (Silurian)

Green clay shale
Blue-gray'limestone
Trachyte (?) ,

White micaceous sandstone ,

Blue limestone ,

Micaceous sandstone shale—
White sandstone, (Cretaceous)
Andesite (?)

Rhyolite(?)
Dark quartzite
Micaceous sandstone ,

Shaly sandstone .*:

Quartzite
Limestone '.

Trachyte (?)

Conglomerate
Limestone •

Quartzite
Limestone
Black argillaceous shale, (Cretaceous)
Bed and white shaly sandstone
Blue limestone
Mottled sandstone
Coarse red sandstone
White micaceous sandstone
White quartzite

do
Tracbyte(?)

do
do

Magnesian limestone
Sandstone
Rhyolite(?)
Sandstone
Sandstone shale
Sandstone
Micaceous sandstone shale
Trachyte (?)

do
do

Quartzite, (Potsdam)
Trachyte
Gneiss
Granite
Quartzite, (Potsdam)
Gneiss
Trachyte (?)

do
do
do
do

Pitchstone ,

Trachyte
Granite

do

Locality.

West side of Trout Creek, below Bergen Park.
Do.
Do.
Do.

One mile east of Trout Creek.
Do.
Do.
Do.

Sulphur Springs, South Park.
East side of Tarryall Creek.
North of Hamilton.
Mount Guyot.
East of Mount Guyot.

Do.
Do.

Silver Heels Mountain.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

South side of Four-Mile Creek.
Do.
Do.
Do.

Three miles above Hamilton.
East of Fair Play.

Do.
Do.
Do.
Do.

Mount Lincoln.
Do.
Do.
Do.
Do.
Do.

Ridge northeast of Mount Lincoln.
"Do.
Do.

South Platte River, below Hoosier Pass.
Do.

East of Fair Play.
Do.
Do.
Do.
Do.

North of Fair Play.
Mosquito Gulch.
Buckskin Gulch.

Do.
Iowa Gulch.
South side of Four-Mile Creek.

Do.
Do.
Do.
Do.
Do.
Do.
Do.

Head of Iowa Gulch.
Stray Horse Gulch.
Near Fair Play.
Horseshoe Mountain.
South side of Four-Mile Creek.
Horseshoe Mountain.

Do.
Do.

Weston's Pass.
Buffalo Peaks.

Do.
Do.
Do.
Do.
Do.
Do.

Mount Harvard.
East of La Plata Mountain.
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Catalogue of rocks collected, #c.—Continued

No.

148
149
150

151-153
154, 155

156
157
158
159
160

161-163
164, 165
166, 167
168-170
171-173

174
175

176, 177
178

179, 180
1SV183

184
185-188
189-191

192, 193
194
195
196

197-200
201
202
203
204
205
206
207
208
209
210
211

212, 213
214-216
217-219

220
221
222

223, 224
225
226
227
228
229
230
231
232

233, 234
235
236
237
238
239
240
241
242
244
245
246
247
248
250

251, 252
253
254
255
256

257, 258
259
260
261
262
263

264, 265

Name.

Quartz
Qnartzite
Ehyolite
Trachyte
Obsidian rock
Trachyte breccia
Ehyolite (?)

do
do

Trachyte
Quartz
Trachyte
Gneiss
Trachyte
Granite
Chlorite-schist
Micaceous gneiss
Trachyte
Mottled quartzite
Porphyritic trachyte
Ehyolite (?)

, do
Granite -

do
Gray calcareous sandstone
Bed' sandstone
Micaceous-sandstone shale
Greenish sandstone
Trachyte (?)

Brownish-red sandstone
Bed congkmieritie sandstone
Maroon-colored sandstone
Light-purple sandstone
Coarse gray sandstone
Coarse greenish sandstone
Brown sandstone
Granite (?)

Eed calcareous sandstone
Pink-calcareous sandstone
White sandstone, (Cretaceous)
"White limestone, (Cretaceous)
Granite

do
do

Brown calcareous sandstone
Coarse gray sandstone
Eed sandstone
Laminated limestone
Trachyte (?)

Calcareous conglomerate
Metamorphosed argillaceous slate.

Green metamorphosed sandstone .

Conglomerate sandstone
Trachyte (?)

Conglomeritic sandstone
Purplish trachyte
Light-gray compact limestone
Glauconitic limestone
Black limestone
Calcareous conglomerate
Cherty limestone
Purplish-gray limestone
White sandstone
Eed shaly limestone
Limestone
White sandstone
Mica-schist
Eed granite
Gray trachyte
Light-gray gneiss -.

Eose quartz
Gneiss
Granite porphyry
Gray calcareous sandstone
Coarse red sandstone
Chloritic schist
Granite
Coarse red sandstone I

Micaceous sandstene
Fine red sandstone
Compact red sandstone
White gypsum

Locality.

East of La Plata Mountain.
Do. f*2

Do.
Near Grizzly Peak.

Do.
Do.
Do.
Do.
Do.

Canon of Lake Creek.
Eed Eock Pass.

Do.
Do.
Do.
Do.
Do.

Eidge South of Eed Eock Pass.
Do.

Head of Spirifer Creek.
Eastern Branch of Taylor's Eiver.

Do.
Do.

Italia Mountain.
Eidge east of Italia Mountain.
Eidge south of Italia Mountain.

Do.
Do.
Do.

Dike on Cascade Creek.
Cascade Creek.

Do.
Teocalli Mountain.

Do.
Do.
Do.
Do.
Do.

East side of East Eiver.
Do.
Do.
Do.

Snow-Mass Mountain.
Do.
Do.

Maroon Mountain.
Do.
Do.
Do.
Do.
Do.

Near head of Eock Creek.
Castle Peak.

Do.
Do.
Do.

East Eiver, below Cement Creek.
Station 72.

Do.
Do.
Do.

Station 73.

Do.
Do.

Eidge northeast of Station 72.

Station 73.

Do.
Do.
Do.

Below Station 73, on East Eiver.

Union Park, on Gunnison Eiver.

Station 76, near head of Eoaring Fork,
Station 76.

Head of Eoaring Fork.
Eoaring Pork, near Castle Creek.
Station 78.

Sopris Peak.
Do.

Frying-Pan Creek.
Do.
Do.

Station 82.

Frying-Pan Creek.
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vVd

Name.

Blue gypsiferous limestone ...

Gray gypsiferons limestone
Gray limestone -

Calcareous tufa
Brown micaceous sandstone, (Permian)

.

Green- conglomeritic sandstone ...— ..

Brown shaly sandstone ..-

Limestone •

Pink conglomeritio sandstone .-,..-,..-

Coarse green sandstone
Green sandstone conglomerate ..,...,_..

Dark-gray micaceous sandstone
Coarse gray sandstone, (Carboniferous)
Coarse white sandstone ,,,.,/r.

Pink conglomeritic sandstone
Pine red sandstone, (Carboniferous) .". -

Trachyte (?)

Black flinty limestone, (Sjlurjan)

Quartzitic conglomerate ,..,*... ..,,...;.-.

Coarse red sandstone ,.., ,.'ir'-v

Greenish-gray_ sandstone.,,.. ,

White quartzite ..., -S£^
Gneiss , . , T 7TT..

Trachyte (?)..-. ..^,.,.......-.„ r ........

Trachyte . . ...,--- ,.,r ..... ...

Greenish sandstone. ......--,........,,.'
Gray sandstone. , , , . .-,

5

'.

.

Blue argillaceous slate. t ,

.

fv .... ..r
..'.\

Light-red sandstone .,....'.".,. ,..^.,.;.".,

Black slate tit---. ,-,....^,.,, ..,.,..

Trachyte '.

....... , - , .

.

.. ...

.

Impure gypsum v .

,

Gray limestone ............ r .., ........_.

Sandstone shale. ..',.,....... , ... ,.. rT7.
.'.

Black gypsum r

Granite
Trachyte

sJiinejstone , „,ay - r .

Trachyte -—.-.,

Sandstone , . ., ^,......„,...,,,
do... :

Basalt ..,..,„. „„.....,..
Gray sandstone . ..,._, ,,./...,»-.,*., ..,.,..,.
Brown sandstone, ..,,., T .,. ,, r
Pink sandstone . . .

,

,

,

, . . c ..... r-
. ...

.

Gray sandstone...

,

e ,,.. ,.,.....,,,,..,
Black limestone r ..r ./jr ., r ,,.. tJ.u...

Gray shaly sandstone . . . ,v ,,. . . j. P . ,

White sandstone „.,_ T..Jf
....'.. .'. '.

.

,..,.

.

Coarse red sandstone ..,,/... .r ... .^ ,,,, . . . .

.

Fine red sandstone ...V. ....... •'•,•',-'- • -

Coarse white sandstone . ...~. . . .. .'. '. .!.'.'. ....

Gray sandstone^ ..,....../.,----. '•'-
• - .......

Brown sandstone. . „ .... 1 1 . 1 ...

.

Trachyte „ . . . . . .'. „ .
.* .'. .'.';.«

.~"'

Gray sandstone ..'......'...". .".... k

Trachyte .....*../... I
.' .

.

Sandstone shale :..'..'.. ........
Gray sandstone
Trachyte^

Locality.

Frying-pan Creek.
Do.
Do.

!Nbrth Fork of Frying-Pan Creek.
Eagle Elver, opposite Eoches Moutonn6a

Creek.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

'-?

%
Mouth of canon of Eagle Eiver. (C,

East side of Eagle Eiver.
Forks of Trout "Creek. '

Small park at head of Trout Creek.
Do.
Do.
Do.
Do.

Butte east of salt-works, South Park.
Butte north of salt-works, South Park.

Do. ' -

Do.
Do.

Butte east of salt-works, South Park.
Do. 1

Edge of salt marsh, east of salt-works, South
Park.

Butte at bend of Little Platte Eiver.
East of butte at bend of Little Platte Eivei.
Station 92, South Park. *
South end of South Park.
^Jbyth of salt-works.

' Do.
Do.
Do.

Little Platte Eiver, South Park.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

Sou,th Park, northeast of Fair Play.
Do.
Do.'
Do.
Do.
Do.
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REPORT
OF

F. M. ENDLICH, S. N. D.

Washington, D. C, June 1, 1874.

Sir : I have the honor herewith to submit my report for 1873. As
directed, the mines of Gilpin, Clear Creek, and Boulder Counties were
first visited by me, with the view to study their geological and minera-
logical relations, as well those referring to the ore-veins as a whole
as those they bear to the surrounding rocks. In almost every instance
where time and the condition of the mine permitted it, a personal
examination of the conditions under ground was made, and the report
confines itself chiefly to those lodes and mines that have been thus vis-

ited. On July 3, I took the field as the geologist of the San Luis di-

vision, returning from it to Denver on October 5. Nearly 7,600 square
miles were surveyed topographically and geologically during that time,

and the results of the examinations relating to the geognostic and geo-

logical features of the country are laid before yoti in -the subjoined
report. It is evident that on a survey of this kind, where a large area
must be traversed in a comparatively short time, geological research
cannot be carried on in as much detail as might appear desirable to the
investigator. By working in perfect unison, however, with the topog-
rapher, the geologist will be able to form a correct idea of the hori-

zontal and vertical distribution of formations in a very short time.

Four chapters and an appendix comprise the annexed report. The
first chapter treats of the mining-regions ; and I beg leave to submit it

merely as a preliminary report, in the hope that at some future day I

may be enabled to make more thorough and extensive examinations.
The three following chapters are devoted to the geology and geognosy
of the district assigned to the San Luis division. In the appendix, " Min-
eralogical notes" and a u Catalogue of the minerals of Colorado" are con-

tained.

At this place, I wish to express my sincere thanks to Mr. A. D. Wil-
son and Mr. G. B. Chittenden, the topographers of the party, for their

hearty good-will and co-operation during the field-season, and to the
latter for the kindness with which he supplied me during the winter
with the illustrations necessary for the report.

To Prof. F. L. Schirmer, of Denver, and Mr. A. von Schultz, Mr. J.

Alden Smith, and Mr. Smart, of Central, Col., I am greatly indebted for

courtesies shown me.
Hoping that the report may meet your requirements, I have the honor

to remain, your obedient servant,
FEEDEEIC M. ENDLICH.

Dr. F. V. Hayden,
Geologist-in- Charge,

United States Geological and Geographical
Survey of the Territories.
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CHAPTEE I.

PRELIMINARY REPORT UPON THE MINING-DISTRICTS OP COLORADO,

According to instructions received, I visited the mining regions of
Gilpin County, Colorado, about the iniddle of May, 1873, and subse-
quently those of Clear Creek and Boulder Counties. The object in view
was a thorough recognition and definition of the geological and miner-
alogical relations shown by the lodes of these localities to each other
as well as to the surrounding rock. Owing to the early season, a num-
ber of mines that afterward were worked, were not then in operation

\

and as a personal visit to all, or even only the greater portion of the
mines, was entirely out of the question, such were selected for examina-
tion as were acknowledged to be the most important ones of the district,

besides those possessing any particular interest from a geological or

mineralogical point of view, the acquaintance with which seemed neces-

sary for a successful completion of the worii undertaken. It is mainly
of the mines visited personally that I shall speak in the subjoined

pages.
The lack of statistics, which may be considered very essential in a

mining-report, is to be accounted for by the fact that this report pre-

tends only to examine the geological and mineralogical relations of the
ore-bearing veins of those districts. As a large percentage of the min-
ing population follow this occupation upon claims in their own posses-

sion, for the purpose of> making a livelihood, the facilities for obtaining
statistics are by no means satisfactory, and it would require more time
than I could spend to compile thorough statements of production, re-

turns, &c. A carefully-compiled statement of the work done at the
Monte Cristo mine has been very kindly allowed me for publication by
Mr. Mills, of Central. From it can be seen an account of the actual

cost of working a mine on a small scale, and calculations for more ex-

tensive operations may be made accordingly.

Neither historical notes nor descriptions of machinery employed have
been given in the report, as both have been treated of in Mr. Hague's
excellent report upon the mining regions of that section. Merely the

geognostic, geological, and mineralogical features of the localities under
consideration, and their mutual relations, are dwelt upon. It is hoped
that by presenting this character of the mining regions, which has not
been sufficiently done before, more light may be thrown upon their merits

or demerits as such, and more definite knowledge gained regarding their

constitution.

In order to facilitate the ready comprehension of terms used almost
exclusively by miners, and in order to give a more definite idea of the

questions involved in the subjoined report, a short introduction is given,

treating briefly on the subject of ore-deposits.

The substances mostly occurring in deposits that are sought after by
man are gold, silver, platinum, copper, lead, tin, zinc, iron, coal, salt,

bitumen, petroleum, and others, existing partly in their native state,

partly in combination with other substances. Two great divisions are dis-

tinguished, and imbedded deposits—superstratoid deposits ; the former

being partially or entirely surrounded by a valueless material, the
" country ; " the latter deposited upon the surface, and containing its-

valuable minerals partly as float, partly as a superficial deposit. Im-
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bedded deposits are more frequently met with, and it Is of them the
report on Colorado mines wild treat almost exclusively.

An ore-vein is.a tabuloid body of mineral matter, aggregated so as to be
entirely distinct from the surrounding rock—from the « country "—4n its.

hthological and chemical character as well as in its physical structure.

It is necessary that a fissure—or filled—a vein should be bordered, on
either side

?
the sides being called a walls," As the greater number of

veins show an incline to one side or the other, it has become customary
to term the wall upon which it rests the "foot-wall;" the one resting
upon it, the " hang-ing-wall." Frequently these walls are of a different

lithological and geological character, as at the Winnebago mine, where
the foot-wall is gneiss ; the hanging-wall granite. In that case the vein
is termed a " contact-vein,"

The Hue indicated by an outcropping vein, if cut off horizontally, is

called tfye " course," or " strike," of a vein ; variation from the horizontal
is the " dip ; " the thickness is measured from wall to walk

In distinction between a vein and a stratum, the former must be re-

garded as representing the filling material of a fissure in the adjoining
rocks, whereas the latter—a coal-bed, for instance—is merely one of a
succession of strata. From the nature of its occurrence, it becomes evi-

dent that the contents of fissures must be younger than the surrounding
" country;" whereas, in the case of a stratum, it must be said that it is

younger than the underlying but older than the superincumbent strata,

provided the beds have not been overturned. An exception to this rule

takes place when an ore-deposit is formed by pseudomorphic action.

Massive deposits may be regarded as local widening of veins, but
more correctly as segregations.

Impregnations sometimes form deposits of large bodies of ore, as, for

instance, the tin-mines of Saxony and Bohemia, but rarely produce a suf-

ficient amount of metal to prove valuable.
Superstratoid deposits owe their origin mainly to mechanical action,

but in part to chemical. To the former class belong deposits of gold,

silver, platinum, tin, &c; to the latter, bog-iron ore, bog-manganese, &c.
Veins are subject' to frequent and often serious disturbances, mostly

demonstrated by having caused or causing dislocations, in which case
they are of mechanical nature, while other disturbances occur, attributed

to chemical action. Dislocations often cause intersections of two veins,

(PL A, Fig. 1,) of which- the disturbed one is the older; the younger,
disturbing, keeping its course. The disturbing vein can either be larger

(PI. A, Fig. 3) or smaller (PI. A, Fig. 2) than the other one. An occur-

rence that can very readily be mistaken for crossing is termed " dragging,"
(PI. A, Fig. 5;) and it is important in some cases to determine whether
an actual crossing takes place, or merely a drag is. found. Two veins
may approach each other at a small angle, touch, and remain in contact
for some distance, and then each- one turn off again to its own side; or

they may cross and drag on either or both sides of the crossed vein,

(PI. A, Fig. 6.) If the one vein is rich and the other one poor—at the
same time, however, of equal thickness and similar mineralogical char-

acter—it becomes necessary to determine this point. It may also occur
that several veins cross several others, (PI. A, Fig. 4,) in which case,

however, all the above-stated conditions remain unchanged.
Veins frequently ramify, sometimes the several parts returning to the

main vein again, sometimes pinching out entirely. The included por-

tions of "country" are termed " horses," (PI. B, Fig.l.) Usually the termi-

nation of veins is effected in three ways : by ramification, (PL B, Fig. 2,)

where it splits up into a number of smaller veins that gradually thin
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out and disappear, (PL B, Fig. 3 ;) by pinching out of the main vein, (PL
B, Fig. 4j) and by being cut off, (PL B, Fig. 5,) which can occur as the
resuhfc of considerable disturbance, whereby an entirely different kind of
rock can cut off and obliterate the vein, Cuts-off occurring without the
intervention of any new rock belong to the series of common dislocations,

and in that case the continuation can mostly be found again. This
latter takes place very frequently in coal-mines, (PL B, Fig. 6,) where the
beds have originally had an approximately horizontal position, out of
which they are thrown by any disturbance caused either by vertical or
lateral pressure. In ore-veins, this kind of dislocation is not so often
met with.

Sliding of veins is not infrequently found, as, for instance, in the Greg-
ory extension, where the one wall has changed its position parallel to

the medial plane of the vein-body. If any irregularities have occurred
in the vein, a slide of this kind will tend to increase them, and the vein
will consist of a series of accumulations of mineral and gangue matter
along its former strike and dip.

FORMATION OE VEIN'S AND LODES.

The formation and contemporaneous or subsequent filling of fissures

has given rise.to a great deal of speculation. Although it may be sup-
posed that ari^ irregular contraction of .the earth's crust would produce
at points fissures similar to those Observed, their form, in detail, and
the character of their arrangement with reference to each other, would
probably not be the same as is really found in nature. An explana-
tion of the origin of fissures based upon the recognition of volcanic or
plutonic activity seems most satisfactory, and will apply in the by far

greater number of cases. Earthquakes of the present day, due to vol-

canic activity, form fissures and series of fissures analogous and even
similar to those that are -now filled with ores. Without penetrating
the earth's crust to any considerable percentage of its'thickness, a vein
will still be practically inexhaustible in depth until machinery may be
so perfected as to overcome the increasing temperature as the descent
is made. With the help of the annexed cat, the formation of fissures by
plutonic activity will become apparent. If a considerable thickness—

a

mile or more—is allowed for the crystalline rocks a, any disturbance on
the part of 5 would have a tendency to crack the strata or the masses of

a, thus giving rise to the formation of fissures ; and if b becomes eruptive,

contact-veins would he formed between the two formations. The
expression of this phenomenon, however, will, as a rule, be local.

Circumstances can occur under which it may cover a very large area,

but the existence of fissures within a small compass has been observed
far more frequently.

Another kind of fissures is found that owe their existence to disturb*

ances as well, but disturbances having a different effect. If any stratified

or stratoid rock is disturbed in such a manner as to separate the strata

from each other at one or more points, while they remain in connection
at others, fissures are formed between these strata, and their strike and
dip will be conformable to those of the strata.

After the fissures have been formed, they will be filled. It is a well-

known fact that any excavation in the ground or in rock, such as a cel-

lar, tunnel, shaft, &c, serves to collect and partially retain the waters
percolating through the surrounding medium. This is infiltration.

Taking the term infiltration in its widest sense, it may be accepted as
an explanation for the filling of fissures. It remains to be decided, how-
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ever, what kind of infiltration is usually employed in filling these fis-

sures. Numerous hypotheses have been offered in explanation, favoring

infiltration from above, below, from the side, &c. ; but the reliable data
obtained are too few as yet to admit of any well-grounded view. One fact

has been elicited, however, the cause of which is obvious, and may event-

ually lead in the right direction towards solving the problem. In a large

number of instances it has been noticed that the filled fissure, the lode,

showed a symmetrical arrangement of its component minerals, so that

by dividing it into two halves, parallel to the walls, these halves would
each contain the same minerals in the same consecutive order. This
structure has been termed "combed," and leaves no doubt that the same
minerals, at their corresponding positions, were deposited contempora-

neously, and that the filling must have progressed from the walls inward,

i. e., to the center of the fissure. The why and wherefore cannot yet be
answered satisfactorily.

Attempts have been made to explain the filling of fissures by the
action of electric currents ; but it seems more probable that those cur-

rents, which really do exist in lodes, are not the cause, but the result

of their formation.
SEAECH FOE LODES.

In searching for lodes, it is undoubtedly best to simply follow the

teaching of sound judgment, combined with empirical and other knowl-

edge.
Should the gangue-rock be harder than the surrounding " country,"

offer more resistance to atmospheric influences, the aspect of a hill or

ridge will often reveal the desired point at a glance. Apart from «this

very convenient method of prospecting, inquiry should always be made
whether at any time mining operations had been carried on in the dis-

trict being prospected; if so, the strike of the lodes then discovered

—

'<

if ascertainable—will always afford a valuable hint to the prospecter.

If it is an entirely new country to mining-industry, the experience

gained upon former occasions must be applied to decide whether it may
look "promising" or not. Valuable and time-saving is the custom of

examining the sand of rivers and creeks, because any mineral found in

this sand must necessarily occur exposed at some point above the one
where it was first observed. Not having obtained any satisfactory

results from this process, an examination of the rocks in position, as far

as they are exposed, can be undertaken. The color of the soil must be
observed, if possible, as sulphurets and iron ores mostly produce a red;

copper compounds, a greenish color. Yegetation is an important indi-

cator for the prospecter. If it is particularly luxuriant along certain

limited areas, or the reverse, it may lead to valuable discoveries. In
prospecting for salt and "similar compounds, the character of the vegeta-

tion is of the greatest aid.

After having found any mineral that may have the appearance of an
ore, it becomes necessary to recognize its nature, and, if it is decomposed,
the nature of that from which it resulted. An old plan in prospecting

a country where veins are supposed to exist is to start from any point

where a piece of ore has been found in two directions at right angles

with each other, whereby every lode within the one-half of the circle will

be crossed. In a country where mining has been, or is still, carried on,

it will be of use to make the examination while traveling at a right

angle to the usual strike of the lodes.

When the presence of the lode has been established, it must be fol-

lowed up, and here frequently the skill of the prospecter is subjected to
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severe tests. If the gangue-rock is sufficiently hard to preserve its out-

crop, or if the ores stain the soil, it becomes a comparatively easy task;

but when all traces of this kind are obliterated, he must resort to

uncovering the lode, unless, again by means of the appearance of the

vegetation, he can follow it up. It has been mentioned above that

excavations, &c, serve to collect the percolating waters ; and although

the fissure may be filled, it will, as a rule, retain this quality to some
extent, so that, in a dry country, trees growing immediately upon the

lode will frequently show a more luxurious development than their

neighbors.
For nearly horizontal veins and beds, boring is of importance, but

sometimes impracticable.

Prospecting in our western countries is combined with so many hard-

ships and dangers that great credit is due to those men who spend
years of their lives in seeking for and developing the mineral wealth of

their adopted home.
PART I.

In Gilpin County, the mining locality is found within a radius of about
three to four miles, starting from Central City, and is distinctly limitable

at a glance by the perfect bareness of those hills in which the precious

metals are contained. Approaching Central from the east, through
Clear Creek Canon, a number ofrounded hills are seen to the left—higher
ones to the right. Not a particle of timber remains on those that have
been prospected over; no low vegetation has had time to develop.

Black Hawk, at an elevation of 7,543 feet, Mountain and Central, of

8,300 feet, are seemingly one continuous town, although provided with
three city governments, located in Eureka Gulch, with mines on every
side, even in the very centers of the towns. Westward of Central, seve-

ral hills are located, also containing a number of«lodes, some of which
are being worked. On all sides, this comparatively small mining dis-

trict is surrounded by higher mountains, densely wooded, in which
every now and then an isolated lode is found. The geognostic features
in the immediate neighborhood of the mines are somewhat difficult to

determine with accuracy, owing to the great displacement of rocks that
has been occasioned by the search for lodes. Throughout the 'vicinity

of this mining locality, the main rock is a gneissic one, showing numerous
changes and varieties, of which Mr. Marvine speaks ymore fully in his
report upon the geology of that section. In the immediate vicinity of the
mines, however, the rock is granitic, sometimes changing into that vari-

iety which has been termed aplyte, composed only of orthoclase and
quartz. Mostly, it is coarse-grained, inclined to separate in stratoid por-
tions, and yields readily to the decomposing action of atmospheric
influences.

The accompanying geological map* (Plate I) will explain the dis-

tribution of the granite. Beginning at the summit of Quartz Hill, it

extends eastward, keeping a little to the north, with the connection
broken only at one point, until Eunning Hill is reached. Composing
the main or entire portion of the small intervening hills, its limit south-
ward is defined by their own, on the north mainly by the gulch. This
granitic area is superficially entirely isolated from any other, having a
main longitudinal direction of almost due east and west, a little north
of west. On Procer Hill, granite is again found, having the same strike,

*The drainage has been taken from the map published in Mr. Hague's mining report,
and also the roads, besides some of the lodes, the location of which corresponded with
mine.
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pointing toward some small outcrops of it on Casto and Bates Hills.

North of the Winnebago mine, it crops -out; also west of it, and east of
the Bates lode. How far it extends westward from the summit of Quartz
Hill, I am unable to say; probably not far, however. This is the extent
of the granite, and it will be found that within its limits, or in portions
immediately contiguous, the greater number of the lodes are located.
Porphyry crowns the top of Quartz Hill, Mammoth, Gregory, and Bob-
tail Hills, occurring besides in a dike on the western slope of Bunning
Hill, on Procer, and in a large dike north of Procer. Drawing a line

from the summit of Quartz Hill to that of Bobtail, it will be found to
run parallel with the main strike of the lodes, parallel with the longitu-

dinal axis of the granite—in other words, the porphyritic outflow has
a strike parallel to that of the granite, and both are parallel to that of
the lodes.

Hornblende-rock occurs in dikes having an approximate strike of
north to south, composed of oligoclase and hornblende, associated with
epidote and garnet. Several, from three to twenty feet in thickness,
cross Gunnell Hill, one extending across to Kansas Hill, and one crossing

Prober. Lithologically, the rock forming these dikes is diorite, although
it undergoes a series of modifications.

On Plate n, a number of sections are given that will explain the rela-

tive position of the three formations occurring. Section A runs from
Quartz Hill to Bunning Hill, almost east 20° north. Chimneys of por-

phyry break through the granite at four points along that section,

always forming the summits of small hills. Probably, without any
deep-reaching separation, the granite continues in narrow line for more
than three miles. Small patches of gneiss are found every now and then,
but are merely superficial. As this section runs parallel to the strike of

the lodes, none are cut by it, with the exception of a small one on Bun-
ning Hill, that occurs out of course contact between porphyry and the
granite. Section B runs almost north 5° east from Gregory Hill to Bates
Hill, cutting the Mammoth, Gregory, Briggs, Bates, and Mack. Mam-
moth, and probably Gregory, as soon as it goes deeper, run in granite only,

while the remaining three are contact between gneiss and granite.
Section C shows the Mammoth on Mammoth Hill, where it has become
contact, while it is not farther east. Section D has a course from south
to north, running through Bobtail Hill, cutting the lode. Porphyry, sur-

rounded by granite, forms the top of the hill, while a portion of gneiss
comes in toward the north, and between this and the following granite
the Bobtail is contact. Section E runs from south to north, starting
from the eastern slope of Quartz Hill and continuing over across Gun-
nell, cutting in its course the Kansas, Whiting, and Gunnell. The Kan-
sas is contact between granite and gneiss, while the rest run entirely

in gneiss.

On Procer Hill, the granite is of a light yellow to white color, coarse-

grained, with yellowish orthoclase, white quartz, and black mica, and
this character may be taken as a type. Throughout the district the
granite contains small crystals of magnetite, the largest of which are
found on Gunnell Hill, almost an inch in diameter. On this hill the
granite assumes a more gneissic structure, which it shows at no other
point to that extent. On Quartz Hill, and from there eastward to Bun-
ning, its character remains almost the same as well in mineral con-

stituents as in structure. Sometimes the line between it and the gneiss
is distinctly marked along the sides of gulches—particularly so on Kan-
sas Hill—but oftener it is obliterated. Slight variations of composition
are shown by the porphyry, which must be classed among the quartzose.
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The well-known crystals of orthoclase, both simple and Carlsbad twins,
from Gregory Hill are contained in the porphyry that forms its summit.
On Bobtail Hill it has a greenish to maroon color, containing smaller
crystals of orthoclase and numerous small crystals of pyrite. At the
dike, on Eunning, it is more compact, of a brown color, containing, in
the microcrystalline paste, very small particles of hornblende. Differ-

ent from these is that on Procer, very compact, with a large percentage
of quartz -5 it has a light-yellow to flesh-colored tint.

The gneiss of the entire region is of one type, although numerous
varieties occur. Mostly it is finely laminated, of a bluish color when
fresh, brown when decomposed. Black mica accumulates at some
points, changing its character into that of a mica-schist. Neither in any
of the gneiss or the granite is magnetite wanting. With reference to
the relation of lodes to these formations, it may be said that they are
extremely simple, being contained either in the gneiss or the granite,
if not forming contact-veins between these two, and again found
between granite and porphyry. Quite a number of them are contact-
veins—sometimes only for a portion of their entire length, as, for instance,
the Bates. Barely can the fact of their being contact-veins be deter-
mined on the surface, only a few cases having been observed in which it

could be done 5 but, by carefully observing the walls of a lode, the re-

spective formations to which either one belongs could mostly be ascer-
tained. Upon the strike or dip of the lodes, these various circumstances
seem to have had little or no effect ; neither have they, within certain
limits, changed the character of the ore. Although it might seem
possible or even probable, the porphyritic eruptions have produced
no noticeable change in the lodes of their vicinity, unless it might be
regarded as an effect of this kind that those lodes found in immediate
proximity to the porphyries generally yield lower returns in bullion than
others farther off.

Two main systems of lodes are found here, those belonging to the one
striking almost due east and west, the others about northeast to south-
west. Of the two, the former are the most numerous ; to the latter

belong the Bisk, Gregory, Bates, Leavitt, Prize, and a few small lodes.

No distinctions from a mineralogical point of view can be made, neither
is there any constancy noticeable in the mode of occurrence of these
veins. Contrary to my expectations, the mineralogical character of the
ores was found to be a very uniform one, showing little variation in, the
number and species of minerals composing them. But one interesting-

fact was observed, that in the more or less central portions of that
mining district the lodes showed but very little blende and galenite

—

mostly pyrite and chalcopyrite. If an elliptic line is drawn, inclosing
just within it all the principal mines of this section, it will be found that
the J. P. Whitney, the Forks, Bunning, and Dallas are nearest or on
that elliptic line, and these lodes are all worked for lead and silver, con-
taining galena and blende as their principal ores. A limited number
of workable gold-mines are situated outside of this circle yet, but those
upon which the mining enterprise is chiefly based are within.
Disturbances—dislocations—are very rarely found in the lodes of this

region ; scarcely even any material deviations from the dip.* Only a few
of the lodes slope over 10° ; as a rule they are very nearly or quite ver-
tical. Bamifications occur quite frequently, more so toward the west
end of the lode than at the east—a feature which was observed in a con-

*A deflection from the usual course takes place on the eastern slope of Gunnell Hill,
•where a dike of garnet and epidote rock crosses it, in consequence of which three or
four small veins near it were formed that have a course about north 10° east.
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siderable number of mines. As an average width for the lode he
tween walls, about 4 to 6 feet might be given, although some of them
widen out to nearly 30 feet.

Taking all these observations and facts into account, we may be able

to arrive at some conclusions regarding the formation of these lodes.

Von Cotta says,* " It is still most probable, as von Beust in his criti-

cism of Werner's theory has clearly shown, that the majority of lode-

fissures have been torn asunder by concussions caused by volcanic or

plutonic activity, or, in other words, by volcanic or plutonic earth-

quakes." In applying this sentence to the case now under consider-

ation, it becomes necessary to inquire into the geological nature of

the formations involved. The crystalline gneiss is probably the oldest

rock in that section of Colorado, while the granite and porphyry are

younger. A simple metamorphosis, a rem elting of some one or the

other portion of this gneiss at a comparatively shallow depth, would
undoubtedly produce the effect of a " plutonic earthquake," whereby not
only the fissures could have been formed, but the granite have become
eruptive. Subsequent disturbances from the same direction may have
produced the parallel fissures in the granite, while the eruption of the
porphyry seems to have been accompanied by very slight or no such
demonstrations. Besides the great uniformity among the lodes per se,

the similarity shown in the character of the ores within certain limits

of locality speaks for a common origin of almost all the vein-matter and
ore contained within those certain limits. Although the lodes on the

outer edge of the district vary in the character of their ores from the
others, this may still not justify assigning to them an age very widely
separated either before or after from the latter.

As ore, mainly pyrite, chalcopyrite, galenite, and sphalerite are

fouDd in this district, and in a few isolated points argentite. Experience
has shown that the chalcopyrite and the finely-disseminated pyrite

yield the best production of gold, while galenite and sphalerite contain
silver ; the massive pyrite,. however, only small quantities of gold. Fre-

quently bands and veins of this pyrite occur more than a foot in thick-

ness, but, as a rule, from two to six inches.

Toward the surface, the ores decompose through the action of atmo-
spheric influences partly, partly through chemical agents. The result

of this decomposition is usually termed " surface-ore," and contains, in

contradistinction to the ores of lower depths, its gold as free gold. Pyrite
loses its sulphur, as also does the chalcopyrite, and more slowly sphale-
rite and galenite, and either oxides, carbonates, or sulphates are formed.
From the fact that so little native gold is observed, even with diligent

search in the deeper portions of lodes that on the surface show or

showed it in considerable quantities, it might seem possible that the
gold was contained in the original ore as a compound, and became free

through the action of decomposing agencies. Thus far, no experiments
that may have been made afford any proof that such a compound of gold
should exist, although circumstantial evidence points very strongly in

that direction. It is a question that would require for its answer, by
means of chemical investigation, the most subtile manipulation, unweary-
ing attention, and a large, judiciously selected material.
In speaking of the various lodes and mines in the following pages,

only those shall be spoken of at any length with which I have become
personally acquainted by one or more visits. No further attention was
paid to the names of individuals or companies owning the mines, as they

* Ore Deposits, translated by F. Prime, jr., 1870, p. 65.



284 GEOLOGICAL SURVEY OF THE TERRITORIES.

may change hands, while they will not often change their names. Min-
ing enterprise in the region of Central City is comparatively old, and the
more celebrated lodes and mines are well known. Beginning with the
main veins of the system, striking about northeast to southwest, the
central portion of the rest, and afterward the outside ones will be
treated of.

The Fisk lode, located on the northern slope of Bobtail Hill, was not
being worked at any point during my stay, so that no reliable data
could be obtained. It has a strike of east 37° north, with au almost
vertical dip. Approximately parallel to it, a short distance west, run
the Milwaukee and Devil's Grip, two small veins.

The Gregory lode was not worked at the time. Situated on the
northern slope of Gregory Hill, with a strike of east 45° north, it is the
first one that was discovered in this region. It strikes the Briggs lode
down in the gulch, and has been found at a depth of 250 feet, where it

is known as the Gregory extension, and worked. At that point it is a
contact-vein, having the east hanging wall of gneiss; the western,
granite. By virtue of a dip of 30° to the east, it diverges from the
Briggs, which it strikes. It is here that the case of a slide to the east-

ward occurred, alluded to above, by which the vein appears of varied
thickness. Some disturbance has taken place here, probably occasioned
by slides of the ore- wall, whereby fragments of the granite and gneiss

both have been thrown into the gangue-material, and are now cemented
together by white quartz. The ore-bearing vein is somewhat irregular

at the point where it was exposed—ramifying, connecting again, send-

ing off a number of spurs and shoots, and keeping a wavy course. Of
the walls, the hanging wall was well denned ; the foot wall more broken,
with gneissic fragments resting upon it.

The Bates-Hunter lode begins on the northern slope of Mammoth
Hill, runs through Mountain City, and is finished on Bates Hill; strike

east 43° north ; dip almost vertical. Neither of the two mines on that
lode were in operation during May, although I am informed that the
Bates took up work again. The Bates is partly a contact-vein.

Leavitt lode is located a short distance west of the Bates-Hunter,
having a strike of about east 40° north, and is the last large vein of that
northeast series. This vein is one of the best developed in the district,

and yields an abundant supply of ore. Very little variation from the
vertical is shown in the dip, and also the course of the vein is quite

regular. Well-defined walls border the vein on either side, consisting

of granite on the north wall, gneiss on the south, to a depth of 150
feet, where gneiss comes in on both walls. The distance between walls

at a depth of 250 feet is between 4 and 5 feet, varying but little from
the surface down, but seeming to increase, however, with depth.

Pyrite and chalcopyrite compose the main portion of the ore, a vein
of the former two feet thick being found at one place, while the latter

is distributed throughout the gangue-rock in small particles and masses

;

at times intimately associated with the pyrite, again occurring free from
any admixture of it. Galenite and sphalerite occur very sparingly, and
may not be regarded as ore. The gangue-rock is composed of quartzitie

and feldspathic particles, more or less' compactly agglomerated or ce-

mented. Sometimes large pieces of quartz will occur, thereby render-

ing penetration difficult for the drillers. Although the arrangement of

minerals between walls shows some regularity, there is no symmetry
about it. (Plate IV.) In this mine the following minerals were found

:

pyrite, occuring massive and in small pentagonal dodecahedral crys-

tals ; chalcopyrite, massive ; sphalerite, in narrow seams, running through
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the quartz ;
galenite, in little cubical crystals, contained in the gangue-rock

as a matrix
;
quartz, as vein-matter and in small crystals ; orthoclase-

feldspar, partly decomposed, forming caolinite, found in the gangue,
and delicate flakes of a white talc also contained in the gangue.

It is stated that during the month of May, 1873, 745 cords of ore were
hoisted fcom this mine at S ounces per cord. A cord is between 7 and
8 tons.

With the Bobtail lode we commence the second series of veins,
striking approximately east and west. This lode is located on the north-
ern slope of Bobtail Hill, which was named after it, and has a course of
east 8C north. A number of claims' have been taken up on the same
lode, so that it is necessary to mention -that the mine on this lode that
will be treated of in the following pages is that owned by the Bobtail
Gold-Mining Company. At the western end of Black Hawk, a tunnel
has been driven into Bobtail Hill in a southerly direction, intending to
strike the vein, which was accomplished after driving something over
1,200 feet. At the point of intersection, the shaft had reached a depth
of 480 feet, and was then sunk farther. The vein runs between granite
on the south side and gneiss on the north, and is, therefore, a contact vein.

Possibly the gneiss on the northern side may not extend down to any
very great depth, because its outcrop is isolated, in which case granite
would supply its place. A dip of 15° to 20° to the south was observed
at the lowest level, while higher up it seemed to become almost vertical.

The distance between walls may be given from 1 foot, where the vein
sends out shoots or ramifies, to 5 feet. Very clean and well-defined
walls are found separated from immediate contact by the characteristic

narrow clay selvage. To the west, the vein continues beyond the shaft

of this mine in a regular course, while it splits toward the east.

Whether this split, that had reached a width of about 18 feet in one of
the levels during my visit, will continue, or whether merely a " horse "

comes in, could not then be determined, but the latter seemed more
probable, With the exception of this case, great regularity in every
feature characterizes the Bobtail vein. Small spurs, from the thick-

ness of a sheet of paper to several inches, separate from the main vein
and enter either wall.

The ore is, as in the preceding instance, pyrite and chalcopyrite,
massive quantities of the former having been found up to 9 inches in

thickness ; of the latter, of several inches. A partly symmetrical
arrangement can be noticed by observing the diagram taken at a depth
of 520 feet across the vein. (Plate III.) Pyrite occurs on either side of
the vein, next to the wall, separated from it by a narrow selvage, then
scattering quantities of chalcopyrite and isolated threads of sphalerite
and galenite are found, until the middle again is formed by a thicker
band of pyrite.

Of minerals, the following were found: Pyrite and chalcopyrite, mass-
ive, and the former in crystals—rarely, however, in cubes ; sphalerites,

in crystalline threads
j

galenite, dispersed either in threads or small
crystals j mispickel, massive, with pyrite, or in small crystals on quartz

;

gold, showing crystallized faces, on quartz ; composing the gangue-rock,
gray and white quartz, a pink, yellow, and white orthoclase, partially

decomposed : flakes of talc and clay in the selvage.

As the Bobtail mine is one of the deepest in the central mining-
region, a trouble that is not yet experienced to any extent in mines
of less depth occurs here. It is the accumulation of water, which has
been very efficiently overcome by means of a pump supplied with a
movable suction-hose, which has been placed in the second lowest level.
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Mining is carried on pretty much upon the same plan of working
throughout this section ; therefore mention will be made of it only in

concluding the first part of this chapter.

The Briggs lode is situated between Gregory and Bates Hills, in the
gulch parallel to which it strikes, having a course of about east 3°

north. If is a contact-vein, having the granite of Gregory Hill as a
south wall, the gneiss of Bates for a north wall. Between walls the
distance is about 4 feet at the surface, gradually increasing with depth,
so that at 545 feet it is 11 feet wide, while a little higher up it bulges
out to 27 feet. This considerable lateral extension, however, is owing to

a number of gneissic "horses" that occurred there, causing a splitting and
widening of the vein. Although not disturbed to any extent, the walls
appear rough at some places, which is due to the fact that at some
points there seem to have been dislocations at one time, whereby por-

tions of the wall were broken, and cemented again by quartz. As a rule,

it may be said that the south wall is smooth and of a good character.

Dislocations of the vein are very rare, scarcely even variations in the
almost vertical dip being noticeable.

Pyrite and chalcopyrite, as usual, form the bulk of the ore, with
sphalerite and galenite as accessories. At the depth of 545 feet, a vein
of massive pyrite 4 feet in thickness was found. Quartz and feldspathic

minerals, together with fragments of granite and gneiss, form the gangue-
rock. Minerals found are : Pyrite and chalcopyrite, the former also

incrystals
;
galenite, sphalerite, gold, dolomite, quartz crystals in small

cavities
;
quartz, feldspar, and mica in the gangue. The owners of this

mine are the Messrs. Briggs, one of wThom, Mr. G. Briggs, kindly fur-

nished me with some data regarding wages and contracts that will be
found at the end of part 1.

The Mammoth lode, beginning on Gregory Hill and running across
westward on Mammoth Hill, has a strike of about east 10° north, show-
ing a curve toward the north. A connection between the Bobtail,

Mammoth, and Illinois has been supposed to exist, and may exist, but
not sufficient proof has yet been produced to substantiate the supposi-
tion. The very similar character of the ore and the percentage of gold
decreasing westward might speak for such a connection. On Gregory
Hill this vein runs in granite, coming up very near to the porphyry;
while on Mammoth Hill it becomes a contact-vein, between granite on
the south and gneiss on the north wall. Along its entire course, the width
of this vein between walls is considerable—between 20 to 30 feet—con-

taining large quantities of pyrite, with some chalcopyrite, too poor in

gold, however, to pay working at present. Its dip is almost vertical,

and the walls seem to be clean and well defined.

The Winnebago lode, opposite the Mammoth, on the north side of the
gulch, located on Casto Hill, has a strike of about east 4° north. Gneiss
on the south side forms the hanging-wall, while granite borders the vein
to the north. Clean walls, at some places almost of a polished appear-
ance, characterize this contact-vein : dip to the south of about 8°—12°,

varying at different depths, strongest at the top. A shaft" has been
sunk down on the vein, first inclined, then vertical, following it in its

course, and the depth reached is 350 feet. Between walls the lode is

from 3^ to 5 feet thick. Near the western end of the Winnebago claim
the vein seems to split ; but as it does not split into two equal halves,

and the continuation of the vein can be traced westward on the surface,

there is reason to believe that this lode connects with Casto, which is a
little farther west, running through granite and gneiss, partially being
contact between the two.
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Following the example of the main lodes of this region, the chief ore

is pyrite and chalcopyrite, as seen in Plate III, but galenite and spha-

lerite begin to make their appearance in more connected quantities.

Quartz and feldspar compose the gangue-rock. Wherever granite forms
the one wall of a lode, the feldspathic compounds appear in greater

quantities in the gangue than in other formations, or even in such where
the granite is hard and fine-grained. In that case the gangue is mostly
quartz alone, or the ore-veins are found to traverse the granite itself,

without any younger formation of gangue-rock appearing.

Of minerals, only the four mentioned above are found, besides native

gold. Pyrite occurs here in cubical crystals as well .as in dodecahedral.

The Gunnell lode is situated on Gunnell Hill to the west of Cen-
tral, and has a strike of about east 8° north. It has been one of the

most productive veins of that region, and is supplied with a number of

shafts, the levels driven in the different claims mostly connecting under-

ground. Of those claims located on this lode, the following were vis-

ited : Gunnell, Pippin, Coleman, and Peers. The latter had not reached

a depth of more than 120 feet at that time, and nothing but surface-ore

was obtained, while the shafts on other claims had been sunk much
deeper. The peers varied from 4 to 5 feet between walls, with a body
of ore 6 inches to 2 feet thick, mostly decomposed pyrite.

On the Pippin claim, the shaft has reached a depth of about 415 feet,

and a number of levels have been worked out on either side. Along
its entire length, the Gunnell runs in gneiss, modified somewhat in tex-

ture and structure, so as to be termed a granitic gneiss. It has clean,

well-defined walls, with a slight dip to the south, varying in different

parts of the mines. A number of small veins, from mere seams up to

more than half a foot, run into the main vein, in two instances travers-

ing it, but apparently extending only a short distance on either side.

Scarcely any difference can be observed in the character of the ore

from that of other mines previously described, except the presence of

greater quantities of chalcopyrite. Pyrite has a tendency to accumulate
in long sheets in several horizons throughout the vein of the Pippin
claim, which measures, on an average, 4 feet in thickness. As usual, the

gangue is composed of quartz, having, however, far less feldspar

than in those veins that are in contact with granite.

Of minerals, the following were found in this mine : Pyrite, chiefly

massive, otherwise in cubical crystals, in distinction to the more cen-

trally located mines, where they are dodecahedral ; chalcopyrite, sphal-

erite, galenite, melaconite, (as a result of the decomposition of chalcopy-

rite,) quartz-crystals, and native gold. In the gangue, quartz, feldspar,

and some talc were contained.

A shaft of about 250 feet in depth has been sunk on the Coleman
claim, to which almost all the characteristics given for the Pippin will

apply. Between walls, the vein is a little thicker here than in the Pip-

pin, averaging from 5 to 6 feet. At a depth of 240 feet, a cross-section

of the vein was taken, which can give an idea of the distribution of the

ore, (Plate III.) On either side, nearest to the wall, is a very consider-

able segregation of pyrite, intimately associated with chalcopyrite, and
interspersed with grains and threads, even small massive quantities of

sphalerite and galenite. Next to that, toward the center, quartz sets

in—a light-gray to white quartz—containing, disseminated all through it,

numerous smail particles, mainly of pyrite, but also of the other miner-

als occurring. In this mine there is but very little dip noticeable in

the vein, which is bordered by clean walls. Its minerals are identical

with those of the Pippin. In all its parts, the Gunnell shows a very
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great uniformity, which can be very well noticed, as it is conveniently
opened to some depth at a number of points.

The Grand Army mine, located west of Gunnell. with a strike of about
east 22° north, may be only a spur or portion of the deflected Gunnell
lode, although the connection has not been traced thus far.

The Prize lode, located to the southwest of Gunnell, at one time en-
joyed a considerable reputation, but was, not working, however, while I

was there. Its strike is somewhat out of course, being east 32° north.
Crossing Nevada Gulch, and traveling over southward, we reach

another, locality that abounds in lodes, some of which are quite large, and
haveprovedremunerative,while others havebeen—perhaps temporary]y

—

abandoned. This locality is Quartz Hill, so named from the numerous
little quartz crystals that have been and are still found there in the de-

composed granite. A long, narrow hill, it stretches along, sloping off

gently from west to east, more steeply on its two sides. Where the
steepest ascent from the north has been completed, where the gneiss
stops and granite sets in, there we find the first vein—the Kansas lode.

As most others, this lode is divided into a number of claims, owned by
various Individuals and corporations. It is mainly of the claim worked
by the Kansas Mining Company that I shall speak. Taking the entire

Kansas lode, its course is about east 3° north, until it deflects about 8°
southward, near the Waterman shaft. •

Along its entire course it is a contact-vein, between gneiss on the
north and granite on the south side, keeping a tolerably even thickness
of the vein, but varying in the angle of the southerly dip from 10° to
30°. The thickness of the vein is between 3 and 4 feet, with a good
body of ore, which receives and sends out quite a number of shoots from
and into either wall, while some cross the main vein ; and in this case
the intersections prove, as a rule, to be richer than the other portions.

Converging in one direction are the Camp Grave, (which joins the Kan-
sas as Waterman shaft,) the Kansas, and the Burroughs, but whether
they actually do come together and form one strong vein—what miners
would term a " mother-lode"—seems doubtful. Near the eastern end of

the Kansas, Tascher's claim is located, with a shaft of 90 feet in depth,

just about having gone through the surface-ore and reached the unde-
aomposed material. The vein is 4 feet to 5 feet wide here, with a south-

ward dip of about 12°, still continuing on eastward. West of Kansas
claim is the Waterman shaft, which dips at about 20° to the south, re-

taining its character as a contact-vein.

Minerals found in the Kansas are identical with those from the lodes

previously spoken of, the only difference being that the cubical form is

almost exclusively the only one for pyrite. Sphalerite begins to grow
a little more abundant than it was in the central portion of the mining-
region. The ore of this lode is said to yield good pay, containing an
appreciable quantity of gold.

South of the Kansas, running almost parallel with it, is the Monte
Cristo Lode, having its course entirely in gneissic granite, striking east
7° north, with the dip almost vertical. A number of small veins, of in-

ferior thickness, come in to the main one from the southeast. About
90 feet west of the shaft, the vein splits into two of somewhat unequal
size, which seem to remain separated, the gap between them widening
with increasing depth. Two hundred and ten feet the shaft has been
sunk, and at that depth the vein is found to concentrate its ore, which
is more loosely distributed through it higher up into a body of pyrite

and chalcopyrite 9 to 10 inches thick. The ordinary width between walls
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is 3J to 4 feet. The minerals of this mine do not vary from those of the
others, either in relative quantity or mode of occurrence.
South of the Monte Cristo are the Gardner and Illinois, of a little

more northerly strike, neither of which was worked during my stay.

The distribution of the precious metals seems to vary constantly, and
thus far science has not been able to produce a guide whereby mistakes
can be avoided in the appreciation of the relative or absolute value of

ore from lodes contiguous to those yielding good profits. In no branch,
perhaps, is a want of this kind so keenly felt as in mining, where experi-

ence must always be bought at a high price. Upon a large number of

lodes in the district at present under consideration, large sums of money
have been expended, but the owners or workers were obliged to aban-
don them—temporarily, it may be hoped—for some pursuit more re-

munerative. The Alps lode, to the southwest of the Illinois, is reported

as having been doing very well some years since.

Besides the mines that have been enumerated here, quite a number of

small ones are in operation, only presenting features that would essen-

tially repeat those given above, or possessing no further interest. On
the other hand, a considerable percentage of the more important
mines were closed during the short time of my stay, partly on account
of the inability of owners to resume work, partly on account of the
spring-waters filling the levels and shafts, so that the facts given of the
gold-mines of this section, taken as a whole, must necessarily be incom-
plete.

There yet remain to be treated of, five lodes belonging to this region,

located on the outer edge of what might be termed the lode-circle.

The Forks lode, situated on Quartz Hill, in the immediate neighbor-

hood of the California, Mercer/and Flack, has a strike of east 10° north.

Gneissic granite composes the walls on either side, which are smooth
and well defined, the hanging one dipping about 25° to the south. At
present the working-shaft is 250 feet distant from the discovery-shaft,

located on the line of intersection of the Helos with the Forks, on which
it remains down through its entire depth of 517 feet. Keeping on reg-

ularly in its course, the Forks shows very little deviation either in direc-

tion or in thickness of vein between walls ; the thickness is about 5 feet.

Both the Forks and Helos are galena veins, and have as such afforded

already a large quantity of that mineral, but the main reliance for re-

muneration is upon the silver contained therein. To some extent only
has the Helos been worked, as the Forks showed a larger body of ore.

Of minerals, mainly galenite and sphalerite are found, mixed with small
amounts of pyrite on chalcopyrite. Galenite occurs, from the very fine-

grained feathery variety to the coarse-grained breaking in cubical

fragments. Argentite is contained between the single crystals of the
latter. Of a similar character is the J. P. Yv hitney, although scarcely

developed sufficiently to admit of any opinion. This also is a galena-

vein, showing at a depth of 50 feet a body of galena 12 inches in thick-

ness, with other portions of the same mineral at either side of the walls.

(Plate IV.) Pyrite and chalcopyrite occur as ores, and yield a small

amount of gold ; but silver is the main object for mining here ; strike is

east 12° south. Besides galenite, sphalerite, pyrite, and chalcopyrite,

we find small quantities of argentite and cerussite.

The Dallas lode is located on the eastern slope of the hill immediately
north of Black Hawk. It has been worked quite extensively, and the
vein can be traced along for nearly 1,000 feet. Contrary to the usual
course, it strikes a little south of east ; the exact number of degrees could
not be determined by the compass on account of strong local attraction.

19 G s
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A southeasterly dip of about 15° to 20° is noticeable. The thickness

of the vein between walls varies from 6 to 10 feet along its line of
exposure as well as going down deeper. Galena, mostly of the fine-

grained variety, forms a large body of ore in the vein, associated with
sphalerite and some pyrite, while the gangue-rock is made up of quartz,

with a small amount of calcite. At this point, the sulphuret of cadmium,
greenockite, was found in a specimen of sphalerite, which had been
thrown out on the dump several years since. In no other mine or other
dump was this mineral found, although search was made for it. Besides
the minerals mentioned above as occurring, there is chalcopyrite and
cerussite.

The Eunning lode is the last one of these galena lodes, and is situated
on Eunning Hill, southwest of Black Hawk. Its course, is almost due
east to west, with a vertical dip. For 700 feet the vein has been traced
and partially worked, reaching a depth of about 100 feet. Single
streams of galenite are distributed throughout the vein, (Plate IV,)

running parallel to its walls, but toward the west they seem to consoli-

date into one mass, forming a galena-vein 14 to 15 inches in thickness.

Sphalerite occurs quite abundantly ; less so pyrite and chalcopyrite,

which are both found in thin seams, or dispersed throughout the
gangue-rock. This latter is composed mainly of quartz, with some feld-

spar and magnesite.
These four lodes are perfectly isolated in their character as well as in

their position from all the others, and, although they show but little

deviation from the ordinary strike and dip of the others, their occur-

rence seems out of the regular order of things. In explanation, if one
were desired, the view might be offered that, provided heat was ever
one of the agents in forming those lodes, those metals requiring a lesser

temperature for volatilization are now found to be removed farthest

from the center of the vein-system.
Another lode that has become famous for its production in quantity

of a mineral thus far regarded as a rare species is the Wood lode, sit-

uated to the north of the creek in Leavenworth Gulch, also outside of

the regular vein-circle. With both walls of granite, it strikes about
east 3° north. When I visited it, the shaft was full of water, and it

was impossible to get access. Besides producing the unparalleled yield

of pitchblende, it is said to pay well in gold ; but as I have no reliable

data with reference to the mine at all beyond the fact that it contained
and probably still contains pitchblende, it may be justifiable to stop
here.

It remains to be said, with reference to the minerals found in and
belonging to the various lodes, that, almost without exception, pro-

ducts of decomposition may be collected on the dumps; for instance,

pseudomorphs of limonite after pyrite, sulphates of iron, copper, and
zinc, and others. A portion of the soluble sulphates is carried off by the
waters washing down the hills, and transferred thereby into Clear Creek,
which carries them in solution for a long time, and evidently does not
deposit them until it reaches the plains. I have observed that if some
of the deposit of Clear Creek was taken at Fisher's ranch, which is

only five miles from Denver, and rubbed on a bright iron or steel knife-

blade, after having been slightly moistened, metallic copper would at

once be deposited on the blade, owing to the sulphate of copper, which
had been carried down for about forty miles and deposited at that point.

After having examined the greater portion of the main lodes of this

district with a view to determining their correlation as well as their

persistency, the deduction seems justifiable, based upon the observed



endlich.] GEOLOGY—FUTURE PROSPECTS OF MINING REGION. 291

features of numerous veins, that practically their depth is inexhausti-
ble ; that they are what is popularly termed true fissure-veins, although
their yield of the precious metals may fluctuate. All observations of
strikes, &c, have been given in the true, not magnetic, meridian, allow-

ing 15° deviation for the reduction. Local attraction is very strong at
times, and the best way of getting the true course was to locate the
lodes on a map prepared for field-use.

•When first that mining-region became known, a great deal of gold was
obtained from the gulches, where it had accumulated for ages ; but,

although gulch-mining is still carried on to a small extent, practically

that source for obtaining the precious metal has ceased. It follows

necessarily that, with the decrease of the production of gulch-gold,

the mining industry will rise, provided the veins are sufficiently rich to

be remunerative. That this is the case is demonstrated by the fact

that quite a number of mines have been in operation now for several
consecutive years. Were it not that reported discoveries of new min-
ing-districts, more prolific than those occupied at the time, attracted

labor and capital, the development of these older regions would have
progressed much more rapidly. Nevertheless, it seems highly probable
to me that when labor will be cheaper, and competition reduces the
smelting-processes to their most economical form, the mines of a dis-

trict like the one under consideration will rank by far higher than at

present.

Although not strictly within the limits that have been assigned to

these examinations, I wish to say a few words about the treatment of
the ores. Formerly, when a large proportion of ores could be classed

as surface-ores, the process of amalgamation returned very favorable
results ; but experience has shown that either the ore from lower depths
is not so rich as that found nearer the surface, or there is a defect in

the process. It must be admitted that, as a rule, the lower ores will not
be quite so rich as those from the surface, because the particles of gold
that have weathered out may accumulate on the surface to some extent
and produce a higher average percentage of the metal. On the other
hand, the recognition and appreciation of this fact turns upon the ques-
tion, Is gold contained in the ore as a compound? An answer to this

would answer the other question. Significant remains the fact that,

while a number of mills and other amalgamation establishments have
failed and have been abandoned, the few smelting-works that have been
constructed upon and regulated by a reasonable basis, not attempting
to introduce processes that looked very well when regarded in the light

of a reminiscence of alchemistical experiments, have thus far been suc-

cessful in their treatment of ores.

Through the kindness of Mr. Hill, of Elack Hawk, I have been sup-
plied with a schedule of the prices he pays for ores delivered at his

smelting-works : Ores containing, per ton, 850, charges for smelting

$35, pays $15 ; ores containing, per ton, $100, charges for smelting $40,
pays $60 ; ores containing, per ton, $150, charges for smelting $45, pays
$105 ;' ores containing, per ton, $200, charges for smelting $50, pays $150

;

and, in addition to this, $1.50 for every per cent, of copper in 2,000
pounds. All the prices of this schedule are in currency.

Since returning from the field, I have been informed that Mr. Hill has
erected quite extensive refining-works, and instead of sending his matter
to Swansea, England, as heretofore, it is refined there, and, according to

statements received, with very satisfactory results.

Lately some concentration-works have been put up in Colorado, partly

not quite completed, partly still in their infancy, so that but little can
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be said about then\ It is evident that if all the finely-disseminated
metalliferous minerals could be collected at a moderate expense, and
their valuable constituents extracted, a considerable saving would be
effected in the expenses of mining. To this end it becomes necessary to
concentrate the ores, to separate, by such means as may be found most
effective and cheapest, the dead rock from the valuable minerals that
are contained in it. Although but small beginnings have been made in

that direction, it is to be hoped that they will succeed, and raise the
productions of the mines by the more economical treatment of ores. In
Europe, concentration of ores has become a matter of vital importance,
and in our western country it would greatly assist mining enterprise-,

although it is not yet so imperatively demanded.
Mining is carried on economically, as a rule, in this as well as in the

other districts of Colorado. Ordinarily a shaft is sunk down on the vein,

which is a matter of little difficulty remembering the surprising regu-
larity of the dips. From this shaft, which usually follows the dip,

levels are struck off into either side of the vein, sometimes certain dis-

tances apart, sometimes at random, or according to the prospects of
finding a large body of ore. These levels are driven either to the limits

of the claim or their termination is induced by a deterioration of the ore,

or an irregularity of the vein that may be destructive to the ore- body.
By means of overhand and underhand stoping, the ore is taken out, and
conveyed either on a tramway or by hand to the shaft, and thence hoisted
up by steam-power, horse-power, or by a hand-windlass. Should the
mine be more extensive, other shafts are sunk, as necessity may require
it; vertical connections between the different levels are made, partly to

facilitate the extraction of ore, partly to regulate the supply of fresh air

;

and apparatus for controlling the collecting waters are constructed.
Mr. Hague, in his report on the mining industry of Colorado, has dwelt
considerably upon these points, and to his book I would refer any one
seeking information with regard, thereto.

In illustration of the above remarks, a diagram representing the work
done in the Monte Cristo mine is given on Plate V. The dark shades
indicate how much of the ore has been taken out.

A continuation of this process of extracting the ore throughout the
entire vein from the surface downward seems to have one disadvantage,
however. I am fully aware that a method of this kind is demanded by
the very simple fact that the men owning and working the greater por-

tion of the mines are not men of capital, and it is necessary that they
should derive from their mines as much remuneration as possible at the
smallest expense. Therefore, they rob the vein of all its contents so far

as of any use to them directly from the surface downward, frequently

along the entire extent of their claim, leaving a long, narrow aperture in

the hill, on which they may be working, of sometimes 100 feet in depth.

It is evident that in course of time progressing decomposition of the
rock exposed to atmospheric influences, among which the accumulation
of snow in the crevice thus formed is one of the strongest, combined
with the more or less direct pressure which is experienced by the rocks

on either side of this fissure, will result in rendering the walls very un-

safe—so much so, perhaps, that great expense must be incurred here-

after if operations are pushed farther downward in the same mines.

As stated above, Mr. Briggs has kindly furnished me with some data
regarding price of labor, conditions of contracts, &c. This was in May
and June, 1873. The wages of a miner per day are $3 to $3.50 for work
in the mine, lasting ten hours during the day, nine during night. Brake-
men receive $3.50 for twelve hours' work. When leasing a mine, the
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lessee usually gives the owner a certain percentage either of brutto or
netto. In leasing the Gregory extension, which may be regard ed as a
typical lease, the following conditions were agreed to : Briggs furnishes
the steam or horse power ; the lessees, the brakeman. One-quarter of
the cost of crushing is paid by Briggs, unless they crush any mill but
his own. In the latter case they pay the entire co§t. Briggs supplies
•drills, shovels, hammers, &c. ; they replace hammer-handles, &e. On ores
up to b' ounces per cord, they pay Briggs 25 per cent.; over 6 ounces
they pay from -40 to 50 per cent. Of the smelting-ore of $100 per ton,

they pay 25 per cent.; over $100 per ton, they pay 50 per cent. On a
six mouths' lease they must sink 30 feet. Briggs has the right to retain 30
per cent, of the profits as a guarantee that this shall be done. Briggs fur-

nishes the timber, and the lessees are required to timber the mine and
keep it in good order. A foreman usually receives but low wages, but
has a small percentage of the net profits, however.

Subjoined is the statement of Mr. Mills, the data of which are taken
from the Monte Cristo mine :

Monte Crista Mine, on Quarts Rill, Nevada, mining-district, owned and worked by James
Mills, Central City, Colo.—Statement for one year , 1872, having two miners at work, engaged
per aay.

EXPENSES. RECEIPTS.

25-£ cords, or 204 tons, of mill-ore,

and 14/^7, tons smelting-ore.. $57 67
Wages for miners 2, 040 00
Hauling 175 50
Milling ! 704 50

2, 969 67

Yield of 25-£ cords, or 204 tons,
mill-ore $3,132 66

Yield of 14/,/jJtj tons smelting-
ore 1,158 17

4,290 83
2, 969 67

Balance 1 , 321 16
Milling-ore

:

Yield of 25£ cords ® $122.88 per cord, (204 tons <3> $15.36 per ton) $3,132 68

Smelting-ore

:

Yield of 14^0 tons © $81.05 per ton '

1, 158 17

Total 4,290 83

GROSS COST.

Running mine-expenses, wages, hauling, and milling: Milling-ore, 25J cords, $110-60
per cord ore ; 204 tons milling-ore, $13.82£ per ton.

Average assay of smelting-ore, (returns from Boston Colorado Smelting Company :)

l^iiNi) tons ore: gold, 2f ounces per ton ; silver, 5f ounces per ton.

PROFIT.

Milling-ore : 25J cords, $12.20 per cord ; or, 204 tons, $1.52| per ton.
Smelting-ore: 14£tf$ tons, $70.67| per ton.

Profit on total expense of $2,969.87, $1,321.16, or 44-J- per cent.
Improvements overground as well as underground were made duriug the time, and

the mine kept in good condition.

PART II.

Differing from the lodes of the Gilpin County mining-district are
those located near Georgetown, in Boulder County, the most extensive
silver-mining district working at present in Colorado.
Traveling upward along South Clear Creek in a westerly direction, the

caiion, which has been narrow for some distance, suddenly begins to open
out into a wide, fertile valley of triangular shape, bordered on every
side by steep mountains rising abruptly from it. In this valley, in its

upper, broadest portion, the mining city Georgetown is located, almost
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as if selected for the beauty of the spot more than for the metal riches
surrounding it. Unlike Central, the mines are not located within and
all around the town; the mountains have not been deprived of their tim-
ber, have not had every stone on their slopes overturned in the search
for treasures ; nothing reminding too strongly of civilization has marred
the natural harmony of this secluded valley. Steep, rocky slopes of the
mountains, with deep-cut ravines, set off to advantage the peaceful ap-
pearance of the town they surround.
Two branches of South Clear Creek unite a little below Georgetown,

and it is on the sides of the canons that they have formed that the greater
portion of the principal silver-lodes are found. A number of veins have
been claimed, and temporarily worked, east of Georgetown, on the north-
ern slope of Bald Mountain and several others, but little progress had
been made there.

The main rock of that locality is a granitic gneiss, a curious mixture
of the two, at times shading into each other very gradually, at times
showing an abrupt line of junction. Slides and local faults have dis-

turbed it to a considerable extent ; noteworthy it is, however, that the
lodes have been affected thereby but very little. Local contortions have
taken place in the schistose gneiss, which appears as such in a great
many places, but within it can be found masses of greater or less dimen-
sions that would be regarded as granite. Characteristic of that forma-
tion may be regarded the almost entire absence of mica in those gran-
itoid portions, while the gneiss is very abundantly supplied with it.

Besides this granitic gneiss, a typical granite occurs in these mountains,,
which I have become accustomed to associate withthe appearance of the
main lodes. It is of a brownish-gray to light-brown color, rising up in

steep bluffs parallel to the trend of the mountains on their slopes
and sometimes crests. Harder and more compact than the surrounding
material, it has better resisted the destroying agents of atmospheric influ-

ences. Frequently the line of demarkation between the granitic gneiss,

which I am inclined to regard as older, is sharp and well defined for

some distance, while at other points the two gradually change, one
into the other, similar to the fusing together of two differently-colored

glass rods in high temperature. In several instances, bands of white
and yellowish quartzite accompany the junction, or local accumulations
of mica alter the rock into a mica-schist near those places, while the
feldspar is then represented but very sparingly, quartz more abun-
dantly. Black mica is a prominent constituent of this granite that

belongs to the porphyritic varieties ; oligoclase, quartz, and orthoclase
making up the rest. At the time of my visit, early in June, almost all

the mountain-tops were still covered with several feet of snow, so that
examinations regarding the horizontal extent of this granite could not
be made so carefully and comprehensively as I might have wished it,

although more time would have been required than I could spare. One
of the most typical points of exposure is to be found on Brown Mountain,
at the Terrible lode, where this material rises considerably above the
granitic gneiss, presenting a long line of steep, smooth surface toward
the canon. Going farther westward, the granite seems to partake more
of its normal character, until that of Mount McClellan, about nine miles

from Georgetown, cannot be identified with the one just mentioned. So
large is the number of varieties presented by the granitoid rocks of this

region that local observations of this kind can give but a very poor
conception of the great changes- that take place and repeat themselves
within comparatively limited areas. I will, therefore, take the liberty of
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referring to Mr. Marvine's report for a more connected and comprehen.
sive discussion of these interesting features.

Similar to the conditions observed at Central, the lodes here have
mainly two strikes, approximately east to west and northeast to south-
west, the former being the more numerous of the two. They show great
uniformity in dip, which is mostly near the vertical, and are rarely dis-

turbed. But few of the mines have reached any considerable depth, so
that not much can be said as yet about their character of persistency,
unless inferences might be drawn, judging from their formation, analo-
gous to that of other well-known localities.

With reference to the relation that these lodes bear to the adjacent
rocks, it will scarcely be possible to apply a single rule covering all

cases. It may be said, I think, that the majority of them follow in
their course approximately the course of the porphyritic granite, are
sometimes contact between it and the granitic gneiss, sometimes have
their course within it, and in other cases stand in no connection with it.

This granite may probably be considered intrusive, although its age
will be by far prior to that of the Central City granite, possibly even
not much more recent than that of the surrounding rock. If the hy-
pothesis of filling the fissures with their mineral-matter by the agent of
heat mainly were proved, the view expressed regarding the relative

age of these lodes would find some support, inasmuch as the metals
mainly found in them all have a lower temperature of volatilization than
those occurring chiefly at Central ; consequently would have been dis-

missed first from the common reservoir. Porphyry-dikes not infre-

quently occur, sometimes intersecting veins, but in no instance, so far

as could be observed, occasioning any disturbance. Usually the lodes
traverse the gneiss at some considerable angle to its dip ; only in rare
cases do they strike and incline parallel with it. In the latter case they
seem to be younger than in the former, judging from their mineralogi-
cal and geognostic character.

Dikes of hornblende-rock, with epidote, resembling diorite, are quite
frequent in the gneiss, and are almost invariably accompanied by a nar-

row seam of minerals, mostly galena and blende. Their strike is at
right angles to that of the ore-veins, as at Central, running from
north to south.

Due west of Georgetown, 8,412 feet above the sea, Leavenworth
Mountain rises up about 1,200 feet above the valley, and it is on
the south side of this mountain that a number of very valuable lodes
were found. The Colorado Central, having a course about east 10°
north, is located on the south side of this mountain, about 700 feet

above the creek. It is a very rich silver-mine as far as the character
of its ore is concerned, and has paid well ever since it was worked.
Between walls the vein is very wide, no wall-rock having been found
on the south side as yet, although nearly 30 feet of vein-matter have
been cut through. The north wall is granite and well defined ; dip
slightly to the north. Ore traverses the entire gangue-rock, mainly in

the direction of east to west, branching off, however, at several points
into seams of one-fourth inch to an inch in thickness, which, neverthe-
less,- pay following, owing to its rich character, but these spurs consoli-

date at places, and form a solid vein of ore 1£ feet thick. Near the surface
of the lode, a mass of float-ore occurs, of the same mineralogical charac-
ter as that found at lower depths, although its position there seems
somewhat out of place if it is from the same vein. Quartz and feld-

spar compose the gangue-rock—the latter mostly decomposed—both
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occurring iu small particles as well as iu larger pieces, and they were
probably derived from the surrounding rock.
As yet no very great progress has been made iu the development of

this mine. A shaft of 85 feet has been sunk, and several short levels
started in both at the bottom and before reaching it. The large percent-
age of silver contained in the ore renders it advisable to follow almost
every spur, which can readily be done iu the soft gangue-rock, so that,
although but little headway is made in the working of the vein, it yields
large profits. At the western extension of the Colorado Central, a, nar-
row dike of porphyritic obsidian crosses the vein at right angles, with-
out, however, occasioning any dislocation.

Constituting the ore, the following minerals are found : galenite and*
sphalerite, containing an appreciable percentage of silver ; antimonial
fahlerz, stephanite, argentite, and pyrargyrite ; the latter two intimately
associated with the galenite, the fahlerz occurring in masses of
more than several pounds in weight. None of these minerals are crys-
tallized, however, but occur massive. Galenite is found from the very
fine-grained variety, passing through every phase, to the coarse-grained,
breaking in large cubical fracture.

On the same hill, within a short distance eastward of the Colorado
Central, is the Saco, in which operations had been taken up again but a
short time previous to my visit. It strikes almost due east and west.
A tunnel of 320 feet leads to the vein, the main ore of which is sphale-

rite with galenite. As at the Colorado Central, the south wall had
not been found, allowing a very considerable width for the fissure.

The Star mine is close by, striking parallel with the Colorado Cen-
tral with an almost vertical dip. At the time, the body of ore was
small, mainly on the south side of the lode.

The Equator lode was not worked during my stay; it has a strike

of approximately northeast to southwest; formerly it was worked, and
yielded good pay.

On the hill opposite Mount Leavenworth, to the south, quite a num-
ber of small lodes have been found and temporarily worked, rarely

yielding sufficient pay, however, to warrant a continuation of opera-

tions. They seem to be local infusions of ore between the strata of

gneiss.

To the northwest of Georgetown, on Mount Sherman, a number of

remunerative lodes are located, undergoing active working. One of the

largest and richest there is the Pelican lode. As far as could be deter-

mined, considerable local attraction interfering, the strike of the Pelican
is about north 16° east, with a vertical dip. The vein is from 4 to 10

feet between walls, widening somewhat the deeper it goes. Another
lode, the Elkhorn, has a strike of north 35° east, dipping on an average
20° to the north. This Elkhorn approaches the Pelican both on a hori-

zontal and vertical projection, and while in the third level it is yet 30
feet distant from it, 80 feet deeper they have joined ; the Pelican keep-

ing its true course and dip, while the Elkhorn accommodates itself to

it. Between these two lodes, the intervening rock is gneissic, the same
forming the entire south wall of the Pelican. Although there is a

semblance of a wall on the north side, its character could not be deter-

mined : but, judging from surface-outcrops, it seems to be partly gra-

nitic, partly gneissic. A dike of porphyry is said to cross the vein in

one of the lower levels. Blende and galenite mainly constitute the ore,

mixed with small quantities of pyrite, chalcopyrite, argentite, fahlerz, and
pyrargyrite. Atthe point where our section was taken, (Plate VI,) in the

lowest east level, the vein was 6 feet thick, containing almost in the



PZJTE.FI.

Pelican SOft. Jbeiarr shaft

C # b
Terrible





endlich.] GEOLOGY PELICAN AND OTHER LODES. 21)7

center a body of galena-ore of about 18 inches, intermixed with blende,
pyrite, and the silver-ores proper. The gangue-rock is composed of
quartz and feldspar partly decomposed.
Another section of a central portion of the yein was obtained, (Plate

VI,) given in varying succession layers of the minerals composing the
ore, and thus showed a combed texture. The single layers were from
one-half to one inch in thickness, and not all of them could be given in
the sketch.

Minerals found are those mentioned above, none of them presenting
any very fine crystals, mostly massive. Their character is such as to
insure a very rich yield of silver wherever they occur, if even only in
small quantities.

A tunnel 325 feet in length leads to the vein, which is worked upward
and downward from it, having reached at the time a depth of 82
feet below the tunnel-level. Every indication of persistence is shown
by the lode at that inconsiderable depth, and also upward as far as it

has been worked. In consequence of the advent of the Elkhorn, this,

mine shows more complicated workings than most of that section.

Near the Pelican are quite a number of other lodes, some of which were
not in operation, while a lack of time forbid a visit to any but the prin-

cipal ones. West of it still, on Mount Sherman, is an interesting vein,

the Cold Stream lode, striking north 67° west, into a dip to the north,
varying from 10° to 25°. The foot-wall on the south side is gneiss,
while the hanging-wall is composed of porphyritic granite. This is one
of the few instances where the vein showed itself to be a true contact-
vein between these two rocks. Some distance from the tunnel, proba-
bly 60 feet, the vein is suddenly cut off by a strip of gneiss running
across it at right angles, but appears again on the other side without
being deflected »the least in its course. Galenite, with sphalerite, com-
pose the main ore of this lode ; the former occurring in a heavy body,
coarse-grained, breaking into large cubes. Owing to the foot-wall, the
vein wavers slightly, forming a sort of scalloped line. West of the tun-
nel, a dike of ash-gray porphyry, 6 feet in thickness, crosses the vein,
but after working through it was found to continue in its regular
course.

Of minerals, the following are found : galenite in fine cubo-octahedra,
sphalerite, argentite, fahlerz, pyrargyrite, wire-silver, with the excep-
tion of the latter all occurring massive ; the pyrargyrite and fahlerz inti-

mately associated with the galenite; quartz and light-red feldspar, mostly
decomposed, make up the gangue-rock.
One of the largest and best known lodes of the district is the Terri-

ble, located about four miles west of Georgetown, on the south slope of
Browu Mountain. It strikes north 82° east; an abnormal course, com-
pared with the others. In speaking of the relation of these lodes to
the formations surrounding them, it has been stated above that the
porphyritic granite formed a steep bluff, running almost parallel with
the local trend of the mountain. It is within this granitic bluff that the
Terrible vein lies. A tunnel of about 310 feet has been driven at right
angles to the lode from the south side, and on the north of it the rock
has been examined for the distance of 60 feet. The entire tunnel, as
well as the 60 feet beyond it, were found to be within the limits of the
porphyritic granite. Keeping its course quite regularly, the ore-vein
rims along within the heart of this immense granite dike, varying in

thickness and local dip, without any well-defined walls to limit its

extent. Numerous little slides have evidently occurred, occasioning the
formation of slickensides and breaks in the granite, but no distinct
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wall could be observed. Clay selvages at some places border the ore-

vein, but the rock on the outside may contain numerous spurs of that
same vein. It is altogether one of the most interesting mines. I did
not succeed in discovering any distinctly differing gangue-rock; it

appeared throughout to be the porphyritic granite that filled the places
between the single veins and spurs. At certain points, circumstances
had favored decomposition, and the gangue, therefore, was soft enough
to break with the fingers. Quartz and feldspar were its main constitu-
ents: but the black mica, characteristic to the surrounding granite, was

'

just as plentiful as in the gangue itself, so that the conclusion presented
itself that, although this gangue must be regarded as younger than the
surrounding rock inasmuch as it is decomposed, its ingredients were
formed contemporaneously with those of the granite. From 3 to 20
inches in the thickness the main vein varies, sending offshoots and spurs
to either side ; sometimes they return again, sometimes they pinch out.

In several instances, a .number of smaller veins were observed to run
parallel to each other, continuing so for a considerable distance. This
was the case at the extreme north and of one of the lower levels, and
at this point our section of the lode was taken. (Plate VI.) Granite
forms the gangue-rock, somewhat decomposed in the central portion,
perfectly sound and hard outside, containing within it four distinct

parallel veins, the largest one 5 inches thick. Toward the southeast
the veins seem to become more irregular.

Galenite forms the greater portion of the ore ; associated with it are spha-
lerite, pyrite, (rare,) argentite, fahlerz, and pyrargyrite.

A larger number of mineral species occur in this mine than in any
other I have had occasion to visit in Colorado. Galenite is found in

almost every variety ; very pretty crystals (combination of cube with
octahedron, the latter predominating) of it occurring fti small cavities

near the veins; sphalerite, pyrite, and chalcopyrite, massive; pyrar-
gyrite, in minute crystals ; argentite, stephanite, polybasite, in tabular
crystals; stibnite, rare; silver in form of wire, and leaf-silver; flu-

orite, in light-green transparent cubes ; baryte, orthoclase, oligoclase,

caolinite, biotite, and quartz occurring between the single veins.

As stated above, a tunnel of 340 feet leads at a right angle to the
vein ; thence levels are driven on either side, and a shaft sunk. The
mine is renowned for its rich ore, which, as I was informed, is some-
times regarded by strangers as a favorite souvenir of Georgetown. Be-
sides the lodes spoken of, a very large number have been claimed, and
are worked to some extent. Several of the larger ones were not in op-

eration during my stay at Georgetown ; others were in litigation, so that
no data regarding them could be obtained.
The Payrock mine, situated on Republican Hill, northwest of George-

town, I will now mention. Striking nearly due east, the vein pitches
downward from the north at an angle of about 20° below the horizontal,

and suddenly takes a turn of 45°, (Fig. 2,) so that its dip southward is

only 25° instead of 70°. Porphyritic granite forms the foot- wall, gneiss

the hanging^ although at several points they seem to shade into each
other.

About nine miles west of Georgetown, McCiellan Mountain is located,

immediately opposite Gray's and Torrey's Peaks. On the western slope

of this mountain, the Baker and other mines are located ; on the east-

ern, the International and Belmont. The International strikes about
north 30° west, and is a contact-vein between gneiss on the north and
granite on the south side. Its location, about 500 feet above timber-

line, causes the ore to be frozen almost constantly; while, on the other
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hand, it has the benefit that provisions can be kept in the mine for

months without deteriorating. Between walls that are well defined the
vein is 5 to 6 feet wide, dipping from 12° to 20° to the north.

A considerable quantity of ore is taken out of this mine, and trans-

ported down the wagon-road by axle. It is mostly galenite, with spha-

lerite, some fahlerz, pyrargyrite, and native silver. From the east a
tunnel has been driven in on the vein, about 140 feet in length, and
there by overhand and underhand stoping ore is being taken out, while
the driving of the tunnel continues. Parallel to this lode, and appar-
ently similar to it, is the Belmont, situated a short distance to the north.

Besides these mining-operations, two great tunnel-enterprises have
been undertaken, and are still being carried on. The one is the Mar-
shal, the other the Burleigh tunnel, sections of which are given on the
accompanying plate. (Plate VII.) The Marshal tunnel, pushed to

its present state by the energy of General Marshal of Georgetown, is

located on the southern slope of Mount Leavenworth, a short distance
below the mines spoken of before. It is driven at a course of north
43° west, and has continued in a straight line. The proposition is to

drive through Mount Leavenworth, strike all the lodes which it would
cut at some angle, and thus let the tunnel serve to facilitate trans-

portation of ores and regulation of waters. At the time I visited it,

the work had progressed to a distance of 1,147 feet from the mouth, and
a careful section was taken.

At 175 feet from the entrance, the first lode was struck, crossing the
tunnel at an angle of about north 69° west. This is the Bulldog, or

No. 1 ; contains a small amount of black blende, not sufficiently rich to
yield any pay. Thirty-six feet of loose gangue-rock (6), quartz, and de-

composed feldspar follow the narrow vein of ore, and a selvage of clay

more than 2 feet in thickness separates this lode from the following
gneiss. Arriving at 234 feet from the tunnel, lode No. 2 is reached,
dipping off to the north, bordered on the north side by porphyritic

granite (a), 20 feet in thickness. Following is a long stretch of gran-
itic gneiss, with' several slides dipping to the north, the rock being
partly decomposed, partly sound. In several instances white mica oc-

curs in this gneiss locally, but the black always predominates. Six
hundred and ninety-five feet from the mouth of the tunnel, a lode was
cut, supposed to be the Equator, and the strike approximately corre-

sponded with that of the Equator. Two more veins follow at intervening
distances of about 20 feet, edged on the north by granite of 25 feet thick-

ness. Vein No. 5 then set in, followed by 8 feet of gray quartzite (<?),

and then by 22 feet of a light-gray compact porphyry (e), which strikes

parallel to its course. After this 73 feet of the granitic gneiss follow,

when vein No. 6 is cut, at a distance of 880 feet from the mouth of the
tunnel. The north wall of this vein is formed by 46 feet of hard por-

phyritic granite (#), identical with that of other localities. From the
end of this portion of granite to the present terminus of the tunnel at

1,147 feet, the rock remains granitic gneiss, with local accumulations of

mica or quartz, changing the character somewhat. Two more veins
were found, and 20 feet from the end of the tunnel a third occurs, strik-

ing across it. These nine lodes that are thus cut by the tunnel contain

more or less blende, more rarely galena, and as far as could be ascer-

tained neither fahlerz nor pyrargyrite, as the veins higher up on the
mountains do.

Differing from this is the Burleigh tunnel, situated northwest of

Georgetown, at the base of Sherman Mountain, about half a mile east

of the Terrible. In June, 1873, it had reached a length of 1,490 feet, a
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considerable portion of which was driven by hand. The tunnel is wide,

well graded, entering the mountain in the course of north 20° west. At
a distance of 797 feet from the mouth of the tunnel, a dike of porphy-
ritic granite occurs, 38 feet thick, (Plate VII, a,) striking at right angles

to the course of the tunnel, with a southerly dip. Contact between
this granite and the following gneiss is a vein striking parallel with
the former, containing a body of blende 18 inches in thickness. From
that point to the end of the tunnel, *no farther veins have been cut.

About 450 feet from the end of the tunnel, a break occurs in the gneiss,

parallel in dip to the porphyritic granite ; a small vein of quartzite, 4
feet thick, is found about 320 feet farther toward the end. At the east-

ern end of Georgetown, the Eclipse tunnel has been driven in a south-

erly direction ; it is claimed quite lately, with good success.

From the few words that have been said about the working of the

Georgetown mines, it will have become evident that the plan of opera-

tions differs slightly here from that followed at Central. The silver-

miners of this section usually drive a tunnel into the side of the mount-
ain containing their lode, and, having reached it, sink a shaft. At the

level of the tunnel, drifts are made, and the ore extracted by means of

overhand stoping. Sometimes a shaft is sunk from the surface, con-

necting with the tunnel or one of the levels.

A number of works have been put up in Colorado to smelt the lead

and silver ores from this and other regions, the greater portion of which
are doing Avell. Eventually the concentration of ores will have a regen-

erating influence upon mining and smelting enterprise, if the flush pro-

duced at present by the extraction of large masses of rich ore should

pass away.

PART III.

High up in the mountains of Boulder County, another district of

silver-mines remains to be commented upon. Caribou is the mining
camp, located in the center of a number of mines that have attracted con-

siderable notice. Situated near the timber-line, with snow within three

minutes' walk from the hotel-door in the latter part of June, the report

of rich lodes has attracted several hundred miners to the spot. As my
time was very much limited just then, I can only speak of the two main
lodes which I visited, and must again refer to Mr. Marvine's report for

notes on the geognostic formations.

Predominating is a granite, with accidental admixtures of hornblende,

so that at certain localities it may be termed a syenitic granite, and it is

therein the Caribou lode is located. The strike of this lode, that a short

time ago was sold to a Netherlands company for $3,000,000, is almost

due east and west, and it has a dip to the north that on an average is

slight—in one or two points increasing however—never varying more
than 20° from the vertical. Entering above, the dip to the north is

found to be about 20°, continuing for 40 feet ; then follow 70 feet almost

vertical, and after that a northerly dip of 15° again. With increasing

depth the vein grows wider, so that it is 14 feet thick between walls at

the depth of 210 feet, while it is 4 feet at the surface. Both walls are

beautifully defined, having an almost polished appearance. On the

north wall, the granite seemed to be of a different variety, but it could

not be decided with certainty in the mine. A thin clay selvage sepa-

rates the vein from either wall. In the distribution of the ore, a sym-
metrical arrangement maybe observed, ore being found near either wall,

and again in the center. It consists mostly of galenite, sphalerite, argen-
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tite, pyrargyrite, and native silver; quartz mainly forms the gangue-
rock, small amounts of feldspar also occurring. 'One of the western
levels shows a very curious dike of granulite of 12 feet thickness, run.
ning across the vein at a right angle, without occasioning any disturb-
ance or dislocation, however. The Caribou is intersected by the No
Name on the east, and the Seven-Thirty on the west side, at an angle of
about 30°. In both these interesting lodes, the ore is of a similar char-
acter, and they show no dislocations.

Of minerals the following were found : galenite, sphalerite, argentite,
in small crystals and massive; fahlerz, massive; pyrargyrite; native
silver, in wire form and leaf form ; chalcopyrite, cerussite, and mala-
chites ; the latter two as the result of decomposition.
Two shafts are sunk on the lode, connected underground by levels

and drifts, and at present a tunnel 700 feet in length is being driven in
from the north to strike the vein. This will greatly facilitate the ex-

traction of ore. Thus far the greatest depth reached in the mine was
370 feet.

The No Name lode, striking north 20° east, intersects the Caribou
east of the shafts, showing a considerable dip to the north. Walls are
well-defined, granitic, and the thickness of the vein between them from
3 to 6 feet. Galenite and sphalerite, with argentite and fahlerz, con-
stitute the main body of ore. Besides these minerals, chalcopyrite,
wire-silver, cerussite, azurite, and malachite are found. At the time of
my visit, a depth of 117 feet had been reached.
A large number of other lodes, highly spoken of, were being claimed

and opened at the time, but the expected opportunity of visiting the
place in October again did not afford itself, and no information regard-
ing them has .reached me.

PART IV.

Annexed is a report of Dr. A. C. Peale upon the mines which he
visited during the summer of 1873, and he has kindly permitted his notes
upon them to be placed in connection with the above report.

MINES NOTED BY THE SOUTH-PAEK DIVISION OF UNITED
STATES GEOLOGICAL, SUEVEY, 1873.

By A. C. Peale.

TAERYALL CREEK.

There has been considerable mining done along Tarryall Creek, but
at present little work is in progress. One great disadvantage is the

scarcity of water. It is only during the spring and early summer that

there is sufficient water for mining purposes. Above Hamilton the

gravel rests on sandstones for the most part, and is from 10 to 20 feet

thick. The following are two of the principal claims

:

Tarryall, Hubbard, and Snafferd.—They have two flumes, the average
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yield being from $5 to $6 per day. There are four men working, at from
$2.50 to $3 per day.

Little French, or upper claim, has two men working on it.

Near Hamilton there are two claims, worked by Hawkshurst & Foote.
There are five men working, at $2.58 and board per day. The average
yield is about $100,*per week. While I was there they cleaned up $75
for five days' work. In 1860-'65 there was in Hamilton a population of
about 5,000 inhabitants ; to-day there are not more than about half a
dozen families.

SILVER HEELS MOUNTAIN.

The following are some of the lodes that have been opened on the
mountain

:

Uncle Sam lode.—The crevice is 8 feet in width and dips to the north-

west. It was discovered in 1868 by Sargent & Greene, who are still its

owners. But little work has been done. The gold and silver are found
associated with pyrites in a quartz-gangue. The walls of the lode are

gneissic. The ore is said to assay from $10 to $45 to the ton.

Black Eagle lode.—Four-foot crevice discovered by Hawkshurst &
Foote in 1867, who. still hold it. Associated with gold and silver, mag-
netic iron and pyrite are found. It is said to assay from $100 to $600
to the ton. The lode is in gneiss, and dips to the southeast. Other
lodes are the Black Warrior, Bepublic, Slater, and Mineral lode.

Very few, if any, are worked. In the Bepublic, the ore is galena. The
general angle of dip of all these lodes is about 30°.

FAIR PLAY, COLORADO.

Further notes in regard to the mines in the vicinity of Fair Play than
are given below will be found in Dr. Hayden's report. Placer-mining
was formerly carried on very extensively on the South Platte Biver,

and on all the streams tributary to it rising in the range that lies be-

tween South Park and the Arkansas Biver. In almost all the gulches
we may find the ruins of what were once active and thriving towns.
There is still some mining going on on the Platte. The gravel on the
river opposite Fair Play is about 70 to 100 feet in thickness. There are

several claims being profitably worked here. The principal mining
interest, however, centers in the silver-bearing limestones of Mount
Bross, Mount Lincoln, and Horseshoe Mountain. The following section

of Mount Bross was made by Mr. Stevens, of Fair Play, and shows the
geological position of the argentiferous belt. The section corresponds
with the illustration shown in Plate XY, (map).

1. Gneiss.
2. Yellow quartzite and sandstone, about 400 feet.

3. Blue limestone )

4. Light-colored limestone, 100 feet > 350 feet.

5. Blue limestone )

6. Quartzite - 10 to 20 feet.

7 100 feet.

8. Black quartzite slates ) nK faai.

9. Sandstone }
i0 leet '

10 200 feet.

11. Limestone 20 to 30 feet.

12. Sandstone 150 feet.

13 500 to 600 feet.



PLATE. XV.

i \ ^ i , /—

n

-er Hearing"

imestone
J3ltie

Jjmefatone





PLATE. XK

Cfcteiss Quartyte GEOLOGICAL MAP
of the

MT. LINCOLN
Mining Region

Silver Bearing' Blue
Limestone Limestone





ENDLICH.] GEOLOGY FAIR PLAY. 303

. This last bed reaches to the summit of the mountain. It is in bed
No. 2, which is probably the equivalent of the Potsdam sandstone, that
all the gold, or most of it, in the region has been found, especially in

the lower part, where there are d.kes of volcanic rock. The gold-mines
of Mosquito and Buckskin Gulches are found here. All the sandstone
contains gold, but not in sufficient quantity to make it profitable to

mine. It is in bed No. 4 that the silver-bearing galena is found. This
limestone is lighter-colored than that on either side. It is probably a
part of the Quebec group. The ore occurs in segregations and impreg-
nations, and, as far as has been ascertained, is confined to the belt of
limestone represented by bed No. 4 in the section given above. The
accompanying map or diagram was made by Mr. Stevens, who has
kindly allowed me to use it. It is not drawn on an absolutely accurate
scale, but will give a good idea of the various claims on Mounts Lincoln
and Bross. The principal ones are the Moose, the Baker, and the Hia-
watha. The ore, as has already been intimated, is galena, which, accord-

ing to the assays of Mr. Peters, carries from $3 to $200 in silver and as
high as $120 in gold, the coarser-grained galena always being the richer.

The gangue of all the mines in the limestone is barytic, both in massive
and crystallized form. The mines at Horseshoe Mountain are similar

to those of Mount Lincoln and Mount Bross. They occur in the same
belt of limestone, and their mode of occurrence is the same. The ore
is taken to smelting-works at Alma and Dudleyville, near the base of

Mount Lincoln.

ORO CITY.

Oro City is at the head of California Gulch, a branch of the Arkansas
Biver heading in the Park range. California Gulch has been the seat of
extensive placer-mines. At present, however, very little is done. There
are three or four claims being worked near Oro. The principal mining,
however, is done at the Printer-Boy lode. The following notes were
obtained from Mr. C. L. Hill, superintendent. The mine, of which a
diagram is shown in the illustration, is owned by the Philadelphia and
Boston Gold and Silver Mining Company, (J. Marshall Paul, of Colo-
rado, and H. M. Paul, of Philadelphia.) The discovery was made in 1868,
but no work was done until 1869. It was first worked by a company in
1870. As shown in the diagram, there are two shafts, a main one, 275
feet in depth, and a boundary one, 145 feet deep. These shafts are 367
feet apart, and between are two levels. Above the upper one there
is a third level. From November, 1872, to the latter part of Sep-
tember, 1873, $75,000 was taken out; the average yield per week be-

ing 100 ounces. In September twenty-six men were employed, at $3.50
per day. The company owns a mill near the mine. The expenses of
mining and milling per week are $800. Besides the Printer-Boy, there
are the American Flag and several other lodes at the head of Califor-

nia Gulch.
HOMESTAKE LODE, ETC.

The Homestake lode is situated at the head of a small western
branch of the Arkansas Biver, west of Tennessee Pass. The district is

called the Homestake district. There is a small settlement, to which
the name of Lake City has been given. It is just at the timber-line,

which here is about 11,500 feet. Besides the Homestake, which gives
its name to the district, there were at the time I visited the place some
forty claims, very few, however, of any importance as yet.

This lode was discovered in July, 1871, by W. A. Crawford and
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two other men, while trying to find a trail across the range. It was
first worked in September, 1872, by Archer & McFadden, the present
owners. The lode strikes south 65° west ; dip, north 25° west ; angle,
75° to 85°. Two levels were commenced in the fall of 1872. The east
level, in September, 1873, had penetrated 150 feet. It is 5J feet high,
4 feet wide at the bottom, and 3£ feet at the top. It is propped with
timber, being but 30 feet below the surface. The lode is from 2 to 3 feet

in thickness, and is in gneissic rock. The west level had been carried
in 150 feet, and the average width of the lode here was 2 feet.

This level penetrates the solid rock some distance below the sur-

face, and propping is rendered unnecessary. Below these levels,

two tunnels have been started to strike the lode. . One is 100 feet below,
and the other 300 feet. Assays made by M. M. Hayes, assayer, for the
Homestake district, vary from $100 to $800 to the ton. One picked
specimen assayed 738 ounces to the ton. The ore is principally argen-
tiferous galena in a gangue of baryte and calcite. There is also a trace
of gold. The complete list of minerals found here will be seen in the
catalogue of minerals. In September there were nine men employed,
at $3.50 per day. From Mr. J. A. McFadden, one of the owners of the
mine, I learned that the expenses from May to September, inclusive, had
been something over $3,000. This included building of cabins, supplies,
&c. The mine having been just opened, of course the expenses were
heavier than they would be afterward. Up to September, 30 tons of
ore—about half the quantity taken out—had been shipped to Denver.

ARKANSAS VALLEY.

On the Arkansas Eiver, in the vicinity of Granite, there are quite a
number ofplacer-diggings, and also in Colorado Gulch, one of the west-
ern branches of the Arkansas. During the season of 1873, there were
two or three claims worked in the latter place, yielding about $5 per day
to each man. This gulch, in 1863, was one of the richest in the Terri-

tory, yielding $75 per day to the man.

ELK MOUNTAIN DISTRICT.

This is a new district in the Elk Mountains at the head of Eock Creek,
and little has been done beyond the locating of claims. There are about
thirty claims situated on the south side of Eock Creek. The discovery
was made in 1871 by Messrs. Brennan, Brant, Graham, and others, but
nothing was done until 1872. The lodes are all in the beds of Cretaceous
age—black metamorphosed slates, containing quantities of Inocerami.
The following are the principal lodes :

Buckeye.—This lode was discovered July 29, 1873. It is from 5 feet

to 6 feet in width, and dips 12° south 35° east. It is well defined for at
least 1,000 feet. The one is principally argentiferous galena, associated
with pyrite, cerussite, chalcopyrite, malachite, and a little hematite
in a quartz gangue. Blow-pipe analyses, made by Mr. Kirker, yielded
75 to 100 ounces of silver per ton.

J). P. lode.—This was discovered July 29, 1873. It is 4 feet in width,
and its direction is southeast and northwest. Ore and gangue as in the
Buckeye.
Fair Play.—The discovery was made July 20, 1872. Its width is about

6 inches. The ore is similar to that in the other mines, and is contained
in a gangue of quartz associated with calcite.

Liverpool—-This lode was discovered August 1, 1872. It is 2 feet
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wide, ancl its direction north 55° east. In all other points it resembles
the other lodes. *

Rover State.—Discovered July 24, 1873. Its width is about 2 feet and
strike north G5° west. Connecting this lode with the Pacific, there is a
smaller one, G inches wide, called the Sidney.

Pacific.—This lode was discovered in July, 1872. The strike is east
of south. It has seams of different widths. The ore has assayed by
blow-pipe about $10 per ton.

Helena. This lode was located in July, 1872, and is from 6 to 8 inches
in width ,striking north-northeast and southwest.

Cape Horn.—This lode is from 10 to 15 feet in width, and has been
tracedm ore than 1,000 feet. It strikes north 65° west, and dips east of
north at an angle of about 75°. .The ore is said to assay 150 ounces per
ton. Connecting the Cape Horn with the Anna is the Erie, about 6

inches in width.

Anna and Washington.—The Washington lode is a continuation of the
Anna, the extent of both being 3,000 feet. The discovery was made
July 25, 1873. The strike is north 55° west, and the dip southwest. It

is in a very black shale, and between it and the Cape Horn there is a
bed of quartzite. The width is about 5 feet, which increases in places.

The ore is of the same character as in the other lodes. Mr. Kirker, one
of the company owning the claims, assures me that as far as he has
traced the lodes, they seem to converge toward the Anna and Washing-
ton. He says also that west of these there is another set, of which the
following are the principal ones: Montreal, 15 feet in width ; Bear
Hole ; New Chicago, 3 feet wide ; Deep Hole, 1 foot 6 inches ; St. Louis;
Wisconsin; Superior; Tempest; Lily; Hoosier; Lookout; Cashier and
Silver Wing. These, he says, seem to converge toward the Montreal, as
those in the other group do toward the Anna and Washington. All the
lodes are owned by the Eough and Eeady Company, composed of the
following members: B. A. Kirker, William Gant, Samuel McMillen,
Benjamin Graham, Louis Brant, James Brennand, and C. M. Defabauch.

* CHAPTEE II.

REPORT UPON OSHE GEOLOGY OP THE SAN LUIS DISTRICT.

Section a—The district assigned to the San Luis division for topo-
graphical and geological survey for the summer of 1873 is bordered on
the north by a line running east to west six miles south of Pike's Peak,
on the west by the one huudred and seventh meridian, on the south by
a line ruuning east to west twelve miles south of Saguache, and on the
east by the eastern slope of the Front range.

It can be appropriately divided into three sections, as shown by the
accompanying diagram. Section a, comprising the northeast portion of

it, separated on the west, southwest, and south from the others by the
Arkansas Eiver. Section b contains the southeast portion of the dis-

trict, terminating westward with the western border of San Luis Valley,
and from there northward with the well-known Poncho Pass. On the
north it is bounded by the Arkansas. Section c represents the
remainder, the western part of the district.

Along the eastern portion of section a we notice the heavy masses of
mountains, cut by deep canons and gorges, showing that characteristic

20 G S
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appearance that is imparted to any landscape by tbe predominance of

arcbeean formations. Westward from the edge of the great plains the
mountains rise abruptly, particularly so in the vicinity of Pike's Peak,
the summit of which is more than 8,000 feet above the valley. In the
pure atmosphere of that region, the deception in distance allows the
traveler to be even more strongly impressed with the grandeur of the

scenery that has given the " Pike's Peak country" so much of its justly-

deserved celebrity. Along the eastern border of these mountains,
where they gradually taper off into the plains, stretched for many miles

before them, the sedimentary beds reclining against the granitic mount-
ains have at times been greatly disturbed, and now form at several

points very grotesque groups along their base.

Going westward from the border of this Front range, more into the
interior of the mountains, unmistakable cones appear, denoting former
volcanic activity, changing with their introduction the general aspect

of the country. Instead of densely-wooded hills, covered either by
living or dead timber, areas of grazing-lands are frequently found, fre-

quently also marshes. In many cases the prominent cone-shaped peaks,

the probable points of volcanic outflow, present a more desolate appear-

ance, being covered with innumerable fragments of rock, rarely large,

but sufficiently so to prevent any extensive growth of vegetation. A
variation from this general character of the country occurs along Oil

Creek, where a comparatively low tract of country extends northward
for the distance of about twelve miles, with a width varying from two
to four miles. To the west of this little valley the granitic rocks are no
longer the predominating, for the volcanic increase so largely in bulk
and extent as to change the face of the country. High, grassy plateaus

appear, differing in vegetation to such an extent from the older rocks

that may be outcropping that this difference alone may frequently fur-

nish useful hints to the geologist regarding the distribution of the

formation. Quite frequently the creeks have worn deep, rugged ravines,

although it would undoubtedly be erroneous to attribute all the caiions

and gorges to erosion exclusively. Farther toward the northwest, the

character of the country again changes ; it becomes more rolling, sup-

plied with frequent cones ; the valleys are broader, less deep.

In the western portion of section a, the mountains are no longer so

high, and their slopes are more gradual on the northern side, although

often quite rugged on the opposite; the influence pf comparatively little

disturbed sedimentary formations is perceptible. Bordering upon the

Arkansas, the hills of this western portion are less massive—less so than

those farther east—owing to the lower relative and absolute altitude

and consequently smaller depth of the caiions.

Granite forms the heaviest masses of section a, although not covering

the greatest area. On the western part of the section it occurs as the

main rock, presenting a dark-red or brown color, showing but little vari-

ation in the character of its texture and structure, and usually weath-

ering in heavy bowlders; it frequently forms bold and prominent faces

on the mountains. Toward stations 89, 90, and 91, it is mostly covered

by the overflowing trachorheites, outcropping only in the deeper canons

and gorges that are in a great part due to erosion. Owing to its coarse

texture, it readily decomposes, but, dependent upon the more or less

accidental percentage of its constituting minerals, does not decompose

uniformly throughout. At station 95, the granite becomes very coarse-

grained, so much so as to show a perfect separation of the three min-

erals, feldspar, quartz, and mica ; only the latter, however, follows its

inclination to crystallize. At this locality, the feldspar (orthoclase) is of
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a bright-red color ; the quartz, yellowish or white
; the mica, gray to

brown. Another point where the granite assumes a similar character is

immediately west of Canon City, which may perhaps partially account
for the deepening of the steep canon from which that city has derived
its name. This canon forms the bed of the Arkansas River for a dis-

tance of about six miles. Station 11 is located directly north of this

canon, in an air-line about three-quarters of a mile distant, and about
2,000 feet above the river-bed. Allowing all due consideration for the
immense effect produced by erosion, it still seems improbable that the
Arkansas should have forced its way through almost six miles of solid

granite, when a slight deviation to the northeast would have afforded

it a by far easier passage, unless some existing favorable condition
induced this course. It seems reasonable, and warranted by the facts

observed, to suppose that, by some agency or other, possibly by the grad-

ual rising of the granitic area and consequent cracking or splitting of
strougly-tensioned portions of it, some facility may have been afforded

to the river in shaping its course. This view may receive some support
in the fact that the line pursued by the Arkansas through that section

of granite is a comparatively straight one. The suggestion that the
river may gradually have cut through during the continuation of the
rise along the former coast cannot be entertained, because at the time
before that took place the now Cretaceous portions must have been so

low as to compel it to flow out over the area they at present occupy.
To the northwest of station 11 the granite is mostly covered by the

trachorheites, and only exposed in depressed localities. Along the
Arkansas, westward, toward station 10, it maintains its character, wea-
thering in more or less angular masses. At the west side of the bridge
built across the river, a short distance south of station 10, is stationed

an isolated granitic sentinel, dark red or brown, with a very large per-

centage of feldspar, but little quartz, and still less mica. This monu-
ment-like rock shows a pretty illustration of the intersection of two
veins; a narrow quartz-vein running up and down has been broken and
displaced by a broader younger one, crossing it at an almost right angle.

Speaking more correctly : the two halves inclosing the smaller vein have
been displaced by the formation of a broad fissure, in which the mate-
rial composing the younger vein was deposited. North of station 10
granite mainly crops out in the valleys, as in those of Currant, Cotton-
wood, aud Tallahassee Creeks, the beds of which are mostly formed by
it. Proceeding in this northerly direction, we find the lithological char-

acter of the granite undergoing some change ; the feldspar more fre-

quently shows yellow and flesh-colored tints instead of the red and
brown ; the quartz turns from brown and reddish to rose-colored and
yellow, even gray and white ; black mica begins to predominate over
the white, gray, and brown. At the upper end of Cottonwood Creek,
near station 68, the texture of the granite begins to resemble closely

that of gneiss, aud this change is carried out also in the appearance of

weathering, although it characterizes no newly-entering formation, but
merely an increase and accumulation of the micaceous constituents.

North of this station the granite widens out, being exposed over larger

areas as the trachorheites recede. West and southwest of station 10

it forms lower hills, considerably cut by the drainage. The western por-

tion of section a bordering on the Arkansas is formed by granite again,

appearing this time in* a strip of about twenty-four miles in length and
three to four miles in breadth. It is coarse-grained, and very similar, if

not identical, with that of the eastern half of the section. Distributed

throughout its southern half) although not occurring frequently, are
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small patches of fine-grained granite, distinct sometimes not only in

their texture, but also in the character of their constituent minerals. A
granite found near station 59 showed gray quartz, white feldspar, and
black mica; was very fine-grained and compact. On Badger Greek, a
short distance east of station 58, a small patch of porphyritic granite
crops out that shows differences of texture within a very limited dis-

tance. It contains oligoclase, orthoclase in Carlsbad twins, gray
quartz, black mica, and chlorite.

In the southern and western part of section a the granite is frequent-
ly traversed by dikes of hornbleudic rock, resembling to some extent
diorite. Although they will be spoken of under the title of "dikes"
hereafter, they form a very characteristic feature of the granite, and as
such must be mentioned here.

Distribution.—Immediately at the eastern slope of the Front range
the granite begins, extends westward to station 91, and a few miles
beyond stations 93 and 94, bordering the east side of Oil Creek Valley.
At the northern boundary of this valley it sets in again, separating two
large volcanic areas by a band of three to six miles in width. West of

Oil Creek it is found in all the deeper carious, while trachorheites cover the
high plateaus. Along Currant Creek it is exposed in a strip from one
and a half to two miles wide, increasing this width toward stations 71

and 72. The greater portion of Cottonwood Creek runs in granite ; also

a part of Tallahassee Creek. On the Arkansas, 'granite appears again
about half a mile west of Canyon City, and continues westward to sta-

tion 6, with a single interruption opposite station 10, where Cretaceous
rocks form the bed of the river for a short distance. Small patches of
it appear at stations 58', 58, and 57. West of Badger Creek several

such patches occur. The second extensive mass of it runs approxi-

mately parallel to the Arkansas, forming its eastern bank. From sta-

tion 52 southward it continues until a point is reached within two miles

of station 5, where the volcanic rocks cross the river.

Besting immediately upon the granite, we find the Silurian character-

ized by but a few fossils and the well-known quartzitic formations.
From a distance these beds, situated in the western portion of section a,

may easily be mistaken for the prevalent trachorheites, as they form
steep, although not high, bluffs, rising abruptly from the granite,

capping some of its highest points along a line of about 15 miles.

Their quartzitic constitution allows them to resist atmospheric influences

for a greater length of time than the under and overlying rocks, so that,

taking all these points into account, they form a well defined character-

istic horizon. At times the rock partakes more of the character of a
limestone, but in that case segregations of siliceous matter, mostly in

the shape of chalcedony and hornstone, afford a welcome lithological

feature of distinction. Wherever the Silurian formation occurs in sec-

tion a, it conformably underlies the Devonian and Carboniferous as far

as could be. ascertained. Beginning in the northwest corner of this

section, we find a narrow strip of strata belonging to the Silurian period,

running from about one mile north of station 53, down in a southeasterly

direction, until it reaches the Arkansas, forming by its course the ap-

proximate representation of a large S. At station 53, which is located

on a dark-gray limestone, with hornstone segregations, ascribed to the
Silurian, the strata dip at an angle of 9° to 12° almost due east, gradu-
ally lessening the degree of their dip as they extend eastward. A sec-

tion running through station 53, at north 27° east, shows the following

strata, which I have referred to the Silurian.

Besting immediately upon a coarsegrained red granite, we find a blu-
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ish quartzitic limestone, weathering, in heavy strata, very hard and
compact, containing numerous erinoid remains, closely resembling the
plates of Heterocrinus. Besides these, a few specimens of Orthoceras
were found, but in too poor a state of preservation to admit of any
specific identification. From these beds, (section Aft,) the next strata, of
hard gray limestone, are separated by a thin layer of dark-gray slaty
shales, as it is underlying the limestone (b) that formed the top of
the plateau upon which station 53 was located. The upper stratum of
this limestone contains a number of corals and Spongidce, and upon it

follow thick beds of white, yellow, and pink quartzites (c) weathering
into angular fragments, not at all conducive to the comfort of travelers.
This pink color seems to be of some importance, as it recurs in several
localities, and probably affords a good constant geoguostic horizon. Its
color is usually a delicate pink, sometimes stained with yellowish or
reddish streaks and blotches. Higher up, the character of these quartz-
ites changes; they turn into a light-red sandstone, much less compact
in texture. With this sandstone I close the Silurian of that locality, as
the lithological character of the strata changes radically, and a little

higher up Carboniferous fossils are found.* It is obvious that no careful
detail-studies of these formations could be made at the time, and there-

fore the paleontological part must necessarily appear meager.
Extending to the south for a distance of seven to eight miles, the

Silurian retains very well the character above given. Again, we find
all along that the quartzitic limestones rest directly on the granite,
forming a sharp, very distinct boundary. But little change is noticeable
in the dip of the strata, both as regards direction and angle of dip,

which at places rises to 15° to 16°, rarely falling below 10°, however.
Station 55 was located on the same strata as station 53, and a compari-
son of their features and succession leads to the same result as before.

About one mile south of station 55, the Silurian, and with it all the
sedimentary beds, suddenly change their course, making an angle of
about 90° to the eastward, instead of following their main course in a
southerly direction. With this turn the dip changes, swinging around
more to the north, so that we find it a little north of east. Probably the
cause of its having been changed may be looked for in the eruption of tra-

chorheites directly south of the deflected line. The edge of the Silurian,

which has narrowed down considerably, is at some places most likely in
contact with the trachorheites, although I did not succeed in finding any
point where this was distinctly shown. Going eastward, as we approach
Badger Creek, we find a patch of coarse-grained granite appearing,
which, as usual, directly underlies the Silurian on the west side, while
on the opposite it underlies the volcanic rocks. A section carefully
taken from station 56, in the direction south 45° west, running for a
distance of ten miles, until it reaches the volcanic strata south of the
sedimentary, may serve to illustrate the formations here.t

Proceeding from the southwest, we find the granite partly coarse-

grained, partly fine. It is the same patch referred to in discussing the
granite of section a as porphyri tic granite. A series of yellow to light-

brown, hard quartzites are deposited upon it, weathering in tabular
fragments. At first these quartzites (Plate IX b) show a steep dip to

the northeast of 35°, but it decreases with increasing distance from the
granite. Above these strata we find white and pink quartzites of very

* The remainder of the section given will be treated of when speaking of the Carbon-
iferous formation.
tFor convenience only that part containing the sedimeutary beds has been tak'jn

out. The entire section will be given when speaking of the volcanic rocks.
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fine texture, which are in turn covered by yellowish shales (/) that can
be referred to the Carboniferous, as in section A, Plate VIII, preceding.
It seems probable that the Lower Silurian blue limestones underlie these
quartzites, although they were not found.

Scarcely a mile east of this part of Badger Creek, a little north of
station 58', the Silurian makes a second turn ; this time from west to

east toward north to south, again running parallel to the first line of
outcropping mentioned above, thus completing the S-shaped figure.

Station 58' is located on the quartzitic strata. A few miles south of
this station the limestones appear, and remain either entirely or par-

tially exposed during the remainder of the line followed by this forma-
tion in section a. The dip is not steep ; never much exceeding 15° to

18°, and is a little north of east. Three or four miles south of station
58' the band of sedimentary rocks becomes very narrow. A third turn
is taken east of station 51' of about 28° to the west, from which point
the Silurian runs down to the Arkansas, bordering the east side of the
trachorheites. It is exposed on the Arkansas for a short distance.

On the south side of the river this formation appears again, but no
direct connection between the two sections can be traced.

Only about eighteen square miles are covered by the Silurian, because
its breadth is very inconsiderable, although the meandering-line run-

ning from station 53 to the Arkansas is almost thirty-two miles in length.

Orographically, the Silurian is of slight importance in the formation of

plateaus of small extent, sloping off gently to the north, northeast, and
east. Farther north, beyond the limits of our district, this formation
is found occurring in much greater bulk, and it seems that southward
the conditions for its formation in Silurian ages may not have been at

all favorable. Whether any of the strata above the ones just spoken
of should be referred to the Devonian, I am unable to say. The poorly-

preserved relics of paleontological testimony that could be obtained
were so few and so unsatisfactory that I can have no decided opinion

upon the subject, although 1 am inclined to think the Devonian, if

represented, is no formation of great extent, either vertically or hori-

zontally.

The Carboniferous formation of section a shows some very interesting

features. In the eastern portion of the section no rocks were observed
that could be referred to this age; it was found only in the western, in

connection with the Silurian just spoken of. From station 53, a belt of
it stretches along a little east of south, from three to four miles wide,

bordered on the east by the familiar coarse-grained red granite, on the

west by the Silurian. North west of station 54 it forms a small synclinal

valley, dipping from either border toward the center at an angle of 7°

to 9°. Adapting its course to that of the underlying Silurian, it makes
the sharp bend below station 55, and then, running in an easterly direc-

tion, gradually pinches out until it becomes very narrow. Owing to

the overflows of trachorheites, only small patches of it are exposed on
that easterly line, large masses apparently being covered. Eemaining
in a conformable position to the underlying rocks, the' Carboniferous
follows the second bend north of station 58', and thence continues south-

ward in a very narrow strip for about six miles. At that point then
the lower limestones are deflected a little to the west; the sandstones,
farther north of no great dimensions, are enormously developed ; and the
upper limestones make their appearance. Of the latter, a spur branches
off to the east and runs through a granitic country for a distance of

about seven miles, dipping northeast to east, and then comes to an end
without connecting again.
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The sandstones extend down to the Arkansas, form the bed of the
river for some distance, and are again found on the other side. Pro-
ceeding to the consideration of the stratigraphical and lithological con-

ditions observed in this formation, I refer to section A, Plate VIII.
Reclining upon the reddish Silurian sandstone, and conformable with
it, is a thick stratum of yellow and brown sandy shale (d) covered by
light-yellow and gray shales. These two strata weather very regularly,

forming a gentle slope, which is broken by the overlying limestone, (e,)

giving occasion to the formation of a gradually-rising bluff. On expos-

ure, this limestone weathers white, while its color on a fresh break is

grayish blue. Quite near the top of the eminence formed by it, a lew
fossils were obtained, representing Orthis, Pro&uctus, and Orthoceras.

Overlying the limestone, we find shales of a gray and brown color, (/, g: )

which in turn are succeeded by other shales, more sandy, however. All
of them weather quite dark, and produce a gently undulating surface,

which is brought to a close by a series of heavy strata of dark blue
limestones, (Ji,) capped by brown sandstone, (i.) The latter is middle-
grained, partly argillaceous, and contains small aggregations of magne-
tite crystals.

To show the position of the Carboniferous with reference to surround-
ing formations, a section may serve, running from station 46 in a course
of east 6° north for a distance of about twenty-one miles. (Section B,
Plate VIII.)

Station 46 is located on the west side of the Arkansas, on a mountain
of probably Post-Silurian granite. Descending from that into the valley
of the Arkansas, we find the base covered with drift. On the east bank
of the river, a bluff of light-colored trachyte (a) rises abruptly, forming
a small cone, the edges of which partially overflow" the succeeding red
granite, which forms low hills, until the steep Silurian ledge is reached.
In detail of the Silurian I may refer to section A, Plate VIII. It has a
dip of 16° to 12° eastward, underlying the Carboniferous strata. For
the latter the character given in section A is applicable. Descending
to an elevation of about 9,360 feet, (camp 46,) the trough of a shallow
synclinal valley is reached, and from that point the strata begin to rise

again toward the east, gradually at first, increasing, however, to a rise

of 15°. The sandstone upon which station 54 was located does not ex-
tend far enough north to be cut by this section. It was impossible to
determine whether the Silurian again outcrops at this eastern junction
of Carboniferous with the granite, but it seems highly probable. Gran-
ite that is lithologically identical with that between stations 51 and 53
appears east of the edge of the termination of sedimentary beds. Tra-
chorheites (e) form the last member of this section, having overflowed
a large portion of the granite, and not unlikely also some of the sedi-

mentary beds.

Nearing Badger Creek from the west, the Carboniferous narrows with the
Silurian, while the sandstone of station 54 pinches out entirely. About
five to six miles southwest of station 56 a very interesting and in-

structive point is found demonstrating the position taken by the volcanic
rock to sedimentary. The section, #a portion of which has been used
in to illustrate the geoguostic features of the Silurian, is taken so as to
cut the points referred to. Overlying the yellowish shales, interstratified
with quartzites, which have been referred to the Upper Silurian, are
a series of blue limestones (/) irregularly alternating with gray shales
containing Orthis and crinoids. Possibly these shales mi jht be regarded
as Devonian, but the absence of any typical fossils by which a correct
classification could be made, allows them to be placed either in that posi-
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tion or as the oldest Carboniferous, which I prefer in this instance for

stratigraphical reasons. Bluish shales (m) that have been eroded con-

siderably follow, forming the bottom of a narrow valley, and are covered
in turn by a gray saccharoidal limestone (n) rising steeply from them.
A gentle dip, about 7° to 10°, pervades throughout, gradually lessening

toward the northeast. Proceeding onward in that direction, the red
sandstone, which has not appeared for four or five miles along the line

of Carboniferous outcrop, is again found, forming bluffs of the classical

"hog-back " shape. On the summits of these low bluffs innumerable
fragments of yellow, red, and brown jasper were found, a circumstance
which I have observed in several instances in the same formation,

although many miles distant, thus affording probably a slight hint for

the parallelization of strata. Following along the section-line, a small

quantity of rhyolite is found to have overflowed this red sandstone, (e.)

It appears again, however, probably owing to erosion, about three-quar-

ters of a mile farther on, (e.) The rhyolitic bluff in question is about
80 to 100 feet high, weathering in grotesque forms. Andesitic tuffs and
rhyolite again cover the sandstone, so that the line of junction can be
traced for several hundred yards. A slight folding seems to take place
at this second exposure of the sandstone, possibly owing its formatiou
to the lateral pressure coming from north and northeast during the
period of massive volcanic eruptions. To facilitate the ready compre-
hension, both of locality and distribution of the formation, a diagram
has been prepared, the dotted line indicating the course of the sec-

tion.

South of the points just under consideration, the Carboniferous again
follows the Silurian in a very narrow strip, on its sudden turu, until

it reaches, a locality about five miles east of station 57', where it sud-

denly widens out, covering a comparatively large area of land. Of the
lower limestones, a portion follow along the Silurian, conformably over-

lying it, and are in turn covered by the red sandstone mentioned above.
An immense development of vertical dimensions is attained by this sand-
stone, which covers an area of more than twenty-five square miles, and
dips at an angle of 15° to 17° to the northeast. In respect to strati-

graphical conditions as well as lithological character, its strata present
a very uniform appearance. Taking the thickness of the combined
strata, it amounts to more than 5,000 feet, while the development in

section b seems to be still greater. To this sandstone, characteristic not
only as an excellent geoguostic horizon, I give the name of Arkansas
sandstone, from its proximity to that river. Running parallel with the
main direction of the formation just spoken of, is a spur of Carbonif-
erous limestones, west of stations 60 and 61, separated from the remain-
der by a strip of granite. A well-marked line of sharp bluffs, the strata

ofwhich dip steeply to the eastward, faces the western border of this spur.

Favosites and a few other fossils that were found afford no reliable clew
to their position, but for stratigraphical reasons it must be considered as
properly belonging above the Arkansas sandstone. Gray and bluish

limestones compose the entire mass.
As a rule, the Carboniferous beds form a continuation of the grassy or

wooded slopes initiated by the Silurian; and having suffered but little,

scarcely at all, from disturbances of various kinds, usually present
gentle outlines, varied, however, by the more sterile sandstone areas.

Possessing a dark-red color and singular uniformity in features, the lat-

ter make a less ineasant impression than the timbered limestone hills

inclosing well-waterd valleys.

Between the formatiou last spoken of and the next one fo^owing, a
wide gap occurs in the adopted succession of geological epochs. Next
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in age to Carboniferous, progressing from old to younger, we find in sec-

tion a a series of beds that I combine under the term Mesozoic.
It remains to be stated that in the subsequent pages this word is used

to denote a formation, or a series of formations, younger than the Per-
mian, older than the Cretaceous; so that its age will rank with that of
the Triassic and Jurassic. Although strata that must be referred to

this group cover a large extent of ground throughout Colorado, the pale-

outological evidence that has been furnished, by which its relative age
might be determined, is very scant—too scant altogether to admit of
any thorough or strict identification, and it is necessary therefore to

assign to them the position indicated with some reserve.

Interrupted at a number of places, this formation is found all along
the eastern slope of the Front range in section a. Following up Oil

Creek, we find that a bay existed there as late as the Cretaceous period,

and the Mesozoic beds are exposed at a number of points. West of

Canyon City the same beds are exposed, but do not extend into the Cre-

taceous buy that there runs parallel to the Arkansas River. The strata

composing the lower portion of this series are usually termed the " red
beds," and form more or less steep bluffs, standing out boldly from the
underlying granite, and frequently weathering in grotesque groups.
Although not so strikingly picturesque as the Garden of the Gods near
Colorado City, farther south of that locality a number of small "gardens"
may be seen that owe their singular scenery to the presence of these
red beds.

Beginning at the north end of the Front range, as far as it is inclosed

by the limits of section a, and traveling southward, the average thick-

ness of these beds is found to undergo but comparatively slight changes.
A series of sections comparing the succession of formations was taken
along several points of the eastern border of the range. The first one
runs through station 97., the second at station 96, the third a short dis-

tance west of Canyon City through station 11. All these have been
taken at right angles to the local trend of the range, thus varying from
east to south in direction. First examining the section through station

97, (Plate X, section A,) we find coarse-grained red sandstone resting

immediately upon the granite, dipping at an angle of 18° to 20° to the
southeast. Throughout the entire section, the angle of the dip decreases
as the distance between the point of observation and the junction with
the granite increases; therefore, no further mention will be made of it.

The sandstone just mentioned is covered by a stratum of white, also

coarse-grained, sandstone, which in turn underlies red. Upon this is

deposited a stratum that presents a good, well-defined horizon throughout
section a ; it is the coarse-grained red conglomerate, (c,) varying some-
what in thickness. It may be observed that toward Canyon it gradually
increases. Small bowlders are its component parts, usually well rounded,
quartzitic in character, but not sufficiently well identified to assign them
to any one of the observed formations as their original place of deposi-

tion. Argillaceous material cements them, and it can be said that from
the character of the single fragments found it may be inferred that

they formerly belonged to- some stratum or strata deposited by mechan-
ical action. A series of red shales (d) cover, this conglomerate, very
sandy in places, so that they might almost be considered as highly argil-

laceous sandstones, easily yielding to atmospheric influences. Thick
strata of red sandstone follow, overlaid by white and yellowish shales, (<?,)

partly dolomitic, iuterstratified with banks of limestone. Rising up
from these beds in a characteristic bluff is a yellow sandstone, (/,) some-
times shading over into brown. lied sandstone overlies, and these two
together probably form Cretaceous No. 1. White shales and limestones
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alternate, producing Cretaceous fossils, and after they have continued
for sometime, after the bluffs reach far into the prairie, another sand-
stone bluff makes its appearance, which may be regarded as the lowest,
or one of the lowest members of the Tertiary, (i.) Throughout the red
beds no fossils were found. Proceeding in a soutlrwesterly direction,

the section (B) taken through station 96 presents the following aspect:
Reclining against the granite of the Front range we fiud a red sand-

stone, dipping off to the southeast at an angle of about 22°, covered by
thin stratum of bluish limestone and then white sandstone. Above
these red sandstones occur again, underlying the red conglomerate (c)

mentioned above, which bears the same character throughout. Bed
shaly sandstones are found above the conglomerate, becoming more com-
pact as they go higher, (d.) Overlying these there are bluish and white
shales, (e,) partly dolomitic, covered in turn by a brownish-red sandstone

(/) that is mostly quartzitic. This sandstoue forms the bluff upon which
station 9(3 was located, and contains numerous remaius of leaves. White
sandstones, andh'gher up white marls, shales, and limestones, are found
above it. Analogous to the preceding section, a new bluff is eventually
formed by white and yellow sandstones, (i,) belonging perhaps to the
Tertiary.

Through station 11, about a mile west of Canyon City, the third sec-

tion is located, running almost due east. (Plate X, section C.) Granite
again underlies the red sandstone, dipping at an angle of about 24° to
the east. The succession of strata is almost identical with that given in

the preceding sections; but the red conglomerate (c) occurs in greater
thickness than heretofore noticed, and also the beds overlying it are more
developed. Again, the high bluff is formed by a yellow to light-brown
sandstone, (/,) overlying the upper Mesozoic shales, (e,) underlying the
succeeding Cretaceous

( ). By giving these three sections in tabulated
form the constancy in the succession of their strata will become more
evident. In the subjoined table the strata are* arranged without refer-

ence to their thickness, which, as a rule, increases slightly from section

A to B and to C.

Section A, Plate X. Section B, Plate X. Section C, Plate X.

White sandstone.
Yellow sandstone.

Yellow and white sandstone.

White sandstone and marls. Brown and yellow shales.

White sandstone.
Yellow and brown sandstone. Lignite formation.

Yellow shales. White and yellow shales, inter-

stratified with limestones.

White, gray, and yellow lime-
stone and shales.

White limestones and shales. White and gray limestone, with
Inoceramus.

White sandstone.
White limestone and marls.

Vellow marls and shales.
Eed quartzite.

Eed quartzite.
White shales.

Reddish sandstone, with plants.
Yellow sandstone, with plants. Yellow sandstone.
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Yellow shales and limestones.
White and gray quartzitic sand-

stone. Yellow shales.

"White shales and dolomites.

"White sandstone.
"White shales and marls, dolomitic.

Eed quartzitic sandstone.

Grayish and greenish shales.

Red sandstones, partly shaly. Eed sandstone.

"White sandstone.

Eed and hrown shales, sandy.

Eed shales, sandy.

Eed sandstone, shaly.
Eed sandstone.

Eed conglomerate. Eed conglomerate. Eed conglomerate.

Eed sandstone. Eed sandstone.
Eed sandstone.

"White sandstone and shales. Bluish shales and limestones.

Wihte sandstone.

Eed shales.

Eed sandstone.
•

Eed sandstone. Eed sandstone.

Granite. Granite. Granite.

Around the eastern and northeastern base of station 11 the red beds
are found at almost every point varying to some extent in the angle of
their dip ; although, taken all in all, the disturbance producing the
never-missing dip in the Mesozoic beds must have been quite a consid-
erable one ; but, strange as it may seem, it was certainly one that
extended over a large area of country, for I have not noticed a single
instance along about seventy miles of the eastern slope which came
under my observation in which these beds were -not conformable with
those overlying them, and, as far as could be judged, also with those
underlying. Undoubtedly, the action producing this effect must .have
been of a very simple and uuiform character, although probably con-
tinued for some considerable length of time.

On the eastern border of Oil Creek Valley, the red beds are exposed
only at a few isolated points ; but along the western side, they form one
almost continuous line, and it is there that the general rising of the
heavier masses of land west of it seems to have been stronger. In con-
nection with this formation, a number of investigations must be mention-
ed that have been made in Oil Creek Valley, from the nature of which
this stream has received its name. In 1860, examinations were carried
on at this locality with a view to finding oil, small quantities of which
had been noticed floating on the creek.*

Several shafts were sunk, yielding more or less oil during the past ten
years/ a heavy quality of which seems to be existing in the higher Me-
sozoic strata. Apparently the shafts were staitedou Cretaceous ground,
and were continued through a series of shales, sandstones, and lime-

stones, with some yield of oil, until the red conglomerate was reached

* The information upon this subject I owe to the courtesy of A. Rockfeller, esq.,
of Canyon City, who kindly supplied rue with the data, for which I wish to express
my thanks.
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at a depth of about 240 feet. No careful record was kept of the sii.-a.ta

through which the drill passed, but it struck a "rotten red sandstone"
above the conglomerate. That the hard bowlders contained in the
conglomerate would be very injurious to the chisel can readily be im-

agined. In order to carry on boring-operations, a derrick of 64 feet in

height was erected, and the chisel and drill used weighed, together

with socket, &c, 2,500 pounds. At present the works are not in opera-

tion, owing to a temporary absence of the operators.

Judging from evidence obtained in Doctor Peale's district, as well as

from a point in section &, it seems altogether probable that older forma-

tions underlie, frequently conformably, those we find upon the surface.

As far as determinable, no red conglomerate crops out in Oil Greek
Valley, although the evidence of its existence there, at a depth of 240

feet, is afforded by the results obtained, and this existence may furnish

hints for inferences to be drawn at other localities, where similar circum-

stances occur. A section through Oil Creek Valley, running nearly

north to south, (Plate XI,) will show the relations of the strata. Anal-
ogous to the Mesozoic sections previously given, the red shaly sandstone

(c) is overlaid by whitish and greenish shales, (e/,) separated from those

superincumbent by a thin stratum of brownish sandstone. Above this

sandstone remains of saurians were found, fragments of bones, but too

poorly preserved to admit of any identification. Whether they are in

situ or not at that point- 1 am unable to say. Overlying the Meso-
zoic, we find in this valley the Cretaceous, beginning, as usual, with a
yellow to light brown sandstone. A number of box-shaped bluffs are

formed by the upper shales and capped by this sandstone. Taking a

section through one of them, situated a short distance north of station

88, we find the following succession, (Fig. 1, Plate XII
:)

a. 60 feet red sandstone.

b. 40 feet white and greenish shales.

c. 8 feet brownish sandstone.

d. 35 feet white and yellow shales and marls.

e. 10 feet light-brown sandstone.

/. 25 feet white sandstone.

g. 40 feet light-brown and yellow sandstone, interstratified with dark-

gray slaty shales.

Only a very small area is covered by the Mesozoic formation in section a,

as it is exposed mainly along the eastern edge of the Front range, merely
in a narrow, sometimes broken, line. With the exception of those occur-

rences along Oil Creek, in the mouth of the Cretaceous bay, west of Can-
yon, and at a point north of station 95, the remnant of some small bay,

section a shows no strata removed from mountain-slope that might be
referred to this group. Careful investigation, perhaps the discovery of

some fossils in these beds, may lead to a recognition of their proper

position in the adopted scale of geological ages; and until that is accom-
plished, it will be necessary to speak with reserve when parallelizing

these formations with Triassic and Jurassic of other regions.

Continuing in a conformable series, we find the formation referred to

the Triassic and Jurassic overlaid by the Cretaceous. The character of

the Cretaceous formation in the western Territories has been so wpII

established that it is comparatively easy to identify its various members
and refer them to an adopted schedule. As seeniuthe sections of Plate—

,

a very distinct horizon is formed by a stratum of yellow or brownish
sandstone, quartzitic at times, usually capping a row of bluffs. This

sandstone contains numerous remains of plants iu different stages of pies-
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ervation, and forms the lowest stratum of the Cretaceous. It is Creta-
ceous No. 1. At Canyon City, the sequence of the strata can be well seen
by ascending' one of the bluffs north of the Soda Spring, and looking
eastward.
Eetaining the same curves that are followed by the underlying strata,

the Cretaceous skirts the east and southeast slope of the mountains
throughout section «., dipping more steeply near them, approaching the
level toward the plains. At Oil Creek it forms a bay of about eleven
miles in length and from two to six miles in width ; another smaller one,
of about three to four miles in length, is found a short distance west of
Oil Creek. More gently rolling surface characterizes these bays with
their low bluffs. West of station 11 another bay, about as long as the
one up Oil Creek, occurs, but very narrow. Opposite station 10 this bay
forms an oblong arm, crossing the Arkansas. Throughout the Creta-
ceous strata are conformable with those underlying, so far as could be
determined. The beds show very little variety, and but few fossils

were found in them, Inoceramus and Ostrea being among the most
numerous. At Canyon City a spring rises in the Lower Cretaceous beds
that attracts considerable attention on account of its agreeable taste
and freshness,, in consequence of a liberal supply of carbonic-acid gas.
This spring is located about a third of a mile west of Canyon. A quali-

tative analysis is given by Mr. P. Fraser, (Report United States Geolog-
ical Survey, 1869, p. 218,) showing the following constituents :

NaO C02

MgO C02

CaO C02

Al a 3

Fe, trace.

I, trace.

A comparison of the sections given on the Plate will show the uniform-
ity existing in the Cretaceous strata sloping off from the Front range
Above the yellow to brown sandstones follow series of white shales and
limestones, forming a row of hog-backs north of Canyon City, filled with
fragments ofInoceramus. Westward, beyond station 10, Cretaceous Nos.
2 and 3 appear, with Ostrea complexa in light-gray to yellowish shales.

They have a gentle dip eastward, varying several times on account of
small local changes in the niveau of the valley. A sandstone that may
belong to No. 4 or 5—no fossils were found in it—overlies some of the
limestones of that region. Apparently Cretaceous Nos. 2 and 3 rest im-
mediately upon granite, and it seems doubtful whether any considerable
thickness of older strata would be found below. On the south side of
the Arkansas, No. 1 rests upon the granite, so that it is likely to extend
northward far enough to underlie the succeeding strata.

Along the Front range it becomes a matter of interest to determine
the end of the Cretaceous and the beginning of the Tertiary. It seems
that the age of the Lignitic group following the Cretaceous can only be
settled by very careful and accurate observations. It is possible that
the coal-beds farther north and those of Colorado may not be the same
geologically ; and while the determination of their exact position is at

present based upon paleoutological evidence, it does not seem to confirm
either their Cretaceous or Tertiary age. In section a we found no coal,

although some of the bluffs showed dark shales resembling those farther

south of Canyon, where the coal occurs.

Some distance from the mountains a number of bluffs occurs along the
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eastern slope of the Front range, among which probably the Eocene
must be looked for, but our work did not take us near enough to

make any satisfactory observations. No uncouformability was noticed,

although, if there was really one, it would be somewhat obscured by the

very small angle at which the strata dip off into the plains.

This will close the discussion of the sedimentary formations of section

a, and only the volcanic rocks and the "removed" material remains.

South of Pike's Peak, beginning within a short distance of it, we find

a large isolated mass of volcanic material. Orographically, this portion

of the country is characterized by a number of pointed conical peaks,

the recognized type of volcanoes, although it is not to be understood
that they are all cones formed by volcanic eruption. Their elevation is

generally so high as to let them be commanding points, and several of

them were for that reason selected as topographical stations* High
plateaus, covered with grass and quaking asp, usually denote the exten-

sive flows of lavoid material, and precipitous cliffs, mostly of dark color,

frequently show curious freaks of weathering. This one mass seems to

be perfectly isolated from all the rest at present, but probably at some
former time a connection existed between it and the more westerly por-

tions. Going westward, another area covered by it is found after cross-

ing Oil Creek. The character is almost identical with that just described,

only that the plateaus extend for longer distances. Currant Creek
forms the western border of one portion and the eastern of another.

Near station 56, the country becomes more rolling, more like high prai-

ries, with isolated, prominent peaks of volcanic rock. From there, this

material extends northward and spreads considerably. A fourth por-

tion is located immediately northwest of the heavy mass of Arkansas
sandstone spoken of above. Granitic outcrops occur in several points

throughout that portion. To the south it crosses the Arkansas, forms

a few low hills, and disappears. The western boundary is nearly

parallel with the river-course, following that sharp bend made by the

Arkansas about eight miles south of Centreville. Stations 51 and 52

are located on a little spur of a volcanic ridge. As a rule, the volcanic

rocks of section a overlie granite, but in several instances they cover

sedimentary beds. Erosion, perhaps not without the help of some
other agent, has carried away portions of them in such a manner as to

leave the beds of the largest creeks in granite. Interesting studies

could be made by attempting to trace the direction and extent of every
flow of these lavas, and to determine what percentage of them are vol-

canic eruptive, what are massive eruptive.

Upon entering into any description of the volcanic formations of any
locality, it becomes necessary to define the basis upon which it is done.

Discrimination in nomenclature of volcanic rocks has been sadly neg-

lected, and a number of terms have been applied without any acceptable

justification. Innumerable varieties, including texture and structure

as well as mineral constituents, increase the difficulty of arriving at any
definite conclusions, without a comprehensive knowledge of the entire

western volcanic products, while, on the other hand, the great variety of

specimens tends to mislead.

Bichthofen, in his very able monograph On a Natural System of Vol-

canic Bocks,* refers the name trachyte to a definite order of rocks,

comprising within that order two families. The limitation of this term

that has previously been used indiscriminately for a number of trachoid

rocks was undoubtedly a step toward that improvement which is so much

* Memoirs of the California Academy of ScieDce, 1*68, vol. i, part ii.
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needed in petrography. Propylite, andesite, trachyte, and rhyolite

are very closely related in lithological character as well as in the
mode of occurrence, &c, and almost invariably are found in close

proximity to each other. It seems impossible to trace, while in the
field, the boundaries of each one of these orders, although propylite

perhaps may be more readily separated than the rest, and I shall, there-

fore, speak in this report of trachorheites, which term comprises the
four above-mentioned rocks. Propylite does not occur in our district,

so the term will indicate only andesite, trachyte, and rhyolite, the
definition of which is accepted as Eichthofen gives it.

The patch of formations belonging to this group occurring imme-
diately south of Pike's Peak presents as its most prominent feature

lighter colors than ordinarily, varying in color from light red and gray
to yellowish brown and bluish gray. Several very regularly-shaped
cones indicate the points of outflow in this portion ; Mount Pizgali

being one of the most prominent among them. Layers of more or

less thickness have overflowed the underlying granite, forming high
plateaus, with quite frequently steep edges. Farther west we find a
second large mass of trachorheites, upon which stations 69 and 70 are

located. Andesite forms the main bulk of this portion, accompanied
by a series of breccias and tuffs. Eichthofen says, (ibid., p. 25,) "Ande-
sitic mountains are characterized by monotony in scenery. They form
continuous ranges, which are often of considerable elevation and extent,

but exhibit gentle outlines in their summits as well as in their slopes.

Breccias only, which accompany the solid rock ordinarily in vast quan-
tities, cause local interruptions of the monotony by their more rugged
forms. They appear in castle-shaped rocks on the crests of andesitic
mountains, and form high walls, Daked and steep along their slopes."

Long and narrow plateaus run out a considerable distance, falling off

steeply on several sides, usually on those farthest distant from the point
that supplied them with volcanic material.

Frequently a stratified structure is noticeable, giving the bluffs a
very unique terrace-shaped form. It would be of importance to estab-
lish the niineralogical and chemical nature of these terraces relatively.

At'some points, strata of white ashy material, that probably did not
reach its place of deposition in a liquid state, occur among the trachytes
and rhyolites, and can be traced for a considerable distance. As far as
could be determined, andesite forms the heaviest masses of hills and
mountains, but immense quantities of tuff and breccia, the latter

appearing sometimes as if it might have been redeposited by water,
cover the greater part of the andesite, and allow it to outcrop only at
comparatively few places. True trachytes are by no means wanting.
Station 69 is located on sanidin-trachyte, having a maroon-colored
cryptocrystalline paste, containing a large number of sanidite and oligo-

clase crystals, with here and there a crystal of bronze-colored mica and
of a hornblende prism. The tuff frequently forms cliffs of 100 to 150
feet in height, thereby imparting a very characteristic appearance to
the country. The trachorheites farther west scarcely vary in character.
Andesite seems to be the oldest rock among them, and forms the bulk
of almost all the higher peaks. Station 72 is located on a bluish-gray
andesite, with microcrystalline paste, with small crystals of oligoclase
and some of andesite. Narrow needles of hornblende are scattered
throughout, and a small quantity of black mica is found. Upon being
pulverized, magnetite can be extracted from the powder. Hot vesicular
breccia, that has been covered again by a subsequent flow, and baked
toajaspery hardness, occurs throughout, changing sometimes with a
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fine-grained ash. One feature I will not omit here, as it is constant in

the entire western part of section a. The long, stretched plateaus,

having for a basis either andesite or tuff, are almost invariably crowned
with a highly vesicular flow of the lava, showing andesitic composition.

The color is dark, almost black ; the paste very even in texture, only

a few mineral segregations have taken place. In most cases, the vesicular

cavities have an approximately oval shape ; but some were found
in which these cavities were elongated to the extent of over half an inch,

probably owing to the fact that the material was moved, or moved
on farther, after having partially hardened. The cavities are frequently

filled with carbonates of lime. Oligoclase and sanidite are contained as

small crystals in the paste. Hornblende and mica are rare. Magnetite
occurs quite abundantly. It seems, from the position this material

has, that it must belong to the andesite, and, therefore, 1 refer it to that

order, supposing it to be the youngest member. Between the older

andesite and the one in question a large mass of material is deposited

—

breccias, tuffs, and ash—this vesicular lava covering them all ; but I did

not observe a single instance where true trachyte was covered by it,

Eeference to the section may show the position of these formations.

Station 56 is a prominent point, sloping off gently to the south, and
having a steep slope on the northern side. It is composed of andesite

of a dark color, whence'its name, "Black" Mountain. The paste is

fine-grained and dense, not vesicular; small crystals of oligoclase, sani-

dite, and brown mica occur throughout, Hornblende is rare
; magnetite

comparatively abundant. Although the color of the rock is dark-gray,

the weathered surface is always reddish-brown. Proceeding toward
the southwest, we find the vesicular andesitic lava overlying this ande-

site, but a cut which exposes about 120 feet vertically shows that the

vesicular material also rests immediately upon a very thick bed, probably
over 200 feet of volcanic ash. This ash is of a white, light-greenish, light-

brown to pink color, very soft, so that it will crumble in the hand, or

may be cut with a knife ; it weathers in very picturesque groups, that

are well set off by the variation of color. Farther down, along the

slope, the tuff sets in, probably underlying in part the ash. Wherever
this tuff outcrops, it forms grotesque groups of rocks of a light-grayish

or yellowish color. After that the character changes ; several small

hills are formed by rhyolite along the base of the mountain, forming to

a considerable distance small bluffs parallel to it, and partly overlying

the tuff, partly the Carboniferous sandstone. It is at first red, of jas-

pery texture, with crystals of sanidite and oligoclase, aJso scattering

particles of black mica. Free quartz can be noticed, but there is not
much of it. On the second bluff, the rhyolite is white ; the paste is not
quite so compact as that of the red, but the minerals contained in it are
identical. In some of the rhyolites and tuffs it may be noticed that the
sanidite has a blue light, like thelabradorite, with which it may be readily

confounded. On the west side of the sedimentary formations, tracho-

rheites are also found. In the main, they seem to consist in tuffs with an
andesitic nucleus. True trachyte is not wanting in either the section

east or that west of the Carboniferous and Silurian. Its appearance is

more local, however, and it apparently did not flow to such an extent

as the rhyolites or tuffs. Station OS is located on such trachyte. Iso-

lated patches of granite are distributed throughout the trachorheitic

area just mentioned ; but the granite that appears is rarely the well-

known coarse-grained red variety surrounding all these volcanic forma-

tions ; it is always more or less metamorphosed. Stations 51 and 52
are located on a narrow strip of trachyte running down from the north-
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east. It is of white color, with sanidite, oligoclase, black mica, and iso-

lated crystals of hornblende.

The trachorheites in section a have a main strike of about 10° north
of east. They form numerous little volcanic islands, owing to the

weathering' of their own and the under-lying strata.

Besides the trachorheites, and perhaps one or two points of propylite,

which are doubtful to me, however, I have not been able to observe any
other voleanic rocks in section a. There remain to be discussed yet
the dikes, drift, and ore-deposits.

A large number of dikes, running from north to south, traverse the
granite of the section under consideration, varying in breadth from 2 to

100 feet. In most cases they present a dioritic composition, consisting

mainly of feldspar and hornblende. The latter occurs either dissemi-

nated in fine grains throughout, or radiated or segregated in long, poorly-

developed crystals, or, particularly toward the two outer sides of the

dike, the hornblende assumes a schistose character. Mica is rarely want-
ing. Quartz occurs quite frequently, although not entering into the
mineral composition sufficiently to change its character. Epidote almost
invariably occurs in small light-green crystals, lining small fissures and
cavities that may have formed. It seems probable, from the compara-
tively small extent of these dikes, that they owe their existence to infil-

tration and segregation in preference to injection, although in some
cases the latter may be true. They will be found more frequently on
the crests of mountains and hills than at any other part. Drift we have
none in section a, except a few very small patches along the Arkansas
Eiver—merely a deposition of pebbles. No deposits of ores were found
in this section.

Resume of Section A.—As far as could be determined, little if any dis-

turbance took place in section a before the closing of the Carboniferous
period. The eruptive activity that upheaved the Sangre de Christo range
in section b reached over into section a, occurring probably at a period
shortly after the deposition of the Carboniferous formations. The
Arkansas sandstone in the western part of the section, as well as the
limestone under- and overlying it, owe their northeasterly dip to

the action above mentioned. At the adopted end of the Cretaceous
period the entire Front range began to rise very gradually, not rising

equally in the entire mass, but faster along a line well marked by the
present boundary of the granite. During that rise a sufficient amount
of land was exposed to allow the formation of the lignitic group to go
on at favorable points. This gradual elevation seems to have been ac-

celerated at certain points a little more than at others, although it was
comparatively very uniform. By this means the beds reposing on the

,

granite were gradually raised ; they may have been partly broken, so as
to be carried away more readily by erosive action, but probably in no
instance did they cover much more of the granite than at present. Dur-
ing the deposition of the older Tertiary beds this gradual rise seems to
have been still going on, so that an uuconl'ormability that might be ex-

pected is more or less obliterated. The extent of the motion was not
very far inland, but, as mentioned above, occurred along a line running
parallel with the present boundary of the granite. Although antici-

pating, I will state a feature observed in section b that may serve to

21 g s



322 GEOLOGICAL SURVEY OP THE TERRITORIES.

illustrate this view. From the Cretaceous bay that rims westward past
station 11, a small arm of oblong shape extends southward, crossing
the Arkansas. The dip all along the granite boundary in the bay is

toward the east to northeast, very slight—only 3 or 4 degrees in the
western end of the bay—but the southern arm, which is west of the line

of rising, shows a dip to the west and southwest throughout of about 7

to 10 degrees, increasing toward station 11. No merely local cause
could be found to explain this ; and as all the evidence obtained points to

the fact that the main mass of rhe mountains partook but slightly of
the tendency exhibited by the portion nearer to the ancient coast, this

fact may be considered as arguing in favor of the adopted view. In
the western portion of section a, a gradual rise also took place, which
gave the Silurian and Carboniferous their northerly and northeasterly
dip. I feel inclined to ascribe this to the eruptive activity going on in

the sections farther south, and shall have occasion to speak of it again
in discussing the dynamical geology thereof.

Perhaps contemporaneously with, certainly not very long after, the
elevation of the granitic masses, occurred the immense eruptions of
trachorheites. In quantity, probably the tuffs and breccias exceed the
other forms of volcanic rocks in section a; next are the andesites ; then
the trachytes ; and rhyolite seems to be represented by the smallest
quantity. The eruptions were mostly massive, not volcanic, although
quite numerous cones and craters exist that have preserved their char-
acteristic shape very well, and usually present commanding points. A
large quantity of the ejected material must have been in a liquid state,

while part of it may have been deposited analogous to the deposit of
ash covering Herculaneum and Pompeii. After " ash "had been thus
deposited, frequently subsequent flows of lava covered it, and produced
a metamorphic state. The general aspect of the country at the time of
these eruptions was probably a very monotonous one ; comparatively,
but small effects had been achieved by erosion, as is shown by the very
extensive and numerous plateaus formed by the trachorheites. It seems
quite likely that the disturbance caused by all these eruptions had a
tendency to upheave the main mass of granite, which no doubt occurred;
but it seems further that, in section a, the uplifting of the sedimentary
beds of this Front range was not owing to any eruptive action, because
in that case local variations from the more general features would.be
more frequent and more evident. I may here refer to Plate . Yet
a word may be said regarding these sedimentary formations. All along
the line of granite, the action was so uniform that almost throughout
the same beds rest upon it apparently, with the exception of the two
Cretaceous bays. From evidence obtained farther north by Dr. Peale,
as well as from a local feature observed in the southern part of section

&, it may be conclusively inferred that older formations underlie those
that are exposed. ; that the Carboniferous and Silurian are not wanting,
although they do not outcrop at even a single point throughout the
entire Front range of section a. Wherever the rise of the granite has
progressed sufficiently, the older formations can be and are found.
Eeversing the sentence, it will be seen that, wherever they have been
identified, the mean relative altitude of the underlying granite is greater
than the mean of other points.

The two Cretaceous bays were probably never invaded by Tertiary
waters. When the increase of water occurred that we must accept for

the Tertiary period of that section, they had already risen too high to

"be touched by it.



endlich.] GEOLOGY SAN LUIS DISTKICT, SECTION B.* 323

CHAP TEE III.

GEOLOGY OF SECTION B, SAN LUIS DIVISION.

Section b covers considerably more ground than the preceding one.

The eastern boundary is formed by the easterly limits of the district as-

signed; the northern one, by the Arkansas Eiver; the western, by Pon-
cho Pass and the western borders of San Luis Valley ; the southern, by
the southern limit of the district. Orographically, this section is sepa-

rable into four natural divisions: 1. The heavy massive granite mount-
ains, with the Wet Mountains to the east; 2. Wet Mountain Valley,

at the western border of them ; 3. The Sangre de Christo range, divid-

ing it from; 4. San Luis Valley. The character of the southern con-

tinuation of the Front range presents but little variation from that given
in the preceding section. Some differences are occasioned by the thick-

ening of the Mesozoic beds farther south, and the range is devoid of

those characteristic little groups exhibited farther north in the Garden
of the Gods. As arule, the bluffs rising east ofthe termination ofthegran-
itic range are higher and more bulky; their appearance remaining very
similartothosefarthernorth, however. Although never rising to any very
considerable altitude, the granitic mountains of the Front range present
a heavy aspect ; deep, and frequently quite rough, canons intersect the
country.
Toward the western and southwestern portions of this bulky range, a

long narrow strip of trachyte occurs, varying somewhat the character

;

single high peaks appear, accompanied by the well-known high narrow
plateaus. Little parks are dispersed throughout these mountains. Wet
Mountain Valley might be called one of the larger parks, extending
along the east base of the Sangre de Christo range. This range rises

abruptly from the valley to an altitude of 12,000 to 14,000 feet absolute
height, giving it a relative one of 3,000 to 5,000 feet. Following in its

course an almost straight line for forty miles, it presents altogether a
very imposing sight. The average width of the Sangre de Christo range
is not much over ten to twelve miles, which, compared with its length
and relative altitude, is small ; and as the color of the rocks composing
the mountains is dark, the range appears to very good advantage.
A naked and sharp appearance is presented by the peaks of this

mountain-range. Extending beyond the timber-line, their highest
slopes are composed of loose rocks, usually with steep descent into one
of the canons formed at the side of the highest points.

San Luis Valley slopes off gradually west from the Sangre de Christo
until its lowest point is reached almost in the middle; then it rises again
just as gradually to the westward.

Granite, as in section «, forms the chief bulk of the mountains in sec-

tion b. It occurs mainly in an immeuse wedge-shaped mass, beginning
at the Arkansas Eiver and extending onward to the southeast until at

last it pinches out there. Its eastern boundary is determined by the
boundary of the Front range, its western partly by the base of the
Sangre de Christo, farther south by the border of Wet Mountain Valley.
At Poncho Pass, the northwestern limit of section 6, the granite is found
extending over from the west.

Granite of a different character and different appearance forms the
center of the Sangre de Christo. It crops out all along the crest of the
range', so far as could be determined, with the exception of a single
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place between stations 19 and 20, where the sedimentary rock making
up the greater part of the range forms a bridge. Almost throughout,
with the exception of the eruptive, the granite preserves a very uniform
character, very similar, if not identical, with that of section a, a
type that I am inclined to regard as the oldest of that portion of the
Eocky Mountains. There is but little variation in the granite of section
h, with the exception of local accumulations of mica, whereby a more or
less stratified appearance is obtained, and of numerous dikes—partly
schistose, with mica, partly hornbleudic—that have some influence upon
the character of the surrounding rock. In the Sangre de Ohristo range
the eruptive granite is very similar throughout, but totally distinct and
different from any other granite found in the section.

Beginning in the northwest corner of section &, we find the granite
identical with that north of the Arkansas, gradually changing, however,
in texture toward the south, where it becomes a little finer in grain, has,
perhaps, more mica, and therefore alters its structure somewhat. Where
Hardscrabble Creek flows out into the more open country immediately
east of the granite, the latter assumes nearly the character of gneiss,

becoming more lamellar, and showing a decided tendency to stratifica-

tion. The color of the feldspar, too, usually is a little lighter than far-

ther north, and the mica black. In its main outlines, however—in the
weathering and formation of canons-^there is but little difference. On
station 13, near Oak Creek, a very curious phenomenon was noticed.
Naked rocks compose the crest of a narrow ridge running approximately
east and west, upon which the station was located. On the north side

the rock was perfectly planed, about 100 feet in length and 50 feet high.

This planed surface was striated horizontally with strise varying from
1 to 4 inches in width. Toward the west they bend off from the hori-

zontal direction, falling downward. A good idea of it can be obtained
from the illustration. At first a vision of glacial action presented itself;

but upon examination it was found that the large slab reclining against
the base of this rock was striated on its under surface in precisely the
same way. It is evident, therefore, that this striation must have been
produced by a friction of these two portions of rock upon each other,

and that the motion must have been first a horizontal, then a declining

one. As to the cause producing this phenomenon, I am unable to give
any positive statement. I merely wish to remark that glacial action

must be out of the question entirely, being precluded by the orographi-

cal character of the surrounding country,

Toward the northwest of the great wedge-shaped mass of granite, it

becomes very coarse-grained, is of dark color,' and frequently shows
apparent stratification. Having observed the structure of granitic

masses throughout the country surveyed during the last season, I have
thought to observe that wherever the feldspar is very predominant in the
granite, particularly as regards its occurring in continuous pieces, the
granite presents a more or less stratified appearance, owing to the influ-

ence of the planes of cleavage. Upon weathering, this becomes more
apparent'still.

An entire change is noticed, however, in the character of the granite

as soon as the Sangre de Ohristo range is reached. Almost throughout
the entire length of this range, the core of it, the tops of the higher
peaks are formed by this new variety. It occurs as a central mass of the
range, anatomically speaking as its backbone, and is only bridged over
at one single point as far as could be determined. On either side of it

lay the heavy strata of Arkansas sandstone, dipping off from the gran-

ite at steep angles. At first sight this rock might be mistaken for
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syenite, as it resembles it quite closely in its lithe-logical character. The
color is gray, the texture fine to middle-grained, and very uniform. The
feldspar is light gray, white, yellowish, and small crystals of white
oligoclase are dispersed throughout the mass. Quartz is colorless to
white, the mica black, sometimes in crystals. The position that this
granite occupies with reference to the superincumbent sedimentary
strata, renders it of the highest interest. In the resume of section b,

this will be spoken of at more length. Over to the northwest, toward
station 1, the granite assumes a slightly gneissic character, owing to a
considerable quantity of mica contained therein.

. Gneiss occurs at one point in section b, but has changed its character
to a considerable degree. Hunt's Peak, at the northwest end of the
Sangre de Christo range, is composed of gneiss, and from there it ex-

tends for about six or seven miles to the northwest. A thorough meta-
morphosis has taken place, and the micaceous parts have agglomerated
in such a manner as to appear like concretions, and are contained
between the planes of feldspar. In weathering, the quartz, feldspar, and
smaller mica particles fall off, leaving these button-shaped nodules pro-
truding on the faces of the rocks, thus presenting a very peculiar ap-
pearance. Besides the white micaceous portions, black mica is dissemi-
nated throughout the rock. The quartz is white, in small particles, the
feldspar in very small quantities, besides the large buttons, mica, both
black and white predominating throughout. Although having stratified

structure, the rocks, thanks to metamorphosis, weather more like gran-
ite.

Hornblende-rock may be the general name for a group comprising sev-
eral distinct species of rocks. It has been a question how the horn-
blendes of the Rocky Mountains are to be considered, because minera-
logical differences frequently cannot be found between specimens from
narrow local dikes and specimens of a rock that builds up mountains.
All that are found in section b are merely crystalline aggregates, with-
out any distinct paste, thereiore must be excluded from the category of
volcanic eruptive rocks. In the eastern portion of the section, horii-

blendic material occurs only in the form of dikes, and will be treated of
under that head

; but at station 15, toward the west, we find these rocks
in more considerable masses ; several hills of 500 or 600 feet relative ele-

vation are composed of it. The structure is that of«a stratified rock, not
infrequently inter-stratified with bands of granite, mostly having a gen-
tle clip, in this instance to the eastward. It is composed of small crys-
talline particles of hornblende and oligoclase, joined together rather
loosely, without the slightest intimation of a magma. Small rounded
nodules of a green mineral that seems to be pargasite are dispersed
throughout it. Although, mineralogically, there would be no objection
to calling this rock diorite, lithological features do not correspond. This
point is perfectly isolated, located near the beginning of a long, narrow
patch of trachorheite , at first suggesting its being propylite. On the
western slope of the Sangre de Christo range more hornblendic rocks
are found. Immediately west of station 16 they begin, forming a nar-
row belt near the base of the mountains, and there they are dioritic.

Hard and tough, they resist alike the influence of atmospheric condi-
tions and the geologist's hammer, while the scaly plate-like fragments
produce an uu cornfortable ascent. Farther north in the range, near
Hunt's Peak, another mass of these rocks occurs, forming some of the
high peaks of that neighborhood. Again they differ in character, how-
ever, and instead of a diorite we have hornblende-schist. Thin nar-
row crystals of hornblende, in immense quantities, are mixed with a
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small quantity of quartz and still less mica. The color is a dark brown
to black. At a few points the mica predominates, changing it into

mica-schist. From those high localities the hornblendes come down
northward into the foot hills, until near station 4 they disappear again.

In speaking of section c we will have occasion to dwell upon these rocks
at more length.

With this the Antizoic rocks of section b are exhausted, and we go on
further to the sedimentary. The Silurian is again found, although in

small quantities. It skirts the foot-hills bordering upon the Arkansas
valley in section c, and a small continuation of this belt has reached sec-

tion b. Southeast of station 4 a narrow strip of but a few miles ia

length appears, dipping off toward the north. Of the Carboniferous,

however, section b contains more than the two others. That mass of

Arkansas sandstone described in section a changes its course slightly

to the southeast when crossing the Arkansas, and forms the main bulk
of the Sangre de Christo range, where the thickness of its strata is

remarkable. The lower limestone that we have farther north also ap-

pears immediately south of the Arkansas, near the junction of the South
Arkansas, and accompanies it for the distance of about fifteen miles,

uniformly dipping off from the mountains toward the river. As no fos-

sils at all were found in its strata, it was simply determined by its rela-

tive position to the Arkansas sandstone and its petrographic features.

Aupther little patch of it appears about five miles northeast of station

16, where the dip of the strata is inverted. Opposite station 5, the Ar-

kansas sandstone forms the bed of the river for several miles, and
crosses over on the south side. A flow of trachy tic lava, coming from
the north, reached this point south of the river after the sandstones had
already been disturbed, and showed a considerable dip to the northeast.

By means partly of atmospheric, but mainly in consequence of the irri-

gation, this ridge of sandstone was cut into several small hills, five or

six of them, each one provided with a trachytic cap, growing thinner

in proceeding eastward. Two cuts annexed will serve to illus-

trate this point. At the northern end of the Sangre de Christo

range, the sandstone again appears, and spreads as it continues on
southward. At first, north of Hunt's Peak, its dip is nearly north,

but soon, upon going south, turns to the northeast. From the

apex of the range* downward, the angle of the dip diminishes; but
quite a number of local slides and disturbances create exceptions to

this rule. All along the range, with the exception of one point, at sta-

tion 20, the granite comes up through and separates the sandstone;
but at this place a bridge of very considerable thickness, probably
about 800 to 1,000 feet, is formed by the sandstone, extending horizon-

tally about two miles. Here the sandstone forms an arch, that is exposed
upon almost its entire section, with the granitic bowlders, in the deep
caiion immediately aside and in front of it. As these bowlders cannot
have been brought there from any point outside, it may be concluded
that they are there either in position, or very nearly so. The strata

overlying this arch form steep smooth peaks of very considerable alti-

tude. Upon the edge of one of these station 20 was located ; on another
one was station 19. A section drawn through the arch will give an idea

of the relative position of the strata. In the center the eruptive granite

(a) shows, while the strata directly above it are obscured by debris.

Farther up we reach the bridge, dipping off on either side, (b,) with the

strata lying across unbroken. Heavy beds of red sandstone dip off on
either side, with steeper precipices and slopes on the western than on
the eastern side. Interstratified with the sandstones are beds of dark-
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brown argillaceous shales and isolated strata of limestones, (e,) with
fossils. Near station 19 one of these was exposed, and crinoids were
found. The remainder is made up again by Arkansas sandstone and a
few limestones, all Carboniferous, the combined thickness of which,
with those underlying, probably exceeds a mile. Although it was pos-

sible to see over to the east side of the slope for some distance, but little

detail could be observed, and the section, therefore, shows nothing but
the lower strata. The course of the section is about north 70° east
Proceeding farther northward, to station 20, it was found (Plate XIII,
section B) that the granite (a) had again appeared, and forms the highest

peaks at that locality. As far as could be determined, the Arkansas sand-

stone (b) rests upon the granite for about 2,000 feet, although 1 have but
little doubt that it is underlaid by still older formations even at that point,

but the amount of debris that is deposited at the base of the mouutains
obscures the line of junction. In ascending the west slope to reach station

20, the boundary -line between the granite and sandstone was found to be
well defined, the latter ending with a little swell in the outline of the

mountain. At that point its dip is almost vertical, but soon diminishes;

a section may serve to illustrate the conditions observed. A heavy
bed of dark, almost black, shales (d) overlies the sandstones, and is in

turn covered by a series of sandstone strata, (&.) Toward the base of

the mountains some limestone makes its appearance, slightly disturbed,

but originally conformable with the sandstone. The eastern slope is

mainly composed of the latter. In speaking of this station, 20, it may
not be out of place to mention a phenomenon which, although not
strictly appertaining to geology, may be of some interest; During our

trips in the higher mountains we had several times noticed evidences of

the presence of comparatively large quantities of electricity, but on this

station anything thus far experienced was surpassed. It was found
that as soon as a sufficient amount of electricity was contained in the

atmosphere, any metal instrument or weapon that may have been about
would produce a buzzing sound, like the hammer of an induction-coil.

When the supply of electricity in the lower strata of air was exhausted
and the buzzing ceased, it could be renewed by holding the instrument

up higher into the air. On this particular instance, a heavy gale was
blowing from the north, driving a storm toward us with great rapidity.

The wind came in single puffs, and while a rifle that was carried along
would not buzz during the short lull of the wind, it would do so quite

strongly as soon as the gust reached the point of observation. At one
time the quantity of electricity grew so large and intense, that I received

from my rifle a shock sufficient to paralyze me momentarily. The
weapon dropped out of my hands, and about half a minute after a

discharge of lightning took place very near by, by which the electric

phenomena were quieted for a time. Soon, however, electricity accu-

mulated again ; its manifestation again became inteuser, until every
hair on the head was rising upward ; every finger buzzed when held up
into the air, and every pointed rock hummed with a sonorous sound.

As soon, however, as the next discharge took place, this time some dis-

tance off, it again subsided. From personal communication it has been

found that these occurrences have been noted by a number of persons,

who perhaps either had no opportunity of making them known, or

deemed them of too little importance.
As the diluvial and alluvial material begins right at the basis of the

west slope of the range, it could not be determined with certainty

whether the Carboniferous strata extend to the westward for any con-

siderable distance ; but about eight miles west of the termination of the
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sandstone it crops out again, leaning up again at Granite, on the west
side of the valley, with a dip to the east. It is very probable, therefore,

that the Carboniferous strata extend across that northern end of the
San Luis Valley. This western outcrop is small, about five or six miles
in length, but very narrow, dipping gently under the diluvial deposits.

East of Mosco Pass the sandstone seems to extend across the lower por-

tion of Wet Mountain Valley, as it was found a little west of stations

83 and 84, on the western slope of the mountains, and the aspect of the
valley at that place indicates a crossing of the sandstone. Limestone
accompanies the sandstone at several places in a long patch west of
station 19, dipping conformably with it, with the exception of one small
local fold ; but besides this occurrence there are several beds of limestone,

interstratified with the sandstone, one of which afforded a few fossils.

On the western side of Roman's Park, where the sandstone crops out
again, limestone is also found with it, analogous to the limestone of

section «, overlying the Arkansas sandstone. In connection with this

formation I have to mention a very peculiar conglomerate, found only
once at a high elevation. The Christoues, upon the highest of which
station 17 was located, are entirely composed of a conglomerate, con-

taining fragments of grauite, gneiss, hornblende-rock, mica-schist, pink
porphyry, garnet-rock, epidotc-rock, and quartzite. These fragments are

not rounded by action of water or atmospheric influences, but have
perfectly sharp, angular outlines, and are cemented by a hard, gray
quartzitic paste. Their size ranges from half an inch to several feet in

diameter. In weathering they resist longer than the matrix does, thus
studding the almost perpendicular walls of the mountain similar to the
ornamentation of Gothic spires. A little south of station 17 a dike.of

pink porphyry has broken through the conglomerate, and makes its

appearance near the top of a peak. Stratification can be noticed to

some extent in the arrangement of the conglomerate, and the strata dip

off very steeply to either side from the crest of the range. Besides these

more connected masses of Carboniferous rocks, an isolated point of ex-

posure was found near Boggs's ranch, in the southeast corner of section b,

where the rise of the main granitic body seems to have been sufficient

to bring out this formation besides the Mesozoic beds. It is of but small
extent, identified by fossils found in the grayish limestones and shales.

As in section a, the Carboniferous here, too, is succeeded by the Mesozoic
formation.
On Plate XIII, section c, an ideal section through the Saugre de

Christo range is given, showing at once all the various occurrences
throughout the entire range, and its general character. Besting imme-
diately upon the granite are the Arkansas sandstones on either side, inter-

stratified with limestones, (e,) and shales, (d.) Dikes of hornblende-rock,

(/,) with a strike of north to south, traverse the sandstones. Toward both
east and west the dip gradually decreases. As in section a, the Trias-

sic and Jurassic beds occur along the eastern edge of the granitic Front
range. Directly south of the Arkansas they begin, occurring in isolated

patches all the way southward until Hardscrabble Calion is reached.

From this point they cover more ground, until a short distance below
Bogg's Banch, where they entirely cease. Statfon 78, southeast of

Hardscrabble Creek, is located upon such a sandstone, of dark-red color,

lithologically identical with that farther north. The dip throughout is

to the east and a little north of east, steeper at the base of the mount-
ains, more gentle nearer to the plains. South and southeast of station

78 they increase considerably in thickness, forming bluffs of nearly 1,000

feet in height. Deep gorges, at times narrow, sometimes wider, in the lat-
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ter case forming fertile areas,are cut into them. The shales, of a dark-red
to a brown color, seem to increase considerably in thickness, and southeast
of station 79 compose the soil of a valley that is well cultivated. As
stated under the head of Carboniferous, a portion of this latter formation
is exposed at the western ascent of this valley, indicating- a more con-
siderable rise of the granitic country immediately west than is found any-
where along the old shore-line. White sandstones and single dolomitic
strata interchange with the red ones, while those beds referred to the
Jurassic formation seem to decrease in thickness. A careful study of
detail-stratigraphy and paleontological character of the formations of
this region would probably lead to very interesting facts bearing upon
age and arrangement of these beds referred to the Trias. South of
Saint Charles River, no more Mesozoic beds were found, which can
probably be accounted for by the fact that the granite in its horizontal

exposure pinches out at that point, and, as far as could be seen, does
not appear again for considerable distance. From that point south-

ward, as far as section b extends, it was found that the Cretaceous
formation rests immediately upon the* granite. Cretaceous No. 1

is very distinctly denned throughout the southern portion of this

section, forming abrupt bluffs of a yellow to brownish sandstone, in

which a number of plants are found. In the vicinity of station 33 and
northward, its dip to the eastward is not very considerable, and remains
comparatively small for some distance north, at the same time conform-
able with the underlying Mesozoic strata. At this southern end of our
section the Cretaceous rest immediately upon the granite, and probably
a little farther south the Tertiary beds succeed it in this position ; while
north of the South Saint Charles Eiver, the Cretaceous is considerably
removed from the granite, having, at that point, but a very slight dip.

Undoubtedly erosion has had a very appreciable influence in this, by
carrying away large portions of the readily disintegrating sandstone.
Low bluffs characterize the formation north of Hardscrabble Creek, dip-

ping to the eastward at an angle of frequently 15° to 20°, retaining the

same character down to the Arkansas. At several intermediate points, it

seems to rest immediately upon the granite, as no red beds were noticed
between, and as seen at most places the yellow sandstone is succeeded by
a white one. Both time and the character of the country forbade our
spending many days in the plains east of the mountain-range, so that
the terminus of the Cretaceous area could not be accurately determined
there, but it seems to have only a limited extent, and that the Tertiary
beds set in very soon and continue. In the vicinity of Canyon City, the
Upper Cretaceous formations make their appearance, and the sandstones
are covered by a series of limestone and shale strata, both containing
fossils, and running out into the plains at a gentle dip. Low bluffs are
formed here, as a little farther north, by the limestones and sandstones,
while the softer shales, more readily yielding to atmospheric influences,

manifest their presence by forming shallow ravines and narrow valleys.

A little southwest of Canyon City, a warm spring of about 100° Fahren-
heit has its origin in the Lower Cretaceous limes and shales ; like all warm
springs, it is said to have a very beneficial influence upon persons affect-

ed by rheumatism, gout, &c. Besides this continuous stretch of Creta-

ceous, section b includes another portion connected with the Cretaceous
bay west of station 11. This is an arm of the bay of almost oblong shape,

presenting a series of long, low bluffs, striking a little east of north.

As mentioned in the resume of section a, the dip of the strata composing
these bluffs is to the west, thus varying from that of the remaining Cre-

taceous. A narrow stratum of red sandstone, reclining on the eastern
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side upon the granite, is a local variation of the yellow and light-brown
usually found in Cretaceous No. 1. A section running east to west will

give a better idea of the arrangement of the strata in this locality.

Resting upon the granite (a) we find the mentioned red-brown sand-
stone (b) underlying a white one, which in turn again is covered by a
brown ; between the western slope of this bluff and the rise of another
one, a white limestone (e) occurs, overlaid by a white, shaly limestone,
with Inocerdmus, forming the apex of a low bluff, and dipping westward
at an angle of about 10°. It is covered by white sandstone and a light-

greenish shale, (i.) A yellow to light-brown sandstone (k) finishes the
western extent of the valley. Cretaceous waters have probably never
intruded far inland to the west in these localities, as at present no trace

of them is found, unless coming either from the north or the south.

At this place, between the Cretaceous and the succeeding Tertiary,

the Lignitic formation may find its position. As the entire district of the
San Luis division shows a good development of these Lignitic beds at

but one point south of Canyon City, and the opportunity for making
detail-studies of the geological relations of this group did not offer, I

take the liberty of referring to Mr. Marvine's report for observations re-

garding its age and relative position, and also to Professor Lesquereux's
work. A section will show the position of the coal-beds. The foot-wall

is formed by white, middle-grained sandstone, upon which a coal-bed,

varying from 3£ to 5 feet, rests, which is separated from a narrow seam
of 1 foot to 16 inches by a stratum of gray shale, of 10 to 14 inches in

thickness ; 60 feet of grayish-brown argillaceous shales, with small par-

ticles of mica, follow, containing indistinct remains of plants, terminated
by a narrow coal-seam, above which 45 feet of the same shale follow, in-

tersected by two similar thin seams of coal. Fifteen feet of yellowish,

sandstone rest upon this, separated from the overlying 25 feet of white
sandstone, which form the top of the bluff, by a thin stratum of shale.

The three upper seams are not used, but the lower ones are worked
for coal by the Denver and Rio Grande Railroad Company. Canyon
City coal-mines is the usual appellation given to these deposits. A
tunnel has been run in on the main vein in a southerly direction for the
distance of about 1,400 feet, and drifts from this serve to work the coal,

of which both the 4 foot bed and the 1-foot seam are utilized. The main
bed dips at an angle of 2° to 4° to the westward, remaining constant in

this as far as worked thus far, but to judge from the stratigraphy
exposed on the surface, this dip will change farther west, reversing its

direction. At the time of my visit, September, 1873, the mines had
been worked for fifteen months, and, according to a statement kindly
furnished by Prof. R. 3ST_ Clark, at Labrau, Col., the production of the
mines in 1872 was 4,956 tons, to 12,909 produced in 1873. Mineralogi-
cally considered, the coal would be termed a compact bituminous coal.

From all that could be learned with reference to the relative position

of the larger coal-vein mentioned a!>ove, it seems that those worked
farther eastward are underlying it. Probably beginning with the first

rising sandstone bluffs, a little east of the coal-mines, we find the Ter-

tiary formation. As in section a, our investigations did not carry us
through the Tertiary portions of the beginning plains for a length of

time sufficient to make careful comparisons, and consequently to admit
of strict and correct discrimination. It is quite likely, however, that
the higher bluffs, composed of a yellowish and brownish sandstone, ris-

ing up beyond the light-colored and gray shales, should be ascribed to
the Tertiary period. As far as could be observed, no unconformability
exists between them and the underlying strata, although it dare not be
denied that any such existing unconformability would have been greatly
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obliterated by the slight dip occurring- tbere. As a rule, it may be
noted that wherever the Cretaceous rocks are in close proximity to
the granite westward, the Tertiary bluffs will also be relatively close,
and" in the reverse case their position will be regulated by that of the
Cretaceous. At the southeastern end of section b it comes up very
close to the granite, and probably at some points farther south rests
immediately upon it. Near Dobson's Eanch several bluffs yielded fos-

sils that indicated their Tertiary age, belonging probably to the late
Eocene period. From there eastward, the bluffs cease to be numer-
ous as soon as some distance from the mountains is reached, and the
gentle slopes stretch over the plains. As Avell as the Cretaceous, no
Tertiary flood seems ever to have reached far into the interior of section
b, but to have remained east of it throughout ; south of it, however,
coming in more closely upon the higher lands. Besides archcean and
sedimentary, section b contains a limited quantity of volcanic rocks.

Trachorheites.—Opposite station 4, to the north, a portion of the
trachytic material has crossed the Arkansas, extending into section b.

Mostly it is trachyte and tuff of a light-gray to yellowish or brownish
color, flowing to the south and southeast. As stated, when speaking of
the Arkansas sandstone, a number of bluffs composed of it are capped
by the tuff', appearing on the maps as islands. To the west of station
4 several small isolated hills are composed of trachyte, that probably
at one time were in connection with the main mass north of the river.

On Texas Creek, about a mile west of station 8, volcanic activity was
manifested by trachytic rocks on a small scale, and thereby a number
of small hills have been formed, flanked by ashy material. Granite
surrounds this little patch of trachyte on every side, which may be
regarded as the sentinel of a larger, horizontally, quite extended eruption
and flow of trachorheites. From station 15 onward, in southeasterly
direction, we find a strip of these rocks about thirty-five miles in length,
and on average from two to four miles in width, bordered on either side
by granite. Station 83 is located at the southeastern extremity of sec-

tion b, on Mount Greenhorn, having an elevation of 12,341 feet, which
is composed of a compact audesite. Although of comparatively rare
occurrence, this mountain seems to present one of the volcanic ande-
sitic eruptions. The rock weathers in slabs from one-half an inch to
more than a foot in thickness, the thinner ones of which give a sub-
metallic sound when struck. A more massive eruption of the same ma-
terial continues to the northwest, beyond station 84. Proceeding in the
same direction, the character of the eruptive rocks is found to become
more trachytic, and, toward the lower hills bordering the range, decid-
edly rhyolitic. Usually the color of the rock is a light-gray, with a
pinkish tinge, representing the type in which the Kosita mines are
located, becoming almost white and very compact to the north. In
accordance with the general character of rhyolite, the foot-hills show
gentle outlines, are of rounded form, gradually sloping off toward the
valley, and are accompanied in the higher lands by the well-known
grassy or swampy plateaus. West of station 15 the lithological char-
acter of these rhyolites changes somewhat, as they become very com-
pact, show scarcely any crystallization of minerals contained in the
paste, and present a more or less stratified appearance. White ash sets

in, loose in texture, and of a feldspathic composition. Besides the
trachorheites, we have basalt in section b. A little southwest of the
warm spring, near Canyon City, two small hills occur, composed of a
black basalt, weathering in rough outlines. To the south of these, at
station 12, at an elevation of 7,026 feet, a cone of basalt is found, which
is very hard, of black color, and contains numerous inclosures of olivine.

,
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Another small mass of basalt occurs in the Sangre de Christo range,

among the foot-hills, east of station 16, where several small hills of it

were ejected, somewhat disturbing the superincumbent sandstones.

Looking off to the east and southeast from station 84, a number of cones

were noticed among the Tertiary formation, that are probably basalt,

but no examination of the locality could be made. Altogether, this

occurrence of basalt is very limited, compared with that of other dis-

tricts ; but it seems probable that the presence of such large quantities

of trachorheites might account for it.

Dikes occur in large number and considerable extent in section b.

By far the most numerous are the hornblende-dikes, with a usual strike

of north to south and almost vertical dip. While they are not quite so

frequently met with in the northern portion of the granitic mass, they

abound in the southern, sometimes traceable for several miles, but

almost invariably of limited lateral extent. Ordinarily they carry a

considerable amount of quartz and hornblende, mostly mica, and in

some instances feldspar, garnets, and epidote ; the two latter either as

crystals or massive. Their texture is frequently that of gneiss, owing
to the hornblende, to the mica, or both, whereby they are distinctly offset

from the surrounding granite. When variations of texture take place,

these rocks resemble a schist more closely, and may give rise to misinter-

pretations. In the Sangre de Christo range we find a large number of

such dikes, with the usual strike passing through the sandstones, and
farther north through the granite that is exposed at the base of the

range, but never, as far as I have observed, through the eruptive

granite. Differing from the eastern ones, these retain their mineralogi-

cal and lithological character more uniformly throughout, and resemble

diorite. In some instances, when the quantity of mica accumulates to

a considerable extent, the texture becomes more like that of a schist, the

structure more stratified, and the hornblende not rarely is segregated in

single prismatic crystals of about an inch in length. It is possible that

the hornblende-schists, occurring at the northern end of the range iii

question, should be regarded merely as immense dikes of this character,

as in their mineralogical composition there is no essential difference.

The presence of feldspar in the dikes of the range, compared with the

scarcity in the eastern ones, is a point worthy of notice, and it does not

occur in the same manner again to that extent in any of the dikes

throughout the district. What the geological relations of these dikes

are seem a little obscure, but they may perhaps justly be regarded

as segregations in the greater number of instances.

Section b includes a large drift-area. Along the south side of the

Arkansas, a narrow strip of drift-deposit occurs, the deposition of which
was facilitated by a widening of the canon. Wet Mountain Valley is

covered entirely by drift, originating from the mountains on either side

of it. Drainage has cut a number of steep gorges into the loose mate-

rial, of no very considerable depth, however. The grandest mass of

drift-material, or, perhaps more correctly speaking of fluvial deposit, is

found in San Luis Valley. Over thirty miles long, to the southern iitnit

of section 6, and at that point nearly thirty-five miles across, stretches

an uninterrupted plain, the soil of which is made up entirely of drifted

material. On the western side of the valley, the bluffs of gravel rise to

probably more than 100 feet above the ordinary level; but eastward

nothing of the kind is observed. Toward the center of the valley its

greatest depression occurs, and there San Luis Creek flows southward,

emptying into the small San Luis Lakes. A large portion of the

ground is swampy and impassable. At the eastern /border of the valley

the gravel bluffs are not so prominent as on the western, but a very



endlich.] GEOLOGY SAN LUIS DISTRICT, SECTION B. 333

curious aud interesting formation of dunes takes place. At the west
opening of Mosco Pass a considerable area of ground is covered by
bluffs, 500 to 600 feet in height, composed of very fine light-yellow sand.

In form these dunes do not vary from the celebrated ones on the Baltic

Sea, and like those shift onward to the higher land. This phenomenon
is a very good illustration of the fact that westerly winds prevail to a
considerable extent, because none are found on the western side of the
valley, and these have selected the very locality where wind would have
the fullest sweep through a low pass of a high mountain-range. The area

covered by the sand-dunes is about twelve square miles, but the fiue sandy
soil extends for some miles northward. A fact that finds its explanation

in the nature of the soil may be mentioned here. More than twenty
creeks, heading in the Sangre de Christo range, flow down westward
into the valley, but have, however, a short existence, as they are absorbed
by their porous beds before runniug any considerable distance. Some
of them run farther in the morning than in the evening, so that, camp-
ing on a quite large creek with a plentiful supply of water in the morn-
ing, by evening it may be necessary to walk half a mile before finding

water. The melting of snow in the neighboring mountains and the

rainfall that seems to be quite frequent during the day-time in that

region account for the change.
Ore-deposits.—There are several in section b. A short distance up

Grape Creek Canon a deposit of magnetic iron-ore occurs, which is being
worked at present. On the western slope of the Sangre de Christo

range, not very far from station 19, a large mass of hematite was ob-

served, which is not yet worked. In the higher mountains of that range
quite frequent indications of silver-bearing lodes were noticed, although
none was found. A number of mines were started in 1872 in the Hard-
scrabble mining-district, located in the rhyolitic mountains, about three

or four miles east of Wet Mountain Valley, near the head of LTardscrabble

Creek, the settlement being called Eosita. At the time of my visit

there, September, 1873, several mines had been opened, and smelting-

works were in course of erection; but I have been informed since that

the expectations of the efficacy and cheapness of the smelting-process

were not fully realized, and discouragement took place. All the lodes

are found in a rhyolitic rock, forming a system of regularly-striking

parallel veins, with a course of about south 25° west, i.e., at right angles
with the strike of that long, narrow strip of trachorheites running from
station 15 to station 83.

The Senator lode has the above-given strike; is 7 feet wide at the
surface and 12 feet at the bottom of the shaft, which has reached a depth
of 40 feet ; dip to the northwest about 120°. The vein can be readily

traced on the surface by the quartz-ledge appearing, there. The names
of some of the other mines opened on average about to the depths of 20
feet are: Virginia ledge, of about 10 feet in width; Gem mine, parallel

to the Senator, 6 to 5 feet wide, mostly furnishing galena ore ; the Key-
stone, 4 feet wide ; the Steven & Leviathan, with a width of 15 feet ; the

Del Norte, 4 feet wide, and several others. A number of quite small veins

run parallel with or connect some of those mentioned above, thus form-

ing a sort of net-work. The fact of their existing in this rhyolite asso-

ciates them with considerable interest; but although I had expected to

find in them some rare minerals that frequently associate in similar

places, I was disappointed. As the rhyolite there is of comparatively

small thickness, .probably not much over 1,000 feet, it seems probable

to me that the fissures extend through it, and probably continue down
into the granite below. Only a few minerals were found in these mines,

all of which, however, seemed to contain more or less silver : quartz,
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feldspar, galenite, sphalerite, cerussite, argentite, stephanite, malachite,
and azurite ; the latter two the result of decomposition of fahlerz. The
elevation of Eosita is 8,827 feet.

Descending Hardscrabble Creek, several mines were found located
near the upper end of Hardscrabble Canon. In speaking of the granite
of that region, it was stated that a number of variations took place,

caused by local accumulation of one or the other mineral constituent.
Parallel to these accumulations, sometimes of hornblende, appearing in
the form of dikes, more frequently of mica, sulphuret-ores have segre-
gated, and are being worked to some extent. The strike of the lodes is

parallel to that of the gneissoid strata ; the dip also conformable. The
Silver Hills mines are of that character, furnishing quite a considerable
quantity of fine-grained galena, with argentite and cerussite. Another
of similar character, but less ore, is the Barton mine. Of these mines
but little can be said, as they are not deep enough yet (35 feet) to war-
rant any definite assertion, but it seems probable that they will not hold
out very long.

Resume of section b.—We find along the eastern line of the Front
range the same phenomenon of a gradual rise that characterizes the cor-

responding portion of the preceding section, only having gone on to a
greater extent in the southern part. Here we have, analogous to the
occurrence near Pike's Peak, the Carboniferous strata, although at one
locality only appearing upon the surface, indicating a greater activity

of the rising, or a more thorough erosion. It is of importance to know
that these older formations underlie the beds referred to the Mesozoic
period. One of the most interesting and instructive portions of the sec-

tion is the Sangre de Christo range. A series of sandstone-strata of
more than a mile in thickness have been lifted up in one continuous,

almost straight, line of forty miles in length ; and while the strain has
been too great for most of the strata, while they have broken, and
allowed the granite to be forced out to higher relative altitude than
they reach, at a single point this strain has been resisted and the sand-
stone-arch remains entire. Comparative regularity in the arrangement
of strata in their tilted position shows that but few, if any, disturbances
took place in, or had any effect upon, the immediate vicinity of the
Arkansas sandstone. It seems probable that this latter extends across
the San Luis Valley, perhaps over its entire width, perhaps only partly.

As trachorheites reach over eastward to the very base of the gravel-

bluffs, and neither granite nor any sedimentary beds make their appear-
ance to form a transition, it is quite possible that the sandstone may
extend a short distance up into the higher lands. Its stretch across the
southern part of Wet Mountain Valley seems to me pretty certain,

although it could not be determined definitely from a distance. The
trachyte has taken in section b a course almost parallel with that of

the granite forming the heart of the Sangre de Christo range, and
instead of appearing, as in section «, as the result of massive eruptions,

it seems in this instance to have been volcanic, accompauied by flows

of considerable extent. Besides this difference, there is little resemblance
in the general character of these trachorheites to those of the northern
section; they are, as a rule, more compact, with less tendency to segre-

gate crystallized minerals. San Luis Valley, that probably in late

geological times contained a lake of very considerable extent, seems to

owe its formation to the gentle slope of the underlying sandstone.
Sangre de Christo seems to have contributed a large amount of the drift-

material of which the bottom of this valley is made, also the country to

the northwest of Poncho Pass.
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CHAPTER IV.

GEOLOGY OF SECTION C, SAN LUIS DIVISION.

Section c is bordered on the east by the Arkansas Eiver, Poncho Pass,
and San Luis Valley, while the southern, western, and northern limits

are the same lines that inclose the entire district. Altogether the coun-

try of this section presents a mountainous aspect, containing, with a
high average elevation, a number of our highest peaks, and those por-

tions of the main continental divide that fall within the boundaries of

our district. The southwestern portion, to an extent of more than 1,400

square miles, is one continuous mass of trachorheites, with all their

characteristic orographic features. Toward the foot-hills, and near toe
few wider valleys that occur therein, frequent formations of table -

mountains are found, sometimes only small, sometimes of considerable

size; and the different flows of trachoid rocks have produced mountains
with well-marked steep terraces. To the northeast of this immense
volcanic area we get into granite and hornblende rocks again, forming
massive, heavy mountains, skirted by lower foot-hills composed of sedi-

mentary rocks, which lead off into the valley of the Arkansas. West
of this valley steep masses of granitic mountains rise to an altitude of

over 6,000 feet above valley-level, almost ideal in shape, certainly pre-

senting an imposing sight. These sharply-cut mountains vary some-
what in the character of the material of which they are composed, much
less in their general outlines, however. Northwest of them is the

deep canon of the Gunuison, bordered on either side by steep, high
walls, with a usually very narrow surface in the valley itself. Leav-
ing the canon at the western terminus of our district, we find the

aspect of the country has suddenly grown much more gentle ; the influ-

ence of sedimentary beds is agaiu noticeable. A long valley, about five

to seven miles in width, extends over about eighteen miles to the south-

east, fairly studded in its upper half with small box-shaped bluffs, com-
posed of Cretaceous strata.

Granite covers a large portion of the area in section c, but is sur-

passed in quantity by the trachorheites. In the northeastern part it runs

parallel to the Arkansas, keepiug about five miles distant, borders Pon-
cho Pass, and extends southward for eight to ten miles, but is soon

covered by volcanic rocks, and appears in the southwestern corner only

in small isolated patches exposed by erosion. In the northwestern ex-

tension from the Arkansas it is the main rock, but is covered partly by
sedimentary strata, partly obliterated by volcanic eruptive rocks

;
prob-

ably it underlies quite a considerable portion of the trachorheites of the

southwest, and, as far as could be judged from a very distant view,

comes in again farther westward. In this section, as in the preceding,

there are also two distinctly defined varieties of granite, one evidently

younger than the other. Beginning with the granite immediately west

of Poncho Pass, we find it to be very much of the same character as

given in the preceding section; it is subject to a number of variations

and modifications, caused by local accumulations of one or the other-

constituent mineral. If the mica predominates, in proportion it will

change the structure of the granite, and all varieties from typical gran-

ite to equally typical gneiss can be observed. In texture it varies from

a very fine-grained granite loosely put together to one yielding tablets



336 GEOLOGICAL SURVEY OF THE TERRITORIES.

of feldspar over a foot in length. This' general character of the granite
is retained all the way westward to the boundary, but changes in Gun-
nison Carton and its immediate vicinity. There we have granite analo-

gous to the one found at Badger Creek in section a, a middle- to coarse-
grained porphyritic granite, with white to yellowish oligoclase, gray,
white, and pink quartz, black mica, and large Carlsbad twins of ortho-
clase, continuing through the whole canon, with a few exceptions. On
the heights inclosing this canon, the granitic rocks weather in bold but
rounded outlines. It was here that a good opportunity was offered to

observe the often-asserted fact that even without the action of moving
water, without any motion on part of the rocks, bowlders and rounded
cliffs will form high up in the mountains, sometimes on their very sum-
mits. As one of the most effective agents, expansion by heat has
been mentioned, the result of which would be a scaling off of the outer
crust, and, in course of time, an approximation to the spheroid form. It

seems to me, however, that the action is more easily explained, and in
itself is certainly simpler, if we take into consideration the mechanical
retention of water by the mica and by the frequently-cracked feldspar,

combined with the expanding action that cold temperature has upon
water in causing it to freeze. Thus scales of the rock will gradually be
carried off comparatively rapidly, as in the high altitudes of that coun-
try frost occurs almost every night for the greater portion of the year.

Other atmospheric influences certainly have their share in producing
the noticed effect ; and sudden changes of temperature, even without
freezing, cannot occur without leaving their traces in the course of time.

An interesting point to study the behavior of granite occurs at station

2, Mount Ouray. This mountain is composed of hornblendic rock, but at

a distance shows a stratified appearance on its eastern side. Approach-
ing closer, however, it is seen that this is owing merely to the fact that
narrow and some wider seams of granite are interstratified, i. e., intrud-

ing between the strata of the hornblende-rock. The affixed cut will

illustrate this phenomenon, having been taken from a point near the
summit of the peak, where a seam of pegmatitic granite about one foot

in width intruded between the hornblende-strata, continuing for a con-

siderable distance. Numerous occurrences of this kind were noticed

on this mountain ; rarely, however, was the granite-seam as small as

in this instance. The very top of the peak is composed of granite, con-

taining reddish feldspar, white to gray quartz, and white mica, at

several points changing to a true pegmatite, with its agglomerated
quartz-crystals contained in the orthoclase-matrix. Invariably the
junction between the granite and hornblende-rock is perfectly clear and
sharp, without any transition of one into the other. In the resume of

section c, the relation of these two rocks, as regards their age and,
partly, genesis, will be considered. Entirely different from all the gran-

ites thus far treated of as occurring in this section, we find those of

the southern end of the Sahwatch range, the granite of the high range
bordering upon the Arkansas Valley. Generally it is of a light-gray

color, middle-grained, with either one or two kinds of feldspar, and, as

far as noticed, always black or dark-brown mica. As a rule, this gran-

ite weathers in sharp, well-defined fragments, which character is imparted
to the whole mountains composed of it. Mount Princeton, situated a lit-

tle north ofChalk Creek, at an elevation of 13,997 feet, tapers off to a very
fine point, as do a number of the other peaks in that range. Its granite

presents a stratified appearance. The steep descent toward the valley

is rather surprising, inasmuch as the comparatively low land on the

east side of the river is composed of an entirely different granite.





Fig. 8.

N. B.—BelougiDg to page 298,

Payrock mine.
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Until the hornblendic rocks near station 3 are reached, the Sahwatch
range retains its own peculiar kind of granite, and then the older
predominating one again appears. On Chalk Creek, one of the two
feldspars (oligoclase) decomposes quite readily, and the bluffs are conse-
quently of a white, almost chalky appearance, whence the name of the
creek. This decomposition appears to be only local, extending not very
far, and only on the northern side of the creek. Two warm springs
are found near the bluffs, bubbling up through the deposit of drift-

material, and, as long as we remained encamped there, observations of
their temperature were taken.

August 27, 1873, the smaller one, farther from the granite-bluffs than
the other, within about 80 yards of the creek :

6 a. m. 12 m. 7 p. m. 9 p. m.
10SC.5F. 112°.OF. 111°.0F. 109°.5F.

It remains to be stated that the waters of this spring were exposed to

the action of the sun's rays during the entire day, which may account
for the rise of temperature during noon and its gradual cooling toward
evening. Two observations of the larger one were taken, which is

located nearer to the granite-bluffs, farther removed from the creek.

One was taken at G a. in., the other at 12 m., and in both cases the tem-
perature was found to be 130° F.

Besides these younger granites, we have still another one in section b,

at station 38. Analogous to the granite that has given cause for the
formation of the Sangre de Christo range, station 38 presents a small
granitic cove, very similar to the former in lithological character, with
Silurian and Carboniferous strata dipping off from it on all sides. This
is the only instance of the kind that we have here, but it is certainly a
very striking one. A section cutting through station 38, given under the

head of Carboniferous, will more clearly show its position.

Closely related to the granites we find a rock composing the mount-
ain upon which station 45 was located, at the head of Chalk Creek. A
crystalline aggregate of orthoclase, oligoclase, quartz, chlorite, and horn-

blende, (very sparingly,) constitutes the rock. Orthoclase is contained
in it as Carlsbad twins, reaching an inch and a half in length, of light

flesh-color, inclosing laminae of white, transparent oligoclase. The lat-

ter is dispersed throughout the rock in small portions, of white color, but
not so transparent as when in the orthoclase. Quartz is colorless, trans-

parent, not very plentiful ; sometimes found as rounded grains. Chlo-

rite of a pale muddy green to dark green and blackish green occurs
in small crystals and crystalline masses replacing mica. Hornblende

,
was observed rarely in thin prisms. For this rock I use the term Por-
phyritic Protogine.
Hornblendic rocks are found at several localities in section c, invariably

forming peaks of considerable elevation. The masses are never contin-

uous, but occur in isolated patches, in every instance serving as topo-

graphical stations—stations 2, 3, 43, and 44 being located on them—and,

without exception, they are surrounded by granite. A stratified struc-

ture of the rocks will always be found, at times parallel to the stratoid

texture, again making various angles with it. On station 2, Mount
Ouray, we find the granite breaking through this rook ; find it interstrati-

fied in a most characteristic manner ; and find on the most precipitous

side that the very interior of the mountain must be made up to a con-

siderable extent of granite, which is coarse-grained, of light-red color,

with but little mica. The shape of the mountain is approximately that of a

22 gs
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huge amphitheater, the sides of which slope down steeply toward the cen-

ter, a little more gently toward the periphery. Upon first sight, the rock
composing this mountain might be called a coarse-grained hornblende-
schist; but examination shows that the gray to dark-green mineral is

not hornblende, but probably diallage; the white crystalline feldspar oc-

curring interstratified with the diallage, is oligoclase; small quantities of a
dark grayish-green chlorite are accessories ; also an admixture of mag-
netite, containing probably a little chromic iron. In this instance, there-

fore, we have a rock that is quite widely distributed in the southern se-

ries and northern Italian Alps, characteristic in its structure, although
in texture closely related to some others—euphotide. Considerable varia-

tion takes place in the texture, owing to changes in the relative quantity of

the different minerals, and to the introduction of hornblende, whereby a
more slaty structure is effected as through mica. The weathered surface

is sometimes brown, although more frequently a dark-green, almost
black. Station 3 is composed of the same material, and subject to the
same variations mentioned above. Besides these points, we find a similar

rock farther to the north and a little west of Mount Ouray—high black
peaks of pyramidal shape, with clean-cut outlines, presenting faces with
steep slopes. Here, however, the rock is more schistose still ; mica occur-

ring in more considerable quantity produces this effect. Stratification

is also existing there, although the curious peaks in which the granite

of station 2 indulges do not occur. At stations 43 and 44 mica occurs
in such considerable quantities that the rock might seem more like a.

very fine-grained mica-schist, with little quartz and radiating hornblende
and epidote as accessories. It seems that with these variations it would
scarcely be advisable to refer this occurence to the same group to which
Mount Ouray belongs ; it seems to be more closely allied with mica-

• schists. Upon weathering, the rock scales off in single plates or tablets,

that cover the sides of the mountain, and by their frequent sliding pre-

vent the growth of vegetation. These schists stand in no such intimate
connection with the granite as those spoken of above, and the boundary-
line between the two is very distinct and sharp. All these points, with
the exception of station 3, are located on the continental divide, and rise

to considerable elevation. Besides these occurrences, there are no rocks
of a similar character in section c except those dioritic ones forming
dikes.

The Silurian formation is found in section c at several points along
the base of the granitic mountains bordering the southern end of the
Arkansas Valley, again surrounding station 38 and near station 42.

"Granite foot-hills slope off toward the valley of the Arkansas in rounded
outlines, and immediately resting upon them we find the heavy Silurian

beds, recognizable from their characteristic lithological constitution.

Light-colored quartzites of yellowish, bluish, and reddish tints are con-

formably stratified with the superincumbent gray to bluish limestone
with siliceous segregations, all dipping off uniformly at an angle of

about 15° to 80° toward the north. Erosion has formed a number of

bluffs along the lower edge of the Silurian rocks; but upward they
recline in regular outlines upon the granite. As no fossils were found,

I am not prepared to parallelize these formations with any occurring

in the Eastern States ; but lithologically they certainly seem to be identi-

cal with those found north of the Arkansas Biver. A section taken
through Mount Ouray, running almost due northeast through station

55, may illustrate the position. The highest point of station 2 is com-

posed of granite, (a,) and granite veins traverse the euphotide (6) through-

out, which is represented by a series of granitic ramifications occurring
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within the former, keeping approximately parallel with the westerly dip
of the euphotide. Descending from the peak, this rock is suddenly cut
off in an almost vertical, sharp line, visible for nearly 2,000 feet along
the side of the mountain, and granite sets in, which continues until the
valley is nearly reached. Here we find the Silurian beds, (c,) perhaps
even Carboniferous, although that formation was not identified with cer-

tainty, dipping off toward the river. Drift-deposit (d) obscures the struc-
ture entirely, until the low rolling hills on the north of the Arkansas
show granite exposed. Without much variation in altitude, this contin-

ues for about ten miles, until a bluff, rising rather abruptly, is crowned
by the Silurian strata, (c,) upon which station 55 was located. The very
formation of this bluff is probably owing to the hard, protecting cap of
quartzites and limestones. It seems reasonable to suppose that the beds
we found at the base of station 2 were at one time connected with
those twenty miles farther to the northeast, and under circumstances
whereby the construction of connecting-lines would indicate the forma-
tion of an S-shaped fold, which may have served to break up and destroy
the connection. There seems to have been an inequality in the rising

of the land on the two sides of the Arkansas "at that point, which may
account for the fold. This view of a former connection is strengthened
by the fact that but fifteen miles below our section the Silurian of both
sides approach each other within four miles. In the northwest corner of
section c, the Silurian was also found, and identified again by its peno-
logical character and its normal position to the Carboniferous. As it

conducted itself, so far as could be noticed, throughout conformably
with the latter, and no special stratigraphical studies could be made re-

garding it, I will refer to the description of the Carboniferous of that
region. A doubtful point occurs at stations 36 and 37, where the quartz-
ites closely resemble those of the Silurian formation ; but the absence of
Carboniferous in the line running from that point to the Cretaceous
strata, without any inversion having taken place, prevents their exact
identification, and therefore that point shall be left doubtful.

The Carboniferous formation occurs at one point only in the eastern
portion of section c, unless it might be found overlying the Silurian,

where it was not identified, however, lining the outer edge of the gran-
itic mountains bordering upon Homan's Park.
In speaking of the Sangre de Christo range, reference has already

been made to it, and the probability suggested, which is corroborated
by this occurrence, that the Arkansas sandstone is persistent across the
northern portion, and perhaps partially so across some of the middle
and southern portions of San Luis Valley. The dip here is to the east,

away frem the mountains it rests upon. Of more importance are the
Carboniferous rocks of the northwest portion of section c. Leaving
stations 30 and 37 as undecided, we find farther northward the highlands
north and south of the canon of the Gunnison composed of Carbon-
iferous limestones of considerable thickness. Ascending the steep
granitic hills forming either side of the caiion, the stratified sedimentary
rocks are seen crowning the top and gently dipping toward the caiion.

Station 38 is located on a peak of eruptive granite, and surrounded on
all sides by sedimentary beds. The northern portion of section B, Plate
XIV, will show more clearly the position. After leaving the coarse-

grained red granite, (a,) an immense dike of dioritic rock occurs, strik-

ing considerably out of course, almost east and west ; but immediately
after passing this dike, a heavy mass of limestones and quartzites (c) is

found, upon the edge of which station 38' was located. These strata

have a dip to the south of about 20° to 25°, increasing, however, as we
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proceed farther north. Before reaching the granitic point, a stratum of
hornblendic trachyte is found to cover the sedimentary rocks, the dip of
which has increased at that point to about 30°. Standing on station 38,

the highest point of the vicinity, at an elevation of 12,795 feet, the sedi-

mentary rocks are seen to form a craterlike figure all around this cone,

showing on all sides a strong radiating dip from it. On the sides

nearest to the cone, the strata are exposed, presenting a face of about
1,200 feet in thickness, and falling off nearly vertically. The trachyte
that partially covers the top shows itself in a distinctly-marked pre-

cipitous ridge capping the limestones, a large portion of which are

changed to marble. On the south side, at station 38', it was impossible
to find that the strata there had any connection with those farther down
the valley, while on the eastern and northern sides they slope off for

some distance; on the southern decreasing their dip as they proceed.
This point is so very characteristic and unique in its details that it is to

be regretted that not more time could be given to a careful study of

the changes that have occurred in stratigraphical and lithological condi-

tions.

A section running through this wall of strata, with the thickness of

beds estimated, shows the following arrangement

:

The lowest members that can well be distinguished are about 320
feet of light gray to bluish to almost white limestones, (a,) with quartz-

itic segregations characteristic to the strata of that horizon, and sparse
remains of crinoids. Although the identification is necessarily not a
very thorough one, these beds have been referred to the Silurian.

Above that follow 80 feet (b) of yellow and gray shales, regarded as
Devonian ; then 175 feet of variegated shales (d) partly sandy, with
isolated banks of limestone, weathering smoothly, with a steep face;

260 feet of light-gray and yellowish limestones follow, interstratified

with narrow bands of shale, and partly altered so as to appear like

marble ; the whole is covered by 40 feet of light shales, separated from
45 feet of the same material by a 20-foot stratum of dark-blue Carbon-
iferous limestone (e) full of fossils; a short synopsis of which will be
given at the end of the description of Carboniferous. This stratum is

a well-marked horizon, and can be traced along for considerable dis-

tance, forming a narrow, dark line between the lighter rocks that over-

and underlie it. Upon this follow 150 feet of light-blue and yellow
limestones, (/,) dolomitic in part; a large portion of them altered into

marble. Single bands of quartzite appear also, and almost all the
strata contain a few fossils. Overlying there are 50 feet of yellow, red-

dish, and whitish shales without any fossils ; 70 feet of a hornblendic
trachyte (li) cover the whole.
About seventy square miles are covered by the Carboniferous at that

point, but no connection is made with that on the north side of the
canon of the Gunnison. Ascending the heights north of the canon,
the same conditions are found to occur as on the south side ; the sedi-

mentary beds sloping down toward the river. At the point where the

canon opens into Taylor Eiver Valley, the Carboniferous strata make a
sweep down the hill, for a short distance form the bed of the river,

and extend across it to the south, but only for a short distance. Station

42 is located on the north side of the canon on a trachyte that covers the
Carboniferous, which extends northward beyond the limits of our sec-

tion. In thickness and stratigraphical relations, there exists an almost
perfect identity between the formations on the two sides of the canon.
Although the quantity of fossil remains occurring in that stratum of

dark-blue limestone is very considerable, there are but few species, and



Fig. 10.

.••;•'.••' •*•.'.'•'••,

— ;=

i i

• • i. - «i «.

i i

X * 1, * xl*»

1 1

1

1 1

1 1

1 1

1

1 1

1 1

1 1

i _

— —F^ —

-1— 1

—— 1— 1-
1
1— 1— 1-

1 1

-1— 1
—— 1—1-

-1— 1

—

•t-4-+-.-J:*::.-k:'

A

y

^

^





endiich.] GEOLOGY SAN LUIS DISTRICT, SECTION C. 341

of those the preservation has been a rather inferior one. A number
of crinoids, braehiopods, cephalopods, &c, were found. The aspect of
several of the species reminds strongly of Upper Devonian types ; but in
determining here, the general character of things must be taken into
consideration rather than the identification of any one single specimen be
relied upon. Curiously enough, almost all the species found there are
such as have very nearly allied forms in the formations preceding, so
that discrimination becomes difficult. We have here a similar case to
one that Professor Meek speaks of in the Eeport of the United States
Geological Survey for 1872, page 432,in treating of the Carboniferous of
Mystic Lake and vicinity : "They belong, without exception, to genera
that are common both to the Carboniferous and Devonian, while a
smaller portion of the genera is also represented in the Silurian." " Some
of the Producti, Chonetes, and Spirifer have rather a Devonian look,

while a fine striated Hemipronites is very similar to some of the Devon-
ian types of that genus." " Notwithstanding the resemblance of some
of these fossils to Devonian forms, and the fact that scarcely any of the
species can be identified beyond doubt with forms peculiar to the Car-
boniferous, I must regard the whole as belonging to the lower part of

the Lower Carboniferous." " The entire absence of any strictly Devon-
ian and other types of corals, crinoids, lamellibranchs, &c, also favors
the conclusion that this formation belongs to the Carboniferous, which
conclusion is also supported by the specific affinities, if not even by the
specific identity, of some of the species of fipirifer, Productus, &c." This
quotation applies admirably to our present case. We find

—

Numerous fragments of the columns of crinoids, not recognizable.
Large numbers of a delicate rimose chcetetes-like coral, which is mostly

weathered beyond recognition of outer structure.

An infundibular form of Fenestella, quite numerous.
Athyris, in one small specimen.

(Spirifer, with the medial lobe finely striated longitudinally ; the lat-

eral lobes containing numerous stronger, simple, radiating costse; vary-
ing considerably in size.

Mhynchonella, which has a decidedly Devonian aspect.

Orthis, a compressed resupinate form, with an extremely narrow
area

;
probably a new species.

Hemipronites, closely related to H. crenistria, resembling some De-
vonian types.

Goniatites, in two very poor specimens.
Orthoceras.

Productus, in two specimens, that admit of some doubt, however ; one
fragment was found that seems to belong to a conoid univalve.

Mesozoic beds.—None are found in section c.

The Cretaceous formation is quite considerably developed near the cen-
tral western portion of section c, following along Tomichi Creek. From
the south and west, the predominating trachorheites have overflowed
the sedimentary beds ; and while a considerable portion is covered by
them, erosion has broken through at several points, and thereby formed
bluffs from 100 to 300 feet in height, composed of sedimentary strata
and capped by volcanic material. All along the western side of the
valley bordering on Coochetopa Creek this is the case, and on one of
the bluffs station 35 is located. The greater part of the eastern portion
of them seems to be made up of Cretaceous Nos. 2 and 3, while the
western shows more of the lower sandstone strata. A section taken
through a cut in a narrow gulch to be east of station 35 gave the follow-

ing result, beginning from below

:
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22 feet, dark-gray shales, weathering a little lighter, containing Ostrea
complexa and fragments of large Inocerami.

40 feet, of yellow shales, with white and yellow sandstones, full of Ostrea
and Inoceramus.

17 feet, of light-yellow shales, of more marly character.

8 feet, of the same shale, traversed by plates of calcite from one fourth
inch to one inch in thickness, of several feet in extent.

12 feet, brownish-gray shales, also with calcite.

40 feet, of gray shales, weathering lighter.

120 feet, gray shales, partly dark, partly light, weathering rapidly, con-
taining toward their upper and lower limits pyrite and crystals of
selenite.

30 feet, of light-gray shales.

20 feet, of yellow shales.

Above this there was rhyolite, having flowed from the southeast.
This thickness, of little over 300 feet, probably represents the average

thickness of the Cretaceous beds of that horizon throughout that valley,

as but small deviations from the general character were observed. In
going up to station 36, these same strata were found again ; but how they
connect I am unable to say. They certainly overlie the quartzite of that
station, dipping in a southwesterly direction toward the valley. Sec-

tion A, Plate XIY, will explain the relative position of the strata. It

runs almost due northeast to southwest from station 30 to station 35.

The trachyte (/) predominating on the western side of Coochetopa Creek
comes to a close there, and along the bed of the creek a coarse-grained
granite (d) crops out. Resting immediately upon it, we find a quartz-

itic white sandstone, (e,) covered by light shales -and shaly limestones;.

above these, another white sandstone; and then yellow shales with iso-

lated sandstone strata. These latter are the shales referred to in the
previous section, and it is they that are mainly covered by trachyte,

(g.) A few miles north of station 35 they are covered by drift, and do
not appear again until near the base of station 36. Whether the sand-

stone there is conformable or not with the Cretaceous strata, or what-
ever its stratigraphical conditions may be, could not be made out on
account of the utter lack of any exposure of structural conditions. The
next section (B) is taken through station 35 to station 88, having a
course of a few degrees east of north. Here the strata can be more
readily followed, and it can be made out with certainty that the sec-

ond sandstone stratum, (e,) probably even the first, bends upward again
to the north, and, reclining upon the granite, forms a shallow synclinal

valley. The drift-material deposited by Tomichi Creek is quite consid-

erable, and hinders somewhat in recognizing structure ; but the yellow
and brownish sandstone capping the granitic bluffs in the western por-

tion of Tomichi Valley is probably Lower Cretaceous. In the eastern

part, the dip is off from the trachorheitic mountains to the westward
;

while from the western end, the dip is southeastward. Wherever the
characteristic yellow and gray shales occurred, considerable quantities

of fossils were observed, but, strange to say, never anything besides

Ostrea and Inoceramus. Over westward, toward station 41, the shales

have disappeared almost entirely on the northern side of the valley,

and nothing but the lower sandstones remain. It seems probable to

me that the Cretaceous rocks extend, at least for some distance to

the south and southeast, under the covering trachorheites, judging
from the general orographic features of the country, that seem to be
more those of a sedimentary one than of a volcanic. The Cretaceous
that we find along Tomichi must have come in from the northwest
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in the form of a bay, and was probably driven back by the volcanic ac-
tivity that was developed soon after south of it. About ninety square
miles are covered by this formation here; and if it extends under the
trachorheites as far as I think it probable, it will amount to about one
hundred and fifty square miles more. Between stations 26 and 27 a small
fresh-water deposit was found, undoubtedly belonging to the Tertiary
period, and probably the Miocene. A section on page , illustrating

the position of the eruptive volcanic rocks, will show its position. Rest-
ing apparently upon granite, it dips off gently to the westward, contain-
ing, in its strata of white argillaceous limestones and shales, numerous
remains of plants and smal shells of Limncea. The volcanic material
coming from station 27 eastward covered the greater portion of theiittle

bay, so that not much of it is exposed at present. This occurrence may
be some small, merely local, fresh-water deposit, or it may be the continua-
tion of a more extensive series of strata, which cannot be determined un-
less the country is either very well known, so that additional exposures
might afford some reliable data, or otherwise artificial means of testing
would be employed. Of thetwo, theformer seems more probable, as some
of the neighboring streams cut in quite deeply, down to the granite, so
that any sedimentary rocks occurring there would have been exposed.
This little outcrop is the only one of Tertiary beds that was found through-
out the entire section, but it seems probable, judging from the orographic
features of the country, that west of our district we may find more exten-
sive formations belonging to that age. It may seem strange that along the
center and consequently western terminus of San Luis Valley there is

neither Cretaceous nor Tertiary, as the waters of tbat period could not
have had any very great obstacles to overcome in reaching those points.

The larger portion of section c is covered by volcanic rocks belonging
to the trachorheite group, which form a heavy mass of mountains,
sometimes rising to a very considerable elevation, covering at the same
time over fourteen hundred square miles.

. In this main mass of trachorheites we find every variety belonging to
the group represented. As a rule, it may be said that the highest and
most prominent points are composed of andesites and trachytes, the
latter rarely, however ; that the plateaus and terraces are andesitic,

sometimes trachytic tuffs ; the low, bluff-like hills along the base of the
higher mountains are of a rhyolitic character ; and a number of little

hillocks are formed by an ashy material, probably not much older, if not
as young, as the rhyolites. Discrimination from the lithological char-
acter alone becomes very difficult wherever such an immense number of
varieties occur. On every hill, on every station, several varieties of the
predominating rock can be found, varying within twenty yards of each
other to such an extent that it is by no means an easy task to draw the
lines of distinction correctly. A mass of high andesitic mountains occurs
about five to six miles south of Mount Ouray, upon one of which station

24 is located at an elevation of 13,400 feet, and throughout that portion
of the volcanic country a number of peaks nearly as high occur, forming
an almost regular horseshoe, studded, with numerous smaller hills inside.

When seen in the field, the impression produced by it was that of one
huge crater-edge, containing within its limits a number of smaller eruptive
cones. Along the crest of that crater, the andesites are very compact,
hard, almost jaspery in appearance, changing somewhat as they descend
into the lower portions ; and on the eastern edge those mountains are
bordered by compact, red rhyolites that have flowed down into the
valley jto an elevation not much over 7,500 feet. Andesitic tuffs make
up a very considerable portion of the country there, but, contrary to
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their usual character, frequently show a compact texture. The audesite:

on station 23 has a very fine-grained, homogeneous paste of maroon
color, with numerous crystals of oligoclase, few of orthoclase, and some
of chlorite embedded in it. So great, however, is the variation that
a short distance from the top the paste turns buff, the oligoclase has
disappeared, sanidite occurring instead, and fine needles of hornblende
replace the chlorite. Whereby these changes are produced that are

only local, and sometimes limited to a very small portion of the rocks
only, I cannot say, but strongly suspect that differences in the process
of cooling, regarding both the method of, and time consumed in, cool-

ing, may have produced these effects. All over the mountain, however,
that rises considerably above timber-line, the rocks weather in thin

slabs, from one inch in thickness to several feet, giving a submetallic

sound when struck with the hammer. Some of the mountains between
Ouray's Peak and station 23 have a slight color, from light red to yel-

lowish, owing, probably, not to a change of material but to a difference in

the weathering. On station 21 the character of the andesite is very sim-

ilar to that of station 23, showing the same compact texture, and the same
minerals, with the exception of orthoclase and chlorite, which latter is

replaced by crystals of mica. Sanidite is contained in numerous crystals.

Magnetite occurs in considerable quantity. As before, the same changes
of color occur, due this time more to weathering, as the composition of

the rocks undergoes no change. Taking the general aspect of the rock,

it resembles trachyte to some extent ; but its geological features and
mineral constituents make it out as andesite. Leaving this interesting

point and proceeding westward, we find the character of the country
changing somewhat, the high, massive mountains disappear along
Saguache Creek, and instead we find low table-hills, with steep sides

and level tops. Frequently the sides of these tables have a stratified

appearance, and the last upper stratum presents a steep, rugged face.

A very characteristic feature of the mountains can be observed all along
Saguache Creek, and also across the continental divide, that is, the
terrace-formation on their sides. Evidently the tuff that forms these
hills has at one time flowed along in such a manner as to form a stratum

;

another flow has succeeded it, perhaps after a lapse of considerable time

;

and the conditions at present are such that the hill-side will not weather
off so as to form an unbroken slope, but every one of these larger flows
is designated by a sharp terrace of barren rock, which is well illustrated

by the annexed cut. Frequently three, four, and even more terraces are

found, one above the other, parallel to each other, presenting light colors

mostly, varying from white to yellow, reddish, and light brown.
Throughout the southwestern portion of the section, the occurrence

of the trachorheites is uniform and very similar to those just de-

scribed. Station 32 is located on the edge of a trachytic ridge, where the
rock is reel, slightly vesicular, certainly enough so to give it the charac-
teristic roughness, changing at times into black, then becoming more
compact. Crystals of sanidite and brown mica are dispersed all through
the rock, and hyalite is found coating the sides of any small fissures

that may occur. Hyalite is found very frequently in these volcanic
rocks, as is also jasper, the latter varying in color from white to yellow,
red, brown, green, and black. This trachyte contains but a trace of
magnetite, while an andesite found near by contains a considerable
quantity. Station 33 to the southwest of 32 is located upon a high,
prominent point composed of andesite. The lithological character of
this rock is so constant that, although a great many miles apart, no
specific differences are found, and in this instance again we have a rock
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Fig. 12.

Strata of volcanic rocks near Saguache.

Fig. 13.

Dike of Obsidian.
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that could scarcely be distinguished from the andesite of station 56,
more than eighty miles distant. Variations occur within certain limits,

and are repeated at almost every place of occurrence in a greater or
less degree, -but the specific character remains true to itself. In the
southern portion of section c andesite seems to form the highest peaks,
well marked by their sharp, bold outlines, and their dark color, unusual
in a country of trachytes and tuffs, while these latter compose the lower
ridges and high plateaus. Station 31, west of Coochetopa Creek, is located
on a sanidite trachyte ; a browuish paste includes numerous crystals of
sanidite, and also some of hornblende, black and bronze-colored mica.
From that station north and eastward the tuffs, rhyolites, and trachy-

tic ashes become more numerous again than they were in the more
southerly portions, thereby changing somewhat the orographic features

of the country, although it cannot be denied that this change may be
partially produced by underlying sedimentary beds. The tuffs have
overflown the Cretaceous beds east of the Coochetopa, and were proba-
bly cooled under water, whereby their character is changed to a consid-

erable extent, as they present all possible varieties and differences in

composition and texture. Mostly, however, they are of light color vesic-

ular, containing crystals of sanidite, mica, and, if rhyolitic, free quartz.

At stations 26 and 27 we find a very interesting locality, showing a
comparatively large variety of volcanic rocks, and at the same time
the only deposit of sedimentary material that was observed in this great
lava region. Station 26 is located on a phonolitic andesite of a dark
bluish-gray color, slightly vesicular at places, containing small needles
of hornblende and small crystals of black mica and sanidite in a compact,
microcrystalliue paste. On the west side of the summit, the andesite shows
columnar structure, each column being separated at a right angle to its

longitudinal axis into numerous thin plates. Between stations 26 and
27 a low granitic hill makes its appearance, showing the andesitic cover
for some distance. This granite is thoroughly altered by the effects of
heat, which does not seem to have been quite sufficient, however, to bake
it. Upon this granite, («.) the Tertiary beds (d) are deposited, of which
mention has been made above, covered on their western side by the
rhyolitic ash lying upon the eastern slope of station 27. From white to

yellowish pink and greenish, this ash presents itself as an agglomeration
of feldspathic ingredients, mixed with small crystals of sanidite and
mica, grains of quartz, fragments of andesite, and of obsidian also occur,

altogether giving it the appearance of redeposited material. It is

quite possible that it was deposited there at a time when Tertiary waters
were still in that little basin, and that they owe a portion or all of the
quartz-sand they contain to the fact of having taken it up from the
lake-deposit. Not very far from the summit of the hill, the tuff becomes
more compact, the fragments it contains are larger, its color a dark
brown, forming a prominent bluff on that slope of the hill. About 25
feet from the upper edge of that bluff, a horizontal dike or vein of ob-

sidian (c) occurs, 15 feet thick, and extending across horizontally for

nearly 100 feet, until it is lost under the fallen debris. At the point

where our sketch is taken, the obsidian shows spheroidal concretions,

the largest one nearly 10 feet in diameter, the center of it forming a
solid, round ball, with the obsidian nearest to it separating from the

rest in concentrically spheroid scales. The obsidian contains small

crystals of sanidite—therefore belongs to the porphyritic variety—and en-

velopes numerous small fragments of the tuff. A curious fact is that the

tuff above the obsidian-dike is baked so thoroughly that it has become
jaspery in texture, while that below remains unchanged. Quartz -is con-
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tained in the shape of small fragments, which have been turned to semi-
opal in the altered tuff. The cleavage of the latter has become con-

choidal ; it is hard, resembling jasper or massive porcelain more than any-
thing else, and the change can be .traced as far as the obsidian. As-
cending to the summit of the hill, however, we again find andesite,

identical with that of station 26. From the point where it covers the
Tertiary beds the ash extends downward to Saguache Creek, and there

follows along the base of the bluffs for a short distance.

On station 2G the andesite shows a phenomenon that is rarely equaled,
and by which I was led to term it phonolithic andesite in contradistinc-

tion to other rocks of that group. When striking the large bowlders, even
those of many cubic feet in size, they give a clear ringing sound, closely

resembling that from a bell. The Ringing Hills at Pottstown, Pa., are

similar.

In the southern portion of section c several times caves were found in the
tuffs, a feature that seems to be characteristic to them. Crowning with a
steeply-edged stratum some sloping hill, the caves had their entrance at

the base of the rocky precipice, and extended inward sometimes for

considerable distances. In several instances the shape of the entrance
was so well cut that the idea of its having been done by human hands
suggested itself.

Not unfrequently columinar structure was seen in different species of

the trachorheites, as well in the andesite as in the tuffs, due most
likely to particular circumstances by which the cooling may have been
accompanied.
Besides this immense area of volcanic rocks, we have two more in

section c, excepting those small remnants of overflows occurring in

Tomichi Valley. Extending a little north, and about six miles west of

station 45, is another accumulation of these rocks. It seems to be
mainly trachyte, with probably some propylite, having a light-green

paste, white to yellowish oligoclase, and a greenish hornblende. On the
north side of the Gunnison another rock occurs that belongs to this

group, covering the Carboniferous of station 38, composed of a light-

grayish, almost white, inicrocrystalline paste, containing crystals of
oligoclase and needles of hornblende, besides a very small quantity of

magnetite. It is a trachyte, quite closely allied to propylite, and extends
over but a small area to the southeast and east of the station. Station
42 is located on a trachyte of similar constitution, covering the Carbo-
niferous rocks, which extends north and northeast into Dr. Peale's

district, where he has found it, and gives a more definite description of it.

Dikes occur in considerable numbers throughout the granitic country,
having a course of about north to south, and are composed of the same
mineral constituents that characterize them in the other sections ; epi-

dote and hornblende mostly replacing mica, while at other times mica
predominates.
Drift covers a considerable area along the western side of the Arkansas.

A belt of about five miles in width runs along it, keeping parallel' in its

course and narrowing out toward the south. This drift is composed, so
far as I have been able to learn from examinations at certain compara-
tively isolated points, of material that was brought down by the river

mainly; secondarily, by the different creeks striking the river from the
west. Although glacial action seems to have had considerable effect in

transporting drift-material higher up on the Arkansas, I have not recog-
nized any such means of conveyance in that portion of our district.

Taking into account the shifting of streams parallel to their own general
course, it becomes evident that the material deposited immediately
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along the base of the range parallel to the river must have been depos-
ited by it, and not by any other means, provided lithological identifica-

tion of the drift-rocks admits of no contradiction. This latter does not
seem to be the case, however, and the accumulation of the greater por-
tion of the redeposited material I ascribe to the action of the Arkansas.
A number of creeks running out from deeply-cut ravines in the
mountains have cut in an almost straight line through the drift; a cir-

cumstance which is readily explained by the fact that its resistance was
so small as to necessitate no considerable deviation from a straight
line. As they have cut in deeply, however, forms strongly resembling
moraines have not infrequently resulted, which might mislead. Oppo-
site station 1, the canon of the Arkansas narrows and the drift-deposit

disappears. Along Tomichi Creek a considerable quantity of drift has
accumulated, covering about thirty to forty square miles, the material
for which was brought from the neighboring granitic and quartzitic hills.

Northwest of station 43 some drift has accumulated in the valley of the
Upper Gunnison, part of which is due to the action of glaciers. In a
long, narrow line, running from southeast to northwest, morainal de-

posits sweep down from the base of the high mountains to the valley.

Characteristic narrow but level valleys, bordered on either side by lat-

eral moraines, with a number of small glacial lakes, are found at the
points of emanation. Changing their course slightly^ these two moraines
extend down into the valley, leaving at every favorable locality small
lakes or swampy places, and they terminate on the sides in moraines,
descending from 1,000 feet in height to 200. Reaching the valley, the
ice melted and formed a large lake, at the place of which a swampy, low
country now is found, inhabited by hundreds of beavers. In these
moraines gold-washing has been carried on formerly, and is still carried

on in some of the neighboring gulches. This is the only instance through-
out our entire district where I could really recognize the action of

glaciers.

Mineral deposits are found in only two localities of section c ; the one
on Mount Princeton, where a series of parallel veins are contained in

the granite, running between the strata, which are peculiarly well-defined

there. They are about 12,000 "feet above the sea, but several of them
have been worked to a small extent. Usually the strike is from north-

east to southwest, and the dip about 135° to the north, with slight varia-

tions of either. The ores contained in these lodes are mainly galenite,

sphalerite, and small quantities of fahlerz, resulting, when decomposed,
in the formation of azurite and malachite. Argentite was found in a
few specimens. According to report, assays that have been made are
favorable. In the valley of the Upper Gunnison, i. e., north and east

of the entrance of the canon, the drift contains gold, which has been
worked at intervals for some years. In Union gulch, adjoining the
valley, there were several miners at work at the time of our visit, appar-
ently well pleased with their results. Single nuggets of several dollars

in value are frequently washed out. Probably the drift-material of that

region may contain paying quantities of the precious metal, which some
day will most likely be turned to account by the enterprising western
miner.
Resume of section c.—In this section we have the greatest variety of

granites met with thus far. Besides the red, middle to coarse-grained

rock, that I think may safely be regarded as the oldest, a repetition of

the type found in the two proceeding sections, we have another one,

composing the Sahwatch range, containing as its most prominent peak
Mount Princeton : near that we have the protogiue, possibly owing
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its peculiar constitution to the close proximity with volcanic rocks ; and
lastly, the eruptive granite of station 38. Throughout, as well in lithologi-

cal and mineralogical character as in the structure of mountains, the three
main varieties can readily be distinguished. In other countries granites
have been found, that are said to reach back only to very late geological
ages ; here we have one the protrusion of which I think falls into a
Post-Carboniferous period. The evidence afforded by the Sangre de
Ohristo range of section b is corroborated by the observations made
here. Less noticeable than in the two preceding sections is a gradual
or sudden rise of the main granitic mass, which, if it has occurred,
must have been but slight, and not of long duration or great power.
An accumulation of hornblendic rocks is a curious and interesting

feature, and the similarity they bear to alpine and other euphotides,
combined with the fact of their usually reaching very high altitudes,
may point to an analogy of formation and relation to surrounding rocks.
Astonishing is the mass of volcanic material that had accumulated

and found its points of outflow in this section, at the same time show-
ing no very massive deposits at ah"y one point, as might have been ex-

pected. Upon the origin of this and the other volcanic effluvia, we will

speak in the u Conclusion."

CONCLUSION.

In concluding the report of the geognostic and geological features of

the district assigned to me for 1873, it may be of value to give, in gen-

eral outlines, the distribution of geological formations throughout it,

and to speak briefly of the correlation existing between them.
In taking a bird's-eye view over the mountains of this district, it

becomes strikingly evident at a glance that two main systems of

mountain-ranges traverse the country : the one, geognostically granitic,

in a direction a little west of north and east of south ; the other, vol-

canic, crossing it at almost right angles, having a course of about 15°

south of west and north of east.

Granite seems to be the oldest rock found there; but there are four

distinct varieties of it, three of which are considerably younger than the

first, the red to pink variety, mostly coarse-grained, abounding, with
local accumulations of the one or other constituent mineral. The second
type, the age of which will probably be correctly defined as Post-Devo-
nian, is that which occurs in the northeast portion of section c, form-

ing the high sharp peaks that are so characteristic to the range west of

the North Arkansas. While oligoclase is of exceedingly rare occur-

rence in the oldest granite, it is found to be the mineral second in quan-
tity only to orthoclase in this instance, imparting an entirely different

character both as regards appearance and weathering. Of probably the

same age we find the porphyritic protogine of station 45, owing its con-

stitution most likely to some different circumstances experienced while

cooling. Eruptive granite is the fourth variety, occurring in the Sangre
de Christo range and on station 38, of Post-Carboniferous age, resem-

bling in its lithological character more closely that of Mount Princeton.

Although the term " eruptive granite " is frequently used by European
writers, this has not been done to any considerable extent by Ameri-
cans ; and I would state that I do not consider it eruptive in the same
sense that basalt is eruptive, but merely wish to imply by that term
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that the granite, by some vertically-acting force the origin and effect of
which cannot be discussed here, has been forced upward, may have not
only assisted in locally disturbing strata with which it was at one time
in no immediate contact, but has actually, by virtue of this force, been
brought into contact with such strata. Footing upon the observation
of facts that to me cannot be otherwise explained, I see no discrepancy
with any well-founded hypothesis that may be universally accepted to
regard the' immediate action of the granitic masses as implying the
agent of a vertical force to which it must owe its elevation. Examina-
tions were made with a view to determine the presence of magnetic
iron in the specimens of granite collected in this district, and it was
found that not one specimen was without it. As a rule, the light-colored

granites, of a more recent date than the red ones, contained more than
the latter, a fact that can readily be explained by assuming that their

younger existence upon the surface could not admit of so extended an
influence of atmospheric agencies upon their constitution, while the
older granite may probably owe its decrease in the percentage of magnetic
iron, and, on the other hand, its red color, to the action of these agents.

By increasing its percentage of oxygen, the iron compound contained
would change in such a manner as to impart to the rock that color

which it now possesses. It remains to be stated that there are two ex-

ceptions to the rule above given, where in both instances magnetite was
contained as a mineral impregnation in the red granite, in the one
instance even in crystals of three-fourths of an inch in diameter.
Of the Silurian formation we have some of the oldest strata, as indi-

cated by the comparatively unsatisfactory paleontological remains, and
from these upward the Devonian rocks also seem to be represented,
although no strict identification was possible. The Carboniferous is

well developed, showing great uniformity in the groups of strata. Con-
sidering the imperfect evidence derived from the fossil remains below
the Arkansas sandstone, there might be some doubt regarding its age,
and the question could arise whether it would not be more correct to

assign it a position parallel to the " Old Bed" of the Devonian; but, for

reasons based upon stratigraphical evidence and the total absence of
fossils that might decide, this has not been done. A wide gap now fol-

lows, comparing the formations of this district with those analogous
from other parts of the world, until the Mesozoic period is reached.
The position of this series seems to be as well established as possible
with the very meager amount of fossils that has been found. In some
of his earlier expeditions, Dr. Hayden has found Pentacrinites in some
strata that are recognized as having their position above the so-called
" red beds," which would settle the question, leaving ample space, how-
ever, for any subdividing of the group. Well-defined and of admirable
uniformity in character are the Cretaceous strata, to which the five

adopted divisions apply without discrepancy. The gradual receding of

the formations belonging to this group from the mountain-edge, the still

greater development of this feature during the Post-Cretaceous epoch,

speak for the gradual rise of the land west of them during a period of

time that must be located in the close of the Cretaceous. Apparently
a knotty question arises when the age of the "Lignitic" beds is consid-

ered ; but undoubtedly future investigations, not merely of the paleon-

tological remains, but of the geognostic relations they bear to over- and
underlying formations, will tend to clear up any lingering doubts. Those
found in our district seem (speaking with all the reserve that a mere su-

perficial examination demands) to be of an age which can paleontologi-

cally be referred neither to the Cretaceous nor to the Tertiary, analogous
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perhaps in character to the Wealden formation of Europe, that is placed
between the Jurassic and Cretaceous. Views of the present day regard-
ing "formation " and " age " are merely conventional, and it is more than
probable that by the time a little more of the remaining four-fifths of

the land on the surface of the earth are explored geognostically and
geologically, they will be compelled to undergo considerable modifica-

tion.

Tertiary, Diluvial, and Alluvial deposits are found under such condi-

tions as would be favorable to their formation. In consequence of

the rise of the main body of land, the marine Tertiary was forced to

retreat farther toward those portions that were still submerged, and no
strata were found that could be referred to this epoch unless of a local

fresh-water character. Drift, belonging both to Diluvial and Alluvial

ages, is abundant. Alluvial deposits, as everywhere, owe their charac-

ter to the rock to which they owe their existence, and the old principle

of " same cause, same effect" is clearly discernible.

Glacial phenomena, that seem to be more abundant farther north, were
recognized in but one locality, and there they were not of any consid-

erable extent.

By far more varied, and of deep interest, are the volcanic eruptive

rocks, so widely distributed throughout the district. Eichthofen's
excellent classification, comprehensive and yet concise, finds a new
support in the twenty-three hundred square miles of trachorheitic

material contained in our district. Throughout, the given character of

andesite, trachyte, and rhyolite could be relied upon as soon as the posi-

tion of andesitic tuffs was properly recognized ; and although the dif-

ferent conditions undoubtedly influencing the cooling of the masses at

different points produced almost innumerable varieties, even within
limited areas, his appreciation of identity and correlation was not im-
paired. A question of great importance arises during the contempla-
tion of the immense quantities of this material ; it is the one touching
their origin. Without entering upon the various hypotheses that have
been advanced upon this point, with a semblance of more or less prob-
ability, I will make a few suggestions that have occurred to me as the
necessary consequence of the observation of facts.

As stated above, it was impossible to find even a single one of the
specimens of granite free from magnetic iron, although more was found

" in the younger ones than in those preceding them in age. The same
examinations carried on with a considerable number of trachorheites

from different localities give the invariable result that andesite con-

tains a large (comparatively speaking) percentage of this mineral;
trachyte less ; rhyolite still less ; the tuffs of these species giving results

in accordance with those shown by the rock to which they belong. The
rising percentage of silica as they are higher—younger in the scale

—

until rhyolite contains free silica; their approximate uniformity in

chemical composition throughout the world, which points to an origin

from similarly constituted material; and their almost unexceptional
occurrence in granitic countries, besides the great similarity of percent-

age which their constituents show, upon analysis, with the constitu-

ents of granite, seem to lead to the conclusion that they may owe their

origin to a remelting of granite. More careful and specific examina-
tions are required, however, to prove this hypothesis. With a view
to so doing, I have undertaken investigations into the questions in-

volved herein, and shall therefore do no more than suggest the idea
until results obtained justify a more complete and comprehensive as-

sertion.
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A few words may also be said regarding the distribution of the geo-
logical formations over the entire district.

Granite forms all the higher portions of the eastern edge of the Front
range ; but on the northern side of the Arkansas it is covered largely by
trachorheites, and, to some extent, by sedimentary formations. Con-
tinuing its course westward, it forms the main mass of mountains in the
north, whereas the entire southwestern portion is volcanic. The sediment-
ary beds of Silurian and Carboniferous age traverse the central portion
of the districts in a narrow band in a southeasterly direction, the
former edging the latter in the northern portion, disappearing in the
south. Again, they reach into the northwest corner of the district

coming from the north, and covering about one hundred and fifty

square miles. Mesozoic and Tertiary beds are found only along the
eastern edge of the Front range, with the exception of one or two
isolated patches of small extent. The Cretaceous occurs all along that
same edge, extending into the mountains in a few bays of ten to twelve
miles in length, and is found in the western portion of the district, a
continuation of the formation farther north.

Volcanic rocks cover the granite partially in the eastern and northern
half of the district, forming the high plateaus, while the granite appears
in the eroded canons. A few isolated patches are scattered throughout
the granites, one of them extending in a very narrow line parallel to

the Sangre de Christo range. The largest portion is that forming the
southwestern corner of the district, which probably extends consider-

ably beyond it both west and south.

Drift covers San Luis Valley, the upper valley of the Arkansas, and
Wet Mountain Valley, besides small portions on the Tomichi, at Union
Park, and on Taylor Eiver Valley.
The mineral resources of this district are confined to gold, silver,

iron, coal, and marble, of which mention has been made in speaking of

the several sections in which thev occur.
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MINERALOGICAL KOTES AND A CATALOGUE OF THE MIN-
ERALS OF COLORADO TERRITORY.

MINERALOGICAL NOTES.

One of the most interesting regions in Colorado, from a mineralogical

point of view, is undoubtedly the vicinity of Gold Hill, of which Mr.
Marvine treats in his report, as it is located within his district.

There a number of dikes ofporphyry have found their way out through
the granite, and, contact between the two, a number of lodes have been
found, several of which have attained considerable celebrity. The Red
Cloud and Cold Spring are located on the two sides of a porphyry-dike
50 feet in thickness, striking about northeast to southwest, and from
them principally the rare and valuable tellurids, sought for by mineral-

ogists, have chiefly been obtained. Prof. F. L. Schirmer, of Denver,
had the kindness to supply me with a number of specimens from the
Red Cloud mine, which I have examined, and herewith give a report
upon. Before speaking more particularly of the tellurids, a few words
may be said explanatory of the circumstances under which they are asso-

ciated with other minerals at the mines of that locality.

Composing the dike between the Red Cloud and Cold Spring, we find

a porphyry of dark-grayish to purplish color, containing numerous small
crystals of two varieties of feldspar in its cryptocrystalline, compact
paste. While forming the hanging-wall of the Red Cloud, it is the foot-

wall of the vein opposite. Fragments of this porphyry, mixed with par-

ticles and streaks of quartz and feldspar, together with small flakes of
talc, make up the gangue-rock of the Red Cloud, collecting in small
cavities, crystallizing in cubes combined with the pentagonal dodeca-
hedron. Pyrite occurs throughout the vein, also forming at times nar-

row streaks, but invariably with a strong tendency to crystallize. At
some points the porphyry too is thoroughly impregnated with this min-
eral. Galenite occurs sparingly in cubical crystals ; also sphalerite in

narrow seams. Quartz-crystals, coated by ferric oxide, are found in the
small cavities occurring with them, both of more recent origin than the
sulphurets. Compounds of silver, copper, selenium, &c, with sulphur,
seem to be wanting entirely ; instead, however, we have the unusually
rich occurrence of tellurets, of which we shall speak presently.

To the west of the Red Cloud is the Cold Spring, the ores of which
show no variation, however, while the same granite and the same por-

phyry form its walls.

East of the Red Cloud, striking almost due east and west, is the Wi-
nona, located between two walls of gneiss. In this lode the gangue-
rock is mainly quartzitic, containing small portions of decomposing
feldspar and of talc. - Chalcopyrite and pyrite form the main ore, occur-

ring in streaks and thin threads partly, partly disseminated in crystals

of cubical and dodecahedral form throughout the gangue.
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Some distance to the southwest of the Red Cloud we find the Central,
Seven-Thirty, and Americus, located contact to a long dike of porphyry
and the surrounding granite. In a light-gray microcrystalline paste we
find embedded numerous small crystals of black mica, crystals of a prob-
ably triclinic feldspar, and small, irregular particles of white quartz.
Of all the veins located on this dike, the main one is chalcopyrite and

pyrite, with the usual accessories; sphalerite and galenite occurring
rarely. lu none of the specimens that reached me could I find any tel-

lurets, although their analogous mode of occurrence might lead to some
expectation of their presence.

In various parts of the world, compounds of tellurium with other
metals have been found, so that the first attempt at recognizing analo-
gous minerals from the Gold Hill region was to identify them with those
already described. It seems to me that the tellnrets of the region under
consideration show a greater variety of composition than those of other
localities. For entering into combination with other elements, the facil-

ities must have been great ; we have one compound, that of tellurium
and iron, which, although not occurring pure, enters into the formula
of the mineral. During the coming field-season, I expect to obtain a
satisfactory supply of material, in order to give a complete synopsis of

the mineral-occurrences of the Gold Hill locality.

Two minerals were found, occurring both at the Eed Cloud and Cold
Spring lodes, that could not strictly be parallelized with any known
species, and I have reserved the right of distinguishing them by a sepa-

rate name, if subsequent examinations of more abundant and purer
material will warrant it.

Xo. 1.

Isometric, imperfect crystals observed. Cleavage cubical, good.
Mostly found in thin threads, or in small, irregular, foliated masses.
Hardness, 2 to 2.5. Specific gravity, 8.5253. Luster metallic, splendent.

Color bright silver-gray to steel-gray
;
pale bright-yellow when exposed

to atmospheric influences a short time. Streak metallic, gray to silvery.

Opaque ; brittle
;
partly malleable and sectile.

On account of the small quantities that could be spared for analysis,

the tellurium was not determined but calculated ; the result of careful

qualitative examinations having revealed no trace of any other elements
than those found and given below.
By analysis the following constituents were obtained:

Pb, Fe, Ag, Au, Te by diff.,

53.19 5.05 0.3 L trace 41.45 =100.00

Calculating the simple tellurets for each one of these constituents,

we find there are required for

—

53.19 Pb, 5.05 Fe, 0.31 Ag,
32.90 11.55 0.19= 44.64 tellurium.

It is probable that Slight replacements may account for the smaller
quantity of tellurium found.
The percentage of constituents found leads to the formula

—

3 Pb Te + Fe Te

a very minute portion of lead having been replaced by silver. During
the examination, great pains were taken to procure the mineral as pure as

23 G s
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possible, and only such fragments that showed a distinct cleavage on
all sides were subjected to the tests. Pyrite almost invariably is fonnd
associated with this mineral, and the idea suggested itself that the iron

might be accounted for in that way. Several trials were made, therefore,

without giving any sulphur however. It may be stated here that all

the examinations were made of pieces obtained from one specimen.

This mineral has in its physical characters some resemblance to the
Altaite, which, however, contains no iron and about 60 per cent, of lead.

In the open tube, the assay gives off white fumes of tellurous acid,

condensing into colorless drops upon being heated to a high degree.

Before the blow-pipe on charcoal, with the oxygen-flame, the coal is

coated with a white layer some distance from the assay, highly volatile,

and near it a grayish-silvery coating is formed, consisting of the vol-

atilized and recondensed mineral. After treating the assay on charcoal

a little while, it becomes slightly magnetic, melts readily, and volatilizes

at a comparatively low temperature.

When gently warmed with concentrated sulphuric acid, not heated to

boiling, the tellurium contained in this mineral imparts to the acid a
cherry-red color, more or less intense. Nitric acid affects it ; nitro-muri-

atic dissolves it. The solution obtained is yellow, owing its color to the

presence of iron.

This species occurs both at the Bed Cloud and Cold Spring mines.

If subsequent investigations, with a more ample supply of good material,

confirm the result of the above examinations, I shall propose to dis-

tinguish this mineral from other tellurets of lead by the name of

Henryite, dedicated to Prof. Joseph Henry, director of the Smithsonian
Institution.

No. 2.

Probably orthorhombic, (no crystals were found from which the
crystalline form could be deduced beyond a doubt:) occurring mostly in

thin threads and foliated masses. Cleavage perfect ; hardness, 1 to 1.5;

luster metallic, splendent ; streak submetallic, dark-gray to black ; color

between bright lead-gray and steel-blue ; opaque
;
partly malleable and

sectile ; flexible when broken into thin scales.

In consequence of being obliged to work with very small quantities,

it was impossible to make more than a partial quantitative examination,
which, however, combined with the qualitative, appears to distinguish

this mineral from any known species :

Au, Ag,
18.82 28.60 per cent.

while the qualitative analysis revealed yet tellurium, iron, and lead; of

the latter merely a trace, however. An approximate determination of

the iron leads me to infer that the formula will be

—

3 Ag Te + (Au Fe) Te

In this mineral, the percental ratio of Au to Ag is 2:3, while in the
mineral nearest related to it, in the Petzite, it is 5 :8; and while Petzite

contains on an average 25 per cent, of gold and 40 of silver, these

figures are not so high in our mineral.

In the open tube it gives off tellurous acid, acting like No. 1. Before
the blow-pipe in the oxygen-flame, it coats the charcoal white, giving in the

reduction flame an impure globule of gold and silver. After being heated
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a short time, the assay becomes highly magnetic, indicating the presence
of a considerable quantity of iron. Nitro-muriatic acid decomposes the
mineral.

Subject to the same conditions as No. 1, I shall, if the results are
subsequently verified, propose for this mineral the name of Scliirmerite,
dedicated to Prof. J. F. L. Scbirmer, of Denver, who kindly supplied
me with specimens from his rich store.

NATIVE TELLURIUM.

Hexagonal ; occurring massive and in small crystals ; lateral cleavage,

perfect ; form, columnar masses in the accompanying white quartz.

Hardness, 2 to 2.5 ; specific gravity, 5.802, which is lower than that
given for tellurium, 6.1 to 6.3 ; but may be explained by the fact that
the metal and quartz could be separated but imperfectly. Structure,

"

lamellar ; color, tin-white to light steel-gray ; luster, splendent j streak,

submetallic, light-gray to gray.

In the open tube it gives off white fumes of tellurous acid and a strong
selenium odor. Before the blow-pipe, on charcoal, melts readily, coat-

ing the latter white in the oxygen-flame ; black or very dark-gray in the
red flame. Treating for some time with the red flame on charcoal and
moistening the black coating with concentrated sulphuric acid, the
coating will turn a bright carmine upon warming gently. Held into a
steady oxygen-flame it colors it blue, with the edges tinged bright green.

Bismuth produces a slight yellowish tinge on charcoal near the assay. In
the closed tube the characteristic red deposit occasioned by selenium
is found.
As stated above, this tellurium is intimately associated with quartz,

which composes 52 per cent, of the entire mass. An analysis, in which
the constituents other than tellurium were determined approximately,
gave the following result

:

Te, Se, Fe, Bi, Au, Ag.
90.85, approximate, trace, trace.

Having obtained more material, a full analysis will be given. It is not
so pure as the tellurium from Transylvania, which yielded from 92 to 97
per cent, of the metal.

CATALOGUE OF THE MINERALS OF COLORADO TERRITORY.

The following is a list of the minerals found in the Territory of Col-

orado, given as completely as possible up to date. In compiling it, the
observations of Professor Schirmer, from Denver, Mr. J. A. Smith, ter-

ritorial geologist, Mr. von Schulz, E. M., Mr. Peters, E. M., Mr. Frazer,

E. M., Dr. A. 0. Peale, Mr. Marvin, and myself have been used. The
single initial after the enumeration of each locality or series of localities

gives the name of one of the above-mentioned gentlemen by whom the
mineral was collected or observed at that locality. Mr. Smith's Cata-
logue of the Principal Minerals of Colorado afforded much valuable in-

formation. The comparatively meager representation of mineral species

in a country so richly endowed with mining-lands as Colorado is is per-

ceptible at a glance. Very little definite and applicable knowledge has
thus far been gained relative to the distribution of minerals and ores

throughout the world, and every catalogue, however small, if only ac-

curate, adds its share to the further development of that knowledge.
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Actinolite.—In radiated form, of light-green color, on station 2, E,
On Buffalo and Sopris Peaks, P. Bergen's ranch and North Boulder
Creek, S.

Agate.—Cloudy, of white and gray color in the trachytic formations "of

station 27, in various forms at the Los Pinos agency, E. In South
Park, in the Arkansas Valley, and on the Frying Pan in varieties, P.

Throughout Middle Park, M.
Alabandite.—At Quartzville, Peters.

Alabaster.—Mount Yernon, S.

Allophanite.—Frankliue mine, in Gilson Gulch ; Fowler and Wells's

tunnel, Sugar Loaf district, S.

Alumlnite.—Mount Yernon, S.

Alum.—Mount Yernon, S.

Amazon stone, (Adularia.)—Elk Creek, S.

'Amethyst.—At Nevada and other neighboring localities, S. On Rock
Creek, P.

Amianthite.—North Boulder Creek, E.
Amphibole.—Buffalo Peak, P. Montgomery, Peters.

Anglesite.—Freeland mine on Trail Creek, S. In crystals at the Horse-
shoe lead-mine, in South Park, Peters.

Anhydrite.—On Elk Creek, F. Crystallized at the salt-works in South
Park, Peters.

Anthophyllite.—North Boulder Creek, S.

Apatite.—At Fairplay, Peters.

Apophyllite.—Station 22, E.
Aragonite.—Occurring in the form usually termed flos ferri, very

beautifully in Marshal's tunnel, Georgetown, E. Golden, S.

Argentite.—Colorado Central Mine, Terrible, and other mines at

Georgetown ; in the No Name, Caribou, and others at Caribou ; in

some mines near Nevada; in the Senator lode of the Hardscrabble
mining-district ; it occurs mostly in small quantities, imbedded either

in quartz or in the predominating ore ; when decomposed, native sil-

ver is the result, E. At the Silver Star, Moore, and other mines near
Fairplay, Peters.

Arsenophyrite.—Priest Mine, Fairplay, Peters.

Asbestus.—Occurs in small quantities, partly radiated, near Caribou, E.
Aventurine feldspar.—On Elk Creek, S.

Azurite.—In the No Name, together with malachite, the result of de-

composition of fahlerz, Caribou ; in the Bosita mines in Hardscrabble,
E. On Trail Creek, S. On Crater Mountain, in the mines around
Fairplay, and in the mines of Elk Mountain district, P.

Bismuthite.—In the Las Animas mine, pseudo morphous after

—

BismutitE.—From the Las Animas mine, Sch.

Barite.—In yellow tabular crystals, clear in the Tenth Legion mine of

Empire, in the Terrible mine near station 17, and on station 46; near
Canyon City transparent crystals occur in the arenaceous formations
of that locality, E. In Gilson Gulch, Georgetown, S. Crystals occur
in the limestones around Fairplay, P.

Basanite.—East of the salt-works in South Park, P.

Beryl.—On Bear Creek, Tiffanny's ranch, S.

Biotite.—On Buffalo Peak and station 64, P.
Bituminous coal.—At several localities along the Border range, at

Pueblo and Canyon, E. On Trout Creek Pass, P.
Brucite.—On James Creek, F.
Oalcite.—In small crystals, scalenohedra, at the Monte Christo Cen-

tral
; on station 35, camp 32, E. At Mount Yernon, Bergen's ranch,
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S. Rkornbohedral crystals on Cheyenne Mountain ; in the limestones
of South Park; scalenohedra in Elk Mountain district; fibrous in
Trout Creek Park ; on Frying-Pan Creek, P.

Caledonite.—Freela'nd mine, Trail Creek, S.

Caolinite.—Camp 42, E.
Carnallite.—Salt-works, South Park, Peters.

Carnelian.—Middle and South Parks, M. Los Pinos agency, E.
Cerargyrite.—Gilpin County lode, Black Hawk, S. Small, compact

quantities in the Wade Hampton mine, Peters.

Cerrussite.—J. P. Whitney mine, in very small crystals; Central;
No Name, Caribou ; Caribou mine ; Silver Hills mines and Rosita
mines in the Hardscrabble district, E. Freeland mine, Trail Creek, S.

In the Horseshoe mine it occurs earthy, and is found throughout the
mines of Elk Mountain district, P.

Chalcedony.—On station 27 ; at the Los Pinos agency, E. Middle
and South Parks, M. and P. Buffalo Park ; Fair Plav ; Frying Pan

;

Trout Creek, &c, P.
Chalcanthite.—On Clear Creek below Black Hawk, in a deposit, and
on several dumps near Central, E.

Chalcocite.—Bergen district, near Idaho City, F. Liberty lode,

Bear Creek, S. •

Chalcopyrite.—Auriferous in the Bobtail, Winnebago, Dallas, Gun-
nell, Running, Kansas, California, and, other mines at and near Cen-
tral ; mostly occurring compact, and frequently very intimately inter-

mixed with pyrite. It occurs in every paying gold-mine in Gilpin
County, and the miners seem to think a great part of the " pay" de-
pendent upon its presence. It also occurs in the Terrible, Pelican,
Cold Stream, and other mines of Georgetown, as well as in those of
Caribou and Hardscrabble, E. In the gold and silver mines of Fair
Play and the Elk Mountain District, P.

Chlorite.—On station 45, E. On Trail Creek, S. On Sopris Peak, P.
Chlorophanite.—Bergen district, S.

Chromite.—Massive ; Silver Hills and Fair Play, Peters.
Chrysocolla.—Champion lode, Trail Creek, S.

Chrysoprase.—Rare, in Middle Park, S.

Coal.— Vide Bituminous coal.
Copper.—Native ; arborescent in the Gregory lode, Central, E.
Copperasite.—On the dumps of the Wood Lode and Nevada, E.
Cuprite.—In crystals, from Sacramento Gulch and from the Sweet
Home mine, Peters.

Dolomite.—From the Four-Mile Creek, P. •

Embolite.—Peru district, Snake River, F.
Epidote.—In crystals together with garnet on Gunnell Hill, Central

;

in crystals, small, on stations 17, 43, 46, 50, and 77. A large number
of the hornblende-dikes traversing the country contain epidote, either
massive or in small crystals, E. On the summit of Mount Bros, Lake
Creek Caiion, Grand Mountain, Elk Mountain Ridge, and all through
the foot-hills, P. On Trail Creek, S.

Fahlerz.—Terrible, Colorado Central, Pelican, and other mines of
Georgetown ; No name, Caribou, and others at Caribou ; station 46. E.
For particulars see chapter 1.

Feldspar.—Occurs in the gangue-rock of a large number of iniDes near
Central and Georgetown ; crystals showing the Carlsbad twin-system
are found in Gregory Hill, Central, in the porphyry, at station 4G,

at Rosita, E. Twins are also found in the porphyries of Gold Hill,
M., en Elk Creek ; and at Idaho, S. Compare Orthoclase.
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Fire-clay.—Golden, Ealston, Boulder, &c, S.

Float-stone.—Mammoth lode, Central, S.

Flos ferri.— Vide Aragonite.
Fluorite.—Terrible miue, Georgetown, in light-green cubes ; in small

crystals and massive, of violet color, on Mount McClellan and Gray's

Peak, E. On Bear Creek, S. ; massive, pink and violet in the Sweet
Home mine, Peters.

Galenite.—In narrow seams, fine-grained, Winnebago ; feathery in the

Dallas mine; coarse-grained in the J. P. Whitney, Running, Monte
Christo, Forks, and other mines of Gilpin County. In the Colorado

Central, Equator, Star, Pelican, Terrible, and others it occurs in large

quantities. The Cold Stream shows beautiful crystals, combination

of cube and octahedron, with rarely the rhombic dodecahedron. The
International, at an elevation of about 12,800 feet, has a heavy vein

of galenite. The No Name, Caribou, Fourth of July, and other mines
in Boulder County contain the mineral. The Silver Hill mines (fine-

grained) and the Bosita mines in Hardscrabble district. On station

46, E. Hamilton, the mines around Fairplay show crystals ; the mines
of Elk Mountain district, the head of Iowa and of Empire Gulch
contain galenite. In small scattering quantities it is found almost
throughout the country, P.

Garnets.—Crystallized in rhombic dodecahedra and sometimes ikosi-

tetrahedra ; found together with epidote in the dike on Gunnell Hill.

Closely resemble the garnets from Auerbach, in Germany. In mica
schist at camp 14 and at station 22, E. On Trail Creek, Bergen, &c.

S. Montgomery, Peters.

Gold.—Native gold in very small and indistinct crystals in the Bob
tail, Gunnell, Quartz Hill, near Central, E. Tarryall Creek, Placer
Diggings, near Fairplay, in imperfect crystals and laminse ; in Wash
ington and California Gulches, in the Placers of Union Park, and
numerous other localities, P. Occurring as the result of decomposi
tion of the tellurids at Gold Hills, M. Lately discovered native in

large quantities, though very minutely distributed, in the quartz
ledges of the San Juan mining-district.

Goslarite.—On the -dumps of the Wood lode, Leavenworth Gulch
near Central, E.

Graphite.—Trinidad mine, Las Animas County, Sch.

Greenockite.—On sphalerite of the Dallas mine, Black Hawk, E.

Gypsum.—Is distributed very widely throughout the Cretaceous forma-
tion of Colorado. Good crystals are rare. Selenite is the usual form
of its occurrence, frequently being found in twins.

Halite.—Salt-works of South Park, along some parts of the Platte
Biver in springs, P. Found as salt-licks in various parts of the Ter-

ritory.

Hematite.—Specular, on Procer Hill, Central, E. Head of Bear Creek

;

fibrous and specular in Philipps mine, Silver Hills ; in the mines of
Elk Mountain district ; micaceous on station 65 ; on Sopris Peak, P.

Henryite, n. si).—Red Cloud mine, Gold Hill, Sch. and M. Cold Spring
mine, M.

Hitchcockite.—On copper minerals of the Dallas mine, Black Hawk,
E.

Hornblende.—Occurs in numerous localities in the dikes, so that it

would be useless to enumerate them. Good crystals none were found.

Radiated on station 43, E.

Hyalite.—On stations 33 and 34 in trachyte, E. At the Hot Sulphur
Springs of Middle Park, S.



hndiich.] GEOLOGY MINEEALOGICAL CATALOGUE. 359

Idocrase.— Vide Vesuytanite.
Iron.—Native, in the Colorado meteorite found in 1866, S.

Jamesonite.—Sweet Home mine, Peters. San Juan, Sen.
Jasper.—Green and red, station 33; yellow, red, brown, gray, Los

Pinos Agency, E. Throughout Middle and South Parks, M. and P.
Labradorite.—Near Golden in the dolerites, E. Near Fairplay in the

trap-rock, P.

Lead.—Native, in Hall Gulch, Summit County, Sch. At Breckenridge,
S. An announcement of native lead must always be received with
the necessary caution. The specimen owned by Professor Schirmer
I have seen, but, although it had a very " natural " appearance, was
unable to decide.

Lepidolite.—Station 17, in a form resembling the Saxon zimuraldite, E.
Leucite.—Table Mountain, Golden City, S.

Leucopyeite.—Spanish Bar, S. \
Licoeite.—North Clear Creek, S.

Lemonite.—Near station 17, E. ; in the Tertiary sandstones west of Plum
Creek, near Colorado City, P. ; in several localities of South Park,
Peters.

Magnesite.—In small quantities in the running lode at, Black Hawk, E.
Magnetite.—In loose nodules on Gunnell and Procer Hills, at Central;

in small octabedric crystals in the gneissic rock on station 1 ; on sta-

tiou 54, E. Occurring in the granites of various localities, Silver

Hills, White House, Capitol, in the doleritic rocks generally^ P. At
Idaho and Caribou, S.

Malachite.—Is found as the result of decomposition of fahlerz and
other minerals at the Dallas, Leavenworth, and other mines near Cen-
tral ; at the No Name, Caribou, Seven-Thirty, Fourth of July, and
others, at Caribou ; at some of the Georgetown mines ; at the Hard-
scrabble mines, on station 46, and other localities, E. ; at Crater
Mountain, in the mines of Fairplay and Elk Mountain district, P.

Marcasite.—Philipps mine, Fairplay, Peters.

Melaconite.—Occurring at the Gunnell, Briggs,Leavitt, Leavenworth,
and other mines, near Central, E. ; at the Unknown mine in Mont-
gomery, Peters.

Melanteeite.—On the dumps of the Wood, Dallas, and Kansas mines,
and others, near Central, E. ; in the Sweet Home mine, Peters.

Mesitinite.-—Black Prince lode, Lump Gulch, S.

Meteoric iron.— Vide Iron.
Minium.—Freeland mine, Trail Creek, S.

Mispickel.—Together with pyrite in the Bobtail and other mines, E.
Molybdenite.—Leavitt mine, at Central, S. ; occurring in thread-like

veins in Silver Hills, near Fairplay, Peters.

Muscovite.—In good crystals on station 2, and in the coarse-grained
granite near Canon City ; throughout the granite, and partly in the
schist-rocks, E.

Obsidian.—Porphyritic, in a dike, at station 27, E. ; Buffalo Peak,
Arkansas Valley, and Union Park, P.

Onyx.—Middle Park, M.
Opal.—Milky and precious at Idaho City, E.
Orthoclase.—In crystals in the porphyries on Gregory Hill, partly

altered into sanidite. It occurs sometimes in very large pieces

throughout the coarse-grained granites of Colorado, E. 5 in the por-

phyry-dike at Gold Hills, crystals of large size, M.
Pegmatite.—At several localities in the vicinity of Georgetown,,on

station 2, E. Bear Creek and Gold Hills, in Boulder County, S.
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Petroleum.—From the oil-wells in Oil Creek Canon, to the east of

Canyon City, E.
Petzite.—In the gold-mines of Gold Hill, occurring in narrow seams
and veins, M.

Phlogopite.—On station 46, E.
Pitchblende.—Occurs in large quantities ; massive in the Wood lode

in Leavenworth Gulch, near Central, E.

Polybasite.—In tabular crystals at the Terrible mine, near George-
town, E.

Prase.—Middle Park, M.
Prehnite—Fair Play, in some of the mines, Peters.

Proustite.—Occurring in the Brown lode, intermixed with galenite, F.

Pseudomalachite.—Little Piatt Eiver, south of Fair Play, P.

Psilomelane.—Seaton mine, Idaho, occurs in small quantities, E.

Pyrargyrjte.—In the Colorado Central, Terrible, International, Cold
Stream mines, at Georgetown, associated with galenite, fahlerz, and
sphalerite, E. In the Brown lode with galenite, F.

Pyrite.—One of the most widely-distributed minerals in the Territory.

As a rule, it is auriferous, occurring crystallized in pentagonal dodeca-

hedra in the. Bobtail, Bates, Briggs mine ; in cubes combined with
the pentagonal dodecahedron at the Winnebago, Mack, Dallas, Kan-
sas, Grand. Army, Gannell, and other mines, all near Central City.

In immense bodies it is found in the Mammoth, Briggs, and Leavitt

lodes. It is found crystallized in the Terrible, Pelican, New Boston,

Cold Stream, and other mines near Georgetown; at the Tenth Legion
mine in Empire ; in cubes at stations 45 and 46, E. Found also in

Silver Hills, crystallized in the mines of Buckskin. Cubes of four to

five inches edge in the Philipps mine ; in the Elk Mountain district,

on Eagle Eiver; in octahedra on station 65, P. In the mines near

Idaho, crystallized and massive, M.
Pyroltjsite.—Massive at Buckskin and in Silver Hills, Peters.

Pyromorphite.—Freeland lode, Trail Creek, S.

Pyroxene.—Near Fair Play, Peters.

Quartz, crystals.—Gunnell lode, Briggs mine. Quartz Hill and other

localities near Central. In the Bosita mines, in some of the George-

town mines, at station 46, E. On East Biver. in the mines of Elk
Mountain district, Iowa Gulch, Sopris Peak, P.

Quartz, smoky.—On the Colorado divide ; large crystals on the Upper
Platte, and on Pike's Peak, P.

Quartz, rosy.—On station 70, E.; camp 39, P.; Bear Creek, S.

Ehodochrosite.—Sweet Home mine, Park County, Sch., in very beauti-

ful specimens, and in the Diadem mine, Buckskin, Peters.

Butile.—On Ute Pass, occurring in quartz, Peters.

Sardonyx.—In Middle Park, M.
Schirmerite, N. sp.—Bed Cloud and Cold Spring mine ; Gold Hill,

Sch. and M.
Schreibersite.—In the Colorado meteorite, S.

Selenite.—At various localities in the shales, station 35, E.

Semiopal.—At Los Pinos agency, E.

Siderite.—Crystallized in South Park, Peters.

Silver.—Native, as wire-silver at the Terrible, Georgetown, at the In-

ternational on Mount McClennan ; as wire-silver in the No Name and
Caribou mines at Caribou, E. In small nuggets and thin scales near

Fairplay, in Washington Gulch, Homestake lode, P.

Sinter.—Siliceous, South Park, S.
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Smithsonite.—Jones's mine on sphalerite, near Central, E. Eunning
lode, Black Hawk, F.

Soda.—Carbonate, from the Hot Springs of Idaho, E.
Sphalerite.—Occurs in almost every mine ; only few exceptions take

place. In the lead-silver mines it is more abundant than in the gold-^

mines, it is found in the Winnebago, dark brown, Dallas, GunnelU
J. P. Whitney, Kansas, Wood, California, Eunning, Bobtail, Briggs„
(small quantities in these two,) Monte Christo, and numerous other?
mines in the vicinity of Central. The mines of Georgetown invaria^
bly contain it. The Caribou mines show at times large quantities ofji

the mineral. Station 46, E. Sphalerite containing cadmium is found
in several mines near Eairplay, Peters.

Spinel.—Crystal mine, Virginia Canon, S.

Stephantte.—Colorado Central, Georgetown, E. Moose mine near
Fairplay, and others, Peters.

Stebnite.—Terrible mine near Georgetown, E.
Sulphur.—In a small crystal on galenite from the Clifton mine near

Central, von Schulz ; found in Middle Park, S.

Sylvanite.—In the Eed Cloud mine of Gold Hill, occurring in foliated

masses and thread-like veins, M.
Talc.—In fine scales among the gangue-rock of the Bobtail and Kan-

sas near Central. In light-pink scales in the Silver Hills and Barton
mines, Hardscrabble district, E. On Sopris Peak, P.

Tellurium^ native.—At the Bed Cloud mine of Gold Hill, in crystal-

line masses, belonging to the hexagonal system, Found in a speci-

men obtained from Professor Schirmer.
Tennantite.—Crystals in Buckskin Gulch, Peters. Geneva district,

Park County, Sch.
Tetrahedrite.—Crystals in Buckskin Gulch, Peters.

Tourmaline.—In the quartz of Gunnell Hill, Central, of Eunning Hill,

Black Hawk, E. On Guy Hill and at Nevada, S, Station 64, P.
Crystals with both terminations at Montgomery, Peters.

Tuffa.—Calcareous, Currant Creek, E. Eoaring Fork and FryingPan, P.
Turquoise,—Southern Colorado, doubtful, S.

Uranlnite.—On thedumps of the Wood lode in Leavenworth Gulch, E.
Vesuyianite.—In large crystals of simple combination on Mount

Italia, station 64, P.
Wlllemite.—Jones's mine, Central, E.
Wollastonite.—Near Fairplay in the limestones, Peters.
Zlncite.—Jones's mine, Central, S.

Zinkenite.—Sweet Home mine, small crystals, Peters.
Zircon.—Bear Eiver, Middle Park, S.
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THE LIGNITIC FORMATION AND ITS FOSSIL FLORA.

BY LEO LESQUEEEUX.

Columbus, Ohio, July 14, 1874.

Dear Sir : I send you herewith my report on the botanical paleon-
tology of the Tertiary formations of the Bocky Mountains.
The results of the explorations of 1873 in regard to my special

researches are exposed in the description of the new species of fossil

plants, and in the discussion of the data furnished by these plants on
the age of the Lignitic formations.

As there has been of late some discussion on this last subject, and
as the opinions of the explorers do not yet agree, I have reviewed in the
first part of my report the facts and arguments bearing evidence on
the age of the Lignitic ; in the second part, I have marked, by tables,

&c, the distribution of the Tertiary flora in relation to the periods which
they seem to represent ; in the third part, the description of the new
species, or of those which were not yet known from American specimens,
is given ; and the fourth has a review on the climate during the North
American Tertiary epoch, as indicated by the character of the groups of
its fossil flora.

Besides what is due to the co-operation of the members of your corps
in the collection of specimens of fossil plants, the survey is greatly
indebted to Captain Berthoud, and to Mr. A. Lakes, of Golden, for the
discovery of new species and the communication of splendid specimens.

Very respectfully, yours,
L. LESQUEKEUX.

Dr. E. V. Hatden,
United States Geologist, Washington.



INTRODUCTION.

I .shall begin my report of this year by a more detailed review of the
essential facts and data which, furnished essentially by vegetable
paleontology, have forced my conclusions on the age and the geological
distribution of the Lignitic formations of the West.
There is always some uncertainty in the reference of fossil species to

peculiar geological stations, when the paleontologist is called to describe
them and judge of their geological relations without having himself
examined the localities wherefrom the materials have been derived

;

this on account of a casual mixing up of specimens, and also because
the more characteristic

4

species, which are sometimes of rare occurrence,
escape the eye of those who, unacquainted with fossils, collect speci-

mens at random, and wherever they find them, for the examination of a
specialist. For this reason I have to base my cla*ssification on the
localities which I have visited myself, and on those which, either from
stratigraphical evidence or by a close analogy in the characters of their
fossil remains, are ascertained as synchronous.

1st. I refer to Eocene (Lower American Eocene,) all the coal-strata of
the Eaton Mountains ; those of the Canon City coal-basin ; those of
Colorado Springs, where a coal-bed, the Gehrung's, is opened and worked;
those of the whole basin of Central and North Colorado, extending
from Platte Eiver or from the Pinery divide to south of Cheyenne, in-

cluding Golden, Marshall, Bowlder Valley, Sand Creek, &c, and, in
Wyoming, the Black Butte, the Hallville, and the Eock Spring coal, By
analogy of geological characters, compounds, and succession of strata,

as indicated by Hayden, Leconte, and others, and also by the presence
of species of fossil plants, which I consider as leading plants of the group,
I refer to the same Eocene formation the Lignitic beds of New Mexico as
far south, at least, as the Placiere anthracite coal ; in Wyoming, those
of Bear Eiver; and in Utah, those of Coalville, as described by Professor
Meek in the former report of Dr. Hayden, (1872, p. 435.) From its fossil

plants, the coal of Nanaimo, Vancouver Island, is referable to this

section.

2d. I consider as American Upper Eocene (or Lower Miocene, the coal-

strata of Evanston, and from identity of the characters of the flora, as
seen from the specimens communicated to me, those of six miles above
Spring Canon, near Fort Ellis ; of the locality marked near Yellowstone
Lake, among basaltic rock ; of Troublesome Creek, Mount Brosse, and
Elk Creek, Colorado. The specimens from Bellingham Bay, Washington
Territory, refer this locality to the same* horizon.

3d. To the Middle Miocene I refer the coal-basin of Carbon, and from
the identity of vegetable remains the Washakie group, Medicine Bow,
Point of Eocks, and Eock Creek.

4th. To t<he Upper Miocene belongs the Green Eiver .group of Wyo-
ming ; the coal of Elko Station, Nevada. ; the leaf-bearing strata of
South Park, near Florisant and Castello Eanch ; of Middle Park, and
of Barrell's Spring.
The localities where only a few specimens of undeterminate relation

have been obtained, and which are not named in this connection, are of
little" importance. They may become positively identified with one of
these stages of the Tertiary, and for this reason, imorder that the means
of comparison may be more easily recognized, I propose to modify the
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plan of my former reports in the following manner : The specimens ex-
amined from the exploration of past year (1873) will be described in
separate sections or groups, to which are referable the localities where-
from they are derived ; and instead of placing in a single synoptical
table all the species known from our American Tertiary measures,
it will be more appropriate to prepare a table for each of the Tertiary
stages, as recognized above ; reserving a general table for a later time,

when our Tertiary divisions are more positively recognized. It is to

this last end especially, and as stated above, that these different tables
may be useful. The materials which we have now on hand are abun-
dant enough to point out a marked difference in the vegetation of the
different horizon of the Tertiary, though the general characters of the
separate groups which they represent are not yet well determined
enough to give positive evidence in regard to the exactness of these
divisions. As our Tertiary measures are of wide extent, and are likely

to become more and more carefully studied, these different tables will

afford points of comparison for local floras, and therefore for identifi-

cation of local formations, just as, in the former reports, the general
tables furnished for the comparison of the geological epochs, the Creta-

ceous and Tertiary, an evidence which is needed no more ; for, indeed,

I believe that from the descriptions, details, and expositions of the
characters of each of these separate groups of the Tertiary, its age and
its disconnection from the Cretaceous will be established positively

enough to prevent any further discussion on the matter.

§ 1.—AGE OF THE NOETH AMEEICAN LIGNITIC.

Besides the evidence furnished on the age of this formation by the
characters of the vegetable remains, I have, in my former annual report

to Dr. Hayden, drawn some collateral conclusions, which I wish to briefly

review now, in order to separately consider, in regard to them, any new
evidence afforded by the researches of 1873.

These conclusions were taken, 1st, from the fact of the immediate
superposition of the strata bearing plants to well-characterized strata of

the upper series of the Cretaceous, the Fort Pierre and the Fox Hill beds
of Hayden's section, in the Eeport for 1871, (p. 87.) This immediate su-

perposition of the heavy fucoidal sandstones and of the Lignitic over
Upper Cretaceous rocks, is seen in full evidence, as remarked in the re-

port, in the Eaton Mountains of New Mexico, around Trinidad ; all along
the ridge of sandstone from Trinidad to the Spanish Peak ; at the Canon
City coal-basin under the Lignitic formation, as marked in the section of

Mr. Nelson Clark, superintendent of the coal-mines ; at Colorado Springs,

in following the bed of Monument Creek, from the depot to Gehrung's
coal ; at Golden, Marshall, &c. On this subject my observations agree
with those formerly recorded by Dr. Hayden, Dr. Leconte, and others;

the succession of the strata has been recognized by all the geologists.

2d. I have not denied, and do not deny now, the presence of animal
Cretaceous remains in the strata ofthe Lignitic, though persisting to con-

sider the formation as Tertiary notwithstanding; for I regarded and still

regard the presence of some scattered fragments of Cretaceous shells as
of little moment in comparison with the well-marked characters of the

flora, characters which have been fully established by a large number of

specimens obtained from all the localities referred to the Lignitic. I re-

marked, however, on the scarcity, if not the total absence, of Cretaceous
animal remains in the whole extent, of the Colorado basin, from the Ea-
ton Mountains to Cheyenne.

Since then, new evidence has been supplied to this subject, first by a
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letter of Prof. E. T. Cos, who, in company with Dr. E. Owen, found
specimens of Scapkites and Inocerami in strata supposed to belong to

the Cretaceous Lignitic, as quoted by Dr. Leconte in his Notes on the

Geology of the Union Pacific Eailway, (p. 19.) Professor Cox says, con-

cerning these specimens, which are still in his cabinet

—

I copy from my memorandum-book the section and notes made at Spanish Peak, a
range of the Eocky Mountains, from a stage-station on Purgatory Creek.

Cretaceous.

Hard hand 20 feet.

Thin and thick bedded sandstone, )

Schistose sandstone and shale, > , 200 feet.

Solid bedded sandstone. )

Thin coal
Solid grit, with pebbles 70 feet.

Talus at base -. -. 400 feet.

The talus rested upon the table-land, which is 240 feet above the bed of the creek
;

total height, from bed of creek to top of section, 930 feet. The ridge extended back
from face of hill, and appeared to be about 100 to 150 feet higher.—(Note on section

from memorandum-book :) Found in the wash at foot of talus in the above section,

Scaphites nodosa, and a Bpecies of Inoceramus.

The section is similar to those given in Hayden's Eeport for 1872, (p.

319), of the Lignitic and its underlying heavy sandstone, on the Purgatory
Creek, near Trinidad, which is underlaid by a talus of Cretaceous black
shale, No. 4. It compares especially well to my own, in the same report (p.

320), of the range opposite Trinidad, where the underlying black and
Cretaceous shales and covered space to the bed of the creek measure 300
feet. From this place, and along the stage-road to Spanish Peak, the
distribution of the strata is the same, the heavy Lignitic sandstone tow-
ering over the talus of the black shale, like a wall, as reported, (loc. tit.,

p. 321,) and overlaid by the beds of lignites, or the productive Lignitic.

That, therefore, the Cretaceous fossils found at the base of the talus of
black shale No. 4 do not prove that the Lignitic above is of Cretace-
ous age is evident enough. The section of Professor Cox, on the con-

trary, confirms the deductions taken in relation to the superposition of

the Tertiary Lignitic to the Cretaceous in that part of the country.
The authority of Captain Berthoud, of Golden, has been often quoted

on the same subject, and is generally considered as of great weight in

geological matters of Colorado, a region which this gentleman has for

many years surveyed for the construction of railroads and carefully

examined with the eye of a practical geologist. He has been reported
as supporting the assertion that Cretaceous mollusks had been found
above the beds of* the Lignitic formations. In regard to my inqui-

ries on this subject, he had, like Professor Cox, the kindness to give his

detailed opinion in a letter, whose statements are worth preserving. He
says,

1st. That if Professor Stevenson observed Inocerami, Ammonites, Scaphites, JBaculites,

Nuoulce, &c, in superposition to Lignitic strata of Colorado, it is clear to me that it is

only a case of local inversion ; i. e., that, as shown in our basin of Golden, the Lignitic
sandstone has been so tilted up that, with the coal-seams near by, it was thrown over
the perpendicular, and thus Cretaceous strata would appear in superposition.

2d. That between this Lignitic and the Cretaceous beds holding Inoceramus, &c,
on Bear Creek, there is fully one mile on an east or west line, so that the Cretaceous
beds and the Lignitic coal-shale, fire-clay, and sandstone are not conformable in dip,

and clearly show the superposition of the Lignitic beds. This is undoubted, as the
Cretaceous limestone debris, under green and yellow clay-beds, disappear under the coal-

beds at our old camp on Bear Creek that you visited with me.
At Golden I cannot see that the Cretaceous beds are conformable to the sandstone

and coal ; so far I wrote to A. E. Marvine. Now, I will add to this for you some other
remarks. It has always seemed to me a stumbling-block when ten years ago,, or more,
and until 186S-'69, 1 supposed and believed that our coal was Cretaceous, to find every-
where, when examined by me, that there was no conformability between the Lignitic
Measures and the outcrop west ; and that at Ealston, Bear Creek, Table Mountain, the
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stratification was also unconformable to all from the coal -westward. But when I find-

that as we proceed, east, the superimposed Tertiary beds are getting more and more
horizontal, and that in the clays and sandstones above the coal, we see a well-developed
resemblance in fossil "plants up to the basalt overflow, I gave up the idea of the Cre-
taceous origin of this Lignitic, and the possibility that a salt-water deposit could belong
to the same geological horizon, as indicated by the Tertiary fresh-water deposits, par-
ticularly as the couformability of this coal and this Cretaceous limestone can nowhere
be shown. As to Dr. Leconte's report of what I found east of Pike's Peak, it is in
the main true. I found coal when on a scout. I judged it was nine feet thick. It
seemed almost horizontal, but I would not say it was horizontal, as it was badly cut
up by the drainage of the small gully we found it in. In bluffs north or northwest I
found several Baculites that seemed to come from a clay-bed in the bluffs ; but whether
this coal was superimposed to this baculite clay, or the clay was over the coal, I could not
say positively either way. Southwest of this locality, twenty-five miles, or* the Arkansas,
the Baculite clay-beds are below the Inoceramus limestone, and no coal whatever above.

3d. The coal-bed opened near Platte Canon I have not yet seen. I know that fine

Baculites and Scaphites have been obtained there, said to be near the coal, but have no
evidence of it ; will visit and report to you, as soon as I can, just what I find there.
But I think it is a case of local inversion, as the coal, to within three and one-half miles
of South Platte River, is tilted up the same as at Bear Creek, Golden, Ralston, &c.
Eleven miles north of Golden, on Coal Creek, these Lignitic beds are regularly inclined
east, and no Cretaceous beds west of them can I find. At Murphy's coal-mine no Cre-
taceous fossils are found east of the coal. In Golden, cutting a deep well in the green
Tertiary clay about 1,000 feet east of the coal has exposed a stratum of deep-green clay,
with a large deposit (leaf-bed) with leaves changed into glossy coal. They seem to
belong to Salix, Platanus, Bhamnus, &c. ; a gramen, also a small fragment of an elytra,

or wing-case of an insect. The fossil beds near Bowlder County are accompanied with
clay full of casts of leaves, of sedges and grasses, mollusks, fossil turtles, and one or
two bones that Professor Marsh thinks are Dinosaurus*.

This is sufficient to show that, except the specimen of Inoceramus
found by Dr. Leconte at the Eaton over.Lignitic beds, no Cretaceous
fossil mollusks have been found till now in the whole Lignitic basin
from the Eaton Mountains to Cheyenne.

3d. To answer the objections that at Black Butte, Coalville, Bear
Biver, and other localities in Wyoming, the Lignitic beds and sandstone
bearing plants had been recognized underlying strata'with fossil remains
of Cretaceous animals, I had to examine if, from its nature and its fossil

plauts, the Lignitic formation should be of necessity recogDized as a
whole, or if it could be separated into different members, the one repre-
senting the Upper Cretaceous, the other the Lower Tertiary. For this,

of course, the essential documents to be considered in the view of my
special researches are the fossil plants. From the large number of
Fucoids in the sandstone, and from the identity of some of the species of

these marine plantsfound by Professor Meek, even in connection with the
lower strata of the Lignitic as far down as the arenaceous beds of Bear
Creek and Coalville, with Cretaceous animal remains ; from the prodi-
gious preponderance of palms, leaves and fruits, recognized also in the
same circumstance, &c, I forcibly admitted the unity of the Lignitic
formation in its whole, and therefore limited the discussion to this point

:

the Cretaceous or the Tertiary age of the formation. The detailed exam-
ination of the fossil plants of the Lignitic and of their distribution affords

more evidence on this question.
4th. To strengthen my position in regard to the conclusions afforded

by vegetable remains, I compared the Lignitic formations to those of the
Carboniferous epoch, remarking that, having positively a preponderance
of land-plants or a land-character, they should be considered as a land-
formation ; that in every formation, especially in every land-formation
like that of the Carboniferous, the fossil animal types are more or less in v

discordance with the vegetable forms in regard to the data furnished
by them on the age of the formation. As in the Carboniferous we find

Devonian mollusks far above the millstone-grit, and also Permian shells

far below the Permian, and as the Carboniferous is now generally recog-

24 G s
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nized as a homogeneous single formation, I argued that, the same dis-

accord being remarked in our Lignitic measures, we had to explain it in

the same way, and should not, on that account, force an abnormal divis-

ion of a formation whose flora is positively analogous or synchronous

in its characters in the whole thickness. A discrepancy of the same
kind is recognized in the Cretaceous formations of Europe, even between

the groups of animal fossils which characterize them. The- president

of the Society of Natural History of Geneva, my honored friend, Rev.

Duby, says, in his discourse of 1861, in regard to the geological observa-

tions recorded during the year,

That the society had been favored by Professor Pictet with numerous communica-
tions relative to paleontology, of which the most important is a notice of the succes-

sion of the cephalopod mollusks during the Chalk period in the region of the Swiss

Alps and Jura. Mr. Pictet derives, from a detailed study of the fossils contained in the

Cretaceous strata and their comparison with contemporaneous repositories, an argu-

ment in favor of the idea propounded by Mr. Barande, that two successive faunas

must necessarily have existed together for some time, and he concludes by showing that
paleontological faunas, distinguished through by marked characters, are not ordinarily

susceptible of any rigorous limitation.

Messrs. Claparede and Favre took occasion to remark on this, how
much the conclusions of Mr. Pictet must in future complicate the task

of geologists who undertake to determine the age of the formations. On
the same subject Count Saporta, one of the highest European authori-

ties in vegetable paleontology, remarks,* in speaking of the presence
of Ammonites, Baculites, Inoceramus, &c, in the American strata, which,

by their fossil plants are characterized as Eocene, that these mollusks
have persisted for a longer time in the Cretaceous of America than in

Europe ; a fact which is easily admitted, as, in France, the chambered
cephalopoda had left the Cretaceous seas of the south long before they
disappeared from the north. The same remark is repeated in Jukes
and Geikie's Manual of Geology, (p. 664.)

In parts of the north- of France there occur curious banks of white pisolitic lime-

stone, resting apparently in hollows of the chalk, &c, but sometimes on the same level

as the lower beds of the Tertiary rocks above it. Some of the'fossils are true Creta-
ceous, while none, I believe, are Tertiary forms.

We have apparently something like this in our geological Upper Creta-

ceous formation, if, as it seems proved, we do not find any kind of Cre-

taceous mollusks in the Lignitic basin of Golden, when their presence is

still ascertained in the Lignitic of Bear River and Coalville. The English
geologists remark on facts of this kind, (loo. cit, p. 665:)

That the existence of local groups of rocks that will not exactly fit into the general
series, either from their containing fossils different from those found in any other group,
or from their uniting parts of two sets of fossils which are elsewhere distinct, although
sometimes perplexing, seems neither unnatural nor different from what might be
expected. It merely shows us that our geological series is a series of fragments, not one
of absolutely continuous succession.

In his travels with the Hassler, Professor Agassiz has observed a
case which may serve to explain anomalies between the records fur-

nished by animal and vegetable remains in regard to the age of the
strata, t

The geology of the coast of Possession Bay is interesting to the highest degree.
All along the coasts, north of the Straits of Magellan, the Tertiary formations, same as
along the coasts of Eastern Patagonia, are perfectly distinct, even seen from a distance,
by their horizontal strata, also remarked on the coast of Fuego. In Possession Bay we
landed to more carefully recognize the character of the country, &c. One mile
inland from the cliffs I found, at 150 feet above the sea-leveh a pond of salt water, which,
to my great surprise, had an abundance of marine shells, identical with those of the
sea along the coast. They were in a perfect state of preservation ; many were living,

* In letters.

t Letter of Professor Agassiz to Professor Peirce, in Boston Advertiser. I have to re-

translate this from the French Bevue scientifiquc, No. 4G, May, 1873.
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and I could collect a large number of specimens, -with living animals, for preserving in
alcohol. The most numerous were Fuci, Buccini, Fissurellce, Patella, Volutce, &c, all in
the same numeric relation -which was remarked in the sea under the cliffs. The pres-
ence of this salt pond, with its living inhabitants, proves a very recent upheaval of the
coast. The exact time could not be precisely fixed without a more extensive geological
examination. The fact is the most complete confirmation of Darwin's assertion, pub-
lished more than thirty years ago, that there has been a recent upheaval of the coasts.

Admitting the fact as it is exposed by Professor Agassiz, and sup-
posing that, after an epoch of time, there should be a contrary, slow-

movement or depression of the same land, and that from the start this

depression- should be accompanied by the introduction of fresh-water
lakes, of swamps, &c, the growth of extensive bogs, and the formation
of peat-beds by plants ; that over it a succession of shales and sand-
stone should be formed by more rapid depression and the invasion of

muddy or sandy water, &c, the result of this heaping-up of new mate-
rials would represent, of course, a more recent formation, characterized

by its remains of fossil plants, this, under or below the level of a more
ancient one, characterized by its fossil invertebrate animals, &c.

5th. In recording the opinions of geologists, who, by their researches,

have furnished materials (animal fossils) as evidence of the Cretaceous
age of the Lignitic, I quoted Professor Meek's passage of a letter, where
his opinion is exposed rather in favor than in contradiction of mine. Of
course, I was not then informed of his conclusions published later. We
have now, in the report of Dr. Hayden for 1872, (pp. 431-462,) the re-

sult of the researches of this careful observer, tending to prove that the
Lignite deposits of Coalville have been positively recognized underly-
ing strata characterized as Cretaceous by their remains of mollusks.

As no fossil plants have been discovered in connection with these coal-beds,
except the omnipresent fucoid, Halimenites major, no argument can be put
forward from the comparison of vegetable fossil rem ains. It is, however,
remarkable that the constitution of the Lignite of Coalville, the thick-

ness, the distribution of the beds, is about the same as that of Evanston

;

so similar, indeed, that the more experienced miners and superintendents
of the mines at Evanston and other places consider these Lignitic beds
as the same. The difference of fixed carbon in the lignite of the two
localities is only 1 per cent.; that in the proportion of water, only 2 ; in
volatile matter, only 3. And if we admit that the chemical compound
of the coal and the lignite, like that of the peat, depends especially

from the original constituents, the plants, we have in this fact of identity

of chemical compounds more than a probability of a homogeneity of

original or vegetable components. In this case the discussion is recalled

to this point, as remarked above : the whole Lignitic being a homogeneous
formation, we have to decide if it is Cretaceous or Tertiary.

The locality where the discussion on the relation of fossil remains
may be made with the most advantage is that of the Bitter Creek
series, where there is an abundance of vegetable remains repre-

sented, at Black Butte especially, and of animal fossils, saurians,
shells, &c, also found in profusion in the strata of this series from
Black Buttes to Eock Springs. In the whole series, neither Professor
Meek nor his assistant have found any shells truly characteristic of Cre-
taceous age; and Professor Meek says himself, (p. 458,) "that although
partly committed to the opinion that this formation belongs to the Cre-
taceous, and still viewing it as most probably such, he does not wish to

disguise or conceal the fact that the evidence favoring this conclusion,
to be derived from the mollusks alone, as now known, is by no means
strong and convincing." As from the flora of Black Butte we do not
have any identical or intimately related species to the Cretaceous plants,
as all the types are Tertiary, even a large number Miocene, the conclusion
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is forcibly in favor of the Tertiary age of the Lignitic. Nearly one-half

of the species of fossil plants found at Black Butte are identical with
or closely related to Eocene and Miocene species of Europe. On this

subject even the invertebrate animals seem to point out to the same
conclusions ; for Professor Meek remarks, (loc. cit, p. 460,) " that he
found directly associated with the reptilian remains of Black Butte
(that saurian imbedded in Tertiary leaves) a shell which he cannot dis-

tinguish from Viviparits trochiformis, originally described from the Lig-

nitic formations at Fort Clark, on the Upper Mississippi, a formation

that has always been regarded as Tertiary by all who have studied its

fossils, both animal and vegetable." The whole discussion on the subject,

continued by Professor Meek, and reviewed clearly on the following

pages, (pp. 461-462,) establish the same fact, that paleontological evi-

dence from remains of invertebrate animals is rather in favor of the
Tertiary than of the Cretaceous age of the group.

The conclusion of Professor Cope amounts to this : that from the Da-
kota group to the top of roof of the Black Butte main coal he met with
an uninterrupted series of animal Cretaceous remains, mollusks in the

lower beds and vertebrates in the higher, proving that the beds are Cre-

taceous^). Comparing this with the flora of the Lignitic, he concludes
that a Tertiary flora was contemporaneous with a Cretaceous fauna,

establishing an uninterrupted succession of life across what is generally

regarded as one of the greatest breaks in geological time.

This conclusion does not appear to exactly conform to facts, at least

on the point of view of vegetable paleontology, for on this account, and
contrary to what is remarked by Professor Cope in following his re-

searches on the bones of extinct species of animals, we have from the
Dakota group to the lowest strata of the Lignitic, or to the same bed at

Black Butte, where the bones of that dinosaurian were found, an evi-

dent and total break in the succession of vegetable type, quite as
marked as it can be in passing from the Jurassic to the Cretaceous.
This anomaly may be explained in considerinig this fact : that the flora

is in direct collateral relation with atmospheric circumstances which do
not influence, at least not in the same way and with the same activity,

the marine world and the land vegetation. Morever the lower Eocene
of Europe has a series of clay beds bearing remains of land plants.

They are intermediate, it seems, between the upper Cretaceous and the
Lignitic formations, and thus indicate long periods of time sufficient to

account for great modifications in the flora.

6th. Leaving aside these considerations, which bear indirectly on the
subject, I have to come back to the question of the precedence which in

a case like this should be accorded to fossil plants, for the determina-
tion of the age of the formation ; for I cannot leave without contra-

diction a critical remark made against the report of last year, which,
among others, says :

*

Mr. Lesquereux has met the statements of Professors Meek, Cope, and Marsh, that
Cretaceous mollusks had been found in and overlying the Colorado lignite deposits,

by pointing to his 250 species of fossil plants, claiming that they far outweigh the tes-

timony of the animal remains. In fact, however, these fossil plants have little bear-
ing on the question.

The absence of fossil mollusks in the Colorado basin has been proved;
but even admitting the contrary, and taking as an analogous case the
coal of Black Butte, over which the skeleton of a dinosaurian, Agathauma
sylvestrisj has been found imbedded into leaves of Eocene plants, shall

we for the reason of the presence of these Cretaceous remains, still more

* Dr. Newberry, in Journal ofAmerican Arte and Sciences, vol. vii, April, 1874, p. 403.

t Cope, Second Bulletin of the United States Geological Survey.
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important as characteristic than niollusk, admit tlie formation as Creta-
ceous, and consider the plants as without bearing on the question ? I
have last year spent some days at Black Butte and in the surrounding
country, and may here record the observations which, related to this

question, may not find their place elsewhere.
The Saurian bed, as it is now called, is at the top of the ridge facing

the depot, at a short distance, half a mile east from it. The debris
taken out in digging the bones of the animal are still mixed with a
quantity of fragments of these bones, and some of the specimens are
remarkably interesting, bearing as they do, fragments of bones on one
side and fossil leaves on the other. The bed is a kind of arenaceous
clay, mixed with ashes, and hardened to the consistence of brick by the
combustion of the underlying beds of coal. It overlies, east of the
station, three alternate ridges of whitish weathered sandstone of the
thickness, taken altogether, of 96 feet, being 10 feet 8 inches above the
upper ledge, which is a compact, white, hard sandstone, 10 feet thick,

and is exposed and can be followed easily to the south for about a
quarter of a mile, where the main coal-bed of Black Butte is worked.
At this place the section in descending order is

:

12. Fire-clay and shaly sandstone, 9 feet.

11. Yellow sandstone, 6 feet.

10. Shale and coal-brash, 1 foot.

9. Shaly sandstone and plants, 12 feet.

8. Coal, 3 to 5 feet.

7. Fire-clay, 2 to 7 feet.

6. Main coal, 5 to 7 feet.

5. Fire-clay, 5 feet.

4. Clav, capped with slaty sandstone, 5 feet 4 inches.
3. Coal, 3 feet,

2. Shale and clay, with oysters, 7 to 10 feet.

1. White sandstone, 10 feet 8 inches.

This sandstone, being the same as the upper sandstone under the
Saurian bed, the former section shows the exact horizon where the
bones have been found as within or above the lower 3-foot bed of coal
No. 3, separated by 10 feet of fire-clay from the main Black Butte coal.
It is very probable that both coal-beds disjointed, at the locality of the
Saurian, by a mere clay parting, were destroyed by fire under the stra-
tum of clay. Anyhow, I did not find in connection with the bones any
species of plants differing specifically from those found in the sandstone
Ho. 9 above the upper coal. The specimens represent Sabal, Viburnum clicho-

tomum, Ficus planicostata, Myrica Torreyi, Aleurites eoceyiica, Paliurus
zizyphoideS) some stems, Caulinites, and fragments of leaves of a Pla-
tanus, whose middle part only is preserved, and which may be referable
to P. Ilaydenii, the only kind of plant which was not recognized in the
shale of the main coal. The case is clear : from all the fossil plants
described from Black Butte none is referable to a Cretaceous species

;

they are all Tertiary, and force the admission made by Professor Cope
in his review (loc. tit., p. 16) that here a Tertiary flora is contemporaneous
with a Cretaceous fauna. Now, this flora is typical for the compounds
of the coal-strata, and, of course, the coal-strata are Tertiary. What
shall be the name of this formation ; is it Cretaceous on account of the
saurian bones, or is it Tertiary on account of the fossil plants in which
the skeleton is entombed, and which are found of the same relation all

over the Lignitic formations, and at some places, as at Golden, the
Eaton, &c.j from its base to the upper strata, and which two have
entered into the composition of its essential strata, the Lignite 1

? No
geologist, I think, will hesitate a moment in pronouncing it, from its
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land character, a Tertiary formation, therefore giving the precedence to

the fossil flora over the fossil fauna for the determination of the age of

this formation. It is, then, evident that the fossil plants have some
weight and must decide.

7th. This brings me to the essential question which has to be exam-

ined in considering the relation of the age of the fossil plants of the

Lower Lignite of the Eocky Mountains.
Though the flora is evidently related to that of the Tertiary of Europe

by a large number of its species, it is, however, difficult to point out with

uncontestable evidence to what stage of this Tertiary the relation is the

more intimate. To come to an understanding on this subject, we have
to compare the American fossil species with those known as yet from

the publications of European authors, and at once are met with a

scarcity of materials, especially from the Lower Tertiary strata or the

Eocene, to which, considering the position of the Lignitic,its flora should

be especially related. The Tertiary of Europe seems to have been, as

expressed by Dr. Ettinghausen in his Contributions to the Eadoboj
Flora, " a kind of universal vegetable repository, representing types of all

the regions of the world ; a seminarium, which hereafter dispersed its

offsprings over the whole surface of the earth." This conclusion is not

my own. I should only say that the European Tertiary formations

have been the recipient of species representing an heterogeneous vege-

tation, type of multiple and local changes. But this matter is out of the

subject;" we have only to record the fact that, so mixed in their fades
are the floras of the Tertiary basins of the Old World that as yet no
reliable delimitation has been established for the stages which they

represent.*

In considering the characters of our Lower Lignitic flora, a critic has
asserted that its genera are all, as well as the species, without relation

to Eocene vegetable types of Europe, quoting as a proof of his assertion

the flora of Mount Bolca, and that of Shepey in England. This last

flora is merely known by fruits whose forms or species have been de-

scribed and figured by Bowerbank, and which are heaped in prodigious

quantity in the so-called London clay of England. This Eocene flora,

however, cannot be taken for America any more than it has been for

Europe as a point of comparison, for it has no leaves, and its fruits, of

various and uncertain affinity, have as yet not been found elsewhere in

the Tertiary of Europe, except a few Nepadites, merely mentioned (not

described yet) from the Eocene of Mount Bolca. These Shepey fruits,

as Heer remarks, are not characteristic of the formation, even say noth-

ing in regard to the climate of the locality where they are found, as, from
appearance, they have been floated down some river for a great distance,

and are analogous to present deposits of this kind at the mouth of the

Ganges. The Eocene flora of the Isle of Wight, at Alumbay, is repre-

sented by numerous leaves of Aralia, Daphnogcne, Ficus, Zizyhus, Ccesal-

pinia, &c, which, according to Heer, have such a marked tropical and
subtropical character that the fruits of Shepey may have been derived

from the plants of this locality. These Alumbay leaves, to quote the

same authority, are similar to species of Mount Bolca ; three species are

identified as the same, and three others are closely related. But also a

number of them are Miocene; as, Quercus lonchilis ; Laurus primi-

genia; Myrica (Diandra) acutiloba ; Cassia phaseolites ; or four species,

* Since writing this, the third and last volume of W. P. Schimper, Palontologie

vegetate, has appeared. The author, considering the vegetable groups of the Tertiary,

divides the formation in the five following stages : Paleocene, intermediate to the Cre-

taceous and Tertiary ; Eocene, Oligocene, Miocene, and Pliocene. The relation of our Lig-

nitic vegetation seems to he with the Oligocene.
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and four other species, Laurus Forbesii, Daplmogene anglica, Quercus
Burmensis, and Juglans Baharpii, are related to .Miocene species in

the same degree. From this, it seems, the conclusion should be in

favor of a more intimate relation of the flora of Alunibay, which is posi-

tively recognized of Eocene age, with that of the European Miocene than
with that of Mount Bolca ; for it has only six species identical or in

relation with the Mount Bolca flora, while it has eight, bearing the same
degree of relation to the Miocene. Some of the species of the jSorth
American Lignitic are identical with or closely related to those named
by Heer. Quercus furcinervis is probably identical with Q. Burmensis ; for,

in many of the numerous American specimens of this species, the absence
of an upper branch of the lateral veins, which, according to Heer, is

the essential character which separates these two species, is positively

remarked. Baplinogene anglica, is as positively identified as it can be from
the short description given by Heer, it being different from D. melasto-

macea by the symmetrical form of the leaves and the branching of the
lateral nerves. Heer says that the middle nerve is also branching. In
our specimens it is simple; in Unger's species neither the lateral nor
the middle vein branches. Though these species re-appear in some forms
of the Miocene of Europe, they should be considered, I think, rather as
Eocene than as Miocene types.

The Mount Bolca flora is represented by a large number of specimens
of leaves and fruits disseminated in the numerous museums of Italy.

Until now few of the species which they represent have been satisfac-

torily described. The little which is known of this flora is from the
table of families furnished to Professor Heer by Professor Massalongo,
and published with remarks in Fl. Tert. Helv., (vol. iii, p. 275.) This
table has 53 groups of plants, among which the more numerously repre-

sented are: Algce, 48 species; Podocapece,5; Palms,!; Proteaceoe,5; Erica,-

cew, 10; Sterculiw, 10; Buitneriacece, 14; Myrtacew, 8, &c. ; and among the
species the most abundant, Eucalyptus Italica, Mass. ; Eugenia laurifolia,

Mass. ; Guayacites Heerii, Mass. ; Zanthoxylum ambiguum, U. ; Ficus Bol-

censis, Mass., which Heer says is similar to F. multinervis of the Miocene;
Santalum memecyloides, Mass. ; Aralia primigena, de la H. ; in all ten
species not described but briefly remarked upon by Heer. From the
characters of the Mount Bolca flora as indicated in this exposition of

Heer, it does not appear, indeed, that our Lower Lignitic flora has any
marked relation to it ; but the scantiness of materials, together with
the uncertainty of the characters of a number of species named by
Massalongo, renders a comparison impossible. Heer himself, in his ex-

position, remarks on this insufficiency of reliable characters. He, for

example, counts only four species of Mount Bolca as represented in the
Miocene of Europe, and a few more as closely related to Miocene species.

He mentions among those ascending to the Molass of Switzerland,

Banlcsia longifolia and Bryandra Veronensis, two species which have
close relation with species of our Upper Miocene, the Green Biver group,

rather than with species of the Lower Lignitic. Since Heer's short review
of the Mount Bolca flora was published, in 1859, paleontology has not
received any more precise information in regard to its characters.

Schimper, in his Vegetable Paleontology, 1873, mentions only from this

locality, besides 21 species of marine plants or fucoids, Cyperites Bol-

censis, Mass., considered or described formerly by the same author as a
Flabellaria; Ealochloris cymodoceoides, Ung., also found at Soltzka ; I>ota-
mogeton tritonis, U., and P. nayadum, U. ; Typlta spadcc, Mass., a species

which Schimper supposes to be made from the leaves of some Oypcraccw;

five forms of Castallince, fruits comparable to the Nepadites of the Lon-
don clay, representing probably a single species ; Latanites parvulus,
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Mass., a palm j Lomatia Bolcensis, TJ. ; L. latior, Heer, of which a small

broken part is figured in the Baltic Flora, and to which one of the most

abundant species of Black Butte Myrica Torreyi, Lesqx., so much resem-

bles by its peculiar nervation and by the form of the leaves that bet-

ter specimens only of the European plants can decide between positive

identity or a very close relation ;
Myrica Mencgliini, XL. of a type repre-

sented with us in the Upper Tertiary of South Park ; and Daplmogene

Veronensis, Mass., which Schiinper compares to Cinnamomum Sclieucli-

zeri. This is all that is positively known of the flora of Mount Bolca.

It is impossible to consider it as a kind of typical flora of the Eocene of

Europe, and to assert that if we cannot point out any of our Lignitic

species as identical with this flora, it is for that reason deprived of the

character of the Eocene vegetation.

France has in the deposits of the old Travertins of Sezane a number
of species whose types seem to be intermediate between the Cretaceous

species and those of the Upper Eocene. This flora is known by the

admirable work of Count Saporta,* who describes in it a Sassafras

comparable to 8. Mudgii, and leaves of Magnolia, related to M. altemans

and M. capellini, three species described from the Dakota group. A
number of forms of this Lower Eocene flora are also related to the Ter-

tiary species of Europe, especially to those of the Mount Promina flora

;

and with our Lignitic flora it has closely allied two of the more charac-

teristic and more abundant species of Black Butte, Sterculia variabilis,

Sap., distinguishable only from Ficus planicostata by the unequal lateral

base of the European leaves, and the beautiful Viburnum giganteum,

related, by its size and nervation, to V. marginatum. Besides this, it

has Asplenium subcretaceum, Sap., intimately related to the species which
I have described as Sphenopteris eocenica, most abundant at Golden

;

.Cissus primceva to G. lobato-crenata, also abundant at Black Butte and in

the Colorado Lignitic basin, Mount Brosse, &c. ; Cornus platiphylla, re-

lated to G. impressa. These all show affinity indeed to a flora so posi-

tively marked as Lower Eocene, that some of its types are still Cre-

taceous.

I have admitted, as indication of the Eocene age of our Lignitic flora,

the great abundance of fucoidal remains, or of marine plants, in the

underlying sandstone of the Lignitic, a character remarked in the sand-

stone of Mount Bolca, and also of the Flysh of Switzerland. One of the

few species which I have as yet been able to describe, from the difficulty

of obtaining specimens, Halimenites minor, is known from this last for-

mation. Besides this, a comparatively large number of species of ferns,

some ofthem identical with species of Promina : Goniopteris polypodioides,

Ett., and Sphenopteris eocenica, or with that of Boernstadt: Biplazium
Muelleri; then a great proportion of remains of palms, referable to as
many species as have been described from Europe at least, some of them
identical with species of Promina, Boernstadt, Haring, representing, like

Flabellaria latania, F. longirachis, F. Zpilceni, some of the more ancient
forms of palms recognized in the Ctenzoic times. The remarkable prepon-
derance of palm remains has been mentioned from all the stations of the
Lower Lignitic where fossil plants have been discovered : Vancouver, Fort
Union, Black Butte, Golden, Sand Creek, Gehrung's, Canon City, Baton
Mountains, Placiere, the Mississippi, &c. They have given to the vege-
tation of the epoch a subtropical character, marked still by a number of

species of Ficus of the broad-leaved and palmately- three-nerved group,
most of them new species, and none of the type ofthe lanceolate-pinnately-

nerved leaves like Ficus lanceolata, F. multinervis, &c, which, with us

* Prodrome d'uiie flore fossile des Travertins auciens de Sezane, (1863.)
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at least, represent types of the Upper Miocene only. Among species of
the other genera of Eocene type, the Lignitic flora has still Myrica Torreyi
of BlackButte, possibly identical, as seen above, with a Lomatia of Mount
Bolca ; three species of Platanus : P. Kaydenii, P. Eaynoldsi, P. rliom-

boides, without any affinity with any of the Cretaceous or of the Miocene
species known as yet ; Artocarpiclium olmedicefolium, IT., described by
the author from Sotzka ; a fine new species of Pisonia, P. racemosa,
allied to P. eocenica, Ett., of Haring, as well by the seed (or unopened
buds) as by the leaves ; Daphnogene anglica (?), which has been remarked
upon as found at Alumbay ; two species of Nelumbium, related to JSF.

BucM, Ett., of Promina; Eucalyptus Hdringiana, of Hariug; Bombey-
opsis grandifolia, IT., of Sotzka; a number of species of BJiamnus of a
peculiar type, comparable, by the form of the leaves and the nervation,
to tropical species of Bridelia. These can be considered as already
giving to the flora of the Lignitic, in comparing it to that of Europe, an
Eocene facies.

But we have in America a more reliable point of comparison, still,

forcing the conclusion that if even the Lignitic flora of the Bocky Mount-
ains had no relation whatever to that of Europe, it should, notwith-
standing, be considered as Eocene. I allude to the flora of the Missis-
sippi, described from very good specimens obtained from such a lower
stratum in the Tertiary that its reference to this formation rather than
to the Cretaceous was for a long time uncertain. In the Geological Be-
port of the State of Mississippi, Prof. Eug. V. Hilgard has given (p. 10S)

a section of the general distribution of the strata in the geological for-

mations of the State, marking the place of the Lignitic of the Missis-
sippi State and of the formations where his fossil plants were found as
underlying the Vicksburgk and Clayborne beds, which form the upper
stage of the American Eocene, the Lignitic representing the lower one:
The correlation of the Mississippi fossil flora with that of Golden and
of Black-Butte is evident enough. Of the Mississippi plants, the fol-

lowing have been recognized in the Western Lignitic : Sabal Grayana,
Vancouver ; Populus monodon, Baton Mountains ; P. mutabilis, Black
Butte, Baton Mountains, Vancouver; Quercus cliloropliylla, Golden;
Quercus crassinervis, Vancouver ; Ficus ScMmperi, intimately related to
F.platinervis, as widely represented at Black Butte, Golden, &c, as the
former is in the South ; Laurus pedata, Baton Mountains ; Chinamomum
Mississippiense, one of the most prevalent species of the Western Lig-
nitic ; Magnolia Hilgardiana, Baton Mountains ; M. Lesleyana, Baton
and Golden. This, without mentioniug a number of closely-allied spe-

cies and the identity of genera, gives to both the floras of the Mississippi
and of the Western Lignitic formation a general character which can but
be recognized as identical.

After all this, we remark in our Eocene flora some characters which
may be called negative, namely, the absence of certain groups of plants
represented either in the Cretaceous or in the upper groups of the
Tertiary. Ko species has been discovered in the Lignitic which had
been described from the Dakota group. This is the more remarkable
that some peculiar types of this group, like Liriodendron, Sassafras,
&c, re-appear above the Lignitic in the Evanston or second group,
aud in still greater numbers in more recent Tertiary divisions; and
that even one of its rare species, Cinnamomum Scheuchzcri, is also
absent until now, at least in the lower group, and present in the
same second group and above. Heer remarks, in considering the fossil

flora of Mount Bolca, the absence of representatives of a number of
genera or families which take an important place in the Miocene, thus:
Salicinecv, Acerinece, Cv/pttliferce, Betidaccw, Ulmacccv, Abictinew. &c.
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The absence of these types is as remarkable in the Lignitic flora

as in the Eocene of Mount Bolca. While the upper group of our
Tertiary abounds with conifers, Abietinece, 11 species in 81, the

Lower Lignitic has only two, one as yet of uncertain affinity,

Abietites dubius, and two species of Salisburia, in nearly 200 species

;

of the Salicinece it has only three species, two of which, Salix tabellaris

and S. densinervis, both described from the Mississippi Eocene, are un-

certain, the last, perhaps, an Acacia. It has also no species of Acer,

none of Betula, Alnus, Garpinus, Corylus, &c. ; no species of Ulnuis,

except one doubtful, with entire borders ; for it is, indeed, the absence
of leaves with dentate or serrate borders which is the more remarkable
character of this group as well as of the Cretaceous

;
Quercus furci-

nervis and Q. saffordi, (perhaps a Myrica,) make with the Viburnum
maginatum and it's related species an exception, which is also remarked
in the Cretaceous types Q. primordialis and some peculiar leaves with
equal teeth turned outside and separated by obtuse sinuses, just of the
same form as in this Viburnum of the Eocene. It is not to be denied,

as seen in the comparative table, that a number of species of our Lower
Lignitic are found in the two following groups of Evanston, Carbon, and
even a few in the Green Eiver group. But we have seen the same in

the Eocene, even the Lower Eocene flora of Europe, and cannot from this

reason admit that our Lower Lignitic flora is not Eocene, because some of

its types have passed up to the other groups of the Tertiary.

§ 2.—DISTRIBUTION OF THE FOSSIL PLANTS IN THE DIFFER-
ENT GROUPS OF THE TERTIARY.

The succession of the strata of the Lower Lignitic in relation to the dis-

tribution of the coal strata and to that of the fossil plants which character-
ize the formation is not positively known. The section at the Raton
Mountains near Trinidad records an alternation of sandstone, shale, clay-

beds, &c, 300 feet thick, with five beds of lignite, measuring altogether
11 feet 6 inches. Here the fossil plants are found in sandy shale at the
base of No. 6 or in the upper part of No. 7 (Report for 1872, p. 319) in
the middle of the section. At Canon City, as indicated by Mr. Clark's
section, (loc. cit., p. 323,) the main coal 2 feet 2 inches is overlaid by
shale, clay or thin coal, and a sandstone, over which, in No. 15, are found
leaves of Sabal and of Platanus Haydenii, about 70 feet above the coal.

At Gehrung's coal, near Colorado City, a shale bearing an abundance of
Sabal leaves, Ficus, Platanus Haydenii, and Rhamnus, is also from 60 to
75 feet above the coal opened near by at the base of a compact sandstone.
From Marshall a detailed section has been published by Dr. Hayden
in his Report for 1869, (second edition, p. 129.) placing the strata bearing
fossil plants at No. 22, about in the middle of the section, 200 feet higher
than the lower main coal, and about 260 feet from the top. As far as
I know, and from the explorations of others, as well as from my own, no
other strata bearing identifiable plants have been remarked in this sec-

tion.

At Erie, the coal 8 to 9 feet is worked near the surface ; its soft sandy
shale is profusely mixed with remains of plants, which, to my regret, could
not be examined sufficiently. They represent afew species ofthe LowerLig-
nitic of Golden, and also some remarkable vegetable fragments represent-
ing species not found elsewhere. As the underlying strata are not known,
the position ofthis coal in the Lower Tertiary measures could not be ascer-
tained. At Black Butte, the main coal, overlaid by soft shaly sandstone,
with fossil plants in abundance, a stratum which, as remarked before,
is the equivalent of the Saurian bed, is here apparently at the upper part
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of a section of 1,000 feet of measures of the productive lignitic * In going
west toward Point of Rocks, in a contrary direction to the dip of the
strata, the Hallwell coal, a workable bed, and other Lignitic beds of unim-
portant thickness, are passed until reaching the abrupt terminus of the
ridge near Saltwell. No remains of fossil plants were found in connection
with any of these coal-strata. From Hallwell to Rock Springs, the dip
of the measures is to the west until the upper strata of Lignitic are
reached. Near this last place, a bed of coal 4 feet thick is passed,
two miles before reaching the station, and here the main coal, 100
feet higher, is worked 6 to 9 feet thick. I was not able to discover any
fossil plants in the whole thickness of the measures, and at Rock Springs
the coal, which is evidently one of the highest of this group, has
not any other plants but the fucoidal Halimenites. Its shale, however,
is mixed with a profusion of shells. Considering this, it would ap-

pear that the upper beds of the Eocene Lignitic are, in Wyoming, the re-

positories of fossil plants. At Golden we have perhaps the best
evidence concerning the distribution of the fossil plants in relation to

Lignitic strata. The lowest strata of coal, in close proximity to the Cre-
taceous, and tilted up to the perpendicular, are interlaid by beds of white
hard sandstone, which all, three of them at least in succession, have
identifiable remains of fossil plants. The lowest sandstone has espe-
cially some species of Fucoids, among which the fine Delesseria fulva, to-

gether with a quantity of Sdbal, Rhamnus Goldianus, Platanus Saydenii,
Quercus angustiloba, &c. Under the basaltic deposits, which cover the
Lignitic on the eastern side of the valley, half a mile distant from the Lig-
nitic beds, the fossil strata bearing plants are horizontal ; at some places
composed of soft white clay, as east of Golden, on the slopes of North
Table Mountains ; at others, of shaly sandstone, as northeast of the
School of Mines, on South Table Mountains. These deposits are all

about at the same altitude of 300 feet above Clear Creek, 00 to 100 feet

lower than the base of the lava-beds. They all contain not only the same
types but mostly the same species of fossil plants as the sandstone, inter-

lying the Lignitic beds in proximity to the Cretaceous. It therefore
appears from this that the flora of the Lower Lignitic has the same char-

acters in the whole thickness of the measures. There may be, of course,
some difference in the species, or a predominance of some kinds at a
higher or lower station, but the difference has not been yet remarked.

LIST OF THE SPECIES OF THE FIRST GROUP.

[Abbreviations for names of localities, &c.: R., Raton Mountains; P., Placiere ; G.,
Golden ; M., Marshall's ; S. Cr., Sand Creek ; B. B., Black Butte ; Y. St., Yellow Stone

;

Miss., Mississippi ; ¥., Vancouver ; Mo., Miocene; Gr., Group.]

Spheria lapidea, Lesqx.—R.
S. myricas, Lesqx.—B. B.
Sclerotium rubellum, Lesqx.—G.
Opegrapha antiqua, Lesqx.—B. B.
Chondrites subsimplex, Lesqx.—R.
C. bulbosus, Lesqx.—R.
Delesseria fulva, Lesqx.—G.
D. incrassata, Lesqx.—R.
D. lingulata, Lesqx.—R.
Halymenites striatus, Lesqx.—G., R.
H. major, Lesqx.—G., R., B. B., (Gr. 2, 3.)

* Professor Meek estimates it to at least double this thickness, and considers the lower
unproductive strata of this formation as Cretaceous. No evidence is afforded on this
subject by vegetable remains.
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H. minor, F. Os.—G.
Woodwardia latiloba, sp. nov.—G.
W. latiloba, var. minor.—B. B.
Pteris pennreformis, H.—G., Mo,
P. anceps, Lesqx.—G.
P. affinis, sp. nov.—G.
P. erosa, Lesqx.—B. G. (Gr. 4.)

P. subsimplex, sp. nov.—G.
P. Gardneri, sp. nov.—S. Or.

Diplazium Muelleri, Heer.—G.
Aspidium goldianum, sp. nov.—G.
Goniopteris polypodioides, Ett.—S. Or.

Sphenopteris eocenica, Ett.—G.
S. meinbranacea, sp. nov.—G.
S. nigricans, sp. nov.—B. B.
Hymenopbyllum confusum, sp. nov.—G.
Gymnogramma Haydenii, Lesqx.—B., (Gr. 2.)

Lygodium compactum, Lesqx.—Miss.

Selaginella Berthoudi*, sp. nov.—G.
Equisetnm la3vigatnm, sp. nov.-—S. Or.

Sequoia Langsdorfi, A. B.,—B. B. V.—Mo., (Gr. 4.)

Abietites dubius, Lesqx.—B., G., (Gr. 2.)

Salisburia binervata, Lesqx.—Miss.

S. polymorpba, Lesqx.—-V. (Gr. 2.)

Arundo Goepperti, A. Br.—B.—Mo.
Phragmites ceningensis, A. Br.—B., G., M., B. B.—Mo., (Gr. 2, 3, 4.)

Carex Berthoudi, Lesqx.—G.
Smilax grandifolia, U.—G.—Mo., (Gr. 3.)

S. obtusangula, Heer.— B. B.
Sabal Grayana, Lesqx.—V., Miss.

S. Campbellii, Ny.—B., G., B. B., &c.
S. Goldiana, sp. nov.—G.
S. major, U.—G.
Elabellaria zinkeni, Heer.—G.
F. latania, St.—G.
E. eocenica", Lesqx.—B. B.
E. longiracbis, U.—B., T. St.

F. fructifera, sp. nov.—G.
Calamopsis Hanai, Lesqx.—Miss.
Palmacites, species.—G.
Oaulinites sparganioides, Lesqx.—B. B., (Gr. 2 and 3.)

C. fecunda, Lesqx.—M.
Eriocaulon porosum, sp. nov.—S. Or.

Zingiberites undulatus, sp. nov.—G.
Bhizocaulon gracile, sp. nov.—B. B.
Populus attenuata, Goepp.—G., B. B.—Mo., (Gr. 3.)

P. monodon, Lesqx.—Miss., B.
P. mutabilis, A. Br.—B. B., Miss., B., Y.—Mo., (Gr. 2 and 3 in var.)

P. balsamoides, Goepp.—P.—Mo., (Gr. 2.)'

P. leucophylla, TJ.—B. B.—Mo., (Gr. 2.)

*

P. beliadum, U.— G.—Mo.
Salix Integra, A. Br.—G., B. B.—Mo.
S. tabellaris, Lesqx.—Miss.

S. (?) densinervis, Lesqx.—Miss.
Myrica Torreyi, Lesqx.—B. B.
M. Torreyi, var. minor.—S. Or.

Betula gracilis, sp. nov.—G.
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TJlmus irregularis, Lesqx.—E., G.
Celtis brevifolia, Lesqx.—Miss.
Qaercus angustiloba, A. Br.—G.
Q. Moorii, Lesqx.—Miss.

Q. platinervis, Lesqx.—V. '

Q. Lyelii, Heer.—Miss.—Mo.
Q. retracta, Lesqx.—Miss.

Q. chlorophylla, U.—G., Miss.—Mo., (Gr. 2.)

Q. triangularis, Goepp.—G.—Mo.
Q. stramineus, Lesqx.—G.
Q. Wyoruiiigiana, Lesqx.—B. B.
Q. furciuervis, Bossm.—Oregou, G.—Mo.
Q. Goldianus, sp. nov.—G.
Q. SafTordi, Lesqx.—Miss.

Q. crassinervis, U.—Tenu., Y.

Q. multinervis, Lesqx.—V.
Q. Benzoin, Lesqx.—Y.
Q. myrtifolia(?), W.—Miss.

Q. attenuata, Goepp.—S. Cr.

Q. Cleburni, sp. nov.—B. B.
Fagus feronise, U.—G.—Mo., (Gr. 4.)

Ficus Sckiinperi, Lesqx.—Miss.
F. cinnamomoides, Lesqx.—Miss.
F. tilisefolia, Al. Br.—P., B. B., S. Cr., G., &c.-Mo., (Gr. 2 and 3.)

F. planicostata, Lesqx.—B. B.
F. planicostata, var. latifolia.—B. B., M.
F. planicostata, var. Goldiana—G., S. Cr.

F. Clintoni, Lesqx.—B. B.
F. asarifolia, Ett.—G.—Mo.
F. zizyphoides, sp. nov.—G.
F. spectabilis, Lesqx,—G.
F. auriculata, Lesqx.—G., (Gr. 2.)

F. truncata, sp. nov.—G.
F. corylifolia, Lesqx.—B. B.
F. ulmifolia, Lesqx.—B.
F. Haydenii, Lesqx.—B. B.
Platanus Baynoldsii, Ny.—B. B.
P. Haydenii, Ny.—Gh, B.
P. rhoniboidea, sp. nov.—G.
P. Guillelina3(?), Goepp.—B. B.(T), E.—Mo., (Gr. 3.)

Artocarpidium olmedia3foliurn, U.—G.—Mo.
Pisonia racemosa, sp. nov.—B. B.
Laurus pedata, Lesqx.—B., Miss.
L. coloinbi, Heer.—Y.
Persea lancifoHa, Lesqx.—Miss.
Benzoin antiquum, Heer.—B. B., G.—Mo.
Cinnamomum Mississippiense, Lesqx.—Miss., B., P., G., M., (Gr.2 and 3.)

C. Bossm £essleri, Heer.—G.—Mo., (Gr. 2.)

C Heerii, Lesqx.—Y.
Elaeagnus insequalis, Lesqx.—Miss.
Banksia helvetica, Heer.—Miss.—Mo.
Andromeda Grayana, Heer.—B., Y.—Mo., (Gr. 2.,

A. dubia, Lesqx.—Miss.
A. vaccinisefolise affinis.—Miss.
Diospyros stenosepala, Heer.—Y. St.—Mo.
D. bracbysepala, Heer.—S. Cr., B. B.—Mo.
D. lancifolia, Lesqx.—Y., (Gr.2.)
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D. anceps, Heer.—B. B.

Sapotocites ainericanus, Lesqx.—Miss.

Viburnum marginatum, Lesqx.—B. B.

Y. Wyroperi, Heer.—B. B.—Mo.
Y. contortum, Lesqx.—B. B.

Y. Lakesii, sp. nov.—G.

Y. dichotomum, Lesqx.—B. B., B.

Cornus incompleta, Lesqx.—M.
C. Studeri, Heer.—G.—Mo., (Gr. 2.)

C Holmesii, sp. nov., S. Or.

C. orbifera, Heer.—G.—Mo.
Cissus laevigata, Lesqx.—G.

C. lobato-crenata, Lesqx.—B. B., (Gr. 2.)

Yitis tricuspidata, Heer.—B. B.—Mo.
ISTelumbium tenuifolium, sp. nov.—S. Cr.

IsT. Lakesianum, sp. nov.—G.
Magnolia Hilgardiana, Lesqx.—B., Miss., (Gr, 2.)

M. laurifolia, Lesqx.—Miss.

M. Lesleyana, Lesqx.-—G-., Miss., B.

M. ovalis, Lesqx.—Miss.

M. cordifolia Lesqx.—Miss.

M. Inglefieldi, Heer.—B. B.—Mo., (Gr. 3.)

Terminalia radobojensis, U.—B.—Mo.
Asimina (?) leiocarpa, Lesqx.—Miss.

Eucalyptus Hseringiana (?) Ett.—B. B.—Mo.
McOlintockia Lyallii (?) Heer.—B.B.—Mo.
Dombeiopsis trivialis, Lesqx.—G.
D. occidentalis, Lesqx.—G.
D. grandifolia (?), U.—G.—Mo.
D. obtusa, Lesqx.—B.
Acer (?) secreta, Lesqx.—B.
Sapindus undulatus, Lesqx.—Miss.
S. caudatus, Lesqx.—G., B. B.
Aleurites eocenica, Lesqx.—B. B.

Zizypbus distortus, sp. nov.—G.
Paliurus zizypboides, Lesqx.—B. B., M.
Ceanotbus fibrillosus, Lesqx.—G., B. B.
Bercbemia parvifolia, Lesqx.—G., R.
Bbamnus marginatus, Lesqx.—Miss.

B. obovatus, Lesqx.—G., B., M., (Gr. 2.)

B. deletus, Heer.—B.—Mo.
B. Fiscberi, Lesqx.—B.
B. salicifolius, Lesqx.—M., G., B. B.
B. rectinervis, Heer.—B. B., G., M.—Mo., (Gr. 2.)

B. Decbenii, Web.—B. B.—Mo.
B. acuminatifolius, W.—G.—Mo.
B. Goldianus, Lesqx.—G.
B. Goldianus, var. latior.—G.
B. Cleburni, Lesqx.—G., B. B.
B. discolor, Lesqx.—B. B.

B. insequalis, sp. nov.—G.
B. alaternoides Heer.—G.—Mo.
B. Meriani, Heer.—B. B.—Mo.
Xantboxylon dubium, Lesqx.—B.
Juglans appressa, Lesqx.—Miss., (Gr. 2.)

J. Saffordiana, Lesqx.—Miss.

J. rugosa, Lesqx.—M., G., B. B., (Gr. 2 and 3.)
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J. Smithsoniana, Lesqx.—B., G.
J. Schiroperi, Lesqx.—G., M., (Gr. 4.)

J. rhamnoicles, Lesqx.—G., B. B., (Gr. 2.)

J. Baltica (?) Heer.—B. B.—Mo.
Cercis eocenica, Lesqx.—M.
Pkyliites truncatus, Lesqx.—Miss.

P. Mahonisefonnis, Heer.—V.
Carpolithes palmarum, Lesqx.—B. B., G., B., (Gr. 2.)

C. falcatus, Lesqx.—B. B.

C. spiralis, Lesqx.—P.

C. compositus, Lesqx.—P.

C. Mexicarms, Lesqx.—P.

REMARKS ON THE SPECIES OF THE FIRST GROUP.

Iu looking for the species which characterize essentially this group,
and may be considered as leading species of the Lower Lignitic, we have
first to eliminate those which, as omnipresent Tertiary species, are about
equally distributed in at least three stages of the Tertiary measures.
They are considered as typical for the whole epoch, but cannot be
taken as characteristic of any of its subdivisions, no more in this

country than in Europe, where they have the same general distribution.

Among them we count : Sequoia Langsdorfi, Phragmites (Eningensis,

Arundo Gozpperti, Platanus Guillelmce, Ficus tilicefolia, Ginnamomum
Scheuchzeri, Bhamnus rectinervis, Juglans rugosa and the closely allied

Juglans acuminata. Ginnamomun Scheuchzeri has not been yet discovered
in the Lower Lignitic, but has been recently found in the Cretaceous
strata of the Dakota group. Of the species as yet known only from
American specimens, the ones more generally recognized at different

localities of the Eocene Lignitic, are : All the fucoidal or marine remains
of plants, especially Halimenites major ; and in the other classes: Abie-

tites dubius, most of the species of Sabal and Flabellaria, especially

8., Gampbellii, 8. Grayana ; Gaulinites sparganioides, Populus monodon,
Myrica Torreyi, Quercus crassinervis, Ficus planicostata and its varieties,

Ficus auriculata, Platanus Haydenii, P. Baynoldsi, Laurus pedata,

Cinnamomwm Mississippiense, Viburnum marginatum, V. dichotomum;,

Gissus lobato crenata, Magnolia Hilgardiana, M. Lesleyana^ 8apindiis

caudatus, Paliurus zizyplioides, Ceanothus jibrillosus, BJiamnu's obovatus,

R. salicifolius, E. Goldianus, B. Clebumi, Juglans Smithsoniana, and J.

Bhamnoides. To this list, already numerous, we have to add the
European species of the Lower Tertiary, recognized in the same circum-

stances as the former, Flabellaria latania, F. longirachis, Quercus cJiloro-

phylla, Q. angustiloba, and those which have been already compared to

Eocene species of Europe, and found identical and closely allied to them.
These, however, have a less extensive distribution than those mentioned
above, not only considering the horizontal but also the vertical distribu-

tion. None of them has been seen at a higher stage of the American
Tertiary, while of the others, Halimenites major, Caulinites Spar-

ganioides, Ginnamomum Mississippiense, Gissus lobato-crenata, Magnolia
Hilgardiana, Bhamnus obovatus, ascend up to the second group. Even
the four first species named above have representatives in the third

division of the Tertiary.

In considering the species of the whole list in regard to their vertical

distribution, we find 25 species, or 13 per cent., represented in both
groups 1 and 2 ; 11 species, or 6 per cent., ascend to group 3, and
only 5, or 2J per cent., to the upper division. Of these, Pteris pen-

narformis, Fagus feronke, and Juglans Schimperi have not as yet been
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found in the intermediate groups. I have placed in the table of the first

group the species of fossil plants described from the Lower Mississippi

Tertiary, in order to show their relation to species of the Western Lignitic,

a relation which has been remarked already. For the same reason, the
species of Vancouver, described from the specimens of Dr. Evans, are

placed in the table, indicating, with the flora of the.lower group, a rela-

tion as evident as that of the ifississippi flora by Sequoia Langsdorfi, one
of the universal Tertiary species ;

Salisburia polymorpJia, recognized at

Spring Canon or of the second group ; Sadat Grayana, of Mississippi

;

Populus mutabilis, Quercus crassinervis, described from Mississippi speci-

mens in the Geological Eeport of Tennessee; * Quercusplatinervis,] whose
nervation is similar to that of Ficus planicostata. Laurus Colombi is

described by Heer in his flora of Vancouver, together with Sequoid

Langsdorfi, Andromeda Grayana, and Diospyros lancifolia. These two
last species, however, are from Buzzard Inlet, and are probably refer-

able to an upper stage of the Eocene, as they ascend to the second group
in our Western Lignitic measures. The little known, therefore, of the
Vancouver flora refers it to this lower stage of the Tertiary.

LIST OF THE SPECIES OF THE SECOND GROUP.

[Names of localities and abreviations : E., Evauston; Sp. C, Spring, Calion, near
Fort Ellis; Tr. Cr., Troublesome Creek; Mt. Br., Mount Brosse; E. Cr./Elk Creek;
Y. S. L., southern borders of Yellowstone Lake; B. B., Bellingham Bay ; Mo., Miocene

,

Gr. Group.}

Halymenites major, Lesqx.—E., (Gr. 1 and 3.)

Gymnogramma Haydenii, Lesqx.—Sp. C., (Gr. 1.)

Equisetum (!) limosum (?) Lesqx.—Y. S. L.

Abietites dubius, Lesqx.—Sp. C., (Gr. 1.)

Abies setigera, Lesqx.—Sp. 0.

Salisburia polymorpha, Lesqx.—Sp. 0., (Gr 1.)

Phragmites (Eningensis, A. Br.—E.—Mo., (Gr. 1, 3, 4.)

P. Alaskana, Heer.—Sp. C.—Mo.
Cyperites angustior, A. Br.—E. Cr.—Mo.
Cyperus chavaunesis, Heer—E.—Mo.
Caulinites Sparganioides, Lesqx.—Sp. C, (Gr. 1.)

Populus arctica, Heer.—E., Tr. Cr.—Mo., (Gr. 3.)

P. mutabilis, var. lancifolia, H.—Sp. C.—Mo., (Gr. 1 and 3.)

P. mutabilis, var. repando-crenata, H.—E., Sp. C.—Mo., (Gr. 1 and 3.)

P. balsamoides, Gp.—Y. S. L.—Mo., (Gr. 1.)

P. leucophylla, U.—Sp. C—Mo., (Gr. 1.)

P. ovalis(?), Gp.—E.—Mo.
P. Zaddachi, Heer.—Sp. C—Mo.
Salix Groenlandica, Heer.—Sp. C.—Mo.
S. Evanstoniana, Lesqx.—E.

S. angusta, A. Br.—Sp. C—Mo., (Gr. 4.)

S. Islandica, Lesqx.—B. B.
Myrica ambigua, Lesqx.—Sp. C.

Alnus Kefersteinii, Gp.—E., Sp. C—Mo., (Gr. 3.)

Planera dubia, Lesqx.—B. B.
Betula caudata, Gp.—E.—Mo.
B. Stevensoni, Lesqx.—E., (Gr. 3.)

Quercus platania, Heer.—Sp. C.—Mo., (Gr. 3.)

Q. negundoides, Lesqx.—E.
Q. drymeja, U.—E.—Mo.

* Geology of Tennessee, by James M. Safford, (1869,) p. 427, PI. K, Fig. 1.

t No specimens of this species are entire enough to snow any part of the borders.
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Q. Gaudini, Lesqx.—B. B.

Q. Ellisiana, Lesqx.—Sp. 0.

Q. Pealei, Lesqx.—Sp. C.

Q. Godeti, Heer.—Sp. C—Mo.
Q. Labarpi, Gd.—Sp. C—Mo.
Q. cbloropbylla, U.—Sp. C.-rMo., (Gr.l.)

Q. Evausii, Lesqx.—B. B.
Corylus MeQuarryi, Heer.—E., Sp. 0.—Mo., (Gr. 3.)

Fagus Deucalionis, U.—E.—Mo., (Gr. 3.)

F. Antipofi, Heer.—E. Cr.—Mo., (Gr. 3.)

Ficus tiliaefolia, A. Br.—Sp. C, E.—Mo., (Gr. 1 and 3.)

Ficus Gaudini, Lesqx.—E.
F. auriculata, Lesqx.—Sp. C, (Gr. 1.)

Morus affinis, Lesqx.—E.
Platanus nobilis, Ny.—E. Cr., E.
P. dubia, sp. nov.—Tr. Cr., Mt. Br.

P. aceroides, U.—E., Sp. C—Mo., (Gr. 3.)

Laurus primigenia, IT.—Sp. C.
L. sessiliflora, sp. nov.—E.
Persea Brossiana, sp. nov.—Mt. Br.

Sassafras, species.—Sp. C.

Ciimarnoamin Mississippiense, Lesqx.—E., (Gr. 1 and 3.)

C. Scheucbzeri, Heer.—E., Sp. C—Mo., (G. 4.)

C. crassipes, Lesqx.—B. B.
Cinnatnomuin Rossnisessleri, Heer.—Sp. C.—Mo., (Gr. 1.)

Andromeda Grayana, Heer.—E., Sp. C.—Mo., (Gr. 1.)

A. reticulata, Ett.—Sp. C.
Persoonia oviforinis, Lesqx.—B. B.
Diospiros lancifolia, Lesqx.—E., B. B., (Gr. 1.)

Fraxinusdenticulata, Heer.—Sp. C.—Mo.
Corn us impressa, sp. nov.—Mt. Br.
C. Studeri, Heer.—E.—Mo., (Gr. 1.)

Nyssa lauceolata, Lesqx.—Sp. C,
Cissus lobato-creuata, Lesqx.—Mt. Br., (Gr. 1.)

Vitis Olriki, Heer.—E.—Mo.
Liriodendron species.—Sp. C.

Magnolia Hilgardiana, Lesqx.—E., (Gr. 1.)

Acer trilobaturn, A. Br.—E., Tr. Cr., B. B.—Mo., (Gr. 3.)

Ehamnus obovatus, Lesqx.—E., (Gr. 1.)

E. acuuiiuatifolius, Web.—Sp. C.—Mo.
R. rectinervis, Heer.—E., Sp. C, (Gr. 1.)

Ebus deieta, Heer.—E.—Mo.
E. Evansii, Lesqx.—E.
E. bella (<?), Heer.—Sp. C—Mo.
Jugians denticulata, Heer.—Sp. C.—Mo., (Gr. 3 and 4.)

J. appressa, Lesqx.—E., (Gr. 1.)

J. rugosa, Lesqx.—Sp. C, E., E. Cr., &c, (Gr. 1 and 3.)

J. obtusifolia, Heer.—E.—Mo.
J. rbamnoides, Lesqx.—E., (Gr. 1.)

J. Woodiana, Heer.—Buzzard Inlet.

Caryaantiquorurn, Ny.—E.
Cassia concinna, Heer.—E.—Mo.
C. phaseolites U.—Sp. C.—Mo.
Calycites bexaphylla, Lesqx.—E.
Carpolitbes aracbioides, Lesqx.—E.
C. palmarum, Lesqx.—E., (Gr. 1.)

C. osseus, Lesqx.—E. Cr.

25 G S
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REMARKS ON THE SPECIES OF THE SECOND GROUP.

The flora of group No. 2 seems to be composed of species in pait
identical with or closely allied to those of group No. 1, or with those of
group No. 3. The species of Spring Cauon have, besides those which are
represented in the whole Tertiary, Gymnogramma Haydenii, Abietites

dubius, Salisburia polymorpha, Gaulinites Sparganioides, Ficus auriculata,

or five species considered as Eocene, type of the first group. The same
locality has, however, of species represented in the third group, and
which are truly Mioceue, Salix angusta, Alnus Kefersteinii, Quercus
platania, Gorylus McQuarryi, Platanus aceroides, and Juglans denticulata,

or seven species. The flora of Evanstou is mixed in the same way, for it

has, in common with the first section, fruits of pahns, (no leaves, however,
have been found there as yet,) Magnolia Hilgardiana, Bhamnus obovatus,

Juglans appressa, J. rhamnoides, or five species; and, with the third group,
Populus arctica, Betula Stevensoni, Fagus Deucalionis, Platanus aceroides,

Acer trilobatum. This intermixture of types might be explained in sup-
posing that the specimens of Spring Caiion were obtained from different

localities ; but, as we have the samefades at Evanstou, this supposition
is groundless. Evanstou has an enormous thickness of lignite deposits,

separated in a number of beds of pure coal by clay partings, or thin
intermediate layers of shale and sandstone. Four beds of lignite, meas-
uring altogether 43 feet, are reported in a section of 99 feet*, the middle
one, 32 feet thick, being cut by four clay partings. It seems, therefore,

that there was at this locality, and perhaps also at Spring Canon, a pro-

tracted formation of lignite beds, continuing, nearly without interrup-

tion, from the Lower to the Upper Eocene. 1 am inclined to consider
this group No. 2 as Upper Eocene on account of the conglomerate beds
by which it is overlaid. Its flora has, however, a marked character of

its own by a number of species which as yet have not been seen out of

it: Salix Fvanstoniana, Myrica ambigua, Quercus negundoides, Q.Fllisi-

ana, Q. Pealei, Ficus Gaudini, Mortis affinis, Platanus dubius, Laurus ses-

silijlorus, Galycites hexapliylla, Carpolithes arachioides, &c. All the Euro-
pean species recognized in this group are Miocene. A number of its

types, too, mostly found also in the third group, are northern types,

arctic or Alaskanian: Phragmites Alaskana, Populus arctica, P. Zad-
dachi, Salix Grcenlandica, Quercus platania, Gorylus McQuarryi, Fagus
antipji, Fraxinus denticulata, Vitis olriM. Taking all together, one-half

of this flora is a compound of arctic or of European Miocene species.

LIST OF THE SPECIES OF THE THIRD GROUP.

[Abbreviations for names of localities: C, Carbon; W. G., Wahsatcb or Washakie
group; M. B., Medicine Bow; R. C, Rock Creek; P. of R; Point of Rocks; Mo.,

Miocene; Gr., Group.]

Sclerotium pustuliferum, Heer.—0. (?)

Halymenites major, Lesqx.—C, (Gr. 1 nnd 2.)

Taxodium, dubium, Heer.—C.—Mo., (Gr. 4.)

Sequoia Heerii, Lesqx.—0.

Equisetum Haydenii, Lesqx.— 0., (Gr. 4.)

Phragmites OEningensis, A. Br.—M. B.—Mo., (Gr. 1, 2, 4.)

Cyperites, species.—P. of R.

Smilax grandifolia, U.—0.—Mo., (Gr. 1.)

Acorus brachystachys, Heer.—W. G., C.—Mo.
Gaulinites Sparganioides, Lesqx.—C, (Gr. 1, 2.)

* Dr. A. C. Peale in Hayden's Report, 1871, pp. 194, 195.
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Liquidambar gracilis, Lesqx.—W. G.
Populns arctica, Heer.—W. G., P. of R., M. B., C.—Mo., (Gr. 2.)

P. decipiens, Lesqx.—0.

P. attenuata, A. Br.—R. C, 0.—Mo., (Gr. 1.)

P. aequalis, Lesqx.—R. C.

P. rnutabilis, var. repandocrenata, A. Br.—C.—Mo., (Gr. 1 and 2.)

P. latior, var. transversa, A. Br.—W. G.—Mo.
P. latior, var. cordifolia, A. Br.—M. B.—Mo.
Alnus Kefersteinii, Gp.—C—Mo., (Gr. 2.)

Betula Stevensoni, Lesqx.—C, (Gr. 2.)

Quercus platania, Heer.—0.—Mo., (Gr. 2.)

Q. Olafseoi, Heer.—P. of R,—Mo.
Q. seinulans, Lesqx.—W. G.
Q. acrodon, Lesqx.—R. C, 0.

Q. Haydenii, Lesqx.—R. C.

Corylns McQuarryi, Heer.—C—Mo., (Gr. 2.)

C. grandifolia(f), Ny.— P. of R.
Fagus antipofi, Heer.—P. of R.—Mo., (Gr. 2.)

Fagus Deucalionis, U.—C.—Mo., (Gr. 2.)

Ficus tilisefolia, A. Br.—W. G.—Mo., (Gr. 1 and 2.)

F. oblanceolata, Lesqx.—C. (?)

F. lanceolata, Heer.—C—Mo., (Gr. 4.)

F. nmltinervis, Heer.—C.—Mo.
F. arenacea, Lesqx.—C.

F. Gaudini, Lesqx.—C.

Platanus aceroides, U.—C, R. C—Mo., (Gr. 2.)

P. Guideline, Gp.—C, P. of R.—Mo.
Coccoloba laevigata, Lesqx.—0.

Cinnamomum Mississippiense, Lesqx.—C, (Gr. 1 and 2.)

Cinnamomum species.—C.

Cornus rhamnifolia, Heer.—P. of R.—Mo.
0. acuminata, Ny.—W. G.—Mo.
Vitis lslandica(f), Heer.—P. of R.—Mo.
Magnolia Inglefieldi, Heer.—W. G.—Mo., (Gr. 1.)

Asimina miocenica, Lesqx.—C.
Dombeyopsis sequifolia, Gp.—P. of R.—Mo.
Acer trilobatum, var. productum, Heer.—C.—Mo., (Gr. 2.)

Paliurus Columbi, Heer.—W. G., C.—Mo.
Zizyphus Meekii, Lesqx.—0.

Zi. hyperboreus, Heer.—C.—Mo.
Rhamnus intermedins, Lesqx.—W. G.
R. Goldianus, var. latior, Lesqx.—0., (Gr. 1.)

Jnglans acuminata, A. Br.—W. G.—Mo., (Gr. 4.)

J. rugosa, Lesqx.—0., W. G., P. of R., (Gr. 1 and 2.)

J. denticulata, Heer.—C.—Mo., (Gr. 2 and 4.)

Carpolithes cocculoides, Heer.—0.—Mo., (Gr. 2.)

EEMAEKS ON THE SPECIES OF THE THIRD GROUP.

The general character of the flora of the third group is positively

Miocene. Its types are not mixed with older ones, and indicate for

the localities where the specimens were found a higher stage of the Lig-

nitic, which, however, appears to succeed the second group without any
marked disturbances. According to the observations of Messrs. Meek
and Hayden, the Washakie group is conformably superposed to the
Black Butte or Bitter Creek series, without changes of lithological
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characters, and there are still at Carbon and other localities a few rem-
nants of the lower Lignitic flora : Hatymenites major, Smilax grandifolia,

Gaulinites Sparganioides, Ficus tilicefolia, especially Ginnamomum Missis-

sippiense, aud a variety of Bhamnus Goldianus. But of the 56 species of
the group, 31 are identified with species of the European Miocene, or of
the Arctic flora. Of these last it has 13 species, or 23 per cent., four of
them already counted in the Evanston division : Acorns bracJiystachys,

Populus arctica, P. decipiens, Quercus platania, Q. Olafseni, Gorylus Mc-
Quarryi, Fagus antipofi, Vitis Islandica, Magnolia Inglefieldi, Faliurus
Golombi, Zizyphus hyperboreus, Juglans denticulata, and Garpolithes coc-

culoides. The Miocene fades of the flora of this division is equally well
marked in species of its own or American species, like Equisetum Hay-
denii, Betula Btevensoni, Ficus Gaudhii, Goccoloba laevigata, Asimina
miocenica, Zizyphus Meekii, &c, all species evidently of more recent types
t&an those of the two lower groups. The relation of this division with
No. 2 is, however, indicated by 17 identical species, more than one-fourth

of the whole number, while it is allied to the upper group only by a few
of the omnipresent species, Taxodium dubium, Fhragmites (Eningensis,

Juglans acuminata, J. denticulata, and by only two species, Equisetum
Haydenii and Ficus lanceolata, not recognized in the lower groups.
The plants of all the localities referred to this division are of the

same type. But the specimens labeled Point of Bocks and Bock Creek
have apparently been mixed, or indicate different localities than those
which now bear these names. The Point of Bocks station is lower in
the measures than Black Butte, and its flora should have the Eocene
character, of course. But I could not find any remains of plants there
or around in that barren country, though I spent two days in searching
for them. The Bock Creek station is Cretaceous, and for miles around
I found there nothing but representatives, in rocks and fossil animal
remains, of the two upper groups of this formation, to fifteen miles
farther west than Medicine Bow, where heavy sandstones of the Ter-
tiary are covered by the lignite deposits of carbon.

LIST OF THE SPECIES OF THE FOURTH GROUP.

[Abbreviations for names of localities: B. Sp., Barrel's Spring; Hy. F., Henry Fork;
Gr. R., Green River ; S. P. , South Park ; M. P., Middle Park ; El., Elko ; M. Cr., Muddy
Creek; Mo.. Miocene; Gr., Group.]

Hemitelites Torelli(?), Heer.—Gr. B.
Pteris pennaeforaiis, Heer.—Hy. F.—Mo., (Gr. 1.)

Blechnum Gcepperti, Ett.—Hy. F.
Aspidium Fischeri, Heer.—M. Cr.—Mo.
Lygodium neuropteroides, Lesqx.—B. Sp.
Ophioglossum Alleni, Lesqx.—S. P.
Salvinia cyclophylla, sp. nov.—M. P.
Lycopodium prominens, sp. nov.—El.

Equisetum Haydenii, Lesqx.—B. Sp., (Gr. 3.)

E. Wyomingense, sp. nov.—Gr. B.
Taxodium dubium, St.—El.—Mo., (Gr. 3.)

T. tijanorum, Heer.—B. Sp.—Mo.
Glyptostrobus Europeus, Heer.—S. P.—Mo.
Sequoia angustifolia, Lesqx.—El.

S. Langsdorfi, A. Br.—S. P.—Mo., (Gr. 1,)

S. Coutsia3(?), Heer.—M. P.—Mo.
Thuya Garmani, Lesqx.—El.

Thuites callitrina, U.—S. P.—Mo.
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Pinus polaris, Heer.—S. P., E.—Mo.
Pinus(!), species.—S. P.

Abies Nevadensis, Lesqx.—El.

Arundo Goepperti, Mu.—Gr. R—Mo., (Gr. 1.)

Phraguiites CEningensis, A. Br.—Hy. P., B. Sp., El.—Mo., (Gr. 1, 2, 3.)

Juncus, species.—Gr. R.

Poacites lsevis, H.—B. Sp., El.—Mo.
Cyperus(!) Brauniauus(?), Heer.—B. Sp.—Mo.
Cyperites Deucalionis, Heer.—B. Sp.—Mo.
Carex tertiaria, Heer.—Hy. F.—Mo.
Sparganium, species.—B. Sp.

Acorus(!), species.—S. P.

Populus Richardsoni, Heer.—El.—Mo.
Salix elongata, Web.—El.—Mo.
S. angusta, A. Br.—Gr. R.—Mo,, (Gr. 2.)

S. media(?), A. Br.—El.—Mo.
Myrica nigricans, Lesqx.—Gr. R.
M. copiana, sp. nov.—S. P.

M. acuminata, U.—M. P.—Mo.
M. undulata, Heer.—El.

M. latiloba, Heer.—M. P.—Mo.
M. partita, sp. nov.—El.

Comptonia Brongnarti(?), Ett.—El.

Ulmus tenuinervis, sp. nov.—M P.
Planera Iongi folia, Lesqx.—S. P.
Quercus semi-elliptica, Gp.—El.—Mo.
Q. lonchitis, XL—Gr. R.—Mo.
Q. Elkoana, sp. nov.—El.

Q. neriifolia, Heer.—S. P.—Mo.
Fagus feroniee, U.—El.—Mo., (Gr. 1.)

Ficus lanceolata, Heer.—S. P., M. P., Gr. R.—Mo., (Gr. 3.)

Ficus Jynx, U.—EL—Mo.
F. Ungeri, Lesqx.—G. R.
F. populina, Heer.—G. R.—Mo.
Cinnainoinuin Scheuchzeri, Heer.—Gr. R.—Mo., (Gr. 2.)

Hiospyros Oopeana, sp. nov.—El.

Fraxiims praedicta, H.—M. P.—Mo.
Ampelopsis tertiaria, Lesqx.—Gr. R.
Weininannia (!) rossefolia, sp. nov.—M. P.

Eucalyptus americana, Lesqx.—Gr. R.
Acer, species.—B. Sp.
Sapindus angustifolius, sp. nov.—M. P.

S. coriaceus, sp. nov.—El.

Stapbylea acuminata, sp. nov.—M. P.
Ilex affiuis, Lesqx.—Gr. R.
I. stenopbylla, U.—Gr. R., M. P.—Mo.
I. subdenticulata, sp. nov.—M. P.
I. undulata, sp. nov.—M. P.(?)

Ceanotbus cinnamomoides, Lesqx.—Gr. R.
Paliurus Florisanti, sp. nov.—S. P.
Rbus drymeja, sp. nov.—M. P.

R. Haydenii, sp. nov.—M. P.

Juglaus acuminata, Heer.—Gr. R.—Mo. (Gr. 3.)

J. Scbimperi, Lesqx.—Gr. R., (Gr. 1.)

J. denticulata, Heer.—Gr. R.—Mo. (Gr. 2 and 3.)

J. tbermalis, Lesqx.—M. P. s



390 GEOLOGICAL SUEVEY OF THE TERRITORIES.

Pterocarya americana, sp. nov.—M. P.

Carya Heerii(l), Ett.—Gr. R.
Podogonium, fruit.—M. P.

Podogonium, leaf.—S. P.

C8esalpinia(?) linearifolia, sp. nov.—S. P.

Acacia septentrionalis, sp. nov.—S. P.

Leguminosites, fruit and leaf.—El.

Carpolithes et semina.—M. P.

REMARKS ON THE SPECIES OF THE FOURTH GROUP.

The fourth group is remarkably distinct from the lower ones by its

peculiarfades. It has for characters of its flora a proportionally large

number of ferns, 6 species, a Salvinia, a Lycopodium, 2 species of

Equisetum, 11 species of conifers, and 9 species of Glumacece, viz

:

30 species of acrogenous monocotyledonous and gymnospermous plants,

or 37 per cent, of the whole number of species as yet known
as its representatives. Moreover, the balance of the species is limited

to few genera : to Salix, 3 species ; Myrica and Comptonia, 7 ;
Quer-

cus, 5; Ilex, 4 ; Rhus, 2 ; Juglandew, 6. At first sight, this group appears
scarcely referable to a Miocene flora, so different is its fades from
that of any of the former divisions. It has, however, 32 of its

species identical with species of the European Miocene, or a propor-

tion of 40 per cent. ; while it is allied only to the lowest American group
by 5 species, mostly of general distribution : Pteris pennwformis,
Phragmites (Eningensis, Fagus feronice, Juglans Schimperi. With the
second group it has in common the same Phragmites, Salix angusta,

Cinnamomum Scheuehzeri and Juglans denticulata; and with the third

Phragmites still, Equisetum Haydenii, Taxodium dubium, Ficus lanceo-

lata, Juglans acuminata, and J. denticulata. It has thus preserved a
remnant of the flora of the other groups, which, considered altogether, is

very little ; for the three first divisions have 267 species, and in elim-

inating Phragmites (Eningensis, represented in all the divisions of the
Tertiary, we find only 11 species, or 5 per cent., of the flora of the
Green Eiver group represented in the others. If it had not so many
typical representatives of the Miocene of Europe, and if at the same time
it had some one of our living species, it might be considered as Pliocene.

But of more recent types than those of the former groups, it has scarcely

any ; I can name only Ulmus tenuinerms, the fine Staphylea acuminata,
and Ampelopsis tertiaria. The remains of plants at Green Eiver are

found in laminated shales with an abundance of skeletons of fishes. At
Elko station, South and Middle Parks, the plant-bearing beds, com-
posed of the same kind of thin, laminated, fragile, soft shale, have also

preserved remains of fishes, insects, and feethers.

The peculiar compound of the thin laminated slates of the formation,
and the similarity of animal fossil remains, prove, as well as the gen-
eral character of the flora, that the localities named in the above table

are referable to the same group. Very few species, however, have been
observed at more than one locality ; while, on the contrary, the species,

most of them at least, are represented by a very large number of speci-

mens. This fact, like the distribution of the species, indicates a vege-
tation of high land, covered with lakes, swamps, and deep forests ot

conifers, with a thick undergrowth of ferns and shrubs. With a
vegetation of this kind, the number of species is limited, and these are
generally circumscribed, in local groups. A vegetation analogous to
this, covered the northern half of Europe after the Drift period. In the
Tertiary epoch it has its analogue with the (Eningen or upper stage of

the Miocene.
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§ 3.—DESCRIPTION OF SPECIES.

I have described here only the forms which are considered as new
species, with those, which though already known from Europe, had not
yet been recognized from American specimens. A few also are re-

marked upon, which, represented by better specimens, have their char-

acters and their relation more clearly defined.

The researches of the past year have added to the American Tertiary

flora about one hundred species, of which sixty are new ones. The whole
number represented in the tables of distribution amounts now to nearly

three hundred and sixty.

I have followed for the description the same plan as in the two
former annual reports of Dr. Hayden, briefly exposed the essential

characters of the species, and quoted references for analogies whenever
I could find any in the publications of European authors, in order to

obviate the absence of figures, which, though, now already made, have
to be reserved for a final report.

Except for the specimens found by myself, the names of the discov-

erers are carefully recorded, with the localities where the fossil remains
have been found.

SPECIES OF THE FIEST GROUP.

WOODWARDIA LATILOBA, sp. UOV.

Frond large, bipinnatifid
;
pinna) opposite, decurrent upon the thick

rachis, long, linear, slightly taperiug to the point, equally lobed; lobes

disjointed to three-fourths of their length, united by narrow obtuse
sinuses, broadly lanceolate, obtuse, scythe-shaped upward, becoming
more connivent toward the point of the pinnse ; upper pinnse more and
more obtusely and less deeply lobed, passing to mere equal undulations;
nervation undistinct, except the middle nerve of the lobes, which is

narrow but well marked, ascending to the point of the lobes; second-
ary veins parallel to the rachis and to the middle nerve, branching in

ascending, forming by anastomoses of their divisions one or two rows
of large areolse, and joining the borders in parallel veinlets.

Large and splendid specimens have been obtained of this form by
Mr. Arthur Lakes, of the School of Mines of Golden, to whom the survey
owes many valuable discoveries. The numerous fragments represent the

characters of the whole frond. Its consistence is thick, coriaceous ;
the

surface is smooth, nearly polished ; and the details of nervation are
recognizable only upon fragments which show the lower surface of the
pinnae, or whose upper surface is destroyed by maceration. The fructi-

fications have not been discovered yet.

Habitat.—Golden ; South Table Mountain, A. Lakes.

WOODWARDIA LATILOBA, var. MINOR.

Only small fragments of this form have been obtained at Black Butte.

They represent the upper part of a pinna of exactly the same form and
with the same mode of division as the specimens of Golden. The lobes,

however, are much smaller, less scythe-shaped; the basilar veins follow

the rachis, as in the former species, going from the base of one middle
nerve to that of the other above, forming thus a band on both sides of

the rachis, passing also in long areas up and along the middle nerve of

the lobes and from their anastomoses ascending to the borders and
forking twice. In the normal form, the veins, though thicker, are less
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distinct, and form two rows of polygonal areolae in passing up to the bor-

ders ; in this variety (?), the veinlets are merely forked in going up.

This small form is closely allied to Woodwardites arcticus, Heer, differ-

ing, however, by the nervation. The fragments representing Heer's

species are, like those of Black Butte, too small for an exact comparison.
His described specimens are from Greenland and from Alaska.

Habitat.—Black Butte ; Wyoming.

Pteris penn^formis, Heer.

Pinnae long, linear-lanceolate, taper-pointed, entire to above the mid-
dle, undulate upward, serrate at or near the point, thickish ; medial
nerve thick, especially toward the base of the leaflets, where it is bi-grooved
and three-striated ; veins in an acute angle of divergence, close, thin,

mostly simple, or forking once. The fragments of leaves or pinnae, as

described here, closely resemble the species of Heer, (Fl. Tert. Helvet., I,

p. 38, PI. xii, Fig. 1,) differing slightly by the borders, which, serru-

late at or near the point, are undulate or distantly and obtusely den-

tate above the middle, and entire downward. Heer describes his spe-

cies as serrulate near the point and entire downward. In comparing
our specimen to the figure marked above, the denticulation appears
merely more marked in the American form.

This species has been described already in Hayden's Report for 1871,

(p. 283,) from specimens from Henry's Fork, too fragmentary for positive

determination.
Habitat.—Golden, Col.

Pteris affinis, sp. nov.

Frond simply pinnate
;
pinnae subcoriaceous or thickish, short, about

5 centimeters long, oblong-lanceolate, broader at the middle, rapidly

tapering to a slightly obtuse point, gradually narrowed downward, and
rounded to the point of attachment ; borders undulate ; nervation thin,

but very distinct ; veins open, curving from the middle nerve to the
borders, slightly more deflexed downward in reaching the midrib, dicho-

tomous, none simple, or scarcely any, forking once or twice, rarely three
times.

Different from the former by its nervation, shorter obtuse pinnae, undu-
lately crenate borders, and thinner substance of the leaves. From P.

anceps, Lesqx., (Hayden's Beport, 1872, p. 376,) it differs especially by
more distant and more oblique veins.

Habitat.—Golden ; rare like the former, but obtained in better speci-

mens. •

Pteris erosa, Lesqx.

Pinnae broadly-lanceolate or ovate-lanceolate, taper-pointed or acu-

minate, serrate upward, with crenulate or lacerate borders below;
medial nerve thick ; veins oblique, straight, mostly simple, forking
near or at the base, rarely above the middle, distant, parallel. It has
been formerly described in Supplement to Hayden's Beport, 1871, (p. 12.)

By its nervation and the form of its pinnae this species is related to

P. longifolia, L., or to some of its varieties with serrate borders.

Habitat.—Baton Mountains, where the first incomplete fragments were
discovered ; Golden, where it was found in more perfect specimens.

Pteris subsimplex, sp. nov.

Pinnae thick, coriaceous, simple, entire, linear-lanceolate, narrowed in

curving to the base, (point broken,) large, varying in size, from 2 to. 4
centimeters broad, and at least 10 to 12 centimeters long ; middle nerve
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narrow, deeply marked ; veins distinct, simple, or merely forking once
near the base or above the middle, open, slightly curved downward in
passing to the borders, which are slightly crenate by contraction to the
point of the veins. This fine fern is comparable to some species of
Dancea. It differs, however, from those which I have for comparison,
by the direction of the veins, which do not turn upward in reaching
the borders, but join them in the same curve and degree of divergence
which they follow from their point of attachment to the middle nerve.

Habitat.—Golden. It is in the collection in many fragments, none
showing the point of the leaflets.

Pteris Gardneri, sp. nov.

Frond large, simply pinnate
;
pinnae large, linear, in right angle to

the rachis, sessile, rounded to the' base, with entire, deeply undulate
borders ; middle nerve broad, thin, grooved in the middle, flattened on
the borders ; veins nearly at right angle to the midrib, abruptly curved
down at the base or decurring to it, forking once near the base, and
once, also, generally above the middle; divisions or veinlets joined by
cross- branches, forming here and there some irregular elongated polygo-
nal areolae. The pinnae are larger than those of P. pennceformis, but
apparently of about the same form. The species essentially differs by
its strong, thick veins, more distant, joined by cross-branches, &c.

Habitat.—Eoof of coal-mines, Sand Creek, Colorado, A. Gardner.

Diplazium Muelleri (?), Heer.

Pinnae narrowly-lanceolate, tapering to a long acumen ; borders mar-
gined, inflated, distantly equally serrate; medial nerve broad, bi-grooved;
veins at an acute angle of divergence, very close, dichotomous, some of
the branches uniting by anastomosis ; substance very thick, coriaceous.
The substance of the leaflets seems composed of two layers ; the upper
one, either scaly or villous, is sometimes destroyed or erased as a
pellicle of coaly matter. Through this crust the veins are somewhat
obsolete ; but when it is destroyed, the details of nervation are very
clear. The anastomosis or cross-branches of the veinlets is somewhat
like that of Pteris Gardneri ; it is, however, not as frequent.

I consider this form as identical with Diplazium Muelleri as described
in Heer, (Boernst. Fl.,p.8,Pl.i,Fig. 2.) There is, however, a difference in

the borders of the pinnae, which, in the European species, are doubly
serrate, while they are equally and simply serrate in the American form

;

and in the cross-branches of the veinlets, which are not remarked in the
description and figures of Heer. It is probable that the specimens from
Boernstadt had the upper surface covered by the coating of scaly matter,
and that, therefore, the minute details of nervation were not observable.
Professor Heer finds the relation of his species to the living Diplazium
celtidifolium. Ours is rather comparable to some species of Acrostichum,
like A. aureum, which has also its veins here and there joined by cross-

veinlets.

Habitat.—Golden ; South Table Mountain.

Aspidium Goldianum, sp. nov.

Frond bi-tripinnatifid
;
primary pinuse enlarged, broadly deltoid ; sec-

ondary pinnae linear, alternate, rapidly decreasing in length in ascend-
ing, joined to the rachis in an obtuse angle of divergence, alternately

equally pinnately-lobed ; lobes free for two-thirds or three-fourths of
their length, oblong, obtusely or slightly acute, inclined outside ; mid-
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die nerve distinct ; veins 5 to 7, simple, slightly curved inward, parallel,

obsolete, marking the borders as slightly serrulate by their impressions.
The substance of the leaflets is subcoriaceous ; the surface smooth ; the
borders really entire, but, as it is the case in species of this kind wben
they have a thick consistence, they are marked as apparently denticu-

late by the impression of the veins. Both primary and secondary rachis

are narrow; the secondary pinnse are sessile, not decurrent by the lowest
lobe.

This species is closely allied to A Serrulatum, Heer, of the Boernstadt
flora, differing by the more entire borders, more numerous tertiary veins,

&c.
Habitat.—Golden ; found only in fragments.

GONIOPTERIS POLYPODIOIDES, Ett.

Pinnse linear, lanceolate-pointed, remotely denticulate
;
primary veins

parallel and at equal distance ; secondary veins at an obtuse angle of
divergence, apparently alternate, simple, curved inward. By the form of

the pinnse and the distantly denticulate borders, the specimens represent
the European species as figured and described by theauthor in Mount Pro-
mina flora. The veins are, however, scarcely discernible, as also the very
small crenulations exposing the points of the secondary veins ; the points

of the middle veins, however, are marked by small, distinct teeth. The
identity of this form with the European species is not quite certain.

Its nervation is very undistinct.

Habitat—Sand Creek, W. H. Holmes.

Sphenopteris membranacea, sp. nov.

Frond bi-tripinnate
;
primary pinnse long, linear-lanceolate, rigid, erect,

or at a narrow angle of divergence ; tertiary pinna short, oblong lance-

olate, decurrent, deeply and equally 5-6-lobed ; lobes oblong, acute, or
slightly obtuse, distinct, to near the base, single-nerved.

This is perhaps a variety of S. eocenica, Ett., described in Hayden's
Report for 1872, (p. 376,) a species very common at Golden. It has,

however, a different fades, especially by its membranaceous shining sub-

stances, the rigid divisions, the much shorter ultimate pinnse, the more
distinct narrower pinnules, and thedecurringbaseof the secondary pinnse

joined by a margin along the rachis, &c.
Habitat.—Golden, rare, A. Lakes.

Sphenopteris nigricans, sp. nov.

Frond polypinnate ; secondary (?) pinnse narrow, linear in outline, (as

much as can be seen from the fragments ;) tertiary pinnse at a right

angle of divergence from the narrow slightly-winged rachis, short, sessile,

(the lowest pinnules covering the rachis by their borders, but not decur-

rent,) linear, abruptly narrowed to a small obtuse terminal lobe, pin-

nately deeply-lobed; pinnules in right angles to the rachis, free to near the

base, oblong, obtuse, undulately pinnately-lobed on the borders ; middle
vein scarcely distinct, alternately pinnately-divided in 4 to 6 pairs of

veinlets, curving downward, and forking once, except the upper pair,

which is simple. The surface seems to be villous or squamose, covered

as it is by a black pulverulent thin coating of coaly matter. The nerva-

tion of this species is pteroid. somewhat like that of Pteris blechnoides,

Heer, (Fl. Tert. Helv., I, p. 40, PI. xii, Fig. 8bj) the form of the leaflets

refers it, however, to the genus Sphenopteris.

Habitat.—Black Butte.
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Hymenophyllitm confusum, sp. nov.

Frond polypinnate ;
tertiary (?) rachis grooved, thick, divisions in an

opeu, nearly right angle of divergence to the main rachis, dichotornous

;

pinnules cuneiform, enlarged upward, dichotomously three, many
times divided in linear, short obtuse lobes, entered each by a simple
veinlet diverging from dichotornous branches of the primary veins. The
divisions are decomposed many times, the last pinnule being only 3
millimeters long and 1J millimeters broad ; all are crowded and mixed
upon another. The surface is minutely punctulate, as if it had been
tomentose or ciliate. The specimens are fragmentary.
Habitat—Golden.

Selaginella Berthoudi, sp. nov.

Stem slender, spreading, prostrateC?), or creeping(?), dichotornous,
divisions simple, or the longer ones the lowest, also dichotornous ; leaves
four-ranked, by two rows of alternate distichous linear-oblong, Ungulate,
pointed, longer leaflets, spreading on both sides of the stem and branches,
and two rows of small oval or nearly round ones, closely appressed to the
base of the longer leaves and covering it. The distichous leaflets are
3 to 4 millimeters long and 1 millimeter wide, the small ones less than
1 millimeter square. This fine species greatly resembles some species
of our time, like S. stolonifera, S. Martensii, &c. Its characters are dis-

tinctly recognizable.

Habitat.—Golden. Discovered by Capt. E. BertJioud, to whom the
survey owes the communication of this remarkable species.

EQUISETUM(?) LJEV1GATUM, Sp. 710V.

Stem thick ; its surface irregularly wrinkled lengthwise, not costate,
contracted at the articulations, of which only one is seen upon the speci-

men in the middle of the stem. The articulation bears the scars of
four branches, marked by whorls of somewhat undistinct, close rays,
enlarging from the center to the circumference. The characters are
not sufficiently discernible ; the scars of branches are scarcely distinct,

and the stem, apparently crushed above or below the articulation, is

nearly half as large on one side of it as on the other. It may represent
a root of Equisetum marked around with the scars of rootlets.

Habitat.—Sand Creek, W. G. Holmes.

Sequoia Langsdorfii, A. Br.

Is represented by small, somewhat obscure specimens. The leaves
are slightly shorter. It is the only difference which may be remarked
in comparing it to the numerous figures published of this species by
Europeau authors. It may represent the same species as Abietites du-
bius, Lsqx., from the Eaton mountains. (Hayden's Report, 1872, p. 347.)

Habitat,—Black Butte, above main coal.

Smilax(!) grandifolia(?), Ung.

The lower half of the leaf only is preserved upon the specimen. Its

base is rounded to the petiole, three-nerved from the base or irregu-

larly five-nerved by the division, near its base, of one of the lateral veins,

and on the other by a marginal veinlet coming out from the top of the
petiole; middle nerve and lateral veins crossed by few thin branches
or oblique nervilles. The nervation is similar to that of Unger's species
in Sillog., (PI. ii, Figs. 5-8;) the form of the leaf, however, differs, it being
rounded to the petiole, not cordate.

Habitat.—East of Colorado Springs, A. C. Peale.



396 GEOLOGICAL SUKVEY OF THE TERRITORIES.

FLABELLARIA LONGIRACHIS, TTng.

Leaves very large, as seen from numerous fragments ; rays attached
in an acute angle of divergence to the very narrow rachis, obtusely
carinate, marked in the length by obtuse equal striae less than one mil-

limeter apart 5 epidermis comparatively thick. As Unger remarks it,

the rays are not duplicate or folded in their contact to the rachis. The
species is represented by many specimens ; it appears identical with
that described by Unger.

Habitat.—Divide between Yellowstone Lake and Snake Eiver, Hay-
den', Eaton Mountains, Golden.

Flabellaria(?) fructlfera, sp. nov.

Two fragments representing the base of an apparently large palm-leaf,

with very numerous rays, 60 to 80, acutely carinate, nerved
;
primary

nerves a little more than 1 millimeter distant; secondary veins very thin,

slightly discernible ; top of the rachis or petiole fiat or enlarged on the
sides, reniform. Joined to it is a small raceme of cylindrical oblong
obtuse fruits, tapering to a slender peduncle, narrowly striated in the
length, slightly flattened by compression, 1 centemiter long, £ centime-

ter wide in the middle. Four of these fruits are attached to a common
pedicel, partly imbedded into the stone, alternately diverging from it

by short peduncles.
Habitat.—Golden.

EeiocaulonC?) porosum, sp. nov.

Leaves basilar, rosulate, spreading, entire, linear-lancolate, broader
at the middle, gradually tapering upward to a slightly obtuse point,

and downward to a very short petioled base; medial nerve broad, con-

cave ; lateral veins two, nearly parallel, with apparent ramifications to-

ward the borders, forming round polygonal small areolae. Theleavesare
thick, of a spongious texture apparently ; the meshes along the borders
are not distinct, and may be formed by contraction of the epidermis.

I do not find any species to which this form may be comparable, except
the leaves of some large rossulate Eriocaulon. The specimen is cut
through by rootlets nearly as thick as the leaves are broad.

Habitat.—Sand Creek, W. H. Holmes.

ZlNGIBERITES(l) UNDULATUS, Sp. UOV.

Fragments of large leaves, whose outlines are not preserved, equally
undulate on the surface, marked with oblique, distinct, parallel primary
veins, 2 millimeters distant, with 6 to 7 very thin intermediate veiulets.

The surface is covered with a thick epidermis or the leaf is subcoria-

ceous. The surface-undulations are formed by deep furrows, which, how-
ever, are more or less distinct, and which do not cut the connection of the
veins. There is no trace of rachis to which the fragments of an evi-

dently large leaf may have been attached.
Habitat.—Golden.

Ehizocaulon gracile, sp. nov.

Branches slender, straight, irregularly forking, bearing oblanceolate,
scythe-shaped, very obtuse, small leaves, with the base descending or

decurring along the stem, joined to it by a very short, thickish petiole,

appearing like a swelling of the narrowed base of the leaves. The
leaves are about 7 millimeters long, 2£ millimeters broad toward the
point where they are broadly rounded ; they curve downward from the
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point, of attachment, appearing placed upon the slender stem, or rachis,

in a spiral order. They are of a thick consistence ; their surface cov-
ered with a coating of coaly matter, obliterating nearly every trace of
nervation An undefined medial nerve seems apparent on some leaves

;

but it may be a mere linear artificial depression. On other leaves,

deprived of epidermis, some thin striae running parallel and lengthwise
are recognizable. By the disposition of the branches and of the leaves
these vegetable fragments resemble those figured by Schimper as illus-

tration of the genus Rhizocaulon, Sap., (inPaleont.Veget., PI. lxxx, Fig. 8.\
Habitat.—Black Butte, burned shale above the main coal.

Poptjlus mutabilis, Heer.

One leaf only, representing a small form, (like that of Heer, Flor. Tert.

Helv., II, PI. lxi, Figs. 9, 10.) The basilar veins are also attached to the
middle nerve, a little above the borders? and opposite, with three pairs of
alternate secondary veins above them, all in an acute angle of diver-

gence. The leaf, however, does not appear coriaceous.

Habitat.—Black Butte.

Poptjlus heliadum, Ung.

Leaves broadly-ovate, round-truncate to the base, long-petioled

;

borders entire, merely undulate toward the point ; lower secondary
veins open, marginal, thin, the upper ones parallel, close, simple, or fork-

ing once, ascending in an acute angle of divergence close to the borders,

where they curve. By its form, the direction of the lateral veins ascend-
ing straight to near the borders, &c, this leaf is similar to that described
by Unger, (Fl. v. Sotzka, p. 37, Tab. xv, Fig. 7,) differing, however, by
the secondary veins more numerous and at equal distance ; a difference

which may be merely casual.

Habitat.—Golden.

SALIX INTEGRA, A. Br.

Leaves entire, linear-lanceolate, taper-pointed or acuminate, narrowed
or tapering to the petiole ; lateral veins mostly opposite, in an acute
angle of divergence, the lowest pair less open than the upper ones, at
least in the leaves with a tapering base.

We have specimens of Golden and of Black Butte ; in these last, the
leaves are more rounded to the short petiole, and the secondary veins are
all under the same angle of divergence. There is, however, no marked
difference, and both forms agree in their characters with the leaves of

this species as described by Herr, (Fl. Tert. Helv., II, p. 32, PI. lxviii,

figs. 20-22.) The nervation of the leaves of Golden is the same as Fig. 21,

while the form of the leaves of Black Butte more closely resembles
Fig. 22.

Habitat.—Golden and Black Butte.

Myrica Torreyi, Lsqx., var. Minor.

One leaf only has been found of this variety (?) Leaf shorter, shorter-

pointed, less gradually decreasing downward to the petiole; borders
denticulate, with close, smaller teeth. No other difference separates

this leaf from the typical form described from Black Butte in Report for

1872, (p. 392.) It is probably a mere local variety.

Habitat—Sand Creek, Colorado, A. Gardner.

BETULA GRACILIS (?), Ludw.

Species represented by only one ovate, obtusely-pointed leaf, unequal
at the round subcordate base; borders crenulate; nervation campto-
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drome ; veins curving close to the borders and following them, anas-

tomosing downward with thick nervilles, in right angles to the second-

ary veins. The impression of the leaf upon the stone is deep, and, there-

fore, it represents apparently a coriaceous leaf, a character which is not

mentioned in the description of the author. (Paleont., vol. viii, p. 99, PI.

xxxii, Fig. 4.) All the veins, like the nervilles, are coarsely marked.

Habitat.— Golden.

QUERCUS FURCINERVIS, EoSSm.

Leaves subcoriaceous, lanceolate, more generally oblanceolate, rapidly

narrowed to an acute point, tapering downward and rounding from near

the base to a short petiole, distantly and regularly dentate from near or

above the base ; lateral veins parallel, at equal distance, (11 pairs in a

leaf of 10£ centimeters long.) slightly curving in passing up to the bor-

ders, mostly simple, all craspedodrome, rarely forking near the point by
an upper thin tertiary vein passing upward under the base of the teeth

;

nervilles distinct, in right angle to the veins, forming by cross branches

large rectangular areas. The lower part of the leaves is generally entire,

and the lowest veins camptodrome or undulating in ascending along th#

borders. When dentate near the base, the lower veins enter the teeth.

Heer, in describing Q. Burmensis, de la H., (in Fl. Tert. Helv., Ill, p.

315, foot-note,) says that the form of leaves, dentation, and nervation of

this species identify it to Q. furcinervis, from which, however, it differs

by the absence of an upper branch on the point of the secondary veins.

In the leaves of Oregon most of the secondary veins are simple, rarely

one or two are seen with the upper small branch passing up under the

teeth. These leaves, therefore, are referable as well to Q. furcinervis as

to Q. Burmensis.
Habitat.—Oregon, under the lava-beds of the Cascade Mountains,

Prof. Jos. Le Conte ; clay-beds of Spanish Mountains, California, Prof.

Whitney. Golden, in fragments.

QlTERCUS GOLDIANUS, Sp. nOV.

Leaves oblong, rounded to an obtuse point, narrowed to the base (?)

(destroyed,) with borders undulate or slightly rarely dentate with short

obtuse teeth ; nervation camptodrome and craspedodrome.
This species may be a mere deviation of the former, though the leaves,

for their point, at least, are far different. The nervation is the same

;

the borders of the leaves undulate, entire, except near the middle, where
they are distantly dentate, the teeth being then entered by the point of

the secondary veins, which forks under the base of the teeth by a small

border-branch. The nervation is, therefore, the same as in the former
species, modified only according to the divisions of the borders of the

leaves, which are either entire, with secondary veins camptodrome, or

dentate, with the same veins craspedodrome. The nervilles are also of

the same character, like the details of areolation. The form of the

leaves, however, especially at the entire obtuse point, is far different,

and in one of the leaves the borders seem to be perfectly entire or

merely undulate. There is only in the collection two specimens, one
representing the upper part of a leaf, the other a longer and larger leaf,

with the point and the base destroyed.
Habitat.—Golden.

QUERCUS ATTENUATA (?), Gopp.

Leaf oval-oblong, narrowed downward to a slender petiole and up-

ward to a short point; penninerve; lateral veins nearly opposite, at an
acute angle of divergence, slightly curving in passing to the borders
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and with few branches, craspedodrome, their points and those of their
divisions entering short distant teeth. Except that on this leaf the
denticulation of the borders is simple and the teeth equal or of a same
order, while, as represented by Goppert, in Fl. v. Schossnitz, (p. 17, PI.

viii, Figs. 4-5,) there are generally two or three small teeth between the
larger ones, which only are entered by the veins, there is not any ap-
preciable difference between the American and the European leaves.

That this difference is not a specific one is seen by Fig. 5, (loc. cit.,) whose
teeth are mostly equal and of the same order.

Habitat.—Sand Creek, Colorado, A. B. Marwine.

QUERCTJS CLEBURNI SjP. 710V.

Leaf oblong, oval, obtusely-pointed, distinctly obtusely-dentate, taper-

ing to the base and decurring to the short petiole, penninerve ; medial
nerve thick ; secondary veins at a very open angle of divergence or

nearly at right angle to the middle nerve, obsolete. This form is closely

related to Q. urophylla, Ung. (Fl. v. Sotzka, p. 33, PI. ix, Fig. 9,) differing

by smaller, more regular teeth. The leaf is unequilateral, as in Fig. 9, (loc.

cit.,) and on one side the divisions or denticulation of the borders are
smaller and more regular than on the other.

Habitat.—Black Butte.

FlCUS TLLLffilFOLIA, Al. Br.

The species is common enough in the Colorado basin. Specimens
from Sand Creek are covered with fragments of its large leaves of the
same type and as well characterized as those figured by Heer, (Fl. Tert.

Helv., Ill, PI. cxlii, Fig. 25.) One of the fragments indicates a leaf of 18
centimeters long and 14 centimeters wide. Specimens from Golden rep-

resent also this species, but in smaller leaves.

Habitat—The whole Lignitic basin, common.

Ficus planicostata, Lsqx., var. GOLDIANA.
This form differs from the normal one, so abundant at Black Butte,

by narrower, more gradually acuminate leaves, and by the primary
veins thin and not flattened. This variety is closely related to the
leaves described by Saporta in his Fl. Foss. de Sezanne, (p. 400, PI. xii,

Figs. 6-7) as Sterculia variabilis. Fig. 6 represents a leaf slightly un-
equilateral, a character not remarked in the leaves of Golden. The
author says that F. Hicheloti of Watelet is apparently the same species.

The normal form of F. planicostata is different by its broad, flat primary
nerves and its coarser areolation. Except this, the essential characters
are the same.

Habitat.—Golden. The variety only is found at this place ; the nor-

mal form most abundant at Black Butte has been discovered above a
bituminous shale of Coal Creek, Colorado, by W. H. Holmes.

Ficus zizyphoides, sp. nov.

A small oval, obtuse (?) (point destroyed,) entire, thick-nerved leaf,

palmately 5-uerved ; lower pair of veius margiual ; second pair turned
upward and branching ; middle nerve thick, simple, with close, thick

fibrilia3 iu right angle to the veius
;
petiole thick, apparently long. The

lateral veius branch twice, the margiual ones many times, in short

divisions, curving along the borders in festoons. The leaf is wrinkled

across by the pressure of the uervilles; ifrepresenting a Ficus it belongs

to the section of the Populinece. The petiole is thick from the base of

the leaf downward.
Habitat.—Golden.
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FlCUS TRUNCATA(?), Sp. 710V.

Leaves oblong-ovate, truncate-cordate at base, obtusely-pointed, en-

tire, undulate, penninerve ; secondary veins nearly parallel, distant, on
an acute angle of divergence, the lower pairs only slightly more open and
opposite, camptodrottje. The substance of the leaves is subcoriaceous;
they are short-petioled and some of them unequilateral 5 the lowest pair
of secondary veins is from above the base of the leaves, and under them
there are still one or two pairs of shorter, thin, marginal veinlets curving
downward and following the borders. The species is, for the form of
the leaves, comparable to Quereus fagifolia, Gopp., of which we have
specimens from Golden. But the nervation and areolation are far differ-

ent, and similar to that of Ficus auriculata, Lesqx., to which, also, the
species is related by the general outline of the leaves. It may be a
variety of it.

Habitat.—Golden.

Platanus rhomboidea, sp. nov.

Leaves coriaceous, rhomboidal in outline, largest in the middle, cuneate,
and entire from the middle to the base, slightly lobed with short, acute
lobes, broadly-lanceolate to the point and strongly dentate, the acute
teeth being nearly as long as the lobes and all equal ; nervation plata-

noid ; areolation undistinct. This leaf might be considered as a young
leaf or a form of Platanus Haydenii, Newby. It differs, however, greatly

by its cuneate base, the sharp, broadly-lanceolate, long, equal teeth, and.

the thick, coriaceous leaves. The base is destroyed.
Habitat.—Golden ; communicated by A. Lakes.

9

ARTOCARPIDIUM OLMEDLZEFOLIU]\f(?), Ung.

A single leaf, elliptical, acuminate, narrowed to the base, slightly

unequilateral, penninerve ; borders obtusely unequally dentate, entire

near the base, which appears slightly decurring upon the petiole; sec-

ondary veins thin, parallel, more oblique on one side than on the other.

Though this leaf is smaller than those figured by Unger, (in Fl. t.

Sotzka, p. 36, PI. xiv, Figs. 1-2,) and by Heer, (in Fl. Tert. Helv., II, p.

70, PI. lxxxiv, Fig. 8,) I have scarcely any doubt about its identity with
the European species. The surface of the leaf is crumpled ; its sub-

stance appears rather thin. Except the difference in size, there is no
character indicating any kind of difference,

Habitat.—Golden, A. Lakes.

PlSONlA RACEMOSA, Sp. 710V.

Leaves small, entire, thickish, rather membranaceous, obovate, round-
obtuse, gradually narrowed to a flexuous petiole, penninerve ; lateral

veins, four pairs, on an acute angle of divergence, parallel, curving quite

near the borders ; areolation obsolete ; fruits or unopened buds(?) in

branching corymbs or clusters of 6-8 pedicelled, either erect or horizon-

tal or pending acheniaC?), which are sbort, narrowly ovate, acute, with a

truncate base; pedicels filiform. This species is closely allied to P.

eocenioa, Ett., (Fl. v. Har., p. 43, PL xi, Figs. 1-22,) differing especially by
its much shorter acheniaC?) in more divided racemes. D'Ettinghausen
compares the fruits(!) of his species to tbe unfolded buds or the ovaries of

some Pisonia. In the American specimens, these ovaries appear like

ripe small seeds, their tegument being a thin shell, and the inner sub-

stance, transformed into coal, appearing as a small nutlet split in two.
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Though these remains are referable to the same kind of vegetables as
those published by D'Ettinghausen, their relation to the genus Pisonia
is uncertain.

Habitat.—Black Butte, very rare.

Cinnamomum affine, Lesqx.

From the comparison of a large number of specimens representing
various forms of this species, (mentioned first in Am. Jour. So., vol.

xlv, p. 206,) it proves to be, as I supposed, a mere variety of G. Mis-
sissippiense, Lesqx., described in Trans. Phil. Soc, vol. xiii, p. 418, PL xix,

Fig. 2.

Habitat.—The species is common at Golden, and found in the whole
thickness of the North American lignitic measures.

Daphnogene Anglica(I), Heer.

This form has been described from fragmentary specimens as Cinna-
momum Ross7ncvssleri, Heer, in Report for 1872, (p. 379.) From a more
complete leaf, it appears referable to Heer's species as described in Flor.

Helv., (vol. iii, p. 315.) He says that the leaves are ovate-lanceolate,

long-acuminate, triplenerved, with the middle and lateral nerves branch-
ing, remarking still that it differs from D. melastomacea, Ung., by the
equilateral base of the leaves and the lateral veins at a more acute angle
of divergence. In comparing the American leaf with Uuger's species,

the same difference is marked as that indicated by Heer, and it appears,
therefore, that these leaves of ours are, if not identical, at least very
closely allied to the Eocene species of England.

Habitat.—Golden, Capt. Berthoud.

Diospyros brachysepala, Heer.

Leaves broadly oval or slightly obovate, obtuse, narrowed in a curve
to the base, entire, rather membranaceous, but not thick ; secondary
veins alternate, curving to and along the borders, mostly simple or with
few branches, deflected downward in reaching the middle nerve. Though
this leaf is not in a perfect state of preservation, the details of areola-

tiou being obsolete, it agrees in its recognizable characters with Heer's
description of the species in Fl. Tert. Helv., Ill, (p. 11, PI., cii, Figs.

1-14,) resembling especially Fig. 6 for its form and Fig. 2 for the nerva-
tion or the distribution of the lateral veins. Leaves of the same kind
have been described in Eeport for 1872, (p. 394,) from Black Butte.

Habitat.—Sand Creek, Colorado, A. P. Marwhie.

Viburnum marginatum, Lesqx.

This species is described from Black Butte, the only locality where it

has been discovered till now, in Report for 1872, (p. 395.) By its size and
the nervation of its leaves, it is related to Viburnum giganteum, Sap., (Fl.

Foss. de Sezanne, p. 370, PL ix, Fig. 1,) distinct, however, by the more
tapering point of this last species, and the form of its triangular some-
times double dentate teeth. The author remarks also the relation

of his species to the American living V. lantanoides, and to V. cronum,

Thb. of Japan, to which the species of Black Butte has still more affinity

than the Eocene species of France.

Viburnum Lakesii, sp. not.

Leaf coriaceous, round in outline, obtusely(?) trilobate (the upper part
is broken,) with obtuse sinuses ; serrate along the borders to near its

26 G s
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base, borders and teeth thicker and membranaceous or cartilaginaceous;

three-nerved from the base, lateral nerves thick, much divided, divis-

ions branching also like the secondary veins, which are nearly at equal
distance from the primary ones and parallel, few, opposite, all the branches
going up to the points of the teeth. The species has a close relation to

V. marginatum, so abundant at Black Butte. It has the same type of
nervation, but is, however, very different by the thicker substance of
the leaves, the thicker primary and secondary veins, the three-lobate
form of the leaves, and the truly serrate (not dentate) borders. The base
of the leaf also is abruptly turned downward or nearly truncate. The
species is a very fine one, and it is regrettable that it is represented as
yet by a single fragmentary specimen.

Habitat.—Golden ; communicated by A. Lakes.

Coenus Studeei, Heer.

Leaves variable in size, entire, oval-lanceolate, taper-pointed or acu-

minate, rounded in narrowing to the petiole; lateral veins simple, par-

allel, curving in passing up to near the borders, along which they join

each other in festoons; fibrillae distinct, in right angle to the veins, or

sometimes diverging upward. This species is represented by numer-
ous leaves of different size, the largest at least 14 centimeters long,

with 12 to 14 pairs of veins, (the base-is broken,) the small leaves only

6J centimeters long with 9 to 10 pairs of lateral veins. . The lowest veins
are always closer than the upper ones; these near the top become nearly
parallel to the midrib. The substance of the leaves is thickish and
somewhat coriaceous.

Habitat.—Golden. It is also common at Evanston.

CORNUS HOLMESII, sp. 710V.

The upper part of an ovate-lanceolate entire leaf, with secondary
veins thin, very distant, alternate, much curved in passing up in an
acute angle from the middle nerve toward the borders. The point- of
the leaf is broken. Though the specimen is fragmentary, it represents
evidently a Gornus specifically distinct from the other fossil species by
the great distance of the secondary veins. By this character only it is

distantly related to G. Buchi, Heer. ,

Habitat.—Bituminous shale, Coal Creek, Colorado, W. H. Holmes.

Cornus orbifera, Heer.

Leaves round or broadly oval, entire ; rounded upward to the point,

and also downward to a short, curved petiole; medial nerve thick; sec-

ondary veins deep, though narrow, inflated at their point of union to

the midrib, which they join in a broad angle of divergence, arched in

ascending to the borders. The substance of the leaves is thickish, the

surface rough, secondary veins all simple, effaced close to the borders,

the lowest in right angle and marginal. The nervilles are close, oblique

to the veins, simple or branching.
Habitat.—Golden.

Nelttmbium tentjifolium, sp. nov.

Leaves exactly round, peltate from the middle, small, 8 to 9 centimeters

in diameter, of a thin texture, with flat, undulate borders ;
primary

nerves 13, equal and at equal distance, thin or narrow, nearly simple or

sparingly branching, crossed at right angle by nervilles, which by rami-

fication form large square areas. The leaf shows the upper side some-
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what convex at the center. The species is represented by two leaves, one
of which is in a good state of preservation.
The essential difference between this and the next consists in the thin

substance of its leaves; the veins scarcely ramified, and their divisions not
half as thick ; the surface smooth, not roughened by the secondary and
tertiary nervation, and one primary nerve the less. Differences of the
same kind are, however, remarked sometimes between leaves of the
same species of our time. In N. lateum, for example, the upper surface

is generally smooth, and the nervation less distinct, while the lower
one is coarse, with the veins apparently thicker; in the same species the
tissue of the leaves is thicker and harder in the floating leaves than in

those raised above water by longer pedicels. The difference of one nerve
the less might also be considered as of no value for a specific distinction.

However, in the numerous leaves of N. luteum, large and small, the
primary nerves are always of the same number—21. Both these fossil

forms have no trace of a middle nerve ; at least this one has none ; but
the leaves representing the next described species has, between two of

the veins, a split, which may represent the medial nerve or take its place.

Habitat—Sand Creek, A. Gardner.

Neltjmbium Lakesiantjm, sp. nov.

Leaves coarse, thickish, peltate, exactly round, with the petiole cen-

tral ; borders turned down ; center concave, regular ; all the veins, (14,)

equal in thickness, equally diverging from the center to the circum-
ference, deeply marked, branching near the borders, crossed by thick,

flexuous nervilles at right angles and disjointed ; surface rough. This
species is represented by three specimens of the same form, two small
leaves and a much larger one. They differ from N.Buchi, Ett., (Fl. Mt.
Promina, p. 36, PI. ii, Fig. 1,) by the central point of attachment of the
petiole, the absence of a thick branching principal or middle nerve, &c.
A number of nuts or fruits, which I think referable to the same spe-

cies, have been found at the same localities as the leaves. They are
cylindrical-oblong, truncate at base, with a small central mamilla, or
round sear, representing the point of attachment at the base of the alve-

olae of the receptacle; covered by a thin, shelly integument, and obtusely
pointed. The point is crushed in all the specimens. They are compara-
tively of large size : nearly 2 centimeters long, 8 millimeters in diameter.
The forms of these fruits is somewhat like that of those of our N~.

luteum ; they are proportionally longer, however, the shelly surface is

thinly lined or striate in the length ; the basilar scar marking the point
of attachment is 1 J centimeters broad, slightly conical or convex pointed,
with a rough surface.

Habitat.—Golden ; discovered and communicated by A. Lakes.

Magnolia Lesleyana, Lesqx.

Kepreseuted by the upper part of a very large leaf, its widest part 9

centimeters broad, rounded in tapering to a point ; lateral veins par-

allel, distant, at uuequal distance, at the same angle of divergence, and
curving to and along the borders, as in the leaf described from Missis-

sippi in Proc. Phil. Soc, (vol. xiii, p. 421, PI. xxi, Fig. 1.) The more dis-

tant of the secondary veins are separated by shorter, more open, ter-

tiary veins, as marked upon the same figure. The tertiary nervation
and areolation are distinct, and evidently refer this fragment to a Mag-
nolia.

Ha b itat.—G olden.
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Dombeyopsis trivialis, Lesqx.

This species is described in Hayden's Eeport for 1872 (p. 380) from an
imperfect specimen. We have now a nearly entire leaf, 3-palmately*
nerved, round-square in outline, obtusely 3-5-lobed, the two lateral prin-

cipal lobes short obtuse, the middle one broad, nearly round, base of the
leaf deeply cordate or auricled, marked by two simple marginal veinlets
coming out from the round point of attachment of the petiole, and de-

scending- toward the borders of the auricles. The three primary nerves
are ramified, the lateral bearing two or three outside branches, the
middle one a few alternate pairs. The nerves, at least the primary
divisions, are craspedodrome ; their largest branches also ascend to the
point of the lateral shorter lobes. Besides the analogy of form of this

species with Ficus Dombeyopsis, Heer, remarked in the first description,

(loc. cit.,) its relation to I), tridens, Ludw., (Paleont., vol. viii, p. 127,

PI. xlix, Figs. 2, 3,) is noticeable.

Habitat.—Golden, in the white sandstone overlying the lowest coal-

beds.

Dombeyopsis grandifolia(?) Ung.

A mere fragment, referable to this species described by Unger in Fl.

v. Sotzka, (p. 45, PI. xxvii, Fig. 1.) This fragment shows six principal
veins from the flattened top of a thick striate petiole, with strong ner-

villes, dividing in the middle of the space between the veins, and form-
ing large, square, or polygonal areolae. The specimen is, however, too
fragmentary to allow a satisfactory comparison.

Habitat.—Golden, South Table Mountain.

ZlZYPHUS DISTORTUS, sp. UOV.

Leaves large, membranaceous, entire, at least near the base, where only
the borders are distinctly preserved, round obtuse, enlarged on the
sides, abruptly rounded and slightly cordate to the petiole, palmately 5-

nerved from the base; middle nerve simple, not branching; lowest
veins thin, merely marginal veinlets; middle pair of lateral nerves
divided in 3 to 4 branches curving upward ; nervilles close, numerous, at

right angle to the middle nerve; petiole comparatively long, 2 centime-
ters. The nervation of this species is similar to that of Z. plurinervis,

Heer, (Flor. Tert. Helvet., Ill, p. 76, PI. cliv, Fig. 31,) as marked upon the
right side of the leaf; the secondary veins are, however, less numerous,
more distant, longer, and in a more acute angle of divergence ; the mid-
dle nerve has no branches; and the nervilles are closer, numerous, par-

allel, and continuous from the middle nerve to the borders. The leaves

are mostly unequilateral, or more enlarged on one side, and irregular in

shape, either rounded or more narrowed to the base.

Habitat.—Golden.

Ceanothus eibrillosus, Lesqx.

Species described inReport for 1872, (p. 381,) from imperfectispecimens.

Others of the same kind have been obtained; one shows a deeply cor-

date base, broader than any of the same species, 7-nerved from the

base; external veins merely marginal and simple, the lateral ones
branching, especially in the upper part of the leaf; surface crossed

by close, distinct nervilles, in right angle to the veins, continuous.

This leaf is coriaceous, and does not show any trace of areolation ; the

nervilles are scarcely half a millimeter apart.
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Habitat.—Golden, Black Butte, &c., rare.

Bhamnus rectinervis, Heer.

A fragmentary specimen found at Coal Creek, Colorado, by A. B.
Maricine, is referable to this species. The leaf is, however, shorter

and broader^than those representing this species from Black Butte, the
Baton Mountains, and Golden.

Bhamnus Goldianus, Lesqx.

This species, described in Beport for 1872, (p. 382,) is very common at

Golden, and its numerous leaves, as seen from the specimens, are ex-

tremely variable. The small form is oval, obtusely or abruptly pointed,

rounded at base to a short petiole; lateral veins close, 3 millimeters dis-

tant, more or less ramified, especially in the middle or near the base of

the leaves ; nerviiles nearly as thick as the veins, very close, and oblique
to the veins. This form closely resembles Berchemia multinervis, Heer,
differing merely by the narrower, more lanceolate form of the leaves,

more rounded or cordate at the base, by the nerviiles more oblique to

the secondary veins, and by their divisions, the veins being all simple
in Berchemia. To this species is, perhaps, referable the small leaf from
Marshall, described as B. parvifolia, Lesqx., in Ain. Jour. Sci. and
Arts, (vol. xlv, p. 207.) I am unable to compare the specimens com-
municated to me by Dr. J. Leconte, and now out of my hands. Two
figures of these leaves, which were carefully made, do not show auy
trace of ramification of the secondary veins.

Habitat—Most abundant at Golden ; the variety with large leaves
has been found also at Black Butte.

Bhamnus inequalis, sp. nov.

Leaf ovate, lanceolate, apparently rounded to the petiole, (point and
base of leaf destroyed;) medial vein turning to one side near the point;
lower secondary veins at an angle of divergence of 25°, and at a greater
distance from the second pair, which is more open and parallel to those
following it in ascending, all simple ; nerviiles numerous, distinct at
right angle to the veins. Intermediate to the lower pair of secondary
veins, and the more distant second pair above, there is a thick tertiary

vein passing out to the middle of the leaf, and there anastomosing on
both sides with nerviiles. By its unequal sides and its nervation this

fragment is related to B. (Eningensis, Heer, (Fl. Tert. Helv., Ill, p. 78,

PI. cxxiii, Fig. 31.)

Habitat.—Golden.

Bhamnus alaternoides, Heer.

A very small leaf, 14 millimeters long, 7 millimeters broad, oval,
pointed, narrowed to the base, distinctly nerved by 5 pairs of lateral

veins, the lowest opposite, the others alternate, curving near and along
the borders, which are irregularly and distantly serrate. This leaf has
the same form and characters of nervation as those of the species
described by Heer in Fl. Tert. Helv., (Ill, p. 78, PI. cxxiv, Figs. 21-23,)
being intermediate for the size between Figs. 21 and 22. The middle
nerve is thick ; the lateral veins distinct and at irregular distances.

Habitat.—Golden.

Riiamnus Mertani( <

?), Heer.

Leaf oblong, enlarging gradually from the rounded narrow base to
above the middle, where it is abruptly acuminate and sharply and dis-
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tantly dentate ; borders entire downward to the base; nervation carup-

todrome ; secondary veins parallel, in an acute angle of divergence,

ascending nearly straight to the borders, where they curve and which
they follow, entering the teeth by their divisions. From B. Meriani,

Heer, as represented in Fl. Tert. Helv., (Ill, p. 82, PL cxxvi, Figs. 5-11,)

this leat differs by its oblanceolate or Ungulate form, the veins more
straight and on a more acute angle of divergence, and the borders entire

from under the dentate acumen. There is, however, a marked differ-

ence in form and nervation in the numerous leaves of this species, as

figured by Heer, (loc. cit.;) therefore the separation into a new species of

this only leaf, whose characters are so closely related to those of the

European form, is questionable.

Habitat.—Black Butte ; in shale, above the main coal.

SPECIES OF THE SECOND GROUP.

Populus arctica, Heer.

This species has been already mentioned from the Washakie group,

Medicine Bow, Carbon, &c, (Reports for 1871 and 1872.) but not de-

scribed. The present form appears to be the most common in the Lignitic

measures. Leaves coriaceous, entire or undulateiy crenate, round or

more enlarged on the sides and reniform, obtuse, or obtusely short-

pointed, truncate at base; nervation 7-palmate from the top of the

petiole ; middle nerve crossed by strong nervilles at right angle, with
two pairs of secondary veins in its upper part; inner pairs of basilar veins

curving inward in passing up toward the point where they join the

branches of the middle nerve ; lateral basilar veins ramified outside,

except the lowest pair, which is simple and marginal, all distinctly

camptodrome. The two specimens from the locality indicated below
have the same form of leaves as those in Heer's Fl. Arct. (PI. v, Fig. 3,)

one with the borders nearly entire, the others with crenulate borders. It

appears generally distributed in the whole thickness of the Lignitic

measures, except in the first group, where it has not yet been discovered.

Habitat.—Troublesome Creek, Colorado, Mitchell.

Platanus dubia, sp. nov.

This form, represented by a large number of specimens, corresponds
evidently with the description of P. nobilis, Newby., in Extinct Floras
of North America, (p. 67.) In this last species, however, the lateral and
basilar nerves are described as straight and parallel, terminating, and
their branches also, in the teeth of the margins. In the new species or

variety, per contra, the leaves are perfectly entire, and the secondary
veins and their divisions are all camptodrome, or curving near the borders,

and following them in festoons. It is probable that this difference is

merely casual. One of the specimens from Troublesome Creek shows
the close secondary veins camptodrome along the borders of the inner

side of the lobes, while on the outside a few of them teurinate in small

teeth, and are therefore craspedodrome. This remarkable species, which
seems rather related to some southern forms of Araliacew than to Plata-

nus, and which too is related by form and nervation to the Sassafras

leaves of the Cretaceous, has apparently, like these, two distinct kinds

of nervation and of border-leaves, resulting from the disposition of the
secondary veins.

Habitat.—The specimens, all presenting the same characters, are from
Mount Brosse, Dr. Hayclen; Willow Creek, Holmes; Troublesome Creek,
Mitchel. The distribution of this species appears to be limited to few
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localities, where its remains are generally in great abundance aud exclu-
sive of those of any other.

Laurus sessiliflora, sp. nov.

A fructified narrow branch, bearing, attached to it, at equal distance
and sessile, four involucre or persistent calyces, nearly equally divided
to near the point of attachment in four oblong lanceolate-obtuse sepals
4 to 5 millimeters long, diverging crosswise. The appearance of the re-

markable fragment representing this vegetable is not easily conceivable
from a mere description. It is somewhat like a small branch of a Galium,
with whorls of four thick, short, half-open leaflets, the two opposite
ones on each side of the pedicel being joined to below the middle, and
rounded on the other side to the point of attachment like split involucral
teguments. They are alternately placed upon each side of the pedicel
and sessile. The same piece of shale bears some small oval-obtuse seeds
or nutlets, obscurely striated in the length, which seem to have been
detached from these involucres. The relation of these fragments is appa-
rently with some kind of Laurinew, like those described by Heer, (FI.

Tert. Hel v., II, PI. xc, Fig. 17,) and also with the fruit of Benzoin antiquum,
(same plate, Fig. 8.) The relation is confirmed by the presence upon the
same specimen of a fine well-preserved leaf of Laurus, which I refer

to the same species as L. sessiliflorus. It is small, narrowly-elliptical,
blunt-pointed, narrowed to the base ; secondary veins alternate in an
acute angle of divergence; the upper pairs at equal distance and par-
allel

; the lower ones more distant and on a more acute angle of diverg-
ence, all camptodrome, following the borders in festoons, anastomosing
by nervilles, which are numerous, in right angle to the middle nerve,
forming large rectangular areas. This leaf also resem bles that of Benzoin
antiquum, Heer, (Joe. cit., Fig. 2,) differing especially by the secondary
veins more regular and still more distant.

Habitat—Evanston ; shale, above the upper coal, Wm. Clebum.

Persea Brossiana, sp. nov.

Leaves large, subcoriaceous, rigid, with entire, recurved borders,
oblong lanceolate, narrowed in a curve to a short acumen, and attenuated
to a short petiole ; nervation deeply marked ; surface undulate or bossed
between the secondary veins, which are parallel, on an acute angle of
divergence ; nervation and areolation of a Laurus. The form of the
leaves is the same as that of L. Canariensis. The axils of a few of the
secondary veins are marked by a small tubercle or inflation as in this

last species, and also in the leaves of Baphnogeue Heerii, Gaud., but less

distinct.

Habitat.—Mount Brosse or Troublesome Creek, Br. Hayden.

ClNNAMOMUM Bossmassleri, Heer.

Two leaves, subcoriaceous, entire, or long oval, pointed (I), (broken,)

narrowed to a thick petiole; palmately 3-nerved ; lateral veins thin,

obsolete from above the base of the leaves, curving at a distance from
the borders in following them upward.
The details of nervation are very undistinct, aud the species not posi-

tively identified. The leaves resemble especially those represented un-

der this name by Unger, in Fl. Badoboj, (PL 1, Figs. 10, 11 ;) the lat-

eral veins, however, seem to approach nearer to the border in the
American form.

Habitat.—Troublesome Creek, W. H. Holmes.



408 GEOLOGICAL SURVEY OF THE TEERITOEIES.

ClSSUS LOBATO-CRENATA, Lesqx.

The specimens exactly represent the species as described from Black
Butte, (Report for 1872, p. 396;) the large leaves, with obtuse teeth or

undulate borders ; the smaller leaves, more acutely lobed and dentate,

representing apparently Vitis tricuspidata of Heer. In all the leaves the

base is truncate, and one of the specimens shows them to be long-petioled.

Habitat.—Willow Creek and Mount Brosse.

Cornus impressa, sp. nov.

Leaves thick, coriaceous, entire, deeply impressed into the stone, reg-

ularly elliptical, rounded to a very short, scarcely marked acumen,
rounded also to the base, which is broken ; secondary veins on an acute
angle of divergence, slightly curving in ascending to the borders, reg-

ularly camptodrome, simple or rarely branching once near the point,

and anastomosing in festoons along the borders with strong nervilles

;

these are in right angle to the middle nerve, mostly simple and contin-

uous ; the upper veins abruptly join by a curve the point of the middle
nerve. This distinct species is related to Comus orbifcra by the form of

the leaf, which is, however, more elongated, and by its strong nervilles,

which are, however, more distant and less ramified ; it also differs from
it by the lateral veins curving at a distance from the borders, and less

numerous.
Habitat.—Mount Brosse, Colorado, Dr. Hayden.

Acer trilobatum:, Al. Br.

Leaf broadly oval in outline, round-cordate at base, 3-obtusely

short-lobed, and obtusely dentate on the borders, which are erased and
nndistinct ; nervation 5 palmate, the lower pairs of basilar nerves being
mere thin marginal veinlets; middle nerve branching from the middle;
secondary veins in an acute angle of divergence; areolation similar to

that of A. trilobatum as figured by Heer, (Flor. Tert. Helv., Ill, PI. cxiii,

Fig. 8.) From all the forms of this species, however, the leaf differs by
the base rounded and more deeply cordate, and by shorter obtuse teeth

and lobes. The middle lobe is broadly taper-pointed. The leaf is also

comparable to A. Sismondi of Gaudin.
Habitat.—Troublesome Creek (?) The specimen is without label, but

mixed with those of this locality.

THIRD GROUP.
None of the localities referable to the third group had been visited by

any member of the explorations of Dr. Hayden in 1873, and no new
materials have been added to the flora of this group since the publica-

tion of the Report for 1872.

SPECIES OP THE FOURTH GROUP.

Salvinia cyclophylla, sp. nov.

Leaf nearly round, slightly cordate or truncate, 21 millimeters long,

25 millimeters broad, therefore slightly reniform, very entire ; lateral

nerve on a broad angle of divergence, or nearly in right angle to the
straight half-round middle nerve, scarcely thicker than their divisions or

the nervilles, which, crossing the areas in various directions, form an ir-

regularly quadrate or polygonal areolation. This species does not com-
pare with any fossil one known as yet; it is related by its size to

8. Beussi, Ett., (Bil. Fl., p. 18, PI. 1, Fig. 21,) and by the areolation to

8. reticulata, Heer., (Fl. Tert. Helv., Ill, p. 156, PI. cxlv, Fig. 16.)

Habitat.—Middle Park, Dr. Hayden.
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Lycopodium prominens, sp. nov.

Stem or branch slender, clichotoraous; divisions short, erect, slightly

open, distant, 2 centimeters long; leaves alternate or in spiral, cylindri-

cal, inflated to the more or less acute point, apparently connate at the
narrowed base, 4 to 5 millimeters long, half a millimeter broad, half
open, some of them curved outside. With the sterile branch, the spec-
imen has a somewhat obscure fragment, apparently a crushed fruiting

ear, whose surface is rough or granulate. It is, however, too obscure
for positive identification.

Habitat.—Elko, Nev., Prof. Cope.

Equisetum Wyomingense, sp. nov.

Fragments of stems, equally distinctly striate, 2 centimeters broad,
articulate, bearing at the articulations whorls of thickisk long rootlets.

These stems or rhizomas, evidently referable to Equisetum, are in pro-
fusion in the shale at the cut four miles west of Green River Station

;

but none of the specimens have any remains of a sheath or of leaves
and branches. This form is comparable to E. Braunii, Heer., (Fl. Tert.

Helv., Ill, p. 157, PL cxlv, Fig. 29.) On the American specimens, how-
ever, the rootlets are in fascicles, diverging star like, much longer and
thicker than in Heer's species; at least 1 millimeter broad and 5 to 6
centimeters long.

Habitat.—Green River.

Taxodium dubitjm, Sternb.

The species is represented by a large number of fragments or branches
with distichous, linear, short, obtuse leaves, narrowed and rounded to

the point of attachment, sessile. This form is rather comparable to

T. ditbium as described and figured by Heer in Fl. Arctica, (PI. ii,

Figs. 24, 26,) than to the variety T. distichum-miocenicum, represented
in Spitz. FL, (PL iii,) whose leaves are slightly narrower proportionally

to their length.

Habitat.—Elko Station, very abundant, Prof. Cope.

Glyptostrobus Europeus, Al. Br.

Only two small branches are referable by their size and the form and
disposition of the leaves to this species. Some of the leaves are Ungu-
late, short, appressed, mixed with linear-lanceolate-pointed, open, and
longer ones. The fragments are small, and do not bear any cones. The
shales of the same locality are, however, marked by irregular, generally
round-oval cavities, wdiich appear to have been made by the impressions
of cones of this species.

Habitat.—South Park, Oastello Ranch, Br. Hayden ; near Florisant,

Prof. Cope.

Sequoia angustifolia, Lesqx.

A short diagnosis of this species is given in Report for 1872, (p. 372,)

from specimens from Elko Station. It was sent thisyear in a large number
of specimens, from the same locality especially, and all the specimens
bear the same character. Leaves comparatively narrow and pointed,

decurrent at base, half open or even nearly erect ; seeds large, round-
oval, truncate, at the slightly enlarged base, rounded at the top. It

is comparable to S. NordensJcioldi, Heer, of the Spitzbergcii Flora, (Tab.
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iv, Figs. 4-38,) differing by longer, narrower, more acute leaves, and by
the larger seeds, quite round or obtuse, not pointed upward. The same
character, the large size of the seeds, separates this species from S.

Langsdorjii, which it resembles somewhat more by the form of the

leaves; these, however, are still narrower than in any of the numerous
forms of this species.

Habitat.—Elko, Prof Cope. Two specimens, with more open, shorter

leaves, but equally narrow, come from Middle Park, Br. Hoyden.

Sequoia Langsdorfii(?), Brgt.

Only a small fragment, identifiable with this species, as figured by BTeer,

(Arct. FL, II, p. 464, PI. xliv, Fig. 2.) It is not possible to ascertain

identity from such a fragment. It, however, shows the two forms of

leaves as in the quoted figure. There is also from the same locality a
small branch with lateral simple branchlets, bearing short, linear, pointed

leaves, similar to those of S. Coutsice, Heer, (Joe. cit.. PL xli, Fig.

10b,) except that all the leaves are erect, not curved inward. This may
be still referable to 8. Langsdorjii, though the leaves are shorter and
more acutely pointed.

Habitat.—Elko Station, Cope; the var., Middle Park, Cope and Hayden.

Pinus polaris, Heer.

Leaves very long proportionally to their narrow size, 1 millimeter

broad, 6 to 7 centimeters long, obtusely-pointed ; medial nerve thick

and broad ; lateral veins thin but distinct, three or four on each side.

As far as the leaves indicate it, these fragments represent, indeed, Heer's

species, as described in Fl. Spitz., (p. 39, PI. v, Figs. IS, and 15b-15d.)
There are, however, no seeds indicating relation to the same species.

The shales are covered with crushed fragments of conifers, scarcely dis-

cernible, and, therefore, mostly undeterminable. Among these are wings
of coniferous seeds similar to those which the same author figures as P.

stenoptera, (same plate, Figs. 21, 23.)

Habitat.—South Park, near Castello Eanch, Dr. Hayden, Florisant,

Prof. Cope.

The shale of South Park, Middle Park, and Elko station have a
quantity of crushed remains of conifers, leaves, cones, separate scales,

and seeds, which may be described hereafter with figures, but whose
description without illustration would be incomprehensible for the

reader and useless to science.

ACORUS AFFINIS, Sp. UOV-C?)

Stem thick, evidently striate or nerved by parallel, distant, thick

veins; bearing a broad, short, crushed ear, with seeds placed in parallel

or spiral rows, and whose form is undistinct. The species is related to

A. brachystaehys, Heer, (Spitz., Fl., p. 51, Tab. viii, Fig. 7,) which has

been described already from Creston and from Carbon, (Eeport for 1872, p.

385;) differing by its larger stem, with more distant and thicker strise,

and its broader ear, which is crushed and somewhat indistinct, though
of the same form. The seeds, apparently trigonal in form, are flattened,

and in rows, which rather seem parallel than in spiral. The form is

still specifically uncertain.

Habitat.—Florissant, South Park, Prof. Cope.
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Poptjlus Richakdsoni, Heer.

Leaves petioled, broadly ovate or "nearly round, truncate at the base,
deeply obtusely crenate, 5-nerved from the base; primary nerves flexu-

ous, branching in right angle or at a broad angle of divergence; sub-
stance thin or not coriaceous. Of the six specimens representing leaves
of this species, none is preserved in its whole. Though fragmentary,
however, enough is left to recognize the essential characters and identify

the species. The leaves are variable in size, from 4 to 8 centimeters in

diameter, some narrower, more elongated, ovate truncate or slightly

emarginate to the petiole. From P. arctica, it differs essentially by the
thinner substance of the leaves, and by the deeply-crenate borders.

Some of the obtuse teeth are longer and narrower than represented in

the figures of this species, (Fl. Arct., p. 98, Tab. iv, vi.)

Habitat.—Elko, Prof. Cope.

Salix media, Al. Br.

The species already described from Green River specimens, (in Sup-
plement to Report for 1871) is represented still by two others, which,
also, have not preserved any trace of nervation, and are identifiable

only by the form of their leaves.

Habitat.—Elko, Prof. Cope.

Myrica Copiana, sp. nov.

Leaf lanceolate, taper-pointed, 10 to 11 centimeters long, 3 centimeters
broad, doubly and deeply serrate, with alternate longer and shorter
acute teeth, penninerve; nervation craspedodrome ; secondary veins
open or nearly in right angle to the middle nerve, passing up to the
point of the larger teeth, with thinner, shorter tertiary veins between
them, ascending to the point of the shorter teeth ; all curving slightly

upward in entering the teeth. This fine species, represented as yet by
a single specimen, is distantly related to Myrica Graeffii, Heer, (Fl.

Tert. Helv., Ill, p. 170, PI. cl, Figs. 19, 20;) the leaf of the Amer-
ican species being, however, twice as large, the teeth turned outside,

sharp, pointed, &c. The same specimen bears some alate seeds of a
conifer, like those described by Heer in Spitz. Fl. as Pinus abies.

Habitat.—Near Florisaut, South Park, Prof. Cope.

Myeica acuminata, TJng.

Leaves coriaceous, with smooth surface, linear-lauceolate-acuminate,

dentate; nervation camptodrome, obsolete. These leaves, compared to

UngerAs species as figured in Fl. of Sotzka, (PI. vi, Figs. 5-10,) appears,
indeed, identical with it. But the author says of his species, (p. 30,) ser-

raturis eqnalibus, minimis, approximates, a character which is in dis-

accord with the figures {loc. cit.) and with that of our specimens.
This character, however, is of little importance in regard to identifica-

tion ; for one of our specimens, representing a long, acuminate leaf, has
equally serrate border on one side, while on the other the teeth are
close and unequal. As far as it can be seen, the secondary veins appear
close, straight to the point of the teeth, and on an acute angle of diver-

gence trom the middle nerve. From another locality a set of specimens
represent the same species under the same form and nervation, but with
much smaller, narrower, and shorter leaves than those figured by Linger,

and also than the first ones described above.
Habitat.—Middle Park, Dr. Hayden, one mile west of Florissant, South

Park, Dr. Pcale.
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Mirica undulata, Heer.

Leaf membranaceous or subcoriaceous, small, 3£ centimeters long, (the

point and base are destroyed.) 1 centimeter broad, linear-oblong, with
deeply-undulate borders ; nervation camptodrome ; lateral veins open,
joined by curved fibrillse nearly in right angle to the veins, forming by
ramification a small polygonal areolation ; the direction of the second-
ary veins intermixed with shorter tertiary ones, their mode of curving
to and along the borders, and the areolation, are of the same kind as in

the leaves of Myraca (Diandra) undulata, Heer, (Fl. Tert. Helv., Ill,

p. 188, PL cliii, Figs. 22, 23.) The American leaf is in its size and
its tapering base exactly similar to Fig. 23 ; its undulations are only
more definite. I consider it as identical.

Habitat.—Elko, Prof. Cope.

Myrica latiloba, Heer, var. Acutiloba.

Leaves membranaceous, linear-lanceolate or oblong-lanceolate, pin-

nately deeply divided in large, pointed, triangular lobes, narrowed to a
short petiole ; secondary veins distinct, craspedodrome, open, ascend-
ing to the point of the lobes ; tertiary veins under the same degree of

divergence, curving along the borders, and anastomosing with pinnate
branches of the secondary ones. This species is represented by one
fragment only, showing the lower part of a leaf, bearing three lobes
on one side and only one on the other. In Heer's species, (Fl. Tert.

Helv., Ill, p. 176, PI. cl, Figs. 12-15,) the leaflets are more obtuse or
less pointed than in the American leaf, which also differs by a somewhat
longer petiole. This form is apparently a mere variety.

Habitat.—Middle Park, Colorado, Dr. Hayden.

Myrica partita, sp. nov.

Leaf subcoriaceous, linear, narrow, one centimeter broad, alternately
equally lobate ; lobes distinct to the base, turned upward, broadly lan-

ceolate, narrowed to a short point, denticulate along the lower side and
near the point of the upper border ; secondary vein ascending to the
point of the acumen ; tertiary veins parallel, shorter, passing up to the
lower teeth in anastomosing by nervilles in right angle to the second-
ary vein ; areolation round-polygonal, small. Like the former, the spe-

cies is represented by a fragment only. It is distantly related to the
following.

Habitat.—Elko, Nevada, Prof. Cope.

Myrica (Comptonia) Brongnarti(?), Ett.

Leaf coriaceous, linear, narrow, half a centimeter broad, alternately
pinnately obtusely dentate; nervation obsolete, pinnate, camptodrome;
secondary veins simple. It is not possible to positively recognize the
nervation of this leaf, which, by undulation of its surface correspond-
ing with the teeth, has the fades of a small branch of conifer. It re-

sembles some of the leaves published in Ett. (Hariug Flor.) as Diandra
Brongnarti, especially that of PI. xix, Fig. 20 ; the lobes, however, being
less deeply parted, or like mere obtuse teeth, though the appearance is

that of a lobate leaf.

Habitat.—Elko, Prof. Cope.

Ulmus tenuinervis, sp. nov.

Leaves thin, very unequal at the base, deeply cordate on one side,

tapering on the other to the middle nerve, half a centimeter higher up

;
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oblong or ovate, lanceolate, taper-poiuted, unequally serrate; lateral
veins thin, flexuous, or curved to the borders, craspedodroine, simple or
branching. The species is closely allied to U. Bronnii, Heer, which Mas-
salongo considers identical to his U. affinis. Ours differs by thinner,
more distant, lateral veins, by its shorter petiole, and the more acute
teeth of the borders. None of our living American species is compar-
able to it.

Habitat.—Middle Park, Dr. Hayden.

Planera longifolla, Lesqx.

This species has been briefly described in Eeport for 1872, (p. 371.) The
collection has received a large number of specimens from Middle Park,
representing it in its various forms. The leaves are generally ovate-lan-
ceolate or merely lanceolate, more or less acutely, aud all equally simply
dentate; lateral veins simple, strong, going straight up to the point of the
teeth, under various degrees of divergence

;
petiole 5 millimeters long,

thickened to the base. The leaves vary in length and width, being gen-
erally smaller and narrower than those of P. TJngeri. Captain Berthoud,
however, has sent me sketches of leaves of a Planera, one of which is 2^
centimeters long and 2 centimeters broad, therefore broadly oval, with
sharp teeth, exactly liketbe leaf published by Heer, (Arct.Flor. II, PI. xlv,
Pig. 5a ) as P. Ungeri. This leaf is so differentmfades from all those which
I have seen and used for the description of the American species that 1 can-
not consider it as representing the same. I have, therefore, to admit that
two species are represented in the Upper Tertiary measures of the Eocky
Mountains, at least till I have seen the specimens or recognized inter-

mediate forms.
Habitat.—Elko and South Park. The last specimens were sent by

Dr. Hayden.

Querctjs Eleoana, sp. nov.

Leaves subcoriaceous, fiat, ovate, taper-pointed or acuminate, 8 to 10
centimeters long, rounded and narrowed to the base, (broken,) doubly
serrate, with teeth alternately long, irregular, sharp-pointed, and one
or two small ones at their base ; nervation pinnate ; lateral veins simple,
parallel, craspedodrome, (straight or scarcely curving in passing up to
the borders; fibrilloe thin; areolation same as that ofFagns feroniw, which
this leaf resembles, and to which it could be referable but for the large
size of the regular and regnlarly-pointed teeth. The substance of the
leaves is thicker than in this last species.

Habitat— Elko, Prof. Cope.

Querctjs neriifolia, Heer.

Only a fragment of an oblong-lanceolate, entire leaf, with distinct ner-
vation

; secondary veins at right angle to the middle nerve, branching
and effaced near the borders, with intermediate shorter tertiary
veins, more or less oblique to the secondary ones. The form of the leaf
is like that of Fl. Tert. Helv., (II, PI. lxxiv, Fig. 4,) and the nervation simi-
lar to that of Fig. 5.

Habitat.—Near Florissant, west of Pike's Peak, Dr. A. C. Peale. This
locality may be referable to another group.

Fagus feronle, Ung.
This species is represented by a dozen specimens, representing the

.eaves in their various forms, as figured and described by Ett. Bil. Flor.,
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(p. 50, PL xv, Figs. 12-20.) These leaves are variable in size, from 5 to

8 centimeters longand proportionally broad, oval in outline, taper-pointed,

narrowed downward and wedge-form to a long petiole, doubly, irregu-

larly, unequally serrate ; nervation craspedodrome; secondary veins on

an acute angle of divergence, simple, straight ;
fibrillaB thin, in right

angle to the veins ; areolation composed of very small, irregularly square

and polygonous meshes. The American form agrees by all its charac-

ters with the leaves of the Bilin Flora. It differs, however, from Unger's

figures (Chloris Prot., PL xxviii,) by the teeth of the borders more numer-

ous and generally more accute, and by the longer petiole.

Habitat.—Elko, Prof. Cope.

Ficus lanceolata, Heer.

Leaves thickish, lanceolate, gradually tapering to a thick petiole,

penninerve ; secondary veius open, parallel from the base, campto-

drome ;
nervilles close, in right angle to the secondary veins ; areola-

tion in small polygonal meshes. This species is represented by specimens

of two localities. All agree with the characters represented by the author

(Flor. Tert. Helv., II, p. 62, PL lxxxi, Figs. 2-5,) the leaves being only

somewhat smaller.

Habitat—Florisant, South Park, Cope; Willow Creek, Middle Park,

Holmes; Cut-off, west of Green River Station, with fish remains.

Ficus Jynx, Ung.

Leaves coriaceous, linear-lanceolate, tapering to the petiole, penni-

nerve ;
secondary veins open, close, numerous, thickish, straight to the

borders, along which they abruptly curve. This leaf is comparable to

some forms of F. multinervis, Heer, but still more to the leaf of Bil. Fl.

(PL xx, Fig. 7,) referred by Ettinghausen to F. Jynx, Ung. The petiole is

narrower than in F. multinervis.

Habitat.—Elko, Prof. Cope.

DlOSPYROS COPEANA, sp. UOV.

Leaf of medium size, 7 centimeters long and half as wide, broadly ob-

ovate, entire, gradually narrowed downward to a short petiole, rounded up-

ward to an obtuse point; nervation penninerve, camptodrome; lateral

veins thin, distinct, the lowest in a slightly more acute angle of diver-

gence, curving in passing to the borders, which they iollow in anas-

tomosing in double festoons, and separated by shorter tertiary veins.

The nervation and the form andfames of the leaf are of a Diospyros ; some
of the leaves of our living D. Virginiana have about the same form, though
generally broader, and rounded at the base.

Habitat.—Elko, Prof. Cope.

Fraxintjs pe^edicta, Heer.

A small leaf, broad in the middle, gradually narrowed to its base,

(petiole broken,) and upward in the same degree in a long obtuse acu-

men; borders slightly and distantly dentate ; nervation camptodrome

;

secondary veins curving upon each other in following the borders, with

border-branches or veinlets passing up to the points of the very short

and small teeth marked only from the middle downward ; borders nearly

entire upward. There is only one leaf representing this species ;
but it

so much resembles those of Fl. Tert. Helvet., (Ill, p. 22, PL civ, Figs. 13,

&c.,) that it is scarcely possible to doubt the identity of these forms. In

the specimen described here, the nervation is perfectly distinct.

Habitat.—Middle Park, Dr. Hayden.
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Weinmannia, Eos^efolia, sp. nov.

A compound, inrparipinnate leaf, with 3 to 5 pairs of- narrowly
elliptical leaflets, obtusely pointed, rounded to the sessile base, the
terminal leaflet only short-petioled, obtusely serrate toward the point,
entire from the middle downward ; medial nerve thick, half-round ; lat-

eral veins and areolation obsolete; rachis half-round, narrowly margined.
The dentation of the leaves is not distinct ; some leaflets, separated from
the rachis upon the same piece of shale, are smaller and have entire
borders. I refer this leaf to the genus Weinmannia on account of the
likeness of these remains with living species of this genus figured in
Fl. v. Haring by Ettiughausen, (PI. xxiii, Figs. B, C.) In these
American forms, the rachis is not alate; it is so, however, in W. Glabra,
DC, whose leaflets, though much smaller, have the same form. In the
leaves of this genus, the secondary nervation is also mostly obsolete or
scarcely distinct ; the surface being generally covered with villous hairs.

In the fossil species, the base of the leaflets seems to bear a thick tuft

of hairs. The specimens are very fine.

Mabitat.—West of Florisant, Dr. A. C. Peale.

Sapindus angustipolius, sp. nov.

Leaves compound, imparipinnate
;
rachis thick, flat, but not winged

;

leaflets linear-lanceolate, entire, unequilateral, larger above the base at
the upper side, tapering gradually upward to a slightly reflexed or
straight acumen, rounded and narrowed to a very short margined peti-

ole or sessile ; nervation and areolation of the genus. The leaf bears
about 6 pairs of alternate leaflets ; the upper lateral ones erect along the
terminal, the others half open. This species is represented by a large
number of specimens.

Habitat.—Middle Park, Br. Hayden; near Florissant, South Park,
Prof. Cope.

Sapindus cobiaceus, sp. nov.

Leaflets thick, large, oblong-lanceolate, entire, with borders reflexed;

slightly unequilateral and scythe-shaped, short-petioled ; middle nerve
thick; secondary veins open, scarcely discernible; surface polished.

This species is distinct by the thickness and leathery texture of the
leaves, which are long comparatively to their width. All the leaflets

are isolated or separated from the main rachis.

Habitat.—Elko Station, Prof. Cope.

Staphylea acuminata, sp. nov.

Leaves trifoliate, at the top of an elongated common pedicel ; lateral

leaflets opposite, rounded to the short-petioled base, ovate-lanceolate
acuminate, crenulate to near the base; medial or terminal leaflet longer-

pointed, attenuated to the base, with a longer pedicel ; secondary veins
alternate, camptodrome, curving to and along the borders, with slender
ramifications entering the teeth. The areolation of this leaf, the form
of its leaflets and their relative position, &c, are similar to those of the
liviug American S. trifoliata, L. The species merely differs by the
longer tapering point of the leaflets and the short petiole of the mid-
dle one ; the divisions of the borders are of the same kind.

Habitat.—Middle Park, Br. Hayden.

Ilex sphenophylla(?), Heer.

A very small leaf, 12 millimeters long, 7 millimeters broad, oval,

rounded iu narrowing to the point and to the base; distantly acutely-
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dentate by three or four pointed or spinulose teeth on each side ; sec-

ondary veins opposite, craspedodrome, simple, passing up in a slight

curve to 'the point of the teeth. The identification of this leaf with
Heer's species, represented (Flor. Tert. Helv., Ill, p. 73, PI. cxxii, Fig. 24,)

by still smaller leaves without any trace of nervation, is uncertain.

Habitat.—Middle Park, Dr. Hoyden.

Ilex subdenticulata, sp. nov.

Leaves coriaceous, linear-lanceolate, acuminate? (point broken,) irreg-

ularly denticulate from the middle upward with small, sharp-pointed teeth;
penninerve ; lateral veins distant, opposite, curving up under an acute
angle of divergence from the middle nerve, and at a distance from the
borders, forming, by anastomose with the veins above, a double festoon
along the borders, and entering the teeth by outside, small branchlets.

This species is closely related to I. denticulata, Heer, (Flor. Tert. Helv.,

Ill, p. 72, PI. cxxii, Fig. 20,) differing, however, by the taper-pointed or
acuminate form of the leaf; the more numerous teeth descending lower on
the borders; the more distant and all opposite secondary veins, wkich
curve farther inside and at a more acute angle of divergence, &c. The
nervation is, however, of the same type. The same shale bears a small,

round, crushed fruit, representing, apparently, a pulpy berry, bearing
one or two ovate-pointed seeds similar to those of this genus. The berry
is 5 millimeters wide; the seeds 1% millimeters broad near the rounded
base, and 3 millimeters long.

Habitat.—One mile west of Florisant, Colorado, Dr. A. C. Peale.

Ilex tjndulata, sp. nov.

Leaf narrowly oblanceolate, pointed, tapering downward to a short
petiole ; borders undulate, obtusely dentate in the upper part of the
leaf, entire from the middle ; nervation of the same type as that, of the
former. It may represent a variety of the same species.

Habitat—This specimen is without label; mixed with those of Middle
Park.

Paliurus Florisanti, sp. nov.

Leaf small, 2h centimeters long only and 1 centimeter broad, ovate-

pointed^), (point broken,) rounded at the base to a short, thick petiole,

slightly crenulate all around, triple-nerved ; lateral primary veins from
above the base of the leaf curving up and following quite near the bor-

ders to above the middle, where they anastomose with the lowest pair of

secondary veins, also opposite; all curving along the borders, campto-
drome. The leaf has the same areolation as those of P. aculeatus. Lam.,
of Europe, from which it merely differs by its round base, the lower veins
closer to the borders, and the secondary veins from the middle only of

the leaf and nearly opposite.

Habitat.—Near Florisant, South Park, Prof. Cope.

Ehus(?) drymeja, sp. nov.

Leaves narrowly lanceolate, acuminate, equally acutely serrate, penni-

nerve ; lateral veins close, numerous, simple, craspedodrome, parallel

from the base, on an acute angle of divergence ; areolation in primary
quadrate rectangular areas, divided into small irregular quadrate or

polygonal areolse. I doubt that this form, represented by numerous well-

preserved thickish leaves, may be referable to a species of Rhus. It is com-
parable to Quercus lonchitis, Ung., in Fl. of Sotzka, (p. 33, PL ix, Fig. 1);
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the leaves, however, are smaller and generally unequilateral, either nar-
rowed to the short thick petiole or rounded to it, at least on one side,

like the leaflets of a compound leaf.

Habitat.—Middle Park, Dr. Hayden.

Enus Haydenii, sp. nov.

Leaf pinnately divided in alternate linear or lanceolate, acute, entire
leaflets, from a broadly alate rachis, to which they are joined in declining;
terminal leaflet of the same size and form; nervation pinuate,camptodrome.
This fragment of a compound leaf represents a fine and remarkable spe-

cies. It is about 5 centimeters long, with a broadly-winged rachis 3
millimeters wide on each side of the thin, middle nerve, with three pairs

of alternate leaflets 4 to 6 millimeters broad, 2£ centimeters long, lance-

olate, obtusely-pointed, nearly at right angle to the main rachis, which
they join by an acute sinus in the upper side and a declining base on
the lower one. The camptodrome nervation is similar to that of E.
copallina, L. ; the alar tissue of the rachis is also marked by forking par-

allel veinlets, as in the same species.

Habitat.—Middle Park, Dr. Hayden.

Pterocarya Americana, sp. nov.

Fragment of ah oblong-lanceolate leaflet, slightly scythe-shaped, with
crennlate border, and camptodrome nervation. The outline of the leaflet,

though the lower and upper parts are destroyed, is, like the nervation,

well defined. It is comparable to the leaves published by Gaudin, in Cont.
(I, p. 40 ,P1. ix, Fig. 2,) under the name of P. Massalongi. The substance
of the leaflet is thin, the secondary veins more or less distant, curving in

ascending to the borders, and following them in successive bows, anas-
tomosing with branches of intermediate shorter veins; nervilles distinct,

nearly at a right angle to the secondary veins. Except that the borders
of this leaflet are not as deeply serrulate, and that the secondary veins
curve nearer to the borders, there is not any noticeable difference between
the American and the Italian form.

Habitat.—Middle Park, Dr. Hayden.

Podogonitjm, species.

The collection has, representing this genus, a capsule, with its pedicel.

It is, however, broken in the middle, and its specific relation undiscern-
ible. There is also, from another locality, a fragment of a Ungulate
leaflet, with a close, thin camptodrome nervation, comparable to the
leaves of P. Knorrii, Heer.

Habitat.—Middle Park: the leaflet, Dr. Hayden', the fruit, Flori-

sant, South Park, Dr. Peale.

CzesalpiniaC?) linearis, sp. nov.

A branch of a compound leaf, with a narrow filiform rachis, bearing
seven pairs of small, opposite, linear leaflets, sessile, rounded to the point
of attachment, sharp-pointed, coucave or scythe-shaped at the upper
side, thickish, without trace of nervation of any kind. I know nothing
to which this fragment could be compared. It resembles a branch of
distichous conifer ; but the mode of attachment of the leaflets, rounded
to the base, all opposite ; their scythe-shaped form, &c, are at

variance with the characters of conifers. It is distantly related to

species of Cccsalpinia, like Cadia varia, Heer, or some Acacia, like A.

27 gs
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parschlugiana, Heer, of the European Miocene, but remarkably distinct

by the absence of a midrib, whose place is scarcely indicated by a de-

pression in the middle of some of the leaflets.

Habitat—Florisant, South Park, Prof. Cope.

Acacia septentrionalis, sp. nov.

Leaflet small, entire, coriaceous, rigid, with a rough surface ; oblan-

ceolate, rounded to a short acumen or mucronate, gradually tapering

downward to the base ; nervation pinnate ; lateral veins very thin, aero-

drome, sparingly branching, anastomosing by cross-veinlets in passing

up to near the point where they curve toward the middle nerve. This

leaflet is, for its thick, rigid substance and its nervation, comparable to A.
rigida, Heer., (Fl. Tert. Helv., Ill, p. 133, PI. cxl, Fig. 22,) differing, how-
ever, by its form.
Habitat.—South Park, near Castello Eanch, Dr. Hayden.

Leguminosites, species.

A small legumen, which is open, and shows its two valves, linear, ob-

long, truncate, mucronate on one side, narrowed on the other to a short

pedicel ; substance cartilaginous; inner face smooth, shining. The exact

form of this and the two following remains is not well comprehensible
from mere description.

Habitat.—Elko, Prof. Cope.

Carpolithes, species.

An oblong-obtuse, flattened fruit, or nutlet, truncate at its base, some-
what more enlarged on one side, marked from the base to above the

middle by small striae, slightly diverging in ascending.
Habitat.—West of Florisant, Dr. A. C. Peale.

Semen, species.

An agglomeration of four oval, small seed,s, 3 to 4 millimeters long,

half as wide, obtusely-pointed, striate.

Habitat.—Middle Park, Dr. Hayden.

SPECIES WHOSE REFERENCE TO THE FORMER GROUPS IS UNCERTAIN.

Lastr^ea Styriaca, Heer.

Fragments of ultimate linear pinnae, pinnately alternately lobed

;

lobes oval-obtuse, disjointed to near the middle, pinnately-veined

;

veins 8 pairs, simple, curving inward in going up to the borders, thin,

-distinct. The species is represented by a number of fragments in silex,

all very distinct. By the form of the leaflets and their nervation, they
are referable to this species, very common in the Miocene of Europe.
The pinnules, however, are somewhat more disconnected than seen in

the figures, (Flor. Tert. Helv., I, PI. vii-viii.)

Habitat.—Blake's Fork, Uintah Mountains.

MUSOPHYLLUM COMPLICATUM, sp. UOV.

Stem thick, wrinkled-striate in the length, bearing imbricated and
amplectant leaves, folded upon another, especially near the point of union
to the stem, opening in right angle, variable in size, obtuse ; veins sim-

ple, three-fourths of a millimeter distant, parallel ; crossed in right angle
by obscure veinlets. The stem divides at its base into thick diverging
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rootlets, curving to an horizontal direction! Though the specimens
representing this species are very numerous and very large, I conld not
obtain one showing exactly the size and the form of these leaves. They
appear either folded around a thick stem, from which they diverge, or
on both sides of a thick rachis extending along it like wings," two to three
centimeters wide on each side. From the fact that large specimens are
covered by fragments of these leaves crushed and folded upon another,
without any trace of middle nerves or peduncles, the leaves must have
been of great size. Their substance is not very thin. The surface is per-
place covered with an epidermis which shows the veins as crossed by
veinlets at right angle. When the epidermis is destroyed, this charac-
ter is not observable; it may, therefore, result of a wrinkling of the epi-

dermis. The species is related to Musa Bilinica, Ett., (Bil. Fl. p. 28, PI.
vi, Fig. 11, and PI. vii, Figs. 4-5;) differing, however, by essential char-
acters.

Habitat.—Eoof-shale of a thin coal, with the following species

:

Sapindus obtusifolius, sp. nov.

Leaves compound, pinnate, apparently long ; leaflets alternate, very
variable in size, from 11 to 7 centimeters long, and from 6 milli-

meters to 3^ centimeters broad, coriaceous, perfectly entire, sessile, un-
equilateral, ovate-lanceolate, obtusely-pointed ; nervation camptodrome

;

lateral veins at a broad angle of divergence, curving in passing up to the
borders and following close along them by a series of undulations

;

areas large, equilateral ; ultimate divisions obsolete. This fine species
differs from any fossil published as yet. The leaves have been appar-
ently very large ; some of the detached leaflets greatly differing in size
from the few ones which were obtained still attached to the main rachis or
pedicel.

Habitat.—The same locality as the former ; top of hills, apparently
overlying the coal-bearing strata of Bock Springs, seen to the east,
five to six miles distant. The clay beds of this locality, with an
abundance of silicified and petrified wood, the thinness and poor quality
of the lignite beds, mark this place as referable to the Upper Lignitic
measures. Though I worked at the locality for an entire day with a miner,
I could not find in the shale any other distinct vegetable remains but
the two species described here. As yet, we have nothing related to
them from the lower lianitic flora.

§4.—CLIMATE OF THE AMEEICAN TEETIAEY AS BEPBE-
SENTED m ITS FLOEA.

That the flora of a country is in correlation to local atmospheric cir-

cumstances; that ancient floras, too, bear characters which relate to the
same cause, is an axiomatic assertion which does not need any discus-
sion. In considering the development of vegetable types from the first

apparition of land-plants, as far as this origin is known, it has been ad-
mitted also that the point of departure of the vegetation has been from the
simplest organisms, passing up to more and more complex ones in as-

cending the series of the formations. According to this principle, the
first representatives of dicotyledonous plants, which seem to have made
their appearance near the base of the Cretaceous, but which have not
been remarked as yet,* have been theoretically considered as being of a

* Professor Heer has, from the Lower Cretaceous of Greenland, a leaf resembling a
Populus, mixed still with Jurassic or Wealden types.
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§
very simple organization, or, so to say, in an adventive state of develop-
ment, prepared in that way to rapidly undergo a series of modifications
under every kind of physical influences. There is as yet scarcely any
document in confirmation of this hypothesis and still less in contradic-
tion of it. It is, in any way, adaptable to the explanation of some pecu-
liar analogies remarked in the characters of the geological floras.

The vegetation of the Dakota group has a distant relation to that of
the Upper Cretaceous flora of Europe by identity of a few of its species,

especially ferns. But, as yet, little is known of the succession of the
vegetable groups during the European Cretaceous, and of the relations

of plants to the geological divisions of that epoch ; and though the an-

alogies may become more marked by future discoveries or publications,

it is only from the data furnished by the American Cretaceous flora that
we can get some kind of criterion of the climatic circumstances which
have marked its general characters.* • The descriptions of the species

of this flora and the details in regard to their relation, as published in

our flora of the Dakota group,t evidently show its relation to a moderate
climate, about of the same average degree as that of the middle region
of North America. A number of Cretaceous genera are still represented
in our arborescent vegetation.

From the Dakota group upward, there is no trace of land-vegetation
in the whole North American continent until we reach the Lower Lig-

nitic formation. All the intermediate strata are marine, and the series

of animal remains, which they have preserved in great abundance, are
uninterrupted and uninterruptedly Cretaceous in their characters as
high as the Lignitic. Animal Cretaceous remains have been found,

as remarked formerly, even in shale overlaying Lignitic deposits.

Now, in comparing fossil plants of the first or lowest group of the
Lignitic, we should expect to find, merely considering its immediate
succession to strata of Cretaceous age, a flora with some distinct anal-

ogy to that of the Dakota group : most of its genera, some of its

species, too. But it is not the case. Some genera, of course, are repre-

sented in both floras, but by different types ; and they do not have any
identical species, nor even any closely-related forms. There is in the
general character a kind of related fades; but specific types of the
former floras seem to have been destroyed during the prevalence of the
marine Cretaceous period, and above its fucoidal sandstone, even within
its upper strata, and in connection with Lignitic deposits, there appears
a new flora without positive relation with former vegetable types,

and with but few of those of subsequent groups of plants or younger
geological floras. This anomaly may be explained in two ways ; either

by supposing that during the prevalence of the marine formations,
or by the submersion of the land, all the genera and species of the
Cretaceous have been annihilated, and that a new generation of vegeta-
ble types has covered the new land as fast as it appeared above the
surface of the water; or that during the period of the marine Creta-
ceous, the climate has been gradually modified, and that, therefore, the
land at its first apparition has been invaded by a vegetation in harmony
with the climatic circumstances governing this new epoch. This last

supposition seems the only one admittable, the more so as it does not
consider the hypothesis of a general destruction of vegetable types and
of subit renovation of others or of the creation of a new vegetable world.

* Two memoirs of the Lower and Upper Cretaceous floras of Greenland have been
prepared and are now in the way of publication by Professor Heer.

t Memoir on the fossil plants of the Cretaceous Dakota croup of the United States,

(1874.)
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But where have the new types come from, and where have they origi-

nated?
The climatic difference indicated by the characters of the North

American Cretaceous flora, in regard to that of the Lower Lignitic, may
be exposed in degrees of latitude rather than by thermometrical figures

of au average temperature. It is about the same as that between Obio and
South Florida. In the Lower Lignitic, the palms compose a large propor-

tion of the flora. This family of plants is still represented in our present
flora by species of Chamoerops and Sabal. But they mostly inhabit the

shores of the Gulf of Mexico, in South Carolina, and especially South
Florida. They are scarcely found inland. The highest north station of

Sabal is in the swamps, at the mouth of the Arkansas Biver, and here
it is a mere dwarf, not above one to two feet high, vegetating under the

deep shade of canes and swamp-trees. With palm^ the Lignitic has 15

species of Ficus of a type related to subtropical forms of this genus.

Then Artocarpidium, Pisona, a number of Diospyros. large-leaved species

of Viburnum, Magnolia, and Dombeyopsis, with Bhamnus, species of

southern types. There is not, however, in the flora, any true tropical

form ; nor do I find any of the so-called Indo-Australian types. (Jin-

namomum and Laurus species are more numerous than in the Dakota
group, but scarcely of a different type. The distribution of these two
genera, however, does not appear to have had a marked relation to

climate in the geological times. Diospyros and Magnolia are also rep-

resented in the Dakota group, but the forms or species are very
distinct and not as numerous. Many species of Bliamnus of the
Lower Lignitic are characterized, most of them at least, by thick,

close secondary veins, referring these, for analogy, to the present B.
Carolinianus and Berchemia volubilis, whose range of distribution is

from Florida to North Carolina and South Arkansas. The difference

of temperature is, therefore, in the average, equal to that marked
in about 10° to 15° of latitude. It is, indeed, a small difference in con-

sidering the distribution of the floras of the Dakota group, and of the
subsequent groups of the Tertiary, and it would be easy to explain the
gradual invasion of another kind of vegetation from a distance equaling
the 15° of latitude upon the new land of the Tertiary, and after the dis-

appearance of the anterior vegetable types, if only the pre-existence of

such a flora was admittable. There is no difficulty to account for a
higher degree of temperature for the Lower Lignitic in considering the
flora of the Dakota group as a land-flora, or at least as a flora covering
the coast of an upland of wide extent, therefore under the influence of a
dry atmosphere. On the contrary, the Lower Tertiary land emerging
from an extended sea-surface, as low swamps, under a foggy or very wet
atmosphere, should have its climate tempered in a proportional degree,

and its vegetation an insular rather than a continental one. But this

does not explain the disappearance of the more marked vegetable types
of the Dakota group, and still less their re-appearance in the upper stage
of the Tertiary.

The flora of the second group*, especially characterized by the plants
of Evanston and Spring Canon, preserves some relation to that of the
first by the palms. Bemains of plants of this family are, however, in this

second group, very rare,' and represent mostly fruits, which, though
identical with organs of the same kind found at Golden, Black Butte,
and the Baton, with Sabal leaves, may, however, belong to some other
kind of vegetable. There is, besides, a diminished proportion of the
leaves referable to subtropical types. With this the second group has

* See above : Ecmarlcs on species of the second group.
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some species and representatives of genera which have been described
from the Dakota Cretaceous, Cinnamamum Scheuchseri, Liriodendron, and
Sassafras, and it has also some of its species identical with those of the
Arctic Miocene. Its fades, therefore, positively indicates a somewhat
colder temperature than that of Lower Lignitic.

With the third group, the palms have disappeared entirely, as well as

the subtropical types of the Lower Eocene. Its flora bas also a Liquid-

ambar, L. gracile, closely allied to a Cretaceous species, L. integrifoUum,

and with this it has a more marked predominance of arctic forms or

species identical with those of the Miocene of Greenland and Alaska, as

seen in the remarks on the tables. The lowering of the temperature is

there still more marked than with the second group. In the whole ex-

tent of the Lignitic formations we can see, therefore, from the character
of the successive flQras, a slow decrease in the degrees of tempera-
ture, accountable, it seems, to the diminution of atmospheric humidity
iu proportion to a gradual consolidation and drainage of the land. The
same phenomenon is indicated by the deposits of Lignitic beds, which,
though of as great thickness iu the second and third groups, cover less

extensive areas.

The fades of the flora of the fourth group evidently represents the
colder climate of a mountainous region, by the superabundance of

conifers as the essential constituents- of the forests of that epoch. I£

has, besides, many species of shrubs, Salix, Myrica, Comptonia, Ilex, Rhus,
which generally form the undergrowth of pine-woods, or border the
swamps and streams intersecting them, and in accordance, a less pro-

portion of trees with deciduous leaves. This vegetation of the Upper
Tertiary recalls by its character that of the Adirondacks of New York or

of the Black Mountains of North and South Carolina, where each knob
is overgrown by one species of conifers, here and there intermixed with
poplars, birches, sometimes oaks and beeches, and where the under-
growth scarcely allows to penetrate in the dark recesses of the forests.

As remarked in describing and comparing the species of this group, the
flora of each place where fossil plants have been obtained is composed
of some species of conifers which are not represented at the other local-

ities. In the forests of the plains, conifers of a same kind are generally
extensively and uniformly distributed, covering wide areas, as in some
parts of Europe and of North America, especially in the maritime pine-

woods of the South and the northern forests of the cold plains of Canada,
Norway, &c. But in the mountains even at our time the forests are
composed of numerous groups of a predominant species of conifers,

represented in separate and limited areas, and varying in accordance to

altitude, exposition, degree of declivity, &c. The limitation of conifer-

species to different localities of our Upper Tertiary is thus characteristic

of a mountain-flora.

In admitting, as positively proved, the exact and constant relation of
the flora of a country or of a land surface with the climatic circum-
stances of the same localities, it is" easily understood how doubtful are
the conclusions taken concerning the relation of geological epochs in

comparing the fossil floras of two continents. «The four groups of our
Tertiary are characterized by a succession of types bearing constant
increasing analogy to those our present flora without the admixture of
foreign vegetable forms, which imprint some local floras of Europe with
peculiar and distinct fades. This indicates for this continent a long con-

tinuance of the same climatic circumstances without notable modifi-

cation. These circumstances have not been of necessity the same in

Europe during the same period of time. There may have been, for ex-
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ample, at the epoch of the Lower Tertiary or Eocene, a higher tempera-
ture, influenced by proximity to the sea, by its currents, by slanting
areas exposed to the sun, &c, and of course a corresponding flora,

Indo-Australian or tropical, &c, while, under different influence, we had
at the same epoch a more moderate temperature and a flora with homol-
ogous types, related to those appearing later iu Europe, when the tem-
perature was at a lower degree, in the upper Miocene epoch, for example.
This explains, of course, the non-correlation of vegetable types at
epochs which are recognized as synchronous by their animal fossils, and,
therefore, contract our deductions of synchronism of strata, as indicated
by identification of fossil remains, into more narrow limits. It is prob-
ably for this reason that, in comparing the data furnished by our ancient
floras with those of Europe, we have constantly recognized a kind of
precedence of types which may be merely the expression or exposition
of a difference of climatic circumstances at the same epochs. Of this,

however, we have to learn a great deal more on those floras of old
before we are able .to take any reliable conclusions, and for this reason,
also, it is of importance to limit our deductions on what we may learn
in considering our North American fossil floras.

Paleontological data, animal and vegetable, have demonstrated, for

the geological times, as far up as the Lower Tertiary, or at least the Upper
Cretaceous, a uniformity of climate over the whole north hemisphere,
from the pole to the equator, if not over the whole world. The causes of
this phenomenon are multiple and not yet satisfactorily explained. In
the flora of the Dakota group, and also in that of the second and third
groups of the Tertiary, this isothermal fades is remarkably proved
by identity of genera with those of the flora of the north, or as far

up as remains of fossil plants have been found, especially with that of
Greenland. The Cretaceous flora of Come, described by Heer in his

Arctic Flora, is represented only by species of ferns and conifers, which
do not have any relation to the plants of the Dakota group, except per-

haps by one single species, Sphenopteris Johnstrupi, which is compara-
ble to Hymenophyllnm cretaceum. This flora of Come may be refer-

able to a lower stage of the Cretaceous, as it has no remains of
dicotyledonous leaves. In an upper flora of the same country, Profes-
sor Heer finds mostly dicotyledonous leaves, and recognizes them as
referable to many of the genera represented in our Dakota group. As
the memoir of those plants is not yet published, it is not known how
intimate the relation may be ; but the generic identity is enough already
to indicate analogous climatic circumstances iu Greenland and North
America at this Upper Cretaceous epoch. The flora of our Lower Lig-
nitic, the oldest of the American Tertiary, is as yet without rela-

tion with any northern flora known until now. But that of the second
group and of the third are related, as remarked above, with the Miocene
Greenland flora by a number of species and typical forms, which are
characteristic enough to show that a same climate influenced at this

epoch the vegetation of both countries. Therefore, from this, it seems
that as far up as the Miocene period the isothermal zone extended from
the tropic to the pole, or that at that epoch the same climatic circum-
stances have governed the vegetation of the North American continent.
The relation of the floras to the climate being forcibly recognized in

local differences, or analogies of vegetable forms, it suggests another
question, that of the origin of the groups of vegetables characterizing
either different stages of the Tertiary or different localities of the same
epoch.'

Our flora of the Dakota group has for its essential representatives
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(I consider dicotyledonous species only) leaves of a coarse coriaceous
texture, mostly with entire borders. A character of the same kind is

recognized in the flora of the Lower Lignitic group, which, like the former,
has very few dicotyledonous leaves with serrate borders, a large propor-

tion of coriaceous leaves, and also species of Viburnum with borders of

leaves equally cut by short-pointed teeth turned outside, a same kind
of dentation exactly which is remarked in a few dentate species of the
Dakota group. In the European Cretaceous flora, as represented by
Credneria, Ettinghausenia, &c, of the Quadersandstein of Germany,
the leaves have a fades, which, though different in some points, could
be, however, compared with that of a few species of our Cretaceous

;

for example, Ettinghausenia Sternbergii, Stiehler, or Phyllites repandus,

Sternb., (figured in vol. ii,Tab.xxv, of Fl. der Vorwelt,) could be admitted
as an original type of the multiple forms of Sassafras of* the Dakota
group. But when we look further and come to the floras of the lowest
Tertiary of Europe, that of the lower Sezane for example, which, by the
presence of Cretaceous and Tertiary types, seem to indicate a flora of

transition between these two formations, and is recognized as Lower
Eocene, we find characters pointing out, I think, to a multiple kind of

derivation. This Sezane flora has its dicotyledonous types repre-

sented by 21 genera, with 47 species, with more or less serrate or

doubly-serrate and dentate leaves, and 11 genera, represented by 20
species, with entire-bordered leaves; therefore, a large predominance
of leaves marked by a character mostly absent from the Dakota group and
Lower Lignitic American floras. ..Considering this Eocene flora of France
only, with its species of Betula, 2 ; Alnus, 3; Ulmus, 2 ; Populus, 1 ; Salix,

3; Aralia,6; Greviopsis,5', Juglandites,^; Celastrites,4; Rhamnus,!; &c, all,

even Salix, Juglandites, Rhamnus, with serrate leaves, it would be rational

to suppose that the original types of the dicotyledonous flora did repre-

sent essentially serrate leaves; while we had reason to admit a contrary
conclusion from the charactersof our Cretaceous and Lignitic floras, whose
types, even from the same genera, Juglans, Salix, Populus, are represented
by entire-leaved species. Also, in the dentate leaves of the North Amer-
ican Cretaceous aud Eocene, the type is distinct. With very few excep-
tions, these have the peculiar dentation remarked in the description of

Greviopsis Haydenii of Nebraska, and of Viburnun marginatum of Black
Butte. I have compared this last species to V. giganteum of Sezane, but
only for the size of the leaves and the character of the nervation, not for

the division of the borders, as seen above; for the Sezane species has
long, turned-upward teeth, some of them doubly dentate, a character in

accordance with most of the other kind of leaves of this European group.
How to account for discrepancies of this kind % Is the Sezane flora rep-

resentative of a formation absent from the American geology, or not yet
recognized in it ; of a land-formation which, under different climatic in-

fluences, could have harbored the same types as the Sezane ones, intro-

duced by some kind of agency % This is evidently not the case, as the
series of the Cretaceous strata from the Dakota group to the Lignitic is

uninterrupted, and especially as both successive floras are related by
a general character far different from that of the conteinperaneous floras

of Europe and of those of intermediate epochs. Now, admitting that the
succession of generic types indicates continuous development or multipli-

cation of forms and characters in ascending from the lowest strata of the
geological formations, shall we say that a single form or type or species

has been at different times the first and only representative of' each group,

though wide and multiple in its representatives it may be now ? Or, con-

sidering merely the dicotyledonous plants, which make their first appear-
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ance at the beginning of the Cretaceous, are they all derived from the
modification of a same lower form, developed at the same or at different

localities under influences of the same kind ? I do not think it possible
to suppose that the first leaf representative of a dicotyledonous has ap-

peared only at one place of the surface of the earth, nor that it has been
derived from a same organism over the whole world, nor that the ex-

ternal first causes of modification have been the same. Therefore, even
admitting the theory of successive transformation of vegetable types in

a kind of ascending scale, it would be necessary to consider as multiple,

local, varied in forms, the first dicotyledonous representatives. , If this

is true for the dicotyledonous plants, it has to be equally admitted for

plants of a lower type. Simple as they were, then, in their characters,

they did hold, as seeds do, all the future typical conformations of their off-

springs, resulting of influences ofdivers natures; but as it is the case with
seeds of different kinds, the result of their multiplication of growth
should, of course', have been represented by groups of vegetables of dif-

ferent characters. This would account for the diversity of floras of the
same epoch at distant localities, or for the isolation and dissimilarity of

types in the flora of two continents in synchronous formations. I believe,

therefore, that the disaccord remarked in the floras of geological epochs,

and which have been explained by displacement of floras, or what is

called a wandering of species, may be, in many cases at least, attributed

to diversity of original forms. The more we descend toward the so-called

primitive vegetable types, or the more simple have been the organism
of plants, the more easily they should have been modified under local

influences. A change of climate of a*, few degrees, which might have
caused the disappearance or extinction of some species of plants, should
have forced the deformation of others or the birth of new ones in a
proportional degree. Though the intermediate links which connect
ancestors and descendants iu vegetable types are not always recogniza-

ble, even in the oldest fossil floras, it is certain that all the groups have
a general family-facies modified by some new and discordant forms of un-

accountable origin. In our Lignitic, the group ofEvanstou, for example,
introduces to the Tertiary flora the serrate leaves, its Carya, Alnus, Be-

tula, &c. That of Carbon comes after with Acer, Ulmus, and other new
types. Have they been brought up from Greenland, from Europe, or

from another country, or have they appeared for the first time where we
find them now ? They must have had their birth at some place, anyhow

;

and I do not see why this birthplace should not be accepted for the lo-

calities where the types are recognized, rather than to suppose them
born elsewhere and transported hereafter, adding to the problem a new
proposition, which renders its solution still more difficult. As said

above, the question is merely touched upon, as I do not wish to'take

ground either for or against the present system, now generally admitted,

of the succession of species, or of their development by modification of

form under any kind of influence. My purpose is merely to point out

the importance of the study of our ancient North American floras, repre-

sented by more homogeneous groups in a more regular succession, less

diversified by geological disturbances, and which, therefore, may afford

some more reliable data for consideration. The history of the vegeta-

tion of the earth is in intimate relation to that of the human races.

The proverb, "All flesh is grass," is explainable in this way : that the

vegetation of every epoch is in immediate relation to the synchronous

beings ; that vegetable life comes first and that animal life is dependent
from it; that therefore the history of the vegetation from its origin, or

the vegetable paleontology, should not be left aside in considering, the

successive phases of animal life in relation to the history of man.
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Philadelphia, July 12, 1874.

Sib : I send herewith a report on the stratigraphical relations and
vertebrate paleontology of the formations which represent the Creta-
ceous, Eocene, Miocene, and Pliocene periods in Colorado, with a few
species from other localities added. This essay is based on material
collected by myself during a part of the summer and autumn of the
year 1873, under the auspices of the geological survey of which you
are director. This represents the following numbers of species from
the respective formations, to which I have added the number from
each which is believed to have been first introduced to the knowledge
of paleontologists:

Formation. Total. New.

21
75
15

38

9
59

Eocene «e 7

Cretaceous -- - - 19

Total 149 94

Hoping that the report will subserve the objects of the survey, I
remain, with respect,.

EDWAED D. COPE,
Paleontologist.

Dr. F. V. Hayden,
Geologist in Charge, &o
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CHAPTEE I.

INTRODUCTION.
The water-slied between the South Platte Elver and Lodge Pole Creek

is composed superficially of formations of the Pliocene epoch as defined

by Hayden. The latter stream flows eastwardly through the southern
parts of Wyoming and Nebraska, and empties into the South Platte

near Julesburgh, Nebr. The territorial and. state boundaries traverse

this water-shed from west to east. The springs on its southern slope,

which form the sources of the northern tributaries of the South Platte,

issue from beneath the beds of the formation above named. At or near
this point is an abrupt descent in the level of the country, which generally

presents the character of a line of bluffs varying from two to nine hundred
feet in height. This line forms the eastern border of the valley of Crow
Creek until it bends to the eastward, when it extends in a nearly east and
west direction for at least sixty miles.* At various points along it, portions

have become isolated through the action of erosion, forming " buttes."

Two of these, at the head of Middle Pawnee Creek, are especially conspic-

uous landmarks, forming truncate cones of about 900 feet in elevation,

as Mr. Stevenson, of the survey, informs me. They are called the Paw-
nee or sometimes the White Buttes 5 near them stand two others, the

Castle and Court-House Buttes.
The upper portion of this line of bluffs and buttes is composed of the

Pliocene sandstone in alternating strata of harder and softer consist-

ence. It is usually of medium hardness, and such beds, where exposed
on both the Lodge Pole and South Platte slopes of the water-shed,

appear to be penetrated by innumerable tortuous, friable, siliceous rods

and stem-like bodies. They resemble the roots of the vegetation of a
swamp, and such they may have been, as the stratum is frequently filled

with remains of animals which have been buried while it was in a soft

state. No better-preserved remains of plants were seen. The depth of

the entire formation is not more than 75 feet, of which the softer beds
are the lower, and vary in depth from 1 foot to 20. The superior strata

are either sandstone conglomerate or a coarse sand, of varying thickness

and alternating relations ; the conglomerate contains white pebbles and
rolled Pliocene mammalian remains.

This formation rests on a stratum of white, friable, argillaceous rock
of Miocene age, probably, of the White Biver epoch, as I believe, from
the presence of the following species, which I detected in it: Mycmodon
liorridus, H. crucians, Oreodon culbertsonii, 0. gracilis, Pcebrotherium ml-

sonii, Aceratherium occidentale, Hyracodon nebrascensis, Anchitherium

bairdii, Palccolagus haydenii, Ischromys typtis, Mus elcgans, &c. The
formation extends to a depth of several hundred feet, and rests on a
stratum of a fine-grained, hard, argillaceous rock of a dark-brown color.

Some of its strata are carbonaceous, and contain vegetable remains

badly preserved; others are filled with immense numbers of fresh and
brackish water shells, including oysters. I do not know the depth of

this bed, but followed it to the southward until it disappeared beneath

the Loess of the South Platte. The age of this formation is identical

with that which underlies the fresh-water basins of Dakota and Wyo-
ming according to Hayden, and concerning which difference of opinion

* See Berthoud, Proceed. Acad. Nat. Sci. Phila., 1872, p. 48, where the bluffs are men-

tioned.
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exists among geologists. I, however, succeeded in procuring a number
of fossil vertebrates from it, which not only prove conclusively its Me-
sozoic age, but its horizontal identity with the reptile-bearing Fort Union
beds of the Upper Missouri. This formation, which has been usually
regarded as Tertiary, I determined to be Cretaceous in 1869, and the
present discoveries establish that view as correct. The fossils which
are described in the following pages represent Dinosauria of three spe-

cies, a crocodile, and several tortoises, identical specifically with those
obtained by Dr. Hayden on the Missouri, Big Horn Eivers, &c. Some
of the shells I submitted to Mr. Conrad, and he pronounces them to be
Cyrenas.

South of the South Fork of the Platte, the Cretaceous beds have an
extensive development, and south of the Kansas Pacific Eailroad contain
some beds of pretty good coal. The high tract of land which extends east
from the Eocky Mountains, and constitutes the "divide" between the
waters of the Platte and Arkansas, is composed of Tertiary strata lying

nearly horizontal. A few days' exploration among them revealed chiefly

hard, coarse sandstones and conglomerates, which belong to the Monu-
ment Creek group of Hayden. The more elevated hills nearest the
mountains are capped by a light-colored trachytic rock, believed to be
of volcanic origin. While it overlies the Monument Creek formation, the
sandstone of the latter not infrequently incloses angular fragments of
a similar rock, showing that the outflow commenced prior to the period
of its deposit, and continued subsequently. The age of the Monument
Creek formation in relation to the other Tertiaries not having been defi-

nitely determined, I sought for vertebrate fossils. The most character-

istic one which I procured was the hind leg and foot of an Artiodactyle

of the Oreodon type, which indicated conclusively that the formation is

newer than the Eocene. From the same neighborhood and stratum, as
I have every reason for believing, the fragment of the Uegaceratops co-

loradoensis was obtained. This fossil is equally conclusive against the
Pliocene age of the formation, so that it may be referred to the Miocene
until further discoveries enable us to be more exact.

Fresh-water strata of probable Eocene age were, however, detected
by both Dr. Hayden's party and my own in the South Park. These
consist of laminated argillaceous shales of soft consistency, in which
great numbers of fishes and plant impressions are preserved. The fishes

are referable to only two species, Amyzon commune and BMneastes pec-

tinatus, and are described in chapter II. They are nearly related to

species of the Elko shales and Bridger formation, and I suspect that
their age is Eocene.
From Trout Creek, near Fairplay, we procured a number of inverte-

brate fossils of Lower Cretaceous age, a few of which are described by
Mr. Conrad in chapter II.

Thus it appears that, in Colorado as in Dakota, the formations
of the Loup Fork, White Eiver, and Fort Union epochs are present, and
display a similar succession of life, and that the corresponding horizons
display identity in the generic and often specific forms of life. They also

exhibit the same marked faunal distinctness from each other in Colorado
as in Dakota, and the Colorado fauna displays the same strong diver-

sity from the Eocene fauna of Wyoming in respect to the genera, fami-

lies, and orders which can be compared.
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CHAPTEE II.

THE CRETACEOUS PERIOD.

Section I.

—

on the mutual relations of the cretaceous and
TERTIARY FORMATIONS OF THE WEST.

The subject which it is proposed here briefly to discuss is one which
has excited considerable interest for several reasons. One of these is,

that there exists some discrepancy in the evidences as to the true age of

beds at the summit of the Cretaceous period and base of the Tertiary
in the Missouri and Eocky Mountain regions, and hence a difference of
opinion. Another is, that the question of continuity in topographical,
and hence of faunal and floral, relations, will be largely elucidated by a
proper determination of the beds in question, both geologically and
paleontologically. I have endeavored to attain some results in the
latter field in the department of Vertebrata, which are here presented,
with some stratigraphical observations made at localities either little or

not previously studied.

Messrs. Meek and flayden have classified the vast thickness of the
Cretaceous system, recognizing five epochs as quite distinctly defined.

These are as follows

:

I. The Dakota group, (No. 1.)—The present list does not include any
species as discovered in this formation. Developed on the Missouri and
on the Eio Grande, New Mexico.

II. The Benton group.—Seen on the Missouri Eiver by Hayden, and
stated by him to extend to the Smoky Hill Eiver, in Kansas, and to
Texas. I have determined only three species from it, namely : Hypo-
saurus vebbii, a crocodile ; Apsopelix sauriformis, a clupeoid ; and Pele-

corapis varlans, a ctenoid fish. Other species of fishes occur in the same
formation in Kansas.

III. The Niobrara group.—From the Missouri, Kansas, and Texas,
according to Hayden. Confirmatory of the last locality are remains of

Pytlionomorpha from that State, discovered and sent to me by Mr. A. E.
Eoessler. I have also described a species of that order as common to

Eastern New Mexico and Western Kansas ; and Hayden and Leconte
state that it appears north of the Arkansas in Southern Colorado.
Vertebrate remains are abundant in this formation, and it has furnished
a majority of those investigated by paleontologists. They are distributed

as follows, among the orders of Vertebrata ;

Aves:
Natatores 2

(?) ISaururce 2

Eeptilia

:

Dinosauria i 1

Pterosauria 4
Sauropterygia 3
Testudinata ^ 3

Pytlionomorpha : 27
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Pisces

:

Isospondyli 31
Selachii 10

IY. The Pierre group.—In Nebraska and Dakota, and Middle Colo-

rado south of the divide between the waters of the Arkansas and Platte

Rivers. Also the lower bed of Greensand of New Jersey. Besides the
numerous remains of reptiles and fishes found in New Jersey, this for-

mation contains saurian (mosasauroid) remains in Colorado. Weber
River, Wyoming,* below the coal.

V. The Fox Hills group.—Extended in CentralDakota; on the Ar-
kansas and tributaries in Southern Colorado ; and as the second Green-
sand bed in New Jersey.t

VI. The Fort Union or Lignite group.
With this epoch we enter debatable ground, and begin to consider

strata deposited in brackish or fresh waters, which were more or less

inclosed by the elevation of parts of the Rocky Mountains and other

western regions, and which are therefore more interrupted in their out-

lines than the marine formations which underlie them. Dr. Hayden
has recognized and located a number of formations of this character, to

some of which he has applied the name of " transition-beds." That the

period of their deposit was one of transition from marine to lacustrine

conditions is evident, and that a succession of conformities in position

of beds may be traced from the lowest to the highest of them, and with
the Tertiary strata above them at distinct localities, beginning at the
south and extending to the north, is also proved by Hayden and others.

It appears impossible, therefore, to draw the line satisfactorily without
the aid of paleontology ; but here, while evidence of interruption is clear,

from the relations of the plants and vertebrate animals, it is not identi-

cal in the two cases, but discrepant. I therefore append a synopsis of

the views expressed by authors, with a presentation of the evidence
which is accessible in my department. I am aware that the combination
I shall make is of a highly inflammable character, because it not only

relates to the most combustible deposits of the West, but also to the
" partie honteuse" of contemporary geologists and paleontologists. But
should any inflammation ensue, I hope it will be attributed to the nature
of the materials employed, rather than to any inattention on the part of
the author to the just claims of his friends.

Hayden has named the following as distinct epochs of transitional

character, all of which he originally referred to the Tertiary period. I

give them in the order of age which he has assigned to them.f (1.)

PlacerMountain ; locality, New Mexico. (2.) Canon City coals, Southern
Central Colorado. (3.) Fort Union, or Lignite'group; Dakota, Montana,
and Wyoming. (4.) The Bitter Creek series ; embracing the Bitter

Creek coals, Wyoming. (5.) Bear River group, Western Wyoming.
To these may be added the Judith River beds of Montana, which Dr.
Hayden has placed with reservation below the Fort Union series, leav-

ing their final location for future discoveries.

* Hayden's Annual Report, 1870, p. 167.

t For a review of the extinct reptiles of this epoch, see the anthor's Extinct Batrachia,
Reptilia, &c, N. Am., 1870.

\ Geological Survey of Colorado, 1869, p. 90.
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No vertebrate rem aiDS having come under the author's notice from the
Placer Mountain and Canon City formations, no further notice can be
here taken of them beyond the statement that they are, as Meek indi-

cates, of Cretaceous age, not far removed from the horizon of the coals
of Weber River, Utah. The presence of ammonites and baculites above
and below them has indicated such a conclusion to Leconte,* as it has
in the case of the Weber River beds to Dr. Hayden.t To near the same
horizon is perhaps to be referred the coal observed by Professor Marshi
on the south side of the Uintah Mountains in Utah, which were overlaid

by strata containing Ostrea congesta. This may, indeed, be referred to a
still older period, as that oyster is characteristic of No. 3, according to

Meek and Hayden. The Placer Mountain and Caiion City groups are
nearer to No. 5, but the precise relation to it has not yet been deter-

mined. I therefore proceed to the Port Union group as No. 6.

This extended deposit is stated by Hayden§ to extend from the Mis-
souri Valley to Colorado, passing under Tertiary beds by the way. That
this is the case has been confirmed by the researches conducted in the
northern and eastern portions of Colorado during the season of 1S73 by
the writer.|| I present comparative lists of the vertebrate species known
from the Platte and Missouri Valleys in the respective Territories :

COLORADO. DAKOTA.

Compsemys victus. Compsemys victus.

Adocus lineolatus. Adocus lineolatus.

Plastomenus punctulatus. Plastomenus punctulatus.

Plastomenus insignis. * *

Trionyx vagans. Trionyx vagans.
* * Ischyrosaurus antiquus.
* * Plesiosaurus occiduus.

Bottosaurus perrugosus. * *

Polyonax mortuarius.
Cionodon arctatus.

% Hadrosauras occidentalis. Sadrosaurus occidentalism

The identity and correspondence of the species indicate that these
remote localities contain the remains of the same fauna. Further, the
presence of the orders Sauropterygia and Dinosauria establishes conclu-
sively the Cretaceous and Mesozoic character of that fauna.fl This
reference was made by the writer in 1869, and was at that time opposed
to the views extant, both geological and paleontological. The following
exhibits the state of opinion on this point at that time :,

1856. Meek and Hayden, Proceedings Academy Philadelphia, p. 63>
referred them to the Tertiary.

1856. Meek and Hayden, loc. cit, p. 255 ; Lignite referred to the Mio-
oene.

* Report on the Geology of the Smoky Hill Pacific Railroad Route, 1868, p. 66.

t Annual Report, 1870, p. 168.

t See an interesting article by Prof. O. C. Marsh on the Geology of the Eastern.Uintah
Mountains; Amer. Jour. Sci. Arts, March, 1871.

§ Annual Report, Colorado, 1869, p. 89.

|| See Bulletin of the United States Geological Survey, 1874, p. 10.

If Two species are provisionally referred to the Tertiarygenus Plastomenus, but are too-
fragmentary for final determination.

28 GS

# #



434 GEOLOGICAL SUEVEY OF THE TERRITOEIES.

1856. Meek aud Hayden, loc. cit, 113 ; referred to Lower Tertiary.

1856. Leidy, loc. cit., p. 312 ; Thespesius occidentals, (Hsidrosauru^,)

referred to the Mammalia and regarded as perhaps Dinosaurian.
1856. Leidy, loo. cit, 1856, p. 89; Ischyrosaurus referred to the Mamma-

lia as a Sirenian.

1860. Hayden, Transac. American Philosoph. Society, repeats former
conclusions, aud Leidy refers Thespesius more decidedly to the Sauria.

1868. Hayden, Amer. Journal Science Arts, 1868, p. 204; Lignites, re-

garded as Tertiary, from both vegetable and animal remains from the
Missouri aud the Laramie Plains.

1868. Leconte, Exploration of the Smoky Hill E. E. Eoute, p. 65 ; the
Colorado beds are "older than those of the Missouri or Great Lignite
bed of Hayden, which are probably Miocene," &c.

1869. Cope, Trans. Amer. Philos. Soc, x>p. 40, 98, 243 ; supposed mam-
malian remains proved to be reptilian, and the formation referred to the
Cretaceous.

1871. Newberry, in Hayden's Annual Eeport, pp. 95, 96 ; Lignite flora

regarded as Miocene.
1874. Cope, loc. supra cit; Lignite of Northern Colorado referred to

the same horizon.

The Judith Eiverbeds may be noticed in this connection. They have
yielded but few vertebrate remains, namely, six species of Beptilia. Four
of these are Dinosauria, and hence diagnostic of the Mesozoic age of the
formation. The presence of a species, Hadrosaurus mirahilis, Leidy , closely

allied generically and specifically to a species (H. foulkei) of Cretaceous
Nos. 4 and 5 of New Jersey, induces me to believe that the formation is

Cretaceous, and such would appear to have been the suspicion of Messrs.
Meek and Hayden when they originally described the deposit and its in-

vertebrate fossils. Leidy suspected that the species ''indicate the exist-

ence of a a formation like that of the Wealden in Europe."* Meek and
Hayden f remarked, u We are inclined to think with Professor Leidy that
there may be at the base of the Cretaceous system a fresh-water forma-
tion like the Wealden. Inasmuch, however, as there are some outliers

of fresh-water Tertiary in these lowlands, we would suggest that it is

barely possible these remains may belong to that epoch." From the
stand-point of the writer, these beds would be at the top of the Creta-

ceous, and more or less related to the Fort Union epoch. Mr. Meek ex-

presses himself | cautiously with reference to the age of the Fort Union
and Judith Eiver formations, as follows: "The occurrence of" fossils

specified "at the Judith Eiver localities would certainly strongly favor
the conclusion not only that this Judith formation, the age of which has
so long been in doubt, is also Cretaceous, but that even the higher fresh-

water Lignite formation at Fort Clark and other Upper Missouri locali-

ties may also be Upper Cretaceous instead of Lower Tertiary. That the
Judith Eiver beds may be Cretaceous, I am, in the light of all now
known of this region of the continent, rather inclined to believe. But
it would take very strong evidence to convince me that the higher fresh-

water Lignite series of the Upper Missouri is more ancient than the
Lower Eocene. That they are not is certainly strongly indicated not
only by the modern affiuities of their molluscan remains, but also by the
state of preservation of the latter," &c. It is thus evident that the
paleontologists as well as stratigraphers have continued to regard the

* Proceedings Academy Philadelphia, 1856, p. 73.

\Loc. cit., 1856, p. 114.

t Hayden's Annual Eeport, 1872, p. 450.
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Lignite series as Eocene and not Cretaceous, as is and has been main-
tained by the writer since 1S68.

VII. The Bitter Creek series, mentioned by the writer as a dis-
tinct group in the Proceedings of the American Philosophical Society,
1872, (published on August 12,) is apparently regarded by Mr. Meek
also as representing a distinct epoch.* He says, " The invertebrate
fossils yet known from this formation are in their specific relations, with
possibly two or three exceptions, new to science and different from those
yet found either at Bear Elver, Coalville, or, indeed, elsewhere in any
established horizon, so that we can scarcely more than conjecture from
their specific affinities to known forms as to the probable age of the
rocks in which we find them." On this account, and because of the
great stratigraphical differences exhibited by the Bear River and Evans-
ston coal-strata, I have followed Hayden in regarding the Bear River
group on the west side of the Bridger basin as representing a distinct

series of rocks, with present knowledge. On this account I omit, as
heretofore, allusion to determinations of age of the latter formation as
irrelevant in discussing the age of the Bitter Creek epoch, t

My own observations on the relations of these rocks, made during
the summer of 1872, have been in measure anticipated by the detailed
reports of Messrs. Meek and Bannister,! which, with the older observa-
tions of Dr. Hayden and Mr. Emmons, (of King's survey,) leave little

to be added. However, as none of these gentlemen paid especial atten-

tion to the vertebrate paleontology, the bearing of this department in
relation to the stratigraphy remains to be explained.
As Dr. Hayden remarks, the Union Pacific Railroad, at Black Butte

station, passes through a monocliual valley, the rocks on both sides
having a gentle dip to the southeast. This dip continues to the east-

ward to near Creston, where the beds pass under the newer Tertiary
strata. Following the railroad westward from Black Butte, the same
dip continues to near Salt Wells, where we cross an anticlinal axis, the
dip of the strata being gentle to the northwest. There are minor vari-

ations in the dip, but the general result is as stated. They disappear
five miles east of Rock Spring station, beneath the latter beds of the
Green River Tertiary, which at this poiut presents a line of strike ex-

tending northeast and southwest across the railroad in the form of a
range of bluffs of considerable elevation. They are composed of lighter-

colored and softer material than the Bitter Creek strata. The latter

consists of alternating beds of hard and soft sandstone, with argillaceous
and carbonaceous strata. The upper part of the series contains eleven
coal-strata; at Rock Spring I was informed that the upper was ten feet

in thickness, and the next four feet. Returning eastward, the heavier
bedded sandstone is low in the series at Point of Rocks, in consequence
of the southeast dip ; and the upper beds are softer and abound in fossil

shells. At Black Butte station, the heavy sandstone bed disappears
from view toward the east, and the eleven coal-strata appear above it.

About twenty feet above the sandstoue, between two of the thiuuer
beds of coal, the bones of the Agathaumas sylvestris were found imbedded
in leaves and sticks of dicotyledonous plants, cemented together by
sand and clay. Where the heavy sandstone bed disappears below the
level of the track of the railroad, in the course of its eastern dip, a thin

* Hayden's Annual Report, 1872, pp. 459, 461, published April, 1873.

tThis course has been misunderstood by Mr. Meek and others as implying a design
to ignore those determinations. Both Mr. Emmons and Mr. Meek are clear in the ex-

pression of their conclusions as to the age of the Bear River epoch.

+ See Hayden's Annual Report, 1872, pp. 457, 525.
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bed of coal just above it soon follows ; then a bed of shells containing
oysters, more and less numerous at different points, may be traced for

some distance before it also disappears. Near the latter point, a bed of
melanian and other fresh-water shells is seen a few feet above them.
A section, carried for eight miles south of Black Butte station, exhib-

its the relation of the Bitter Creek series to the superincumbent Tertia-

ries very instructively. The whole series rises slightly to the southward,
and more distinctly to the westward, so as to form an escarpment as the
eastern border of an open valley, which extends south from the railroad

iust west of the station. The heavy bed of sand-rock is here as else-

where the landmark and stratigraphical base-line. Moving south from
the railroad, we keep along the strike of the lower coal-beds. Just
above the sandstone bed the softer stratum thickens, and six miles from
the station is covered with the debris of immense numbers of Leptesthes

crassatelliformis. Passing over the edges of the strata toward the south-

east, I counted eight beds of coal, separated by various short intervals,

the eighth being the heaviest, and five or six feet thick. Above this one,

three thin beds of lignite were crossed in succession, each accompanied
with an abundance of leaves of chiefly dicotyledonous plants. Then
came the ninth bed of coal, and then in order three more beds of lignite,

with abundant leaves. During this time the ascent became less steep,

and a number of level tracts were passed before reaching the upper bed
of lignite. Beyond this I passed another short flat, which was marked
by a number of worn banks of the light ash-color that distinguishes the
material of the bluffs of the Green River Tertiary which overlie the coal-

series near Rock Springs. I had not ridden a quarter of a mile before
reaching a low line from which one of my men picked up a jaw of a
small mammalian allied to the Bridger Syopsodus, or Hyracotherium of

the Eocene of France and Switzerland, and a number of Paludina-\ikQ
shells. I had thus reached the summit of the Bitter Creek formation,

which did not appear to be much more than three hundred and fifty feet

above its base at the railroad. In full view, a mile or two to the south,

rose the first of the benches which constitute the levels of the Green
River formation. Between this and the first mammal-producing bed
rose three banks, one beyond the other, measuring altogether one hun-
dred and twenty feet; perhaps the lowest was ten feet above the first

bank, and this one not more elevated above the last lignite and leaf bed.

In all of these, I found bones of Green River Vertebrata exceedingly
abundant, but all dislocated and scattered, so as to be rarely in

v
juxta-

position. These consisted of the following species

:

Fishes :

Glastes (?) glaber.

Reptiles :

Emys megaulax.
Emys pachylomus.
Emys euthnetus.

Trionyx scutumantiquum.
Alligator heterodon.

Mammals :

Orotherium vasacciense, and fragments of others too imperfect for

determination.

In the third bank, in immediate juxtaposition with the remains just
enumerated, I found another thin bed of lignite, but this time without
any visible leaves. In a fourth line of low bluffs, a little beyond, I found
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that remarkable mammal Metalophodon armatus, with its dentition nearly-

complete, in connection with fragments of other mammals and reptiles.

Behind these rises the first line of white bluffs, already described,
which extends away to the east ; to the west it soon terminates in a
high escarpment, in north and south line with that of the Bitter Creek
beds, already mentioned as bounding a north and south valley. This
and the superjacent strata, which we pass over in going south, appear to

be conformable to those of the Bitter Creek series beneath them." I say
" appear," for slight differences of dip are not readily measured by the
eye

;
yet I suspect that the conformability is very close, if not exact,

and similar to that mentioned by Meek and Bannister as exhibited by
the beds of the Washakie group, which lie upon the coal-series east of
Creston. The white bluffs add perhaps one hundred feet to the eleva-

tion. On their summit is a thin bed of buff clay and sand rock, similar

to the upper strata of the Bitter Creek series, and containing numerous
shells and some scattered teeth and scales of fishes. I called Mr.
Meek's attention to the specimens of these shells which I sent him, and
his reply was that most were of identical species with those of the coal-

series, Cretaceous, and that they presented no general peculiarity.

At a short distance to the southward, another line of white bluffs

extends across the line of travel. This is not more elevated than the
preceding one ;

I only found remains of tortoises on it. Several miles

to the south we reach another bench, whose bluffy face rises four or

five hundred feet in buttress-like masses, interrupted at regular intervals

by narrow terraces. This line is distinguished for its brilliantly-colored

strata, extending in horizontal bands along the escarpment. They are
brilliant cherry-red, white, true purple, with a bloom-shade, yellow, and
pea green, forming one of the most beautiful displays I ever beheld. The
lower portions are bright-red, which color predominates toward the west,

where the bluffs descend to a lower elevation. I found on them remains
of a turtle, (JEmys euthnetus, Cope,) and some borings of a worm in a hard
layer. On top of these are clay and slate rocks of a muddy-yellow color,

with their various ledges rising to perhaps two hundred feet. Continu-
ing now to the southeastward along the old stage-road, we cross South
Bitter Creek at the old Laclede station. Some miles south and east of

this point we cross a baud of buff sandstones, forming a bluff of fifty or
more feet in elevation. Below it lie more white or ashen beds, which
contain remains of mammals and turtles rather decayed. A short dis-

tance beyond these, and forty miles from Black Butte station, we reach
the base of the enormous pile of sediment which I have called the
Mammoth Buttes. These form a horseshoe-shaped mass, the concavity
presenting south and eastwardly, the summit narrow, serrate, and most
elevated to the east, and desending and widening toward the south.

I estimated the height of the eastern end to be at least one thousand
feet above the plain surrounding it. Numerous mammaliau remains*
demonstrated that this mass is a part of the Bridger Eocene, although,
as Mr. Emmons, of King's survey, informs me, no continuous connection
with the principal area west of Green Biver can be traced. The total

thickness of the Green Biver and Bridger formations on this section

cannot be far irom twenty-five hundred feet, at a very rough estimate.

The point of transition from the Cretaceous to the Tertiary deposits,

as indicated by the vertebrate remains, is then in the interval between
the last plant-bed at the summit of the buff mud-rocks and the. mam-
mal-bone deposit in the lowest of the ash-gray beds. Below this line

* See The Monster of Mammoth Buttes, Ponn Monthly Magazine, 1873, August.
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the formation must be accounted as Cretaceous, on account of the pres-
ence of the Dinosaurian Agathawmas sylvestris ; and those above it, as I
have already pointed out, Eocene,* on account of the types of Mamma-
lia contained in them.
The authorities on the Bitter Creek formation have presented views

more or less at variance with those entertained by the writer, or of such
dubious character as to fall very far short of the requirements of evi-

dence. Dr. Hayden has regarded them as Tertiary and as transitional
from Cretaceous to Tertiary. Mr. Kiug, in his very full article on the
Green River basin, definitely refers the lower part of the series to the
Cretaceous, in the following language : t " We have, then, here the upper-
most members of the Cretaceous series laid down in the period of the
oceanic sway, and quite freely charged with the fossil relics of marine
life; then an uninterrupted passage of conformable beds through the
brackish period up till the whole Green River basin became a single

sheet of fresh water." He regards the line of the upper bed of oysters
as the summit of the Cretaceous, and the superimposed beds as Tertiary,
in the following language, (p. 453 :)

" while the fresh-water species,
which are found in connection with the uppermost coal-beds, seem to
belong to the early Tertiary period." He thus places the line some dis-

tance within what I have regarded as the Cretaceous boundary ; what
the significance of this conclusion is will be subsequently considered.

Mr. Lesquereaux, as is known, regards these beds as Tertiary, not
only on account of their vegetable fossils, but also on account of the
stratigraphic relations of the formation. His conclusion to this effect is

consistent throughout, and is a fact of the highest importance in this

connection.
Mr. Meek has fully discussed the age of this series in his interesting

article in Hayden's Annual Report for 1872, the general tenor of which
is indicated by the passage I have quoted from the opening of his re-

marks in the beginning of the present notice of the Bitter Creek beds.
His opinions may be cited as follows: In the Annual Report for 1870, he
determined the beds visible at Hallville as Tertiary; in that of 1871,
three species of oysters from other parts of the Bitter Creek beds are
placed in the Cretaceous list, each one with question as to the identifica-

tion of species, a point, it is to be noticed, equivalent in the case of
oysters to question of the age of deposit. The remarks in his report, as
well as those in Mr. King's report, refer either to the much lower Weber
River coal or to the different area of the Bear River group, and are con-

sequently noticed under that head.
In a paper on the age of these beds, published August 12, 1872, the

writer asserted the Cretaceous age of the series. On this Dr. Bannis-
ter, the companion of Mr. Meek, writes! tnat " Mr. Meek, and, I believe,

Mr. Emmons also, had considered that these beds might be Cretaceous,
but this was rather on account of the change in the fossil fauna from
purely fresh-water, as in the characteristic Tertiary of this region, to
brackish-water marine, and the specific affinities of a few of the fossils

to California Cretaceous species, than from any very positive evidence.
As far as I know, the only evidence of this kind is the identification by
Professor Cope of the saurian remains found by us at Black Butte."

It only remains to observe that the strata and coal of the Bitter Creek
group of the Cretaceous are either wanting on the western and southern

* On Bathmodon, an extinct genus of ungulates, Feb. 16, 1872, Hayden's Annual
Eeport, 1870, p. 431 ; Annual Report, 1872, p. 645.

t Exploration of the Fortieth Parallel, p. 458.

% Annual Eeport, 1872, p. 534.
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borders of the Green Eiver basin, or are concealed by the superincum-
bent Tertiaries. Instead of these, a comparatively thin bed of appar-
ently unfossiliferous quartzite or sandstone lies at a high angle against
the bases of the Uintah* and Ham's Fork Mountains respectively, on beds
of Jurassic age, which are probably Cretaceous No. 1, (Dakota.) ' The beds
observed by Professor Marsh on the south side of the Uintah Mountains,
on Brush Creek, belong neither to the Dakota nor Bitter Creek epochs,
but perhaps to No 3, if, as Professor Marsh asserts, the oyster found in a
superjacent stratum is Ostrea congesta, Con.; it is in any case of no later

date than the Canyon City or Weber River coals. Hence the assumption
of some writers that this discovery determined the age of the Bitter Creek
series to be Cretaceous is without foundation in fact.

VIII. The Bear Eiver group of Hayden occupies, according to
him, a distinct basin, to the west of an anticlinal axis, which separates
it from that of Green Biver. It is buried under Tertiary beds, the age
of which has been a question of interest, and will be hereafter considered.

In order to determine the relations of the two basins, a section was car-

ried across the rim of the eastern, starting from the Fontanelle Creek,
eighty miles north of the Union Pacific Bailroad, and continuing toward
the upper waters of Ham's Pork of the Green Biver to the westward.
My notes are as follows

:

The beds of the Green Biver epoch dip gently from the point where
my last notes left them near the Bock Spring station, toward the
northwest all the way to Green Biver. The upper strata become slaty

in character, and descend to the water-level at the river, where they
form a high blnff. In these slates occur the fish-beds discovered by Dr.
Hayden, as well as the insect-beds noticed by Messrs. Denton and Rich-
ardson. They are worn into towers and other picturesque forms at

Green Biver City. (See Hayden's Annual Beport, 1870.) Passing north
from the railroad, up the valley of Green Biver, the slates display a gen-
tle dip to the north, and eighteen miles beyond have disappeared from
view. On both sides of the river, huge mesas of the Bridger formation
come into view; those on the east extending to the Big Sandy Biver,

and those on the West to Ham's Pork. At Slate Creek, farther to the
north twenty miles, a yellowish-brown sandstone rises into view, and
continues to increase in importance toward the north. At the mouth
of Fontanelle Creek, it rises on the east side of the river to a height of

perhaps two hundred and fifty feet, but sinks toward the north and
east from near the mouth of Labarge Creek, fifteen miles up the river.

North of Labarge, a similar bed of sandstone rises again, and is imme-
diately overlaid by white shales resembling those of the Green Biver
epoch, which have here a great thickness. Opposite the mouth of the

Labarge, their lower strata are bright-red, but on the west side of the

river the sandstone only is visible. All the beds rise to the north,, the

red beds forming the summits of the cliffs in that direction.

In passing up Fontanelle Creek to the westward, the heavy beds of

buff sandstone gradually descend, and the white shales come into

view. I examined the former for lignite and coal, but found none.

There are several thin beds of a tough carbonaceous material in the

white shales, (which 1 take to be of the Green Biver epoch.) In the lower
strata, in this locality as well as on the east side of Green Biver, above
the mouth of Labarge Creek, are numerous remains of fishes similar to

those of Green Biver City, with insects and their larvae, shells like Pupa

* See Hayden's Annual Report, 1870 ; Marsh, American Journal of Science aud Arts,

March, 1871.
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and Cyrena, and millions of Cypris. The larvse are dipterous, some
nearly an inch long, and others minute, and in prodigious numbers. With
them are found stems of plants, but no leaves. These beds rise with a
very gently dip, and twenty miles from the mouth of the creek terminate
against steeply-inclined strata of earlier age. At this point the lower beds
exhibit the bright-red colors that are so often seen in the lower parts of

the formation at other points. The uplifted beds form a ridge of high
hills having a north by east and south by west trend, through which the
Fontanelle cuts its way in a deep canon. This range is monoclinal,the
strata dipping 45° east, and their outcrop on the summit and eastern

face. The first bed which forms the surface of the incline is rather thin,

and is composed of a reddish quartzite without fossils, no doubt of Cre-

taceous age. Below it is a stratum of highly fossiliferous bluish lime-

stone of Jurassic age, containing Pentacrinus asteriscus, M. and H. ; Tri-

gonia, &c. Below this a reddish sandstone presented a similar thickness,

which may represent the Trias, which rests on a bluish-shale formation.

We have now reached the base of the western side of the hills; from
their summit we have had a beautiful and interesting view of geological

structure. The valley, of three or four miles in width, is bounded on the

west side by a range of low mountains, whose summits are well-tim-

bered. The valley is excavated at an acute angle to the strike of the

strata, so that as far as the eye can reach to north and south successive

hog-backs issue en echelon from the western side, and run diagonally,

striking the eastern side many miles to the southward. At the caiion

of the Fontanelle, six of these hog-backs occupy the valley, and the num-
ber varies as we proceed down the valley. The structure changes from
the same cause as we explore in either direction. The dip of all these

hog-back strata is to the west and slightly north, less steep at the eastern

side, but reaching 45° and a still higher angle at the middle and west
side of the valley. There appears to be an anticlinal near the base of

the eastern range, which has been deeply excavated ; from its western
slope (in the valley) the upper beds, even in the eastern range, have
been carried away, leaving only probable Triassic and Carboniferous
strata exposed. In one of these latter I found a well-marked horizon of

carbonaceous shales extending as far as I explored them. Toward the
western side of the valley, the descending strata are sandstones, but
whether identical with that of the eastern hills of Cretaceous age I could
not ascertain. Lower down the valley (to the south) similar beds form
a high vertical wall of very light color, the scenery resembling that of

the Garden of the Gods in Colorado. I suspect that the existence of

more than one fold can be demonstrated in these hog-backs and mount-
ains.

The result which bears on the history of the Bear Eiver group is, that

on this side of the Green River basin the Bitter Creek epoch is either

wanting or represented by a thin layer of red quartzite, (or perhaps
Cretaceous No. 1,) and that no coal of Cretaceous age exists along its

western rim. After following the valley to Ham's Fork Biver, and pro-

ceeding a short distance along it toward the southeast, I crossed a thin

bed of coal in the upturned edges of the same beds crossed in the valley

above. The discovery of the extension of the fish and insect beds sixty

miles north of the principal localities is a point of interest in Tertiary

geology.
The Ham's Fork Mountains form the divide between the waters of

Green and Bear Rivers respectively, and are passed by the Union Pacific

Railroad at and west of Aspen station, as is described by Dr. Hayden,
(Annual Report for 1870, p. 149.) He here points out that the distinctness
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of the iwo basins was marked during the Tertiary period, and hence
names the deposits of the western area the Wahsatch group, regarding
it at the same time as synchronous with those of the Green River epoch.
The writer has attained the same opinion on paleontological grounds,
and has hence employed the same name for both areas, namely, the
Green River epoch.*
As already stated,t the upper or red-banded Tertiary beds of this local-

ity yielded the following species

:

Perissodactyle bones, two species.

Orotherium vasacciense.

Crocodilus, sp.

Alligator heterodon.

Trionyjc scuttimantiquum.

Emys testudineus.

gravis.

Clastes (°?) gldber.

Unio, two species.

The lower sandstone beds yielded the following mammals

:

Bathmodon radians.

semicinctus.

latipes.

Orotherium index.%

Phenacodus primwvus.

West of the contact of Bear River with the Tertiary bluffs, the strata

consist of sandstone and conglomerates, and dip at about 30° to the
northeast. Five hundred feet vertically below the Bathmodon bed, a
stratum of impure limestone crops out, forming the slope and apex of a
portion of the bluff. In this I found the following vertebrates

:

Reptiles : Trionyx scutumantiquum. Fishes : Rliineastes calvus.

Emys f euthnetus. Clastes glaber.

In comparing this list with that given for the lower beds of the Green
River epoch, where they overlie the Bitter Creek coal, such resemblance
may be observed as is sufficient to indentify the two series.

This is the nearest to a determination of the age of the Evanston
coal-bed, which Hayden regards as the most important west of the Mis-
souri River, that I have been able to reach. From the limestone just
described to the coal-bed, two miles to the west, the strata are very sim-
ilar in character, and apparently conformable, so that they appear to be-

long to the same series. Dr. Hayden confesses his inability to correlate

them with those of Bear River City and Weber River, but discovered
remains of plants which were identified with some of those known to

occur in the Fort Union beds, on the Laramie Plains, and the Upper
Missouri. If this be the case to a sufficient extent, the Evanston coal

must be referred to that division of the Cretaceous period. This con-

clusion is, however, only provisional, and Dr. Bannister's remarks* are
much to the point. He says, "In the upper beds northeast of Evans-
ton," (the ones I describe above,) " there seems to have been a consider-

able disturbance besides the mere tilting of the beds, and from the altered,

direction of the strike § we were led to suspect considerable lateral dis-

* Proceedings Acad, of Nat. Sciences, 1872, p. 279.

t Proceedings American Philosophical Society, 1872, p. 473.

X Cope, Paleontological Bulletin, No. 17, 1873.

§ Hayden's Annual Report, 1872, p. 541.
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placement with faulting, which might very possibly cause the appearance

of the same beds both here and at the coal-mines, although at first sight

these would appear much higher in geological position. * * * I do

not know tbe grounds of Professor Cope's reference of the coal at this

point to the Cretaceous, while he admits the Tertiary age at least of

some of the overlying sandstones ; but as we found no break nor line

of demarkation in the whole 2,000 feet or more which we examined, and
found our fossils in coal-bearing beds immediately above and conform-

able to the main coal, the facts, so far as they are known to me, do not

seem sufficient for such identification."* This point offers, therefore,

a more complete continuity in stratification and mineral character from
the Cretaceous to Tertiary deposits than any other which I have had the

opportunity of examining.

CONCLUSION.!

Having traced the transition-series of the coal-bearing formations

of the Rocky Mountain region from the lowest marine to the highest

fresh-water epochs, it remains to indicate conclusions. I have alluded

but cursorily to the opinions of Mr. Lesquereux and Dr. Newberry as

based upon the study of the extinct flora. They have, as is well known,
pronounced this whole series of formations as of Tertiary age, and some
of the b»;ds to be as high as Miocene. The material on which this de-

termination is based is abundant, and the latter must be accepted as de-

monstrated beyond all doubt. I regard the evidence derived from the

mollusks in the lower beds and the vertebrates in the higher as equally

conclusive that the beds are of Cretaceous age. There is, then, no alter-

native but to accept the result that a Tertiary flora was contemporaneous
with a Cretaceous fauna,% establishing an uninterrupted succession of life

across what is generally regarded as one of the greatest breaks in geo-

logic time. The appearance of mammalia and sudden disappearance of

the large Mesozoic types of reptiles may be regarded as evidence of
migration, and not of creation. It is to be remembered that the smaller

types of lizards and tortoises continue, like the crocodiles, from Meso-
zoic to Tertiary time without extraordinary modification of structure.

It is the Dinosauria which disappeared from the land, driven out or

killed by the more active and intelligent mammal. Herbivorous reptiles

like Agathaumas and Cionodon would have little chance of successful

competition w ith beasts like the well-armed Bathmodon and Metalophodon.
There is good reason for believing that this incursion of mammalia
came from the south.

It then appears that the transition-series of Hayden is such not only
in name but in fact, and that paleontology confirms, in a highly satis-

factory manner, his conclusion, " already shown many times, that there

is no real physical break in the deposition of the sediments between the
well-marked Cretaceous and Tertiary groups." §

* Hayden's Annual Report, 1872, p. 541.

t See Bulletin U. S. Geol. Survey Terrs., No. 2, p. 16.

$ The circumstance of the discovery of a mesozoic dinosaur, Agathaumas sylvestris,

with the cavities of and between his bones stuffed full of leaves of Eocene plants,

(Lesquereux,) would prove this proposition to be true, had no other fossils of either
kind ever been discovered elsewhere.

§Annual report, 1870, p. 166. For instance, Geol. Surv. Colorado, 1869, p. 197, Dr.
Hayden observes, " There is no proof, so far as I have observed in all the Western
country, of true non-conformity between the Cretaceous and Lower Tertiary beds, and
no evidence of any chauge in sediments or any catastrophe sufficient to account for the
sudden and apparently complete destruction of organic life at the close of the Creta-
ceous period."
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'Since the above was written, a paper* by Prof. J. S. Newberry has
appeared, in which he gives full expression of his views as to the ages
of the different extinct floras of the West. He points out clearly that
the flora of the Fort Union beds is part of that which is extensively
distributed over the northern hemisphere, aud which is believed to char-

acterize the Miocene period in Europe. He states that characteristic

structural parallelism between American and European plants does not
obtain in the preceding periods of the Eocene and Cretaceous, and that
the flora found in the lower part of our Cretaceous formations, as deter-

mined by auimal remains, is " somewhat more closely allied to the Ter-

tiary flora than are the plants found in. the Cretaceous of Europe." He
does not make auy botanical determination of the age of the fossil

plants of the Bitter Creek series, nor of the lignite beds of Colorado.

He, however, objects to regarding any of the floras found below the Fort
Union formation as Tertiary in the following language, (p. 402:) "The
lignites and plant-beds of New Mexico, which I have called Cretaceous,

but which are referred by Mr. Lesquereux to the Tertiary, are, for the

most part, derived from tbte lower portions of our Cretaceous series, and
are overlaid by many hundred feet of strata unquestionably Cretaceous,

in which all the typical forms of Cretaceous animal life are abundantly
represented. Whether the great lignite deposits of Colorado should be
considered Tertiary or Cretaceous, it is perhaps not yet possible to

decide ; but in the absence of any distinctive or unmistakable Eocene
plants, if the strata which contaiu them shall be found to include verte-

brates or mollusks which have a decidedly Mesozoic character, we shall

be compelled to include them in the Cretaceous system. Mr. Lesque-
reux has met the statements of Professors Meek, Cope, and Marsh by
pointing to his two hundred and fifty species of fossil plants, claiming

that they far outweigh the testimony of the animal remains. In fact,

however, these fossil plants have very little bearing on the question.

They are probably all distinct from European Cretaceous and Eocene
species, and the geuera to which they are supposed to belong afford

only negative evidence of the strata that contain them."
Thus it is evident that Professor Newberry appeals to the evidence

furnished by the animal remains as basis of determination of the epochal

type of the contemporary vegetable life. In further illustration of his

vi^w he says, (p. 404:) "Whatever plants are found with Zeuglodon

cetoides, Cardita planicosta, Orbitoides mantellii, &c, we must accept

as Eocene, even should they have no intrinsic Eocene characteristic.

So in regard to our Cretaceous flora. While it is altogether new, its

varied character and modern aspect simply give us a new revelation in

regard to the vegetation of the Cretaceous world
;
for, while the fauna of

that world contains Ammonites, Baculites, Inoceramus, &c, we are forced

to call it Cretaceous."
It certainly appears to me to be introducing a new element into pale-

ontological reasoning to estimate the age of one class of fossils by refer-

ence to the structural characters of another. Every flora and fauna, and
every genus in them, offers its own intrinsic evidence as to age or relation

to other genera of preceding, contemporary, and succeeding time ; and
all that we can affirm of the relations of the life of any given deposit

or age are the sums or results of the various parts of such flora and
fauna. In the present case, the evidence brought forward by Dr. New-
berry from his own standpoint as a distinguished student of extinct veg-

etation, and upon which I necessarily rely, is : (1.) That the floras of the

* American Journal of Science and Arts, 1674, p. 399.
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European Eocene and Cretaceous are not represented on this continent
so far as known. (2.) That the flora found below the remains of a Cre-
taceous fauna more nearly resembles the Tertiary flora than it does that
of the European Cretaceous. (3.) That the flora of the Fort Union beds
is undoubtedly Miocene.
These facts are confirmatory of my previous conclusion, " that a Ter-

tiary flora was contemporary with a Cretaceous fauna in the transition-

period of the Rocky Mountains." If a flora below the Cretaceous of New
Mexico resembles a Tertiary one, how much more probable is it that the
floras of the Lignites of Colorado and Wyoming are such, as they are

known to be of later age than those of New Mexico, and to be at the
summit of the Cretaceous series, as indicated by animal remains. And
if the flora of the Fort Union beds be Miocene, that of the identical horizon
in Colorado must be Miocene also ; and if the vegetation below this flora

be so distinct from it, what is more probable, according to the evidence
adduced by Dr. Newberry, than that they are Eocene, as maintained by
Mr. Lesquereux % That such should be the case is in harmoney rather
than in conflict with the facts presented by tlae existing life of the earth,

where we have the modern fauna of the northern hemisphere contempo-
rary with a partly Eocene and partly Mesozoic fauna in the southern.

Prof. J. W. Dawson, in his late interesting annual address before

the Natural History Society of Montreal, thus comments on the above
conclusion.* He says that the mixture of Mesozoic animals with Terti-

ary plants " depends on the general law that in times of continental

elevation newer productions of the land are mixed with more antique
inhabitants of the sea." * * " Thus it must have happened that the
marine Cretaceous animals disappeared first from the high lands and
lingered longest in the valleys, while the life of the Tertiary came on
first in the hills, and was more tardily introduced on the plains." Were
the Mesozoic reptiles of the Fort Union and Bitter Creek beds marine or
even aquatic in their character, their co-existence with a Tertiary flora

would, indeed, be quite explicable on Professor Dawson's view. But
they are in the most important and diagnostic species—the Dinosauria—
terrestrial in their habits, and in several cases vegetable feeders, browsing
on the very foliage in which theip bones were found enwrapped.

SECTION II.—THE YERTEBRATA OF THE FORT UNION 'CRETACEOUS OF
COLORADO.

DINOSAUBIA.
AGATHAUMAS, Cope.

Proceedings of the American Philosophical Society, 1872, p. 482.

The characters of this genus are derived from the typical species A.
sylvestris, which is represented by dorsal and lumbar vertebrae, and an
eutire sacrum, with the ilia—one nearly entire—ribs, and a number of

bones, the character of which has not yet been positively ascertained.

One of these resembles the proximal part of the pubis j others, portions

of the sternum, &c.
On eight, and perhaps nine, vertebrae anterior to the sacrum, there is

no indication of the capitular articular face for the rib. This facet is

found, as in Crocodilia, at or near the base of the elongate diapophyses.
The centra are slightly concave posteriorly, and still less so on the ante-

rior face, with gently convex margins. The neural canal is very small,

'May, 1874, p. 9.
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and the neural arch short and quite distinct from the centrum, having
scarcely any suture. The neural arch has a subcubical form, partly
truncated above by the anterior zygapophyses. In like manner, the
bases of the combined neural spine and d[apophyses are truncate below
by the square-cut posterior zygapophyses. The diapophyses are long
and directed upward ; they are triangular in section.

There are eight, and perhaps nine, sacral vertebrae, which exhibit a con-
siderable diminution in the diameter of the centra. The diapophyses and
neural arches are shared by two centra; the anterior part of the latter
bearing the larger portion of both. The diapophyses are united distally
in pairs, each pair inclosing a large foramen ; the anterior is the most
massive ; rest on the ilium

;
the posterior pair the most expanded ; the

superior margins of its posterior edge form an open V, with the apex for-

ward on the neural arch of the fifth vertebra. On the last sacrals, the
diapophyses rise to the neural arch again. The exits of the sacral spinal
nerves are behind the middles of the centra, and continue into grooves
of the sides in all but the last vertebrae. The reduced and rather elongate
form of the last sacral vertebrae induces me to believe that this animal
did not possess such large and short caudal vertebrae as are found in the
genus Sadrosaurus, and that the tail was a less massive organ.
The ilium is much more elongate than the corresponding element in

Hadrosaurus, Cetiosaurus, or Megalosaurus. Its upper edge is turned and
thickened inward above the anterior margin of the acetabulum, and here
the middle of the conjoined diapophyses of the second and third sacral
vertebrae was applied when in place. In front of this rjoiut, the ilium is

produced in a straight line, in a stout, flattened form, with obtuse end.
Posterior to it, its inner faee is concave, to receive the second transverse
rest of the sacrum, and the superior margin is produced horizontally
toward the median line like the corresponding bone in a bird. The pos-
terior part of the bone is the widest, for it is expanded into a thin plate
and produced to a considerable length. From one of the margins, (my
sketch made on the ground represents it as the upper,) a cylindric rod is

produced still farther backward. The base of the ischium is co-ossified

with the ilium, and is separated from the iliac portion of the acetabulum.
There is no facet nor suture for the pubis at the front of the acetabulum.
The ribs are compressed. There are no bones certainly referable to the
limbs. The form of the ilia distinguishes this genus from those known
heretofore. It is also highly probable that it differs from some other
genera, in which the ilium is not known, e. g., Thespesius, in the smaller
and differently formed tail.

Agathaumas sylvesteis, Cope, Proceed. American Philos. Soc,
1872, 482.

The last nine dorsal vertebrae have rather short centra, the most pos-

terior the shortest. They are.higher than wide; the sides are concave

;

the inferior face somewhat flattened. The neural arch is keeled behind
from the canal to between the posterior zygapophyses, and a similar keel

extends from the base of the neural spine to between the anterior zyga-
pophyses. The neural spine is elevated, broad, and compressed ; the dia-

pophysis is convex above and concave along the two inferior faces, most
so on the posterior. The articular face of the first sacral vertebra is wider
than deep. The eight sacral vertebrae are flattened below in all except
the first by a plane, which is separated from the sides by a longitudiual

angle. The neural spines of the anterior five sacral vertebrae are mere
tuberosities. A large sutural surface for attachment of a transverse

process is seen in the posterior third of the eighth sacral vertebra,

which descends nearly as low as the plane of the inferior surface. On
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the tenth sacral, there is no such process, but its neural arch and that of

the ninth support transverse processes. These are more like those of

the dorsals in having three strong basal supporting ribs, the anterior

and posterior extending for some distance along the arch.

Whether naturally or in consequence of distortion, the plate of the

ilium is at a strong angle to the vertical axis of the acetabulum ;
and at

the posterior part of it, the margin of the plate is free on the outside as

well as the inside of the femoral articulation.

Measurements.
M.

Length of nine posterior dorsal vertebrae 880

Length of nine sacral vertebrae, (36f inches) 9C0

Length of right ilium, (two pieces, 0.84+0.22, 41 inches). 1.060

Length of eighth dorsal from sacrum 090

Length of base of neurapophysis 085

Depth of articular face 153

Width of articular face 123

Length of second from sacrum 070

Depth of articular face 155

Width of articular face 137

Elevation of neural canal 045

Width of neural canal - 028

Elevation to face of zygapophysis - 104

Elevation to base of neural spine 150

Length of diapophysis from lower base ." 200

Length from capitular articulation 125

Antero- posterior width above 050

Antero-posterior base of neural spine 075

Antero-posterior width at zygapophysis 070

Length of neural spine, (fragment) 208

Width of centrum of first sacral 160

Depth of centrum of first sacral, (to neurapophysis) 140

Length of centrum of first sacral 105

Length of centrum of seventh sacral 100

Depth of centrum of seventh sacral, (behind ) 080

Wid h of centrum of seventh sacral, (behind) 103

Expanse of second sacral transverse support, (22 inches). ^ 560

Length of ilium anterior to acetabulum 470

Length of acetabulum - 200

Length of posterior to acetabulum 200

Width of ilium at anterior extremity 140

Width of ilium at front of acetabulum 210

Width of ilium at posterior expansion 250

Thickness above acetabulum 060

Width of acetabulum 100

Width of basis of ischium - 085

Width of shaft of a rib 062

Other bones not yet determined will be included in the description in

the final report.

This species was no doubt equal in dimensions to the largest known
terrestrial saurians or mammals.-

HADEOSAURUS, Leidy.

[Cretaceous Reptiles of the United States, 1865, 76 ; Proceedings of the Academy of

Natural Sciences, Philadelphia, 1856, 218.]

Hadrosaurtjs occidentalis, Cope, Extinct Batrachia, &c, p. 9S;

Thespesius occidentalis, Leidy, Proceedings of the Academy, Philadel-

phia, 1856, 311 ; Transactions of the American Philosophical Society,

1860, 151.

From the lowest member of the lignite formation at Grand Eiver, Ne-
braska.
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.Referred, by Professor Leidy, to a distinct genus under the name of
Thespesius, on account of the slightly opisthoccelian character of the
large caudal vertebra. Teeth unknown.
Fragments of a large dinosaur from Colorado were found associated

with species of tortoises identical with those found iu Dakota in the
horizon which contains the H. occidentalism (see under head of Cionodon
arctatus,) and may possibly belong to it. I have no identical parts in
the two for comparison.

Char, specif.—The largest fragment of a long bone is probably from
the proximal end of the tibia ; it includes the curved inner border of
the side, and the inner posterior tuberosity, with five inches of theiuner
head side of the shaft. The superficial layer is marked with numerous
closely-placed longitudinal grooves, which are replaced by a few coarser
aud deeper ones, which interrupt the angle with the articular surface,

giving it a lobate margin. There was probably a prominent cnemial
crest. Another fragment exhibits one flat plane and a concave posterior
face. It comes from near the extremity of the humerus or the femur;
it was found near the fragment of the tibia. The sacral vertebra is proba-
bly that of an animal not fully grown, as it was not co-ossified with
those adjacent. The articular extremities are expanded, and present
distinct faces for articulation for the large diapophyses. The one ex-

tremity is more expanded and less thickened; the other more thickened
and less dilated; on this rests the greater part of the base of the neural
arch. Just at the extremity of this base, the large sacral nervous for-

amen issues, which is continued in a wide groove downward between the
transverse expansions. Inferior surface convex. As compared with
the fourth sacral vertebra of Agatliaumas sylvestris, Cope, which it nearly
resembles in size, it is to be observed that the anterior extremity is less

expanded transversely as compared with the posterior ; that the
bases of support for the anterior diapophyses are not produced down-
ward so far; that the sides of the centrum are nearly vertical aud not
sloping obliquely toward the middle line; and that there is no inferior

plane separated from the lateral by a longitudinal angle as in A. sylvestris.

It differs in like manner from the third aud second sacral vertebras, and
still more from the first of the latter saurian.

Measurements.
M.

Length of centrum of fourth sacral vertebra 002
C in front \ 103

Transverse diameter-? at middle 072

( posteriorly 121
Vertical diameter posteriorly 092
Diameter of head of tibia antero-posteriorly 250

CIONODON, Cope.

Bulletin of the United States Geological Survey of the Territories, 1874, 10. *

Remains of 'species of Dinosauria were obtained at two localities in

Colorado not many miles apart—the greater number at one of them, from
which also all the crocodilian aud turtle remains were derived. Those
from the other deposit consist of portions of limb-bones apparently of a
single individual of gigautic 'size. The more abundant fragments are
referable to three species. A fragment of limb-bone is very similar to

portions from the other locality, and associated is a sacral vertebra of
appropriate size aud characters. All of these were therefore referred

* Where the proof-reader made it Cinodon.
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provisionally to a single species under the name of Agathaumas 7mIo,

but are here described under Madrosaurus occidentalis. The remaining
specimens fall into two series. In the one, the bones are occupied by a
heavy mineral and the surfaces covered by a white layer, which is marked
by irregular ridges, as though produced by deposit along the lines of

small adherent foreign bodies. In the other set, the bones are lighter,

more spongy, and not covered with the white layer ; some of them are
stained by the sesquioxide of iron. Both present vertebras and limb-

bones, which are related appropriately as to size and structure ; that is,

the larger limb-bones have the same mineral character as the larger ver-

tebrae, and the smaller as the smaller. These limb-bones represent cor-

responding parts in the two, and, differing widely, confirm the belief in

the existence of two species indicated by the different types of vertebrae.

In these fossils, then, I see evidence for the existence of two species of

two genera, which I name, the larger Polyonax mortuarius, the smaller

Cionodon arctatus. Both genera present a solid cancellous filling of

femora, tibiae, and other long bones, and hence differ from such genera
as Hadrosaarus, Hypsibema, Lcdaps, and others. Cionodon differs in

dentition from all Dinosauria where that part of the structure is known,
but it remains to compare Polyonax with Troodon and Palmoscincus of

Leidy, which are known from the teeth only, while no portions of denti-

tion are preserved with the specimens at my disposal.

Char. gen.—Established primarily on a portion of the right maxil-

lary bone, with numerous teeth in place. The posterior portion exhibits

a suture, probably for union with the palatine bone, while the rest of the

interior margin is free. It is removed some distance from the tooth-line

in consequence of the horizontal expanse of the bone, while the outer

face is vertical.

The teeth are rod-like, the upper portion subcylindric in section, with

the inner face flattened from apex to base, while the lower half is flattened

externally by an abrupt excavation to the middle for the accommodation
of the crown of the successional tooth. The inner face of the tooth, from
apex to base, is shielded by a plate of enamel, which is somewhat ele-

vated at the margins, and supports a keel in the middle, thus giving rise

to two shallow longitudinal troughs. The remainder of the tooth is

covered with a layer of some dense substance, possibly cementum, which
overlaps the vanishing margins of the enamel. The outer inferior exca-

vation of the shaft presents a median longitudinal groove, to accommo-
date the keel of the closely-appressed crown of tie successional tooth.

The apex of the tooth being obtusely wedge-shaped, the functional tooth

is pushed dowhward and transversely toward the inner side of the jaw.
The tooth slides downward in a closely-fitting vertical groove of the

outer alveolar wall. The inner wall is oblique, its section forming, with

that of the outer, a V ; it is furrowed with grooves similar and oppo-

site to those of the outer wall, but entirely disconnected from them.
The base of the shank of the functional tooth, on being displaced by the

successional, slides downward and inward along the groove of the inner

side, each lateral movement being accompanied by a corresponding pro-

trusion. At the most, three teeth form a transverse line, namely, one
new apex external, one half-worn crown median, and the stump or

basis of a shank on the inner. The new crowns are, however, protruded
successively in series of three, in the longitudinal direction also. Thus,
when an apex is freshly protruded, the shank in front of it is a little

more prominent, and the third stands beyond the alveolar border. As
each shank increases somewhat in diameter downward in the C. arc-

tatus. the section increases in size with protrusion j hence, before the
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appearance of a new crowu outside of it, there are but two new func-
tional teeth in a cross-row. Thus, in the outer longitudinal row, only
every third tooth is in functional use at one time; in the middle series,
all are in use ; while in the inner, every third one is simultaneously thrown
out in the form of a minute stump of the shank, if not entirely ground
up.

The dorsal vertebras are opisthocoelian, the anterior more compressed
than the posterior; capitular articular faces, if existing, are slightly
marked. The zygapophyses are but little prominent beyond the arch.
A caudal vertebra is plano-concave, with rather depressed centrum, a
little longer than broad. The condyles of the femur have a short arc
and chord ; the head of the tibia displays a large cnemial crest, but is

not emarginate behind.
The type of dentition exhibited by this genus is perhaps the most com-

plex known among reptiles, and is well adapted for the comminution of
vegetable food. While the mechanical effect is quite similar to that
obtained by the structure of the molars of ruminating mammals, the
mode of construction is entirelyaltered by the materials at hand. Thus,
the peculiarly simple form and rapid replacement of the reptilian denti-

tion is, by a system of complication by repetition of parts, made to sub-
serve an end identical with that secured by duplication of the crown of
the more specialized molar of the mammal.

Cionodon is evidently allied to Hadrosaurus, but displays greater
dental complication. In that genus, according to Leidy, the successional
crowns appear on the front side of the shank of the tooth, not behind,
and below the base of the enamel area, so that the tooth is distinguished
into crown and shaft. It also follows from this arrangement that the
successional tooth does not appear until its predecessor has been worn
to the root, in which case there can be only one functional tooth in a
transverse direction instead of two or three.

Cionodon arctatus, Cope, Bulletin, loc. tit., 10.

Char, specif.—The enamel-plate of the tooth extends from apex to
near the base of the shaft. Its margins are thickened and without
senation, while the surface generally is nearly smooth. The dense layer
over the remainder of the tooth is much roughened by a great number
of short, serrate, and somewhat irregular longitudinal ridges.

Measurements.
M.

Width of alveolar groove 0120
Length of a triad of teeth on alveolus 0140
Length of an unworn tooth 0250
Diameter of surface of attrition of a tooth of the middle row, (longitudinal) 006o
Diameter of surface of attrition of a tooth of the middle row, (transverse) 0072
Width of maxillary hone 0350

Depth of maxillary at inner margin 0140

What I suppose to be the posterior end of the maxillary bone exhibits

the grooves to near its apex, as well as a considerable surface of articu-

lation for the malar.
Two dorsal vertebra? are preserved, whose neural arches are co-ossified,

with trace of suture remaining. Both articular faces exhibit a trans-

verse fossa for ligamentous or bursary attachment. Bound these, on the

convex face, there are transverse rugosities, while oblique-ridged lines

descend on each side from the floor of the neural canal. The centra are

shorter than deep, and subquadrate in a horizontal section. The sides

29 os
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are concave ; the anterior are compressed with lenticular vertical section,

with angle below. The more posterior is less compressed, and the sur-

face is smooth ; in the anterior, it is thrown into weak longitudinal ridges
near the edges of the articular extremities. There are large nutritious

foramina on the sides. The neurapophyses are excavated vertically on
their posterior edges. Neural arch on the anterior dorsal, a broad, verti-

cal oval. A caudal vertebra is rather elongate and depressed ; as it has
no diapophysis, it is not from the anterior part of the series. There is

no prominent lateral angle, but the two inferior angles connecting the
chevron-facets are well marked ; neurapophysis only measuring half

the length of the centrum. The articular faces exhibit the same trans-

verse fossa as is seen in the dorsals j the anterior is plane, the posterior

uniformly concave.

Measurements.

Anterior dorsal, length of centrum 074
Anterior elevation of articular face 073
Anterior width of articular face 070
Anterior vertical diameter of neural canal 027
Anterior elevation of anterior zygapophyses 122
Middle dorsal, length of centrum 068
Middle elevation of articular face 085
Middle width of articular face .- 080
Middle caudal, length of centrum 062
Middle elevation of articular face, (at canal) 047
Middle width of articular face 068
Middle width between inferior angles . . r 024
Middle width of neural canal . 013

The femur is only represented by the distal end, with the condyles
perfectly preserved. The latter form a single trochlear surface, whose
borders form arcs of circles. It is slightly hour-glass-shaped, chiefly

by excavation of the posterior face, which is, however, shallow ; the deep
fossae seen in Hadrqsaurus and other genera being absent. The area
of the articular cartilage is clearly marked out, and the dense surface of

the shaft is marked with delicate striae, which terminate at the edge of

the former. One side of the end of the bone is nearly plane, the other
is longitudinally excavated ; some shallow grooves furrow the angle
with the trochlear face. The section of the shaft, three inches from the
end, is a wide, transverse parallelogram. This bone looks no little like

the distal end of a metapodial bone, but there are various reasons why
it is more probably femur or humerus. The form of the tibia especially

determines it to be the former element.
The head and distal end of the tibia, with six inches of the shaft, are

preserved. The former relates with the end of the femur, resembling it

both in size, simplicity of contour, and details of surface. The form is

crescentoid, one horn being the cnemial crest, the other posterior and
replaced by a short truncation. The inner (convex) face is rendered
angular by a median tuberosity, and all round this margin shallow
grooves cut the solid angle at irregular distances. The articular face

displays the smooth area, and the shaft the delicate striae, seen in the
femur. The distal end is unsym metrically lenticular in section, one side

being more convex ; the articular face is rugose, showing a fixed liga-

mentous articulation for the astragalus. The convex face of the shaft

is coarsely striate-grooved near the extremity ; on the other side, the
intervening ridges are represented by exostoses or rugosities. The
flatter side becomes the more convex on the lower part of the shaft.
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Measurements.
M.

Transverse diameter of condyles of femur 082
Transverse diameter of shaft of femnr 053

i of middle of condyles 054
Diameter fore and aft< of side of condyles 069

( of shaft 038
i greatest 102

Diameter of head of tibia< fore and aft 096
( transverse 060

transverse 050
fore and aft 045

Diameterof distal endoftibia{^^^
:::::::::::::::;:::::::::::::::

-

;JJg

BemarJcs.—If the bones above described as pertaining to the hind
limb are really snch, they are smaller as compared with the dorsal ver-

tebrae than in Hadrosaurus foullcei, and indicate an animal the size of a
horse.

POLYONAX, Cope.

Char. gen.—A species considerably larger than the last, represented by
vertebrae and numerous fragments of limb-bones. The most characteristic
of the former are two probably from the posterior dorsal region, which
are somewhat distorted by pressure. The more anterior is shorter than
the other, and exhibits both articular faces slightly concave, the one more
so than the other. They are higher than wide, and the border is scol-

loped above for the capitular articulation for the rib. There are numerous
nutritious foramina, and some ligamentous pits on the articular surfaces.
The inferior face is rounded. In the longer vertebra, both faces are more
strongly concave, and at each end of the lower side there is an obtuse
hypopophysial tuberosity. The sides of the centra of both vertebrae are
concave. The neural cauals are relatively small, and the neurapophyses
co-ossified. A third vertebra without arches is similar in specific gravity,

though without the white surface-layer of the others. It is appropriate
in size and form to this species, and is peculiar in its flat form, resem-
bling the anterior dorsals of the Hadrosaurus. In this respect it is related
to the shorter vertebra of the two above described as the latter is to
the longer. The surface of the posterior articular face is damaged ; it

was not concave, and is now slightly convex ; the anterior is preserved,
and is concave.

Poltonax jMORTUARius, Cope.

The articular faces are deeper than wide in the vertebrae ; the sides

are smooth ; the lower faces narrowed and probably keeled.

Measurements.
M.

Anterior dorsal, length of centrum 048
Anterior dorsal, elevation to neural canal 094
Auterior dorsal, width 094
Median dorsal, length of centrum 057
Median dorsal, elevation to neural canal 117
Median dorsal, width 083
Posterior dorsal, length of centrum 092
Posterior dorsal, elevation 104
Posterior dorsal, width ^ 083
Posterior dorsal, diameter of neural canal 015

The measurement of the neural canal is made near the base of the
neurapophyses, and is probably a little affected by pressure.

The limb-bones embrace portions of tibia, fibula, and some others not
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yet determined. The portion of tibia is from the base of the cnemial
crest, so that one extremity is trilobate, the other transverse oval.
The former outline indicates two posterior tuberosities. The bone is

solid, and the superficial layer, for tbree millimeters or less, is so dense
and glistening as to resemble cementum. Portions referred to fibular

have a subcrescentic section, with narrowed width in one direction.

Two fragments of shafts of long bones I cannot determine either as be-
longing to the limbs or pelvis. They belong to opposite sides ; each is

oval in section, and the diameter regularly contracts to one end. One
side is slightly convex in both directions ; the other is less convex trans-

versely, and gently convex longitudinally. A peculiarity consists of a
central cavity present in both at the fractured large end, which is bord-
ered by a layer of dense bone like the outside.

Measurements.
M.

Transverse diameter of tibia fragment below cnemial crest 125
Antero-posterior diameter of tibia fragment at base of crest 095
Width of fragment of fibula 073
Thickness of fragment of fibula 0o5
Length of fragment of unknown bone ' .145
Proximal diameter of unknown bone .088
Distal diameter of unknown bone 065

The above measurements indicate a larger animal than the Cionodon
arctatus, and one not very different in size from the Lcelaps aquilunguis.

CEOCODILIA.

BOTTOSAURUS, Agass.

Cope, Proceed. Amer. Philos. Soc, 1871, 48.

BOTTOSATJEUS PEEEUGOSUS, Sp. 110V.

Represented by numerous fragments, with vertebrse and portions of
skull which accompanied the dinosaurian and turtle remains from East-
ern Colorado, already alluded to.

A portion of the left dentary bone containing alveoli for ten teeth
shows that this species is not a gavial. The dental series passes in a
curve from the inner to the outer sides of the bones, one or two alveoli

behind being probably bounded on the inner side by the splenial only,

as in B. macrorhynchus, when that bone is in place. The dentary is

compressed at this point ; in front it is depressed. There is a slight dif-

ference in the sizes of the alveoli, but not such as is usual in Tertiary
crocodiles. The external face of the bone exhibits deep pits in longitu-

dinal lines. The angle of the mandible is depressed ; the cotylus of
articulation is partially concealed on the outer side by the elevation of
the surangular, whose upper border is parallel with the inferior margin
of the ramus for two inches to where it is broken off. The outer face
of this region is marked by irregular coarse ridges more or less inoscu-

lating, separated by deep pits. The lower posterior half of the angular
bone is smooth.
A posterior dorsal or lumbar vertebra has a depressed cordate articu-

lar cup. The zygapophyses are large and widely spread, and strength-
ened by obtuse ridges running from the base of the neural spine to the

posterior margin of the anterior and the posterior outer angle of the

posterior. One pit at basis of neural spine in front ; two before. Ball

prominent ; sides of centrum concave.
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Measurements.
M.

Length of fragment of ramus 1U0
Width in front 034
Depth behind 032
Length of eight alveoli 069
Diameter of largest alveolus *. 012
Diameter of smallest „

'. 007
Width of base of angle of ramus 048
Depth at surangular 034
Length of centrum of vertebra 045
Width of articular cup 031
Vertical diameter of cup 025
Vertical diameter of neural arch 011
Expanse of anterior zygapophyses 056

The specimen is adult, and indicates an animal about the size of the
alligator of the Southern States. Its reference to the present genus is

provisional only.

TESTUD1NATA.

TRKXNTX, Geoffr.

Trionyx vagans, sp. nov. ; Trionyx% foveatus, Leidy; Proceed. Acad.
Nat. Sci. Philadelphia, 1856, 312.

Eepresented by a number of fragments of costal bones and perhaps
of sternals also. The former are rather light or thin for their width,
and are marked with a honey-comb pattern of sculpture, in which the
ridges are thin and much narrower than the intervening pits. They in-

cline to longitudinal confluence at and near the lateral sutures. Several
arese are not infrequently confluent in a transverse direction near the
middle of the bone.

Measurements.
M.

Width of costal bone 0370
Thickness of costal bone 0045
Four and five arese in m.010.

This species differs from the T.foveatus, Leidy, in the much narrower
interareolar ridges, and larger arese, and in their longitudinal confluence
at the margins, characters exhibited by numerous specimens.

Lignite Cretaceous of Colorado; near the mouth of the Big Horn
River, Montana ; Long Lake, Nebraska 5 found at the last two localities

by Dr. Hayden.

PLASTOMENUS, Cope.

Annual Report U. S. Geol. Survey, 1872, 617.

PLASTOMENTJS (?) PUNCTULATUS, Sp. HOV.

Established on a costal bone found in association with the preceding
species, and referred to the genus Plastomcmis provisionally, and with a
probability that it will be found not to pertain to it when fully known.
That genus has so far only been found in the Eocene formation. The
bone is rather thin and sufficiently curved to indicate a convex carapace
of moderate thickness. The surface is marked with closely-packed shal-

low pits without material variation of form on the proximal half of the
bone. The result is an obsolete sculpture quite similar to that seen in

some species of the genus to which it is at present referred.
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Measurements.

Width of costal bone , 0230
Thickness of costal bone 0033
Number of pits in m.010, 6.

Lignite Cretaceous of Colorado; also several fragments from Long
Lake, Nebraska, from Dr. Hayden.

PlASTOMENTTS (?) INSIGNTS, Sp. nOV.

Eepresented by a portion of the right hyposternal bone of a tortoise

about the size of the last species, and from the same locality. The speci-

men resembles in its sculpture such species as the Plastomenus triony-

choides, and in structural character the species of Anostira, but it is

scarcely probable that it belongs to either genus. It is flat, and has a
narrow, straight, inguinal margin at right angles to the fine suture with
the hyosternal. The suture with the postabdomial is partially gom-
phosial. Surface dense, polished, marked externally with a reticulate

sculpture of narrow ridges separating larger and smaller areas wider
than themselves. Marginal edge thinner.

Measurements.
M.

Length of hyposternal fore and aft 025
Thickness of hyposternal at front '.

„. • 004
Pits in m.010, 6.

Lignite Cretaceous of Colorado.

ADOCITS, Cope.

Proceedings Academy of Natural Sciences, Philadelphia, 1868, 235 ; Proceedings Amer-
ican Philosophical Society, 1870, November.

ADOCUS (?) LINEOLATUS, Sp. nOV.

Established on a number of fragments from different exposures of the
lignite beds—primarily on a vertebral and sternal bone from the same
locality as the preceding specimen. As the diagnostic portions of this

specimen are wanting, it is referred to this genus provisionally , and
because the structure and sculpture of the parts resemble most nearly
known species of it from the Cretaceous greensand of New Jersey.

The sternal bone is flat, and presents the wide and transverse sutures
forming the usual right angle, and of a rather coarse character of a
medium serrate keel, with pits on each side for the reception of corre-

sponding ribs. The vertebral bone is rather thick, and is shallowly
emarginate in front. The sculpture consists of delicate, obscure, parallel

lines, which are more or less interrupted and occasionally joined, so as
to inclose faintly-marked areolae.

Measurements.
M.

Width of vertebral bone in front 0135
Greatest of vertebral bone , 0280
Thickness of vertebral bone 0070
Thickness of sternal bone 0080

From lignite of Colorado, and mouth of Big Horn Eiver, Montana.

COMPSEMYS, Leidy.

Compsemys victus, Leidy, Proceedings Academy Natural Sciences,
Philadelphia, 1856, 312.

Lignite of Long Lake, Nebraska ; Cretaceous of Colorado.
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APPENDIX.

Descriptions of neio molluslcs from Cretaceous beds of Colorado, by T. A.
Conrad.

I add here some determinations, by T. A. Conrad, of mollusks of Cre-
taceous age obtained near Denver and in the South Park.

HELICOCERAS, d'Orb.

H. vespektinus.—Sinistral, gradually tapering; ribs prominent,
often placed irregularly as regards distance from each other, gradually
thickening toward the back, which has two rows of tubercles; back
flattened on the large part of the shell, and gradually rounding on the
smaller.

Locality.—Seven miles south-southeast of Fairplay.

In the small specimen of rock containing this fossil are two speci-

mens of the same and two of Ptychoceras.

ANCHURA, Conrad.

A. BELLA.—Subfusiforin ; spire elevated ; volutions convex, with ob-

lique, subacute, curved,* longitudinal ribs, crossed by regular, fine striae;

suture deeply impressed ; last volution with two distant, angular, revolv-

ing ridges, the upper one largest and extending to the end of the pro-

jecting lip ; above this angle, the ribs are less prominent and distinct than
on the spine, and disappear at the lower revolving angle ; lip upturned
toward the extremity and acute at the end; lower margin entire ; beak
short, narrow, acute.

MEEKIA, Gabb.

M. bullata.—Subglobose, inequilateral ; anterior side short, com-
pressed, acute at the end ; summits very prominent ; umbo inflated.

This smooth little species is proportionally much shorter and the urn-

bones more inflated than in M. sella, Gabb. The anterior side is shorter
and more acute.

Locality.—Trout Creek, near Fairplay.

PTYCHOCERAS, d'Orb.

P. aratus.—Larger branch having prominent, slightly oblique, sub-

undulated, compressed ribs, subacute on the margin; body slightly

swelling on the back toward the base, where the ribs become fine and
close; smaller branch ribbed obliquely in a downward direction.

Locality.—Trout Creek, near Fairplay.

There are two rows of very small tubercles on the flattened back of

this species.

haploscappiim:.

The genus Haploscaplia, described in a former volume of these reports,

is not, as I thought at the time, a member of the family Uudisttc, but
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probably belongs to no recognized family. I have 'every reason to

believe that Inoceramus involutus, Sowerby, is a species of this or a
nearly allied genus. It has the singular character of being very thin,

on the disk and gradually thickening to the margin, in which it agrees
with the American shells, and also in the character of the dorsal mar-
gin, which appears to be rolled over. This rolling-over, however, does
not exhibit the hinge-character, which has no resemblance whatever to

that of Inoceramus, and the ridged surface at the top of the hinge is on the

outside of the valve, as represented in Sowerby's figure, Table 583, Fig.

2. The typical specimen of one valve of the genus has a broad or thick

tooth near the anterior margin, and a thick, rounded ridge forming the

rest of the hinge. These singular shells were developed in the Upper
Chalk of England and America, and, like the Budistce, came suddenly
and disappeared forever with the last deposit of chalk.

H. capax.—Left valve inflated, subrotund, incurved toward the ven-

tral margin ; undulations or concentric ridges profound, distant, extend-

ing to the posterior hinge-margin, though becoming almost obsolete

very near the margin ; interstices regularly and strongly striated.

Length and height equal, live inches. Found by Dr. Leconte near
Denver. Inoceramus, Fig. 2, Fremont's expedition represents, I think,

this species.

CHAPTER III.

THE EOCENE PERIOD.

A few species from beds of this period were obtained in Wyoming
and Colorado, of which the following are new to science.

MAMMALIA, •

EOBASILEUS, Cope.

EOBASILETJS GALEATUS, Sp. UOV.

Eepresented by the greater portion of a cranium of an individual of

the size of the Loxolophodon comutus. It possesses a greatly-elevated

occipital crest, whose superior border presents a median angle up-

ward. A short distance in front of it, and connected by a very stout,

lateral ridge, there arises, on each side, a large, erect horn-core. The
base is • very massive, subquadrate in section, and flattened in front.

Posteriorly, it presents a very shallow groove, which is bounded on the

outside by a low ridge. The shaft expands gradually, and is propor-

tionally flattened from behind forward. The posterior face is flat ; the
anterior gently convex. The extremity is transverse-convex, and pit-

ted for cartilaginous or corneous attachment. These horns stand on
the parietal bones. The frontals extend to their bases, and send a lami-

nar expansion backward to the margins of the lateral and posterior

crests, covering the parietal in the fundus of the basin, which the
former inclose.*

* Marsh originally stated that these horn-cores in Uintatherium mirabile stand on the
frontal ; hut later, that it was doubtful whether the frontal supported horns.
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The median horns are very stout, and are connected with the poste-
rior by an acute supratemporal ridge. Their inner face is composed to
near the apex of the nasal bones. Where they terminate, the apex con-
tracts, and is composed of a cylindric production from the maxillary.
The section of these cores at the middle is subquadrangular, and longi-
tudinally oval at the base.

The extremity of the nasal bones is small and contracted, and is ex-
tensively overhung by the cornice-like, flat cores above them. Thus the
end of the snout has a bilobate outline when viewed from above.
The occipital face is concave in vertical section and presents a V-

shaped depression, with the angle downward, and a low ridge on the mid-
dle line to the transverse superior border.

Measurements.
M.

Width of the foramen magnum and occipital condyles 0.2100
Elevation of occiput, (8 inches) 2500
Width of basin between lateral crests 3250
Height of posterior horn-core, (7 inches) 2300
Width, base of posterior horn-core antero-posteriorly 1300
Width, base of posterior horn-core transversely 0900
Width at summit 1230
Height of median horn-core 1750
Diameter of base antero-posteriorly 1060
Diameter of base transversely 0800
Diameter of summit 4 0650
Projection of nasal cornices beyoud apex 0630
Length of posterior molar, crown 0450
Width of posterior molar, crown 0550

This species is equal in size to the largest known from the Bridger
formation. It differs from E. (Loxolophodon) comutus in the poster-
iorly-truncate base of the posterior horn-cores, the quadrate instead
of triangular section, and the stoutness of the median cores, and
extent of their inner face covered by the nasal bones. It more nearly
resembles the JE. pressicornis, Cope, and may possibly prove to repre-
sent an old male of that animal. There is, however, a considerable dis-

parity in their sizes ; the horns differ in the greater stoutness, having
twice the diameter, with little greater height. They differ also in form,
in the abrupt contraction just below the apex. The cornice-like cores of
the nasal bones represent the tubercles of the E. pressicornis. The pos-
terior horns differ in many ways from those of the E.furcatus, and are
alone sufficient to indicate a different species.

From the bad lands of South Bitter Creek.

ACH^BNODON, Cope.

Paleontological Bulletin, No. 17, p. 2.

Ach^nodon insolens, gen. et sp. nov.

Char, gen.—Dentition of mandible, In., 3 ; C, 1 ; P. in., 3 f?4) ; M., 3
;

forming an uninterrupted series throughout. Molars consisting of two
pairs of obtuse tubercles, those of each pair fused transversely by a lower
yoke ; last molar with a large posterior fifth tubercle ; last premolar
enlarged, and with a posterior heel

;
penultimate with a simple conic

crown and two roots. It is uncertain whether one or two teeth intervene
between this one and the canine. The alveoli are round, and look as
through designed for two single-rooted premolars.
This genus presents many points of resemblance to Elotherium, but the
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continuous dental series is characteristic of many genera of the Eocene.
In the only known species, there are no osseous tuberosities on the rami.

The symphyseal suture is persistent.

Char, specif.—Last premolar with longer basis than first molar ; its

posterior heel tubercularly plicate. The crown of the penultimate pre-

molar is a slightly-compressed cone with elongate base, but little shorter

than that of the first molar. Molars with smooth enamel ; an anterior

cingulum on the second and third ; a small posterior median tubercle

on the second molar ; and a short cingulum, from the base of the poste-

rior cone forward, on the third. Canines very large, suberect; enamel
smooth. Ramus of mandible very stout.

Measurements.
M.

Length of molar series 0. 180

Diameter of canine tooth 033
Length of premolars 093
Length of premolars No. 3 035
Length of molar No. 1 024
Length of molar No. 2 027

Width of molar No. 2 022
Length of molar No. 3 041
Width of molar No. 3 Li "-. .024
Depth of ramus at molar No. 2 -. 073

This species betrays more of suilline character than any yet discov-

ered in the Bridger series ; but that it has any such affinity has yet to

be shown. It was about as large as a fully-grown cow.

PHENACODUS, Cope.

Paleontological Bulletin, No. 17, p. 3.

Phenacodtjs pri:ml3evus, Cope.

Char, gen., as expressed by a posterior superior molar tooth. Crown
transverse, a little narrower and more strongly convex at the inner than
the outer extremity. It supports five rather low and obtuse tubercles,

two exterior and three on the inner side. Outer tubercles well inside

the outer margin of the crown; the one subtriangular in section : the
other more nearly conical ; the two connected by a low ridge, which
incloses a concavity with the outer margin of the crowu. Three inner
tubercles, arranged on the segment of a circle, subequal ; the lateral of
one side connected with the exterior tubercle of the opposite side by a
low ridge, which incloses a basin with the inner tubercles.

Char, specif.—Median of the three inner tubercles stouter than the
others. No noticeable basal cingulum. Two compressed roots, with
axes at right angles to each other, and very large pulp-cavities and thin

walls.

Measurements.
M.

Width of crown 0.0140

Length of crown 0093
Elevation of outer cones above shoulder 0050
Width between apices of outer cones 0060
Width between apices of median cones 0050

This tooth more nearly resembles the last tubercular molar of a
canine carnivore than any other with which I can compare it, though it

presents some differences. It would represent an animal rather larger

than a wolf.
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OEOTHEEIUM, Marsh.

Amer. Journ. Sci. Arts, 1872, p. 217.

Oeothekium index, sp. nov.

Represented by both mandibular ranais, with many of the molars in
good preservation. These number P. m., 3 ; M., 3. The last premolar is

somewhat like the first molar, but has but oue posterior tubercle, and
adds a cingular projection in front of the anterior pair. The first pre-
molar has two roots ;

the second is compressed and with a broad heel
behind. In the molars, the anterior tubercles are connected by a cross-
ridge ;

the posterior are a little more distinct from each other. The
inner anterior tubercle is obtuse, but not bifid, and its base is connected
with the apex of the posterior outer by a diagonal ridge. There is a
small median posterior tubercle on the M. 2, and a large heel on the
last molar. It supports a conic tubercle, which is connected by sharp
ridges with the tubercles preceding it. There is a cingulum on the outer
face of the true molar's, which does not extend on the base of the tuber-
cle of the posterior pair.

Measurements.
M.

Length of molar series 0.0350
Length of first premolar 0032
Length of third premolar .0055
Width of third premolar 0040
Length of second molar : .0065
Width of second molar 0045
Length of last molar 0098
Depth of ramus at first premolar 0021
Depth of ramus at second molar 0023

PISCES.

EHINEASTES, Cope.

Hayden's Annual Report, 1872, p. 638.

Ehineastes pectinatus, Cope, Bullet. U. S. Geol. Surv., No. 2, 1874,

p. 49.

This catfish is represented by a single specimen, which includes only
the inferior view of the head and body anterior to the ventral fins.

These exhibit characters similar in many respects to those of Amiurus,
Eaf., but the interoperculum, the only lateral cranial bone visible, dis-

plays the dermo-ossified or sculptured surface of the Eocene genus, to
which I now refer it. Other characters are those of the same genus.
Thus, the teeth are brush-like, and there is an inferior limb of the post-

temporal bone, reaching the basi-occipital. The modified vertebral mass
is deeply grooved below, and gives off the enlarged diapophysis that
extends outward and forward to the upper extremity of the clavicle.

The patches of teeth on the premaxillary are separated by a slight

notch at the middle of the front margin The teeth are minute. The
four basihyals and the elongate anterior axial hyal are distinct ; also,

the ceratohyal with its interlocking median suture. The number of
branchiostegal radii is not determinable ; three large ones are visible.

The mutual sutures of the clavicles and coracoids are interlocking, and
their inferior surface displays grooves extending from the notches. The
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pectoral spine is rather small, and bears a row of recurved hooks on its

posterior face ; there are none on the anterior face.

The head is broad, short, and rounded in front, which, with the unci-

nate character of the serration of the pectoral spine, reminds one of the

existing genus Noturus. As compared with the five species of Rhine-

astes described from the Bridger Eocene, the present species is distin-

guished by the small size and uncini of the pectoral spine.

Measurements.
M.

Length of head to clavicle, (below) 0.018

Width of head, (below) , 036

Width of scapular arch, (below) Oil

Expanse modified diapophyses 020

Length of modified vertebras 0115

Length of pectoral spine Ojl

From the Tertiary shale of the South Park, Colorado.

AMYZOU, Cope.

Hayden's Annual Eeport, 1872, p. 642.

Amyzon commune, Cope, Bullet. U. S. Geol. Survey, JSTo. 2, 1874, p. 50.

In describing this species, the following additions to our knowledge of

the generic characters may be made. There is an open fronto-parietal
fontanelle ; the preniaxillary forms the entire superior arch of the mouth;
the pharyngeal bones are expanded behind ; there are 12-13 rays of the

ventral fin ; there is a lateral line of pores, which divides the scales it

pierces to the margin.
The greatest depth of the body is just anterior to the dorsal fin, and

enters the length 2.66 times to the base of the caudal fin, or a little

more than three times, including the caudal fin. The length of the head
enters the former distance a little over 3.25 times. The general form is

thus stout and the head shbrt; the front is gently convex and the mouth
terminal. There are fifteen or sixteen rows of scales between the bases

of the dorsal and ventral, fins. They are marked by close concentric

lines, which are interrupted by the radii, of which eight to fifteen cross

them on the exposed surface, forming an elegant pattern. At the center

of the scale, the interrupted lines inclose an areolation. The extended
pectoral fin reaches the ventral, or nearly so ; the latter originates be-

neath the anterior rays of the dorsal, or in some specimens a litttle be-

hind that point. They do not reach the anal when appressed. The
anal is rather short and has long anterior radii. The dorsal is elevated

in front ; the first ray is a little nearer the basis of the caudal fin

than the end of the muzzle. Its median and posterior rays are much
shortened; the latter are continued to near the. base of the anal fin.

Badii, D., 33; P., 14; V., 13; A., 12. The caudal is strongly emarginate,

and displays equal lobes.

Measurements.
M.

Length of a large specimen, (10.25 inches) 0.250

Length of a medium specimen .182

Depth at occiput - 043

Depth at dorsal fin 057

Depth at caudal peduncle 023

Length of head, axial/. 044

Length to D. 1, axial 075

Length to end of dorsal, axial 131

Length to basis of .caudal fin 146

Length of basis of anal fin 023
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There are thirty-eight or thirty-nine vertebrae, of which nine are ante-
rior to the first interneural spine, and fourteen between that point and
the first caudal vertebra.
A very large number ofspecimens was obtained by Dr. Hayden and my-

self from the Tertiary shales of the Middle and South Parks, Colorado.
They display but insignificant variations in all respects, and furnish a good
basis of determination. They all differ from the A.mentale, Cope, (Proceed.
Amer. Philos. Soc, 1872, p. 481,) in the larger numbers of vertebras and
dorsal and anal fin radii, and greater prolongation of the dorsal fin. It
is, however, nearly allied to the species of the Osino shales. The only
fish found associated with this one is the small nematognath just
described. The predominance of these types and exclusion of the
brackish-water genera Asineops, Urismatopterus, and Chipea, so abundant
in the shales of the Green Eiver epoch, indicate a more lacustrine, and
hence, perhaps, though not necessarily, later deposit.

CLUPBA, Linn.

Clupea theta, Cope, Bullet. U. S. Geol. Surv., No. 2, 1874, p. 51.

Eepresented by a specimen from the Green Eiver shales, near the
mouth of Labarge Creek, in the upper valley of Green Eiver. It is a
larger species than the Ch pusilla, Leidy, which is also found at the same
locality, and has a much longer anal fin. Its radii number twenty-six,
possibly a few more, as the end appears to have been injured. The
dorsal fin is short ; the last ray in advance of the line of the first of the
anal. The body is deep. Number of vertebras from the first interneural
spine to the last interhsemal, twenty-nine. Depth at first dorsal ray,
0.0485 ,• depth at last anal ray, 0.0170 : length of twenty-nine vertebras,
0.0780.

CHAPTEE IV.

THE MIOCENE PERIOD.
The fauna of the White River epoch is well known to be entirely

distinct from that which preceded it, which is preserved in the beds of
the Bridger formation ; no species or genus of mammal is common to the
two, and but a proportion of the families. This difference is similar to
that which distinguishes the Lower Eocene from the Miocene fauna of
Europe. The parallelism of the Wyoming fauna with that of the
Eocene of France and Switzerland is very full, although not without
exceptions. Both are characterized by the absence of equine peris-

sodactyles .and ruminant artiodactyles, of Mepliantidce, Bhinoceridce,
and extreme poverty in feline and musteline, or the higher carnivora-
Both are characterized by the presence of lemurs and generalized qua-
drumana, and by the great predominance of Perissodactyla allied to the
tapirs. Parallel genera of the respective groups may be thus exhibited

:

WYOMING. PRANCE.

Carnivora, Mesonyx. Hyamodon.
Quadrumana, Anaptomorphus. Adapts.
Perissodactyla, Palwosyops. Palceotherium.

Hyraahyus. Lophiodon.
Hyopsodus. Hyracotherium.

Artiodactyla, Achccnodon. Anthracotherium.
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The important differences are the presence ofArtiodactyla with seleno-

dont molar teeth in the French Eocene ; I allude to the Anoplotheriidce

and Hyopotamidce, which are entirely wanting in the Wyoming beds.

On the part of the latter, the presence of the Eobasiliidce, Bathmodontidce,

and Anchippodontidce constitute a marked peculiarity. On the whole,

the evidence is in favor of ascribing the priority of age to the Wyoming
Eocene.
The appearance of selenodont artiodactyles, including great numbers

of Tragulidce, with horses and rhinoceroses in the White Eiver beds,

clearly mark the advent of the Miocene, while the presence of Hyopo-
tamus and Elotlierium indicate a nearer relation to the Lower than to the

Upper Miocene of Europe. The family of Oreodontidce is the peculiar

feature which distinguishes the American from the European beds, while

the latter contain numerous viverrine carnivora not known from Amer-
ica. The Loup Fork beds, from the greater proportion of existing ge-

nera which they contain, display a resemblance to the European Plio-

cene ; but they differ strikingly in the greater number of horses and
camels which they contain. The smaller percentage of existing genera

in the Loup Fork beds, with the persistence of an oreodont, (Merychyus,)

indicates that these also should be placed anterior to the Pliocene of

France.
The species enumerated in the following pages are distributed in their

orders as follows. I add a list of the species enumerated by Dr. Leidy,

as occurring in the WT
hite River beds of Dakota and Nebraska, with the

number common to them and the Colorado beds. I add also a column
indicating the number not yet identified out of Colorado.
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10
10
1

5
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5
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20
8
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1

4

4
4
3

1

11

6
11

Artiodactyla 6
7

Quadrumana 1

Testudinata 4

Lacert ilia 8

Ophidia 5

Total 75 43 16 59

The difference between the Dakota and Colorado faunas is more appar-
ent than real. The presence of numerous small reptiles and insectivor-

ous and rodent. mammals in the latter is chiefly due to local advantages
for preservation and subsequent discovery. This is indicated partly by
the tact that the more abundant rodents of Colorado are those which
have been already discovered in Dakota. Other differences are not so

readily accounted for. Thus, the poverty in species of Oreodontidce in

the midst of most abundant individual remains is a peculiarity of the

Colorado formation, while the Tragulidce of the latter are more abun-
dant in both individuals and species than in the Dakota fauna. While
there is but one species in the latter, there are five species of four ge-
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nera in Colorado. The Poebrotherium, rather rare in Dakota, is quite
abundant in Colorado. On the other hand, no trace of the Titanothe-
rium of the former has yet been announced from the latter locality, and
it is probable, indeed, as remarked by Professor Marsh, that that genus
is characteristic of another horizon of the Tertiary from the one under
consideration. If, as I believe, the Colorado Miocene is the true White
Eiver epoch, then the Titanotheriumis derived from another.* Compara-
tively few traces of the Symborodons have yet been brought from Da-
kota, but this may be due to the fragility of these fossils and local causes.
The differences in the carnivora are not strikingly great ; the only genus
not in some degree representative in the two faunas being the Buncvhi-
rus of the present paper.
The most important result obtained by the expedition of 1873 was

the discovery of an abundant fauna of Lacertilia and Ophidia and of
the smaller mammalia of the insectivorous and rodent orders. A genus
of supposed Quadrumana was discovered, and an elucidation of the
structure of the genus of gigantic, horned perissodactyles, which I called
Symborodon, was rendered possible by the large amount of material ob-
tained. While the pre-eminently horned type of the present fauna is the
order of Puminantia, and it has been found that those of the Eocene
period were an aberrant type of proboscidians, those of the Miocene are
now shown to be perissodactyles.

The predecessors or ancestors of the hog, Babirussa, and similar exist-

ing animals, are being gradually brought to light by modern paleonto-
logical studies. One of those nearest the domesticated form has been
found in the Miocene of France, and is referred to the genus Pakeochce-
rus. It is also related to the peccaries, which appear to have existed
during the same early period in North America in considerable abund-
ance. Their existence in South America at the present time is one of
many indications that that region has not advanced in respect to its

fauna as rapidly as our own and the old continents. Another Miocene
genus of hogs is the Elotherium, which has left remains in France and
in North America. The common species of the Nebraska beds is the E.
mortonii of Leidy, which was as large as a pig. Its front teeth are much
developed at the expense of the hinder ones ; and it had bony tuberosi-

ties on the under jaw in the positions now supporting wattles in the
hog. I discovered during the past season much the largest species of

Elotherium yet known. The skull was longer than that of the Indian
rhinoceros, and the tuberosities of the lower jaw were greatly developed.
The front pair formed divergent branches on the lower front of the chin,

so that it appeared to bear a horn on each side, which the animal, doubt-
less, found useful in rooting in the earth. The species was semi-aquatic
in its habits, like the Hippopotamus and Dinotherium ; but while these
are furnished with extraordinary developments of the lower incisor-

teeth for tearing up their food, the Elotherium ramosum is the only
animal known which possessed horns in the same position and for the
same purpose.
A still older type of hogs—which may claim to be the predecessor in

structure as well as in time of all known genera—is the Achamodon,
Cope, from the Eocene of Wyoming, described a few pages back. The
A. insolens was a powerful beast, larger than a boar, with a compara-

* I formerly supposed, following Dr. Leidy, that Titanotherhim is characteristic of the
horizon of Oreodoi), &c, and therefore quoted Professor Marsh as assigning a different

age to the Colorado heds. On re-examination of his remarks, (Amer. Jonrn. Sci. Arts,

ItwO, p. 292,) while they hear this interpretation, I helieve that he did not intend to

make any direct assertion to this effect.
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lively short head, and with the uninterrupted series of teeth which
belongs to all the oldest forms of the mammals and to the higher qua-
drumaua.
The early relations of the camels is a question, heretofore very obscure,

which has been greatly elucidated by the researches in Colorado during
the present season. These ruminants differ from all of their order of

quadrupeds in having one incisor-tooth in the upper jaw on each side,

and in a remarkable structure of the neck-vertebrae. In the latter, the
artery that conveys blood to the brain in part occupies the vertebral

canal with the nervous cord. In other ruminants, as in most mammalia,
it is carried by the lateral process of the vertebraB in a tube at their

bases.

Camels and llamas have a limited number of premolar teeth of the per-

manent series, and a larger number in the milk-series ; the excess not
being replaced when shed. They have, at a very early stage of develop-

ment, indications of a full series of upper incisors, which are early

absorbed. The extinct camels (Procamelus) of the latest of our Western
Tertiary formations, supposed to be the Pliocene, have been shown by
Leidy to retain, in their permanent dentition, the full number present in

the milk-series, thus resembliug the younger stage of the modern camels
and llamas rather than the adult. I have also found that these early

camels possessed a full development of the character seen in the foetus

of various ruminants. In this respect, the Procamelus resembled their

still earlier predecessors. It is also evident that the change from Pro-
camelus to Camelus may be explained by a process of retardation of the
growth of the teeth.

The ruminants called Tragulidce are now confined to the warm regions
of Asia and Africa, but they were formerly widely distributed over the
earth, especially during the Miocene period. They embraced then, as
they do now, some of the smallest and most elegant of the cloven-footed
Ungulata. In France, three genera have been discovered, which em-
brace numerous species. The most numerously-represented genus is the'

Amphitragulus. In North America, four genera have been found in

corresponding formations, representing five species. Two of them be-

long to Hypertragulus ; while Hypisodus includes the smallest of the
known species, the H. minimus, Cope, which was not heavier than a cat-

squirrel. In these musks, the first premolar teeth have a peculiar position,

being more or less approximated to the incisor-teeth. The Leptomeryx
evansii, Leidy, is a species of medium size, which has the permanent
premolar teeth of the same form as the milk-premolars ; while in Hyper-
tragulus, the permanent premolars take on quite a different form, thus
making a step in advance not attained by the former. It has been
ascertained by me that Poebrotlierium has the peculiar neck-vertebrse

that belong to the camels, and also similar resemblances in the forefoot,

differing in both respects from Tragulidce. Like the camels, it has only
two toes, while Tragulidce have four ; but then it is like the latter in

having these toes entirely separate, as in a hog, and not united into the
common bone of ruminants. The conclusion is that Poebrotlierium is the
prototype of the camels, and that it is near the common ancestor from
which Tragulidce seem to have branched off. This ancestor undoubtedly
was nearly related to certain fossil ungulates found in the Eocene of

France.
INSECTIVORA.

Numerous species of this order were discovered during the explora-

tion of the Colorado Miocene. Two species only had been previously
known in the formation, namely, the Leptictis haydenii and Ictops dalco-
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tensis of Leidy, from the bad lands of Dakota, obtained by Dr. Hayden
in 1866. These species are allied to both the hedgehogs and the tenrecs
of Madagascar, and represent the larger forms of the order. A third
species of the same group was found by the writer, viz, the Isacis cani-

culus. But the greaternumber of species discovered are of smaller size,

and belong to families of which no representatives had been previously
known in the American Miocene. Herpetotherium, Cope, embracing the
greatest number of species and individuals, is possibly a member of the
Talpidw, and presents affinities to the European genus Talpa, or the
true moles. Domnina, Cope, and probably JEmbassis, Cope, present
affinities to the Soricidw, so far as known. As elsewhere, the species
are most frequently represented by rami of the mandible, often with
beautifully-preserved dentition ; but portions of crania are occasionally

found. Those of the latter in my possession are referable to three
species. One of them fortunately supports both mandibular rami, and
furnishes the entire dentition of the Herpetotherium fugax, the superior
incisors only being wanting. Another consists of a very elongate and
compressed muzzle, with which a cranium with base of muzzle may be as-

sociated. They are described provisionally under the head of Domnina.
The generic types differ as follows

:

* Inferior molars (except rarely the posterior) similarly composed

:

Herpetotherium , Cope. Dentition : I., -y ; C, J-
; P. m., § ; M., ±. Last

inferior molars nearly-similar to the others, which have the poste-

rior pair of tubercles and the anterior one distinct ; inferior canine
large,' followed immediately by premolars.

Embassis, Cope. Inferior molars without anterior cone ; the ante-

rior lobe elevated, triangular in section
j
posterior tubercles conic

;

last molar similar.

Domnina, Cope. Inferior molars three, with the outer posterior

tubercle a crescent, like the outer anterior ; the inner posterior a
cone ; anterior forming a sectorial edge with outer ; last molar
smaller, consisting of one crescent and a heel ; molars increasing
in size anteriorly with anterior cone.

** Inferior molars dissimilar, tubercular, and sectorial

:

Isacis, Cope. Last three molars with cross-crests ; the one preced-

ing with an anterior conic cusp and two median ones, with a broad
heel, which supports a cusp.

The total number of the species of Insectivora obtained by the expe-
dition of 1873 is as follows, all of them being at the time new to science

:

Herpetotherium, Cope 5

JEmbassis, Cope 2

Domnina, Cope 3

Isacis, Cope 1

11
HERPETQTHEEIUM, Cope.

Paleontological Bulletin, No. 16, 1873, p. 1.—Synopsis ofNew Vertebra ta from the Ter-

tiary of Colorado, p. 4.

This genus is more nearly allied to the existing genus Talpa of the

Palearctic region than to any existing North American form, so far as

dental characters are conclusive. The number of molar teeth is greater

;

thus ff in the extinct to §§ in the recent genus.* If the inferior cani-

* The dental formula given for this genus (Synopsis New Vertebrata, &c., p. 4) em-
braces the figures, incisors f. This is a typographical error for L. I did not have
opportunity of reading the proofs.

30 GS
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inform tooth be regarded with F. Ouvier as a premolar, the numbers
of the latter teeth must be read in these genera f and -£ respectively.

Since it is situated in advance of the foramen mentale and closes in

front of the superior canine, it is probably not a premolar, but a true

canine, and the number of inferior incisors is correctly stated as four on
each side. In the typical species, H. fugax, the superior molars are

composed of two.external triangles, and an internal cingulum-like cres-

ent, near the base of the crown ; last molar with only one external tri-

angle; premolars compressed, simpte ; canines large, simple, subverti-

cal ; inferior incisors slender.

The homologies of the cusps of the upper molars appear to be that

the apices of the external triangles represent a median series of cusps,

while the longitudinal ridge forming their bases represents the cusps of

the external row. When in an unworn state, their apices are probably
more distinct. At present, in the typical specimen, the ridge is not less

elevated than the apices of the triangles. This genus differs from the
Talpidce and resembles the Isacidce in the fact that the cusps of the pre-

molars are homologous with the external one of the true molars, and not
with those of the median series, as in the former family. But it agrees

with the Talpidce in the presence of two triangles and a well-developed

internal lobe. All of the teeth, and especially the canines, are more
robust than in Talpa and Sealops.

The known species differ as follows :

I. Anterior cusp of molars well separated ; several molars
with three cusps on the heel

:

Size, medium H. tricuspis.

Size, very small H. huntii.

II. Anterior cusp well separated ; heel (except of the last)

with two cusps

:

Heel of M. 4 narrow ; middle cusps moderate

:

Yery small H. stevensonii.

Large M. fugax.

Heel of M. 4 narrow ; middle cusps elevated much
above heel

:

Medium « H. scalare.

Herpetotherium: tricuspis, Cope., Synopsis New Vertebrata Col.,

1873, (October 16,) p. 5.

Eepresented by portions of five mandibular rami. Posterior tubercle

low, on the inner side, visible in all the molars. A hiatus between the
first and second premolars ; foramina below P. m. 1 and M. 1 : canine
well developed.

Measurements.
M.

Length of dental series from canine, omitting M. 4 0.0110
Length of first true molar .*. 0020
Elevation of first true molar 0018
Depth of ramus at third true molar 0027

Herpetotherium huntii, Cope, Synopsis, loc. cit., p. 5.

The least species of the genus, represented by portions of three man-
dibular rami with all of the molar teeth.

All the cusps low, the median unequal, the anterior and posterior

divergent, the latter concealed by the former when in place, although
well developed. Foramina below P. m. 2 and M. 1.
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Measurements.
M.

Length of dental series, omitting canine and P. m. 1 0. 0072
Length of first true molar 0013
Elevation of first true molar 0010
Length of third true molar 0013
Depth of ramus at third true molar 0019

Dedicated to my friend Prof. T. Sterry Hunt, of Boston.

Herpetotherium: stevensonii, Cope, Synopsis, loc. cit., p. G.

A very small species. Median cusps of molars unequal ; the exter-

nal much elevated, and separated by a deep notch from the anterior.

Heel of M. 4 contracted.

Measurements.
M.

Length of last two molars 0. 0029
Length of third true molar 0015
Elevation of third true molar 0012
Dep th of ramus at third true molar .... , 0020

Abundant. Dedicated to my friend James Stevenson, of the United
States Geological Survey, the discoverer of the deposit from which the
fossils here described were procured.

Herpetotherium: fugax, Cope, Paleontological Bulletin, No. 16, p.
1 ; Synopsis New Vert. Colorado, p. 6.

Cranium wide; interorbital region flat ; muzzle narrowed, but still wide
and plane above. Mandibular rami long and slender; mental foramina
below the first premolar and the first molar. Theforamen infraorbitale
anterius is situated above the third premolar. There is a short diastema
behind the first premolar in both jaws. There are rudimental basal
tubercles fore and aft on the second superior premolar. The superior
canine issues a short distance behind the maxillo-premaxillary suture.
In the inferior molars, all of the five cusps are distinct to the
base, except the median pair, which are connected by a deeply-notcbed
yoke. Enamel smooth ; no cingula. The nasal bones are expanded
behind and their posterior suture is medially emarginate.

. Measurements.
M.

Width of cranium at front orbit 0. 0160
Width of muzzle at canines 0050
Length of bases of crowns of four true molars of upper jaw 0070
Length of bases of five inferior molars 0100
Length of basis of crown of last molar 0020
Length of basis of crown of penultimate molar * ... 0020
Height of crown of penultimate molar 0017
Depth of jaw at penultimate molar 003G

Established on jaws of many individuals and a nearly complete cra-

nium. These indicate a species of about the size of our common Sca f

lops aquaticus.

Herpetotherium scalare, Cope, Synopsis, Vert. Col., 1873, p. 7.

Readily distinguished by the increased disparity in the elevations of
the anterior and posterior portions of the molar teeth, resembling in
this respect the Embassis altemans. It is a considerably larger species
than the latter, and exhibits a distinct anterior cusp, of moderate eleva-
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tion, which is separated from the median external by a deep notch. It

is entirely on the inner side, and sends a cingulum to the external base

of the outer median. Fourth molar largest, heel narrowed, with three

tubercles.
Measurements.

M.

Length of last three molars 0060

Length of second true molar 0020

Elevation of second true molar 0022

EMBASSIS, Cope.

Synopsis New Vertehrata Colorado, 1873, p. 4.

This genus was instituted to receive a single species supposed to be
allied to those of the preceding genus. Its prominent character con-

sists in the development of the anterior three cusps at the expense of

the posterior two ; the former forming a trihedral mass, to which the

latter form but a basal appendage. In the typical species, the last in-

ferior molar exhibits the same reduction in size seen in Domnina, and,

as I find that a second species agrees with it in all important respects,

characters derived from it induce me to refer Embassis to a nearer rela-

tion with that genus than I have heretofore indicated. This I formerly

described as Serpetotherium marginale, but it evidently pertains to a
distinct genus, characterized by the presence of only three true molars

of the inferior series. These present the general characters of those of

Embassis alternans, and, like it, differ from those ofDomnina gradata in

having the outer posterior cusp a cone instead of a crescent. The last

premolar is composed of two conic cusps, the inner the smaller, and sep-

arated from the outer by a deep notch. The other premolars are wanting
in the specimen ; but the characters observed indicate affinity with the
Soricidce rather than the Talpidw, and probably a smaller number of

teeth than in Serpetotherium.

Embassis alteknans, Cope, Synopsis, Yert. Colorado, 1873, p. 7.

Heel of molars with two low tubercles ; the last tooth smaller than the

penultimate. An antero-external cingulum.

Measurements. ,

M.

Length of two last molars 0.0038

Length of third molar .0020

Elevation of third molar 0018

Embassis marginalis, Cope. Herpetotherium marginale, Cope, loo. cit.,

1873, p. 6.

Anterior cusp close-pressed to the median pair, and united with

them above the base, forming a triquetrous mass elevated above the

heel. The cusps of the heel two, more than usually elevated, and acute.

A cingulum descending from the anterior and posterior cusps to the base

of the median on the outer side. Only two cusps on the heel of the last

molar. Cusps of the last premolar acute, smooth, and recurved.

This species is about as large as the Domnina gradata, but differs from
it in many respects besides those already noted. The first true molar,

though larger than the third, is not so much so as in the D. gradata; the

anterior crescents are less open, the heel more contracted, &c.
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Measurements.
M.

Length of last three molars 0.0052
Length of third true molar 0024
Elevation of third true molar .0018
Depth of ramus at third true molar 0023

Two specimens.

DOMNINA, Cope.

Paleontological Bulletin, No. 16, (August 20, 1873,) p. 1.— Synopsis Vertebrata Colorado
p. 4, (?) ; Miothen, Cope, loc. cit., pp. 4-8.

Three true molars, the last reduced in size ; first molar large, with the
foramen mentale posterius below it, and a small alveolus for the root of

a premolar iu front of it. In front of this a considerable alveolus-like

cavity rises toward the border, but is interrupted by fracture. These
characters are derived from the specimen of D. gradata. In D. crassige-

nis, the last molar is still more reduced. In none of the species is the
premolar series preserved.

Portions of two crania already mentioned are described here pro-

visionally and without final reference. The form is narrower across
the frontal region than in Herpetotlierium fugax and plane above. The
muzzle is abruptly contracted at the base, and maintains a narrow,
compressed form to the end ; the nasal bones are convex in section,

and narrow to their posterior extremity. There are three prem axil-

lary teeth on each side, the anterior of which is enlarged and directed
dowmward and a little forward ; base of crown an antero-posterior oval

;

of last, round. The numbers of molars and premolars is probably
3-3 ; but the alveoli of the last true molars are obscured, so as to

leave some slight question as to the presence or absence of a fourth.

The first " premolar " is in the position of the canine of Herpetotlierium,

and probably represents that tooth, as there is no caniniform tooth in

the present species. It is two-rooted, compressed, and with triangular
profile. It is both preceded and followed by a short diastema. The
other premolars are two-rooted.

Measurements.
M.

Length of premolar series of No. 1 0.0054

Length to M. 1 of No. 1 0090
Width at P. m. 2 of No. 1 0027

DOMNINA GRADATA, Cope, loc. tit., p. 1. x
Crowns of the molars composed of two rows of alternating tubercles,

with an odd one in front. The inner tubercles are much the more ele-

vated, and form the apices of V's, of which the inner commence the
limbs.

Three rows of acute tubercles on the inner, two on the outer side of

each dental crown, the last pair of the last crown fused into a heel ; the

middle outer and anterior inner forming together a notched, sectorial

yoke. A low cingulum on outer, none on inner basis of tooth-crown

;

enamel smooth.
Measurements.

M.

Length of basis of three molars 0.0055

Length of basis of first molar 0023
Length of basis of last molar 0015
Depth oframus at first molar 0026
Width of first molar 0015
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As compared with the Kerpetotlierium fugax, this species has a shal-

lower mandibular bone and a larger anterior true molar. The sectorial

character of the oblique yoke connecting the anterior inner and outer

tubercles and the crescentic character of the posterior outer are not

nearly so well marked in the H. fugax.
One specimen.

Domnina crassigenis, Cope. MiotJien crassigenis, Synopsis New Ver-

tebrata Colorado, p. 8.

This species is less robust than the last, and the last molar still more
reduced. The cusps of the latter, though not well pronounced in the

specimens, are homologous with those in D. gradata.

Eepresented by two imperfect mandibular rami, with the posterior

molars preserved. Last molar longitudinal and diamoned-shaped, half

the size of the penultimate. The latter composed of two exterior cres-

cents ; the cusps of the inner side worn down in both specimens, if they

have existed. Eamus of the mandible deep.

Measurements.
M.

Length of last two molars - 0.0022

Length of third molar - 0018

Depth of ramus at third molar 0030

Domnina gracilis, Cope. MiotJien gracile, Cope, Synopsis Yert.

Col., 1873, p. 8.

This species is quite distinct from those that precede, and may, in

future, require the use of the generic name I formerly applied to it. It

is represented by a portion of a mandibular ramus, which is of slender

proportions. The posterior external cusps have the crescentic form
characteristic of this genus.

Last molar nearly as large as penultimate, with a low cusp at each

extremity and an emarginate cross-crest at the middle. Penultimate

molar with three inner cusps and two outer crescents. Eamus of man-
dible slender.

Measurements.
M.

Length of last two molars 0.0025

Length of penultimate molar 0012

Elevation of penultimate molar 0009

Depth "of ramus at penultimate molar 0021

ISACIS, Cope.

Paleontological Bulletin, (August, 1873,) No. 16, p. 3.—Bulletin U. S. Geol. Survey
* Terrs., No. 1, 1874, p. 23.

This genus embraces at present but a single species, which is known
from numerous specimens discovered by the writer in the Miocene for-

mation of Colorado. From these it. appears that Isacis is closely allied

to the Leptictis and Ictops of Leidy, occupying a position between them
in the system. In Leptictis the last premolar is sectorial in form, con-

sisting of a single compressed longitudinal crest, without internal tu-

berosity or cusp. In Ictops, the last premolar exhibits a structure similar

to that of the first true molar, viz, two exterior cusps, and well devel-

oped third on their inner side, thus giviDg a horizontal section of the

tooth a subtriangular form. In Isacis, the last premolarpossesses a single

acute cusp, as in Leptictis, with an internal cusp or heel, homologous
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with that in Ictops. Such peculiarities are generally regarded as tangi-
ble definitions of generic groups, and are such in this case, although
they separate species which have considerable resemblance in some other
respects as far as known.
The molars of the superior series have two exterior compressed conic

cusps and a stout subtriangular internal one. Behind the latter is a
strong cingulum, supporting a rudimental cusp behind and within the
principal one. Interiorly, there are three tubercular molars, of which
the two anterior are composed of two elevated cross-crests, which form
partial V's, opening to the inner side. The sectorial supports three an-
terior conic tubercles, the inner and outer equal, and a heel with a conic
tubercle on the outer side. The number and character of the teeth in
front of this one are unknown.

Portions of the cranium preserved present general characters of Lep-
tictis. There is a strong postglenoid process giving support to a thin
zygomatic process. Behind the base of the latter, the squamosal is

pierced by three large foramina, the inferior bounded by a ridge above
and one below. . The mastoid and paramastoid processes are rudimental,
and the occiput is transverse and bounded by a well-marked inion.

The petrous bone is large, and there is space for a large bulla, but its

existence is uncertain. There is a longitudinal crest directed forward
and inward in advance of the postglenoid process, which is probably
in line with the external pterygoid ala.

The cervical vertebra? are short and transverse, and have well-developed
laterial arterial foramina and diapophyses. The centra are depressed
to a considerable degree, and are without hypapophyses. The neural
arches are narrow, and without spines. The atlas is expanded, and has
a very short diapophysis. The axis has a solid obtuse processus odon-
toideus. The dorsal vertebrae are smaller than the cervical in transverse
diameter of the centrum, which somewhat exceeds the length ; the articu-

lar faces are nearly plane. The intervertebral foramina arequite large, and
the narrow neurapophysis is almost entirely occupied by the basis of
the diapophyses. These are well developed, obliquely truncate below
at the end, and grooved on the under side of the shaft. The neural
spines are elevated, narrow, and acute in front. The ribs are flat, and
the capitular and articular faces are well developed.
The presternum is shaped somewhat like the sternum of a bird. It

has a prominent inferior longitudinal keel, which disappears posteriorly,

leaving a vertically oval face of articulation for the second sternal seg-

ment. The superior face is slightly concave, and the only lateral artic-

ular faces are those for the attachment of clavicles, and are of consider-

able size. The borders of the bone are but little contracted behind
them. The scapula is elongate, and has an elevated crest, descending ab-

ruptly near the glenoid cavity. Thelatter is an elongate oval, the border
at oue end more produced than at the other, and terminating in a short

hooked coracoid.

The humerus has a protuberant head and shaft, and condyles much
flattened. The head is nearly 180° in arc, is posteriorly directed, and
of compressed form. On the inner side is a depressed tuberosity for

the pectoralis muscle, while opposite to it the large deltoid crest rises

as high as the head parallel to it. Distally, thecoudyles are continuous,

nearly concave, and supplemented by a huge inner and a smaller outer

tuberosity. There is no supracondyloid foramen, but a strong arterial

foramen.
The cast of almost the entire brain is preserved, and, as the parietal

bones are wanting, the proportions are clearly traceable. The olfactory
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lobes are wanting, but were clearly attached at the extremity of the

hemispheres. The superior face of the hemispheres and cerebellum

together have a subquadrate outline, a little wider than long. The
cerebellum is completely exposed behind the hemispheres, and is

strongly angulate at its upper posterior border to fit the inion. The
vermis is nearly as wide as each lateral lobe. The surface of the hemis-

pheres is smooth, and the sylvian fissure distinctly indicated.

In determining the affinities of this and the two allied genera already

named, it is first necessary to ascertain the homologies of the cusps of the

molar teeth. Insectivora and some genera of Ilarsupialiaave characterized

by the presence of three longitudinal series of tubercles on the molar teeth.

With the exception of the posterior molars of some Carnivora, the

arrangement usual among Mammalia is in two longitudinal series, with

frequently but two in each row. In most Insectivora, the cusp or cusps

of the median series are the most prominent, and those of the outer series

sometimes entirely wanting. Hence, Mivart* homologizes themiddle pair
with those of the external series of the other Mammalia, the inner with the

internal, and the outer are regarded as representing cusps of abasalcingu-

luni. Now, in the Isacidce, (including Leptictis and Ictops,) the external

cusps very are largely developed; there is one well-developed median and
a rudimental internal cusp. Are the external cusps only cingular, or

homologous with those that occupy the same position in other Mammalia ;

and what are their relations to the corresponding ones of the premolars?
In the true molars of the opossum and tubercular molars of the dog,

there are three rows of tubercles. In both, it is evident that the two of

the outer series correspond with the outer tubercles of the teeth which
precede them in the jaw, and in which the inner tubercles are reduced
in size and number. This is notably clear in comparison with the sec-

torial molar of the dog. It might, however, be asserted that the single

outer tubercle of the last premolar in Isacis (and Leptictis) is homologous
with that of the middle series of the true molars instead of the outer,

and some color is given to this view from the internal position of

the last premolar in Leptictis, so that its outer cusps range with the

median of the true molars. This opinion is, however, readily corrected

by a consideration of the arrangement in Ictops dalcotensis, t where the

last premolar exhibits both the median and internal cusps, so that the
homology of the outer pair with those of the true molars is assured.

In Didelphys, in passing to the anterior molar, where the three series

of cusps are not well defined, we observe that it is the middle tubercles

are the ones which disappear, the internal remaining. In the same man-
ner, in tracing the series of forms from the horse to the tapir, we find

the cusps of the middle series disappear, leaving the internal and
external to represent those of the original quadritubercular molar. In
Ictops and probably Isacis, the median cusp is preserved at the interval

of the last premolar. The case is quite different in Talpa and Scalops,

where it is evident that, as we advance along the dental series forward,

the cusps of the outer row disappear, and the external ones remain-
ing represent those of the middle series of the true molars. As already
indicated, the arrangement in Herpetotherium is as in Isacis, and the

premolars have, therefore, an entirely distinct structure from that

observed in the Talpidw.

From the above considerations, it appears that the external, often mi-

nute, cusps of the teeth of Insectivora are the homologues of those of

* See his valuable Memoir on Osteology of Insectivora, Journ. Anatomy and Physi-

ology, vol. ii, p. 138.

t See Leidy's Extinct Fauna of Dakota and Nebraska, p. 351, PI. xxvi, Fig. 29.
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true external series, and do not represent merely a cingulum. Compar-
isons of the molars of the extinct and recent forms are thus facilitated.

In Chrysochloris and Gentetes, according to Mivart, the external cusps
are wanting. In the genera in which they are present, as Tupaia, Talpa,
Sorex, &c, there are two of the middle series, as in Serpetotherium, and
these add a strong internal lobe also. In Erinaceus, they are quadritu-
berculate ; but which pair represents the median, I am not yet sure. The
closest approximation is made by the genera Potamogale and Solenodon,
the former African, the latter West Indian. In these, the external cusps
are present ; there is but one well-developed median, and in the latter

the internal is quite reduced. The molars of Isacis thus resemble most
closely those of Solenodon, (Brandt,) but the external cusps are more
developed than in that genus. If, as is probable, the superior molars of

Erinaceus possess only the outer and median pairs of tubercles, a resem-
blance between the two may be traced: the existing genus differing from
Isacis in its two median cusps. The single one of Isacis is connected
with the external ones by oblique ridges, as in Erinaceus ; and on one of
these is a rudimental tubercle, representing the second median cusp.
In the lower series, the form of the true molars is not unlike that of

several diverse recent genera. It is quite unique in its large four or five

cusped last premolar, which has some resemblance to a modified secto-

rial. The nearest approach to it which I can discover among recent
genera is the Madagascar Galeopithecus.

In respect to the remainder of the skeleton, numerous characters dis-

tinguish it from the Gentetidw( which includes Solenodon) and the Potam-
ogalidce. Both of these lack the zygoma, which is present in Isacidw,
and have the nasals co-ossified, while they are distinct in ».iese Tertiary
forms ; Potamogale further lacks the clavicle. The presence of the zy-

goma without postorbital processes is a point of resemblance to Eri-
naceus, but the strongly-keeled presternum and absence of cervical neu-
val spines are found elsewhere in the Talpidee. In the presence of the
humeral arterial foramen, it again differs from Erinaceus and resembles
other forms of the order.'

1

Thus the affinities of Isacis are quite complex, and abundantly indi-

cate its position and that of the two allied genera to be in a family dis-

tinct from any now in existence.
4

Isacis canicultjs, Cope, loc. citat.

This species is represented by portions of the skeletons of six indi-

viduals. All of these lack the anterior teeth of both jaws, while one
includes mandibular teeth with vertebrae, ribs, humerus, scapula, pre-

sternum, a large part of the cranium, &c.
The basi-occipital is three-keeled below, and the petrous bone with a

longitudinal concavity below. The edges of the outer lobes of the first

superior molar are acute. There is no external cingulum, but the diago-

nal crest from the median cusp passes to the posterior base of the pos-

terior outer. There is a short but strong cingulum on the posterior

base of the median lobe, which terminates in a small internal cusp. The
rudimental anterior middle cusp is on the anterior diagonal ridge, which
does not reach the base of the outer anterior cusp. The outer cusp of the

last premolar is elongate and compressed ; the inner cusp is small, acute,

and opposite the posterior margin of the outer; enamel smooth. The
anterior of the two prisms composing the inferior true molars is more ele-

vated than the posterior. The crests of each form a V with the obtuse
apex outward, and the anterior limb is shorter than the posterior. The
last molar is a little smaller, and is produced behind by the addition of
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a small median lobe. Jn the last premolar, the conie cusps are well

separated, and the inner one of the heel is insignificant. This tooth

appears to have been the last one protruded ; its temporary predecessor

is distinguished by the obtuseness of the cusps, especially of the ante-

rior one. Mandibular ramus deep, compressed, without inferior hook
as far as opposite the basis of the coronoid process.

Measurements.
M.

Length of sectorial and two tuberculars 0.0210

Length of sectorial alone 0045

Width of sectorial 0020

Width of first tubercular 0030

Length of first tubercular 0032

Depth of jaw at first tubercular 0060

Size of a skunk. :

EODEOTIA.
Species of this order are numerous in the Tertiary of Colorado, and

the individuals were more abundant than those of any other type of

mammalia. Hundreds of specimens of some of the species were found,

which range from the size of a marmot to even less than the domestic
mouse. The relationships of these are as follows :

Muridce

:

Eumys, Leidy 1
SciuridaB

:

Seiurus, Linn 1

Gymnoptyelms, Cope 2
Incertas sedis

:

Meliscomys, Cope 1
Ischyromys, Leidy 1

Leporidse

:

Palwolagus, Leidy 4

10
EDMYS, Leidy.

Mus [Eumys), Leidy.

The single species embraced in this genus is nearly allied in dental
and the known portions of its cranial characters to those of the existing

genus Mus. The only distinctive feature which I can discover is that

the supraorbital ridges rise from the lachrymal bones, and unite, forming
a median keel between the orbits as in the Fiber. Whether it is found
in any of the numerous existing species of Mus, I cannot state ; but the
frontis plane and the superciliary ridges are well separated in Mus
decumanus. The foramen infraorhitale anterius is much as in Mus
decumanus, being large and continued into a fissure below. The denti-

tion is also similar, including the composition of the molars. These
support two rows of obtuse tubercles, the number increasing with the
size of the teeth from behind forward. Formula: I., ±$ C, §; M., f.

Eumys eleg-ans, Leidy, Ext. Fauna Dakota and Nebraska, p. 342, PI.

xxvi, Figs. 12-13.

This species is exceedingly abundant in the Colorado Miocene, and
many specimens were obtained. These display considerable variation

in size and robustness j some, perhaps males, having the muzzles stouter
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in proportion to the length than others ; some more decurved than
others.

With molar teeth as large as those of the Norway rat, the muzzle is

not more than two-thirds as long, so that the species was in general pro-

portions smaller and more robust.

HELISCOMYS, Cope.

Synopsis New Vert. Colorado, 1873, p. 3.

Char. gen.—Inferior molars four; the crowns supporting four isolated

cones in pairs. This genus is only known from mandibular rami. These
resemble in» their dental structure some of the Muridce, but the number
of molars is more, as in Sciuridce. In Myops, Leidy, of the JBridger

Eocene, the dental cusps are connected by cross-yokes.

HELISCOMYS VETUS, Cope, lOG. tit., p. 4.

Char, specif.—First molar with only three cones ; all the molars except
the first with a broad contiguous cingulum on the external side. Ramus
rather stout ; incisor-teeth very slender, elongate, slightly compressed,
with parallel sides and convex anterior face.

Measurements.
M.

Length of molar series 0. 0030
Length of third molar 0008
Elevation of third molar 0005
Depth of ramus at third molar . 0023
Length of ramus to end of molars 0010

The least mammal of the fauna to which it pertains.

SCIURUS, Linn.

Sciurus eeliotus, Cope. Paramys relictus, Cope, Synopsis New Yert.
Colorado, 1873, p. 3.

This species is established on two left mandibular rami, with all the
teeth complete. It was referred to the genus Paramys, because I found
no difference between the corresponding parts in the respective species

;

but as the characters of the latter are chiefly observable in the maxil-
lary teeth, the reference was not final. As it does not differ in any
degree from corresponding parts of the existing squirrels, I place it for

the present in the same genus with them, as the safer course.

The teeth increase regularly in size from the front backward. The
transverse crests are "marginal, and terminate in cusps at the inner
extremity, which are separated by a lower acute median cusp. A
longitudinal crest connects the crests just within their outer extremities;

it exhibits a loop directed outward. A low ridge passes from the
posterior outer buttress, just in front of the posterior margin, in the last

two molars. Anterior cusps of first molar contiguous.

Measurements.
M.

Length of ramus to end of M. 4 0. 0120
Length of molars 0083
Length of third molar 0015
Width of third molar 0018
Depth of ramus at third rnoJar 00.r;0

Width of incisor 0015

Size that of the chickaree, (Sciurus hudsonius.)
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GYMNGPTYCHUS, Cope.

Paleontological Bulletin, No. 16, p. 6.

This genus is allied to the squirrels, differing as to cranial characters in

the structure of the molar teeth. These exhibit in the superior series two
crescents on the inner side, connected by transverse yokes with two cusps
on the outer ; in thelowerjaw the crescents are on the Outer, and the cusps

on the inner side. The yokes are separated by deep valleys without

cementuin, which do not wear out so readily as in Sciurus and marmots.

It differs from both these genera in its two well-defined crescents in both

dental series. It agrees with them in the position of the foramen in-

fraorbitals anterius, which is small, inferior, and situated in advance of

the dental series. There are four molars, which do not differ materially

in structure in both jaws. Two species are known, a larger and a

smaller.

Gymnoptychus trilophus, Cope, Pal. Bulletin, No. 1G, p. 6. G.

nasutus, Cope, loc. cit.

Inferior molars with two cross-crests and two cingula from the ex-

ternal cones ; each posterior crest of a pair terminating in an interior

cone. The inner apices of the crescents unite and give origin to a

short median cross-crest. First molar narrower • the anterior part of a

ranium probably belongs to the same species. The first molar has a

subround crown, with four tubercles ; the second is constructed like the

corresponding inferior. Muzzle much compressed; nasal bones flat,

extending to beyond above incisors.

Measurements.

No. 1.

M.

Length of interior three molars 0. 0045

Length of first molar 0015

Diameter of inferior incisor - 0008

Depth of ramus at second molar 0036

Length of diastema above - - 0080

Width of a pre-orbital region 0073

Width of end of muzzle 0030

No. 2.

Length of four molars 0. 0070

Length of second molar 0017

Width of second molar 0015

Depth of ramus at second molar - 0035

Width of lower incisor - 0010

Gymnoptychus minuttjs, Cope, Pal. Bull., No. 16, p. 6.

A very small species. Middle pair of molars with the anterior and
posterior cross-crests bifurcate, and a short median cross-crest ; only

three cross-crests on the fourth, and four tubercles on the first. Hamus

deep.
Measurements.

M.

Length of inferior molars - C. 0040

Length of second molar - .- .0010

Width of second molar 0010

Transverse diameter of incisor 0008

Depth of ramus at second molar »^£0

Scarcely larger than the house-mouse.
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ISCHYKOMYS, Leidy.

Proceed. Acad. Nat. Sci. Philad., 1856, p. 89.—Extinct Fauna Dakota and Nebraska.
335.

—

Colotaxis, Cope, Paleontological Bulletin, No. 15, p. 1.

Char. gen.—The essential features are, dentition, I., i; C, -°-; M., f; the
molars with two crescents on the inner side above, each of which
gives rise to a cross-ridge to the outer margin. In the mandibular series
the crests and crescents have a reversed relation. No ceinentum.

Dr. Leidy remarks that this genus belongs to the family of the Sciu-
ridce. This is indicated by the dental characters; but in some other
respects there is a greater divergence from the squirrels and marmots
than is the case with the preceding genus, Gymnoptychus. Thus, there
is a large foramen infraorbitale anterius, which occupies the elevated
position at the origin of the zygomatic arch seen in the Fiber, the porcu-
pines, and cavies. There is no superciliary ridge nor postorbital process
as in most Sciuridw, but the front is contracted between the orbits in
the same manner as, but to a less degree than, in Fiber, and the Eocene
Pseudotomus, Cope. Both the last-named and Ischyromys present many
points of resemblance to PomePs tribe of Protomyidw, but differ from
any of the genera he has included in it.

Ichsyromys TYPUS, Leidy, he. cit. Colotaxis cristatus, Cope, Pal.
Bull., No. 15, p. 1. Gymnoptychus chrysodon, Cope, loe. cit., No. 16, p. 5.

First upper molar a simple cone. Incisors quite compressed. First
inferior molar a broad oblong ; the cusps opposite, the anterior close to-

gether. The two posterior cross-crests do not form a Y ; the anterior
being interrupted at the cusp. There is a delicate tubercle between the
outer cusps of the three last molars. The incisor is compressed ; the
anterior and outer faces being separated by an angle.

Measurements.
M.

Length of molars 0.0140
Length of penultimate molar 0033
Width of penultimate molar 0035
Width of first molar 0030
Length of first molar 0035
Depth of jaw at penultimate molar : 0090
Depth of incisor-tooth 0040
Width of incisor-tooth 0020

The skull is broad and stout but not depressed ; muzzle broad above,
short ; front moderately contracted ; no postorbital processes.

This species varies considerably in the form of the premolar teeth,
and I believe the above names refer to varieties, not to species,

PAL^OLAGUS, Leidy.

Proceed. Acad. Nat. Sci. Philad., 1856, p. 89.—Extinct Mamm. Dakota and Nebraska, £.

331.

As observed by Leidy, this genus presents the same number of teeth
as in the existing rabbits, viz, I., f ; C., g; M.,

f-
; and that the difference

consists in the fact that the first molar possesses two columns, while in
Lepus there are three. Having collected a great number of remains of
this genus, I am able to show that it is only in the immature state of
the first molar that it exhibits a double column, and that in the fully

adult animal it consists of a single column with a groove on its external
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face. The dentition undergoes other still more important changes with
progressing age, so as to present the appearance of difference of species
at different periods. These are explained under the head of the P. hay-

denii, the most abundantly represented in the collections. It may be
mentioned here that in neither P. haydenji nor P. turgidus is there any

' evidence that more than two anterior molars are preceded by decidu-
ous teeth, while the latter are present in many specimens.

Pal^solagus AGapetillus, Cope, Paleontological Bulletin, No. 15, p. 1.

Established on a mandibular ramus with the first and last permanent
molars just protruding. Size the least in the genus, not exceeding the
P. haydenii in the milk-dentition, but more robust and with larger in-

cisor-tooth. Form of the ramus wedge-shaped, contracted, and convex
on the outer side forward. Molars all composed of two columns, the
anterior the more elevated, the fore portion surrounded by its distinct en-

amel sheath, with a narrow intervening band of cementum. Posterior
molar much reduced in size

;
posterior column of molars with a median

posterior rib, which forms a loop in section. Anterior column much
more elevated than posterior. The section of the slender incisor is

nearly a right-angled spherical triangle.

Measurements.
M.

Length of molar series • 0.0100
Length of penultimate molar 0020
Depth at penultimate molar x. 0070
Depth at first molar 0050
Transverse thickness at first molar 0037

Pal^eolagus haydenii, Leicly.

The earliest dentition of this species known to me is the presence of
the two deciduous molars, the first and second in position, before the
appearance of any of the permanent series. Each of these has two
roots, and the crown is composed of three lobes. In the first, the first

lobe is a simple cusp ; the two following are divided into two cusps
each j the second is similar, excepting that the simple cusp is at the pos-
terior end of the tooth. The grooves separating the lobes descend into

the alveolus on the outer side, but stop above it on the inner. The
measurements at this stage are

—

Measurements.
M.

Length of two milk-molars 0.0050
Depth of ramus at No. 2 0042
Depth of ramus at diastema , 0032

In the next stage, the third permanent molar is projected, and has,

like the second deciduous, a posterior simple column, whose section

forms an odd cusp or lobe. The fourth true molar then follows, also with
an odd fifth lobe behind. This lobed form of the molars is so different

from that of the adult as to have ied me to describe it as indicating

peculiar species under tbe name of Tritium avunculus and T. annas.

In the next stage, the fifth small molar appears in view, and the second
permanent molar lifts its milk-predecessor out of the way. In a very
short time, tbe posterior, or odd, columns entirely disappear, sinking into

the shaft, and the permanent molars assume the form characteristic of

the species. The last stage prior to maturity sees the first milk-molar
shed, and the younger portion of the first permanent molar protruded.



cope.] PALEONTOLOGY MIOCENE PERIOD. 479

There is the merest trace of a posterior lobe at this time, and that speed-
ily disappears. The anterior lobe is subcorneal, and is entirely sur-
rounded with enamel. By attrition, the two lobes are speedily joined by
an isthmus, and for a time the tooth presents an 8-shaped section, which
was supposed to be characteristic of the 'genus. Further protrusion
brings to the surface the bottom of the groove of the inner side of the
shaft, so that its section remains in adult age something like a B.
Ths measurements of a medium-sized adult are

—

Measurements.
M.

Length of inferior molar series „ 0.012
Length from M. 1 to end of incisor 012
Length of diastema ' 008
Length of crown of M. 1 0029
Elevation of crown of M. 1 above alveolus 0035
Depth at M. 1 '

.0070
Depth at M. 5 0085
Inferior diameter of ramus below M. 1 0040

Several hundreds of specimens of this species were observed.

Pal^olag-tjs turgidus, Cope, Pal. Bull., No. 16, p. 4. Tritium pa-
niense, Cope, loc. tit., p. 5.

The largest species of the genus. Molars with two simple columns,
the first and fifth grooved on the outer side only ; the interior grooves
of the others weaker. A porous enlargement on the inner inferior part
of the ramus just behind the symphysis. Diastema obtuse.

Measurements.
M.

Length of molars 0.016
Length of three median molars 010
Depth of ramus at central molars 011
Width of central tooth 0035

The deciduous molars present much the same character as in P. liay-

denii, except that there is scarcely a trace of the odd posterior tubercle
on the second. The posterior root of the latter extends to the bottom
of the alveolus. The grooves of crown do not descend to the alveolus
on either side. Measurements of such a specimen are

—

Measurements.
M.

Length of two anterior molars 0.0068
Length of first molar 0032
Width of first molar 0021
Depth of ramus at first molar 0085
Depth of ramus at diastema 0061

Pal^eolagtts triplex, Cope, Paleontological Bulletin, No. 16, p. 4.

This species rests on characters which I have observed to be tran-
sitional in the P. haydenii, and I have attended to the possibility of the
individual which has furnished them being- a similarly immature P. tur-

gidus. In a considerable number of specimens of the latter, no approach
to the present one is exhibited ; the latter is a fully-grown animal, and
its characters would remain after considerable attrition of the teeth has
been reached ; size of the last 5 first and last molars deeply grooved
on both sides, as well as all the rest 5 first molar with a trifolium-lobate
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crown. Median three molars with a narrow posterior column, as in P.

agapetitlus. Punctate patch on inner face of ramus extensive.

Measurements.
M.

Length of molar series «= -016

Length of median three molars - 010

Width of median molar 003

Depth of ramus at median molar 011

This species and the last are rather larger than the prairie-marmot,

(Cynomys ludvicianus.)

PEBISSODACTYLA.
SYMBOBODON, Cope.

Paleontological Bulletin, No. 15, p. 2, (August 20, 1873.)—Synopsis Vertebrata Col-

orado, 1873, p. 14.—Proceed. Amer. Assoc. Adv. Sci., 1873, p. 109.

A genus embracing species, so far as known, of large size, allied to

Titanotherium, Leidy, and belonging to the same family. Its affinities

are indicated by the following description :

Dental formula; L, I ; C, \; P. m. £; M., f . Teeth reduced in size an-

teriorly ; no diastema behind the canine. Molars consisting of two
external and confluent crescents, and one or two internal cones. In the

larger premolars, there are two, sometimes confluent, cones; in the mo-
lars, the posterior cone is sometimes much reduced, especially on the

third, while on the second and third a small third one is sometimes
added in front. The mandibular teeth are constructed like those of

Palwotherium, i. e., of two crescents with the horns directed inward,

the middle two united, and the third molar with a third posterior one.

The superior incisors are very small and with obtuse crowns, and are

separated by a median interval ; the inferior canines are separated by
a short edentulous space, with thin alveolar margin openly emarginate.

The cranium is remarkably elongate in proportion to its width, ex-

cepting in those species where the zygomas are so expanded as to modify
the proportions. The top of the skull is flat or convex in transverse direc-

tion, and the well-separated temporal fossse are overhung by the angular

or produced borders. The temporal fossae are well produced posteriorly,

in some species remarkably so, and, with the supraoccipital border or

horizontal crest, inclose a deep occipital fossa. The inferior border of

the fossa is continued to the zygoma. The zygomatic fossa is rather

narrow, but the squamosal process is sometimes horizontally expanded
to a great mass. There are no postorbital processes, and in all the

species the orbits are small. The foramen infraorbitale is very large,

and is a simple perforation of the thin wall bounding the orbit in front.

A narrow column separates it from the orbit exteriorly, and a stouter

one from the external nasal meatus. The latter is large and very little

incised behind the premaxillary border. Hence the fore portion of the

nasal bones is very short. The lateral walls, anterior to the orbits, are

directed somewhat anteriorly, so that, viewed from the front, there is a
considerable border on each side of the nasal meatus, bounded by a lat-

eral vertical angle, and pierced below by theforamen infraorbitale. The
borders of the nasal bones are thickened, and often ridged below. The
premaxillaries are small and fragile.

The maxillaries rise above the level of the orbit in a solid support for
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a stout horn-core, which is principally composed of a production of the
nasal bone. The distance to which these supporting elements rise dif-

fers in the species. The horn-cores are a striking feature of the genus,
and vary in shape and proportions in the species. In one, they areru-
dimental ; in others, short and stout; in another, long, slender, and curved.
The nature of their investing membrane remains unknown, but the ex-
tremities in several of them (8. acer, 8. bucco) are so rugose with
coarse exostoses as to suggest strongly a cartilaginous or corneous
.appendage or continuation representing the deciduous horn of the deer.
The nasal bones are co-ossified in most of the species, and present vari-

' ous forms in the different species. In all the specimens, the sutures on
the upper face of the skull are obliterated, so that it is difficult to deter-

mine the true structure. The orbits being far anterior and but little

behind the line of the bases of the horn-cores, it is evident that the
frontal bones are produced well forward. The nasals are, however, pro-

duced broadly between the anterior portions of the frontals.

The basioccipital and basispheuoid are narrowed and bounded by a
large confluent foramen lacerum anterms etposterius. The petrous bone
is small and deeply set. There is a transverse paramastoid process,

and a very large transverse postglenoid process. The mastoid process
is thickened and recurved so as to be nearly in contact with the post-
glenoid, and to inclose the external auricular meatus. The side-walls

of the posterior nasal meatus are prolonged, and form an abrupt obtuse
angle posteriorly where the border rises to thebasisphenoid. The pyra-
midal process of the palatine, the pterygoid, and the pterygoid ala of
thp sphenoid, which compose each, are closely co-ossified. The external
side of this plate is deeply longitudinally grooved, which terminates
posteriorly in a foramen, the spheno-orbital. The posterior base of the
plate is longitudinally perforated, and in line with this short tube is a
large foramen opposite the glenoid cavity. The foramen ovale is prob-
ably confluent with the/, lacerum anterius as in Eobasileus and Rhino-,

cerus. The palate is incised to the front of the last molar. In outline,

it is quite narrow when compared with the large molars^ the diameters
of the two being about equal.

The mandible is small when compared with the cranium, and contracts
rapidly forward. The condyle is large and transverse, and the coronoid
process small, narrow, and close to the condyle. The angular region is

strongly convex both backward and downward. The inferior margin
of the ramus is without tuberosities, and the symphysis co-ossified,

shallow, and oblique.

The cranial chamber is elongate, and is divided into three departments
for corresponding segments of the brain. The posterior is elongate-
oval, for the reception of the cerebellum. It is separated from the
median division by a thin tentorium, whose union with the superior
walls indicates that the cerebral hemispheres did not overhang the cere-

bellum. The anterior border of the hemispheres is indicated by a
thickened, arch-like contraction of the lateral and superior cranial walls

within, and is situated much behind the orbits, as in perissodactyles

and some carnivora. This chamber is divided longitudinally by a thin

falx, and each posterior lobe is again divided vertically by a thin osseous
septum, thus accommodating two convolutions. The external of these
is supported underneath by a thin septum from the outer wall. The
falx divides or forks at its anterior extremity into two vertical laniinse,

which continue parallel to each other to the inner bases of the nasal

horns. They are here continuous with the external wall, forming the

posterior boundary of the anterior narial opening. They form the

31 g s



482 GEOLOGICAL SURVEY OF THE TERRITORIES.

lateral walls of the long nasal fossa, and inclose a large chamber on
each side with the lateral cranial walls. This sinus appears to be sepa-
rated by a thin osseous septum from the brain-case proper; the septum
extending from above obliquely forward and downward, altogether
behind the arch-like projection of the frontal bone above described. As
it is not perforated, it gave no exit for the olfactory nerves. I cannot
detect the proper boundary separating the hemispheres from the olfac-

tory lobes, as their usual position, both in front of and behind the frontal

arch, is included in the large sinus above described. The nasal fossa is

divided by the usual septum, and each half communicates with the'

large fossae above mentioned by a large longitudinal oval foramen. In
one specimen of ISymborodon acer, in which this lateral septum is almost
entirely preserved, there is no indication of attachment of turbinal

bones, but the surface is smooth. On these and the median septum, the
olfactory nerve was, no doubt, distributed. The olfactory lobes were
contracted in dimensions, and the large lateral sinuses in front of them
are doubtless the frontal sinuses of the mammalian skull. Their length
is double that of the brain-case, - and they extend far posterior to the
orbits and above and behind the olfactory lobes. They do not appear
to have been divided by septa, excepting a small one springing from the
outer wall near the posterior fourth in IS. acer, and near the same place
from the inner wall in S. trigonoceras.- This huge cavity was doubtless
an air-chamber, which gave a lightness to the skull not otherwise
attainable consistently with its' great length, and which has rendered
the use of the nasal horns entirely practicable. They explain the elonga-

tion, of the skull in the Eocene genera Eobasileus and Uintatherium,
and prove that the sinus at the base of the horns of the middle pair is

the frontal sinus and not the alveolus of the canine tooth, as supposed
by Marsh.
The cervical vertebrae in all the species are concavo-convex, and much

deeper than long ; they are longer than in Eobasileus. The odontoid
process is a solid cone ; the coracoid process is a tubercle ; there is no
acromion ; and the spine of the scapula rises gradually from its base.

The ilium is strongly pedunculate.
In S. bucco, the femur has a third trochanter, and is relatively longer

than in Rhinocerus. There is a fossa for the round ligament, and the
condyles are expanded. The fibula is enlarged distally, and is distinct.

The phalanges, including the ungueal, are very short. The carpals

interlock.; and the ulna is much reduced, giving the carpal articulation

to the radius.

The S. acer is the smallest species described, and has the longest
horns. Its astragalus resembles that of Rhinocerus, having a deeply-

grooved trochlea and well-defined head and neck, ihe cuboid facet is

rather larger than in that genus, but is considerably smaller than the
navicular, and extends with an acuminate outline behind it, as in Eoba-
sileus ; otherwise it has no resemblance to that element in that genus.
The metatarsals have much the form of those of Rhinocerus.
The palate is deeply incised, as in Rhinocerus, and other cranial pecu-

liarities resemble those of that genus. In no case are any traces of

inferior incisors present in the numerous under-jaws at my disposal.

In estimating the ordinal affinities of the genus, the greater number
at once assign it to the Perissodactyla. The teeth,* the incised palate,

the distribution of the cranial foramina, including the perforation of the

pterygoid, the postglenoid and paramastoid processes, are all characters

* See the Structure and Homologies of Molar Teeth of Mammalia, by E. D. Cope,
Joum. Acad. Sci., Philad., 1S74.
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of that order. The scapular and pelvic arches have the same significance
iu the gradually-descending spine of the former and pedunculate ilium
of the latter. Tbe limbs testify to the same effect, and in the third trochan-
ter of the femur, (small, it is true,) the digitigrade hindfoot, with attend-
ant modifications of the structure of the calcanenm and astragalus.
Its only indications of other affinity are a few toward the Eobasileidce,

seen iu the enlarged cuboid facet of the astragalus, the elongate femur
with reduced third trochanter, and the paired horns on the anterior part
of the cranium. They present no special marks of affinity to the artio-

dactyles, and show that the paired horns of the Eouasileidce have no
significance iu the same direction, as has been supposed by a recent
writer on this group.
As compared with the Ehinoceridce, the principal distinctions are to

be observed in the feet, in which the median pair of toes are less un-
equal in proportions. The cranium is still more abbreviated in front
and the orbits more anterior, while the bilateral arrangement of horns
belongs exclusively to the extinct. The structure of the molar teeth is

distinct, but not widely so, and represents a more primitive type, and
one approximating the bunodont forms of Proboscidia and Artiodactyla,

and lower types. The same type of detention is displayed by Palcvsyops,

Leidy, of the American Eocene ; Chalicotherium,* Kaup, of the Miocene
ofEurope and Asia; and Titanotherium, Leidy, of the American Miocene.
It is with the latter genus that comparisons must now be made.

Titanotherium proutii, Leidy, is a large species, originally described
by Dr. Hiram Prout in the American Journal of Science and Arts t as a
Palceotherium. It was based on specimens brought by Dr. Prout from
the Missouri. Subsequently, Messrs. Owen, Norwood, and Evans named
it Palceotherium ? Proutiift they had procured other material, but
based their name on Prout's descriptions. In the same year, Dr. Leidy
proposed for it the generic name Titanotherium ,§ without generic de-

scription or diagnosis. In his work on The Ancient Fauna of Nebraska,
jj

Dr. Leidy gave a full specific description of the material which had
been obtained up to that time, and it is on this and the figures accom-
panying that our knowledge of Titanotherium as a genus reposes. In
the Journal of the Philadelphia Academy,^ 1869, Dr. Leidy had de-

scribed additional remains, chiefly cranial, some of which belong to dif-

ferent species, and perhaps some of it to those of the present allied

genus.
Doctor Leidy gives the dental formula of Titanotherium, as L, 2 ; C,

1; P. m., 4; M., 3, for the maxillary series, and acids:** ''Fragments of

lower jaws exhibit the same number of molar and canine teeth, and
probably there existed also the same number of incisors as in the
upper jaw." In the museum of the Academy of Natural Sciences, one
of Dr. Prout's original specimens, as indicated by the label and the one
first figured by Dr. Leidy, is preserved, but it furnishes no evidence as
to the number of premolars. Associated with it in the collection is a
mandibular symphysis, tf marked as being one of Dr. Owen's original

specimens. These two are peculiar in their iron-rust color, so different

from that always characterizing the fossils of the White River epoch,

* Professor Gill has created a family, Chalicotheriidw, for this genus.
t II, 288, fig. 1, 184G ; III, 248, figures, 1847.

t Proceed. Acad. Nat. Sciences, 1850, 66.

$ Proceed. Acad. Nat. Sciences, 1850, 122.

II
Smithsonian Contrib. to Knowledge, vol. VI.

II Extinct Fauna Dakota and Nebraska, 1869, p. 206.
** Page 207.

tt Described by Leidy in his Fauna Dakota and Nebraska, p. 214.
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both in Dakota and Colorado, and it is a point worth investigating

whether they were really derived from beds of that horizon. The su-

perior size and the color and mineral character of these specimens

refer them as probably parts of the same species at least. The sym-

physis contains the alveoli for, and basal portions of roots of, one pre-

molar, (with two roots,) one canine, and two incisors, on each side. The

incisors were evidently well developed, and indicate in the clearest

manner that Titanotherium and Symborodon are distinct genera. With

a considerable number of mandibles at my disposal, I have failed to- find

any trace of inferior incisors in the latter genus ; and if they were pre-

sent at any time, it must have been only duriug early youth, and as a

part of the deciduous dentition.

Prof. O. 0. Marsh has recently* described, under the name of Bronto-

therium, a species allied to Titanotherium proutii, in which the mandibular

dentition is stated to be I., 2; 0.,1; P.m.,3; M.,3. If the mandibular frag-

ment described by Professor Leidy as presenting four premolars belougs

truly to the T. proutii, then the form described by Professor Marsh will

occupy a position between it and Symborodon. Finally, Dr. Leidy de-

scribed the horned snout of a species of this group under the name of

Megacerops coloradensis. \ The specimen differs in various respects

from any species observed by me in Northern Colorado. It was derived

from a locality remote from that which contains the Symboroda, from

a bed of coarse sandstone entirely different in mineral characters from

the argillo-calcareous beds from which the fossils described in this re-

port were obtained. In the absence of knowledge as to the dental char-

acters of this animal, and the consequent uncertainty as to which of

the three genera above named it belongs to, I leave it for the present.

Six well-defined species of the genus are known to the writer, which

vary in dimensions from that of the Indian rhinoceros to nearly the

size of the elephant. They may be readily recognized by the following

characters; the most important of which is the basal cingulum of the

premolars

:

A. Horn above the preorbital region

:

I. Premolars without inner basal cingulum

:

a. Nasal surface continuous with front :

Horn-cores large, compressed; zygomata enormously ex-

panded ;
cranium depressed.

—

8. bucco.

Horn-cores large ;
zygomata not expanded ; cranium rather

elevated ; nasals very short.

—

8. altirostris.

Horn-cores mere tubercles; nasals not shortened.

—

S.helo-

ceras.

II. Premolars unknown ; nasal plane sloping downward from a

roof-shaped angle with the frontals

:

Horn-cores very elongate, subcylindric, curved, partly com-

posed of maxillary bones at base.

—

F. acer.

III. Premolars with a strong internal basal cingulum

:

Horn-cores short, very stout, and subtriangular in section

;

nasal bones more elongate.—& trigonoceras.

Horn-cores small, compressed, followed by a tuberosity

on the frontal bone.

—

8. hypoceras.

AA. Horn-cores above the orbit

:

Premolars with internal cingulum ; horn-cores stout, com-

pressed ; nasals longer.

—

8. ophryas.

* Amer. Jourrt. Sci. Arts, 1873, p. 486.

I Report (4to) on Geol. Survey Territories, p. 239, pi. I. figs. 2, 3, and II, fig. 2.
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both iu Dakota and Colorado, and it is a point worth investigating

whether they were really derived from beds of that horizon. The su-

perior size and the color and mineral character of these specimens
refer them as probably parts of the same species at least. The sym-
physis contains the alveoli for, and basal portions of roots of, one pre-

molar, (with two roots,) one canine, and two incisors, on each side. The
incisors were evidently well developed, and indicate in the clearest

manner that Titanotherium and Symborodon are distinct genera. With
a considerable number of mandibles at my disposal, I have failed to find

any trace of inferior incisors in the latter genus ; and if they were pre-

sent at any time, it must have been only during early youth, and as a
part of the deciduous dentition.

Prof. O. C. Marsh has recently* described, under the name of Bronto-
therium,a> species allied to Titanotherium proutii, in which the mandibular
dentition is stated to be I., 2; C, 1; P.m. ,3; M.,3. If the mandibular frag-

ment described by Professor Leidy as presenting four premolars belongs
truly to the T. proutii, then the form described by Professor Marsh will

occupy a position between it and Symborodon. Finally, Dr. Leidy de-

scribed the horned snout of a species of this group under the name of
Megmerops coloradensis. \ The specimen differs in various respects
from any species observed by me in Northern Colorado. It was derived
from a locality remote from that which contains the Symboroda, from
a bed of coarse sandstone entirely different in mineral characters from
the argillo-calcareous beds from which the fossils described in this re-

port were obtained. In the absence of knowledge as to the dental char-

acters of this animal, and the consequent uncertainty as to which of

the three genera above named it belongs to, I leave it for the present.

Six well-defined species of the genus are known to the writer, which
vary in dimensions from that of the Indian rhinoceros to nearly the
size of the elephant. They may be readily recognized by the following
characters ; the most important of which is the basal cingulum of the
premolars

:

A. Horn above the preorbital region

:

I. Premolars without inner basal cingulum

:

a. Nasal surface continuous with front

:

Horn-cores large, compressed; zygomata enormously ex-

panded ; cranium depressed.

—

8. bucco.

Horn-cores large ; zygomata not expanded ; cranium rather
elevated ; nasals very short.

—

8. altirostris.

Horn-cores mere tubercles; nasals not shortened.

—

S.lielo-

ceras.

II. Premolars unknown ; nasal plane sloping downward from a
roof-shaped angle with the frontals

:

Horn-cores very elongate, subcylindric, curved, partly com-
posed of maxillary bones at base.

—

F. acer.

III. Premolars with a strong internal basal cingulum

:

Horn-cores short, very stout, and subtriangular in section

;

nasal bones more elongate.

—

8. trigonoceras.

Horn-cores small, compressed, followed by a tuberosity
on the frontal bone.

—

8. hypoceras.

AA. Horn-cores above the orbit

:

Premolars with internal cingulum ; horn-cores stout, com-
pressed; nasals longer.

—

8. ophryas.

* Aroer. Journ. Sci. Arts, 1873, p. 486.

I Rexjort (4to) on Geol. Survey Territories, p. 239, pi. I, figs. 2, 3, and II, fig. 2.
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It is probable that both sexes of these species are homed. This is

the case with all of the crauia which I obtained in which the nasal region
is not wanting, and doubtless many of these are females. The only one
which I obtained with reduced horns is one of the largest size, (8. Jielo-

ceras,) and does not probably represent the only female of the collection.

The general appearance of these species when liviug must have com-
bined features of the rhinoceros and elephant in almost equal propor-
tions. The length of the femur indicates that the first joint of
the leg was free from the abdominal integument, and that some of
the species stood higher on the legs than the rhiuoceros. There is

indication of a trunk, probably a short one, since the neck is not
so remarkably shortened as to render this organ absolutely neces-

sary. The indications are: the massive borders of the nasal meatus
separated laterally from the face by a vertical, obtuse angle; the
great stoutness and shortness of the free end of the nasals, which much
resemble the same region in the elephant ; and the reduction of the pre-

maxillary region and its teeth. It is altogether probable that it had no
great length, resembling, perhaps, that of the tapir. These views are
in accordance with those already expressed by Professor Marsh in his

description of Brontotherium ingens.* Professor Leidy had previously
inferred a short proboscis for the Megaeeratops coloradoenesis. As com
pared with the Eobasileidce of the Eocene, their appearance must have
been less exceptional. The proboscidian foot, with short neck, reproduced
the elephant; while the narrow head, with the posteriorly placed horns,
and the very elongate muzzle, gave these a more suilline expression
than the symborodons. The powerful horns, admirably situated for

effective use, did not avail to secure their survival beyond the Miocene
period more surely than did the laniary tusks of the Eobasileidce in

conquering for them a place in the ages that succeeded the Eocene. As
the most powerful of the Ungulata of the Miocene, they were the legiti-

mate successors of the Eobasileidce, of the Eocene, as these were of
the great laud-saurians of the Cretaceous. A few mastodons and
elephants contested with them the supremacy of the Miocene, and
held it without rivals in the Pliocene; but why the less formidable
rhinoceros should have continued with them, while the Symborodons dis-

appeared, is a problem whose solution cannot yet be conceived.
The material on which the above determinations and deductions are

based is abundant. The expedition obtained portions of fifty individuals,

probably referable to this genus, and twenty-five complete or fragment-
ary crania. Those certainly determined belong to the species in the
following proportion : S. bucco, 3 ; 8. tonus, 2

; S. altirostris, 2 ; 8. accr, 3

;

8. heloceras, 1 ; 8. trigonoceras, 6 ; 8. ophryas, 1. Crauia of 8. bueco and 8.

acer were obtained with mandibles associated ; the other species were
not: nevertheless, it is probable that some of the various mandibles
found separately pertain to the most abundant, 8. trigonoccras.

Symboeodon bucco, Cope, Synop. New Vert. Col., 1873, 10.

The largest species of the genus approaching nearly the living ele-

phant in size. Represented by an imperfect cranium ; by a cranium
almost perfect, including, very probably, both mandibular rami, with
entire dentition; a fragmentary skeleton, including parts of cranium,
teeth, and vertebrae. The crania are very depressed in form, and exhibit

a peculiarity in the horizontal expansion of the malar bones, and the
still greater enlargement of the zygomatic processes of the squamosal.

*Aroer. Journ. Sci. Arts, lb74, p. .
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These form two horizontal bony masses of remarkable size, with the ex-

terior border convex in both the vertical and horizontal planes. The
nasal bones are flat and truncate wedge-shaped. The horns are sit-

uated above the face in front of the orbit, and are expanded in one
plane, so as to be much flattened. Their length is moderate, and their

direction outward and forward. There are slight angulations of the
frontal and zygomatic margins, which form slight contractions of the
zygomatic orbital fossa, one behind the orbit, the other marking the an-

terior four-tenths of the zygomatic fossa. The orbits are small and hor-

izontally oval, and the temporal fossae contracted. The latter are
greatly extended posteriorly, and are bounded by an ear-shaped prolon-

gation of the exterior occipital angular ridge to beyond the line of the
foramen magnum. The plane of the vertex and front is wide and unin-

terrupted by tuberosities, but forms a gently concave continuum. The
dentition is §,

i,
|-, §. The anterior teeth are all small, the posterior large.

There is no internal cingulum on the molars, which are smooth and with
low internal cones.

Measurements.
M.

Length of cranium, (33 inches) 0.840

Width of cranium, (25 inches) .636

Length of nasal bones to bases of horns .107

Length of orbit .115

Width of nasals 152
Width above orbits ,255

Width, least, between temporal fossae .170

Width of mass of zygomatic squamosal .140

Width between temporal fossse behind .331

This large quadruped was considerably larger than the S. acer, Cope; but
the horns are shorter, and of an entirely different form. Its orbits are
remarkably small, and during life the eyes were directed more or less

obliquely upward. The broad, flat, wedge-shaped head is not unlike
that of snapping-tortoise (Chelydra) in its physiognomy.

I append here a description of the mandible, on which the species
Symborodon torvus was established. I am not able at present to refer it

to its proper cranium, but hope soon to have that opportunity. It nearly
resembles that of Symborodon bucco. Dentition; I., (?) 0; C, 1; P. in.,

3 ; M., 3 ; the canines slightly separated from each other, but not from
the first premolar; crowns of the premolars with L-shaped crescents,

as in EMnooerus ; of the molars with completed crescents ; the last molar
with third posterior crescent; symphysis maudibuli co-ossified; crowns
of canines not projecting, conic. Symphysis oblique ; ramus rather
shallow. Last molar with three columnar ribs on the outer side, four on
the inner, produced by the continuance inward of the ridges from the
anterior and posterior outer cusps. Enamel nearly smooth ; a cingulum
round inner basis of crown of canine.

Measurements.
M.

Length of mandibular ramus .• 0.520
Length of symphysis .144

Length of series of molars .320

Length of series of true molars .215

Length of last molar .083

Length of penultimate molar .072

Symborodon altieosteis, Cope, Synop. New Vert. Col., 1873, 12.

A large species represented especially by a nearly perfect cranium,
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and probably by several others, some of which are nearly perfect. The
mnzzle is shorter than in any other, and the orbit more anterior. The
premaxillary and nasal bones are shortened ; the latter broad, obtuse,
and massive, aud standing on a plane above that of the front. The ver-

tex and front do not form a continuous concavity, as in other species,
but are divided equally by a tuberosity on each side; posterior to these
the vertex is flat and rather wide, while the front anterior to them is

roof-shaped. The temporal fossre do not project so far behind the occi-

pital union as in some species, and the squamosal bone is not remarkably
expanded laterally. There is a small postorbital angle. The front
rises much to the basis of the horns. Each of these stands above the
orbit and face at the base, and one-third of each over orbit; face and
nasal bones above the latter. They are straight, with approximated
bases, and but moderately divergent. They are subcylindiieal at base,
and compressed inward and forward at the narrow apex. The maxillary
rises on the base, forming a squamosal suture on the anterior and lat-

eral aspect, opposite the nasal meatus, and below the nasal bones.
The first premolar aud two incisors are very insignificant ; canines with

short, stout crown. The premolars have no inner cingulum, but two
smooth cones. The molars have only two inner cones, which converge
toward the crescents. The latter do not give origin to any transverse
crests.

Measurements.
M.

Length of cranium, (25+ inches) 0.fi49

Length of crowns of teeth from canine .444

Length of true molars .240

Length of last molar .083
Width of last molar .084

Width of first premolar .035

Length of first premolar .026

Lengrh of orbit 090
Least -width of parietal plane .235

Length of nasals from horns .045

Width of nasals at horns .152

Length of horn-core above orbit, (9 inches) .229

Length of horn-core above nasal bones .140

This is one of the most formidably-armed species, and must have pre-

sented a most outre appearance in life, owing to the extreme shortness
and elevation of the muzzle and anterior position of the orbit. The
general form of the cranium reminds one of a pack-saddle without the
hind cross-trees.

I owe the discovery of the beautiful cranium, which represents the
species, to the acuteness of my assistant, William G. Shedd.

Syivtborodon heloceras, Cope, Proceed. Amer. Assoc. Adv. Sci., 1873,

109 ; Synop. New Vert. Col., 1873, p. 14. Megaceratoys heloceras, Cope,
Pal. Bull. No. 15, p. 4.

Free portion of nasal bones as broad as long. Horn-cores mere tuber-

osities, with one flat outer, and one very convex, face presenting in f.lie

other directions; summit contracted, truncate, oval in outline. A dis-

tinct superciliary ridge. The upper surface of the cranium rather nar-

row, gently concave longitudinally. Molar teeth with smooth enamel

;

the crescents not displaying the T-shaped branches seen in IS. opkryas,

Zygomas deep, flat, not expanded.
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Measurements.
M.

Length from posterior rim of temporal fossa to middle of osseous eyebrow 0.472

Least width of parietal plane 104
Superciliary width 260
Elevation of horn-core 050
Length of free nasal bones 010
Width of free nasal bones at base 010

Symboeodon acee, Cope, Proceed. Amer. Assoc. Adv. Sci., 1873,

109 ; Synop. New Vert. Col., 13. Megaceratops acer, Cope, Pal.

Bui., 1873, No. 15, 4.

Another huge mammal, second only to the preceding in size, but more
formidably armed, was its contemporary. It is represented in my collec-

tion chiefly by the entire upper portion of a cranium
; the greater part

of a skeleton, with upper part of cranium and lower jaw with teeth

;

and by portions of skeleton, with horns, of a third. Top of head con-

cave longitudinally, somewhat convex between the orbits, and fiat,

forming a narrow plane between the temporal fossae ; latter produced
backward. Orbit not inclosed behind; an overhanging superciliary

ridge. Nasals exceedingly short and massive, abruptly decurved, each
supporting a large acute horn-core, which is connected with its fellow

by a ridge at the base, and diverges widely from it, with an outward and
forward curve to the acutely-compressed apex. Each horn-core com-
posed externally of the ascending portion of the maxillary bone as
high as some distance above the base of the nasals. Nasals abruptly
contracting to a stout subangular apex. Zygomatic arch deep.
Mandibular ramus massive, and in every respect stouter than in 8.

bucco, and similarly without incisor-teeth.

Measurements.

No. l.

M.

Length of cranium, (35 inches) • 0.895
Length from posterior rim of temporal fossa to middle of superciliary ridge. . . . . .345

Width of front between eyebrows 210
Length of horn-core on inner side, (10 inches) 254

No. 2.

Length of first and second molars 135
Width of second inferior molar 040
Depth of ramus at second inferior molar 123

This was a truly formidable beast, exhibiting a position of the horns
strangely the reverse of that seen during the present period. Its size

exceeded that of the, Indian rhinoceros. •

Symboeodon trigonoceeas, Cope, Synop. New Vert. Col., 1873, 13.

JBrontotherium trigonoceras, Marsh, Amer. Nat., 1871, p. .

A species similar in size to the last, but presenting peculiarities not
shared by any other species of the genus. The first of these is the strong
basal cingulum on the inner side of the premolars, which is continued in

a less prominent form between the bases of the cones of the molars. The
bases of the cones of the premolars are strongly plicate. The horns rise

from a basis which is anterior to the orbit, and are short and very stout.

They are triquetrous, with the faces interior, posterior, and latero-

anterior, and are directed outward and upward. Their extremities are
coarsely rugose and subtriangular, sending an apex toward the middle
line, and decurved convex outwardly. The vertex and front are a con-
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tinuous gentle concave plane, which is narrowed behind and widened in
front to support the bases of the horns. A postorbital process. Orbit
well developed, not remarkably anterior ; nasals elongate, transversely
plane, decurved, slightly emarginate at end. Premasillary prominent,
with distinct spine, and extending as far as the line of the end of the
nasals. Squamosals not expanded. First premolar small ; canine
narrow.

Measurements.
M.

Total length of cranium, (27 inches) 0.686
Total width, including zygomas 433
Width between temporal fossae at inion 102
Width in front * 247
Width of orbit 102
Length of horn above orbit 122
Length of horn above nasals 045

The horns of this species, though stout, are less formidable as weap-
ons than those of some of the others.

At one locality teeth and a few other fragments of a very large indi-

vidual were discovered, and a few feet distant a series- of cervical and
dorsal vertebrae of appropriate size. A little further off, in an opposite
direction, a- portion of the skeleton of a 8. bucvo was found, with the
characteristically expanded zygomatic masses. It is not unlikely, how-
ever, that the vertebrae really belong to the 8. trigonoeeras. They indi-

cate an animal of huge proportions, and present a marked feature in the
enormous length of the neural spines of the dorsals. These are com-
pressed at the end and enlarged at the summit, indicating that the ani-

mal supported a hump, somewhat as in the bison.

Measurements.
M.

Length of crown of fourth upper premolar 0.050
Width of crown of fourth upper premolar 065
Length of cervical vertebrse, (to base of ball) 060
Depth of articular face behind « ] 14
Width of articular face behind .110
Diameter of cervical canal 024
Diameter of vertebral canal 065
Length of centrum of dorsal to ball 065
Depth of articular face behind 108
Width of articular face behind Ill
Depth of base of diapophysis 070

A peculiarity of the dorsal vertebras consists in the preseuce of two
tuberosities at the base of the articular convexity, resembling the artic-

ular facets for chevron-bones, but at the opposite end of the centrum.
Beside the above, six more or less complete crania were found, and

two others without horns and otherwise mutilated, so as to render it

uncertain whether they do not belong to the 8. ophryas. These exhibit

some range in size j one of them presents the following

—

Measurements.
M.

Total length of skull, (30 inches) 0.762

Length to orbit 172

Length to posterior base of horn 280
Width at zygomas, (17 inches) 432
Height of horn above orbit 127

Length of free part of nasal bones 127

Width of base of nasal bones 133
Width of horn on antero-exterior face 120
Width between temporal fossee posteriorly 260
Width between apices of horns, (17 inches) 4o2
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Professor Marsh described* a species allied to or identical with this

one, under the name of Brontotherium ingens. It was based on a cranium
which has so great a resemblance to those of 8. trigonoceras that I have
regarded it as pertaining to it,t and written Professor Marsh's name as

a synonym, as it was published several months later than mine. Subse-

quently,^ Professor Marsh pointed out a number of characters which he
finds in my description as justifying him in retaining the species as dis-

tinct. He states that it is " nearly or quite twice as large in bulk. The
horn-cores also are very differently placed ; the nasals are more elon-

gated, and not emarginate at their extremities: the premaxillaries are

not prominent. The squamosals are greatly expanded, and there is no
postorbital process'." Commencing at the last of these definitions, I

would remark that (1) the postorbital process is a rudiment in one of the

crauia, and is entirely wanting in a larger one
; (2) the squamosal proc-

esses of the zygomata are not more expanded than might be looked for in

the adult male of 8. trigonoceras, and would not be regarded as remark-

able in this respect by one who has seen the larger expansions of the 8.

oucco ; (3) thereisno difference in the premaxillaries, which aremoreprom-
inent than such species as 8. altirostris ; (4) " The nasals are more elon-

gate and not emarginate at their extremities;" Professor Marsh's figure

represents the nasals quite elongate as compared with other species,

and exactly as in some of my specimens ; the emargination is slight and
is not always present in 8. trigonoceras ; (5) there is no difference in

the form and position of the horn-cores
;

(G) the superior size : I have
no crania so large as that described by Professor Marsh, which he states

to be m .915 long and m .558 wide through the zygomas, with horn-cores

20 inches apart at the apices. My largest measures m .762, m .432, and 17

inches, respectively. The specimen from which vertebras and a premolar

tooth were described above approaches nearer in dimensions; thus, the

fourth premolar measures

—

S. trigonoceras. S. ingens.

Length of crown 0.050 0.053

Width of crojvn 065 .069

While still under the impression that the species are the same, I defer

final conclusion until all of my material is in suitable condition for study

Symboeodon ophryas, Cope; Miobasileus ophryas, Cope, Pal. Bull.,

No. 15, 3 ; Proc, Arner. Assoc. Adv. Sci., 1873, 108.

Established on a cranium with nearly complete dentition, but without
mandibular ramus. Head elongate, concave in profile from the interor-

bital region to the supraoccipital crest. This is transverse and concave,

the posterior borders of the temporal fossae extending behind it. These
fossae leave a narrow, flat vertex between them. Zygomatic arch stout

and rather deep ; a strong postglenoid process. Nasal bones very mas-
sive; their free portion elongate, hornless. A massive horn-core rising

from above each orbit; no superciliary angle or ridge. Orbit not in-

closed behind. Of molar teeth only P. m. 3-4, M. 1-2-3, preserved ; the

M. with two, the P. m. with one inner cone and two outer continuous cres-

cents. The latter send inwards to one side of the cones a transverse

ridge. Incisors and canines unknown. The malar bone is flat and pro-

portionally deep below the orbit. Front concave transversely just be-

hind between the horns. Latter massive and a little compressed. Nasal
bones convex longitudinally and transversely, slightly rugose. Trans-

*Amer. Journ. Sci. Arts, 1874, Jan., p. 85.

t Bulletin of U. S. Geological Survey of Terrs., No. 2, p. 28.

t American Naturalist, Feb., 1874, p. 84.
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verse ridges of teeth with transverse expansions at their inner ex-
tremity, being thus T-shaped.

Measurements.
M.

Length from apex of nasals to occipital condyles, (axial, 26.5 inches) 0.664
Length from occipital condyle to fundus of palate 376
Length from occipital condyles to end of palatine lamina pterygoidea 270
Length of four last molars 242
Length of three last molars 195
Length of last molar 068
Width of palate at narial notch 116

The dental characters of this species ally it to the 8. trigonoceras, but
the form as well as the position of the horns is quite different. Instead
of being triangular, a section of the base of these is elliptic. Extremity
conical.

Symborodon hypoceras, Cope ; Miobasileus hypoceras, Cope, MS.
This species reposes on a fragmentary cranium only, which embraces

nasal, maxillary, frontal, malar bones, &c, both zygomata, premolar
and parts of molar teeth, &c. These fragments were taken out of the
matrix by the writer, and were found in juxtaposition. They represent
parts of the same skull, and, as no other was found in the same bank,
are probably without admixture.
The first characteristic of this species is the elongate form of the face

anterior to the orbit as compared with other species. The column which
separates the orbit from the infraorbital foramen is flat and has a wide
external face, instead of being a cylindric column as in 8. acer, altiros-

tris, hucco, aud ophryas. In S. trigorioceras it is wider, but, instead of
being flat, presents a strong vertical ridge of the lachrymal bone. The
infraorbital canal is hence longer than in those species, the more as it

does not communicate with the orbit at as anterior a position. Between
this point aud the preorbital border, the orbit is strongly concave. From
the infraorbital canal to the narial orifice, the face is flat, and the border
of the meatus is thin, somewhat as in ffliinocerus, but includes a narrow
prolongation of the large sinus common to this genus. The prernaxil-

lary bone does not appear to enter into it. It is evident from the weak-
ness of this support that there conld have been no horn of great size

or strength above it, and the character of the horn-core preserved is

consistent with this view. This consists of the extremital part, thus
not exhibiting the basal sinuses. Its section is a compressed oval, nar-

rowed in front ; its profile with parallel outlines and a little recurved and
not very rugose. Its size as compared with the rest of the skull is the
smallest in the genus, and not more than half the proportions of the 8.

aliirostris.

A bone of the upper cranial walls was found in place above the second
and third premolars, but presents some puzzling peculiarities of form.

It is either the posterior part of the nasals or anterior portion of
the frontals, and a short decurved border is either that of the nasal

meatus or of the orbit. The left maxillary and lachrymal bones are the
ones preserved, and the present bone probably belongs to the same side,

which agrees with a mark I placed upon it when I exposed it, indicat-

ing the anterior and posterior extremities. There can therefore be little

doubt that the element is the frontal. The reason for this investigation

is the fact that it supports on its anterior extremity a large os-

seous tuberosity, which consists of a mass of bone co-ossified with the
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upper surface, as in the horn of the giraffe. It is broken off at the an-
tero-external sutural line of the bone, so that it probably extended over
the adjacent margin of the maxillary. It resembles in form the short-

horn cores of Symborodon heloceras, but is not as in that species an au-
togenous part of the bone, and its base is therefore not excavated by
the anterior part of tbe frontal sinuses. Thus it is probable that this

species possessed two pairs of osseous processes or cores on each side,

the one on the nasal, the other on the frontal bone. The absence of in-

terior sinus shows that the latter is not homologous with the horn-core
of the typical species of Symborodon, while the structure of the post-
narial walls (composed of both nasal and maxillary) is clear as to the
presence of those sinuses. The horn-core first described is probably
from the left side as indicated by its shape. Their existence is also to

be inferred from a fragment which resembles the base of the usual
horn-core of the other species, especially S. trigonoceras. From the pre-

ceding it may be derived that this species possesses either two pairs of
horn-cores, of which the posterior are on the frontal bone, or that it

possesses a single pair on the frontal bone only. As the former is much
the most probable supposition, I hesitate to separate this specie^ as a
genus distinct from the Miobasileus ophryas, which it resembles in many
respects.

A portion of the margin of the frontal bone supports an angular pro-

jection, doubtless postorbital. The malar bone has an extensive surface
of attachment with the maxillary. Its anterior portion bounding the
orbit below is a narrow prominent rib, as in S. trigonoceras, and different

from that of S. ophryas. The zygomata are strong, but not expanded

;

they resemble those of.$. trigonoceras; but, while shorter than in a
specimen of the latter, the squamosal process is deeper. A portion of
the nasal bone shows that they were short and light.

There are teeth or alveoli representing four premolars and three true
molars as well as a canine. In a right premolar, No. 2, there is a strong
basal cingulum, from which coarse plicae extend inward. The inner
cones are confluent into a curved ridge, which is connected by a lower
ridge with the outer crescents. The latter are entirely confluent. The
canine has a short recurved, obtusely conic crown, with a strong cingu-
lum round its posterior base, as in other species of the genus.

Measurements.
M.

Length from front of orbit to glenoid fossa, (axial) . 0.365

Depth of malar below orbit 020
Depth of squamosal process 082
Length of molars and last three premolars 293
Length of last three premolars 110
Length from nasal meatus to orbit 103
Length of crown of second premolar >. 029
Width of crown of second premolar 038
Height of crown of canine
Diameter of crown at base
Depth of frontal tuberosity 038
Diameter of frontal tuberosity 075
Diameter of horn-core, transverse 038
Diameter of horn-core, longitudinal 049

Although the specimen from which this species is described is as large

as tbe smaller of the S. trigonoceras, it does not belong to an old animal,
as the cranial sutures are distinct. It makes one more addition to our
knowledge of these curious forms, whose abundance during the Miocene
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period reminds one of the antelopes of the present period in Africa. It
is so distinct from the typical species of Symborodon as to render it not
unlikely that it will be proper to call it Miobasileus hypoceras.

HYBACODON, Leidy.

Hyracodon nebrascensis, Leidy, Ext. Fauna Dak. and Neb., p. 232.

Abundant in Colorado as in Dakota. During maturity, the first infe-

rior premolar is shed, while that of the upper jaw is retained, leaving
the formula f, |-.

Hyracodon arcidens, Cope, Paleont. Bull., No. 15, 2.

Established primarily on a specimen which includes the left maxillary
and prem axillary bones with the teeth as far posteriorly as the fifth

molar. Some of these were not fully protruded, and the third premolar
of the deciduous dentition was attached, the removal of which displayed
the crown of the permanent tooth. The species is about the size of the
H. nebrascensis, and differs in the form of the inner lobes of the molars
aud of the first premolar. All the molars have the outer longitudinal
and inner transverse crests, the posterior short, the anterior much
curved backward round it, and thus forming the inner bouudary of the
tooth-wall. The first premolar is shorter than the others, aud has a
short anterior lobe. The milk-molars show more nearly transverse crests

as in Ehinocerus, but the first premolar had the anterior lobe. Canine
and first incisor short, conic ; secoud iucisor with an outer lobe ; median
iucisor transverse ; enamel smooth.

Measurements.
M.

Length of four superior molars 0.072
Length of diastema 006
Length of canine and incisors 020
Length of first premolar 014
Width of first premolar 012
Length of third premolar 021
Width of third premolar 022
Height of third premolar 025

ACEBATHEBIUM, Kaup.

At least three species of this genus have left remains in the White
Biver beds of Colorado, for the third, which I formerly referred to the
preceding genus, may find a more appropriate place here. They are
distinguished as follows

:

I. Crowns of premolars 2-3-4 broader than long

:

Smaller : symphysis mandibuli much shortened and contracted.

—

A. mite.

Larger : symphysis elongate, with large incisors.

—

A. occidentale.

II. Crowns of premolars 2-3 as long as or longer than wide :

Size of A. occiclentale ; P. m., 2, subcuneiform.

—

A. quadriplicatum.

Aceratherium mite, Cope.

This species is intermediate between the A. occidentale and Hyracodon
nebrascensis, not only in size, but in its short concave diastema, and
short, contracted symphyseal region. There are two large external

incisors, which are not only absolutely but relatively much smaller
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than in the A. occidentale. If any median incisors exist, they must be
small, as the narrow fracture-surface below the original alveolar border
exhibits no trace of alveoli. The mandibular teeth are rather elongate,
the first having two roots. The ramus has not the incurvature to the
diastema seen in H. tiebrascensis, and is relatively not so deep, and more
robust below the last molar than in that species.

Associated with this mandibular ramus, I found the large part of the
skeleton of the same animal and the superior molar dentition of two
individuals of the same size. The teeth resemble those of the A. occi-

dentals, but, besides the smaller size, exhibit differences in the structure
of the premolars. The first is about as broad as long ; has a strong
anterior basal cinguluua, and both of the transverse crests strongly
curved backward at their inner extremities. The second is transverse,
and the transverse crests are simple and distinct distally. The third

premolar has its inner anterior angle produced at the base of the crown.
The transverse crests form a continuous circuit inwardly, and it is the
posterior which curves forward and joins the anterior a short distance
external to the inner termination of the latter. In the fourth premolar,
the transverse crests are entirely distinct, and the anterior is the longer,

causing, as in the third, the protuberance of the inner anterior angle of
the shoulder of the crown. Both are bounded at the base by a cingu-
lum, which extends round the posterior base to the outer crest. The
posterior transverse crest sends forward a process toward (in one speci-

men joining) the anterior at one-third the length from its end. The
transverse crests of the true molars are simple, and the anterior cross-

crest the thickest j no cingula on the inner bases.

Measurements.
M.

Length of inferior molar series 0.172
Length of premolars only 080
Length of first premolar 015
Length from first premolar to end of symphysis .040

Length of symphysis 048
Width of symphysis at diastema 040
Depth of ramus at last molar 050
Thickness of ramus at last molar 030
Diameter of inferior incisor 010
Length of series of superior molars 153
Leugth of series of superior premolars 073
Length of first premolar 013
Length of fourth premolar 022
Width of fourth premolar 032
Length of penultimate molar 037
Width of penultimate molar 038

The other series of molars presents similar dimensions, and a few
slight variations in structure.
The remainder of the skeleton pertains to one or the other of these

individuals. The axis strongly keeled below ; the anterior articular

surfaces are widely expanded, and the posterior is concave and oblique.

Its neural carina is elongate and elevated behind. The dorsal and
lumbar vertebrae are slightly opisthoccelian. The glenoid cavity of the
scapula is a broad oval, and the coracoidis quite prominent, but obtuse.

The internal condylar tuberosity is strong, the external almost wanting

;

the internal distal crest is very strong. The supracondylar fossae are

very deep. The radius is a stout bone, and attached to the slender

ulna by coarse sutural surface, which is very narrow along the middle
of the shaft. The femur is stout, and its large trochanter is recurved
anteriorly as well as posteriorly so that both faces are concave. There
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is an elongate crest in place of the little trochanter. The trochlear
groove is angular, and bounds a pit just above its proximal end

; the
condyles are subequal.
The crest of the tibia is deeply grooved, and the spine divided by a

wide gutter. The external face is concave proximally, and turns to the
front distally. The inner proximal face unites on the last third of the
length, to become the internal face. The distal posterior face narrows
upward, and runs out below the inner facet of the head. The astrag-
alus has the hour-glass face quite open. The inner tuberosity of the
head extends within the line of the trochlea a half-inch. The cuboid
facet is oblique and parallel to the outer margin of the head, and con-
stitutes one-fourth the width of the latter.

Measurements.
M.

Length of radius 0.198
Diameter of its carpal face 041
Width of humerus, distally 058
Depth of outer condyle of humerus, distally .048

Long diameter of glenoid face of scapula 042
Short diameter of glenoid face of scapula 038
Length of femur, (over all) 295
Proximal width of femur, (over all) 100
Diameter of head, (antero-posterior) 042
Least transverse diameter of shaft 035
Transverse diameter of condyles 060
Antero-posterior diameter at condyles 084
Length of tibia 230
Diameter of head, antero-posterior 580
Diameter of head distally, antero-posterior 038
Diameter of head distally, transverse 0G0
Diameter of head of astragalus, transverse 048

This rhinoceros was about the size of a mule.

Aoeratheeium occidentale, Leidy, Ext. Fauna Dak. and Neb., p. 228,
Plate xxii.

Several specimens from different localities.

Aceratheritjm qtjadriplicattjm, Cope, Hyracodon quadri/pUcatus.

Cope, Pal. Bull., No. 15, p. 1.

This species is similar to the last in bulk, with greater proportional
elongation of the teeth of the premolar series, at least. It «is repre-
sented by two individuals, one possessing the permanent, the other the
temporary dentition, at least in part.

The former presents only the second and third premolar teeth with
an alveolus of the first. The third premolar has four roots and strong
basal cingula fore and aft only. The transverse crests are simple and
separate. A strong but short crest originates Ironi the outer marginal
crest between them, and being in near proximity to the anterior and trans-
verse, it nearly isolates a triangular valley with it. There is a low
tubercle between the bases of the inner extremities of the transverse
crests. The second premolar is three-rooted only, and is narrowed ante-
riorly. Its two inner cross-crests are widely separated, and the inter-

vening branch is rudimental. The anterior prolongation of the external
crest is longer than the posterior.

The second specimen consists of molars in both maxillary bones, viz :

the four premolars, probably deciduous. They differ in appearance from
those above described, but not in essential details.

The transverse crests are little curved, and the outer elevated crest
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uninterrupted. A short elevated fold proceeds from the latter, dividing
the head of the transverse valley. A compressed conic tubercle stands
between the inner extremities of the crests. The first premolar has two
transverse crests and an anterior tubercle. The posterior crest is

strongly curved backward at its inner end. A strong cingulum sur-

rounds the base of the crown except on the outer side.

Measurements.
M.

Length of three anterior molars 0.090

Length of third molar. 030
Width of third molar 033
Length of first molar 026
Width of first molar 019

ANCHITHERIUM, Kaup.

Three species of this genus left their remains in considerable abun-
dance in the Miocene of Colorado. One of these is the A. bairdii, Leidy

;

a second is similar to, and a third smaller than, that well-known animal.

They are chiefly known from molar teeth, but greater or less portions of

the entire skeleton are frequently found. The following are some of the
characters by which the teeth may be recognized

:

I. Anterior median tubercle not separated from inner, obsolete on the
second premolar:
A median ridge on each outer lobe, and basal tubercle between the

inner.

—

A. bairdii.

II. Anterior median tubercle well separated from inner

:

Second premolar with anterior median tubercle distinct at both
ends; no inner basal lobe.—J., cuneatum.

No inner basal lobes ; crescents with concave outer faces.

—

A. ex-

oletum.

These are the only species of horses known to occur in the Colorado
Miocene.

Anchitherium bairdii, Leidy, Ext. Fauna Dak. and Neb., p. 303,
PI. xx.

"

Not uncommon.

Anchitherium exoletum, Cope, spec. nov.

Established on a portion of the right maxillary bone, which contains
the last premolar and first premolar in perfect preservation and part of
the third premolar. These teeth differ from the corresponding teeth in

A. bairdii in many respects, resembling in the constitution of their outer
lobes some of the symborodonts. The outer faces of these are uni-

formly concave to near the shoulder, leaving a very narrow basal ridge
and no longitudinal median ridges. The intercrescentic ridge is in-

curved and not straight. The anterior middle tubercle is separated
from the inner by a deep fissure and grooves to the base ; the median is,

on the other hand, continuous with the posterior inner. The posterior

median is very small. The anterior and posterior basal ridges are
small, and there is no trace of basal tubercle between the two medians.
Enamel smooth.
The size of this animal was probably that of the A. bairdii, but the

molar teeth have the antero-posterior diameter greater in proportion to

the transverse than in that species. The foramen infraorbitale exterius
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is over the front of the fourth premolar; it is above the front of the
third in A. bairdii.

Measurements.
M.

Length of fourth and fifth molars 0.0275
Length of fourth molar 0140
Width of fourth molar 0125
Elevation of fourth molar .0060
Length from front of malar to foramen infraorbitale anterius 0140

This species differs from the A. agreste, Leidy, in size about as the A.
bairdii. The former is only known from mandibular teeth.

Anchitheeium cuneatum. Cope, Paieont. Bull., No. 1G, p. 7, (August
* 20, 1873,) specimen No. 1.

The smallest species of the genus represented by both maxillary
bones of one individual ; several loose molars and a maxillary bone
with teeth of others. In the first-named specimen, the second premolar
has the elongate form of the corresponding deciduous molar of A.
bairdii, but I am not sure whether it is the deciduous or permanent one
in the present case, as the series only includes the fifth molar. The
middle anterior tubercle is directed forward, inclosing an angular fossa
with the inner. The latter is separated from the posterior by a basal
tubercle, but there is none on the third premolar. The posterior median
tubercle is well developed. The outer faces of the outer lobes are con-
cave ; sometimes with a faint median ridge.

The fore and aft cingula are well developed, and the basal parts of
the posterior transverse ridges are connected with the posterior median
tubercles.

Measurements.
M.

Length of M. 2and3ofNo. 1 0.0260
Length of M. 1 of No. 1 0130
Width of M. 1 of No. 1 0110

The specimen measured as No. 2 in the original description does not
belong to the species.

Another specimen contains what are without doubt the permanent
third, fourth, and fifth molars. These resemble the corresponding
ones of the specimen just described, differing only in being a little

smaller. Besides the small size, they differ from those of A. bairdii in
the entire absence of the inner basal tubercles, and in the rapid reduc-
tion in size of the molars from the fifth forwards. The anterior median
lobe is very distinct, and the posterior median small.

Measurements.
M.

Length of third, fourth, and fifth molars 0.0350

Length of third molar 011
Width of third molar 011
Width of fifth molar 014
Length of fifth molar .013

Since the description of this species was published, Professor Marsh,

has described an Anchitherium of about the same size, from the Miocene
of Nebraska, under the name of A. celer.* It will be desirable to

institute comparisons between these to settle the question of their dis-

tinctness or identity.

32 g s
Amer. Journ. Sci. Arts, 1874, p. 251.
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Anchitherium agreste, Leidy, Eeport U. S. Geol. Surv. Terrs., (4to,)

I, p. 251, PI. vii.

A portion of the left mandibular ramus, with the last two true molars
remaining, indicates a larger species than any of the preceding, and not
materially different from that described by Leidy as above.

AETIODAGTYLA.

OEEODON, Leidy.

Eemains of species of this genus are exceedingly abundant in the

Miocene of Colorado, but represent but two species, which are identical

with those already known from Dakota and Nebraska.

Oreodon culbertsonii, Leidy, Ext. Fauna Dak., &c, p. 86.

Oreodon gracilis, Leidy, Ext. Fauna Dak., &c, p. 94.

About one specimen in ten of the genus belongs to this species.

POEBEOTHERIUM, Leidy.

Extinct Fauna Dakota, &c, p. 141.

This genus differs from AinpMtragulus, Pom., in the association of the
first inferior premolar with the canine and incisors rather than with the
remaining premolars. Dental formula I., ^ ; C, \ ; P. m., •£ ; M., § ; the
diastema between the first and second premolars only ; canine more or
less approximated to the first incisor. The arrangement in the anterior

part of the upper jaw has not yet been described. There is a diastema
behind the first premolar, and one in front of it. The canine is a weak,
simple-crowned tooth, and is immediately preceded by a large, canine-

like, exterior incisor. The existence of other superior incisors cannot
be demonstrated in my specimens.
As already known from the descriptions of Leidy, the otic bullae are

enormously expanded. Their walls are either occupied with an extensive
diploe, or lined with a cancellous layer, which gives a reticulate net-

work or section. The osteology of this genus presents a number of

interesting features. The cranium only has been described by Professor
Leidy. The following observations are based on portions of several

skeletons, which include the maxillary, mandibular, and other cranial

bones, which I extricated from the matrix myself. The dentition agrees
with that figured and described by Leidy.
The atlas is rather broader than long, with thin diaparapophyses,

pierced by the usual foramen at the middle of the base, and .produced
well backward at the outer margin. The articular facets of the axis are
continuous below the foramen dentale. The neural arch is regularly

convex and without keel on its posterior .4 ; but the anterior .6 consists

of a flat facet descending obliquely to the neural canal, with a median
keel and prominent lateral angle descending to the base of the diapo-

physis in front. The third and fourth cervical vertebrae are enlarged
and quite elongate, and present the usual peculiarity of the Camelidai in

the position of the canal for the vertebral artery. It perforates a part
of the base of the neurapophysis, and not that of the diapophysis. , The
latter is a decurved lamina, extending the entire length of the centrum,
and sending a strong angular ridge from the posterior outer angle to the

anterior zygapophysis. " The zygapophyses are connected by a strong
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longitudinal angular ridge. The neural spine is a prominent keel of no
great elevation. The hypapophysis is an acute keel, low in front, but
produced downward and backward to a rugose, obtuse extremity. The
centra are slightly opisthoccelian ; the articular surfaces so moderately
interlocked as to constitute a form intermediate between that of the
camel's and of the Macrauchenia. An anterior dorsal vertebra is more
strongly opisthoccelian, resembling that of the llama. The diapo-
physis has a reniform tubercular surface, which looks downward ; from
its posterior-inferior angle, a strong, fold-like ridge originates, and is

continued as the posterior margin of the neural arch. Below the capit-

ular facet, a short ridge originates, which incloses a median fossa, with
its fellow on the anterior half of the centrum. A lumbar exhibits a
strongly-depressed centrum, and the absence of an epiphysis from it

and from the dorsal described indicate the immaturity of the individual.
The humerus is a little expanded distally, and is truncate from the

trochlear margin on the inner side. The posterior portion of this face
is produced into a strong tuberosity, of which a trace may be observed
in the llama, which prevents the extension of the fore-arm beyond an
angle of 180°. The inner trochlear face has the greater sweep and less

width, and is uninterrupted ; the outer is wider, and is divided into two
nearly coincident planes. There is a supracondylar, but no arterial

foramen, as in Oreodon.

The fore-arm is long and slender, and the ulna co-ossified its entire

length, except a foramen near its distal end. The medullary cavities of

the two bones are separated for the proximal half of their length. A
shallow groove distinguishes the ulna proximally, and at the middle of
the shaft the latter forms an acute edge. Distally, the combined bones
present three planes, two lateral and a median. The lunar facet is

most impressed ; the scaphoid and cuneiform are equally prominent.
The carpus consists of eight bones, the entire mammalian number, all

entirely distinct. The second series presents the most important pecu-
liarities. The trapezium is small and posterior ; the trapezo'ides has an
almost entirely lateral presentation, and is also small, and fits an angle
of the magnum ; the metacarpal facets of these bones are con-

tinuous and uninterrupted. The magnum is flat and transverse ; the
unciform is nearly as broad, and less depressed; it presents two inferior

articular faces, the lesser interior for the third metacarpal ; that for the
fifth metacarpal is wanting.
There are two principal and two rudimental metacarpals. The third

articulates with half of the trapezo'ides, the magnum, and a fourth of

the unciform ; the fourth with the remainder of the unciform. The
second and fifth are very short and wedge-shaped, and closely adherent
in shallow fossae of the third and fifth respectively. The latter are dis-

tinct, and present no traces of present or prospective attachment; their

opposed faces are only flattened on the proximal three-fourths, and
rounded on the remaining fourth. Their articular extremities present
no basal ridge, and the median keel is posterior, terminating at the dis-

tal center. The basal phalanges are short, and with a distal trochlear

groove ; those of the second series are half as long.

Another specimen displays, in addition to cranium with teeth, vertebra;,

&c, the hind limbs. The astragalus is that of a true ruminant, but the
astragalus and cuboid bones are entirely distinct. The ectocuneiform
is a subcubical bone, and is distinct from the inner cuneiform behijud it,

and which is relatively larger than in the typical Buminantia. The
metatarsals are two in number, and are distinct throughout their length,
the distal portions being not even flattened for mutual contact. They
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are very much elongate and resemble those of the fore limb. There is,

on the external, a proximal excavation for the rudiment of the fifth

metatarsus, like that which contains the fifth metacarpus. Probably
there is a similar second, but the indications are lost. The distal end
of the fibula is not co-ossified with the tibia.

The above analysis determined some interesting relations of this

genus. The cervical vertebrse indicate affinity to the Gamelidce, and
there is nothing in the remainder of the structure to contradict such
relation. The separation of the os trapezoides is found in the camels,

and very few others only among Buminantia ; but, in the presence of

the trapezium Po'ebrotlierium shows relationships to more ancient

types, as Anoplotlieriidce, &c. The reduction of the digits to two and
the separation of the metacarpals point in the same direction ; indeed,

the number of carpals and metacarpals is prcisely as in Xiphodon. But
the mutual relations of these bones are quite different from what exists

in that genus, and is rather that of the Gamelidce and other ruminants,
or what Kowalevsky has called the " adaptive type." This author has
seen, in the genus Gelocus, Aym., from the Lowest Miocene, or Upper
Eocene of France, the oldest ruminant and the probable ancestor

of a number of the types of the order ; but among these he does not
include the Gamelidce. The present genus is a more generalized type
than Gelocus ; in its separate trapezoid and distinct metacarpals, it rep-

resents an early stage in the developmental history of that genus. It also

presents affinity to an earlier type than the Tragulidce, which sometimes
have the divided metacarpals, but the trapezoides and magnum co-ossi-

fied. In fact, Poebrotherium, as direct ancestor of the camels, indicates

that the existing Buminantia were derived from three lines represented
by the genera Gelocus for the typical forms ; Poebrotherium for the cam-
les ; and Hywmosclius for the Tragulidce. The first of these genera can-

not have been derived from the second, on account of the cameloid
cervical vertebra of the latter, and all three must be traced to the

source whence were derived, also, the Anoploheriidce, and perhaps the
little-known Dicliodontidce.

The two distinct metacarpals, separate trapezium and trapezoides,

cameloid cervical vertebra, and dentition characterize this type as a
peculiar family, which may be called PoebrotJieriidce. The genus from
which it takes its name was originally referred by Leidy to the Gamelidce.

I have been unable to detect any characters by which Protomeryx
hallii, Leidy, can be placed in a distinct genus from the present one. It

rests on a portion of a lower jaw of an individual somewhat larger than
the usual size of P. vilsonii.

Poebrotherium vilsonii, Leidy, loc. cit,p.lll ; Cope, Bull. U. S.Geol.

Surv., No. 1, 21.

Several ^individuals procured. The size was about that of a sheep,

but the limbs and neck were much longer. The latter resemble, in their

slender proportions, those of the Xiplwdon gracile of the Paris Eocene,
and exceed those of any of their contemporaries in this respect.

Measurements.
M.

Length of continuous sis molars 0.058

Depth of mandible at M. 2 , 022
Length of atlas, (on centrum) - 035
Length of third cervical vertebra 056
Width of centrum behind 020

Depth of centrum behind , 015
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M.
Depth of centrum behind, with byapophysis 020
Expanse of diapophysis of fourth cervical 034
Expense of zygapophyses of fourth cervical 038
Length of centrum of first dorsal

, 025
Width of centrum of first dorsal 020
Depth of centrum of first dorsal , 014
Width of humerus cistally 024
Length of radius 133
Width, proximally 018
Width distally, (greatest with ulna) 023
Length of lunar, (anterior face) 009
Length of magnum, (anterior face) 004
Width of carpus distally 020
Width of III. and IV. metacarpal proximally 019
Width of III. metacarpal proximally 011
Width of III. metacarpal distally 009
Length of III. metacarpal 131
Length of proximal phalange 017
Length of phalange of second row 010
Total length of hind foot, (No. 2) 243
Length of tarsus 040
Length of astragulus 025
Length of metatarsus 147
Length of unguis 015

HYPISODUS, Cope.

Synopsis New Vertebrata Colorado, 1873, pp. 5, 7.—Bulletin U. S. Geological Survey,
No. 1, p. 26.

With this genus we enter a group of true ruminants which are allied
in many respects to genera now living in the warm regions of Africa
and Asia, namely, the Tragulidce. The premolar teeth are similarly sec-
torial in their character, excepting the last in Hypisodus and Leptome-
ryx, and the metapodial bones are 1 co-ossified into a common bone late in
growth ; a deep intervening groove always remaining. The cuboid and
navicular tarsal bones are more or less completely co-ossified. The re-

lations of the lateral metapodial bones are not yet determinable.
Dental formula of Hypisodus : I., ^ ; C, { ; P. m., | ; M., f . In the

maxillary bone, two posterior premolars are preserved ; the last has a
single internal crescent, which extends from the posterior external cres-

cent as an oblique branch inward and forward. In the mandibular
series, the six incisors, two canines, and two first premolars form an.

uninterrupted series of ten subequal teeth, and are followed by a long
diastema. There is no diastema behind the first premolar. The num-
ber and relations of the teeth (the P. m. superior nos.1-2 unknown) are
much as Poebrothermm, but the molars are more prismatic in form.

Hypisodus minimus, Cope, Bull. U. S. Geol. Surv., 1874, No. 1, p. 26.

Leptauchenia minima, Cope, Pal. Bull., No. 16, p. 8 ; Hypisodus cingens,

Cope, Synop. New Vert. Col., p. 7.

Bepresented by numerous remains of a species not larger than a
gray squirrel.

The antero-exterior vertical ridge of the molars is more prominent
and overlaps the preceding tooth more extensively than in the other
species. The posterior-superior molar is narrowed behind, and has a
small heel-column. In the mandible, the third premolar is three-lobed,
and the first premolar is not separated from the second by a hiatus.
The superior molars exhibit no basal shoulder, but have distinct roots.
The inferior molars are still more prismatic, and the roots of the last
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are short ; enamel smooth. The valleys of the anterior lower molars
disappear with use more readily than in some of the allies. The second
inferior premolar is one-rooted.
The symphysis is spatulate, and emarginate distally, very convex be-

low, shallowly concave above. The diastemata are occupied by sharp
borders, which are slightly approximated at the posterior part. The
teeth are directed anteriorly, and are subequal. The mental foramen is

just in front of the bounding angle of the symphysis.

Measurements.
M.

Length of symphysis 0.0090
Width, (least) 0035
Width at 1.5 0042
Width at 1. 3.. 0046
Length of three molars above, (No. 1; .0120
Length of last molar 0050
Width of last molar 0030
Length of three inferior posterior molars, (No. 2) 0130
Length of inferior last molar - 0058
Width of inferior last molar 0025

Probably the least-known species of Artiodactyle. This exceedingly
small ruminant was very abundant during the period of the oreodons,
&c.

HTPEETEAGULUS, Cope.

Bulletin U. S. Geol. Survey, No. 1, 1874, p. 26.

This genus is allied to Dremotherium, Geoff. , and Leptomeryx, Leidy.
The diagnosis may be thus compared ; that of the first I derive from
Pomel

:

Hypertragulus, Cope : Molars, 6-6 ; first superior premolar without
internal lobe ; inferior premolars differing in form, the first one lobed,
situated at a distance from the second, which is not three-lobed.

Dremotherium, Geoff. : Molars, 6-6
; first superior premolar without

interior lobe ; inferior premolars similar, three-lobed, and contiguous.
Leptomeryx, Leidy : Molars, 6-6 ; first and second superior premolars

three-lobed, and with an internal lobe ; third with an inner and an outer
crescent ; inferior premolars similar, three-lobed, and contiguous.
In Hypertragulus, the third upper premolar exhibits an internal as

well as an external crescent. The canine of the inferior series stands
in the middle of a considerable diastema, which is preceded by three
incisors.

Hypertragulus calcaratus, Cope, Bull. U. S. Geol. Surv., p. 26

;

Leptauchenia calcarata, Cope, Pal. Bull., No. 16, p. 7.

The second superior premolar is quite short, and its inner lobe small.

The last premolar has a strong cingulum on the anterior, and especially

on the posterior faces of the last premolar. The superior molars have
no rib or column opposite the interval between the crescents ; the last

molar exhibits four ribs on the outer side. The second (third) inferior

premolar is compressed and elevated and much shorter than the third,

which is three-lobed. The posterior crescents of the last inferior molar
are opposite, and not separated posteriorly by a fissure.

This very abundant species of musk is a little smaller than the Lepto-

meryx evansii.
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Measurements.
M.

Length of five molars 0.0260
Length of three true molars 0175
Length of last true molar .0080
Width of last true molar 0070

This species is smaller than the smallest of the genus yet described.

Hypertragultjs tricostatus, Cope, Bull. U. S. Geol.. Surv., No.
1, 1874, p. 27.

A second species, about the size of the last, is represented by the
superior molars of one individual, and perhaps by numerous mandibles
which I cannot certainly associate with them. The last premolar has,
as in the preceding species, a strong posterior cingulum ; but there are
only three ribs on the outer side of the third molar, the characteristic
heel being absent. The latter also lacks the cingulum, which passes
round the inner side of the bases of the crowns in G. calcaratus, its rep-
resentative being the basal tubercle between the inner lobes of that and
the other molars. •

LEPTOMEEYX, Leidy.

Leptomeryx evansii, Leidy, Ext. Fauna Dak. and Neb., p. 165 ; Tri-
merodus cedrensis, Cope, Pal. Bull., No. 16, p. 8.

The form of premolars characteristic of Trwnerodus, as cited, pertains
also to this genus. The specific name represents the smaller forms, but
I find a considerable range in size in the numerous specimens obtained,
and do not at present regard them as belonging to more than one species.

STIBABUS, Cope.

Paleontological Bulletin, No. 16, p. 3.

This genus is known from a portion of a mandibular ramus which
supports two premolar teeth, one in an imperfect condition. These
teeth are of unusually large size as compared with the depth of the
ramus, especially in their antero-posterior diameter. The mental fora-

men issues opposite the anterior root of the first, which is also pre-

ceded by a diastema of uncertain length. The second premolar is sec-

torial in its form, and entirely symmetrical bilaterally, i. e., its cutting

edge is median, and there is no incurvature or ribbing of the inner or

outer side, but the sides slope symmetrically to the apices of the three
cusps of the crown.
The character of this tooth is quite that of some carnivorous animals,

e. g., of some Canidce, but the elongate preceding premolar, diastema,
and absence of canine alveolus lead me to the opinion that it is an
artiodactyle, with the sectorial premolar teeth of the group just consid-

ered. The elongate form of these teeth resembles most that of Poe'bro-

therium, but it differs from this genus, as from the others, in the most
decided manner. But one species is known.

STD3ARTJS OBTUSILOBUS, Cope, IOC. tit., p. 3.

This species is rare in Colorado, as but one specimen has come under
my observation. It is represented by a portion of a mandibular ramus,
which supported the two anterior premolars. The teeth are elongated
and compressed, with low crowns and flattened roots ; the crown of the
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third is four-lobed. Third premolar with large anterior lobe and pos-

terior heel. Median lobes obtuse ; three last lobes connected by a low
edge. Enamel slightly rugose.

Measurements.
M.

Length of bases of three premolars 0.076

Length of basis of third premolar s 008
Elevation of crown of third premolar -. 004
Depth of ramus at third premolar 007

PELONAX, Cope.

This genus embraces species which are nearly allied to Elotherium.

It is more hippopotamoid than that genus, in the possession of four

digits on all the feet and a rudimentary fifth on the pes. According to

Kowalevsky, Elotherium possesses but two digits of the fore-foot. The
JEJ. mortonii and E. ingens of Leidy represented the genus during the
Miocene period in North America, species which Kowalevsky is disposed

to unite with the E. magnum, Aym., of Europe.

Pelonax crassus, Marsh. (?) Elotherium crassum, Marsh, Amer.
Journ. Sci. and Arts, 1873, p. 487.

According to Marsh, the digits in this species are 4-5. Three crania,

one nearly complete, represent this species in our collections, so far as I

can determine from Marsli's very brief description. The form of the
skull is very different from that of the Elotherium mortonii. The poste-

rior portion from the orbits is abbreviated and the sagittal crest de-

scends from the protuberant frontal region. The orbits present upward
and forward, and the temporal fossa is higher than long ;, the face and
muzzle are long and narrow. The malar portion of the zygoma is con-
siderably deeper than the squamosal portion. The descending process
of the zygoma is directed downward and forward, as described by
Marsh. There is a small, supernumerary, single-rooted premolar close

behind the second in all three crania. The length of one of the skulls

is eighteen inches. The measurements of the teeth agree with those
given by Marsh.

Pelonax ramosus, Cope ; Elotherium ramosum, Cope, Bull. U. S.

Geol. Surv. Terrs., 1874, No. 1, p. 27.

Established on the greater part of a mandible with teeth, from a cra-

nium, which, when complete, must have measured nearly two feet and a
half in length, indicating an animal no smaller than the largest living

rhinoceroses. The species is remarkable for the great size of the tuber-
osities on the under side of the mandibular rami, especially of the ante-
rior pair. The symphysis is narrow and deep in front, and the tuber-
osities form two branches, whose bases occupy the entire lower part
of its infero-anterior face. They are some inches long, and are directed
outward and downward. The posterior edge is acute, and the extremity
very rugose, as though for the attachment of a horny or cartilaginous

cap or apex. The outer face is flat; the inner, convex. The second tu-

berosity is below the first true molar, and is flat and with apex obtuse
in profile, and turned outward. The molar teeth number seven ; the
first and second of the four premolars have but a single root, and are
separated by a short diastema. The tubercles of the molars are low

;

the crowns of some of the premolars have a ciugulum in front and be-
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hind. The canines are lost, but their alveoli indicate huge size; the
root possesses an open groove on the front of the inner side. The outer
incisors are large and close to the canine; the last molar is two-lobed
and rather small.

Measurements.
M.

Length of series of inferior molars 0.370
Long diameter of canine alveolus, (23:5 lines) 060
Length of true molar series 140
Length of crown of fourth premolar 053
Height of crown of fourth premolar, (worn) 022
Width of symphysis between canines . r 090
Length of chin-process, (3.5 inches) 090
Width of chin-process antero-posteriorly 080
Length of interval to second tuberosity 150
Length of basis of second tuberosity 075
Length of symphysis 175
Depth of ramus at P. m. 2 100

The only species with which it is necessary to compare the Pelonax
ramosus is the Elotlierium imperator, Leidy, (=E. superbmn, an older
though less appropriate name,) known from a canine and incisor-teeth

from California and Oregon. The long diameter of the canine is to that
of B. ramosum as 5£ to 7£.

OAMIVOEA.
HY^NODON, Laiz. et Par.

Hy^nodon horridus, Leidy, Ext. Fauna Dak., &c, p. 39 : Cope, Bull.

U. S. Geol. Surv., No. 1, p. 9.

Hy^enodon crucians, Leidy, loc. cit., p. 48; Cope, loc. cit., p. 9.

This and the preceding species were found rather rarely, and in about
equal proportions.

AMPHICYON, Larl.

Amphicyon vetus, Leidy, Ext. Fauna Dak., &c, p. 32.

CAMS, Linn.

Cants hartshornianus, Cope, Synop. New Vert. Col., 1873, p. 9.

Indicated by a portion of the mandibular ramus with the first tuber-

cular molar and alveolus of the second. The species was as large as the
Canis latrans. The anterior molar preserved has an interrupted cingu-

lum on the outer side, which projects considerably in front, thus inter-

rupting the parallelogramic outline of the crown. The outer anterior

tubercle is much the larger, while the inner ones are both obsolete. In
C. gregarius, Cope, the tubercles are equal, and there is no cingulum.
Eoot of tubercular molar subround in section as in C. grcgarius.

Measurements.
M.

Length of bases of M. II and III 0130
Length of base of crown of M. II 0090
Width of base of crown of M. II 0060
Elevation of crown of M. II 0050

Named for my friend, Dr. Henry Hartshorne, professor of natural

sciences in Haverford College.
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As compared with the corresponding parts of the Amphicyon vetus,

the specimen of this species displays the characters of the genus Canis.

The first tubercular molar is considerably smaller—not much more than
half as large, and the second very small, and supported by but one cy-

lindric root. The alveolar portion of the ramus is at the same time as

stout as that of the A. vetus.

Canis lippincottianus, Cope, Synop. Vert. Col., 1873, p. 9.

Among the numerous remains of dogs associated with those of ro-

dents and insectivora, I have observed several portions of mandibular
rami with teeth which indicate a species intermediate in size between
the Canis hartsJwmianus and the C. gregarius. It was therefore not
very different from the coyote in size. Selecting one specimen as type,

which contains the teeth which correspond to those which represent the
species last described, I find the followkig peculiarities : The root of

the last molar is much compressed. There is only a trace of cingulum
on the penultimate, and the tubercles of the inner side of the crown are

well developed. Dimensions half as large again as in C. gregarius, as
indicated by many specimens of the latter. In it the anterior lateral

tubercles are subequal.
A second specimen from the same locality is a mandibular ramus, with

the alveoli of the entire molar series and the last premolar and sectorial

perfectly preserved. As compared with a larger number of specimens
of G. gregarius, the jaw is larger, but is chiefly distinguished by .the rel-

atively stouter and broader teeth. The first premolar is one-rooted.

Measurements.

M.
Length of bases of crowns of M. II and. Ill, (No. 1) 0.0095
Length of base of crown of M. II 0060
Width of base of crown of M. II .0035
Elevation of crown of M. II 0030
Length of bases of five anterior molars, (No. 2) 0320
Length of bases of four premolars 0220
Width of sectorial at middle 0045
Elevation of sectorial at middle 0070
Depth of ramus at sectorial 0130
Thickness of ramus at sectorial 0055

Canis gregaeius, Cope, Pal. Bull., No. 16, p. 3.

About half the size of the red fox,
(
Vulpesfulvus,) or equal to the V.

littoralis, Baird, but with relatively deeper mandibular ramus than
either. The premolars are in contact with each other, and the middle
posterior lobe is well developed, except in the first, which is also one-
rooted. Sectorial, with stout inner tubercle as high as the anterior lobe

j

heel rather small. First tubercular with two roots relatively smaller
than in the species last described ; with two anterior and one posterior
tubercle. The second tubercular is very small, and has a single sub-
compressed or round root. It remains in very few specimens, and in a
few has evidently never existed. A premaxillary with part of the max-
illary bone displays parts and alveoli of two incisors, one canine, and
the first premolar. There is scarcely any diastema, and the canine is

compressed oval in section. The exterior incisor is quite large, exceed-
ing by several times the inner one. The premaxillary bone has but little

anterior production.
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Measurements.
M.

Length of molar series 0.036
Length of premolar series 019
Length of fourth premolar 006
Length of sectorial -,009

Width of sectorial 004
Height of sectorial 006
Depth of ramus at sectorial 010

This species is more abundant than all the other carnivora of the Col-
orado beds together, and is the only one that bears due proportion to
the numbers of rodentia, on which it no doubt depended for food.
Slight and unimportant variations may be observed among the numer-
ous specimens.
This species is about the size of the Ampliicyon gracilis, Leidy, from

the White Eiver beds of Dakota, and I suspected at one time that I had
found that species in Colorado. Dr. Leidy describes that dog as having
a two-rooted second tubercular molar, a character befitting its reference
to Ampliicyon, but very distinct from anything found in Canis gregarius.
Leidy's figure (7-8, PI. v) exhibits also an equality in the size of the in-

cisor-alveoli and production of the premaxillary bone not found in the
present species.

Canis osorum, Cope, Synop. Vert. Col., 1873, p. 10.

Kepresented by two mandibular rami of a species of about the size of
a weasel. One of these exhibits four premolars, the other a fourth pre-
molar with fangs of a sectorial, and one or two tuberculars. The first

premolar is one-rooted and close behind the large canine ; the third
exhibits no posterior lobe, and the crown is low. The ramus is shallow
and stout.

In the second specimen, which is only provisionally referred here, the
proportion of the base of the crown of the fourth premolar is identical
with that of the first-described specimen. It exhibits a posterior me-
dian lobe. 'The succeeding tooth was a little larger, and the first root
following placed transversely in the jaw.

Measurements.
M.

Length of bases of four premolars, (No. 1) 0.0113
Length ot basis of P. m'. Ill 0030
Elevation of crown of P.m. Ill 0020
Length of basis of crown of P. m. IV 0040
Depth of ramus of mandible at P. m. IV 00C0
Length of bases of P. m, IV, M. I 0080
Depth of ramus at first molar 0060

BUXJELURUS, Cope.

Synopsis Vertebrata Colorado, 1873, p. 8.

Char. gen.—Molars two, the first sectorial and without inner tubercle

;

the second small, tubercular. Premolars simple, acute; .mandible not
widening forward. This is one of the forms which associates the Fclidce

and Mustelidcc. With the tubercular tooth of the latter, the sectorial re-

sembles that of the cats, in the absence of all trace of the inner tuber-

cle, but is again weasel-like in the well-developed heel of the sectorial.

The genus is probably without the peculiarities of the Drcpanodons, &c,
i. e., the downward expansion of the mandible, &c. The genus ^Elurogale,
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of Delfortrie, is said to present a dental structure not unlike that of

Buncelurus, but I have not had the opportunity of reading his diag-

nosis.

BUN^LURUS LAGOPHAGUS, Cope, loc. tit, 1873, p. 8.

Eepresented by a portion of a mandibular ramus, which carries the
sectorial and tubercular teeth, and another, more perfect, from the right

side, which contains the two last premolars as well as the sectorial and
tubercular teeth. Thus the number of premolars is uncertain. Those
preserved are narrowly acuminate ; the basal lobes of No. 3 quite small.

The middle lobe of the sectorial is considerably higher than the anterior,

and the heel, though short, is well developed. Tubercular small; crown
longitudinally extended.

f

This feline was about the size of a half-grown cat.

Measurements.
M.

Length of crowns of four molars, (No. 1, immature) 0.0140

Length of two true molars 0065
Length of sectorial tooth .'•

- 0050
Width of sectorial tooth 0021
Elevation of sectorial tooth .' .0045

Depth of ramus at sectorial tooth 0050
Depth of ramus at sectorial, (No. 2, adult) .0070

DAPTOPHILUS, Cope.

Paleontological Bulletin, No. 16, p. 2.

General character of dentition as in Machcerodus, but the mandibular
teeth are : C, 1 ; P. m., 3 ; M., 1, a premolar tooth being added. Sec-

ond premolar three-lobed; carnassial tooth with short cutting-heel;

tubercular none. Superior canine much compressed, denticulate, not
grooved.

DAPTOPHILUS SQUALIDENS, Cope, loc. tit.

Established on a specimen in which the permanent sectorial of the
lower jaw is protruded, but the temporary sectorial not yet displaced

by the permanent last premolar. Second premolar with strong, sub-

equal anterior and posterior basal lobes and two-rooted. Enamel
smooth.

Sectorial with two posterior lobes, the lower prominent. Eamus
decurved at symphysis. Superior canine in shape, like a tooth of a
shark of the genus OxyrMna ; flat within, slightly convex without ; the
front cutting-edge turned inward at the basis ; both edges denticulate.

The fang of the inferior canine penetrates beyond a point below the
first premolar.

Measurements.
M.

Length of bases of three posterior molar teeth 0.040

Length of basis of second molar tooth .010

Elevation of basis of crown of second molar tooth .009

Length of basis of crown of fourth molar tooth .017

Elevation of basis of crown of fourth molar tooth ? .013

Depth of ramus at fourth molar tooth .015

Depth of ramus at second molar tooth .018

Length of fragment ofupper canine. '.... .025

Width of fragment of upper canine at base .011

Size of the panther.
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Should it be ascertained that this cat developes a tubercular molar,
(of which I can now find no trace,) it will be necessary to estimate it as
a second species of Dinictis. Besides the large basal lobes of the second
premolar, the inferior canine has an apparently larger size and more
posterior extent of the fang; certainly much greater than in the Hoplo-
plwneus oreodontis, which resembles the Dinictis felina in this region ex-
teriorly. In accordance with the continuation of the canine alveolus,

the inferior border of the jaw is rounded, and though flared on the outer
margin for the large superior canine, it is not truncate as in the saber-
toothed tigers generally.

,
Coincidentally the superior canine is reduced

in size, being relatively shorter than in D. felina.

HOPLOPHONEUS, Cope.

Bulletin U. S. Geological Survey Terrs., No. 1, p. 23, 1874.

Char. gen.—Dental formula of mandible, I., 3; C, 1; P. m., 2 ; M. 2.

Superior canine greatly developed ; end of mandible expanded and thick-

ened to protect it.

This is simply Machcerodus with a tubercular molar, a's in Dinictis. The
dental formula is the same as that of Buncelurus, but the latter proba-
bly has the character of Felis in its anterior dentition.

Hoplophoneus oreodontis, Cope; Machcerodus oreodontis, Cope, Sy-
nop. New Vert. Col., 1873, p. 9.

Char, specif.—The species was "established on a young individual with
part of the temporary dentition remaining. A jaw of an adult furnishes
additional characters. The first premolar (the third) has two roots and
is as large as the second, instead of being smaller, as in Drepanodon
primcevus. The second (fourth) has a prominent anterior basal tubercle,

as in the last-named species, but which is, according to Leidy, wanting
or very small in Dinictis felina. The anterior angle of the mandible is

not produced downward so much as in the Drepandon, but is more as
in Dinictis felina, with which the present species agrees nearly in size.

The diastema is very short and rises to the base of the large inferior

canine. There is a mental foramen below the anterior root of the first

premolar, and two vascular foramina on the front face of the ramus, one
above the other. In the form of the second premolar, this species re-

sembles Drepanodon occidentalism Leidy ; but that species is supposed not
to possess the tubercular molars, and is nearly twice the size of the pres-

ent animal.

Measurements.
M.

Length of ramus to end of molar series 0.065

Length of molar series 048
Length of base of first premolar 014
Length of base of sectorial 017
Depth of ramus at sectorial 017
Depth of ramus at diastema 024
Depth of ramus at symphysis 024

The second specimen is immature, and presents the following charac-

ters. It is represented by an incomplete manibular ramus of the right

side, containing two incisors, and the deciduous sectorial, with portions
of other teeth. The incisors are very stout, and exhibit slightly-curved

conic crowns, with a serrulate cutting-edge on the inner face. The sec-

torial toothhas the elevated acuteanterior lobe, which forms with the me-
dian lobe the usual sectorial shear. Posteriorly to the median, there are
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two acute lobes, the third as high as the anterior, while the fourth nearly

reaches the line of the base of the anterior notch. There is no anterior

basal lobe. The sectorial was of large size, judging by the alveolus.

The first premolar was also large and twO-rooted. The alveolus for the
inferior canine is flat on the inner side. The increasing anterior depth
of the ramus indicates an expansion for the protection of the large

superior canine.

From the same locality as the last. About the size of the Canada
lynx.

Measurements.
M.

Length of bases of crowns of premolars I and II 0.0210

Length of bases of crowns of premolar II 0110
Elevation of crown of premolar II 0110
Elevation of crown of incisor II .0055

Diameter of crown of incisor II .0035

Length of diastema behind canine 0110

QUAD BUM AN A.

MENOTHEEIUM, Cope.

Bulletin U. S. Geological Survey of Terrs., No. 1, 1874, p. 22.

This new genus is probably quadrumanous, and allied to the lemurs

;

but as I only possess portions of two mandibular rami with dentition, a
more exact determination will be looked for with interest. It is the
first indication of the existence of monkeys in the Miocene formation of

the United States.

There are at least two premolars and three molars in the inferior se-

ries ; those anterior being lost in the specimens. The last premolar is

somewhat sectorial in form, having a compressed but stout median cusp,

a broad heel behind, and a small tubercle in front. The last molar is

rather smaller than the others, and with a slight posterior or fifth

tubercle. The molars support four tubercles nearly opposite, in pairs
?

and connected by a diagonal crest, so that when the crown is worn an
S-shaped 'figure results. The two alveoli in front of the last premolar
may have contained each a separate tooth, or a single tooth, longer than
any of the others. The genus is apparently allied to the Leptoclicerus

of Leidy.

Menotherium lemurinum, Cope, loc. cit, January, 1874.

Char, specif.—The last premolar is longer than any of the molars.
There are no cingula on the molars, but the transverse crest from one
of the tubercles descends to the side of that opposite to it, along the
end of the crown. Enamel smooth. Eamus of the jaw rather elongate.

Measurements.
M.

Length of bases of six molars 0.0250
Length of bases of true molars 0120
Length of basis of first true molar 0040
Width of basis of first true molar 0032
Length of basis of last premolar 0052
Width of basis of last premolar. 0030
Depth of ramus at last premolar 0090

This animal was about as large as the domestic cat.
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TESTTJDINATA.

TESTUDO, Linn.

Beniains of species of this genus are very abundant in the Miocene of
Colorado, and present much greater variety of structure than do the tor-

toises of the White Eiver beds of Dakota. This is most strikingly seen
in the forms of the lobes of the plastron, which may be fiat and trun-
cate, deeply bifurcate or produced into a wedge-shaped process. I have
distinguished four species, as follows

:

Testudo cultra.tus, Cope, Pal. Bull., No. 15, p. C.

This species introduces several from the same formation as the Pelto-
saurtis, which agree with the existing genus Testudo in their short, stout
metapodial and phalangeal bones, and single anal scutum of the cara-
pace.

In the present species, the prominent peculiarity is seen in the form of
the lip of the anterior lobe of the plastron, each half of which is an
elongate pyramid, its depth and width being equal. The marginal bones
were short, stout, and recurved. Length of carapace nearly 18 inches.

Testudo laticuneus, Cope, Pal. Bull., No. 15, p. 6.

In this species, the anterior lip of the lobe of the plastron is very
prominent and wedge-shaped, and with dentate margin, and is flat and
thin. The posterior lobe is subtruncate. The mesosternal bone is hex-
agonal and broader than long, and is pointed behind. The pygal bone
is triangular, and the anal marginal is convex in both sections and
abbreviated below. Each marginal bone behind the bridge presents a
mucro, where a dermal suture reaches the margin. Anal scutum very
wide. All the sutures double lines. Length from 18 inches to 2 feet

;

width two-thirds the length. Carapace rather flattened.

This is the most abundaut species of the formations ; several good
specimens obtained.

Testudo amphithorax, Cope, Pal. Bull., No. 15, p. 6.

Anterior lobe of plastron broadly truncate, scarcely lipped; pos-
terior lobe openly emarginate. Mesosternum longer than broad, acute
in front, very obtuse behind. All the sutures simple. Anal marginal
shortened but convex. Form depressed. Length and width as in the
last.

Testudo ligonius, Cope, Pal. Bull., No. 15, p. 6.

Posterior lobe of plastron rjroduced into two flattened, sharp-edged,
wedge-shaped processes, separated by a deep notch, as in Hadrianus
corsonii. Marginal bones behind very wide, or, considered separately,

long and narrow, with a step-like angle and notch where the scutal

suture reaches the margin.
The form of the anterior lobe of the plastron is yet uncertain, though

fragments found with the type resemble that of T. laticuneus. At least

three incomplete specimens obtained.

STYLEMYS, Leidy.

Stylemys nebrascensis, Leidy; Testudo nebrascensis, Leidy, Pteport

Geol. Surv. Terrs., (4to,) vol. i, p. 339.
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LAOEETILIA.

PELTOSAURUS, Cope.

Palentol. Bulletin, No. 15, p. 5.

Prernaxillary undivided, with spine; a zygomatic postorbital; and
parieto-quadrate arches. Teeth pleurodont, with obtuse, compressed
crowns, of similar form on all the jaw-bones. Body covered with
osseous scuta, which are in places united by suture. Vertebrae de-

pressed, with simple articulations. Median, hexagonal, dermal scuta
on the parietal bone. Parietals united.

There are sufficient remains of the typical species of this genus to
furnish a basis for an estimation of its affinities, a point of some inter-

est, as this has been seldom if ever done in the case of a terrestrial

lizard of the Miocene. The primary group to which it is to be referred
is not difficult to determine.*
The frontal and parietal bones are each undivided, and there is no

fontanelle in either or their common suture.t There is a large post-

frontal, and the usual cranial arches are present, and the quadrato-jugal
absent. The frontal possesses strong lateral inferior crests, but whether
they underarch the olfactory tube completely the specimen does not
show. All the usual elements of the mandibular ramus are present,

but the angular is very narrow. The dentary does not extend behind
the coronoid on the external face of the jaw. The coronoid is little pro-

duced either forward or backward above, but sends a process forward
on the inner face of the dentary. The splenial is well developed but
becomes very slender anteriorly ; it covers the meckelian groove except
for a short space distally, where it furrows the inferior aspect of the
jaw. The surangular is quite peculiar; it is massive, and lacks the
usual deep fossa for the pterygoid muscle, and has a broadly truncate
superior margin. It is in the same vertical plane as the dentary, and
not oblique or subhorizontal as in most Gecconidce. The dental foramen
is small and pierces its inner face. The posterior angle of the ramus
is broken off.

The characters of the premaxillary bone, fontanelle, dentition, coro-

noid, dentary, splenial bones, and Meckelian groove place this genus
out of the pale of the acrodont families. The parietals and vertebrse
are distinct from anything known among the geccos. There is no re-

semblance in essentials to the Amphisbcenia, so that we must look for

its place among the numerous pleurodont families. Here the absence
of the knowledge of the periotic bones and sternum somewhat em-
barrasses us ; but other indications are clear. The coincidence of the
want of parietal fontanelle with the lateral frontal plates refers us at

once to the Leptoglossa or Diploglossa ; a reference confirmed by the
simple frontal and strong cranial arches. The massive form of the sur-

angular bone, and reduction of the angular, at once distinguishes Pelto-

saurus from any known family of the tribe Leptoglossa, and constitutes

a point of near resemblance to the Gerrhonotidce. ' This appears to be a
real affinity, which is further confirmed by the presence of a symmetri-
cal dermal scutellation on the top of tfie head.

Referring Peltosaurus, therefore, provisionally to the Gerrhonoticlce, it

* See the author's Osteological Characters of the Scaled Eeptiles, in Proceedings Aca-
demy Philadelphia, 1864, p. 224.

t What I originally thought was such is a foramen-like sinus in the posterior margin
of the parietal.
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remains to consider the generic characters. The temporal fossa was
not roofed over by true bone, though the border of the postfrontal
eucroaches on it; and it is rather small. The orbits, on the other hand,
are large, and the malar bone forms a'segment of a circle. The parietal
thins out behind, and its posterior border has a subround excavation.
The two median dermal scuta, which left their impressions on the parie-
tal bone, represent the interparietal and postinterparietal plates re-

spectively; the latter especially characteristic of the Gerrhonotidce, and
not found in leptogloss or diplogloss families generally ; those possess-
ing it being the Lacertidce in the former, and Anguidw in the latter.

The most prominent character which distinguishes this genus from
Gerrhonotus is the existence of the osseous scuta which covered the
body. Even the form of these is similar to the corresponding dermal
scuta of the existing genus.

Peltosaurus granulosus, Cope, Pal. Bull., No. 15, p. 5.

' Indicated by considerable portions of a skeleton, which I excavated
from the matrix. Parietal bone broad and flat, frontal little narrowed,
gently convex, both with finely granular upper surface. Scuta not
keeled, finely granular. Number of teeth on premaxillary bone, 7;
teeth on dentary, 10 in m.010. Surfaces of dentary smooth.

Measurements.
M.

Median width of parietals 0.0140
Median width of frontals .0080
Length of mandibular ramus to cotylus 0400
Diameter of vertebral centrum, (transverse) 0030
Length of vertebral centrum 0055

Size about that of the American Heloderma.

EXOSTINUS, Cope.

Synopsis New Vert. Colorado, p. 16.

Char. gen.—This form of lizard is represented principally by a nearly
entire frontal bone. Close to it were found a zygomatic bone and a
nearly complete dentary bone with the teeth. The former is in all

respects appropriate to the frontal bone, and the size of the dentary bears
the usual relation of size to the same. Its dentition is appropriate to

the affinities of this genus to Peltosaurus, Cope.
The frontal bone is much narrowed between the orbits, as in recent

leptogloss Pleurodonta, while the olfactory lobes were almost as com-
pletely underarched as in the thecagloss-type. The stout, well developed
zygomatic, with malar process, resembles the former group, and the teeth
have a similar structure. These are closely placed, truly pleurodont
and subcylindric. The crowns are simple, compressed, and with a con-

vex edge. They are similar in form throughout the dentary bone.
Cranial bones covered with symmetrical osseous prominences.
These details, so far as they go, resemble those of Peltosaurus, and

Exostinus is doubtless to be referred to the same natural tribe of lizards,

the Diploglossa. The rugosities of the crauium indicate its greater

resemblance to Heloderma than to Gerrhonotus, but the teeth are much
more like those of the former genus than the latter. This genus and
Peltosaurus constitute our first definite knowledge of the extinct forms
of Diploglossa.

33 GS
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EXOSTINUS SERRATUS, Cope, loc. tit.

Char, specif.—A series of tubercles along each supra-orbital border)
longitudinal at the front, quadrate at the back part of the eyebrow. A
single series of tubercles separates them. Five tubercles in a trans-

verse row at the posterior margin of the frontal. Two series of flat

tubercles on the zygomatic bone. Dentary quite convex on outer face

;

inner face slightly convex ; 8 teeth in m.0050.

Measurements.
M.

Length of frontal, (nearly complete) 0.0070
Width of frontal posteriorly 0034
Width of frontal at post-orbital point 0045
Width of frontal between orbits 0018
Length of zygomatic 0070
Depth of dentary at last tooth 0030
Length of a mandibular tooth 0018

About the size of the common eastern seine, (JEumeces fasciatus.)

ACIPRION, Cope.

Synopsis Vert. Colorado, p. 17.

Char. gen.—Eepresented by a dentary bone, with nearly all of the
teeth remaining. A groove, apparently the Meckelian, extends along
the inferior border of the distal half of the bone. The teeth are truly

pleurodont, closely placed, and cylindric, with compressed crowns. The
latter supports a large median and two small lateral cusps, three in all.

ACIPRION FORMOSUM, Cope, loc. tit.

Char, specif.—The crowns project well above the alveolar border.

External face of dentary smooth, with rather distant foramina. Ten
and a half teeth in m.0050.

Measurements.
M.

Depth of dentary at middle 0.0022
Length of a median tooth 0018
Elevation of same above alveolus 0010

This species is about the size of our Cnemidophori. From all the
genera oi this group, Aciprion differs in the uniform character of the
teeth, there being no simple teeth in the front of the series so far as

preserved. A jaw-fragment probably represents a second species of this

genus.
DIACIUM, Cope.

Synopsis Vert. Colorado, p. 17.

Established on the sacral vertebra of a large lizard, which presents
such peculiarities as to indicate that its affinities are remote from those
above described.

The diapophysis is subcylindric and elongate. Centrum concave be-

low; neural arch flat above. Articulation without zygosphene or rudi-

ment of it ; zygapophyses oblique, the arch deeply excavated between
the anterior ones. Obliquity of ball inferiorly.

DlACIUM QTJINQTJEPEDALE, Cope.

Char, specif.—Two hypapophysial tubercles below the ball. Centra
slightly depressed, the cup excavated above and below. An augula-
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tion extends backward from each anterior zygapophysis ; the neural
arch between them flat on the anterior half.

Measurements.
M.

Length of centrum below 0.0100

Diameter of artiealar ouB;^-™ ;:;;;;;";;;;"•"--;""";"---;; *«
Diameter of base of diapophysis 0044
Width between anterior zygapopbyses 0098
Width of upper plane of neural arch , .0078

This species is as large as any of the existing species of Varanidce.

CKEMASTOSAURUS, Cope.

Synopsis Vert. Colorado, 1873, p. 18.

Established on vertebras which differ from those of Peltosaurus in the
absence of the sharp ridges which connect the anterior zygapopbyses
with the posterior in the dorsal vertebrae. They are better developed
in the cervical region. The species of this genus which are known are
ntermediate in size between those of Peltosaurus on the one hand and
Exostinus and Aciprion on the other.

Dorsal vertebras without zygosphene.
The neural arch is capacious in the cervical region, and each neurapo-

physis is excavated below the posterior zygapophysis, and sending a
ridge downward and backward round the centrum, continuing as a low
shoulder on the inferior face. Diapophysis with a single narrow capit-

ular articulation, extending obliquely downward and forward ; that of
the third vertebra smaller. Axis with an elevated neural arch, with
obtuse, inferior carina. Odontoid a crescentic element, with a transversa
groove on its anterior face. All the centra with an obtuse but promi-
nent hypapophysial keel.

Cremastosaurtjs carinicollis, Cope, loc. cit., p. 18.

Ball of sixth cervical vertebra round. Neural arches broad, each with
a low, acute keel for spine, which is elevated on the third, and produced
roof-shaped backward and forward on the axis. The costal articula-

tions are not produced below the centrum.

Measurements.
M.

Length of cervical vertebrae II to VI 0.0140
Length of axis 0038
Elevation of axis behind 0047
Diameter of odontoid, (in front) - 0034
Length of c. VI 0029
Diameter of ball of same 0011
Total elevation of same 0030

The dorsal vertebras, which are appropriately associated with the cer-

vicals, have transversely-oval articular faces, and centra without infe-

rior keel or ridge. The vertebras are all dorsal, hence the diapophyses
have the usual form in the order for costal articulation, and do uot pro-

ject as far interiorly as the plane of the lower face of the centrum. It

does not project beyond the anterior zygapophysis, and the lower half is

especially developed as the costal condyle. Neural spine a keel extending
from the front of the arch and rising into a short apex above the articu-
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lar ball. There is a collar round the ball, which is faintly visible on the
inferior side.

Measurements.
M.

Length of centrum 0.0040
Width of cup _• 0018
Depth of cup 0010
Elevation of neural arch anteriorly 0015
Elevation of neural spine and arch posteriorly 0043
Total expanse in front 0047

The dorsals represent several individuals.

Cremastosaurtjs tjnipedalis, Cope; Diacium unvpedale, Cope, Syn-
op. Vert. Col., p. 18.

Represented by a sacral vertebra of an individual smaller than any of
those of the last-described species, and characterized by the unusual
protuberance of the articular ball and absence of flattening of the cen-
trum below. Centrum depressed ;

plane longitudinally convex in trans-
verse section. An* annular groove round the ball. Diapophysis elon-

gate, slightly depressed.
Measurements.

M.

Length of centrum * 0.0034

•Diameterofcup,|^q^
:::::::::::::::::::::::::::::::::::::::::::::; ;jgg

PLATYEHACHIS, Cope.

Synopsis Vert. Colorado, p. 19.

Char. gen.—Dorsal vertebrsB united by the zygosphene, as well as the
usual articulation. Centrum much depressed, flat below. Neural arch
depressed, an angle connecting the zygapophyses. Neural spine a keel,

projecting beyond the posterior margin in a mucro.

Plattrhachis coloradoensis, Cope, loo. tit., p. 19.

Char, specif.—Ball truncate below its convex face, looking slightly

upward. Costal capitular surface semiglobular directly below the an-
terior zygapophysis. Neural arch concave between zygapophyses.

Measurements.
M.

Length of three dorsal vertebrae - 0.0070
Length of one dorsal vertebra 0028

transverse 0014
Diameter of ball,

j vertical _ 00Q6
Elevation of vertebra 0019
Width between zygapophysis ... .0025

The size of this species is similar to that of the two species already
described from teeth ; but the vertebral articulation is not appropriate
to Exostinus with existing lights.

OPHIDIA.

NEUEODEOMICUS, Cope.

Synopsis Vert. Cblorado, p. 15.

Char. gen.—Centrum small, with a prominent truncate hypapophysis.
Neural arch capacious, the zygantrum wider than the articular cup.

Neurapophyses bounding the canal laterally below the zygosphene; its
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border not angulate behind. Parapophysis projecting acutely below
centrum. An elevated neural spine.

Netjrodromicus dorsalis, Cope, loc. cit.

Char, specif.—Articular surfaces of centrum round ; the ball with a
slightly upward-looking obliquity. Hypapophysis continued to cup as a
prominent carina. A ridge connecting zygapopliyses. Neural spine
extending its base forward, so as to stand on the entire length of the
neural arch.

Measurements.

Length of centrum 0.0045

Diameter of cup,\ +

vertical " 0020
1 '

£ transverse 002 L

Elevation of neural spine above centrum 0055
Elevation of neural spine above neural arch 0029
Length of hypapophysis below centrum 001

2

Width of hypapophysis ^ 0011

The zygantrum is capacious, and the whole neural arch open and
light. The species was about the size of the black snake, (Bascanium
constrictor.)

Calamagras, Cope, loc. cit.

Char. gen.—An obtuse hypapophysial keel most prominent posteriorly.

No ridge from the zygosphene; that from the parapophysis wanting or-

rudimental. Neural spine posterior, short, and obtuse. Neural arch
not produced posteriorly; zygosphene wider than articular cup. Artic-
ular surfaces moderately oblique. A concavity separating the articular

surfaces of the diapophysis and parapophysis.
This genus differs from Boavus, as described by Marsh, in the absence

of ridges and concavity of parapophysis.

Calamagras mttrivorus, Cope, loc. cit, p. 15.

Char, specif.—Articular surfaces a broad transverse ellipse. Hypapo-
physis terminating in an appressed point. No inferior lateral ridge on
centrum ; a trace of one on the posterior part of neural arch.

Measurements.
M.

Length of centrum 0.0030

Width of ball 0017
Depth of ball -'. .OOl'S

Width between parapophyses 0023
Depth of entire vertebra 0040

Represented by six consecutive vertebrae. Size that of the water-

snake, {Tropidonotus sipedon.)

Calamagras trtjxalts, Cope, loc. cit, p. 15.

Smaller! Articular surfaces more oblique. Neither centrum nor arch
with ridges; hypopophysis low, without apical point. Parapophysial
surface very short vertically.

Measurements.
M.

Length of centrum 0.0(127

Width of ball 0016

Depth of ball 00

U

Width between parapophyses 01 120

Depth of entire vertebra - .0031

Size of the garter-snake ; four vertebrae preserved.
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Calamagras angtjlattjs, Cope, loc. tit, p. 16.

' The largest species, distinguished by the presence of a low ridge on
the centrum from the parapophysis to the middle of the centrum. Neu-
ral spine on the posterior half of the neural arch short, truncate. Hy-
papophysis short, ending in an obtuse point. Parapophysis larger than
in other species, nearly equal to the diapophysis.

Measurements.
M.

Length of centrum 0.0030

Diameter of ball, \
transverse 0017

'
£ vertical 0016

Width between parapophyses 0024
Depth of entire vertebra 0045

Aphelophis, Cope, loc. tit., p. 16.

Char. gen.—Similar to the preceding in the absence of acuminate diapo-
physial process, the zygospbene exceeding the articular extremity in
width, and the simplicity of the posterior border of the neural arch.
There are no longitudinal ridges, the hypapophysis being entirely want-
ing. The articular faces of the parapophysis and diapophysis continu-
ous without intervening concavity.

Aphelophis talpiyorus, Cope, loe. tit., p. 16.

Char, specif.—Vertebras short and wide ; the neural spine stouter and
more obtuse than in any other species here described, occupying less

than half the neural arch with its basis. Zygospbene wide, depressed,
with nearly straight posterior margin, not sending any ridge backward
from the posterior face. Articular faces of centrum a depressed oval

;

ball looking upward, its axis- making 45° with that of the centrum.
Parapophysis not projecting below centrum.

Measurements.
M.

Length of centrum 0.0026

Dhmeter of mm £
transverse ' .0018

.Diameter ot cups,
£ vertical 0012

Width between para j..ophyses . . . .0017
Depth of en tire vertebra 0034
Width of zygospbene 0020

Represented by three vertebras of an individual about the size of C.

truxalis.

CHAPTEE V.

THE LOUP FORK EPOCH-
In the Pliocene strata already described, mammalian remains are

exceedingly abundant over limited areas; those of horses in an especial

manner. Those obtained are as follows :

Species.

Carnivora 4
Perissodactyla 8

Artiodactyla 7

Proboscidia 1

Testudinata 1

Total 21
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The most important paleontological results are, (1) the discovery that
the camels of this period possessed a lull series of upper incisor-teeth

;

(2) that the horses of the germs Protohipptis are, like those of Hipjwthc-
ritmi, three-toed

; (3) that a Mastodon of the M. ohioticns type existed
during the same period.

List of species.

OAENIVOEA.

CANIS, Linn.
Canis, sp. incerta.

Represented by a portion of the left ramus of the mandible, which con-
tains alveoli for, and portions of, I., 3 ; C, 1 ; and P. m., 4. The incisors
are closely crowded by the huge canines, which have larger proportions
than dogs generally, resembling more those of the bears, or large feline
carnivora. The first premolar is one-rooted, and separated by a long
diastema from the canine. The second premolar is two-rooted, and
separated from the first by a short diastema. The third is also separat-
ed by a diastema from the second, which exceeds that in front of the
latter. The fourth follows the third immediately. The mental foramina
are two, one large, below the first premolar, the other smaller, but lit-

tle below the alveolar margin, opposite the posterior margin of the sec-

ond premolar.
Measurements.

M.
Length of fragment ±. ... , 0.175
Length from incisors to P. m. 4 .095
Length of basis of P. m. 3 .017
Length of basis of P. m. 2 01

J

Vertical diameter of canine at basis 029
Length of symphysis .075
Depth of ramus at P. m. 2 047

This large species is about as large as the Canis haydenii of Leidy, and
may be identical with it. It is characterized, among dogs, by the weak-
ness of its premolars as much as by the strength of its canines.

Canis s^gvus, Leidy, Anc. Fauna Neb., p. 28.

TOMARCTUS, Cope.

Paleontological Bulletin, No. 14, p. 1.

Established on a mandibular ramus, supporting a perfect carnassial
tooth and fangs of the following dentition : C, 1 ; M., 4

; the last incom-
plete ; hence the number of posterior teeth unknown. The ramus is much
narrowed in front. The carnassial has an inner tubercle within and be-

hind the median lobe, and a large posterior heel supporting both inner
and outer tubercles. The succeeding tooth was wide.

This genus is apparently one of the Canidw. The carnassial tooth is

identical with that of the genus Canis, but the existence of only two
premolars in advance of it is a feline rather than canine character.
The jaw diminishes rapidly in size anteriorly, and the fragment contains
part of the faug of a large canine tooth, whose crown, like that of the
two succeeding teeth, is broken oft'. The form was evidently a short-
faced type of dog, concerning which additional information -will be
looked for with interest.
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TOMARCTUS BREVIROSTRIS, Cope, Pal. Bull., No. 16, p. 2.

Second premolar tvvo-rooted. Anterior half of the earnassial with the
usual sectorial structure ; the anterior lobe the smaller. The inner
tubercle bout the same height. The heel constitutes one-third the
length of the tooth, and its lateral tubercles are angular ; the posterior
low. Enamel slightly rugose.

Measurements.
M.

Length of first three molars 0.041
Length of third molar, (earnassial) 033
Elevation of third molar, (earnassial) 014
Width of third molar at middle 009
Length of heel of third molar 007
Depth of ramus at third molar 021

In the abbreviation of the dental series in front, this species resem

MARTES, Cuv.

Martes musteltnus, Cope, Pal. Bull.,* No. 14. (Mluro&on.)

A small, single-rooted, second molar of the lower jaw. First molar
sectorial, with a rather narrow posterior heel, one-third its length, and
a small inner tubercle at the base of the second outer cusp. Last pre-

molar with a short posterior heel, and distinct outer tubercle on the
posterior side of the cusp. Margin of jaw strongly everted below mas-
seteric fossa.

Measurements.
M.

Length of three last molars 0.018
Length of sectorial molars 010
Width of sectorial molars, (greatest) 005
Height of posterior cusp, (greatest) 005

This species was about as large as the domestic cat, and less than
one-third that of JElurodonferox, Leidy.

PERISSODACTYLA.

AOERATHERIUM, Kaup.

Aceratheritjm megalodus, Cope, Pal. Bull., No. 14, p. 1.

This large species and the A. crassus, Leidy, were very abundant dur-

ing the Pliocene period in Western North America. Their remains are
everywhere mingled with those of horses and camels. The former, and
probably the latter, are to be referred to a distinct section of Acera-
iherium on account of the existence of but three premolar teeth in the
mandibular series, and probably in the maxillary also. One of our speci-

mens exhibits the missing superior premolar on one side. The outer
incisor below is a large tusk, while the inner is small and caducous,
points in which this genus resembles the genera above named, and dif-

fers from the African and tichorhine species, or genus Atelodus of
Pomel.
A posterior upper molar represents the A. crassus in the original col-

lections described by Leidy. A well-developed tubercle, which rises

* These publications may be procured at the Naturalist's agency, Salem, Mass., or of
the writer.
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from the bottom of the valley between the inner extremities of the
cross-crests in the last and penultimate molars of A. megalodus, is
wanting in the A. crassus; partly on this account I refer my second large
Pliocene rhinoceros to the latter, represented by a perfect cranium,
with dentition of both,jaws nearly complete, with large portions of skull
and dentition, with other bones, of other specimens.
The nasal bones are not co-ossified, and but little convex. They are

smooth and long aud slender, indicating that this rhinoceros was with-
out a horn. The inion is anterior to the line of the occipital condyles,
and is considerably elevated and bilobed. The temporal fossse ap-
proach each other, being separated by a narrow rib only. The ramus
mandibuli is rather slender, and projects well in front of the line of the
nasals. The dentition is I., ^; C, £; P.m., 3-i=^; M., f. The usual anterior
premolars are wanting in the lower jaw, and in the upper jaw in one
specimen aud on the right side of the other; hence I suspect f to be
the normal dentition of the species. As they are A in Bhinocerus and
Aceratherium, the present animal may be placed in another genus under
the name of Aphelops. The middle incisors were caducous. The outer
are very large and cylindric at base; the attrition of their inner faces
would indicate an opposing pair, but these I did not find, and the pre-
maxillary sutures of the maxillary are exceedingly slender. The first

lower premolars are not very narrow. The transverse crests of the
superior molars widen inwardly, but do not come into contact with each
other. On the posterior margin of the posterior is a deep notch, which
almost divides it across. There are no other lobes. The last molar is

narrowed. These teeth are notable for their very large size as compared
with that of the skull generally. In one specimen, P. m. 2 (the anterior)
is O.S the second molar in transverse diameter; but in an older specimen
it is less than half the same.

Measurements.
M.

Length of molar series 0.255
Length of second molar, crown 050
Width of second molar, crown 050
Width of second premolar, crown 083
Length of second premolar 032
Length of first (second) lower premolar 028
Width of first (second) lower premolar 016
Total length of cranium 560
From inion to end-nasals 456
From foramen magnum to inion 138
Width at orbits 173
Depth of mandible at first molar 070

About the size of the Indian rhinoceros, but with much larger teeth.

Aceratherium crassum, Leidy; Aphelops crassus, Cope, Bull. U. S.

Geol. Surv., No. 1, 1874, p. 12 ; Rhinoceros crassus, Leidy, Auc. Fauna
Dak. and Neb., &c, p. 228.

Leidy states that the formula of dentition of this species is identical

with that of the Indian rhinoceros, and elsewhere that it is probably
a true rhinoceros, as distinguished from Aceratherium. He does not ap-

pear to have possessed material to verify these statements.
An imperfect mandibular ramus, containing the last molar and alveoli

of the four teeth which precede it, differs from the corresponding one of
A. megalodus in the greater thickness in proportion to the depth. It is

absolutely both shallower and thicker than a corresponding ramus of

the allied species, while the teeth are larger, the last three occupying
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exactly a space equal to that supporting the last four of A. megalodus.

The last molar is larger than the penultimate in A. crassum, (larger in

A. megalodus,) and encroaches on the base of the coronoid process ; in

all the jaws of A. megalodus, this tooth is considerably in advance of this

process, which rises more abruptly than in it. This tooth is shown to

be the last molar by the absence of any trace of alveolus or crown of a
successioual tooth behind it in the various jaws in question. In A. eras-

sum, the coronoid process rises gradually from the front of the last molar.

Measurements.
A.msgalodu. A. erassus.

Length of last four molars 0.160 0.215

Length of last molar 044 .062

Length of first true molar 036 .055

Width of first true molar ...., 028 .033

Depth of ramus at M. 2 087 .078

Width of ramus at M. 2 047 .055

The last molar is not quite protruded in the type specimen of A. eras-

sum.
Near to the specimen just described, I found the left maxillary bone,

with nasal, frontal, and other elements, of a rhinoceros, which differ in

some respects from corresponding parts of A. megalodus. The rather

larger teeth would coincide with the type of A. erassum; but that the
specimens belong to the same individual is not certain. It is charac-

terized by the same increase in size posteriorly of the molars ; the M. 2
exceeding that of the A. megalodus, while the P. m. 2 (the first) is consid-

erably smaller. The latter measures less than half M. 2, while it is 0.8

the diameter of the same in the A. megalodus. There is no rudiment of

P. m. 1. Heuce, this specimen displays fully the characters of the
genus Aplielops. The nasal bones are long, acuminate, straight, and not
co-ossified. They are tectiform, and distally compressed, instead of

flattened, as in two specimens of the A. megalodus ; they are also quite

rugose at the extremity. These characters may be only sexual.

HIPPOTHERIUM, Kaup.

HiPPOTHEEiUM speciosum, Leidy, Anc. Fauna Dak. and Neb., 282.

HIPPOTHERIUM PANIENSE, sp. UOV.

Indicated by molar teeth iu the collection. Two of these have elongate-
curved crowns ; the longer is a left posterior, the more abraded a right
median. The latter is characterized by the generally greater simplicity
of the enamel-boundaries of the lakes, as compared with the same por-

tions of H. speciosum, with which it agrees in size. The only plications

to be observed are the usual opposite ones entering the lakes from the
middle of their adjacent boundaries, and a slight one at the inner angle
of the same border of the anterior lake. The inner crescents are united,

the posterior retaining its width posteriorly, and giving off the posterior
inner column from its anterior half. Both the internal columns are lon-

gitudinally oval and rather small, the anterior well separated. The ad-

jacent enam el-border gives off the usual projecting fold. Outline of crown
nearly quadrate.
A second molar, less worn, presents therefore a little greater com-

plexity of enamel-folds. Thus the anterior inner part of each lake is

folded into a loop, and there is a second pair of opposite folds outside
of the usual pair on the adjacent, borders of the lakes.

A third molar is much more worn than either of the preceding, so as
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to throw the inner and median posterior areas together. The anterior
median is well isolated and subround. There are no folds of the enamel-
plates whatever.

Measurements.
M.

Length of No. 1 from roots 0.027
Width of antero-posterior 019
Width of extero-interior 020
Length of No. 2 032
Width of autero-posterior 021
Width of extero-internal 018
Length of No. 3 018
Width of autero-posterior 021
Width of extero-interior , 022

From the neighborhood of the Pawnee Buttes, Colorado.

PEOTOHIPPUS, Leidy.

Peotohippus labrosus, Cope.

Having obtained a number of fragmentary and entire crania refer-

able to species of the present genus, it becomes possible to correlate
the mandibular with the maxillary forms, dentition, &c, as it has not
been possible to do heretofore. Of mandibles there are four types,
which I refer to species as follows :

Symphysis flat, shallow ; no diastema between their incisor and canine
teeth.—P. labrosus.

Symphysis narrower, deep ; inferior molars smaller.—P. sejunctus.

Symphysis narrow, deep, contracted, and smaller ; lower molars
larger.—P. perditus.

These comparisons are instituted on one mandible of the first ; two
entire and three incomplete ones of the second; and two of the third
types, all but two accompanied by superior molars or crania. The
specimen of P. labrosus embraces the right maxillary bone, containing
five molars ; a second specimen includes three superior molars of the
left side

;
it is also represented by several isolated molars.

Protohippus labrosus resembles the two species described by Leidy as
Merychippus in the short crowns and long roots of the molar teeth, with
thickened external ridges, separated by thin bauds of cementum. It

therefore differs from Protohippus perditus and P. plaeidus, resembling
the first named in size. It is exactly intermediate between the P. insignis

and P. mvrabilis in size, and to it is no doubt to be referred Dr. Leidy's
No. 4 of the latter.* Either there are three species of the preseut char-
acter, or Dr. Leidy's and the present forms must be arranged under one
appellation. I prefer retaining them as distinct for the present, since I
have nearly identical measurements in six different individuals, and
four of the P. perditus equally uniform in dimensions. The latter always
slightly exceed those of the P. labrosus, and differ in the longer dental
crowns, with subacute exterior ridges ; typically, the internal columns
are oval in section, but may occasionally be subcyliudric ; they are
cylindric iu P. labrosus. The first specimen above mentioned I regard
as typical, and describe it as follows

:

The first premolar is well developed ; in the first molar, the anterior
lake is isolated from the inner fold. The anterior inner column is cylin-

dric in all the teeth ; the posterior similar, but joined with its crescent by
attrition in most of them. The boundaries of the crescents are all sim-
ple, except a tendency to the middle infolding of the adjacent borders

* Ancieut Fauna of Dakota and Nebraska, p. 300, figured plate xvii, Figs. 8-9.
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of the crescents. The teeth are but little curved, and the base of the
crown, with termination of the broad longitudinal gutters, is visible,

although the attrition of the teeth, especially of the inferior incisors,

does not indicate advanced age.

The mandible is distinguished by the length of the diastema and the
flatness and shallowness of the symphysis. The permanent molars are

all present in the specimen, and are robust in form. Except in the first

and last, they are characterized by the small development of the ante-

rior crescent horn and posterior tubercle of the inner side of the crown.
The horn of anterior crescent of the first molar is well produced inward,
broad, and simple ; the entire tooth is narrower than the other molars
except the fifth and sixth. The latter is a little longer than the others,

and possesses a posterior crescent smaller than the others. The canines

issue from their alveoli very close to the third incisors ; the two pairs

of first and second incisors are in a nearly transverse line, in consequence
of the flatness of the symphysis. The median lake is half worn-out in

the second incisors.

Measurements.
~XL.

Length of four premolars and one molar 0.087

Length of crown of first premolar 008
Length of crown of second premolar .022

Width of crown of second premolar 019
Length of crown of first molar 018
Width of crown of first molar 022
Height of crown of first molar 011

Length of six inferior molars 113

Length of first inferior molar 020
Width of first inferior molar, (medially) 009
Length of second inferior molar 019
Width of second inferior molar 012
Width of symphyseal trough, (least) 015
Depth in front of foramen mentale 016
Expanse of two middle pairs of incisors 041

About the size of the ass.

This species is readily distinguished from the more common P. per-

ditus by the peculiar form of the symphysis, more simple molar teeth,

with shorter crowns, and the constantly smaller size ; four mandibular
teeth of the latter occupying the same space as five mandibulars in the

P. labrosus. The first premolars are also larger and two-rooted, those

of P. perditus in three specimens before me and of P. sejunctus in one
example being but one-rooted.

Protohippus sejunctus, Cope, Bull. TJ. S. Geol. Surv., No. 1, 1874, 15.

Represented in my collections by a nearly complete skeleton, with
cranium and entire dentition ; both mandibular rami and symphysis of

a second ; mandibles and dentition of two others, with appropriate
molar teeth.

The skeleton, which I excavated with my own hands from the side of

a bluff, adds considerably to our knowledge of this genus of horses.

The side of the cranium displays a considerable depression in front of

the orbit, which, though not so deeply impressed as described by Dr.

Leidy in the known species, will refer this animal to the group regarded
by him as a genus under the name of Meryehippus. That the latter is

distinct as a genus may be questioned, and I shall follow Dr. Leidy 's

later conclusion in uniting them.*
The structure of the feet in this genus, as indicated by the specimens

of the present species, and of the Protohippus placidus, proves to be
identical with that of Hippotherium, i. e., tridactyle ; the lateral toes of

* See Report on Geological Survey of the Terrs., vol. i, p. 322.
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reduced proportions. This is important as distinguishing the genus
trenchantly from Equus ; and while the union of the inner columns of
the superior molars distinguishes it from Hippotherhim, a form of P.
perditus is described below, in which the columns are more distinct than
in individuals heretofore known.
The P. sejunctus is identical in measurements with the P. labrosus,

and agrees with it in the simplicity of the enamel boundaries. It is also
a short-crowned type, but the character is not so marked as in the latter.
It differs strikingly in the deep and convex symphysis, and, in the only
specimen in which its alveolar border is preserved, in the hiatus sepa-
rating the inferior canine from the incisors. It exhibits also the small
and one-rooted first premolar of the P. perditus.
The adjacent horns of the lakes of the molars are more produced out-

wardly than the remote ones, and the enamel borders have no plications.
The sections of the inner columns are oval posteriorly and subround
anteriorly. The wearing of the last molars indicates the full maturity
of the animal ; the canines are separated by a considerable interval
from the third incisors. The inferior molars are similar in general to
those of P. labrosits ; in three individuals, the last lobe of the last molar
is a cylindroid instead of a trough-shaped column.
The cranium in general form partakes of the shorter and more ele-

vated outline seen in all the three-toed horses. The free part of the
nasal bones and the diastema behind the canines are short. The outline
of the vertex, from the nose to the sagittal crest, is quite plain, while
the posterior part of the nasal bones, &c, is much narrowed by the
large facial depression at the sides. This occupies the space between
the nasal bones and the malar ridge above and below, and is bounded
behind by the anterior border of the orbit; in front it is open, but its

depression follows below the nasal bones to the diastema. While its

area is strongly impressed, especially superiorly and inferiorly, it is not
nearly so much so as indicated by Leidy in P. insignis and P. mirabilis,
but more marked than in his figure of P. perditus. My specimens of
the latter are not well preserved in the region in question.
The infraorbital foramen issues above the anterior border of the first

true molar and the malar ridge above its posterior portion. The orbit
is closed behind, and the sagittal crest is but an angle, and originates
above the glenoid cavity. The inion is narrowed above, and projects
backward over the upper edge of the foramen magnum

;
posteriorly,

the occipital presents a pair of vertical fossse, separated by a low ridge.
Its external crest is not continued to that of the squamosal part of the
zygoma. The meatus auditorius is quite small, as is also the mastoid
tuberosity. The paramastoid is large and stout.

Measurements of cranium.
M.

From occipital condyle to incisor-teeth 0.330
From occipital condyle to last upper molar 140
From occipital condyle to fundus of palatal notch 165
Length of entire molar series 124
Length of crown of first premolar Oil
Length of crown of second premolar 025
Width of crown of second premolar 018
Length of crown of first true molar ,017
Width of crown of first true molar 020
Height of crown of first true molar 013
Length of diastema 027
Height of crown of canine 015
Width of arc of incisors 050
Length from first incisor to first premolar 0(59

Length from first incisor to nasal notch, (oblique) 080
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M.

Length from first incisor to orbit 0.198

Diameter of orbit 045

Width of nasals at notch 031

Width of front at middle orbit . 076

Width of zygomata posteriorly 132

Width between meatus - 088

Width between middle molars .038

Width of occipital foramen and condyles , , 054

Length of mandibular ramus 270

Length from end-incisors to last molar .190

Length from end-incisors to first molar 077

Length from end-incisors to canine, (axial). ...: 025

Depth of symphysis in front of foramen mentale. 028

Depth of ramus at first premolar 043

Depth of ramus at sixth premolar 063

The skeleton is noteworthy for the disproportionately large size of the

cervical, as compared with the dorsal vertebrae. The large size of the

head, compared with the rest of the animal, was supplemented by the

length and slenderness of the limbs, which considerably exceeded the
proportions they bear in the existing horse. The lumbar vertebrae are

slightly opisthoccelian, the dorsals strongly so. The cervicals are large

and moderately elongate ; the size results from the great development
of the processes, since the centra do not materially exceed those of the
lumbars. The atlas is not much expanded, and has a well-marked tu-

berculum atlantis and very low neural keel.

The limbs are slender and the hoofs small. The humerus is more
curved than in the horse, and has a strong tubercular deltoid crest.

The proximal tuberosities are very different from those of the horse.

The external is largely developed, but is not produced into a hook nor
extended into a longitudinal crest. The inner bicipital tuberosity is a
little more prominent, and curves hook-like outward, inclosing with the
outer a deep notch. It is continued at right angles along the inner

aspect of the head into a straight crest; their angle of union is pro-

longed downward as the deltoid crest. The outer tuberosity in the
horse is double, and, while not hooked as in BMnocerus, is a little

more prominent than in the present species ; the inner is not hooked as
in the P. sejunctus. There is an ala on the inner side of the distal end
of the humerus, and a supracondylar foramen, both of which are want-
ing in the horse.

The radius differs from that of the horse in being considerably longer
than the humerus instead of a little shorter. It is gently curved and
flattened, with the transverse ends about equally wide. The ulna is

co-ossified with it throughout the length, excepting a small portion
beyond the humeral cotylus, as in the horse.

Thefemur is stout, with the lesser trochanteric ridge well developed.
The trochlea is wide, with subequally elevated bounding ridges. The
tibia is considerably longer than the femur, and presents a long and
prominent cnemial crest. The shaft is transverse, with external edge
and inner plane narrower than the anterior. The trochlea is very
oblique, the astragaline grooves well defined by the internal and ex-

ternal tuberosities. Fibula not preserved.
The right posterior foot, among others, is perfectly preserved. It is,

like the radius and forefoot and the tibia, distinguished for its elonga-
tion and slender proportions, as compared with the horse. The astraga-

lus differs from that of the horse in having the cuboid facet on a more
pronounced neck, and in the narrowness of the trochlea. The navicu-
lar facet is subpentagonal and without emargination. The euhoid is

largely extended posteriorly, where it bears a large tuberosity. The
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naviculare is shallow and concave proxirnalfy. The eetocuneiforme is of
similar length; behind it a well-developed mesocuneiforme, which sup-
ports the internal metatarsal. The external metatarsals are situated
behind the median, except for an inch at their distal extremities. Their
articular surfaces are compressed, and present an obtuse trochlear angle,
but no keel ; they reach to the base of the condyle of the median meta-
tarsal behind. The latter is very convex above, slightly flattened be-
low. The lateral digits only reach to the distal end of the first phalanx.
The penultimate phalanx of each is much produced behind; the last

or ungueal is much compressed, and is literally a half-hoof. The coro-

net is half as long as the pastern, and the unguis or coffin-bone is

acuminate in outline and elevated on the middle line. It is deeply fis-

sured at the extremity, and the margin abounds in foramina. The nu-
tritious foramina of the base are each in the apex of a triangular fossa,

which is open posteriorly. This bone has proportions not unlike those
ascribed by Leidy to a specimen from the Niobrara, but is rather smaller;
but the foot to which it pertains measures but 10.5 inches, while that of
P. sejmictus (without tarsals) is 11 inches in length.

Measurements.
M.

Length of atlas, (extreme) 0.0G1
"Width of atlas medially below - .035
Width of atlas in front of diapophyses : .060
Length of odontoid process .023
Length of three posterior dorsal vertebrae .076

Diameter of articular face of centrum of vertebrae } v̂ !j!?
V
^
rse

"JTfi

Length of humerus, (axial) .192

Diam.ter of pre^al end|«2«»
:::; ; ;;;;;;;;;;;;;;;;;;;; ;;;;;; ;°§

Diameter of condyles .044
Length of radius : .229

( proximally .045
Transverse diameter of radius-c at middle .026

( distally 038
( proximally .• .026

Antero-posterior diameter of radius < medially .018

( distally 023

Diameter of femur J Jjjjj
':" ^0

( condyles .- .058
Length of tibia .250
Length of foot, including tarsus .325
Length of foot without tarsus .277

Outside length of calcaneum .075

Depth of calcaneum behind .027

Width in front 033
Total length of astragalus .045
Total width 041
Width of trochlea of astragalus .018

Width of navicular facet .022

Depth of navicular facet .022
Width of cuboid facet 008
Width of cuboid bone fore and aft ; .

,

.023
Length of cuboid bone .015

Length of internal metatarsus .170

Transverse width of trochlea of median metatarsus .021

Length of pastern .042
Width of pastern proximally .025
Length of coronet .027

Width proximally .025
Length of coffin 036
Width of articular face * .021

Width between angles .030

Elevation behind .023
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Remarks.—Professor Leidy has already observed that the structure of

the molars in this genus is in type the same as that of the deciduous
molars of Equus, and that hence Protohippus represents the more primi-

tive condition of horse. In further confirmation of this view, I may add
that the proportionate size of the head and length of limbs to size of

body is greater than in the recent species of Equus, resembling in these

points the colts of that genus. Acceleration of the growth of the body
and prolongation of the face, the same in the widening (fore and aft) of

the internal columns of the molar teeth, with retardation of the growth
of the lateral phalanges, would express the process of evolution of the
modern types of horse.

Protohippus perditus, Leidy.

Eepresented in the collections by the entire molar dentition of one
cranium ; the greater part of that of another, with incisors and canines

;

the four median molars of another; two superior molars, with mandible
and teeth of a fourth ; mandibular dentition of two others, with parts of

mandibles and symphyses; and isolated molars of a large number of

additional specimens.
Without this material, I should have hesitated to separate the two

species above described as new ; as it is, I have no question that they
are well defined, and are not the species described by Dr. Leidy under
the name of Meryeliippus. The two lower jaws at my disposal agree in

dimensions with each other and with the superior molars and with Dr.

Leidy's types, with which I have compared them, four of them having
the same extent as five of those of the two species above described. In
two successional superior molars little worn, one of the inner columns
(the anterior) is not yet united with its corresponding crescent, and the
borders of the lakes are more plicate than in more worn examples.

Pkotohippus placidtjs, Leidy.

A portion of the skeleton of this species was excavated by myself
from the rock of the Pliocene formation, which was accompanied by two
teeth, characteristically those of this species, and the only ones I ob-
tained which are referable to it. They are readily known from their

small size absolutely, and it would seem relatively also. The vertebras

are similar in size and proportions ; but the metatarsus is materially
shorter than that of P. sejunetus, and the phalanges of all the toes, and
especially the coffin-bones, considerably stouter. Compare measure-
ments with those given above.

Measurements.
AT.

Length of median metapodial bone 0.173
Expanse of condyles of lateral metapodials .042
Length of first lateral phalanx .024
Antero-posterior width of first lateral phalanx .„. .016

Length of coffin-bone medially .041

Width between angles .037

Width of articular face , 026
Height of coffin-bone behind .022

Thus both coffin-bones are larger, wider, and flatter than those of P.
sejunetus, a character provided for by the greater lateral distal expansion
of the metapodial bones. The shortness of the metapodial bone may
be due to the fact of its being a metacarpal ; the femoral condyles are
adherent to it in the matrix, and there is a proximal facet like that for
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the cuboid bone in P. sejunctus. Were the bone a metacarpal, this facet
would relate to the trapezoides, a contact which does not exist in either
of the genera of three-toed horses, Hijppotherium and Anchitherium, ac-

cording to Kowalevsky.*

AETIODACTYLA.
MEEYCHYUS, Leidy.

Merychyus major, Leidy, Anc. Fauna Dak. and Neb., 121.

A single superior first molar, presenting some peculiarities perhaps
individual.

Merychyus elegans, Leidy, loc. cit, 118.

A mandibular ramus, with the molars and last premolar ; a little

larger than Leidy's specimens from Nebraska.

PEOCAMELUS, Leidy.
Procameltjs, sp.

Numerous parts of skeletons of a large species without teeth
;
possi-

bly the P. niobrarensis, Leidy.

Procameltjs angustidens, Cope, Bull. U. S. Geol. Surv. Terrs., No.
1, 20. .

Eepresented by the nearly entire mandibles, with most of the teeth
of two individuals, and two superior molars referred with probability to

the same.
This camel is the size of the P. robustus, Leidy, but differs from it in

the much narrower teeth, especially the last molar and last premolar,
the much smaller first molar, and totally different form of the second
premolar. Thus, while the last molar has the same length, it supports
an anterior expansion whose angles are the summits of ridges on the
inner and outer sides of the crown, which are wanting in P. robustus.

Behind the outer rib in P. angustidens, there is a considerable groove.
While the third molar is as large as that of P. robustus, the first molar
is strikingly smaller, while the third premolar is about as long, is only
half as wide when worn to the same degree. The second premolar,
instead of presenting a contracted subconic crown, is longitudinally
extended and compressed, resembling closely the third premolar. The
molars are remarkably flat on the outer side ; each lobe being devoid of
a median ridge, and the first and second even wanting that between the
lobes. The diastemata are long, and the first premolar is compressed
and equidistant between the canine and the second premolar. The dia-

stema in front of the canine is not wider than one tooth. The lower
incisors are broad and oblique. The lower posterior boundary of the
symphysis is almost immediately below the first premolar.

Measurements.
M.

Total length of dental series to first incisor 0.240

Length from first to third incisor on crowns .035

Length from first incisor to canine .040

Length from first incisor to first premolar .073

Length from first incisor to second premolar , .103

Length of molar series .131

Length of premolars 2-3-4 039
Length of second premolar .010

Length of fourth primolar .016

* Pakeontographica, 1873, pi. vii.

34 GS
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M.

Width of fourth premolar, (half worn) ., 0.005

Length of first molar, (half worn) -019

Width of first molar, (half worn) .014

Length of third molar -047

Width of third anterior column .013

In the second specimen the molars are a little narrower.

Procameltjs heterodontus, Cope, Bull. U. S. Geol. Surv. Terrs.,

1874, No. 1, 20.

Eepresented by the right distal portion of a mandibular ramus, with

iDcisor, canine, and premolar teeth, and by the greater part of the den-

tition of the premaxillary and maxillary bones. These indicate an ani-

mal of the size of the species last described.

An interesting fact in the structure of the genus is indicated by these

specimens, namely, that the premaxillary bones support a full series of

incisor-teeth, a fact not heretofore known, as the pieces in question had
not been previously identified by authors. The median incisors were
inserted into rather small sockets, and were separated by diastemata

from the third or caniniform incisor, from each other, and from the an-

terior extremity of the bone.

A second result of the investigation is that the genus Homocamelus,
Leidy, is probably the same as Procamelus ; and that H. caninus should

"be regarded as the P. robustus, unless new evidence exists to the con-

trary. The former was established on dentition of the upper series

alone; the latter on that of the lower jaw. In the present species, we
have the two kinds of teeth combined. The relations are, however,
quite different from those found in the P. robustus and the P. angusti-

dens. As to the reference of H. caninus to the former rather than the

latter of these two, it depends on their coincidence in the transverse

width of the premolar teeth, and is rendered probable by the fact that

they are from the same horizon and approximate locality.

In the superior and inferior dentition of P. heterodontus, it is to be
noticed that the first premolar is situated well anteriorly, the space sep-

arating it from the second premolar being twice as long as that between
it and the canine ; in P. robustus, these interspaces are equal (in the

lower jaw) as in P. angustidens. In the present camel, the third incisor

is separated from the canine in the lower jaw by a space nearly eqaal

to that between the canine and first premolar ; in P. angustidens, and,

probably P. robustus, (= H. caninus,) this space is very much less, and
just sufficient to admit the superior caniniform incisor. In the present

species the lower border of the symphysis is below the canine
;
and hence

the symphysis is much shorter than in P. angustidens, as it is steeper

and concave on the anteroinferior face. It is not co-ossified in the
specimen, while it is so in the P. angustidens. On each side of the suture

below is a small, compressed, descending tuberosity. The mental fora-

men is below the first premolar. The second and third lower premolars
are two-rooted and compressed ; the third presents an angle inward at

its anterior end.

The premaxillary bones attenuated and simple in front, with little

indication of contact or connection across the middle line. The side of

the muzzle is concave above the first premolar. Last incisor vertical in

direction.

The maxillary teeth associated with the above-described premaxillary
"bones represent the entire series, except the second and third premolars*
These present strong exterior ribs between thfe ©olumns, and weak ones
"between on the third molar. These teeth present no extra lobes, tuber-
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cles, nor columns, and the cement-deposit in the lakes is very small.

The third premolar and first molar are about as broad as long.

Measurements of the upper jaw.
M.

Length of true molars O.OST

Length of last molar, (outside) - 036
Width of last molar, (anterior column) 016
Length of first molar 0*20

Width of first molar 019
Length of last premolar 014
Width of last premolar 013
Length from first premolar to canine 016
Length from first premolar to third incisor 036
Length from third incisor to end of premaxillary 038

Measurements of the lower jaw.
M.

Length from apex of third incisor to end of third premolar 0.120

Length from apex of third incisor to second premolar 693
Length from apex of third incisor to first premolar 052
Length from apex of third incisor to canine 025
Depth at third premolar 040
Depth at canine 041

From the heads of Pawnee Creek, Colorado.

Procamelus occidentalis, Leidy, Anc. Fauna Dak. and Neb., 151.

Specimens in fine preservation, but referred, with some doubt, as
above. The dimensions of the teeth are intermediate between those of
the species above named and the P. gracilis, Leidy.

MERYCODUS, Leidy.

Merycodtjs gemmifer, Cope, loc. cit, 22.

A small ruminant, represented by jaws and teeth of three individuals
found in association with the species above described by the writer.

These embrace only the true molar-teeth in good preservation. They
resemble those of M. necatus, Leidy, in form and size, but differ in hav-
ing a rudimental column between the principal columns at their bases,

a character which I have satisfied myself does not exist in the Niobrara
specimens described by Dr. Leidy by autopsy. These only appear on
the grinding faces after prolonged attrition. First molar equal to the
last premolar in antero-posterior diameter.

Measurements.
M.

Length of four posterior molars 0.0'J7

Length of true molars 030
Length of second molar 090
Width of second molar - 040
Length of third molar 01:5

Width of third molar 006
Depth of jaw at second molar 015

PROBOSCIDIA.
MASTODON, Cuv.

Mastodon proayus, Cope, Synop. Vert. Col., 1873, 10.,

Eepresented by an entire anterior molar, portions of posterior molars,
and an astragalus, all found associated by the writer. Tbey probably
pertain to the same individual.
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The general character of the transverse crests of both kinds of teeth
is similar. Each crest is composed of two obtuse lobes, whose diameter
is greatest exteriorly, but contracts toward their point of contact on the
median line. Their section is therefore pyriform, with the apex inward.
In an anterior tooth, the cutting-edges are obtuse and descend from the
outer margin to the line of division between them. This line is a nar-
row fissure in the anterior tooth dividing the cones for more than half
their height. This fissure is similar in the posterier molars, but the
cones are more elevated and compressed, and are irregularly lobed with
low tuberosities, especially on the posterior face. The outer face of the
cone of the last pair is separated from the posterior by a low, vertical,

ridge. There is a posterior heel, whose summit is continuous with one
of the cones.
The valleys are open and spreading^as in M. ohioticus, and there ap-

pear to have been no intermediate nor accessory lobes or cones. There
is a cingulum round the anterior molar, which is strongest behind. One
of the cones sends a rib inward and downward to a position on the cin-

gulum, which partially incloses a fossa on the outer side.

Enamel generally smooth.
The tibial face of the astragalus is convex antero-posteriorly, little

concave, and oblique transversely. The inner side is elevated, and also

shortened from the back forward, so as to leave a considerable neck for

the navicular facet. This is convex and oblique, extending nearly to

the edge of the tibial face on the outer side. The peroneal face is shal-

low, and exhibits a small facet and a fossa. The calcaneal facet of the
inner side is much produced inward. The external one is a broad oval.

Measurements.
M.

Length of crown of anterior molar 0.055
Width of crown of anterior molar * 050
Elevation of cones of the same 025
Width of valley between apices of the cones 027
Elevation of cone of posterior molar 042
Transverse diameter of the same at base of fissure 035
Long diameter of the astragalus 093
Transverse diameter of the astragalus 100
Exterior depth of the astragalus 025
Interior depth of the astragalus 053
Transverse width of navicular facet 055

The anterior molar described has but two transverse crests, but is

considerably larger than the two crested teeth in Trilophodon ohioticus.

As the other portions indicate a smaller species, the position of this

tooth becomes a matter of question. This point, together with the
isolated or conic and furrowed character of the divisions of the crests,

with the smaller size, separate it from the common species. It also be-
longs to an earlier geological period. From M. mirifieus, the wide, open
valleys, simplicity of the cones, and larger size distinguish it.

TE STUD IKAT A.

STYLEMYS, Leidy.

Stylemys(?) niobrarensis, Leidy.

Abundant. ,
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APPEND! X.

The essays and papers in which the descriptions and determinations
of most of the species of extinct Vertebrata included in the preceding
report originally appeared are the following :

Cope, Paleontological Bulletin, No. 14; published July 25, 1873.

Cope, Paleontological Bulletin, No. 15; published August 20, 1873,
Cope, Paleontological Bulletin, No. 16 ;

published August 20, 1873.
Cope, Paleontological Bulletin, No. 17

;
published October 25, 1873.

Cope, Synopsis of New Vertebrata from the Tertiary of Colorado
;
pub-

lished October 16, 1873.

Hayden, Bulletin of the United States Geological Survey of the Terri-
tories, No. 1 ;

published January 21, 1874.

Hayden, Bulletin of, the United States Geological Survey of the Terri-
tories, No. 2 ;

published April 19, 1874.
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REPORT OF LIEUT. W. L. CARPENTER ON THE COLLECTIONS
MADE BY HIM IN 1873, WHILE CONNECTED WITH THE UNITED
STATES GEOLOGICAL SURVEY.

Washington, D. C, January 1, 1874.

Sir : Having been permitted by the courtesy ot my superior officers
to accompany the United States geological survey of Colorado, and by
yourself kindly appointed naturalist of the party, I take pleasure in pre-
senting for your consideration a brief summary of the collections made
in this department during the season.
In ornithology and , oology, a thorough collection, embracing many

rare and valuable specimens, was made by Mr. J. H. Batty. The
branches to which I paid particular attention, and the collections made
by myself, are as follows

:

Hymenoptera. Myriopoda. Parasites.
Lepidoptera. Eggs of insects. Land-shells.
Diptera. Larvae. Fish.
Coleoptera. Chrysalides. Keptiles.
Hemiptera. Galls. Mammals.
Orthoptera. Arachnida. Skeletons.
Neuroptera.

The entomological collection was made as thorough as circumstances
would permit ; and a large amount of material obtained for future study,
including sediment of streams and ponds at extreme elevations, which
will require a considerable time for examination, and cannot, therefore,
appear in this report. The several orders of insects were placed in the
hands of eminent scientific gentlemen, specially interested in their
study, who cheerfully undertook their examination ; the classification
of species as arranged by them is herewith annexed. A separate mis-
cellaneous entomological collection was also made in the mountain-
region, entirely above timber-line, which I have classified, thinking it

would prove interesting in determining the geographical distribution and
range of species. As many skeletons of mammals were made as possi-
ble, including one of the grizzly bear, which I believe is the first com-
plete skeleton of that animal ever secured.

Eegarding the general, results obtained, and the inferences to be
drawn therefrom, I can only say that the thorough observations of Dr.
A. S. Packard, jr., Dr. Cyrus Thomas, and Dr. Horn, published in the
reports of your previous surveys, have been so exhaustive as to leave
little of interest to be said which will not be a repetition of former pub-
lications. In fact, I find that nearly all my notes upon the habits and
range of species singularly verify the facts noted by those who have
preceded me in this field. I shall, therefore, merely call attention in the
catalogue by a brief note to any which may merit particular attention.
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Allow me, sir, to tender my sincere thanks to yourself, Professor

Gardner, Mr. Stevenson, and, in fact, to all the members of the party, for

the cordial assistance rendered me in the pursuit of my duties as natu-

ralist of your survey.

I am, sir, very respectfully, your obedient servant,
W. L. CARPENTER,

Lieutenant, United States Army.
Dr. F. V. Hayden,

United States Geologist.

DESTRUCTION OF PINE-TIMBER IN THE ROCKY
MOUNTAINS. '

By Lieut. W. L. Carpenter, U. S. A.

While attached to the United States geological survey for 1872?, my
attention was attracted to a singular destruction of pine-timber in the

Rocky Mountains, in the Territory of Colorado, by some agency unknown
to myself. While personal observation satisfies me of the existence of

such a baneful influence, I can only hope that a description of its effects

will enable others to determine its cause, as my limited observation

does not permit me to arrive at any satisfactory conclusion concerning it.

In the region of country lying between the eastern slope of the na-

tional range and the southern waters of the Colorado River, many pine-

trees may be noticed stripped of their bark in such a way as to cause
their decay. Sometimes the tree will be seen completely girdled, at

others only denuded of a small patch of bark, which does not seem to

affect its growth. The injury appears at any part of the trunk ofthe tree,

and may often be seen at a distance of forty feet from the ground, which
precludes the possibility of human agency. This fact was carefully veri-

fied, as it is well known that the Ute Indians strip the pine-trees of

bark in the spring of the year to obtain the pulpy substance next the

wood for food ; but the bark is by them always stripped off smoothly
in large pieces near the ground, and from trees in the vicinity of good
camping-places ; while the girdled trees referred to may be found in

the most inaccessible places, and often near timber-line. As far as
known, there is but one species, the yellow pine {.Pinus ponderosa), so

attacked; and although the white spruce and quaking-aspen are to

be found in the same vicinity, they never appeared to suffer.

The injury first begins with a row of holes about one-fourth of an inch
in diameter at the surface of the bark, and terminates in a point at' the
wood. These holes are generally drilled in nearly parallel lines, per-

pendicularly and horizontally, then gradually enlarged, until finally they
connect with each other, and the tree appears entirely stripped of bark
for a vertical distance of two or three feet.

A careful examination of these trees in their various stages of decay
was made for traces of insects, but nothing could be discovered which
would lead one to suppose that it was their work. If attributable to

the ravages of coleopterous insects, such as the Curculionidw and Ge-

rambycidce, those most destructive to vegetation, then the damage must
have occurred in some previous year extraordinarily productive of these

insects ; for although found there this season, they were quite rare. Nor
could any unusual signs of coleopterous larvae be found in the bark or

wood of these trees. It also seems improbable that such extensive dam-
age could have been inflicted bv birds of the Picidce family, noted for
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their hammering and pecking proclivities in search of larvas, as these
birds are by no means abundant in that region.
The section of country most affected seems to be the mountains near

the source of Twin Lake Creek and the branches of the Gunnison; it

was not noticed in Middle Park and Northern Colorado. The damage
is so considerable that in a walk of one mile through a dense pine-for-
est on Twin Lake Creek, sixty large trees were counted, dead, or fast
losing their vitality from this cause.

REPOET ON THE ALPINE INSECT-FAUNA OF COLORADO.

By Lieut. W. L. Carpenter, U. S. A.

A separate entomological collection was made by myself over an
extensive area, at extreme elevations, in all cases exceeding an altitude
of 12,000 feet above the level of the sea. Here amid the region of
eternal snow, where both the animal and vegetable kingdoms, exposed to
a climate of arctic severity, seem struggling for existence, are found
many lowly forms of life, extremely interesting from their peculiar
choice of a home. Only a short distance below the timber-line, at an
altitude of about 11,000 feet, insect-life may be found in abundance

;

but an ascent of a few hundred feet causes a wonderful diminution in
species ; and when the summits of the loftiest peaks are reached, at an
altitude greater than 14,000 feet, unless the weather be unusually mild,
it requires very close scrutiny to disclose the presence of any life. It
is probable that some insects, such as the Orthoptera, a few Hemiptera,
Diptera, and Coccinellidce, are carried to the tops of mountains by
storms and atmospheric currents; while the Arachnida^epidoptera, Neu-
roptera, and most Coleoptera, many of which have been found in Alaska
and Labrador, are undoubtedly peculiar to high latitudes and great
elevations. In the early spring, long before any bare ground was visi-

ble, Coccinella transversogutta and Lygceus reclivatus were found at an
elevation of 14,000 feet, in abundance upon the surface of the snow.
Lygceus reclivatus seemed to be widely distributed ; it being always
found above the timber-belt, from May to October, throughout an area
of 20,000 square miles. By removing the snow and searching under
stones and in moss, Arachnida, Coleoptera, and larvae were found. A
microscopic examination of snow-water collected in pools, made during
the months of May and June, failed to reveal the existence of any ani-

mal life ; and it was then thought that aquatic insects would not be
found ; but a shallow pool discovered on Elbert Peak above timber-line,

July 22, proved to contain considerable life, and was especially produc-
tive of a species of Entomostraca.
Myriads of grasshoppers of the species Caloptenus spretus swarm from

the Pacific slope in the months of July and August, and in their journey
eastward are arrested by the high peaks and ridges of the Rocky
Mountains, and, becoming benumbed by cold, drop down to perish.

The barrier thus presented by these mountains is of great benefit to the
agricultural interest of Colorado ; for, although upon a favorable sea-

sou some swarms may pass by to the eastern plains, it will be safe, to
estimate that not more than one-tenth of the number which rise from
the plains and valleys of Utah ever succeed in crossing the divide.

Five species of butterflies were found ; the Pamassius Smintheus and
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Chionobas Semidea being tlie most abundant. Of the moths, the beauti-

ful Arctia Quenselii, which occurs also on Mount Washington, New
Hampshire, and in the Alps, seemed to have the most extensive geo-

graphical distribution. If the sun were shining, the Lepidoptera might
be seen flying about with all the activity of species in a warmer climate

5

but if a passing cloud obscured the sun for a few moments, they
quickly took refuge in the rocks, so sensitive did they seem to a change
of temperature.
The spiders appeared to thrive best ; being always present at all eleva-

tions, and apparently indifferent to climate. The geometrical web-spin-

ners were rarely found at high altitudes, owing to the absence of trees

and plants upon which to build their webs. The habits of the species

found above the timber-line were, however, well adapted to their

peculiar surroundings. Those found in the crevices of rocks and holes

in the ground generally lined their habitations with silk, and were thus
enabled to entrap their prey ; but the greater number were true wan-
derers, and roamed from place to place without ever spinning webs.
Twenty- three species were found above timber-line, and, as far as now
known, they are nearly all new to science.

The plant-bugs (Hemiptera), as might be supposed from the almost
total absence of vegetation, were not numerous. This order of insects

was found to be very limited in species throughout the mountains,
owing probably to the scarcity of the cultivated plants found in more
civilized regions, upon which they feed. The vegetables, fruit, and
grain raised in the foot-hills are consequently quite free from the attacks
of these pests, which so much annoy eastern farmers.
The collection of flies (Diptera) was so much damaged in transporta-

tion that it was difficult to determine even the genus in many cases. It

is to be hoped that future collectors will not overlook this interesting

order of insects, and that they may be more fortunate in preserving
their collections- from the many mishaps inseparable from mountain-
travel. The horse-flies (Tabanidce) were found in great numbers at the
timber-belt, but seldom ventured far above it, and were never seen on
the summit of the higher peaks. The blow-fly.(Musca erytlirocephcda) was
found everywhere at all elevations, and seriously interfered with the
preservation of natural-history specimens, besides proving very
destructive to articles of food at altitudes below 10,000 feet.

The bee-order is well represented in the collection ; four new species

of Hymenoptera being found. The humble-bee was always to be seen
in midsummer at the verge of the alpine flora, busily engaged in col-

lecting its store of pollen from the few flowers to be found.
The principal and most interesting result obtained from the study of

this collection, is the demonstration of the fact that the alpine insect-

fauna of the Rocky Mountains is nearly identical with that of Mount
Washington (New Hampshire), Labrador, and Alaska ; and that insects

which are found upon mountains at great elevations will likely occur in

a much higher latitude at a less elevation.

Insect-life, with the exception of the grasshoppers, is more abundant
in the foot-hills than the plains near the foot of the mountains. An
altitude of about seven thousand feet appeared to produce the greatest
variety of species.

I desire to express my thanks to Dr. A. S. Packard, jr., for valuable
assistance rendered in the determination of species; also • to Prof. T.

Glover, of the Agricultural Department, who kindly placed his admira-
ble entomological plates and the public collections at my service.
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HYMENOPTEEA.

541

Atlantus basilaris, Say.
Lyda Carpenterii, Cress., new spe-

cies.

Ichneumon (?).

Ichneumon (?).

Lampronota (?).

Cryptus robustus. Cres.
Arnuiophila robusta, Cres.
Odynerus tigris, Sauss.
Bonibus termarius, Say.
Formica—: .

LEPIDOPTERA.

Pieris occidentals, Beakirt.

Parnassius Surintheus, Doub., 3 va-

rieties.

| Chionobas Semidea, Say.
Argynnis Freya, Esper.

Militsea Nubegina, Edw.
Anarta .

t| Arctia Quenselii, Paykull.

t Agrotis Islandica, Staudinger.
Tortricidse .

DIPTEEA.

Tabanidse, 2 species.

Therevidse, 1 species.

Tipulidse, 2 species.

Syrpbus obliquus, Say.
Musca erythrocephala, Meigs.
Musca .

Musca .

Musca .

Bibionidse, 1 species.

Dolichopus ("?).

Chironoinidse, 1 species.

COLEOPTERA.

* Carabus tsedatus, Eabr.

t* Nebria Sahlbergii, Fisch.
* Amara terrestris, Lee.

t Amara obtusa, Lee.
Silpha ramosa, Say.

t Podabrus lsevicollis, Kirby.
Oollops cribrosus, Lee.
* Deudroctonus obesus, Mann.

Calopus angustus, Lee.
Stereopalpus guttatus, Lee.
* Adoxus vitis, Linn.
Chrysomela dissiinilis, Say.
Trirhabda convergens, Lee.

Hippodamia parenthesis, Say.
Cocciuella transversogutta, Fald.
* Alophus alternatus, Say.

HEMIPTERA.

Lygaeus reclivatus, Stal.

Lygseus circumcinctus, Stal.

Aradus americanus, Fab. (affinis)

ORTHOPTERA.

Caloptenus spretus, Uhl.
Platypbyma montana, Thos.

Phryganeidse.
Arctia .

Agrotis Islandica (?)

Tortricidte .

Stenobothrus Carpenterii, Thos.,

new species.

Decticus —

.

LARV.E.

Bibionidse (*).

Harpalus
Tipulidre

* Found also in Alaska.
t Found also in Labrador.
I Found 'ilso on Mount Washington, New Hampshire.
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PUP.E.

Mycetophilidae. |
Vespariae.

MYRIOPODA.

Lithobinus Americanus, Newport.

ARANEINA.

Attoidae, 1 species.

Drassoidae, 5 species.

Theridoidae, 1 species.

Thomisoidae, 2 species.

Lycosoidae, 14 species.

ENTOMOSTRACA.

Daphnia pulex.

MOLLUSCA.

Zonites nitidus, Miiller.

LIST OF SPECIES OF BUTTERFLIES COLLECTED BY LIEUT.
W. L. CARPENTER, U. S. A., FOR THE UNITED STATES
GEOLOGICAL SURVEY OF COLORADO, 1873.

By W. H. Edwards.

Papilio RutuTus, Boisduval.
Eufymedon, Boisduval.

Parnassius Smintheus, Doubleday.
Pierio oleracea, Boisduval.

Protodice, Boisduval.
occidentals, Reakirt.

Anthocaris Julia, Edwards.
Ausonides, Boisduval.

Colias Eurytheme, Boisduval.
Keewaydin, Edwards.
Scudderii, Reakirt.

Alexandra, Edwards.
Meadii, Edwards.

Danais Archippus, Cramer.
Euptneta Claudia, Cramer.
Argynnis Haleyone, Edwards.

Euryuomes, Edwards.
Hesperis, Edwards.
Freya, Esper.
Helena, Edwards.

Militsea nubigeria, Behr.

Militaea miuuta, Edwards.
Pliyciodes Carlota, Reakirt.

Camillus, Edwards.
Grapta zephyrus, Edwards.
Vanessa Antiopa, Linnaeus.
Pyrameis Atalanta, Linnaeus.

Limenitis Weidemeyerii, Edwards.
Ccenonympha ochracea, Edwards.
Satyrus silvestris, Edwards.

Charon, Edwards.
Ridingsii, Edwards.

Erebia Epipsodea, Butler.

Chionobas Chryxus, Doubleday.
Semidea, Say.

Chrysophanus Helloides, Boisduval
Lycaena Acmon, Hewitson.

rustica, Edwards.
Eudamus Tityrus, Fabricius.
Hesperia tesselata, Scudder.
Ocytes Draco, Edwards.



ON THE GEOGRAPHICAL DISTRIBUTION OF THE MOTHS OF
COLORADO.

[Figs. 1-15.]

By A. S. Packard, Jr., M. D.

The following remarks are based largely on specimens of moths col-

lected in Colorado by Lieut. W. L. Carpenter, attached to the
United States geological and geographical Survey of the Territories,

in the summer of 1873. The material is particularly interesting as
throwing more light on the alpine insect-fauna of the Eocky Mountains
than any collection previously made, so far as I am aware. I have also
been allowed, through the kindness of Mr. T. L. Mead, of New York
City, to incorporate much valuable material collected by him at different

points in Colorado Territory, with the special localities and elevations
given. The aid thus afforded by Mr. Mead's collections is invaluable.
I have also received a few specimens from Colorado, collected and pre-
sented to me by Mr. Eidings, of Philadelphia. With the aid of these
collections, and quite a full series of Californian Lejndojytera, collected by
Mr. H. Edwards, and a large number of Phalwnidce, obtaiued by Mr. G.
E. Crotch in Vancouver Island and neighboring localities (contained in

the Museum of Comparative Zoology), we are furnished with some most
important facts in the geographical distribution of the Lepidoptera^ and
particularly of the family of geometrid moths (Phalcenidce).

First, as to the nature of the alpinre fauna of the mountains of
Colorado. The results obtained by Lieutenant Carpenter are extremely
interesting, as showing that on the peaks above a line of 12,000 feet the
fauna is as truly alpine as on the summits of the Alps or the top of

Mount Washington, in New Hampshire. Several species occur there
which are also found on the Swiss Alps, as well as Mount Washington,
and in Labrador and Greenland, at the level of the sea.

Among the butterflies, I learn that CMonobas semidea Say, heretofore
only found on the summit of Mount Washington, New Hampshire, has
been discovered by Lieutenant Carpenter at the same elevation (12,000

feet and upward) as the moths mentioned in the following table. This
establishes the complete identity of the faunas of the alpine summits of

the United States at or above the snowiliue. The following table shows
the distribution of the five alpine and arctic Xiepidoptera up to this

time known to inhabit the alpine summits of Colorado :

Colorado.
Mount

Washington. Labrador. Greenland. Iceland. Alps. Lapland.

Chionobas semidea X
X
X
X
X

X
X
X

X
X
X
X

X X

X
X

X

Anarta melanopa
Agrotin Islandica
Plusia Hochenwarthi

X

X

Two specie of Anarta were collected by Lieutenant Carpenter in com-
pany with Arctia Quenselii, &c, but they were too much rubbed for

identification. It is possible that they were Anarta quadrilunat'a , Grote,
and A. subfnscula, Grote, (recorded from Colorado in Tree. Lost. Soc.
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N. H., Jan., 1874, 244), and closely allied to Anarta melanopa and A.
Biehardsoni (A. algida), respectively. I should state that A. melanopa,

Thunb., is recorded as occurring there on the authority of Mr. Grote.

All three species were collected by Mr. T. L. Mead in Colorado. It

should be borne in mind that the alpine fauna of Colorado also comprises

a few species not found in other alpine regions ; such are the two species

of Anarta and two of GMonobas (0. Chryocus and C. Uhleri, the former
occurring at Hudson's Bay).
The following table shows the distribution of eight species of Phaloe-

nidai, which are found at an elevation of about 8,000 to 9,000 feet,

around the base of the mountains. They are subalpine and circum-

polar species, and also occur in the lowlands of north temperate America
and Europe.

Colorado.
Mount Wash-

ington.
Labrador. Iceland. Alps. Lapland.

Mountains
of Asia.

Larentia csesiata
Ciclaria populate
Cidaria lugubrata
Cidaria testate
Coremia ferrugata
Melauippo hastate
Melanippe tristate
Melanippe lugubrata . .

.

X
X
X
X
X

X
X

X
X

X

X
X
X

X
X

X

X

X

X
X

X
X

X
X

X

X
X

X

X
X

X
X
X
X
X

Cidaria testata and C. lugubrata will undoubtedly occur in the White
Mountains, as well as Melanippe lugubrata, since all except G. lugubrata

have been found in different parts of Northern New England. We are
also to look for Larentia dilutata (S. V.) in Colorado, as it occurs in New
England, and in Europe and Asia. From the facts here presented, it

will be seen how important it is to compare species occurring in nearly
identical isothermal lines around the globe, and to study the variations
in those species as occurring on opposite sides of the same continent, in

comparison with those on different continents. The facts offered in this

paper are exceedingly scanty, but yet indicate, so far as they go, some
interesting laws of climatic variation, which tend to confirm the generali-

zations established by Professor Baird and Mr. J. A. Allen, as regards
the avifauna of North America. I should, however, state that the fact
of variation in species eommon to both sides of our continent were forced
upon me by a study of the specimens themselves, without at the time
having the views of our ornithologists in mind. The species below be-
long to but four lepidopterous families, the Pterophoridw, Phalamidce,
Noetuidm, and Bombycidas. In all those enumerated, as noticed more
fully in the remarks under each species, the Colorado (when the species
occurs there) and Pacific coast individuals are larger, and, in some cases,

with longer, more pointed wings, than in those from Labrador or New
England, and in a few species show a tendency to become lighter in
color. I believe that it will be found that these differences are due
almost solely to climatic causes. The climate of the Colorado Mount-
ains and of1Vancouver Island is much warmer than that of Northern New
England and Labrador. The mean annual temperature of Victoria, Van-
couver Island, is 50°, that of New York being the same; while that of
Labrador is 32°-30°. According to Professor G-uyot (Physical Geog-
raphy), the annual rain-fall of Astoria (about one hundred and twenty
miles south of Vancouver Island) is 80 inches, while that of Saint John's,
Newfoundland, is 63 inches (this is probably the same as the southern and
eastern coast of Labrador). The rain-fall of the Rocky Mountain region
is colored on Guyot's map the same as that of the Ural and Altai Mount-
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ains. The annual rain-fall of Fort Dalles, Oreg., is 22 inches, while
that of Nertchinsk, in the Altai Mountains, is 17 inches, that of Peking
being 24 inches ; so that the rainfall of the elevated plateau of Eastern
Asia and of Colorado is nearly the same. Again, the annual rain-fall

of the Alps on their southern slopes is from GO to 90 inches ; here we
have quite similar conditions to those of the Cascade range in Oregon.
These facts seem to explain the corresponding facts in the variation
of the moths in the table given below. The warmer and more humid
Pacific slopes of America cause a more luxurious growth, a greater
development of the peripheral parts of the body, and slight changes in

coloration. The climatic conditions of the Rocky Mountains and Alps
being more alike than the White Mountains and Alps, we have certain
identical features in the variation of the alpine species of moths of those
two ranges of mountains which are not found in comparing White
Mountain and Labrador specimens with those from the Alps of Europe.*

New England. Labrador. Colorado. Pacific coast.

Pterophorns cinereidactylns. .. Wings shorter
Smaller

Wings longer.
Smaller

Larger Larger.
Larger.
Larger.
Larger.
Larger and darker.

Larger.
Larger and paler.

Smaller
Stunted
Smaller
Smaller and

paler.

Stunted

Camptogramma flnviata, 5
Smaller Stunted and

darker.

Larger.

Larger
Larger, with highly

colored yellow
hind-wings.

Larger ; bleached .

Larger.
Larger and highly

colored.

Smaller, with
faded whitish
hind-wings.
Smaller

Larger.

* Seven out of ten Colorado and Californian examples (length of fore-wing, J
1

, 0.62 inch) are consider-
ably larger than three eastern examples from New York and Maine (0.55 inch).

t Three specimens from Iceland are darker than four from Labrador, and show great variation.
Labrador and White Mountain specimens the same. All are smaller than those from the Pacific coast.
In specimens from San Diego, Cal.. the wings are much broader than in Vancouver Island ones. Length
of fore-wing in three Iceland specimens, 0.01 inch ; four Labrador, 0.64 inch ; eight White Mountain,
0.C4 inch; three Vancouver Island, 0.70 inch ; two San Diego, 0.76 inch. This species varies much as
Macaria dispuncta.

X This species also varies in the same way as Macaria dispuncta and Gidaria truncata. Two Lapland
individuals are much smaller and darker than two Labrador and one White Mountain ; and the latter
are smaller and slichtiy darker than seven from Vancouver Island. Length of fore-wing in largest
Lapland moth, 0.50 inch ; Labrador, 0.54 ; Vancouver Island, 0.64 inch.

§ Five cf Californian examples (0.90 inch) are much larger than six from New England and Illinois, in
which the fore-wing in the largest specimen is 0.77 inch long. The Californian moths have the notches
and points much better marked on both pairs of wings than in eastern examples.

|| Two Californian moths (0.80 inch) are a little larger than eight from the Atlantic States
;
(length of

fore-wing, 0.88 inch).
** On comparing 100 specimens, the California and Oregon examples measure thus : Length of longest

fore-wing, 0.97 i»ch ; of New England examples, 0.82 inch.

It will be seen- from the facts here presented that the moths probably
follow, as regards size, a law the reverse of that established by Profes-

sor Bairdt for the birds and mammals, who shows that they decrease in

* In tins connection we may state that it would bo very desirable to notice what
changes, if any, have been induced in European species introduced by man into tbe
Moravian settlements of Labrador.
f'The distribution and migrations of North American birds," Amor. Jonrn. Sc,

xii, Jan. and March, 1866. See also J. A. Allen, Bull. Mae. Coinp. Zool., ii, 1871, " On in-

dividual and geographical variation among birds. &c. ; and R. Ridgway, "On the rela-

tion between color and geographical distribution in birds as exhibited in melanism and
hypercbromism," Amer. Journ. Sci., iv, Dec, 1872, p, 454; v. Jan., 1873, p. 3'J.

35 GS
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size southward, though his law of increase in the length of certain pe-

ripheral parts westward also obtains in the Lepidoptera. The increase

of size westward, as seen in the table on p. 541, is of course equivalent to

the well-known southward increase of size in insects ; though in a few
species the Coloradian and Californian examples are larger than Flori-

dau or Texan insects of the same species.

The Esquimaux of the Pacific coast show the effect of the difference of

climate, being much taller and larger than the stunted Greenland and.

Labrador Esquimaux. Mr. W. H. Dall, in his "Alaska," remarks that

"the average height of the Orarians [Innuit, Aleutians, and Tuski],

except among the stunted tribes of the extreme north, will average as

great asthat of their Indian neighbors." Even the white inhabitants who
have moved to California from the Eastern States are said to fiud the
climate more favorable to health than in the Atlantic States. Cultivated
fruits are well known to grow larger and more luxuriantly in the Pacific

States than in the Atlantic, whence they have been brought.
As regards the causes of these climatic changes, I find I have, with-

out having previously read Mr. Allen's valuable chapter on this subject

(loc. cit, 239), written the foregoing remarks on the relation of the climatic

variation of these insects to the temperature and humidity of the region
they inhabit, which agree with his views. Of the insects above meutioned,
Plusia Hochenwarthi and Agrotis Islandica are the clearest examples (1)

of the increase of size westward and southward; (2) increase in length of
peripheral parts westward; (3) brighter, deeper colors westward; (4 Agro-
tis Islandica) of brighter, more reddish colors in Pacific-coast specimens
than in thosefrom the more elevated portions ofthe Rocky Mountains, near
the snow-line, where the winters are arctic, i. e., cold and dry, those from
the Alpine summits of the interior being bleached. This law should not
be confounded with that established by the ornithologists, which refers

to the bleached appearance of individuals from the dry, hot plateau of

the interior, or middle zoological province of North America. These
facts in the geographical distribution of insects, though they can hardly
be called laws until confirmed by a greater number of data drawn from
all orders of insects, yet illustrate, to my mind, how far climatic

variation goes as a factor in producing primary differences in faunas
within the same zone of temperature. Varietal, and, in some cases, spe-

cific, differences may have arisen in Asia and Europe and in America,
from the climatic causes above stated ; but these must have been largely

inoperative in causing, for example, the present wide distribution of the
circumpolar species. Here continuity of land, geological and not climatic

causes, alone came in as a factor. And so, on the other hand, in account-
ing for the species and types of genera, distinguishing faunas in zones
of similar temperature, geological causes have been the main factor

in their production. For example, we cannot explain the similarity

between the insect-fauna of the Pacific States and Colorado, and that
of Eastern Europe and Central Asia without supposing the original

migration of those identical generic forms from a Mesozoic and Tertiary
continent in the arctic region, and their preservation through similar

climatic and physical causes in their present areas.

In an essay on the geographical distribution of the Phalwnidoe of

California,* I divided the phalsenid fauna into four groups. To the
second of these groups, embracing species of genera found in Southern
and Eastern Europe and Western Asia and Asia Minor, can be added
the following species (which live in part both in Colorado and California)

:

*American Naturalist, vii, 453, 1873. Proceedings Bost. Soc. N. H,, Jan., 1874, xvi, 13.
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Lithostege triseriata (Colorado and California); L. rotundata (California);
Lobophora montanaia (Colorado); Euaspilates spinataria (Colorado); Pha-
siane Meadiana (Colorado); Acidalia quinque-linearia (California and
Colorado); and Caulostoma occiduaria (Colorado and Oregon). Each of
these species have representatives which do not occur in Eastern North
America nor in Western Europe, i. e., on the Atlantic coast, but in
Central and Southern and Eastern Europe and Asia Minor, Turkey, and
Western Asia, but not in India or Eastern Asia, i. e., China or Japan,"
so far as yet known. Now, to account for this community of generic
types in regions so remote, we must suppose that the nearly identical

general climatic features of those two areas favored the preservation of
these generic forms, which are almost exclusively north temperate,
and characteristic of broad, elevated plateaus in the interior of the
two continents. These forms are not of tropical origin, and I cannot
account for their origin otherwise tban from an ancient arctic continent.
The fauna of the Eastern Atlantic States is, as regards the continent, a
littoral assemblage, and thus equivalent to the fauna of Eastern Asia
(i. e., Japan and China and India), which occupies the region bordering
the Pacific Ocean. Whatever may be our theories regarding the origin

of these great zoological regions,* we have similar regions with analogous
(i. e., having the same generic) types in Asia and Europe combined,
dividing the north-temperate zone into six zoological (and probably
botanical) divisions, with analogous geological and meteorological fea-

tures ; and to account for closely similar features in moths inhabiting the
elevated plateaus of Colorado and California and Central Europe and
Asia, we can only say* that the similar climatic features of those regions
have induced their preservation there and extinction elsewhere, while
originally descended from a common stock, which had its origin to the
northward. I imagine that much the same continuity of life existed in

Mesozoic and Tertiary times in the ancestors of these north temperate
forms, as now exists in the circumpolar fauna, and that in fact this north-

temperate fauna of the globe was in Mesozoic and Tertiary times the
then circumpolar fauna.

It will be seen by the present list how largely we have been able to

add to the range of circumpolar forms, by a glance at the tables pre-

ceding. Those tables, which show how limited is the distribution of the
moths there mentioned in alpine regions south of the polar regions of

America and Europe and Asia, which form small " islands" rising out
of the north-temperate zone, evince the degree of change undergone
by the circumpolar fauna since the wane of the glacial period. It shows
the inadequacy of climatic causes within the present geological period

to account for the origin of any except varietal, and, in some cases, spe-

cific forms. Many of the forms, the study of which has led me to these
reflections, I have at first regarded as distinct species, and in some cases

described them as such, but I fully agree with Mr. Allen's practice of
uniting many so-called species, whenever we can find connecting links.

It is of the greatest importance to follow circumpolar and north-tem-
perate faunas around the globe, from continent to continent, with ample
means for comparison before us. It will then be seen how inadequate
must be our views of the geographical distribution of the animals and
plants of our own continent, without specimens from analogous regions

in the same zone in the Old World. It will be found that for the study
of our insect-fauna of the Rocky Mountain and Pacific States we must
have ample collections from the Ural and Altai Mountains and sur-

*The Eastern, Middle, and Western North American, as limited by Professor Baird
(Amer. Journ. S*\, Jan., Iti60, p. 5, 6).
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rounding plateaus, while a study of the Japanese and Hindoo-Chinese
faunas must accompany examinations of the eastern or Atlantic faunas

;

just as we are daily obliged, while examining the Middle American
temperate fauna, to study West Indian and Central American and even
tropical South American forms, some of which spread as far north as the
headwaters of the Mississippi and even Maine and Canada.

TORTRICIDJ3.

A larva of this family, with a flattened, pale, flesh-colored body, and
pale, testaceous head aud prothorax, length, 0.40 inch, occurred at an
elevation of above 12,000 feet (Lieutenant Carpenter).

PYRALID^.

Crambus Garpenterellus n. sp. (Fig. 1, wing enlarged), 5, <J; 3, 9; a
large species, allied in its style of markings to G. agitatellus, Clem., of

the Eastern States. Head, thorax, and palpi tawny ochreous; ab-

domen and hind wings white ; fore wings with a broad, prominent,
lougitudinal, white streak, occupying the discal area, i. e., between the
subcostal and median veins, extending from the base of the wing rather

nearer the outer edge than in G. agitatellus. Just before the end of the

streak, a linear, minute branch is sent off from the costal side, and from
the middle of the lower side a short snag is sent off, with a dark streak
in continuation ; while along the opposite side is a dark streak. There
is no parallel white costal streak, as in G. agitatellus. Below the white
streak, the wing is clearer yellow than elsewhere. The outer transverse,

angulated, silvery-white line is somewhat as in G?'agitatellus, but nearer
the edge of the wing, and bent angularly, and not incurved below the
bend. The line is bordered on each side by two oblique costal lines,

widening on the costa; apex brown, with a white triangle below; still

below a marginal row of about six distinct black dots; within the
transverse white line the usual parallel golden lines; fore wings
beneath dusky ; hind wings much paler.

Length of body, 0.44 inch ; of fore wing, 0.55 inch.

Mountains of Colorado, July 19, August 12, September 8 (Lieuten-

ant Carpenter).
This fine species, named in honor of Lieut. W. L. Carpenter, U. S. A.,

who has done much to add to our knowledge of the lepidopterous fauna
of Colorado Territory, particularly the more elevated portions, appears
to be a common species. It is allied in the general style of markings to

G. agitatellus, Clem., of the Eastern States, but differs from it in wanting
the costal white streak ; in the submarginal white line being bent angu-
larly, not sinuous below the bend ; and in being nearer the outer edge of
the wing. I have no Californian species with which to compare it. It is

still nearer allied to G. hamellus, of Europe.
Crambus, a species allied to G. mutabilis, Clem., but not in a proper

condition for description, occurred at Fair Play, July 16 (Lieutenant
Carpenter). The same species apparently occurs in Oregon (Museum
Peabody Academy of Science, Salem, Mass.)
Another, smaller species, dark slate-colored, with dark hind wings

occurred at Twin Lakes and on the mountains of Colorado, July 22
to August 12, (Lieutenant Carpenter).
Nomophila noctuella, Schiff.—One specimen was taken at Fair Play,

July 16 (Lieutenant Carpenter), which does not differ from specimens
from Oregon and California and the Eastern States. The occurrence of

this species among the mountains of Colorado is additional evidence
that it is autocthonous in North America.
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Family Phaljenid^.

Baptria albofasciata, Grote.—"Pike's Peak" (Grote). It may here be
said that four Baptria albovittata, Guen., from Victoria, Vancouver
Island, do not differ in size or coloration from eastern examples.

Lithostege triseriata, Pack. (Rep. Peab. Acad. Sc., 1874).—Denver City,
Col., June 3, 27 (T. L. Mead).—This is the first occurrence of this genus
in America. Another species inhabits California.

Larentia ccesiata, S. V. (Cidaria aurata, Pack., Proc. Boston S. N. H.,
XI, 51, 1867).—Vicinity of Georgetown, 8,000 or 9,000 feet elevation,
Colorado (T. L. Mead). Tbe Colorado examples expand from 1.45 to 1.55

inches ; the markings just as in Labrador and White Mountains (New
Hampshire) specimens, though with perhaps more golden scales The
Labrador specimens are a little stunted, expanding from 1.40 to 1.45

inches; they agree with specimens from Iceland as to general appear-
ance and size, but are not quite so dark and have more golden-yellow
specks. I have seen no specimens from this country or Labrador with
such clear markings as in those received from tbe Austrian Alps, though
the American specimens are rubbed. In size, the Colorado individuals
resemble the European ones. Near Turkey Creek Junction.
Lobophora montanata, Pack. (Rep. Peab. Sc, 1874).—Colorado, June 28

(T. L. Mead). This very interesting species is closely related to L. hal-

terata, which occurs in Central and Southern Europe and Middle Lap-
land. It is also closely allied to L. carpinata, found iu Central and
Southern Europe as well as in Eastern Siberia, the Ural Mountains and
Amur*

Cidaria populata (Linn.)—One specimen occurred in the vicinity of
Berthoud's Pass, Colorado, 12,000 to 13,000 feet elevation, August 16
(T. L. Mead). On comparing this single example with specimens from
Massachusetts, the White Mountains of New Hampshire, and several
from Victoria, Vancouver Island (G. R. Crotch, Mus. Comp. Zool.). it

differs in there being three well-marked teeth iu the outer edge of the
median baud

; the inner edge above the median vein is jagged instead
of straight as usual, while the coloration is the same. I have had no
European specimen for comparison, but it agrees with figures. It occurs,

however, in Labrador (Moeschler). In Europe, it occurs in the central

and southern portions and in the Ural and Altai Mountains and Amur.
C. lugubrata, Moeschler (C. nubilata, Pack., Proc. Bost. S. N. H., 1867).

Mountains of Colorado, July 19, September 8 (Lieutenant Carpenter);
Denver City, Col., June 1, (T. L. Mead); California (H. Edwards); Vic-

toria, Vancouver Island (Crotch., M t C, 2). Though my Labrador speci-

men differs somewhat from Moeschler's description and figure, yet I am
inclined to unite it with C. lugubrata. I have before me a specimen from
Mount Marcy, New York (August), and Mouut Washington, New Hamp-
shire (Sanborn), and numerous specimens from California and Vancouver
Island. The extremes are presented by the Labradorand Vancouver Inland
examples. The Pacific coast forms are larger, blacker, the fore- wings more
elongated toward the apex than the eastern specimens, much as observed
in Macaria dispuncta (Walk.), in which the Labrador individuals are
stunted, while the west-coast (Vancouver Island) specimens are larger.

They are paler, however, than the Labrador and New England individu-

als. The Colorado C. lugubrata scarcely differs from the Califoruiau and
Vancouver Island ones. My Labrador individual (well preserved) has
already been described. The Adirondack (Mount Marcy) one is very
similar, but differs in being of a peculiar reddish-brown tint,, especially

along the costa and veins. The outer line between the costa and median



550 GEOLOGICAL SURVEY OF THE„ TERRITORIES.

vein is angulated outward, instead of curved regularly outward as in

the Labrador example. The Adirondack is very near the Labrador one,

though a little browner along the veins. In the Colorado and Pacific

specimens, the outer line near the costa is scalloped four or five times.

The middle band of the fore-wings is much darker than the rest of the
wing 5 the inner and outer portions being much paler than in the eastern

examples. Expanse of wings of Colorado and Vancouver Island speci-

mens, 1.43 inches ; of Labrador and alpine Eastern United States, 1.25

inches.

In the general style of markings, this species closely resembles, G. popu-
lata, as remarked by Moeschler. I do not much doubt but that both
have come from a common stock ; lugubrata being perhaps originally

derived from a melanotic variety of populata.

G. testata, Linn.—Bailey's ranch, on South Park road, twenty-five

miles from the park ; elevation, 8,000 or 8,500 feet ; Colorado, August
29 (T. L. Mead) ; also occurs in Massachusetts (Shurtleff). This does
not seem to differ from figures in English works, but still needs to be
compared. It occurs in Central and Southern Europe, Ural Mountains,
Altai Mountains, and Amur.

Melanippe hastata (Linn., M. gothicata, Guen.)—The single individual,

taken at the Kenosha House, Colorado, June 30, by Mr. Mead, has larger

white bands and spots than any Alaskan specimen I have seen, and
exactly agrees with certain Labrador specimens, and is unlike any I have
seen from any other region.

M. tristata, (Linn.)—Three specimens, Beaver Creek, near Fair Play,
South Park, at the border of the surrounding mountains, elevation* 9,000.

feet, or a little over; and Turkey Creek Junction, Colorado, June 16-25,
do not differ from European examples received from Prof. P.C. Zeller.

This is its first occurrence in America. It occurs in Central and South-
ern Europe and Turkey, and is reported by Staudinger, with a query, from
the Ural Mountains and Amur.
M. lugubrata (Staudinger), (M. luctuata [S. V.], Gidaria oMuctata,

Moeschler, Wiener Ent. Mouatssch ; M. concordata, Walk. (!) ; M.Kodia-
liata, Pack.)—Turkey Creek Junction, Colorado, June 27 (Mead). Com-
pared with an Alaskan example, the Colorado moth is larger, with the
white band ou the hind-wings three times as wide, thus leaving a narrow,
dark margin, and a faint dusky shade at the base of the wing. I had
regarded the Alaskan and Maine specimens as quite distinct, and the
latter as distinct from the Labrador var. obductata ; but a Pacific-coast

specimen, just received froui Mr. James Behrings, labeled " Kenay"
(near Kodiak, Alaska), is intermediate between vars. Kodiakata and ob-

ductata. The Pacific-coast individual has the white band on the fore-

wings much bent, as in Maine specimens, and the hind-wings almost
black, as in Concordata ; the white line being almost obsolete. The Lab-
rador individuals are more stunted than the Maine ones, but both have
black, hind-wings ; while the Pacific-coast and Colorado examples are
much whiter, with broader white bauds. The Alaskan moth closely

resembles Duponchel's figure. Thus the Pacific and Colorado forms re-

semble the European much more than the New England and Labrador
examples. It inhabits Central Europe, Lapland, the Ural and Altai
Mountains, and Amur. It is reported by Groteas having been collected

by Kennicott on the Mackenzie River to Lake Athabasca.
Goremia Ugnicolorata, Pack.—Turkey Creek Junction, Colorado, Au-

gust 24 (Mead). These specimens do not differ from Californian exam-
ples. It is pale-gray as a ground-color, while most of the Californian
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moths are of the color of pine-wood which has been long unpainted;
this may, however, be due to their state of preservation.

C, sp.—Perhaps defensaria, but too much rubbed for identification,
occurred at Twin Lakes July 16-27, and in the mountains July 19, Sep-
tember 28 (Lieutenant Carpenter).

G. ferrugata, Clerk.—One $, Bear Creek, June 24 (Lieutenant Car-
penter).

Phibalapteryx intestinata, Guen.—Colorado divide, June, 1 ? (Lieuten-
ant Carpenter).

Hypsipetes Californiata, Pack.—Kenosha House and Turkey Creek
junction, Colorado, June 18, 21 (Mead). Some fresher specimens than
those received from Mr. H. Edwards from California, are much paler

;

the median band whitish ; the reddish band on each side very distinct

;

the hind-wings are almost whitish, with a faint diskal dot, and a faint
band about half-way between the dot and the outer edge of the wing.

Scotosia Meadii, Pack. (Eep. Peab. Acad. Sc, 1874).—Near Turkey
Creek junction, Colorado, August 23 (Mead). This is structurally allied

to 8. Californiata, Pack., but differs in the longer fore- wings, while the
scallops on the hind-wings are larger and shallower.

Zerene catenaria, (Cramer), (Pig. 2).—Common at Plum Creek, Sep-
tember 22, 25. In coloration, the ten specimens collected by Lieutenant
Carpenter do not differ from eastern specimens; but on comparing
them (5<£ ;

5 9) with fifteen (5 9 ; 10 $ ) specimens from Massachusetts,
I found that the wings of the Colorado moths were uniformly more
pointed toward the apex, the outer edge more oblique, and the wing
narrower than in the eastern examples. The fore-wing of the largest
Colorado moth measured 0.95 inch, and that of the Massachusetts speci-

men 0.90 inch.

Aspilates quadrifasciaria, Pack. (Fig. 3).—This interesting form is not
known to inhabit Colorado, but lives in Kansas, whence I have received
it from Professor Glover, entomologist of the Agricultural Department,
at Washington, and Professor F. H. Snow, Lawrence, Kans. It is a
pure white moth, flecked with ochreous scales, with four slightly oblique
parallel bauds on the fore- wings.

Flatcea Californiaria, H. Sch. (Gorytodes uncanaria, Guen).—"Pike's
Peak57 (A. E, Grote).

Euaspilates spinataria, Pack. (Fig. 4), (Eep. Peab. Acad. Sc, 1874).

—

This very interesting form may be recognized by its pure white body
and wings, with peculiar pale-brown bauds on the anterior wings; also

by the full bulging head, the short palpi, and especially by the stout
spine at the base of the anterior tibiae. I have received it from Mr.
Grote, from Colorado. It is very nearly allied to, and repeats the style

of markings and colors of Aspilates mundataria, Cr., which differs

generically from the other species of Aspilates. This latter species is

recorded in Staudinger's catalogue as occurring in Eussia, Amur, and
the Altai Mountains. The occurrence of a representative species in the
mountains of Colorado is another interesting fact in the geographical
distribution Of this family of moths.
Fidonia acidaliata, Pack. (Eep. Peab. Acad. Sc, 1874).—This singular

form at first sight would be mistaken for an Acidalia, and differs from
the ordinary forms of Fidonia in the long, slender palpi and the very
slightly pectinated antennae. Mountains of Colorado, August 12-29
(Lieut. W. L. Carpenter). More numerous specimens were collected by
Mr. T. L. Mead, August 7, at a locality twelve miles below Montezuma,
Colo., on Snake River, Middle Park, Pacific slope; elevation most likely

9,000 to 10,000 feet.
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Selidosema juturnaria, Guen., var. Californiaria, Pack.—My single

specimen from Colorado (collected by Mr. Ridings) is in some respects

intermediate between 8. juturnaria and my types of 8. Californiaria, so

that 1 would consider the latter as simply a variety. In the Colorado

example, the outer line on the fore-wing is bent very distinctly; the hind-

wings beneath not mottled, but tinted obscurely with reddish pink, like

the under side of the fore-wings. There is also a faint band common to

both wings.
Phasiane sinuata, Pack.—Mountains of Colorado, July 22, August 12

(Lieut. W. L. Carpenter).

P. Meadiaria,V'dck. (Rep. Peab. Acad. So., 1874).—This species is named
after its discoverer, Mr. T. L. Mead, who captured it June 1, at Denver,

Colo. It differs from all the other species by the two blackish, shortened,

sinuous lines, the outer one shaded externally, and in the body and wings
being flesh-colored, almost reddish. The fore-wings are rather short, and
the antenna} densely ciliated. Itis closely related to P. JKipj?erton«,Dup.,

of Europe.
P. excurvaria, Pack.—In this species, all the lines are dusky, with no

yellowish shade ; the species derives its name from the outer line being

curved outward. " Rocky Mountains " (A. R. Grote).

P. flavofasciata, Pack. (Fig. 5).—One 5 specimen of this species, here-

tofore only described as inhabiting California, is contained in the

museum of the Peabody Academy of Science, having been collected in

Colorado by Mr. Ridings. It is well preserved, and differs but slightly

from one of my Californian individuals. The markings are much the

same ; it is slightly darker, the outer line on fore-wing slightly narrower;

the discal dots are the same. The under side of the wings is distinctly

mottled and strigated, with a clear, mouse-colored, broad, marginal
shade, free from the strigse.

Length of body, 0.42 inch ; of fore-wing, 0.58 inch.

Marmoyterycc iessellata, n. sp. (Fig. 6).—1 9 . Compared with M. mar-
morata from California, its nearest ally, the fore-wings are rather

narrower, and the outer edge more oblique, while the apex is more
pointed. The head is exactly as in that species; the front being full and
bulging. Head and thorax pale-gray, with a reddish tinge. Palpi
blackish at tip. Front of head with a slight yellowish tint, reddish be-

tween the antennae. A dark streak on each side of prothorax, and a
long, narrow, dark-brown slash on the patagia. Both wings of a rich

golden- yellow, with dusky slate-brown margins. Fore-wings, with the

costa, pale slate-color, checkered broadly with five large, square, white
spots, and two minute, whitish, linear spots near the apex. Outer edge
dusky, the dark margin narrowing toward the inner edge. Fringe very
long and slate-colored, checkered conspicuously with white. Hind-wings
like fore-wings ; the costa is narrowly edged with slate. Beneath, the
wings are brightly colored ; the anterior pair dull golden-yellow, with
a reddish tinge on the costal side. Borders of the ring checkered very
conspicuously, as above ; the apex, however, whitish. Hind-wings pale

fawn-colored, marbled with white, with a costo-apical, oblong (trans-

versely) white spot, and a large square white spot in the middle of the

wing below ; costa marbled with whitish ; abdomen pale fawn-color,

like the thorax.

Length of body, 9 , 0.45 inch ; of fore wing, 9 , 0.64 inch. Arizona

—

(Dr. Palmer, Department of Agriculture).

Though this species is described from Arizona, it may be confidently

looked lor in Southern Colorado. The species is so remarkable, that

1 venture to describe it from a single individual. It may be readily
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recognized by its rich, golden-yellow wings, the checkered costa of
the anterior pair, and the broad, dusky margin of both wings, while the
hind-wings beneath are beautifully marbled.
Macaria Californiata,T*&ck. (Fig. 7).—This common Californian species

has also been collected by Mr. Eidings in Colorado, and by Prof. F. N.
Snow in Kansas ; it is also frequently taken in Texas.
M. dispuncta. Pack. (Tephrosiadispuncta, Walk.; Macaria sex-maculata,

Pack., Proc. B. S. N. H., 44, 1867). One individual was collected in Col-
orado by Mr. Mead. It is rather larger than specimens from Victoria,
Vancouver Island, collected by Mr. G. E. Crotch, and is much darker,
being much as in eastern specimens. The lines on the fore-wings are
rather broad, and the dark, broken spot in the middle of the wing, near
the outer edge, is obscure and united to form a faint patch. The hind-
wings are without any submarginal shade, as in some eastern examples.

I am disposed to regard my M. sex-macidata from Caribou Island,
Labrador, Straits of Belle Isle, as a variety of this species. It is very
closely allied to it. It is rather smaller than usual ; the fore-wings
tinted with an obscure olive-gray, while the hind-wings are uuiformly
ochreous-brown, not mottled with whitish as usual ; the costal spots on
the fore-wings are rather large. It chiefly differs, however, in having a
large brown spot in the course of the median line next to the usual
large brown spot, the two forming twin-spots. Beneath, it does not
differ from other examples from Maine. The specimens from Norway,
Me., closely resemble the Labrador form, in having the inner spot much
enlarged, though otherwise of the typical mode of coloration.

Two males and two females from Vancouver Island, collected for the
Museum of Comparative Zoology by Mr. G. E. Crotch, are rather larger
than the average of our eastern specimens, with longer wings ; but they
do not materially differ. One specimen scarcely differs from an indi-

vidual from New York. They are, however, rather whiter than usual,

with the submarginal band nearly obsolete. All have the inner division

of the median dark patch on the fore-wing broad, thus exactly resem-
bling the New York example, though not so well marked as in the
Labrador specimens. Beneath, the common, broad, submarginal baud
is ochreous and nearly obsolete. It is interesting to notice how the
species varies away from its apparent geographical center, the North-
eastern States. In Labrador it grows much smaller, is stunted and
darker ; while at Vancouver Island, about one hundred and fifty miles
farther south in latitude, it grows rather larger than in the Eastern
States, with the wings decidedly more elongated and paler. This spe-

cies is very common in the New England States, Norway, Me. (S. I.

Smith, Mus. Comp. Zool.), Cambridge, Mass. (Mus. Comp. Zool., A.
Agassiz), and occurs at London, Canada (W. maunders, Mus. Comp. Zool.)

Macaria enotata, Guen.—This species, though only recorded heretofore

from Brazil, Surinam, and Cayenne, occurs in the Northeastern States
and in Kansas, whence I have received it from the museum of the De-
partment of Agriculture at Washington, through Prof. T. Glover. It

will undoubtedly occur in Colorado.
Eumacaria brunnearia, Pack.—Head of Plum Creek, June 29 (Lieuten-

ant Carpenter). The larger of ten eastern and Texan specimens measures
0.4S iuch on the fore-wing, while the single Colorado one is 0.53 inch.

Corycia vestaliata, Guen.—Colorado (Eidings) ; near the South Platte,

June 28 (Lieut. W. L. Carpenter).
Acidalia Californiata, Pack.—Mountainsof Colorado, July 22to August

12-21) (Lieutenant Carpenter) ; banks of Blue Eiver, Middle Park, ele-

vation about 9,000 to 10,000 feet (Mead) ; Colorado (Mr. Kidiugs). Ilav-
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ing received additional specimens of this species from California through.

Messrs. Edwards and Behrens, I am led to regard A. Pacificaria,

Pack., as a synonym.
Acidalia guinque-linearia, Pack.—Colorado near Denver, and near

Kenosha House on the South Park road, four miles from the park;
elevation 9,000 feet ; Colorado (Ridings). This species, also common in

California, is closely related to A. strigilaria from Central and Southern
Europe, Russia, and Amur.

Caulostoma occiduaria, Pack. (Rep. Peab. Acad., 1874), (Fig. 8).

—

This interesting species, the first of the genus yet observed in America,
is closely allied to C. flavaria, which is reported in Staudinger's cata-

logue as occurring in Galicia, Hungary, Southern and Eastern Turkey,
Middle Russia, and Armenia. I have received it from Colorado, where
it was collected June 3, near Denver, by Mr. Mead, and also near Pike's

Peak by Mr. Ridings. I have also an example collected in Oregon by
Mr. W.'G.W. Harford.

It differs from the European flavaria in having broader wings, both
pairs being much less excavated on the outer edge. The antennae are
much the same, and the markings similar in the two species. The body
and wings are deep lemon yellow, with four nearly equidistant brown
spots on the costa of the anterior pair. From the third spot arises a
broad, diffuse, sinuous, brown shade, extending in the hind-wings and
forming a slightly-curved median band.
Angerona crocataria, Fabr.—This species occurred in considerable

abundance at the head of Plum Creek, June 29. It does not differ from
Massachusetts specimens (Lieutenant Carpenter).
Ennomos Coloradia,G. and R.—"Colorado." (Grote).

Caberodes majoraria, Guen.—Head of Plum Creek, June 29 (Lieu-

tenant Carpenter).

Endropia vinosaria, G. and R. (Fig. 9.)—Colorado Springs, July 4
(Mead). 4

Family Noctuidje.

Several of the more difficult forms of this family have been kindly
identified by Mr. A. R. Grote. Only those species collected by the sur-

vey are noticed here.

Catocala Walshii, Edwards.—A specimen was collected at Clear Creek,
September 20, by Lieutenant Carpenter.
Erebus odora, Latreille.—Three specimens at the Colorado divide

(Lieutenant Carpenter).

Plusia Hochenwarthi, Hochenw. (P. divergens, Fabr. P. alticola, Walk.

;

P. ignea, Grote).—This species has been identified by Mr. Grote as
Walker's P. alticola; on comparing my specimens (which were collected

in the mountains of Colorado, July 22 to August 12, by Lieutenant
Carpenter), however, with one labeled "P. divergens, Alps," sent me by
the Vienna museum, I find but slight differences, scarcely varietal. It

is also identical with specimens obtained by me at Hopedale, Labrador.
While the European and Coloradian forms are nearly identical, that
from Labrador might by some be regarded as a distinct species. It is

much smaller than the European form, much faded and bleached out.

The markings on the fore-wings are much the same, but the forks of

the silvery spot are lost in the pale costal margin. There is no yellow
tinge on the hind-wings; they are white, dusky on the basal half, and
with a broad marginal band^ the inner edge of which is indistinct.

Length of fore-wing, 0.48 inch.

Ten Colorado individuals compared with one from the European Alps
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are larger, with the yellow on the hind-wings deep orange, being much
higher colored than in the European. The body of the European is

nearly as large, but the wings are shorter and smaller. The European
example also differs in the smaller silver spot, in the line across the
wing just beyond the silver spot being more curved just below the costa,
and in the smaller veniform spot ; but in both of the former characters
there is a slight amount of variation in the Colorado specimens.
One European example, $ ,

length of body, 0.63 inch; length of fore-

wing, 0.53 inch.

Ten Colorado examples, $ , length of body, 0.65 inch; length of fore-

wing, 0.60 to 0.63 inch.

In Europe, this species has been found in the Alps, Scandinavia, and
Lapland.

Tarache candefacta, Hiibner.—Head of Plum Creek, June 29 (Lieu-

tenant Carpenter).
Heliothis armigera, Hiibner.—Foot-hills of Long's Peak, May (Lieu-

tenant Carpenter).
Mydrcecia lorea, Guen.—Head of Plum Creek, June 29 (Lieutenant

Carpenter).
Mamestra picta, Harris.—A larva occurred in the alcoholic collection

(Lieutenant Carpenter).
Scoliopteryx libatrix (Linn.)—This was collected by Lieutenant Car-

penter in the Rocky Mountains of Wyoming in 1872. It has also been
found by Kennicott on the Yukon River (Grote).

Agroiis Islandica, Staudinger (Stettin Ent. Zeitung, 232, 1857), (Fig.

10).—8 8 ; 2 9 . This tine species is allied in its form and structure, in

the strongly-ciliated antennas, the tufts on the prothorax, andin the form
of the wings to A. subgolhica, Haworth, and less strongly to A. jaculi/era,

Guen. Male antennas stoutly ciliated to near the end. Palpi much as
in A. subgothica; third joint rather stout, lilac-gray, like the head, black-

ish along the upper side and on the end. Prothoracic scales light tawny-
yellowish' at base, concolorous with the light tawny costa of fore-

wings; beyond, a blackish curved line; outer edge of the scales lilac-

gray, like the rest of the thorax. Fore- wings pale-tawny, sometimes
with a reddish or whitish-gray tinge. Tw7o or three faint, small, costal,

dark, transverse, oblique streaks within the middle of the costa. Sub-
costal and median veins from reuitorm spot to base of wing white,
dilating into a very narrow triangular streak at base of discal space.
Discal dot and reniforin spot large, white. Dot oblique oval, wideuiug
on median vein, scarcely separated at other end from the pale costa. A
black space between the two spots about as long as the dot itself (the space
varying, however). Reniformspot large, white, with two median, curved,
dark lines, a dark shade beyond, equal to the reniform spot in width.
Beyond is a clear reddish-brown space crossing the wing, interrupted
by the black venules, aud bordered internally by dark interveuular scal-

lops (sometimes obsolete). The clear space has in the outer half a series

ot black interveuular slashes, terminating in a fine, irregular, scalloped,

whitish line, the line dislocated and situated much nearer the outer edge,

below the middle of the wing. Just below the median vein, on inner
half of wing, a black stripe, interrupted by a transverse, acutely-curved,

reddish-brown line extending from the median to the submedian vein,

and sometimes extending beyond the edge of wing; beyond this t lie

outer half of the black streak is broader, lanceolate oval, and terminates
on the submedian fold at a poi»nt opposite the outer end of diskal dot.

Fringe concolorous with the clear portion of the wing. Hind-wings
wihtish near the base, becoming gradually smoky on the outer third.
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Fringe, white. Beneath, ashy-gray, with the costa of fore-wings inclined

to be reddish ; a dark spot on the outer quarter of the costal edge, and
dark diskal spots on both wings.

Length of body, <£ , 0.70 inch ; $ , 0.76 inch ; of fore-wing, $ , 0.70 inch;

9 , 0.80 inch.

Long's Peak, June 3, W. S. Carpenter. Above timber-line, above
12,000 feet, mountains of Colorado, one specimen. California, H. Ed-
wards, No. 181, Vancouver Island, H. Edwards.

This species varies somewhat in the tint of the wings; being, in the

Calilornia and Vancouver Island specimens, usually of a decided red-

dish. One Californian fresh example is partially tinged with reddish
tawny, especially on the costa and prothorax.

The alpine specimen, collected above the timber-line, only differs from
the one taken on Long's Peak (which does not differ much from the Cali-

foruianindividnals) by being, as it were,bleached out, the portions tinged

with tawny and reddish being in this individual pale gray. Though the

specimens at first sight differ so much from those specimens ofA. Islan-

dica from Iceland, received from Dr. Staudinger,yet the bleached appear-

ance of the alpine individual from Colorado seems to connect the two
races. In the Californian form, the individuals are slightly larger and
with strongly-ciliated antennae; the Iceland species are in one case

stunted, bleached out, and with faintly-ciliated antennae, in the other

nearly as large as the Californian $ . Still the style of markings is abso-

lutely the same. Staudinger also received specimens from Labrador,
though I collected none. This identification is of exceeding interest,

and forms a new link connecting the alpine fauna of the Colorado
Mountains, above 12,000 feet, with that of Labrador and Iceland. The
species has not yet occurred in Europe.

Staudingerplaces this species near the European A. tritici. The Iceland

$ specimens expand 1.20-1.95 inches; the alpine Colorado, 2 , 2.20iuches.

It may be recognized by the round discal dot directed obliquely inward,
sometimes running into the costal region, and by the V-shaped trans-

verse line, cutting across the dark streak under the median vein ; the
outer half lanceolate-oval, pale in the middle, with its end resting on the

submedian fold, and not passing beyoud the outer end of the discal dot,

which is obliquely directed inward toward costa and base of wing,

instead of outward, as in A. jaculifera and subgothica. I might state

that the single species placed by Staudinger in his catalogue between
the present one and the common very variable European A. tritici is A.
Norwegica (Stgr., Stett. Ent. Zeitung, 383, 1861), with the remark added,
"Prsec. var. ^uno $ condita! " Three larvse, which I refer doubtfully to this

species, occurred at an elevation of above 12,000 feet (Carpenter). The
body is smooth and cylindrical, tapering nearly alike toward both ends.

Body and head dark, with a median dorsal whitish interrupted line, and
a subdorsal similar line on each side. The whole of the dark surface is

finely marbled with whitish ; length, 0.75 inch. The half-grown one is

paler, with a reddish tinge above. The median pale line is interrupted

by a large black patch on each suture.

Family Bombycidje.

Hepialus pulcher, Grote (Fig. 11).—This fine species occurred fre-

quently in the mountains of Colorado, July 19, 22, August 12, 29 ; on
the Pacific slope, August 29 and September 6; and on the foot-hills

September 8-30 (Lieutenant Carpenter). It is rather larger than the
typical species of the genus, and may be readily recognized by the figure.
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Clisiocampa.—The larva and cocoons of this genus occurred, but none
of the moths.

Euleucophceus tricolor, Pack. (Rep. Peab. Acad., 1872), (PI. 2, Fig. 12).—

I

reproduce in part the description of this most interesting and excep-
tional form, with the hope that observers may find it in Colorado. Only
one specimen is in existeuce, having been received from New Mexico
by Mr. Henry Edwards, who loaned it to me for study. It is closely
allied to Hemileuca Juno and Diana. The body, including the anten-
nae, is larger, while the wings are much smaller than usual. The hind-
wings are snorter and rounder than in Hemileuca. 'instead of being
dark-brown, with white bands, as common in the allied forms, the wings
are of a faded whitish, with a broad, median, grayish-brown band occupy-
ing the middle third of the fore-wing, and inclosing a white, irregular,

lunate, discal spot. It has a generally faded appearance, adapting it for

concealment while resting on the dry, parched ground, and it will be
interesting to learn whether its exceptional style of coloration adapts it

for a life on the deserts of New Mexico. Its occurrence in Southern
Colorado is to be looked for.

Hemileuca Diana, n. sp., one 2 (Fig. 13).—This species is structurally

near H. Juno, Pack., from the border of Arizona and Sonora; the wings
being opaque and with much the same shape, though the apices of
both pairs are rather more acute, and the veins are much less promi-
nent. It also approaches H. Io in the style of coloration ; the prothorax
being white, and in having a broad white band common to both wings.

It cannot be the female of H. Juno, as the markings are so different

from the two males in my possession. It is also very different from
Coloradia Pandora, Blake, which is quite a different genus from Hemi-
leuca.

Body and w-ings dark opaque-blackish-brown. Head dark. Fore
femora tufted with deep rich vermilion. Prothorax white; whitish

hairs mingled with those of the rest of the thorax, and forming a long
dull-whitish fringe on the basal half of the inner edge of the fore-wings

and along the entire hinder edge of hind-wings. Two rust-red tufts on
each side of hind end of thorax, just as in H. Maia. Abdomen as in

2 H. Maia, black, with whitish hairs, giviugit a grizzly appearance, but
with numerous rust-red hairs near the tip, not present in H. Maia.
Both wings dull blackish-brown ; the veins scarcely apparent beyond
the middle of the wing, with a broad white band from 0.10-0.15 inch wide,

common to both wings, and not quite reaching the costal edge of both
wings. On the fore-wings, the band does not quite reach the inner edge,
ending on the internal vein. Discal dot a small, transparent, lunate, pale-

yellowish spot half as large as in H. Maia or Juno, surrounded by a
large, round, black area, which nearly cuts the white band in two.
Beyond the white band, the wing is dusted with white. Hind-wings
with the discal dot obsolete, but opposite its site an excavation in the

white band. Beneath as above ; the discal dot on the fore wings rather

deeper yellow than above.
Length of body, 0.95 inch; of fore wings, 1.05 inches; expansion of

wings, 2.10 inches. Plum Creek, September 12 (Lieutenant Carpenter).

From H. Juno, to which it is nearest allied, it differs in the white pro-

thorax, the small diskal spot, the conspicuous white band common to

both wings; and from H. Maia it differs in the opaque, more pointed,

and triangular wings, the narrower white band, and smaller discal dot,

none being present on the hind-wings. From Harris's H. Hera, which
has not yet been rediscovered siuce Harris described it, it seems to dif-

fer very materially ; H. Hera being described as pale-yellow, with two
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transverse black bands, and expanding three inches. It was " taken by
Mr. Nuttall near the Eocky Mountains " (Harris), and will doubtless

occur in Colorado.
Hemileuca Maia, Walk.—Several specimens from Denver City, Octo-

ber 4 (Lieutenant Carpenter). These specimens only uiffer from New-
England examples in the wider white band. I am inclined to regard
Mr. Stretch's H. Nevadensis as a local variety of the present species,

since it differs apparently only in the " prothorax being pale-rusty."

In a $ from Massachusetts, "the halo around the discal spot is separ-

ated from the basal patch," as in the Nevada form. It should be observed
that the width of the band varies greatly in the Massachusetts speci-

mens. In one 2 from Massachusetts, the white band on both wings is

nearly as wide as in any of the Colorado specimens. The patagia are also

whitish at base, thus approaching, though not very closely, Mr. Stretch's

figure of S. Wevadensis.

Telea Polyphemus, Hiibner.—The larva of this species was found on the
willow at Clear Creek by Lieutenant Carpenter. It spun a cocoon Sep-

tember 21.

Centra borealis, Boisd.—One rubbed, imperfect specimen occurred in

Montana, where it was obtained by Hayden's expedition in 1872.

Euchcetes Egle, Harris.—An albino form occurred at Plum Creek,
June 29 (Lieutenant Carpenter). It differs from an albino of the same
species from Kansas (Mus. Bost. Soc. Nat. His., collected by W. H.
Dale) in the thorax being white. It apparently differs specifically from
Mr. Stretch's E. Oregonensis from Oregon.

Arctia Blakei, Grote.—"Colorado, Eidings" (Grote).

Arctia Quenselii, Paykull.—The occurrence of this species on the alpine
summits of Colorado is of great interest, as extending its wide geo-
graphical range. It occurs in the Alps at the height of about 8,000
feet, on the elevated portions of Lapland, in Labrador near the level of
the sea, and again on the summit of Mounts Washington and Madison
of the White Mountains of New Hampshire. The two Labrador indi-

viduals in the Museum of the Peabody Academy of Science at Salem are
the typical Quenselii ; the White-Mountain specimen, in the yellow fringe

of the tore-wing, and a Y-shaped white spot on the hind-wings, while
otherwise closely resembling the typical Labrador Quenselii, has a ten-

dency to resemble Moeschler's Arctia speciosa, which I would regard sim-

ply as a variety of Quenselii. A third variety, or race, is indicated by the
two Coloradian specimens, in which the veins are black ; the wing is less

slashed with yellow, but the other markings are the same, both on the
wings and body. The two Coloradian species differ ; one in having the
hind-wings dark as in Quenselii, and the other with whitish wings
slashed at the base with black, and with two series of marginal dark
spots, somewhat as in var. speciosa ; in the latter individual, the mark-
ings on the fore-wings are broader and the two outer triangles formed
by the bands much smaller than in the other.

The supposed larva of this species (Fig. 14, magnified twice) has been
discovered on Mount Washington by Mr. F. G. Sanborn, June 25, and
I have collected it on the 8th of July, at Square Island, Labrador, on
the larch. It is remarkably short, thick, and broad, a little flattened,

and so densely covered with short, evenly-cut hairs, with long, spread-
ing spinules, that the body cannot be seen. The dorsal hairs are short-

est and thickest j those on the sides are longer and more uneven. Seen
from above, both the head and tail are covered by overarching hairs,

both ends thus appearing alike. Head black, body beneath black;
abdominal legs livid. Hairs dark-brown, appearing as if dusted over,
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owing to the remarkably long spinules. On each side of the body,
a subdorsal, obscure, rather broad band of yellow on the eight first

abdominal rings, not appearing on the thorax. It is an inch in length,
and a third of an inch broad.

EpicalliavirginaUs, Boisd.—Two larvae, apparently of this species, and
a third half-grown, occurred at an elevation above 12,000 feet. The
larger ones (alcoholic specimens) were covered with dense, rather long
hairs; those on the three thoracic segments being reddish-yellow, and
shorter than those behind, which are blackish. The hairs of the young
are all black-brown.
NemeopMla geometrica (Grote).—Bear Creek, June 24 (Carpenter).

Crocota brevicorriis, Walk.—Bear Creek, June 24 (Carpenter).

Crocota ferruginosa, Walk.—Platte River, June 24 (Carpenter).

Crocota quinaria, Grote.—Bear Creek, June 24, Twin Lakes, at about
8.000 feet elevation (Carpenter) ; also Athabasca River, July, Keuni-.

cbtt (Grote).

Lithosia argillacea, Pack. (Fig. 15).—Twin Lakes, July 16-27. It is

rather larger than eastern specimens, one 9 , expanding 1.30 inches.

It has also been found on Athabasca Eiver by Kenuicott, as reported
by Mr. Grote.

Family ZYGJEmvzz.

Gnophcela vermiculata, Grote.—" Pike's Peak" (Grote), mountains of
Colorado, August 12-29. Pacific slope, August 29 to September 6
(Lieutenant Carpenter).
Psychomorpha epimenis, Drury.—Colorado (Ridings).

Family Sphingldje.

Smerinthus. A larva of this genus was collected by Lieutenant Car-

penter.

DeilepMla lineata, Fabr.—Colorado (Carpenter).

Macrosila quinque-maculata (Haworth).—Camp in Colorado, May 2?
(Carpenter).

Besides three species of lepidopterous larvae, found on Elbert Peak, in

a shallow pool, 12,500 feet high, were the larvae of Bibio, of Scenopinus (?),

and the pupa of a Mycetophilid (?) ; also, a coleopterous larva allied to

that of Acilius, but the body slenderer and much narrower, the head
wider, and the legs much longer. At the same elevation occurred the

cocoous of some fossorial hymenopter, not, however, an ant, and the

larva of a Harpalus, which, in the proportions of the body, closely

resembles Schiodte's figure of the larva of Harpalus arneus, Fabr. The
head is rather longer, the sculpturing on the upper side much simpler,

and the teeth on the clypeus quite different, there being six equal, long,

slender, prominent teeth. The labium is shorter and broader than that

of the European H. ntficornis, Linn.
The alcoholic collections made by Lieutenant Carpenter also contain a

larva of Agabus from a lake near Long's Peak; elevation 9,000 feet;

June 1.

EXPLANATION OF PLATE.

Fig. 1. Crambus Carpentercllus, Pack.
2. Zerene catenaria (Drury).

3. Aspilates. quadrifasciaria, Pack.
4. Euaspilates spinataria. Pack.
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5. Phasiane flavofasciata
7
Pack.

6. Marmopteryx tessellata, Pack.

7. Macaria Californiata, Pack.

8. Caulostoma occiduaria, Pack.

9. Endropia vinosaria, Grote and Rob.

10. Agrotis Islandica, Staudinger.

11. Hepialus pulcher, Grote.

12. Euleucophceus tricolor, Pack.

13. Hemileuca Diana, Pack.

14. Arctia Quenselii, Payk., larva, enlarged twice.

"•5 Lithosia argillacea, Pack.



REPORT ON THE DIPTERA COLLECTED BY LIEUT. W. L. CAR-
PENTER IN COLORADO DURING THE SUMMER OF 1873.

By C. E. Osten Sacken.

A report on the Diptera of the Western Territories must necessarily

be influenced by the imperfect condition ofthe dipterology of the Eastern
States. It would be premature to describe the numerous new species

contained in most of the western collections, when many common Dip-
tera in the Atlantic States have not been named or properly identified

yet. The task to be performed, under such circumstances, is to single

out from such collections the most remarkable forms the description of
which is of an immediate interest, to take note of the facts bearing upon
the geographical distribution of insects ; and to preserve the rest of the
material, carefully labeled, for future detailed study. The accumulation
of such collections will, at some future time, render it worth the while
to treat the single groups monographically . The indiscriminate working-
up of collections, with promiscuous describing of new species, would only
increase the already unbearable ballast of synonymy without any real

profit to science.

A few words on the mode of preservation of the collections of Lieu-
tenant Carpenter may not be superfluous. Most of the collections of
Diptera previously received from tbe western exploring expeditions were
preserved in alcohol, which made them entirely worthless for scientific

purposes.
The present collection was sent to me in small wooden pill-boxes,

in which the specimens, well dried, were closely packed together. Al-
though, with this mode of treatment, many specimens were broken and
most of the antennae lost, still the specimens remain recognizable and
afford useful scientific material for the study of the geograpical distribu-

tion, and even in some cases for description, provided only the speci-

mens are numerous enough. The only satisfactory mode of collecting

Diptera is to pin them immediately after catching; but as, under some
circumstances, this cannot be conveniently done, the mode of collecting

used by Lieut. W. L. Carpenter in the present instance is by far pref-

erable to alcoholic treatment.
The collections of Diptera during the summer of 1873, were principally

made at very high altitudes (8,000 to 10,000 feet, some even higher) in the
Colorado Mountains. The materials for the geographical distribution

of insects which these collections afford are, therefore, of considerable in-

terest. The chief character of the fauna of those high altitudes, as might
be expected, is a northern one. Nearly all the species which could be
identified (as will be seen in the enumeration given below) had been
first described from specimens received from the British possessions in

North America. I would name, for instance, Sesperinus brevifrons,

Walker, which Mr. Kennicott brought from about latitude 05°, on Mac-
kenzie River, and which I found on Mount Washington, above tree-line.

It was brought from Fair Play (latitude 38°, elevation 9,000 to 10,000
feet).

The higher the elevation at which the insects were taken, the more
this boreal character of the fauna was marked. Lower down, the pecu-

36 G S
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liar fauna of the plains becomes more apparent on each side of the

mountains, with its own peculiarities. The plains east of the mountains,

for instance, seem to be very rich in forms of Dasypogonina ; on the

Pacific side the Bombylina, especially Anthrax, Exoprosopa, &c, seem to

be numerously represented. The materials, however, as to this feature

of the fauna are not abundant enough to admit of general conclusions.

I will now give the result of my examination of the collections in the

order of the families.

Family Culictd^e.

Twin Lakes, July 21, a species of Gulex (preserved in a bottle and
spoiled).

Family Chironomid^e.
Twin Lakes, July 29, several specimens of minute Chironomus.
Eagle River, August 29, minute Ceralopogons.

Family Simulid^e.

Eagle River, August 29, Simulium, sp., annoyed horses.

Family Tipulid^e.

Tipula (Twin Lake Creek), allied to T. longiventris, Lw., and resem-
bling it closely, but differing in the picture of the thorax.

Tipula grata, Lw., or allied species (Pacific slope).

Tipula macrolabis, Lw. (Twin. Lake Creek), a species easily identi-

fied by the peculiar structure of its male forceps. J possess specimens
of it from Fort Resolution, Mackenzie River, Hudson Bay Territory.

Several other Tipulce are too badly preserved for identification.

Family Bibionid^.

Bibio, sp., $ , 9 . Yery like femoratus, Wild., but smaller and appar-
ently different; the basis of the wings (in 2 ) is pale; the forked veins
(in $ ) are less infuscated. (Twin Lake Creek and Colorado Mountains,
Pacific Slope.)

Another Bibio (Colorado Mountains) is too badly preserved for iden-

tification.

Plecia longipes, Loew (probably a synonym of Bibio heteroptera, Say),

a common species in the United States, has been brought from the Colo-

rado Plains.

Hesperinus brevifrons, Walk. (Fair Play, Colo.) I possess this spe-

cies from Mackenzie River, and I found it myself on Mount Washing-
ton, N". H.

Family Blepharoceridjb.
Bibiocephala grandis, new genus and species (Colorado Mountains)

;

the most interesting in the whole collection. It will be described in

detail at the end of this report.

Family Bombylid^e.
Exoprosopa, sp. (Twin Lake, Creek), somewhat resembling fascipennis

Say, but different. A single very much damaged specimen.
Exoprosopa decora, Loew (Colorado Plains). This is a northwestern

species, which I possess from Iowa, Illinois, and the Red River of the
North. A single damaged specimen.

Exoprosopa, sp. (Colorado Mountains). A single, indifferently pre-

served specimen.
Anthrax sinaosa, Wild. (Twin Lake Creek and Colorado Mountains,

Pacific slope). A rather common species in the United States. Five
specimens.
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Anthrax, sp. (Fair Play, Colo.), a single denuded and broken speci-
men, not unlike Eemipenthes seminigra, Lw., from Saskatchewan River
and Canada.
Anthrax, sp., closely allied to A. flaviceps, Lw. (Colorado Mountains,

Pacific Slope.) I possess the same species from Utah Territory, select-

ed by Mr. Suckley.
Anthrax alcyon, Say (Colorado Mountains), a northwestern species

which I have from Saskatchewan, the Red River of the North, &c.
Anthrax, sp. (Twin Lake Creek and South Park), several indiffer-

ently-preserved species, which cannot be identified.

Anthrax fulviana, Say (Twin Lake Creek ; Colorado Mountains), a
northwestern and northern species. (I have before me specimens from
Maine, Canada, Lake Superior, and Yukon River.)

Systcechus candidulus, Loew (Colorado Plains), a western species, also
occurring in Illinois.

Systcechus, sp. (Twin Lake Creek).

Systcechus, sp. (Colorado Mountains), apparently identical with a
Califoruian species.

Bombylius (sensu strict), spec. (Twin Lake Creek and South Park).

Family Stratiomyid^.
Odontomyia w'grirostris, Lw. (Colorado Mountains, Pacific Slope),

was originally described from specimens caught in Northern Minnesota.
Odontomyia, (between Clear Creek, and Colorado City), identical or

closely allied to 0. intermedia, Wied. (?), a species common in the North-
ern States.

Stratiomyia nymphis, Walk. (Twin Lake Creek), was originally de-

scribed from specimens from the British possessions in North America.

Family Asilid^g.

Laphria (Colorado Mountains), apparently identical with L. bi-lincata,

Walk., from the British possessions.

JErax, about five species, one of which (Twin Lakes) bears a decidedly
northern aspect; the others, on the contrary, seem to belong to the
fauna of the plains.

Dasypogonina, several species; general character of the fauna of the
plaius.

Family Lbptidje.
Atherix variegata, Walk., also found in the British possessions.

Family Tabanidje.

Contains no striking forms; the two or three species of the collection

all belong to the common type of the European T. tropicus, Lin., qua-

tuornotatus, Meig. Bromius, Lin., &c, which is represented by several

species in the northern portions of North America. Many descriptions

of these species exist, but, unfortunately, none of them precise enough
for identification.

One of these Taoanus occured on the mountains, above the tree-line.

Family Syrphid^e.

Volucella, sp. (Colorado Plains); a single specimen. I have received
another specimen of this species from Mr. James Ridings in Philadel-

phia, who caught it in the same district.

Volucella, sp. (Twin Lake Creek)
;
probably new ; type, northern

;

unfortunately a single imperfect specimen.
• Artophila sp. (Colorado Mountains) ; again a northern insect.
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Sericomyia militarise Walk. (Colorado Mountains); the same insect

occurs frequently in Canada and also in the White Mountains.
Helophilus bilineatus, Curtis (Twin Lakes), first described from speci-

mens brought back by Captain Eoss from his polar cruise. I possess
it also from Labrador.

Helophilus, n. sp.f (South Park, Colorado), which I also received from
Fort Resolution, on Mackenzie Eiver, and from other parts of the British

possessions.

Chrysotoxum derivation, Walk., (Colorado Mountains), described by
Mr. Walker, from the British possessions in North America. I have
specimens from Alaska.

Eristalis, two or three species (specimens principally from Twin Lake
Creek), which I could not identify with any species I know.

Melithreptus, sp. (Twin Lake Creek), very like M. cylindricus, Say,

but apparently different.

Syrphus eorollce (Fair Play), vitripennis (?) and one or two others which
I could not identify.

Syrphus obliquus, Say, was found above the tree-line.

Family (Estrid^e.

The common horse bot, Gastrus equi (Colorado Mountains).
The families Tachinidw, Anthomyidw, Muscidce are represented by a

considerable number of specimens, although not so many species. I

will notice especially the frequent occurrence of species of Gonia in the
mountain-region, and a large Echinomyia from the plains. The common
blue bottle fly has been found ascending the mountains above the tree

line.

As the above-named families have not been worked up in the Eastern
States yet, it would be premature to attempt any further identification

of the species.

The most interesting novelty in the whole collection is a species of the
family Blepharoceridce, a family rather anomalous in its structure, of

very doubtful position in the system, and counting, as yet, but a few
members. Only seven species, distributed among five genera, are known
from the whole world.* Four of these species are from Europe ; the
remaining three are from Ceylon, from South America, and from the
United States. The new species from Colorado is thus the eighth in the
group, and requires the formation of a new genus, the sixth in the
family.

Bibiocephala, nov. gen. Closely allied to Blepharocera, but differing

prncipally in the venation of the wings, the shortness of the antennae,

and the structure of the head. I possess only male specimens.
Eyes divided in two halves ; the upper one with larger and the lower

one with smaller facets; these
two halves are of nearly equal
size, (the upper one even seems to

be a little larger), and both are
clothed with a dense and short
microscopic pubescence; besides
this pubescence, the lower half
is beset with long., erect pile ; the
two halves are contiguous, and not separated by a narrow band, without
facets (at least, I am not able to perceive any such band). The eyes are

*A11 that is known about this family may be found in the paper " La famiglia dei

Blepharooeridi," by H. Loew,. in the " Bulletino della Soc. entom. itaiiana," vol. i,p.

85-101, tab. ii.
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contiguous; no linear front being perceptible between them. (In. Bl.
capitata, Lw.,<J, the upper half of the eyes is much smaller than the
lower one ; there is no long pile on the lower half ; both halves are sepa-
rated by a distinct band, without facets ; the eyes are separated by a
narrow, linear front. Bl. capitata, Lw., the only American species hith-

erto known, was discovered by me in the woods, near Washiugton, D. 0.,

June 7-10, 18G2. In life, the upper half of the eyes was reddish-green,
the lower purple.)

Ocelli in the usual position, on the vertex (they are proportionally
smaller than in Bl. capitata).

Antennae short ; about equal in length to the longitudinal diameter
of the head, 15-jointed ; the second joint has more than double the
length of the first, and is curved ; the first joint of the flagellum is

subcylindrical ; the other joints are short, broader tban long, and beset
with short pile ; the last joint is pointed. (In Bl. capitata, the antennas
are comparatively loDger, being at least twice as long as tbe head ; the
second joint is not longer than the first ; the joints of the flagellum are
cylindrical, slender, which gives the antenna a filiform appearance. The
second joint of the antenna of Bibiocephala resembles that of Apistomiay,
the blepharoceridfrom Corsica, as figured iu Loew, loc. cit,fig. 2.)

Face, mouth, and palpi seem to be very like those of Blepharocera ;

about the latter two, it would be unsafe to judge from dry specimens
(About Bl. capitata, which I examined alive, I took at the time the fol-

lowing note: "The mouth of the female consists of several lancet-like,

horny organs, protected by a fleshy, movable under lip ; in tbe male, the
horny lancets are absent, or else indistinct. The last joint of the palpi

is elongate, slender." It is very probable that the mouth of Bibioce-

phala, $ , has a similar structure; only the last joint of the palpi seems to

be proportionally shorter.)

Thorax rounded ; thoracic suture appears as a distinct, curved groove
on both sides, but is interrupted in the middle (similar to that of Bl.

capitata).

Hypopygium large, projecting like that in a male Erax. (The forceps
seems to'be analogous in structure to that of Bl. capitata ; only the two
principal projecting pieces are broader, shorter, and bfid at the tip

)

Feet long, strongly built, and bare, excepting a microscopic pubes-
cence; front and middle parts about equal in length, the last pair much
longer, especially through the great length of the femora. Front coxa3

separated by a considerable space; the second joint of the trochanters
very long ; middle coxae more approximated; the hind ones contiguous.
Front tibiae strongly arched, no distinct spurs at the end; middle and

hind tibiae straight ; the middle ones, with two stout, but very small
spurs, the hind oues with two short, stout, and very distinct spurs at

the end. The joints of the tarsi on all the feet gradually diminish in

length, the first being by far the longest; the last joint, however, is

nearly twice as long as the preceding one. Ungues elongated, stroug at
the basis; their underside, under a magnifying-power of 80-100, shows
a dense brush of exceedingly minute, erect hairs, which extends to about
half of the under side on the first pair, and to about three-quarters on
the two others. The basis of the ungues shows some longer bristles.

No distinct empodia. (The curved front tibiae seem to indicate a habit
of throwing the front feet backward and clasping the thorax with them;
at least some of the dried specimens were in that position In Bl. capi-

tata the feet are comparatively longer and more slender; the front tibiae

are straight; the last tarsal joint is not longer than the preceding; the
middle coxae are contiguous, e&.)
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Wings (see the figure), in- shape, are like those of most of the

known Blepharoceridce, having the same projecting anal angle, with a
rounded end (compare Loew, loc. cit, Fig. 3, 6, and 12). The venation

is very like that of BlepJiarocera (loc. cit., Fig. 12), only there is an
intercalary longitudinal vein between the first and second veins. It

begins near the origin of the second vein, runs alongside of the first, and
ends in it a little before its tip. Near its end, it bears a short stump of

a vein, which is indistinct in some specimens. The large fork formed
by the penultimate longitudinal vein is connected at its basis by a cross-

vein with the preceding vein (which is not the case in Bl. capitata).

An auxiliary vein is apparent, but it does not reach beyond the origin

of the second vein.

There is an alula and an alar excision. In the alar excision, between
the alula and the anal angle, a peculiar, apparently horny knot, of irreg-

ular outline, is apparent, connected with a vein encompassing the alula.*

The fringe of hairs bordering the wing is exceedingly minute, hardly

visible with a lens of moderate power, except in the alar excision,where
the hairs are longer. The surface of the wings is bare to the naked eye,

but shows microscopic hairs under a magnifying power of 80-100. The
peculiar spider-web-like net-work existing on the wings of all the known
Blepharoceridce is also apparent here.

The name of the genus is derived from the resemblance of the head,

with its contiguous eyes and short antennae, to that of a male Bibio.

B. grandis, n. sp., <j , black, opaque, clothed with blackish pile ; anten-

nas black ; first joint of the flagellurn somewhat paler j thorax with a
slight yellowish-gray bloom above, forming an indistinct design and two
faint stripes ; abdomen black, with indistinct markings of yellowish-

gray bloom ; the margins of the ventral segments and the under side of

the hypopygium brownish-yellow. Halteres pale yellowish-brown.

Feet brownish, except the coxsb and the basal half of the femora, which
are brownish-yellow. Wings with a brownish tinge. Length, 10-11
millimeters ; length of the wing, 9 millimeters. Five male specimens
taken in the Colorado Mountains in August.
Observation.—In comparing the figure of the wing of this species

with that of Protoplasa (Monogr. of N. A. Diptera, vol. iv, p. 317), one
cannot help being struck by the great resemblance of both. If we pro-

long the interrupted vein in Bibiocephala until it reaches the cross-vein

above it, we obtain very nearly the venation of Protoplasa. The differ-

ences are (1) the undeveloped end of the auxiliary vein*of Bibiocephala
(which is made too weak in the wood-cut)

; (2) the absence of the super-

numerary longitudinal vein of Protoplasa (which vein, as I have shown,
loc. cit., p. 319, is but the thickening of a fold existing in the same place

in Ptychoptera)
; (3) the absence of the cross-veins forming the discal cells.

These differences are of far less moment than the analogies. The
shortness of the basal cells and the squareness of the anal angle are also

characteristic of both wings. The additional vein which distinguishes

Bibiocephala from the other Blepharoceridce is the ordinary branch of the

second vein, apparent in Protoplasa and very common among the Tipu-

lidce.

Thus, Bibiocephala serves to confirm the hint thrown out by me some
time ago (Monographs, &., IV, p. 3) about the relationship between the
Blepharoceridce and the Ptychopterina.

'Mr. Burgess first called my attention to this peculiar structure, which I also perceive
'X BlepJiarocera, and which does not seem to have been noticed before.



NOTICE ON THE GALLS COLLECTED BY LIEUT. W. L. CARPENTER.

By C. E. Osten Sackest.

A.

—

Oak-galls, Colorado Springs, September 25.

1. Leaf-gall, globular, hollow, very similar to the gall of Gynips singu-

laris, Bassett, although not identical. The gall-fly, a Gynips, was cut out
of the gall inside of which it had died before being hatched.

2. Leaf-gall of the same class as that of Gynips pegomachoides, O. S.,

and Gynips erinacens, Walsh.
3. Bud-gall, different from all other galls known to me in this coun-

try
;
probably likewise a Gynips.

It is to be regretted that the species of oak on which these galls were
found were not taken note of.

B.—WlLLOW-GALLS.
All the galls examined, from four different localities, belonged to a

hymenopterous insect, Nematus (family Tenthredinidce), very common
on willows.

The galls taken July 7 were very young ; those taken on East Eiver,

August 12, still contained the caterpillar; those of September 1 to 18

were empty. A lot taken near the Twin Lakes, July 29, had a peculiar

shape, and was covered with a whitish bloom. It may have been a
different species, although it is undoubtedly a Nematus.

C.

—

Cottonwood galls.

September 18, Clear Creek
;
galls formed by Aphides at the point of

attachment of the leaf-stalk to the leaf. They are very similar to the
galls of Pemphigus populicaulis, Fitch, on poplar, and may be produced
by this very species.

July 15, South Park ; woody swelling of the branches. It does not
seem to be a gall, as it is entirely solid on the inside. It may have har-

bored insects, «as several round holes upon its surface seem to indicate,

but the deformation is not necessarily caused by the presence of these
insects.

D.

—

Galls on sage-bushes.

September 8, pupa-shells, found inside of these galls, seem to belong
to the genus Trypeta.

LIST OF SPECIES OF COLEOPTERA, COLLECTED BY LIEUT.
W. L. CARPENTER, UNITED STATES ARMY, FOR THE UNIT-
ED STATES GEOLOGICAL SURVEY OF COLORADO, 1873.

By Henry Ulke.

CICINDELULE.

Cicindela longilabris, Say. Cicindela purpurea, Olio.

pulchra. Say. trauquebarica, Herbst.
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CARABID2E.

Elaphrus californicus, Mann.
Carabus tsedatus, Fabr.
Cychrus elevatus, Fabr.
Nebria Sahlbergi, Fisch.
Pasimachus elongatus, Lee.

obsoletus, Lee.
Bracbinus eonforinis, Dej.
Metabletus americanus, Dej.
Cymindis reflexa, Lee.
Oalatbus ingratus, Dej.

dubius, Lee.
Platynus placidus, Say.

chalceus, Lee.
Pterostiebus protractus, Lee.

longulus, Lee.
lucublandus, Say.
scitulus, Lee.
Luczotii, Dej.

Ainara lacustris, Lee.
obtusa, Lee.

Amara patricia, Dej.
fallax, Lee.
erratica, Sturm,
terrestris, Lee.
subssnea, Lee.
polita, Lee.

Chlsenius sericeus, Forst.
Notbopus zabroides, Lee.
Harpalus caliginosus, Say.

amputatus, Say.
fanestus, Lee.
oblitus, Lee.
j)leuriticus, Kirby.
opacipennis, Hald.
ellipsis, Lee.

Anisodactylus rusticus, Dej.
Eurytrichus terminatus, Say.
Bembidium Mannerbeimii, Lee.

lucidum, Lee.
quadrimaculatum, Gyll.

DYTISCID^E.

Laccopbilus truncatus, Mann.
Colymbetesquadrimaculatus,Aube.

densus, Lee.
binotatus, Harris.

Colymbetes agilis, Fabr.
Acilius fraternus, Harris.

Dytiscus marginicollis, Lee.

GYRINIDJE.

Gyrinus affinis, Aube. Gyrinus maculiventris, Lee.

HYDROPHILIDJE.

Hydropbilus lateralis, Fabr.
sublsevis, Lee.

Berosus striatus, Say.
Hydrobius fuscipes, Linne\

Silpba lapponiea, Herbst.
ramosa, Say.

Creopbilus villosus, Grav.
Porrbodites, one species.

Homalota, one species.

SILPHID2E.

I Kecropborus velutinus, Fabr.

STAPHYLINIDiE.

Oxypoda, one species.

Oxytelus, one species.

HISTERID^E.

Saprinus oregonensis, Lee.

NITIDULID^E.

Carpopbilus pallipennis, Say. \ Ips Dejeannii, Kirby.
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Dermestes niarmoratus, Say.
fasciatus, Lee.

ZOOLOGY COLEOPTEEA.

DEEMESTID^E.

Dermestes nubilus, Say.
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BYEEHID^.

Cytilus varius, Fabr.

LUCANIDJE.

Platycerus depressus, Lee.

SCAEAB^ID^.

Cantbon vigilans, Lee.
ebenus, Say.

Ontbopbagus latebrosus, Fabr.
Pbanseus carnifex, McL.
Trox porcatus, Say.
Apbodius ruricola, Mels.

Diplotaxis obscura, Lee.
Tostegoptera lanceolata, Say.
Polyphylla 10-lineata, Say.
Trichius affinis, Gory.
Euryonria inda, Lac.

Melanopbila longipes, Say.

Alaus uielanops, Lee.
Corymbites morulus, Lee.

Calopteron terminate, Say.
Pbotinus lacustris, Lee.

angustatus, Lee.

Collops cribrosus, Lee.
Dasytes Hudsonicus, Lee.

Trichodes ornatus, Say.
Clerus sphegeus, Fabr.

BUPEESTID.E.

I
Ancylochira confluens, Say.

ELATEEID^E.

Corymbites tinctus, Lee.

TELEPHOEID^.

Chauliognathus basalis, Lee.
Podabrus Isevicollis, Kirby.

MALACHIME.

I Listrus senilis, Lee.

CLEEID.E.

1 Hydnocera subfasciata, Lee.

SCOLYTIDiE.

Xyleborus septentrionis, Mann.

TENEBEIONID^

Dendroctonus obesus, Mann.

Asida sordida, Lee.
elata, Lee.
opaca, Say.
polita, Say.

Coniontis ovalis, Lee.
Eleodes obscura, Lee.

suturalis, Say.
hispilabris, Say.

Eleodes tricostata, Say.
extricata, Say.
obsoleta, Say.
nigrina, Lee.

humeralis, Lee.

piinelioides, Mann.
Blapstiuus pratensis, Lee.
Ipbthimus subleevis, Bland.
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CISTELID.E.

Hymenorus obscurus, Say.

ANTHICID^E.

Corphyra Lewisii, Horn.
Stereopalpus guttatus, Lee.

Notoxus bifasciatus, Lee.
subtilis, Lee.

MORDELLID^E.

Mordella scutellaris, Fabr.

MELOIDiE.

Melee near angusticollis, Say.

Nomaspis parvula, Hald.
Epicauta inaculata, Say.

pruinosa, Lee.

Lytta Nuttalli, Say. 1

spbsericollis, Say.
Nemognatha lurida, Lee.

cedemerhle.

Calopus angustus, Lee.

CERAMBYCIL\E.

Spondylis upiformis, Mann.
Criocepbalus agrestis, Kirby.
Batyle suturalis, Say.

Tacbyta liturata, Kirby.2

Acmseops proteus, Kirby.

Acmseops pratensis, Laich.

longicornis, Kirby.
Monobammus scutellatus, Say.
Monilema annulatum, Say.
Tetraopes femoratus, Lee.

CHRYSOMELIDJL

Adoxus vitis, Linne\
Chrysochus auratus, Fabr.

cobaltinus, Lee.

Doryphora decein-lineata, Say.3

Ohrysomela exclamationis, Fabr.

Chrysomela dissiniilis, Say.
Longitarsns, one species.

Trirbabda attenuate, Say.
convergens, Lee.

Cassida 6-punctata, Fabr.

COCCINELLIL\E.

Hippodamia 5-signata, Muls.
parenthesis, Say.
convergens, Germ.

Coccinella transversoguttata Fald.
monticola, Muls.
picta, Rand.

EROTYLIDiE.

Erotylus Boisduvalii, Lee.

CURCULIONID.E.

Alophus altera atus, Say.

Cleonus trivittatus, Say.

Erirbinus, two species.

Ceutorhynchus, one species.

NOTES.

1 Lytta Nuttalli.—The geographical distribution of this insect is extremely limited. It

•was found in South Park, near the head of the South Platte River, on the Iris tenax,

in an area which might be bounded by a radius of five miles, and was not seen at any
other place during the season.

2 Tachyta liturata.—Found on the Populus tremuloides and P. balsamifera in great
numbers at an altitude of about 8,000 feet.

3 Doryphora decem-Uneata.—Colorado potato-beetle. This insect is still marching east-

ward; not a single specimen having been seen, west of the dividing-ridge. It is prob-
able that, should the potato be cultivated on the western water-shed, it would be free
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from the ravages of this destructive insect for a number of years ; but that it would
ultimately make its appearance in that region through the agency of the seed. This
I believe to be the manner of their introduction to distant localities, as they are slug-
gish travelers, and quite incapable of spreading so rapidly by their own instinct. This
belief is further sustained by their continued absence from the Salt Lake basin, occa-
sioned by the cheapness of vegetables in the Mormon settlements excludiug the
importation of potatoes from Colorado. Not found at a greater altitude than 8,000 feet.

4 Erotylus Boisduvalii.—Usually found upon the Pinus ponderosa, and never seen at a
greater altitude than 9,000 feet. Very abundant in the eastern foot-hills of the Front
range, but not found on the Pacific slope in Colorado, although it has been collected
in Arizona.
Nemognatha lurida and Lyita Nuttalli verify the theory of the adaptability of the color

of species to their food-plant ; the former being fouud feeding upon the pistil of the
Cirsium undulatum, which it so nearly resembles in color as to often escape close scru-

tiny ; the latter, found upon the Iris tenax, is of precisely the same color as that
plant.

W. L. C.

EEPOET ON THE PSEUDO-NEUROPTERA AND NEUROPTERA
COLLECTED BY LIEUT. W. L. CARPENTER IN 1873 IN COL-
ORADO.

By Dr. H. A. Hagen.

Family TERMITINA.

TERMOPSIS.

T. angusticollis, Hagen, Synop., 3, 1.

Rufous paler beneath; mouth infuscate; wings dusky hyaline ; cos-

tal veins rufous ; head oval flat; prothorax small, semicircular. Male
and female.

Tar. Nevadensis.—Dark reddish brown, scarcely paler beneath ; wings
dark, smoky ; costal veins blackish-brown. Male and female.

Length to tip of wings, 23-26 millimeters; body, 11 millimeters;
expansion of wings, 42-44 millimeters.

Soldier.—Stout, yellow; head and thorax rufous; head long, oblong,
depressed, dark-brown anteriorly ; labrum subquadrangular, yellow

;

mandibles black, long, straight, the pointed tip incurved; a tooth before
the tip of the left mandible

;
palpi brown ; eyes wanting, their place

indicated ; antennae as long as the head, about 24 joints ; the basis of
the joints brown, darker on the basal joints

;
prothorax as large as the

head, semicircular ; mesothorax and metathorax rounded behind, with
a small alar lobe each side, directed backward ; abdomen ovoid ; appen-
dages four-jointed, long; last segment with two divergent, anal spines;
feet strong, rufous ; femora paler yellowish.

Length, 1G millimeters.

Larva.—Stout, elongated, flattened above, pale ; head yellow, rounded;
mouth darker; eyes indicated as in the soldier; antennae 24 jointed;
protborax semicircular, small; mesothorax and metathorax larger,

rounded behind, a small alar lobe on each side, directed downward;
abdomen ovoid, the appendages two-jointed, but with indications of two
more joints; last ventral segment with two anal spines; feet strong,

yellow.

Length, 11 millimeters.

NympJia.—Size and color of the larva; eyes present, pale; alar lobes
large, flat, triangular, horizontally covering the basal third of the abdo
men; appendages four-jointed ; anal spines divergent.

Habitat.—California, San Francisco, (Mann), San Diego, March,
April (Crotch) ; Gulf of Georgia, Fort Steilacoom, Semialuuoo (A. Agas-
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siz); British Columbia, QuesnelLake; Truckee, Sierra Nevada-(Crotch)

;

Louisiana (Pfeiffer).

The specimens are dry or preserved in alcohol. T. angusticollis is a

real western species. I saw only one specimen from Nevada, collected

on the western border of the State. An imago from Louisiana, collected

by Mrs. Pfeiffer, is preserved in the museum at Vienna, Austria. So
far as known, this species is not yet found in Texas or Mexico. Messrs.

A. Agassiz and G. E. Crotch observed this species living beneath the

bark of pine-trees.

The winged imagos differ in color, the typical specimens being rufous,

though some of them are darker. The single male from Nevada is

smaller and the wings not as broad, (one-fortieth inch), and throughout

much darker; but among a number of alcoholic specimens from San Diego
and Semialuuoo there are some nearly as dark; and, moreover, it is

not impossible that the Nevada specimen was darkened by carbolic acid

in the collecting-bottle. The discovery of the soldiers and of the other

stages is very important. T. occidentis, formerly supposed to belong as

soldiers to T. angusticollis, is now to be considered as a different species,

the imago of which is still unknown.

T. occidentis, Hagen, Synop., 3, 2.

Soldier.—Very stout, rufous ; abdomen yellow ; head large, nearly as

broad as long ; convex above, rounded laterally, depressed anteriorly,

the anterior angles prominent, jointed, dark-brown ; antennae 19-jointed,

pale, the first and third joint longer, dark brown ; labrum ovoid, yellow
;

eyes present, black, oval ; mandibles shorter than the head, black, stout,

curved, the left one with a double tooth before the tip. Prothorax
broader than the head, large, flat, cordiform, the anterior margin deeply
notched ; mesothorax large, broad, with a short, flat, triangular, alar lobe

;

metathorax shorter and narrower, the alar cover smaller. Abdomen
large, long, ovoid ; appendages very short, conical, 2-joiuted; last ventral

segment with two small spines placed near together ; feet stout, brown

;

femora rufous.

Length, 19 millimeters.

Larva.—Pale-yellow; head brighter yellow, rounded, flat above ; anten-

na1
- pale, about 22-jointed ; eyes present, black, well defined. Prothorax

as broad as the head, transverse ; angles rounded, the hind ones more
obtuse ; mesothorax of the same size, flattened, transverse, a little

broader ; on each side a triangular, depressed alar lobe nearly as long as

the metathorax ; the latter similar but larger ; the abdomen broader,

thick, ovoid ; the appendages and spines similar to those of the soldier.

Feet less stout, yellow.

Length, 14 millimeters.

Habitat.—California : Cape San Lucas (Xanthus de Vesey). The
type of Walker from the west coast of Central America. The described
specimens are preserved in alcohol. The descriptions of the previous

stages of T. angusticollis and T. occidentis prove the difference of the

two species. The soldier of T. occidentis differs by the rounded
shorter head ; the two-toothed mandibles ; the prothorax very large,

broader than the head, and nearly bilobate; the alar lobes large, fiat,

horizontal; the appendages very short, two-jointed ; the eyes black, well

developed. The larva differs by the alar lobes large, directed down-
ward ; the prothorax transversely ©blong ; the abdomen thick, ovoid

;

the appendages similar to those of the soldier ; the eyes black, well

developed.
The imago is still unknown ; I. suppose they belong to the genus Ter-
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mopsis ; nevertheless, the well-developed eyes of the soldier, and even
of the larva, make this supposition rather doubtful.
The genus Termopsis was formed by Professor Heer for fossil species

preserved in the amber of Prussia, and in the schists of Oeningen. T.

angnsticollis and perhaps T. occidentis are the only known living species

of this genus ; and their occurrence in North America is the more inter-

esting, as some other remarkable species of the amber-fauna are still

represented by similar living species in the fauna of North America.

Family PERLINA.

PTEEONARCYS.

Pt. californica, Hag. Synop., 16, 5 (Proc. Bost. Soc. Nat. Hist., xv, 284.)

A full description is given in the monograph of this genus in the
quoted proceedings.

Habitat.—California ; Washington Territory, between Rock and Cas-
cade Rivers 5 Lake Winnipeg (Kennicott) ; Ogdeu, Utah, from a river

tributary to Great Salt Lake, in June (C. Thomas). Nymphai from the

San Luis Valley, Colorado. I have seen a number of specimens, dry and
in alcohol, male, female, and nympha. According to McLachlan's state-

ment, the wings of the California specimens are very smoky and
opaque

;
perhaps they were darkened by the carbolic acid used by the

collectors. Pt. californica is a decidedly western species. PL biloba,

from TrentQn Falls, N. Y., a species, as yet, only represented by the
female type in the British xMuseum, is very nearly related, but accord-

ing to McLachlan's, a different species.

Pt. regularis, sp. nov.

Male.—Dark-brown, paler beneath ; head dark-brown ; the posterior

margin, two large lateral spots connected by a line behind the ocelli,

two flattened, round tubercles a little before, and the anterior margin
all dull-yellowish ; lateral margin carinated up to the tubercles ; three
ocelli well developed; labrum small, brown; anteunse slender, half as
long as the wings, brown ; the basal joints yellowish beneath. Pro-
thorax as broad as the head, nearly square, the anterior angles sharp, the
posterior rounded, dull-browu ; a very fine median yellow line only indi-

cated, and on each side some curved elevated marks. Abdomen pale
beneath; setse (partly broken) shorter than the abdomen, dark-brown,
dull-yellow at the bases, stout, the five basal joints very short. Feet
brown, pale beneath ; wings smoky, hyaline ; veins strong, dark-brown

;

areolation square. The vulvar lamina as broad as the segment, rounded
in front, the middle more produced, as long as the segment, notched on
the tips, black ; on each side at the base is 11 small triangular tubercle.

Length to tip of the wings, 19 millimeters; alar expansion, 33 millime-

ters.

Habitat.—Truckee, Sierra Nevada; Nevada, June 10 (Crotch). I

have seen only two specimens.

Pt. badia, sp. nov.

Pale-brown ; head dull-yellowish, with a large square black spot
around the ocelli ; antennae brown, paler beneath. Prothorax square,
the anterior margin rather rounded, the angles right, pale-brown, with
darker shading on each on the elevated marks. Abdomen pale above,
darker in the middle, pale-brown beneath ; the apical margin of the
penultimate ventral segment largely excised ; the dark-brown middle



574 GEOLOGICAL SURVEY OF THE TERRITORIES.

part of the segment somewhat produced, without reaching the last seg-

ment; setss pale-brown; feet darker brown; wings yellowish hyaline,

with a dull-yellow stigma ; veins brown.
Length, 17-19 millimeters; alar expansion 31-33 millimeters.

Habitat.—Bridger Basin, Wyoming (Garman) ; Cache Valley, Utah
(0. Thomas) ; Colorado Mountains, August (W. L. Carpenter).

I saw only three females, in a very bad condition, in alcohol. The
two species above described are the dwarfs of this genus; the smallest
species known, Pt. proteus, having twice the length of Pt. regularis and
Pt. badia. The gills are well visible in the alcoholic specimens of Pt.
badia, 26 pairs in number, to wit, 6 between the head and the pro-

thorax ; 6 between the prothorax and mesothorax ; 6 between the meso-
thorax and metathorax ; 2 between the posterior feet ; and 6 on the basal
segments of the abdomen. The maxillary palpi are longer than the
month, the basal joint short, the other long, equal, thicker at the tip;
the labial palpi are similar. The palpi show a similar formation as the
apical joint in the phryganideous genus Hydropsyche. The external
membrane is cut or split in a somewhat spiral manner, so as to give to

every joint the appearance of a large number of small joints imper-
fectly soldered together. This formation of the palpi belongs to all the
species of Pteronarcys, and is exceptional for this genus only in the
whole family of Perlina.

These two small species agree in all characters with the larger species,
at least so far as the females are concerned, as the males are still un-
known. The wings are divided into quadrangular cells, perhaps a little

more regular than in the larger species. The venation of Pteronarcys
seems to resemble the most the remarkable fossil genus Miamia.

ACRONEITRIA.
A. abnormis.

Perla abnormis, Hagen, Synop., 17, 1.

This species appears to vary in a very high degree. The late B.
Walsh, after repeated observations of living specimens, confirmed varia-

tion in size and color, in the reticulation of the wings and in the number
of the- quadrangular areoles, which are sometimes nearly or altogether
wanting; the shape of the prothorax and the vulvar lamina of the
female, commonly of a constant shape in this family, offer also slight

variations in this species.

The male has usually long and well-developed wings ; however, two
short-winged males now before me seem to belong to this species. The
material in my collection of dry and alcoholic specimens, though rich in

specimens from different localities, seems to be not yet sufficient to
decide the question whether we have here several very closely-related
species1 or simply varieties of A. abnormis.
Two females from South Montana and a male from Snake River,

Southeastern Idaho, collected by Prof. C. Thomas, differ as follows:
The colors are darker, the abdomen yellow beneath, on each side dark-
brown. The male, in worse condition than the females, is a short-winged
one ; the shape of the prothorax somewhat different, perhaps only altered
by the bad preservation. The vulvar lamina of the two females is more
produced than usual, covering one-half of the following segment ; the
apical margin is nearly semicircular, notched very little in one female,
and not at all in the other.

A cast nympha-skin from Eagle River, Colorado, August 30, collected
by Mr. Carpenter, belongs to a very large species. Length, 33 milli-

meters; setse, 26 millimeters. There is nothing known concerning the
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previous stages of the North American Perlina ; even the different larvae
and skins in my collection are not yet thoroughly studied. After a
closer comparison with a nympha-skin of A. abnormis, communicated
by B. Walsh, I believe that the nympha-skin from the Eagle Eiver
belongs to the same genus, but certainly to a different species. It is

not so much spotted
;
the apical half of the wing-cases is pale, without

the black band, so conspicuous in A. abnormis ; the abdomen is dark-
brown above, without the regular paler marks of A. abnormis; the
basis of the blackish setae is pale instead of the throughout dark color
of the setae of A. abnormis. Even the size of the skin seems too large
for the known American Perlids, except for some very large specimens
of A. abnormis, collected at the Saskatchewan Eiver.

Habitat.—Assuming the above-described specimens to belong to A.
abnormis, this species would have a very wide distribution. The noi <h-

ern limits known are the Saskatchewan and Peel Eiver and Canada
;

the southern limits, Georgia, and perhaps Mexico ; it is known from all

Eastern States on the Atlantic, and from many States between the
Atlantic and the Eocky Mountains.

DICTYOPTEKYX.
D. signata, sp. nov.

Yellowish-brown, pale beneath
; labrum pale-brown; head flat, with

two irregular brown stripes, connected transversely before the eyes in a
manner to form an anterior large yellow spot, trilobate behind ; space
between the stripes with an anterior rounded spot, counected with a
smaller triangular one on the hind border ; a large yellow spot on each
side near the eyes. Antennae pale-brown

; first joint blackish-brown
above; second and third pale; palpi pale. Prothorax as broad as the
head, nearly square; brown, with a large yellow median band some-
what dilated at the ends ; on each side three carved marks, formed by
rather irregular black polished scars ; lateral margin straight, dark.
Abdomen dark-brown above, pale-yellowish beneath; whitish around
the base of the feet ; segments darker at the base. Feet pale-brown,
femora with an external vitta and a ring before the knee ; base of the
tibiae and tip of the tarsi dark-fuscous. Setae pale brown, darkest at
the tip of the joints. Wings with a grayish-yellow tinge, darker on the
costal margin ; veins brown, darker, and very irregular on the tip of the
wing, five or four, or even less, antecubitals ; wings of the male as long
as the abdomen, or one-third or more shorter ; the apical areolets very
irregular.

Male.—The last dorsal segment yellow ; the apical margin recurvate,
transversely cariniform, thickened, emarginate in the middle, scabrous,
and rather villous exteriorly ; appendages yellow ; the superiors are
small recurved lobes; between them the larger inferiors, darker on the
triangular tip, which is sharp and a little emarginate beneath, just
before the tip; an ovoid membrane between the inferiors belongs per-

haps to the penis ; last ventral segment produced between the setae

with an elliptical margin.
Female.—Last dorsal segment obtusely produced in the middle of the

apical margin, with a median longitudinal impression ; vulvar lamina
large, rather inflated on the antepenultimate segment, forming two free

circular lobes, very near together, beneath the penultimate segment.
Length with the wings, <J, 13-17 millimeters; 9, 18-21 millimeters.

Alar expansion, $ , 1G-2G millimeters
; 9 ,

30-40 millimeters. Length
of the setae, 11 millimeters.
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Habitat.—Foot-hills, Colorado, September, and mountains on the

Pacific slope, August 16 to September 6. Several specimens in alcohol.

This genus is new for the American fauna ; all species known belong

to Europe and Siberia. This"new species is far more interesting as an
exception, bearing gills in the imago-state. There are on the ventral

side five pairs of gills, formed by white, fleshy, blind sacs ; two pairs on
the under side of the head ; the first pair widely separated on the basal

part of the submentum ; the second pair in the articulation with the

prothorax ; both pairs straight, placed transversely, looking outward.

The three other pairs on the thorax, always before the feet, but sepa-

rated from them, being placed just in the articulation of the segments

;

the three thoracic pairs are incurved.

The occurrence of gills in the imago-state of D. signata is the more
exceptional, as all the hitherto-known species are without them. At
least, a close examination of dry specimens of all the species in my col-

lection (only one of Siberia is unknown tome) did not disclose anything
similar to the gills in D. signata ; Dr. Gerstaecker, in a recently-pub-

lished paper, also states the absence of gills in living specimens of D.
iniricata and 1). alpina. Formerly, the genus Pleronarcys was the only

known exception for its gill-bearing imagos among the class of insects
;

now, besides the above-described Dictyopteryx, there are two other gill-

bearing Perlid genera mentioned by Dr. Gerstaecker, Damphipnoa
lichenalis from Chili, a genus closely related to Pteronarcys, and Nemura
cinerea and N. nitida, with its male N. lateralis, both from Europe.
The papers by Dr. Gerstaecker are published in the Festschrift zum

Imndertjaehrigen Bestehen der Gesellschaftnaturforschender Freunde, Berlin,

1873, 4to, p. 60, with figures; and Sitsungsbericht derselben Gersellscliaft,

October 21, 1873, p. 99.

ISOGENUS.
I. elongatus, sp. nov.

Female.—Brown ; head with a posterior, triangular, yellow spot,

extended on each side of the occiput ; two small, ill-defined, yellow spots

near the antennae and eyes ; antennas brown. Prothorax as broad as

the head, quadrangular ; the angles sharp, with a large, yellow, median
band, narrower before. Abdomen and feet brown 5 setae brown ; base
of the joints paler. Wings long, hyaline ; veins brown, with a pale-

yellow tinge around the costal apical veins ; costa pale ; submedian
areolet larger toward the tip, with seven transversal veins ; the ante-

rior vein of the submedian areolet somewhat curved. Vulvar lamina
large, the base separated from the segment by a deep furrow in form of

a transversely-enlarged W ; apical margin nearly straight, covering
only a little of the following segment ; the lateral angles rounded ; a
small notch in the middle.

Length, with the wings, 24-28 millimeters. Alar expansion, 40-44
millimeters.

Habitat—Foot-hills, Colorado (Mr. Carpenter) ; Ogden, Utah (by C.

Thomas). Alcoholic specimens. I. elongatus is very similar to I. fron-
talis, but in this species the anterior vein of the submedian areolet

js straight, and the anterior margin of the vulvar lamina rather incurved.

I. colubrinus, sp. nov.

Brown ; head with a posterior, triangular, yellow spot
;
part before the

ocelli yellowish ; antennae blackish-brown
;
prothorax rather smaller

than the head, quadrangular; angles sharp, with a yellowish median
band, a little narrower before ; abdomen and setae dark- brown ; feet pale-

brown, tips of the femora and tibiae darker. Wings hyaline; veins
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pale-brown ; costa, and its transverse veins, pale ; submedian areolet less

enlarged on the tip ; the anterior vein less incurved ; vulvar lamina simi-

lar to I. elongatus, but larger, subbilobed, the notch reaching nearly to
the basal furrow, and the apical margin nearly circular.

Length, with the wings, 22 millimeters ; alar expansion, 38 millimeters.
Habitat.—Snake Kiver, Idaho (C. Thomas). I believe that some speci-

mens from the Saskatchewan Eiver, from the Slave and Winnepeg Lakes,
all in my collection, belong here. The males are a little smaller, but
long-winged. The comparison of dry and alcoholic specimens is so
difficult that it seems more prudent to consider the identity of the speci-

,

mens as still doubtful.

PERLA.
P. sobria, sp. nov.

Female.—Head dull-brown near the prothorax ; the anterior part
pitchy-black ; three large yellow spots between the eyes, each side one
near the border, and a middle rhomboidal one ; three smaller spots on
the clypeus between the antennas, each side, a pale, whitish one near
the border, and a middle quadrangular, yellow one just before the ante-

rior ocellus, bordered on each side by a shining-black stripe; antennae
black, brownish beneath at the base. Prothorax as broad as the head,
quadrangular, broader than long; hind angles less sharp, pale-yellow

on each side, with a large, ill defined rugulose band ; a line, impressed,
median line with a spot in the middle, and a fine, transversal line just
before the anterior and one before the posterior margin, all black. Me-
sothorax and metathorax shining-black above ; abdomen brown on the
under side, paler at tip; head and thorax brown beneath, with a large,

black spot on each side before the second and third pairs of feet ; setse

pale-yellowish. Feet dark-brown ; wings hyaline, scarcely fumose; veins
strong, blackish-brown, finer in the costal space ; vulvar lamina large,

bifid, the outer edge of the two lobes rounded ; before them a small
tubercle.

Length, with the wings, 14 millimeters ; alar expansion, 26 millime-

ters.

Habitat.—Colorado Mountains, Pacific slope, August (Mr.. Carpenter).
One female, in poor condition.

P. ebria, sp. nov.

Female.—The single specimen, in bad condition, is very similar to P.
sobria in colors and in shape. The genital parts are well preserved and
the vulvar lamina is entirely different, a long oval lobe without any
notching of the apex. So far as known, this important part never varies
in such a manner, and it would be impossible to unite both specimens
in one species, notwithstanding their great resemblance.

Habitat.—The same locality as P. sobria.

P. (1), sp.

There is a third species from the same locality in worse condition still.

It is a little smaller, the head and the prothorax somewhat different. As
the abdomen is wanting, I prefer merely to indicate the occurrence of a
third undescribed species.

CHLOROPERLA.

A small Chloroptrla, of the size of C. cydippe, from the foot-hills of
Colorado, belongs to a new species, but is too much damaged to be
described.

37 G s
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Family EPHEMEBLNA.

EPHEMERA.
E. compar, sp. nov.

Male imago.—Light-brown ; head blackish-brown ; antennae pale-yellow;

a broad, pale-brown, dorsal band on the thorax ; each side of the protho-

rax blackish ; abdomen above on each side with two, black, longitudinal

lines and two more in the middle of segments 6 to 9 ; last segment with

two large, ill-defined, black spots ; abdomen beneath on each side with

one black, longitudinal line
;
penultimate segment with a large, quad-

rangular, black spot; seta3 very long, pale-brown, the articulations

hardly darker; appendices pale brown, long, arcuated on the tip; the

two apical joints short, the last shorter ; feet pale-brown ; the auterior

pair very long, black ; the femora brown ; fore-wings hyaline, with a
yellowish tinge ; veins dark-brown ; the apical half of the two costal

spaces dark-brown, and the basal half of the second costal space rather

fumose ; a series of four small, black spots in the middle of the wing
near to the costa, another spot near the base of the wing, and one near
the tip ; hind-wings of the same color, with a large apical brownish
band ; some of the veins in the middle of the wing finely clouded with
black.

Length of the body, 15 millimeters ; alar expansion, 32 millimeters

;

length of the setae, 30 millimeters.

Habitat.—Foot-hills, Colorado (Mr. Carpenter).

This species is very similar to E. lutea, Burm. {E. lineata, Eat.) ; as I

have seen only one male, I believe it to be more prudent not to identify

the American with the European species, the more so as some differ-

ences, though not important ones, are to be found. E. lutea has the

third and fourth joints of the appendices of equal length, and together
two-thirds the length of the second joint. E. compar has the fourth joint

shorter than the third, and both together one-third the length of the sec-

ond joint. But as the only male of E. compar is dry, and as the measures
fori?, lutea are taken from living specimens, the differences may not be
certain. The discovery of E. compar fills a gap in the fauna of North
America. There are four species of European Ephemerce nearly related

to each other. Till now only three species were known in the North
American fauna representing three of the European species, and the dis-

covery of E. compar imitating the fourth European species makes the
parallelism of the Ephemerid fauna of both countries complete-
As the other three American species were formerly not well described,

even some of them erroneously identified, I believe it is worth while to

give here a more detailed description of them. It is presumed that at

least two of them will be discovered within the area of country embraced
in this paper.

E. decora, Hagen (Synop., 3S, 1).

Male imago.—Luteous ; head in the middle, prothorax on each side,

dark-brown ; antennas pale ; abdomen above with four large, beneath
with two narrow, black lines ; setae pale, the articulations fine, brownish

;

appendages pale, the two last joints nearly equal in length, taken
together about half of the second joint in length ; anterior feet yellow

;

femora brown, darker at the tip ; tibiae at base and tip, tarsal joints at

tip, blackish; the other feet pale; fore-wings hyaline, with a faint yel-

lowish tinge, light-brown on the two costal spaces ; transversal veins
brown, faintly clouded near the costal margin and in the middle of the
wing ; some larger brown si>ots in the middle near to the costa, and one
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smaller near to the base ; hind-wings hyaline. This male had appar-
ently receutly cast the skin, and is identical with the fragment of the
type described in the synopsis. The type of B. Walsh in my collection

is smaller (alar expansion, 23 millimeters), darker in color, bnt otherwise
not different; the hind-wings have some transversal veins clouded, and a
few blackish spots. A male from British America has the size of the
male above described, but the colors of the specimen from B. Walsh.
Female imago.—Luteous ; a darker line on each side of the prothorax

;

abdomen above with two larger triangular black spots on each segment,
beneath with two longitudinal black lines ; setre pale ; feet luteous

;

femora of the anterior feet brownish, tip of the joints brown 5 wings simi-

lar to the male, but the costal margin nearly hyaline, the spots smaller;

some few spots on the hind-wings. A second female from British

America is similar to the first.

Subimago, male and female.—Grayish-luteous ; seta3 pilose; wings
dusky; spots the same as in the imago, none on the hind-wings; costal

space a little darker.

Imago : length of the body, S , 10 millimeters ; 5 , 11 millimeters
;

alar expansion, $ ,
23-27 millimeters

; 9 , 30 millimeters ; length of the
seta, $ , 30 millimeters.

Subimago : length of the body, 13 millimeters ; alar expansion, 30
millimeters ; seta, 9 , 15 millimeters.

Habitat.—New Haven, Conn., $ ; Norway, Me., <^,<?; Bock Island,

111., $ ; Chicago, 111., 9 ;
Virginia, S ; British America, $ , 2

, imago
and subimago.
The wings of the two males from Virginia have darker spots, but prob-

ably belong to this species. E. compar is nearly related to E. decora,

but is a little larger, brighter-brown, the anterior feet black, with the
femora brown, the seta without blackish rings on the joints, the
appendages visibly longer, the wings more yellowish, the costal margin
brown, the spots smaller, the hind-wings with a larger apical brownish
band.

This species is the E. decora of my synopsis, and according to the
notes made by me in 1857, in the British Museum, also Walker's E.
decora, I do not find the antennae blackish ; in the type-specimen of my
synopsis, the antennse are now wanting. I have no doubt about the
rights of this species, which imitates well the European E. glaucops.

The type of Mr. Walsh is the smallest specimen known, but, according
to his paper, another male from the same locality was larger (alar

expansion, 25 millimeters), nearly as large as the specimens above
described.

E. guttidata, Pictet, Ephem., 135, 4, PI. 8, Fig. 4. Male Imago.

Syx.—E., sp. nov., Hagen, Proc. Ent. Soc. Philad., 1863, 177.—Trans. Ent. Soc.
London, 1873, 393.—Eaton, Monogr., 71 (var. of E. myops).

Female imago.—Head and thorax luteous ; a brown band each side on
the prothorax, some darker spots on the thorax ; abdomen pale-yellow,

last segment brownish on the sides ; setre pale-yellow, faintly pilose, the.

articulations annulated with black; anterior feet yellow ; femora, base,

and tip of tibire, tip of tarsal joints, brown, the other feet yellow ; fore-

wings hyaline, fumose on the costal and apical margin ; transversal veins
except on the third part of the hind border strongly clouded with black

;

a larger confluent elongated black spot in the middle of the wing; hind-
wings on the apical margin fumose, the transversals on the costal mar-
gin, and some apicals strongly clouded with black ; a larger confluent
black spot in the middle, and a small one near the base.
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Length, 19 millimeters; alar expansion, 42 millimeters; setce (broken),

about 12 millimeters.

Habitat.—New York, by Osten Sacken.
This is the female Eph. sp. now, quoted in Proceed. Ent. Soc. Philad.,

1863, 177, as resembling E. Danica of Europe, and by Mr. Eaton in his

Monograph 71 as a probable variety of E. myops, a statement refuted by
me in Trans. Ent. Soc. Lond., 1873, 393.

I am now convinced that this female belongs to E. guttulata, Pict. The
long anterior feet prove Pictet's specimen to be a male imago ; the

other feet and the abdomen are wanting. The colors and the pattern

described by Pictet agree well, except the anal part of the fore-wings,

nearly hyaline in the described females, faintly spotted in Pictet's type.

The bright-yellow anterior feet in Pictet's description and figure (the

number of joints is erroneous) represent very well this species, and are

not to be seen in any other species. Pictet gives no dimensions, but the

figure is without doubt of natural size, the alar expansion 36 millimeters.

The locality of the type is not known ; it was presented by Mr. Conlon,

and may be, as many other species, communicated by this naturalist from
the Western Hemisphere. In my Synopsis 38, 1 supposed E. guttulata to

belong probably to E. natata, and Mr. Eaton, Monogr. 69, gives both
species as synonymous. The type was not in Pictet's collection ; at least,

it, is not among the species seen by Mr. Eaton in the collection

(Monogr., p. 11).

The resemblance to E. Danica consists in the yellow-colored abdomen.
The wings of E. guttulata are more spotted, the abdomen less so or not at

all. The colors of the abdomen feet, setse, and wings are very different

from those in E. natata.

E. natata.

Syn.—PaUngenia natata, Walk., Cat., 551, 13, fem. subim.
E. simulans, Walk., Cat., 530, 5, male subim.
E. natata, Hagen, Syn., 39, 4.

E. simulans, Hagen, Syn., 38, 2.

E. guttulata, Eaton, Monogr., partim.

Male imago.—Dark-brown
;
prothorax each side with a black band

;

abdomen brown, above with large, serrated, black spots; setse pale-brown

;

articulations of the basal joints faintly marked with darker rings (partly

broken); anterior feet brown; tip of joints darker; femora blackish;
the other feet paler brown ; appendages pale-brown,joint 2d and 3d darker
on tip; 2d joint arcuated, not twice as long as 3dand 4th together; 4th half
the length of 3d; wings hyaline; costal margin rather smoky; most
of the transversal veins, except in the hind part of the wing, clouded
with black ; several larger quadrangular black spots in the middle of
the wing and near to the base; hind-wings with the apical margin
smoky ; many transversal veins clouded with black, and several small
spots blackish.

Female imago.—Similar to the male ; thorax brighter brown ; wings
hyaline on the costal margin, except on the base, not so strongly clouded
with black.

Male and female subimago.—Colors more dull ; wings grayish; anten-
nae black ; setse dark-grayish.

Length, $ , 13 millimeters; 9,15 millimeters; alar expansion, (£,32
millimeters; 2,40 millimeters; setse 9 , 15 millimeters.

Halitat.—Saskatchewan River, British America, by R. Kennicott ; a
large number, in very bad condition; both sexes imago and subimago,
Saint Lawrence River and Saint Martin's Palls, Hudson's Bay, by Walk-
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er ; Chicago, by Osten Sacken and Woodwell ; Maine, in Harris's col-

lection.

This is the E. natata of my synopsis. The species imitates E. vulgata,

of Europe, but the wings are more grayish than brownish. It differs

from E. decora by the larger size, the darker marked wings, the less

annulated setae, the relative length of the joints of the appendages. At
least, there can be no doubt about the difference of my E. natata and E.
decora, brought together even with E. guttulata, a,s belonging to the
same species, by Mr. Eaton.

It may be interesting to publish here a letter to the late Prof. L. Agas-
siz by Mr. George E. Woodwell, from the Tribune office, Chicago, 111., July
23, 186 (!) (number not filled). The letter contained several dry speci-

mens, imago and subimago, of E. natata

:

I send you a number of specimens of a fly which annually visits our lake-cities, and
which has the present summer appeared in larger swarms than ever known before.
During the recent hot nights they have poured in from the lake in myriads, rendering
it necessary in lighted buildings to close the windows and doors in order to escape their
visitation. For several nights past, they have thus swarmed upon us ; and vbe morning
would witness about the posts of the street-lamps large heaps, in some instances three
pnches deep, and covering an area of two or three yards square.

Couriously enough, the imitating species from Europe, E. vnlgata,

swarms in a similar manner ; and Scopoli tells us that the farmers in
Krain are not contented unless they are able every year to bring a num-
ber of cart-loads as manure upon their fields.

HEPTAGENIA.
H. brtinnea, sp. nov.

Male imago.—Brown, the thorax and the body beneath paler ; head
blackish

;
prothorax deeply notched behind, with an elongated blackish

spot on each side, and a similar one on the mesothorax ; metathorax
bright-yellow between the wings. Abdomen brown, the segments with a
darker ring on the tip ; setse long, grayish-brown, darker at the base,
the articulations scarcely darker ; appendages long, cylindrical, darker
brown, four jointed ; first joint very small ; second somewhat longer
than the apicals together, which are of equal length

;
piece between

the appendages notched
;
penis long, bifid, divergent. Femur paler on

the tip ; the other legs pale-brown ; femora with a darker external line
;

tarsi dark. Wings hyaline ; veins brown ; some transversal veins on the
costal margin pale.

Female imago.—Similar to the male. Abdomen pale, on the upper
portion of each side a series of triangular black spots and a longitudinal
between them ; beneath, on each side a series of black lines

; setae pale,

articulations black ; egg-valve broad-elliptical ; legs similar, the four
posterior with the tarsi pale ; femora darker, pale at the base and tip

;

wings similar, the transversal veins in the costal space pale, very fine, not
reaching the costa.

Length, £,10 millimeters; 9, 12 millimeters ; alar expansion, £,
30 millimeters ; 2 , 34 millimeters.

Habitat.—One pair from Nevada, Truckee, in Sierra Nevada range,
June 10 (J. E. Crotch).

II. pudica.

Syn.—Ephemera pudica, Hagen, Synop., 1)9, 5.

Female subimago (dry, just casting the skin).—Grayish-brown ; head
large, triangular, flattened, luteous ; eyes distant, black

;
posterior ocelli

large, the anterior small j antennae short, stout, brownish, paler at the
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base ; the hind border of the occiput straight. Prothorax short, hind-

inargin deeply notched, nearly bilobed, pale, shining; thorax thick, pale,

shining on the middle denuded parts. Abdomen stout, dull-yellowish

above, with black oblique spots on each side of the segments, and some
finer lines on the ventral side. The described parts, except the anten-

nae, are out of the nymph-skin belonging to the imago. Abdomen of

the subimago pale, last dorsal segment with a small median projection

;

setae strong, faintly pilose, long, grayish-brown ; a large mass of eggs
is protruded, but the parts are not in good condition ; feet pale, grayish-

brown, well developed, tarsi five-jointed ; anterior wings large, opaque,
pale yellowish-gray; the lougitudinal veins yellowish, the transversals

brown, somewhat fumose ; hind-wings more yellowish, the apical border
larger, grayish ; reticulation similar to Ephemera,
Length, 14 millimeters; alar expansion, 42 millimeters; setae, about

30 millimeters.

Habitat.—Washington (Osten Sacken) ; foot-hills, Colorado, August
(Carpenter). Both female subimagos, and both in very poor condition.

In the type of the species, the femur, on the (only present) anterior

foot, with a dark-brown ring in the middle.

LEPLOPHLEBIA.
L. pallipes, sp. nov.

Female imago.—Brown, shining
; head light-brown ; antennae grayish,

brown at the base; around the ocelli black; prothorax notched behind;
mesothorax black, shining above ; abdomen dark brown, segments on
tip with a darker ring ; setae broken ; vulvar lamina long, broad, bifid,

the lobes elliptical ; legs thin, pale-whitish, the femora darker on tip

;

wings hyaline, transversal veins very fine, nearly invisible, except a few
on the tip of the costal margin.
Length, 6 millimeters ; alar expansion, 15 millimeters.
Habitat.—Nevada, Truckee in the Sierra Nevada (Crotch).
Tarsi, 4-jointed ; the reticulation and the shape of the hind wing sim-

ilar to the wing of L. helvipes, figured by Mr. Eaton (Monogr., PI. iy, 26, d.),

Nymplia-shin (perhaps belonging to Heptagenia pudica).—Body broad,
flattened; head small, half as long as broad, visibly enlarged in front;
the hind part inflated with a rounded tubercle each side ; the front bor-
der cut off" straight ; the sides oblique ; the front angles rounded ; the
whole border fringed with wooly hairs. Antennae short (not complete),
a little longer than the front border; two stronger basal joints, second
longer; and a conical seta, the joints of which could not be ascertained.
The head (for the escape of the imago) split transversely behind the
antennae, and the occiput in the middle; the part above the mouth-
parts (viewed from the front) is straight, and superseded by the de-
scribed flattened border, which forms a triangular projection on each
side; labrum transversely oblong, yellow, blackish on each side at the
base; mandibles and maxillae strong, yellow, with blackish apical teeth;
labium transversely elliptical, four-lobed, a 2 jointed large palpus
each side. Thorax large, nearly twice the breadth of the head, pale-
gray, with some brown spots; prothorax fiat above, short, larger be-
hind, the angles sharp ; each side near the middle of the flattened bor-
der an exserted, conical, sharp spine; meso- and metathorax rounded
above, with triangular wing-cases covering the basal segments of the
abdomen. The wing-cases are separated by the notched hind border of
the metathorax; the cases of the posterior wings are not visible, and
seem to be connected with the anteriors in the manner of Bwtisca.
Abdomen a little longer than the other parts of the body, broad, flat-



bases.] ZOOLOGY—PSEUDO-NEUROPTERA AND NEUROPTERA. 583

tened; the segments, 2 to 9, produced on each side, in a large triangular
process, bent behind, very sharp at the tip ; abdomen pale-gray on each
side, above a series of brown spots, with some in the middle between
them

;
the triangular processes, on the segments 4 to 9, dark-brown, with

a pale ring before the extreme tip, which is again blackish; segments
4 to 7, above each side, with a large flattened orbicular gill inserted be-
neath the hind border of the segments, wbere the lateral process begins

;

all lateral processes covered and fringed with wooly hairs ; last segment
short, transversely oblong; the dorsal apical border produced in the
middle

;
the three setce a little shorter than the abdomen, equal, slender,

pale; the fourth joint with a black, apical ring; on the apical third
four segments black, also the tip; setse fringed with long hairs; feet
flattened

;
the femurs dilated in the dorsal middle, ending in a superior

spine, pale with three brownish bands; tibiae black at the base and the
apical half; tarsal joint black on the basal half and on the tip; the
single claw pointed black at tip. Genital parts of the male on the ven-
tral side of the ninth segment, forming on tip a transversal lobe, with a
triangular longer one on each side, and a little before an elongated bifid

lobe; the female has the ninth segment produced in a larger elliptical

lobe.

Length, without setse, 15 millimeters; setae, 7 millimeters; greatest
breadth of the abdomen, 5 millimeters.

Habitat.—Colorado, mountains and plains, July 19, September 19, Mr.
Carpenter. Three skins of the nympha.
The form of the nympha is a very extraordinary one; so far as I know,

the next related is the nympha of Heptagenia, and considering the large
size it would not be improbable that this nympha belongs to R. pudim.

Family ODONATA.

Subfamily Lieellulina.

The genera Pantala, Tramea, and Plathemis are not yet represented
in the collection of the expedition ; nevertheless, it is very i>robable
that some of the widely-spread species of those gen,era occur in the
Territories. P. hymmcea, T. lacerata, and PI. trimaculata will, perhaps,
be discovered there.

LIBELLTJLA.

L. 4-maculata, Hagen, Synop. 150, 1.

Habitat.—Snake River, Idaho, and Ogden, Utah, collected in 1871 by
Mr. C. Thomas; Bridger Basin, Wyoming, by Mr. S. W. Garman. This
species migrates iu immense flocks in the Saskatchewan district, in

Canada, in Wisconsin, and around Lake Michigan, just as in Europe
and in Siberia. Stowe, Mass., is the most southeastern limit for the
United States ; it is very common in Northern and Central Europe and
in Northern Asia as far as Kamtchatka.

L. nodisticta, Hagen, Synop., 151, 3.

Male adult.—Pruinose, clothed with white hairs. Labium yellow, with
a large black band strongly coarctate just before the tip; labrum
luteous, a blackish border on the anterior margin, not reaching the

sides, and some ill-defined brownish spots in the middle and on the
basal margin; rhinarium and epistoma luteous; front brassy, black
above and before, with a bright-yellow spot on each side near the epis-

toma. Anteunse black ; vertex brassy-black, inflated, narrower at the
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tip, the angles not sharply pointed, the vertex roughly punctured in

front : occiput brown ; eyes black behind, clothed with white hairs, a
large yellow inferior spot near the margin, and a smaller quadrangular
one above it ; thorax black, densely pruinose, on each side an inferior

yellow spot after the legs, and the indication of some ill-defined paler
spots above and before them ; abdomen tapering to tip, black, densely
pruinose ; segments each side on the ventral part with a large, reniform,

somewhat irregular or divided bright-yellow spot ; appendages black,

the superiors as long as the two last segments, cylindrical, thicker before
the outwardly-bent, pointed tip, beneath with a series of about eleven
small teeth ; inferior appendage a little shorter, triangular, broad,
recurved

;
genital parts in the second segment, with the anterior lamina

broad, cut straight, a small notch in the middle of the margin
; hooks

yellow, cylindrical, stouter on tip, which is excavated, the interior part
of the excavation forming a produced unguiculated process ; feet black

;

wings hyaline, with a blackish spot on the nodus, and a larger blackish
band from the base to the triangle after the subcosta, somewhat enlarged
along the anal border of hind-wings half-way of the whitish membranula;
wings milky-white around the basal band and to the nodes; veins black,

the first antecubital yellowish
;
pterostigma long, oblong, black; ante-

eubituls 12 to 14, postcubitals 9 to 10 ; transversal veins in triangle, 2
to 3 ; four discoidal areolets, beginning with 5.

Male teneral.—The yellow color always brighter and more produced
;

dorsum of the thorax brown, with an ill-defined, broad, grayish band
each side ; on the humeral suture dark-brown ; the crista and sinus
black ; the sides of the thorax paler, with four bright-yellow spots, two
inferiors oval, bordered Avith dark-brown, and two superiors triangular,
one between the wings, the other near abdomen ; thorax beneath pale;
abdomen fulvous, the sutures and margins black ; a large black dorsal
band, not reaching the base ; each side oval, yellow spots on the seg-

ments ; the two last segments black ; abdomen beneath fulvous ; the
sides and the tip of the segments blackish ; feet black ; femora brown
at base ; the anteriors brown beneath ; wings without the milky-white
tinge.

Female adult.-^Prumose and similar to the adult male, combining in

some parts the colors and pattern of the teneral male ; labium yellow,
with a narrow black line on the median lobe and the interior margin of
the lateral lobes ; labrum yellow, the middle part of the margin brown-
ish ; head yellow ; space between the eyes black, the same color pro-

duced a little on the front above and on the sides ; vertex brown, black
on the sides; eyes behind bright-yellow, two transversal bauds and the
part near the occiput black ; the head is exactly as in the teneral male,
except a larger black band on the labium ; dorsum of the thorax prui-

nose as in the adult male ; the sides less pruinose, with the four yellow
spots well defined ; abdomen not tapering, the eighth segment enlarged,
pruinose, segments 1 to 9 each Side above and beneath with a large,

oval-yellow spot; appendages a little longer as the last segment, black,

villose, cylindrical, tapering to the outward bent fine tip ; lobe be-

tween them lntrous, black at base ; vulvar lamina exserted, short,

notched in the middle, the sides thickened ; eggs protruded, small,

yellowish ; feet black ; wings similar to the male, but without the
milky-white tinge, the black band ending before the triangle ; 10 ante-

cubitals, 11 to 12 postcubitals.

Female teneral.—Similar to the teneral male ; head similar, black
band of the labium broader ; body not pruinose; dorsum of the thorax
brown, yellow spots on the sides larger, forming two interrupted oblique
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bands; abdomen similar but not pruinose; wings similar, basal bands
rudimentary, covering only the extreme base; 13 antecubitals, 9 post-

cubitals.

Length of the body, <?, 47 millimeters
; 2 , 46 millimeters ; abdomen,

<?, 30 millimeters; <?, 28 millimeters; alar expansion, <?, 80 milli-

meters; 2, 76-78 millimeters; appendages, (J, 2; pterostigina, 4 milli-

meters.
RaMtat—Mexico, the colder region, by Mr. Saussure, a teneral male

described in my Synopsis ; an adult couple and a teneral female from
Yellowstone, Hayden's expedition, 1872.

L.forensis, Hagen, Synop., 154, 9.

This species was first described after a male from California in the Ber-

lin Museum. Now 1 have before me a pair from the Yellowstone, and a
number of specimens from Victoria, Vancouver Island. This species is

similar to L. nodisticta, but surely different.

In the adult male, the head is entirely black with the labrum ; only
the extreme lateral border of the labium, and an indication of the
lateral spot of the front, yellowish ; the thorax is much more villous,

the fine hairs longer and more dense ; the dorsum of the thorax pru-

inose, but a large, dark-brown band covered with brown hairs on the
humeral suture; the sides brown beneath, two elongate yellow spots in

the middle, and the part above them pale and covered with long fur-

like white hairs, interrupted on the second suture by the brown color

expanding upward ; abdomen similar to L. nodisticta, pruiuose, the yel-

low lateral spots on the dorsum more elongated, visible to the eighth
segment ; appendages similar, but the inferior more pointed

;
genital

parts similar, but the anterior lamiua forming an ovoid lobe, faintly

notched on the tip ; feet black ; wings analogous, but more intensely

colored ; the basal band larger, exceeding the triangle ; a large trans-

versal black baud beginning on the nodus and tapering to the hind
margin, indented in the middle ; the space between the bands and the

pterostigma below the nodus largely milky white, but this color not
reaching the apical or hind margin ; 10 antecubitals

;
postcubitals.

Female adult.—Similar to the male; head paler in front, rhinarium,
epistonia, brown ; front above with two large, quadrangular, yellow spots,

separated by the black middle furrow ; abdomen pruiuose, similar ; vul-

var lamina larger, opened in the middle ; wings alike, the brown bands
more or less developed.
One younger female from British Columbia has the thorax and abdo-

men not pruinose, dark-brown ; the wings without milky-white tinge.

Length of the body, <?, 51-14 millimeters; 2 ,
48^44 millimeters ; ab-

domen, $, 34-28 millimeters ; 2 ,
32-27 millimeters ; alar expansion, <?,

32-74 millimeters
; 9 , 82-72 millimeters ; appendages, 5,2; pteros-

tigma, 4.

Habitat.—California, Berlin Museum ; Victoria, Vancouver's Island,

July, Mr. Crotch ; British Columbia, Mr. Crotch ; Yellowstone, Hayden's
expedition, 1871. The latter ones have the smallest dimensions.

L.forensis imitates strongly L.pidchella, a species widely spread and
very common everywhere east of the Bocky Mountains; the dark-

brown tinge of the tip of all the wings in L. pulchella, the smaller size,

and other differences, easily separate the two species.

A very similar case of imitation is afforded by the two known species

of Plathemis, but P. trinaculata inhabits only the vast tracts of land
east of the Bocky Mountains ; P. subornata, west of them.

L. pulchella, Hagen, Synop., 153, 8.

Of this well-known species, one male is in the collection of the Hay-



586 GEOLOGICAL SURVEY OF THE TERRITORIES.

den expedition of 1871, taken at Ogden, Utah, the only one known to

have been found west of the Bocky Mountains. The species is very com-
mon in all States east of the Mississippi and in Northern Texas. The
southern limit seems to be Mississippi and Georgia.

Tj. saturata, Hagen, Synop., 152, 1 (partim)
',
Uhler, Proc. Acad. Nat.

Sci., Phila., 1857, 88, 4.

Stout, reddish-yellow, subvillous ; vertical vesicle narrower at the tip,

the sides not emarginated ; abdomen broad, narrower at the tip
;
geni-

tal parts in the second segment, with the hooks excavated transversely

on the tip, both ends equally pointed, the interior end black. Body of

the female brownish ; sutures of the abdomen black ; vulvar lamina
widely emarginated ; feet reddish-yellow, villose ; wings of the male
hyaline, the anterior margin and the basal half yellowish rufous

; basal

space and triangle fuscous, the second costal space of the nodus sub-

fuscous ; veins reddish, the transversals in the first and second costal

space bright-yellow ; wings of the female hyaline, the costal margin,
the basal space, and the triangle colored as in the male

;
pterostigma

narrow, long, fulvous ; membranula black ; 24 antecubitals, 15 post-

coitals, 5 discoidal areolets ; 3 to 4 veins in the triangle.

Length of the body, 55 millimeters j alar expansion, 90 millimeters

;

pterostigma, 5 millimeters.

Habitat.—Yellowstone (Professor Hayden's expedition), males and
females ; Arizona, August 5. This species was first described by Mr.
Uhler after a single mutilated individual from the San Diego trip by Dr.
T. H. Webb, perhaps not from California. At the time when I published
my Synopsis, I knew only a male from the Berlin Museum, from Mexico,
and a male and female communicated by Mr. Saussure, collected at

Tampico or Cordova, Mexico. The latter pair belongs, as I now per-

ceive, to L. croceipennis. As both species are very similar, I give the
differences of the latter.

L. croceipennis, De Selys, Ann. Soc. Belg., 17 j Bull., 67, 1.

—

Lib. sa-

turata, Hag., Syn. 152, 4 (partim).

Yery near and similar in colors to L. saturata, but a little smaller in

size ; the base of the wings in the male less colored ; the basal space and
triangle not fuscous 5 the veins in the two costal spaces reddish ; second
hooks in the male with the interior pointed end much longer, black

;

apical inferior lobe of the second segment of the abdomen larger. These
differences are taken by comparing the male from California, described
in the Synopsis as L. saturata, with De Selys's description, and the males
of L. saturata from Yellowstone. The following statements are manu-
script notes on the specimens, communicated by Mr. Saussure.
The male from Tampico has only the alar expansion 80 millimeters

5

the head in front and the feet darker; the wings less yellowish, the
yellow color on the costal margin not reaching the nodus, going hardly
beyond the triangle, which is not darker than the rest. The female
from Cordova is a young one, paler mesothoracic crest yellow, a yellow
band between the wings ; appendages yellow ; the eighth segment later-

ally dilated; vulvar lamina short, elevated, deeply emarginated, thick-

ened on the sides ; wings hyaline, costal margin to the principal sector

and triangle yellowish.

Habitat.—Cape San Lucas, Lower California, by Xanthus de Vesey

;

Tampico, Cordova, Mexico, Mr. Saussure. After De Selys's Orizaba,
Vera Cruz, Mexico, Guatemala, and perhaps Colombia.

I have no doubt about the identity of the male in my collection with
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De Selys's L. croceipennis, and the fact that Mr. Uliler at once objected to
my former opinion about its identity with bis L. saturata contirms the
statement made above.

L.flavida, Hagen, Synop., 156, 15.

In my last report I mentioned a fragment of this species from tbe
Yellowstone, and I find the same statement in my note-book. Tbe frag-

ment not being at band, other specimens would be required to corrobo-

rate the babitat. This species is known from Pecos Eiver, Western
Texas.

L. composita, Hagen, Hayden's Report, 1872, 728.

I have seen a single female only, which is fully described in the
report, and provisionally placed in tbe genus Mesothemis, near M. cor-

rupta. Considering tbe large size of L. composita, the small, rounded
lobe of tbe pfothoraxj tbe enlarged apical segments of the abdomen,
and tbe form of tbe vulvar lamina, tbe species should probably be
placed in Libellula proper.

Habitat.—Yellowstone.

MESOTHEMIS.

11. collocata, Hagen, Synop., 171, 3.

I named this species after a fragment in very bad condition in tbe
Yellowstone Eeport. Tbe abdomen of a female was in one bottle and
the remaining parts of the insect in another; besides this, tbe Yellow-
stone collection contained some pressed specimens not fitted for scientific

use. I therefore consider my identification somewhat dubious, if I had
not received in the mean time two pairs from San Diego, Cal., by Mr.
Crotch, which, belonging probably to the same species, confirm my
opinion. A full comparison is even now not possible, as the male type
of 31. collocata is a teueral one, and the two males from San Diego very
mature ; but tbe females agree exactly with tbe rudiment from Yellow-
stone. Tbis species is very near to M. simplicicollis, but different in

tbe black superior appendages of the male j the inferior one is yellow,

a character not stated in my Synopsis. In the younger female, the
appendages are yellowish, but the quadrangular, black, dorsal spot on
the segments 4 to 10 is wanting ; only tbe sutures and margins of all

segments are black. Though convinced of tbe rights of tbe species,

more material would be needed for a full scientific description.

M. simplicicollis, Hagen, Synop., 170, 1.

In my last report I mentioned a single female from Ogden, Utah ; at

present I am more doubtful, the sx>ecimen being very imperfect. Prob-
ably it belongs to the foregoing species. M. simplicicollis is very com-
mon everywhere in the Western Territories east of the Rocky Mount-
ains from tbe northern border to Florida, Cuba, Texas, and Mexico.
No specimen is known from parts west of the Rocky Mountains.

M. illota, Hagen, Synop., 172, 4.

A female in my collection from the Yellowstone, but imperfect, with-

out tbe bead, belongs probably to tbis species, which is common in

California from the Gulf of Georgia to Cape Mendocino and San Diego.
Tbe L. gilva from Columbia is very similar, perhaps identical.

M. corrupta, Hagen, Synop., 171, 3.

This species is very common in Texas, California, and is discovered
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in Illinois by Mr. Walsh. There are a few teneral specimens from the

foot-hills of Colorado, June 25 to July 6.

M. longipennis, Hagen, Hayden's Eeport, 1872, 728.

Habitat—Yellowstone (C. Thomas). A species common everywhere.

DIPLAX.
D. atripes, sp. nov.

Male.—Keddish-brown, subvillous; labium, labrum, and head reddish
;

frontabove near the eyes with a large, blackish, transverse band ; vertex

reddish, large, inflated, smaller at the tip, with the angles not well

marked ; occiput reddish-brown, villous ; eyes behind reddish-brown,

with transverse blackish spots. Prothorax reddish, black beneath, the

posterior lobe with very long hairs ; thorax clothed with brownish hairs,

reddish-brown, the mesothoracic crest and the sutures on both sides

blackish. Abdomen reddish ; ventral margin of segments 7 to 9, with a
large black baud ;

appendages reddish, villous, the superiors cylindrical,

straight, somewhat thicker for the tip, with about five small teeth ; tip

shortly-pointed ; the inferior a little shorter, triangular, somewhat
smaller toward the apex ; the tip bent upward, with two small teeth

;

genital parts of the second segment with the hamule black, bifid, the

branches not very widely separated, the external stouter, elongately

triangular, a little decurved at the tip ; the internal shorter, slender,

strongly recurved, acute at the apex; genital lobe oblong, rounded at

the tip, interiorly inflated; anterior lamiua with a small tooth in the

middle of the margin ; feet black ; the anterior femora pale-brown
beneath ; wings hyaline, with a faintly smoky tinge ; the -extreme base
flavescent ; membranula white ; veins reddish-yellow

;
pterostigma

oblong, reddish ; 7-8 antecubitals ; 7 postcubitals.

Female.—Similar to the male, paler ; head yellow ; dorsum of the
thorax pale-brown, sides yellowish, with three wavy, blackish lines on the

sutures ; abdomen luteous ; a large black band on the ventral margin,
and another above it not reaching the apex ; segments 7-9, with a
black dorsal band in the middle; appendages yellowish, cylindrical;

vulvar lamina short, truncated; feet as in $ ; trochanters yellowish
;

in teneral females all femora above in part yellowish; wings as in <?,

the base larger, flavescent ; sometimes also the costal border to the

pterostigma.
Length of the body, S, 30-38 millimeters; $, 31-35 millimeters;

alar expansion, £, 43-60 millimeters; 5,52-58 millimeters; pteros-

tigma 1^-2^ millimeters.

Habitat.—Yellowstone ; some pairs in copula (Mr. Carpenter). This
species is nearly related to D. costifera, but different by the black color

of the feet.

D. decisa, sp. nov.

Similar in shape and colors to D. vicina ; labium luteous ; labrum and
head in front yellow ; front above deeply canaliculated, discolored ; a
large black band before the eyes ; antennae black ; vertex nearly
globular, the anterior angles obtuse, luteous, black around the ocelli

;

occiput luteous ; eyes behind luteous, with two transversal brownish
bands ;

thorax reddish-brown
; on the dorsum a brownish tinge, dilated

triangularly to the prothorax ; abdomen reddish-brown ; sutures yellow-

ish, a black, lateral band dilated behind on the ventral margin of seg-

ments 3 to 9 and two yellow dorsal spots, nearer to the base ; abdomen
beneath pale-brown; margin of segments 4 to 7 black; venter black;
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appendages reddish, cylindrical, the apex acute, black, recurved be-
neath, in the middle with a stout triangular tooth, with the apical side
straight, the basal side oblique, with 6 small teeth ; inferior appendage
shorter, ending,just after the tooth of the superiors, triangular, but the
apical half of equal breadth ;• the tip a little excised, nearly bifid

;
gen-

ital parts of the second segment with the hamules long, bent at the
base, straight, rounded externally, the apex bifid ; the external branch
stout, triangularly-pointed ; the internal of equal length, slender, ungui-
culated ; anterior lamina excised ; sheath of the penis orbicular, with a
longitudinal impressed furrow ; apical lobe of the second segment small,
triangularly-pointed ; feet black, all trochanters and the anterior femora
beneath* reddish-yellow ; wings hyaline, the extreme base fiavescent,

membranula whitish, a little cinereous on the margin ; veins reddish, the
costa and some transversals near the base yellowish

;
pterostigma

oblong, yellow, darker in the middle; 7 antecubitals ; 7 postcubitals

;

3 discoidal areolets.

Female similar to the male, paler, coloring more luteous ; the
lateral black bands of the abdomen more enlarged to the tip, no yellow
dorsal spots ; appendages yellow, slender, cylindrical, the apex acute.;

vulvar lamina triangular, bifid, the two branches pointed at tip and a
little divergent ; the femora of the anterior and intermediate feet yel-

lowish beneath.
Length of the body, <?, 34 millimeters; 9, 32 millimeters: alar

expansion, $ , 52 millimeters ; 9 , 53 millimeters
;
pterostigma 2 milli-

meters.
Habitat.—Foothills, Colorado ; Colorado Mountains, Pacific slope,

August 15 to September 6 (Lieutenant Carpenter), several pairs. The
species is very similar to D. vicina, but differing in the black feet and
the genital parts of both sexes. Some fragments of the male from the
Yellowstone are a little larger, but probably the same species.

D. pallipes, sp. nov.

Male.—Very similar to 1). decisa, but larger in size and paler in color,

differs in the following characters : no transverse, black baud before the
eyes; vertex yellow in the middle, brownish on each side ; the color of
the dorsum of the thorax apparently changed by the alcohol, paler

(perhaps greenish), with a triangular, brownish band in the middle, and
on each side an ill-defined brownish line, not reaching the sinus ; sides

of the thorax red in the superior half, some ill-defined paler spots above
the legs. Abdomen more slender, sutures brown ; no black dorsal or
ventral bands, except a dorsal brownish mark on the third and base of
the second segment; however, these marks could be produced by the
decaying process ; on the third and fourth segment an indication of two
yellow spots before the apex ; venter pale ; appendages similar, but the
inferior middle tooth of the superiors with the interior surface not
oblique, more perpendicular; the apex of the tooth yellow, with the
small tooth more pronounced and black

;
genital parts similar, but the

external branch of the hamule excavated exteriorly and cut on the tip;

internal branch black ; the apical lobe of the second segment narrower,
more jointed. Feet more slender, reddish yellow, a fine black line out-

side of the femora, not reaching the base, and a finer and shorter one
on the tibia near the black spines

;
joints of the tarsi black at the tip.

Wings similar, less fiavescent at the base; 8-9 antecubitals; 7-8 post-

cubitals.

Length of the body, 40 millimeters; alar expansion, Gl millimeters;
pterostigma, 2 millimeters.

Habitat.—Foot-hills, Colorado (Lieutenant Carpenter).
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D. semicincta, Hagen, Synop., 176, 5.

A fragment of a female similar to my specimens, but the fuscesceut
color extending upon the anterior wings as far as on the posterior wings.
I never saw similarly -colored specimens from the region east of the
Rocky Mountains.

Habitat.—Foot hills, Colorado (Lieutenant Carpenter). The species
is not rare in the States east of the Mississippi as far south as Mary-
land.

In the last report (1872, p. 728), I noticed from the Yellowstone region
D. assimilata, D. scotica, and D. vicina. The first species is, as I now
perceive, my D. decisa ; the other two are no more at hand>

Bubfamily CORDULINA.

EPITHECA.

E. semicircularis, De Selys, Synop. des cordulines, 61, 37.

Dark brassy-green ; occiput and labium black ; rhinarium and labium
pale-yeilowish ; on each side of the front a large luteous spot, connected
sometimes on the lower edge of the front in a narrow luteous band, inter-

rupted in the middle by a small black interval; eyes black behind;
thorax dark brassy-green, clothed with long grayish-brown pile before
the sinus, sometimes transversally fulvous, sometimes not ; the sides
with two ill-defined luteous spots; feet entirely black; abdomen brassy-
black, a large fulvous spot on each side of the second segment, a smaller
one on the third segment (often wanting in the males) ; segments 4 to 8
with a small fulvous basal spot on each side (always wanting in the
Colorado specimens) ; appendages of the male black, the superiors long,
subcylindrical, carinate inferiorly and exteriorly ; viewed from above,
the basal half is convex, straight, tapering, divergent ; the apical half
is bent slightly outward, then inward, subexcavated before the
pointed end; viewed laterally, the appendages are curved somewhat
downward, the apex laminate, the lower edge with a small external
basal tooth, beyond the middle a rounded lamella, and between them
the internal edge produced in form of a larger rounded lamella. Both
lamellae, viewed from above, appear as lateral projections ; inferior ap-
pendage more than half the length of the superiors, triangular, bluntly-
pointed, concave below, recurved, the tip minutely uncinate above;
appendages of the female long, stout, cylindrical, black ; vulvar lamina
half the length of the segment, yellowish, quadrangular, somewhat erect

;

apical margin rounded, split in the middle ; wings hyaline, or with a
yellowish tinge (Vancouver Island specimens) ; costa lined with yellow

;

extreme base of the hind-wings subt'umose ; membranula blackish-gray,
white at the base ; antecubitals, 7-8

;
postcubitals, 6-7 ; triangle in some

specimens with a transversal vein in one or both hind-wings.
Length of the body, 50-46 millimeters ; alar expansion, 80-60 milli-

meters
;
pterostigma,2£ millimeters.

Habitat.—Gulf of Georgia (by Mr. A. Agassiz, the male type described
by De Selys), Vancouver Island, in July (Mr. Crotch); Colorado, on
Twin Lake and Arcade River, August 1 to 16 ; Pacific slope, August 16
to September 6 (Lieutenant Carpenter) ; Ogden, Utah (Mr. C. Thomas).
A careful study of the male type in the collection of the museum shows
the anterior femora entirely black, not "presque noiratref 7 as in De
Selys's description. This character is very important as difference from
E. forcipata. The words of the description, " Je crois distinguer en
dessous line sorte de dent submediane analogue a ce que Von voit chez E.
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arctica? are to be struck out, as this appearance was due to some dirt
which stuck to the appendages of the typical specimen. The male type
and the pair from Vancouver's Island are larger, most of the Colorado
specimens show smaller dimensions, and differ as stated above by the
abdomen being black, without fulvous basal spots on segments 4-8

;

this may be due, perhaps, to the action of the alcohol or of some sub-
stance added to the alcohol for the better preservation of the specimens.
The difference of E.forcipata is no longer doubtful after the examination
of more specimens, but this species is very nearly related, and differs by
the labrum having a brownish spot on each side, by the anterior femora
being partly fulvous, by the appendages of the male ; the vulvar lamina
of the female is the same, split on the apex. Having now carefully com-
pared E. arctica of Europe with both species, I am very sure of the spe-

cific difference of this species. In H. arctica, the split at the apex and
the appendages of the male are different.

Subfamily iESCHNINA.

JESCHNA.

JE, consiricta, Hagen, Synop., 123, 8 (Hayden's Eeport, 1872, 727).

Habitat.—Yellowstone, common (0. Thomas) ; foot-hills, Colorado, a
male without head. This species is common everywhere east of the
Mississippi from Canada to Maryland and west to Wisconsin and
British Columbia.

JEJ. multicolor, Hagen, Synop., 121, 4 (Hayden's Eeport, 1872, 727).

Habitat—Yellowstone (C.Thomas) ; Vancouver's Island (Mr. Crotch);
Upper Missouri, Pecos Eiver, Western Texas, and Cordova, Mexico.
A decidedly western species.

M. propinqua, Hayden's Eeport, 727.

Habitat.—Yellowstone, fragments of the male and female ; Colorado
plains, June 25 to July 5, female. The specimens are not in good condi-

tion, but I believe them to belong to the species described by Mr.
Scudder from the White Mountains, New Hampshire. In the report ot'

1872, 1 did mention one female of the 2E. eremitica from Yellowstone

;

perhaps this female belongs also to JE. propinqua.

Subfamily GOMPHISTA.

OPHIOGOMPIIUS.
0. severus, sp. nov.

Greenish-yellow ; head and mouth parts greenish-yellow, labium and
labrum paler ; antennae black

;
part between the eyes black, forming a

transverse black band above the base of the front, excised in the mid-
dle 5 vertex greenish-yellow, flat, the front margin deeply notched, the

sides of the vertex cariniform, curved in an exact semicircle around
the lateral ocelli ; occiput greenish-yellow, straight, fringed with black
hairs, a small rounded inflation in the middle of the front side ; eyes
behind greenish-yellow, with a small, black band along the superior

border, beginning near the occiput. Thorax greenish-yellow, an ill-

defined, brownish spot on the dorsum each side near the wings ; the

crest of the sinus not exceeding the bifurcation, black, and an incom-
plete blackish band on the humeral suture beginning at the wings.

(Three males and two females from Colorado, in alcohol; a single male
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from Yellowstone, preserved dry, shows the following pattern) : dorsum
with a broad black band in the middle, following the sinus above and
united with a complete black band on the humeral suture. Mesotho-
racic crest from the bifurcation to the prothorax yellow ; a large, ovoid,
black spot each side of the dorsum, not confluent with the bands; a
black band on the second lateral suture, nearly united by a superior
line at the base of the wings with the humeral band ; an inferior, incom-
l)lete black band on the first suture, ending at the stigma. Abdomen
cylindrical, enlarged at the base, and on the seventh to ninth segments
greenish-yellow ; all the segments each side on the apical half with a
large blackish band ; the bands are interiorly dilated at the tip, and
converging (diverging on the first segment) ; venter black on segments
3 to 6, orange on the following ; in the Yellowstone male, the bauds are
broader and confluent on the tip ; the yellow part between the bands
forming a basal hastiform spot; appendages yellow, the superiors
about as long as the last segment, short, parallel, stout, trigonal, exte-
riorly rounded, subincurved, pointed on tip, which is bent outward,
beneath somewhat thickened before tip, with numerous small black
spines ; inferior appendage a little shorter, triangular, bifid to the base,
contiguous, the basal half forming an obtuse elevation, the apex recurved
with a small black superior tooth

;
genital parts in the second segment

with the first hamule forming a lobe interiorly hollowed ; the tip with a
semicircular excision, the hind angle of the tip prolonged in a strongly-
bent slender black hook ; second hamule longer, the tip suddenly nar-
rowed, a little recurved, blackish, cut straight; penis with an inferior

tooth on second joint, the last one with two long spines ; sheath of the
penis hollowed out, four-lobed, the two inner lobes cylindrical, divergent,
the outer ones large, flat, semicircular ; earlets yellow, large, rounded,
on the hind band a series of small, black teeth. The female has the occi-

put exactly similar to the male, without any posterior teeth ; append-
ages yellow, short, pointed ; vulvar lobe triangular, a little shorter than
the segment, bifid to the base, contiguous, indented short before the
^sharply-pointed black tip, which is bent outward ; feet yellow, femora
an apical superior black band, beginning on the knee, divided anteri-

orly
; beneath with numerous very short black spines ; tibiae black be-

neath and interiorly or on both sides with a black line and long black
spines ; tarsi black, all or only the basal joint yellow above ; wings hya-
line, veins black ; the costa and some transversals yellow

;
pterostigma

oblong, a little dilated in the middle, yellowish, darker in the middle,
covering nearly three areolets ; 11-12 antecubitals, 7-10 postcubitals

;

2 discoidal areolets ; membranula whitish.
Length of the body, 51 millimeters ; alar expansion, 61-68 millime-

ters
;
pterostigma, 2£ millimeters.

Habitat.—Colorado (Mr. James Eidings) ; foot-hills and plains of Col-
orado. End of September (Lieutenant Carpenter); Fort Garland, Col-
orado, June 27, South Montana aud Yellowstone (Mr. C. Thomas). This
is the species given in niy last report (p. 726) doubtfully as G. colubrinus.

This interesting species is very near 0. colubrinus in the appendages and
genital parts of the male, but different in the pattern of color on the
head and abdomen and the structure of the occiput in both sexes. 0.
colubrinus is a species rarely to be found in collections ; even the female
is not yet described. To prevent doubts about the rights of 0. severus,

I give here a description of the female of 0. colubrinus. I do not pos-
sess the male, and my manuscript description of it is still in Europe.

0. colubrinus, Hagen, Synop., 101, 7.

Female.—Greenish-yellow, marked with black ; labium luteous, the
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margins clothed with pale-brownish hairs ; median lobe with a broad
black band on the anterior margin 5 lateral lobes and the palpus dusky-
brownish ; labrum yellow, with a black shining band ou the anterior
margin and a narrower oue at the base ; head yellow 5 rhinarium with
a pale, slender, transverse, black line, interrupted in the middle near the
base of the labrum ; epistoma with an inferior transverse band, and an-
other between the front and the epistoma, a little dilated on the sides,

and united near the eyes with the black band above on the base of the
front before the antennse ; this baud is produced a little in the middle
and before each antenna; antennse and part between the eyes black

;

vertex black in front, brownish near the occiput, cariniform, excavated
above, front margin rounded, notched in the middle, with a deep, curved
impression on each side near the margin ; the sides of the vertex curved
in a semicircle around the lateral ocelli ; occiput yellow, straight, with
an anterior furrow in the middle, the border with long, black cilia ; each
side near the furrow a long, sharp spine, yellow at the base, blackish on
tip, divergent, the tip gently recurved inside near the base with a sharp
tooth, a smaller one after the middle, and a very small one just near the
tip; each side behind the eyes just near the occiput and not to be seen
in the front view, a stouter black process, cylindrical, somewhat rough
and divided by two transverse furrows, blunt at tip ; eyes behind yel-

low, with a large, superior, black band; thorax greenish-yellow, with a
large blackish-brown band in the middle, narrowed toward the sinus, and
a large blackish band, not reaching the wings, narrowed above aud sepa-

rated only by a slender yellow line from a similar band on the humeral
suture, which is narrowed beneath ; sinus and mesothoracic crest black-

ish-brown ; sides of the thorax yellow, with a blackish band on the sec-

ond suture, aud an incomplete inferior one on the first suture, ending
near the stigma ; thorax beneath yellowish ; abdomen (not in good
condition) yellowish, each side with a dorsal blackish-brown band, and
between them yellow, hastiform, large spots, not reaching the apex in

segments 5 to 6 ; smaller, and only basal on segments 7 to 9 ; segment
10 yellowish, the apical margin blackish; the sides of the segments yel-

lowish; ou segment 2 a large blackish spot ; venter brownish ; append-
ages wantiug ; vulvar lobe a little shorter than the segment, triangular,

bifid to the base, the lobes rounded, tapering to the tip and convergent,
yellowish, the tip black; feetluteous; femora above brownish; tibise

superiorly paler ; femora with shorter, tibise with longer black spines

;

wings hyaline, a little smoky ; veins black
;
pterostigma oblong, pale,

brown, covering five areolets; 13-14 anticubitals ; 11 postcubitals; 2
discoidal areolets, beginning with three.

Length of the body, 42 millimeters; alar expansion, 60 millimeters;
pterostigma, 3 millimeters.

Habitat.—Portneuf, near Quebec, Canada (Mr. Uhler's collection).

This female agrees well with the description given in the monograph of

the Gomphines, p. 77. I figured in the same work (PI. 5, No. 1) the
occiput of the male, with two small spines behind the eyes. The figure

is the same in my original drawings now before me, but in the descrip-

tion the spines, indeed quite extraordinary for a male, are not mentioned.
As my manuscripts are still in Europe, I am unable to say more
about it. To avoid further mistakes occurring, the very closely-related

species 0. rupinsulensis and 0. mainensis, united by the latest monog-
rapher, Baron De Selys Lougchamps, in 1873 and 1874, I prefer to

give a full description of both, the more so as both sexes arc now before

me.
38 G S
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0. rupinsulensis.

Heipeiogomphus rupinsulensis, Walsbi, Acad. Nat. Sci. Phil., 1862, p. 388, male.
Proc. Ent. Soc. Phil., 1863, p. 253.

Male.—Greenish-yellow ; labium pale-livid (blue, Walsh), black on
the anterior margin and the fore half of the side ; lateral lobes pale ; lab-

rum pale, with a fuscous basal spot, but little marked on each side ; head
in front greenish-yellow ; antennae black, apical border of the first joint

pale
;
part between the eyes and front black ; the extreme base of the

front between the antennae black ; vertex greenish-yellow, ca»iniform,

excavated above, scarcely emarginate, the sides rounded off at the ends,

and a smaller carina in a semicircle around the ocelli ; occiput straight,

scarcely elevated in the middle, yellow, densely ciliated with long,

black hairs ; eyes livid behind, paler beneath, with a blackish su-

perior spot near the occiput. Thorax greenish-yellow, the ineso-

thoracic crest black just where it bifurcates, and on the end of

the sinus near the wings ; a brownish band only indicated on each
side near the humeral suture, not reaching the wings ; a small brown
band on the humeral suture; thorax otherwise immaculate except
some brownish spots near the feet to the stigma. The colors of
the abdomen not well preserved (pale-brown, clouded with brown,
Walsh) ; on the dorsum of the segments a lanceolate, yellowish spot, two
black apical spots, and two small transversal lines in the middle ; last

segment yellowish, rounded ; ventral margins of the segments yellowish

;

venter black, on the four last segments rufous ; the abdomen slender,

cylindrical, somewhat dilated at the base and much more on segments
7-8

; appendages greenish-yellow, with long, pale, dense hairs 5 superi-

ors about as long as the last segment, very robust, directed downward,
approximate at base, conical, a little bent, obtuse at tip, interiorly with
a small basal tooth ; viewed laterally, with an inferior carina, squarely
truncate on tip, and on the terminal half below three irregular rows of

small, short, black teeth ; inferior about as long and exactly attaining

the lower angle of the truncated tips of the superiors, broad, bifid ov
the apical half, viewed from below and each branch very robus,
rounded, divaricate, squarely truncate on tip, viewed laterly strongly
incurved, incrassate at base and still more so on tip, which is truncate

;

genital parts on the second segment with the first hamule black, with a

deep, posterior, elliptic excision on tip, the superior angle forming a

long, sharp, incurved hook, nearly meeting the opposite angle ; the

second hamule longer, the basal half thick, pale, cylindrical, the apical

half suddenly thinner, black, cylindrical, incurved, and again recurved
on tip ; sheath of the penis hollowed, four-lobed, the two interior lobes
divergent, short, conical, the outer lobes large, rounded on the margin

;

penis with two small, black, short, incurved spines on tip, and with an
inferior tooth on the second joint; earlets yellowish-green, rounded,
some small black spines on the inner angle ; feet yellowish-green,
femora with a broad, brown, anterior band, only near the knee on the
four posterior feet, which are more brownish beneath ; tibiae black, witb
a superior yellow band ; tarsi black, on the posterior pair yellow in par
above; wings hyaline, slightly fiavescent at base; veins black, the
costa yellow

;
pterostigma brown, oblong, surmounting about five cells

;

membranula cinereous; antecubitals, 13-14; postcubitals, 9-12 ; two
discoidal areolets.

,

Female.—Similar to the male. Occiput similar, but each side on the
border nearer to the eye a short, small, cylindrical, yellow spine, smooth
on the tip; a second female has the spine rudimentary; in a third speci-

men there is none ; behind the eyes, each side, near the occiput, a brown,
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robust, conical process, both convergent. Thorax same as in the male

;

the brown bands on the dorsum darker, nearly confluent with the ante-
humeral band in one of the specimens. Abdomen less slender, a little

dilated ou the tip ; colors same as in the male, the dorsal yellow spot
on the second segment large; earlets small; appendages yellow, as
long as the last segment, conical, sharp, convergent; tubercle between
them darker; vulvar lamina yellow, nearly as long as the segment, tri-

angular, bifid a little beyond the apical half, the branches contiguous,
rounded, tapering toward the tip, which is bent outward, indented just
before. Feet and wings as in the $ ;

pterostigma larger.

Length of the body ^,52-54 millimeters; 9 51 millimeters; alar ex-
pansion, $, 65-68 millimeters; 9, 68 millimeters; pterostigma, $, 3
millimeters; 9 , 4 millimeters.

Habitat.—Rock Island, Illinois (Mr. Walsh); Upper Wisconsin (Mr.
Kennicott); Maine (Dr. Packard and Mr. Uhler). Mr. Walsh saw only
one male; the type burned in Chicago was examined by me in 1868, but
I took no notes. The description by Mr. Walsh agrees perfectly with
the two males from Wisconsin described by me; Mr. Walsh stated

(p. 389) that the male has no tooth on the second joint of the penis,
but it certainly exists there, and, as I know that Mr. Walsh used lenses
of low power only, he may have overlooked it. In the third addition to
the Synopsis des gompkines, De Selys describes (p. 13) a male from
Maine, communicated by Dr. A. S. Packard, and erroneously unites
with.it 0. mainensis, as will be seen by the description of this species.

O. Mainensis.

0. mainensis, Walsh, Proceed. Ent. Soc. Phil., 1863, p. 255, female.

Male.—Yellowish-green, marked with black; labium paler, the margin
black; labium with a narrow, black, front margin ; head before yellowish-

green; part between the eyes black, and a large basal black band above
on the front; antennas black, tip of the first joint pale; vertex black,

pale at the base and in the middle, cariniform, excavated above, scarcely
emarginate, the sides rounded off at ends, and a smaller carina in a
semicircle around the ocelli ; occiput greenish-yellow, straight, densely
ciliated with long black hairs; eyes behind livid, with a black trans-

versal superior spot near the occiput; prothorax black, with small yel-

lowish spots on tbe middle and each side ; thorax greenish yellow, with
blackish-brown bands ; the middle ones narrowed to the wings, sepa-

rated by the carina, yellowish to the bifurcation; the laterals large and
confluent with the antehumeral, only near the wings divided by the
paler suture ; margin of the sinus blackish

; sides of the thorax green-
ish-yellow, an incomplete, inferior blackish band, ending at the stigma,
and a smaller complete one on the second suture ; below pale ; abdo-
men cylindrical, slender, at the base and before the apex dilated, black
on all segments, with yellow dorsal spots, enlarged on 1 and 2, hasti-

form, not reaching the tip on 3 to 5, shorter, more triangular on 6 and 7,

short basal and enlarged on tip on 8 and 9, large, transversal, separated
from the base on 10 ; sides of all segments with large, elongated, yel-

low spots, divided by the suture, reaching the tip only on segments 2
and 8 to 10 ; ventral margins of segments 8-9 black ; dorsal articula-

tions after the sixth segment yellow; venter black, of the last three
segments iulvous; appendages yellow ; clothed with pale hairs; supe-

riors as long as the last segment, robust, directed downward, approxi-
mate at base, with a basal tooth on the inner edge, conical, sharp on tip;

viewed laterally very robust, with a basal interior carina, the apical

half dilated, rounded till short before the sharp-pointed tip, with two series
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of about seven stronger black teeth ; the inferior appendage large, much
broader than the superiors and of the same length, the apical half divided

by a larger semicircular notch ; viewed from below the two branches,

large, quadrangular, obliquely truncate, the angles sharp; viewed later-

ally incurved, thicker before the recurved tip, the outer angles form-

ing a large superior tooth
;
genital parts on the second segment with

the first hamule black, a very long, flat lobe, incurved more on tip;

indeed, they are similar to 0. rupinsulensis, the base is broader, and the

excision beginning at the base is so large that the superior angle alone

exists; second hamule longer, brownish, broad, flat at base, the other

part forming a slender, very long lobe, strongly recurved and sud-

denly again incurved, the apical part straight; sheath of the penis hol-

lowed, ovoid, bifid on tip; the two branches conical, divergent; penis

with two short black spines on tip, and an inferior tooth on 2d joint

;

earlets greenish-yellow, rounded, with a series of black spines on the

posterior inner angle; feet black; femora somewhat villous, with very
short spines, the four anteriors with a greenish band on the inner side;

wings hyaline ; veins black ; costa yellow
;
pterostigrna oblong, blackish-

brown, covering 3 (or 5) cells ; 2 discoidal areolets ; 12-13 antecubitals;

9 postcubitals ; membranula very small, whitish.

Female (type described by Mr. Walsh). More adult; the labium
brownish-black, with a yellowish, basal spot; lateral lobes blackish on
the inner border and tip ; vertex blackish, with a rounded, yellow, mid-
dle spot and a yellow dot on each side; occiput inflated, ciliated above,
emarginated behind, and on each side with a rounded tubercle; the su-

perior edge rounded in the middle with two, but little separated, coni-

cal processes, ending in long, sharp, strongly incurved spines, converging
so as almost to touch at their extreme black tips; eyes behind black,

w:ith a large, inferior, yellow spot, divided in the middle; thorax as in

the male, the lateral bands on the dorsum separated from the antehumeral
by a narrow, yellowish band, nearly confluent above; an accidental

black spot on the left side near the sinus; abdomen stouter, more clay-

ate on tip ; dorsal spots as in male, none on the three last segments

:

appendages about as long as the tenth -segment, yellow, conical, sharp;
lobe between obtuse, yellow ; vulvar lamina yellow, nearly as long as

the segment, oblong, bitid on the apical half, a little broader before an
apical exterior indention, the tips sharpened, bent outward ; feet as

in $ , the posterior femora with a greenish spot before the tip ; wings as

in the male; costse black, but near the base the formerly yellow color

is visible; pterostigrna a little longer, covering 5-6 areoles; 14-15

antecubitals ; 13 postcubitals.

Length of body, 46 millimeters; alar expansion, 56-60 millimeters;

pterostigrna 2|—3 millimeters.

Habitat.—Maine, by Dr. Packard; I have seen only one pair; the fe-

male is the type of Mr. Walsh, in the collection of the Peabody Acad-
emy, in Salem, Mass.; the male, in the collection of Mr. Uhler, Baltimore,

Md. Both were collected by Dr. Packard at the same locality, and there

is no doubt that both belong to the same species. A translation of

Walsh's description is given by De Selys's in his second addition to

Synopsis of the Gomphines (p. 45), but the vertex and occiput were not

exactly accurate in Walsh's text. In the third addition (p. 14), De Selys

unites the female with 0. rupinsulensis. As I have described now both
species in both sexes, this is apparently erroneous. 0. bison, from Cali-

fornia, is described by De Selys in the appendix to the third addition

(1874, p. 51) after an incomplete female. 1 have not seen the type; the

only difference from 0. mainensis consists, according to the description,
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in the spines of the occiput being divergent instead of convergent.
More specimens of both species are necessary to show the constancy of
this character.

HERPETOGOMPHUS.

H. compositus, Hagen, Synop., 99, 1.

A teneral female, in very bad condition, quoted in my last report (p.

727) as probably belonging to H. viperinus, a species never seen by me,
has again been carefully studied, and I am now of the opinion that it

belongs to H. compositus, described by me after a single female from
Texas. I received a male from Northern Texas, Dallas, by Mr. Boll,

agreeing with De Selys's description in the third addition (p. 12), but
the very abrupt and intensive yellow color at the base of the wings
is not marked. The female from Yellowstone is larger ; length, 54 mil-

limeters; alar expansion, 68 millimeters ; and the first lateral brown
band of the thorax not well defined, ending shortly after the stigma.
It will be more prudent to retain this female as E. compositus until

the difference is better established by the comparison of more speci-

mens, the more as the pair described by DeSelys from Oregon is nearly
as large as the Yellowstone one. De Selys adds : " Je ne vois pas de

renfiement anterieur dJocciput chez la femelle," but it exists not in the
female type.

Habitat.—Western Texas, Pecos Eiver, the female type in my collec-

tion ; Dallas, Tex., Boll, one male ; Yellowstone, a female from Hay-
den's expedition, 1872 ; a pair from Oregon by Lord Walsingham.

GOMPHUS.

G. olivaceus, De Selys's third addition Synop. des Gomphines, p. 22.

Female (in alcohol).—Pale greenish-yellow ; head entirely greenish-
yellow, labium paler; a transverse brownish band, interrupted in the
middle above at the base of the front; antennae blackish ; the two basal
joints greenish -yellow

;
part between the vertex and front black, with

some yellowish dots ; vertex flat,.depressed, yellow, each side behind the
ocelli somewhat inflated, carinated around the lateral ocelli; occiput
yellow, straight, with short, black cilia, and with a series of fine, black
teeth ; eyes behind yellow, with a superior black spot near the occiput

;

prothorax yellow; on thediskeach side with alarger brownish spot; thorax
yellow; dorsum each side near the yellow crista with a brown baud, nar-
rowed above, not reaching the sinus; each side a large, incurved, brown
baud, separated by a smaller yellow band from the browu line on the hu-
meral suture ; sinus brownish to the bifurcation ; sides and below yellow

;

abdomen large, cylindrical, yellowish, each side a dorsal, black, large
band, indented inside, not reaching the base on segments 4-5 (the rest

is lost by accident, but has been examined before ; it was colored in a
similar way, the appendages yellow, the vulvar lamina short, broad,
notched in the middle) ; femora yellow, with a short, black, apical band
above, and below with numerous very short, black spines; tibiae and
tarsi black; wings hyaline; veins black; costa yellow

;
pterostigma ob-

long, yellow, with4cells below; 14-15 autecubitals, 10-11 postcubitals;
2 discoidal areolets; membranula whitish.

Length of the body, 54 millimeters; alar expansion, 72 millimeters;
pterostigma, 4 millimeters.

Habitat.—Humboldt River, Nebraska, Mr. G.urman ; California, Lord
Walsingham, or perhaps, as the foregoing species, from Oregon.
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The described female, besides being preserved in alcohol, is a teneral

one; De Selys's specimen is more adult. Alter a careful comparison, I

find his description agreeing very well with the female before me, ex-

cept the "point humeral superior rond,n but such a spot is sometimes
only occasional or perhaps belongs to the adult specimen. The length
of the femur, 8 millimeters, is the same. In comparing the female with
G. plagiatus male, I believe them to be different species.

Mr. Garman collected in Utah, Great Salt Lake, the nympha-skin of

a Gomphus. The skin is 31 millimeters long, and similar to the species

described by Mr. L. Cabot in his monograph (p. 3, No. 4).

Subfamily CALOPTERYGLNA.

HET^ERINA.

IT. Califomica, Hagen, Syn., 59, 2.

In my last report (p. 729), I quoted some fragments of males from
Yellowstone. It would be necessary to see more specimens in better

condition, but the fragments belong, doubtless, to the genus Hetwrina,
and very probably to H. Californica. By some error in the report, the
species is placed between the insects not belonging to the Odonata.

Subfamily AGRIONINA.

LESTES.

L. disjuneta, De Selys, Synop. lestes, 18, 10.

Specimens in bad condition from Yellowstone are quoted in my last

report (p. 727). This is a decided northern species.

L. congener', Hag., Syn., 67, 5.

A male from Yellowstone is quoted in my last report (p. 727) ; another
from foot-hill, Colorado, by Mr. Carpenter.

L. hamata, (L. forcipata Hagen, Syn., 71, 13).

Some specimens from Colorado Mountains, Pacific slope, belong
probably here ; but all the Lestes, as, in general, all Agrionina collected

by the expedition, are in worse condition, and unfit to be determined
with certainty. For this species I believe the determination sure, but
males and females are present only in broken pieces.

ARGIA.

One species from Yellowstone and Snake River, Idaho, quoted in my
last report, belonging to the group of A. moesta,

AGRION.

One species from foot-hills, Colorado, group of A. prccvarum,.

ISCHNURA.

One species from foot-hills, Colorado, group of I. iners. All the speci-

mens being broken more or less, a scientific description would be im-
possible and even objectionable.
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NEUEOPTEEA.
Family HEMEEOBINA.

POLYSTGECHOTES.

P. punctatus, Hagen, Sym, 206, 1.

The species is very common everywhere in the United States, from the
Gulf of Mexico to British America and from the Atlantic to the Pacific.

Curiously enough, the previous states of this beautiful and very inter-

esting species are still unknown. From analogy, and even from the
fact that the larva of this large and everywhere common species was
not yet observed by American entomologists, it is safe to presume that
the larva will be aquatic, with habits similar to the larva of Osmylus,
and must be looked for in the months of April and May, perhaps even in

June, as the imago appears in the middle of July, and continues until

the arrival of the cold weather. J saw a large cluster of eggs on a. leaf

in the collection of Mr. A. Lintner in Albany, 1ST. Y., probably belong-
ing to this species.

Habitat.—Yellowstone (Mr. C. Thomas) ; Colorado Mountains, August
29, foot-hills, September (Lieutenant Carpenter) ; Twin Lake, August.
The following Hemerobince are unfit for scientific purposes, having

been collected in alcohol or put together in papers with Lepidojrtera,

and covered throughout with lepidopterous scales ; the last ones cannot
be cleaned without being more or less spoiled.

MICROMUS.

One specimen, related to if. sobrius, from foot-hills, Colorado.

HEMEROBIUS.

One specimen, from Fair Play, July 11, related to H. altematus, and
two other species, Colorado Mountains, July ; entirely unfit for deter-

mination, except to say that there are two different species.

CHRYSOPA.

There are three species, one from the Snake Elver, Idaho (Mr. C.

Thomas), belonging to the group of C. oculata, probably new ; and two
from Colorado plains, belonging to the groups of G. nigricornis and G.

externa. A description of new species based upon single specimens in

this very difficult genus is scientifically objectionable, especially when,
the single specimens are imperfect.

*. MYRMELEON.

M. diversus, Hagen, Eeport for 1872, p. 729.

Habitat.—Yellowstone and Snake Eiver, Idaho.

Family SIALINA.

CORYDALIS.

A not full-grown larva from Chiquili, Colo. (Professor Newberry). The
larva differs from those of C. cornuta by a longer prothorax, luteous
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legs, and the mark of the head. There are now six species known from
Texas and Mexico ; of course, it is still impossible to ascertain the spe-

cies of the larva from Colorado, but probably it may belong to one of

the three Texan species.

EAPHIDIA.

The genus EapMdia belongs to the interesting class of genera which
are represented largely in Europe and Asia, are entirely wanting in the
fauna of North America east of theRocky Mountains, but are represented
again in California, and in the other vast tracts of land west of the
Eocky Mountains. I have seen only two specimens, one from Ogden,
Utah (C. Thomas), the other from Rio Grande, Colorado, June 13 (Lieu-

tenant Wheeler's expedition). Both belong to different species, and to

EapMdia proper (not to Inocellia) ; both being preserved in alcohol, I

am not able to give any better information, the more so as the genus
EapMdia contains the most difficult species for determination.

Family PHRYGANINA.

LEMNEPHILTJS.

There is a species from Colorado Mountains, August, by Mr. Car-
penter, in broken alcoholic specimens. It belongs to the group of L.
rhombicus, and has nearly its size.

GONIOTAULIUS.

A very imperfect female from Colorado Mountains, August 5 it

belongs to the group of G. griseus.

STENOPHYLAX.

St. divergens, Hagen, Syn., 255, 5.

Fragments only from the Colorado Mountains, August. Perhaps
some of them belong to a different but related species.

PLATYPHYLAX.

P. designatus, Hagen, Syn., 269, 6.

Fragments sp. nov. from foot-hills, Colorado, September.
P. atripeSj sp. nov.

Syn. Stathmophorus, spem., Hagen's Sixth Annual Report, by Professor Hayden,
1873,729.

Pitchy-black above, orange-colored beneath ; antennas stout, the inner
edge orange and serrate ; head before the antennas orange, clothed with
orange hairs; palpi orange; head above clothed with black and orange
hairs; ocelli very large aud prominent; thorax and prothorax tightly
clothed with pale hairs, and with longer black hairs, pale on tip ; ante-

rior wings large, the apex parabolic, cinereous, somewhat shining ; the
veins pitchy-black and very distinct ; costal margin and thyridiuni
pale ; the membrane throughout, with the exception of the costal and
dorsal margins, distinctly granulated, sparingly covered with very small
orange hairs (perhaps the clothing is spoiled) ; apical cells large, the
first and third longer and pointed as well as the fifth, the second and
fourth cut straight ; all spaces and cells paler in the middle

;
posterior
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wings of the same color, without granulations and orange hairs ; first

apical cell shorter than the third, the others similar; feet strong,
pitchy-black ; femora bright-orange ; the four anterior tibise and tarsi

brown interiorly ; spurs 1, 2, 2, yellow, long ; tibise and tarsi with strong
black spines ; abdomen pitchy-black above, orange beneath.

Male.—The upper margin of the last segment is cut off straight

;

appendages orauge; the superiors small, flattened, straight, subconverg-
eut lobes, rounded on tip, with some small yellow hairs beneath ; between
them a shorter triangular penis-cover, carinated above ; intermediates
very small, short, cylindrical, the tip suddenly enlarged, rounded ; infe-

riors large, much longer than the superiors, broad, separated below by
a short, ovoid, ventral lobe, concave inside ; the margin after a small
excision produced in a long, band-shaped, narrow process, incurved, and
pointed on tip

;
perhaps the process is moveable ; the base sparingly

clothed with brown hairs; tip of penis visible; two thin penis-sheaths,

with some bristles on tip.

Female.—Abdomen blunt on tip ; anal valves triangular ; vulvar lobe
not well visible, perhaps trilobate.

Length, with the wings, 26 millimeters ; expansion of the anterior

wings, 51 millimeters.

Locality.—One pair from Colorado Mountains, in August. Here
belongs the badly-preserved male from Yellowstone, referred to in the
sixth report as Stathmophorus related to St. Argus.

This interesting species is the largest known for North America,
differing from all others by the very large ocelli. The species is very
similar to St. Argus in sp. nov. size and shape, and even more to St.

gilvipes.

Stenophylax gilvipes, sp. nov.

This species recalls PI. atripes in size, shape, and color in the most
extraordinary manner. Nevertheless, it is to be recognized by the
entirely yellow legs and 1, 3, 4 spurs ; orange-colored, head and thorax
pitchy-black above ; head before the antennas orange, clothed with
orange hairs, palpi orange ; antennae stout, pitchy-black, serrated

beneath, and there the tip of the joints brownish; basal joint orange
beneath ; head and thorax above clothed with grayish and some black
hairs; ocelli large, prominent; thorax beneath tightly clothed with
white hairs; anterior wings large, the apex parabolic, ash gray, some-
what shining ; the veins pitchy black and margined everywhere with
black, very distinct; costal margin pale in the middle, blackish at both
ends ; thyridium and arculus pale ; the membranes, excepting the costal

and dorsal .margins, distinctly granulated; from each granulation
springs a small, decumbent, orange hair; apical cells of the same
breadth; the first, third, and fifth pointed, somewhat longer; posterior

wings of the same color, without granulations and hairs ;
veins less dis-

tinct; the costal margin pale throughout; apical cells similar; feet dull-

yellow ; spurs 1, 3, 4, yellow, long; tibiae and tarsi with long, black
spines ; abdomen orange.

Male.—The upper margin of the last abdominal segment cut off

straight; appendages orange, sparingly clothed with longer yellow

hairs ; superiors short, flattened, straight, convergent lobes, rounded on
tip, and visibly larger than in PI. atripes ; between them a shorter bifid

penis-cover; intermediates just below the superiors, shorter, cylindrical;

inferiors, large, longer than the superiors, broad, widely separated by a
short, ovoid,, central lobe, concave inside, produced externally in a long,
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triangular process, incurved, and pointed on tip ; the interior part

incurved in the same way and pointed on tip.

Length, with the wings, 27 millimeters; expansion of the anterior

wings, 52 millimeters.

Locality.—Quesnel Lake, British Columbia, August 27 (Mr. Crotch).

The extraordinary resemblance of St. gilvipes with PI. dtripes is men-
tioned above ; the described characters prove nevertheless the difference

of the two species.

RHYACOPHILA.

Two specimens in very poor condition from Long Peak and Divide,

June 3, Colorado, belong to this genus. The species is probably new,
but the specimens are not fit for a description.

Besides the described imagos, a number of Phryganid cases, sometimes
with the larvae in alcohol, wTere collected. The previous stages of the

Phryganidw not being well enough known to determine them specifically,

I will only enumerate the groups to which they belong. There are from
the plains, July 1 to September 19, cases belonging to Limnephilidw,

probably to LimnephUus, Stenophylax, Goniotaulius, Hallesus, and some
to Phryganea proper.

From Little and Big Thompson, Este's Park, May, cases belonging

to Phryganea, LimnephUus, Hallesus.

From foot-hills and mountains, July 1-19, cases belonging to Phryganea,

LimnephUus, Stenophylax.

Besides those, I have before me from Colorado, from South Park, Roar-

ing Fork, and Fair Play, cases belonging to Limnephilidw, Mystacidce,

and Rhyacophilidce.

List of the described species.

The species without numbers were introduced in the present report

merely for the sake of comparison with other described species. The
occurrence of some of them in the territory embraced by the present

report is, however, very probable.

PSEUDONEUROPTERA.

Family Termitina.
Termopsis.

1. T. angusticollis, var. Nevadensis, Truckee, Nevada ; the typical

species from British Columbia, through California and Louisi-

ana.

— . T. occidentis, California ; west coast of Central America.

Family Perlina.
Pteronarcys.

2. Pt. californica, Washington Territory; California; Utah; San
Luis Valley, Colorado.

3. Pt. regularis, Truckee, Nevada.
4. Pt. badia, Bridger Basin, Wyoming; Cache Valley, Utah; Colo-

rado Mountains.

ACRONEURIA.
5. A. abnormis, occurs from British America to Georgia, and perhaps

Mexico; South Montana; Snake River, Idaho; Eagle River,

Colorado.
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DlCTYOPTERYX.
6. D. signata, foot-liills of Colorado, and mountains on the Pacific

slope.

ISOGENTTS.

7. I. elongdtus, foot-hills, Colorado ; Ogden, Utah.
8. I. colubrinus, Snake Eiver, Idaho.

Perla.
9. P. sobria, Colorado Mountains, Pacific slope.

10. P. ebria, Colorado Mountains, Pacific slope.

11. P. (?) (species not described), from the same locality.

Chloroperla.
12. CM. (?) (species not recorded), foot-hills, Colorado.

Family Ephemirina.
Ephemera.

13. E. compar, foot-hills, Colorado.
— . E. decora, west of the Mississippi down to Virginia.—. E. guttulata, New York.
—. E. natata, Canada ; Illinois ; Maine.

Heptagenia.
14. H. brunnea, Truckee, Nevada.
15. H. pudica, foot-hills, Colorado ; "Washington, D. C.

Leptophlebia.

16. L. pallipes, Truckee, Nevada.

Family Odonata.

Subfamily Libellulina.

Ltbelltjla.

17. L. 4 4cinaculata, Snake Eiver, Idaho ; Ogden, Utah; Bridger
basin, Wyoming.

18. L. nodisticta, Yellowstone ; Mexico.
19. L.forensis, Yellowstone; California; British Columbia.
20. L. pulcliella, Ogden, Utah; common everywhere west of the Mis-

sissippi.

21. L. saturate, Yellowstone ; Mexico ; Arizona.
— . L. croceipennis, California; Mexico.
22. L. flavida, Yellowstone ; Texas.
23. L. composita, Yellowstone.

Mesothemis.
24. M. collocata, Yellowstone; California.

25. M. simpUcicollis, Ogden, Utah; everywhere east of the Eocky
Mountains.

26. M. corrupta, foot-hills, Colorado; California; Texas; Illinois.

27. M. illota, Yellowstone; California.

DlPLAX.

28. I), atripes, Yellowstone.
29. I), decisa, foot-hills of the Colorado mountains, Pacific slope.

30. J), pallipes, foot-hills of Colorado.

31. D. xemicincta, foot-hills of Colorado ; east of the Mississippi, not
rare.
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Subfamily Cordulina.

Epitheca.
32. E. semicircularis, Twin Lake, Colorado; Arcade River and Pacific

slope of mountains, Colorado; Ogden, Utah; Vancouver's Island

and Gulf of Georgia.

Subfamily JEJschn.na.

^SCHNA.
33. JEJ. constricta, Yellowstone; foot-hills of Colorado; common every-

where east of the Mississippi.

34. JEJ. multicolor, Yellowstone : Vancouver's Island ; Upper Mis-

souri ; Texas ; Mexico.
35. JEJ. propingus, Yellowstone ; Colorado plains.

Subfamily Gomphina.
Ophiogomphus.

36. 0. severus, foot-hills and plains ; Fort Garland, Col.

— . 0. colubrinus, Canada, Quebec.
—. 0. rupinsulensis, Illinois ; Upper Wisconsin ; Maine.
— . 0. mainensis, Maine. •

Hebpetogomhus.
37. H. compositus, Yellowstone ; Oregon ; Texas.

GOMPHTJS.

38. G. olivaceus, Humboldt River, Nebraska ; California. ,

Subfamily Galopterygina.

Het^erina.

39. H. californica, Yellowstone ; California.

Subfamily Agrionina.
Lestes.

40. L. disjuncta, Yellowstone.
41. L. congener, Yellowstone ; foot-hills of Colorado.
42. L. hamata, Pacific slope of Colorado Mountains.

Argia.

43. A., spec. (1), (group of A. moesta), Yellowstone.

Agrion.
44. A., spec. (?), (group of A. prwvarum), foot-hills of Colorado.

ISCHNURA.
45. I., spec. (?), (group of 1. iners), foot-hills of Colorado.

NEUROPTERA.

Family Hemebobina.
POLYSTOECHOTES.

46. P. punctatus, Yellowstone; foot-hills and Twin Lakes, Colorado.

Micromus. •

47. ill., spec. (?), (group of M. sobrius), foot-hills of Colorado.

Hemerobius.
48. H., spec. (?), (group of H. alternatus), Fair Play, Col.
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CHRYSOPA.
49. Chr., spec. (?), (group of Chr. oculata), Snake Eiver, Idaho.
50. Chr., spec. (?), (group of Chr. nigricornus), Colorado plains.

51. Chr., spec. (*?), (group of Chr. externa), Colorado plains.

Myrmeleon.
52. M. diversus, Yellowstone.
53. M. nigrocintus, larva, Montana.

Family Sialina.
CORYDALIS.

54. C, spec. (?), larva, Chiquili, Col.

Eaphidia.

55. B., spec. (?), Ogden, Utah.
56. B., spec. (?)3

Rio Grande, Colorado.

Family Phryganina.
LlMNEPHILUS.

57. L. spec. (?), (group of i. rhomb icus), Colorado mountains.

Goniotacjlius.

58. G. spec. (!), (group of G. griseus), Colorado mountains.

Stenophylax.
59. St. divergens, Colorado mountains.
—. St. gilvipes, British Columbia.

Platyphylax.
61. P. designatus, foot-hills of Colorado.
62. P. atripes, Colorado mountains ; Yellowstone.

Ehyarophila.
63. B., spec. ('?), Long Peak and divide, Colorado.

FAUNA OF COLOEADO.

The fauna of Colorado is represented by 36 species.

Pteronarcys califoroica.

badia.

Acroneuria abnormis.
Dictyopteryx signata.

Isogenus elongatus.

Ephemera compar.

Mesotherais corrupta.
Diplax decisa.

pallipes.

semicincta.
Epitheca semicircularis.

iEschna constricta.

perlina.

Perla sobria.

ebria.

spec,

j
Chloroperla, spec.

EPHEMERINA.

j
Heptagenia pudica.

ODONATA.

iEschna propinqua.
Ophiogomphus .severus.

Lestes congener.
hamata.

Agrion, spec.

Ischnura, spec.
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HEMERQBINA.

Polystoechotes punctatus.

Micromus, spec.

Hemerobias, spec.

Chrysopa, spec.

spec. (?)

SIALINA.

Corydalis, spec. |
Raphidia, spec.

PHRYGANINA.

Liinnephilus, spec.

Gouiotaulius, spec.

Stenophylax, divergens.

Platyphylax atripes.

designatus.

Rhyacophila, spec.

About the geographical distribution of the 36 species from Colorado,

only a few general remarks may be here given. Of the enumerated
species, 13 are represented by specimens in poor condition, only fit for

the determination of the genus, and even the whole number of 36
species is evidently only a small fragment of the fauna.

There are 11 species, with a decided- alpine character, from the mount-
ains, Twin Lakes," and Fair Play, viz: Pter. badia, Perla sobria, ebria,

sp. n., Epith. semicircularis, Polyst. punctatus, Memerob. (spec.,) Limneph.
(spec.,) Goniot. (spec.,) Bhyac. (spec.,) Stenoph. divergens. One of them,
Polyst. punctatus, occurs everywhere iu the United States, the previous

stages probably living in the water ; Epith. semicircularis is a decided
alpine species, imitating the Epith. arctica from Europe, occurring in

Lapland and Switzerland; Stenoph. divergens is a northern species, and
perhaps the only one to be found also east of the Rocky Mountains.
From the Pacific slope there are 8 species, viz : P. californica, Dictyopt.

signata, Dipl. decisa, Epith. semicircularis, Lest. Jiamata, (Joryd. larva,

Raphidia (spec). Only Lest, hamata lives also east of the Rocky Mount-
ains. The genus Raphidia is decidedly a western genus, reaching as

eastern limit Colorado. Epithec. semicircularis goes to Vancouver's
Island, and perhaps more to the north. It is interesting to remark that

this species is imitated in the northeast by Epith. forcipata, going not
farther to the south than the White Mountains, New Hampshire.
The eastern slope foot-hills, Fort Garland, and plains give 20 species;

only one of them, Mesoth. corrupta, is a decidedly western species, but
going east of the Rocky Mountains as far as the Mississippi. Some of
them, JEschna constricta and propinqua, seem to have their western lim-

its much farther than in Colorado.
The species mentioned in my last report about the Yellowstone fauna

were again examined by me, and some species better determined. So
far as known, the fauna has a decidedly western character. From Utah,
Wyoming, Idaho, and Nevada there are only a few species, which do
not allow any general conclusions. Except some common everywhere,
they seem all to belong to the western fauna.



REPORT ON THE MYRIOPODS COLLECTED BY LIEUT. W. L.

CARPENTER, IN 1873, IN COLORADO.

By A. S. Packard, Jr., M. D.

MYBIOPODA.

LitJiobius, n. sp. (?)—Five specimens from Colorado, collected by Lieu-
tenant Carpenter, indicate a new species, differing from L. Americanus,
Newport, in the antennae being longer, though with fewer joints, aver-
aging between 24 and 25; the joints being long and gradually diminish-
ing in length to the end, while in L. Americanus the three basal segments
are long (though shorter than in the Colorado form), and the segments
beyond are very short and crowded ; they are much less finely pilose.

The labium is much narrower, with from four (young) to twelve teeth
(adult). The entire head is slightly longer and narrower, while the body
has the same proportions as in L. Americanus ; the pits on the coxae are
much the same, and the spines on the legs not different. Length, 0.88

inch. It is very different from a Californian species received from Goose
Lake, Siskiyou County, through Mr. Hollemau, but agrees perfectly with
an undescribed species (not L. paucidens, Wood) from San Francisco,
Cal. (H. Edwards), in the Museum of the Peabody Academy of Science.

I forbear to name it, until more specimens are received both from the
Rocky Mountains and the Pacific States. It occurred at Camp 1, May
23, and Elbert Peak, above 12,000 feet elevation, and on the route from
Fair Play to Twin Lakes (Lieutenant Carpenter).

GeopMlus* n. sp. (?)—Two specimens of a species probably allied to

G. brevicornis, Wood, were collected by Lieutenant Carpenter between
Long's and James's Peaks and between Fair Play and Twin Lakes, Col-

orado. It is certainly neither of the other species noticed by Wood.
It is closely allied to an undescribed species from Goose Lake, Cal. (J.

Hollemau), but differs chiefly in the longer antennae.

Juhts, u. sp.—Several specimens of a new species were collected by
Lieutenant Carpenter on the foot-hills and -plains of Colorado, September
20 to October 4. It has 53 segments, exclusive of the head and anal
segment; chestnut-brown, with the lateral spots unusually well marked,
the dorsal stripe well marked, and the antennae scarcely clavate. The
mucro is very short and blunt. In color and general appearance, it is

closely allied to J. impressus. Say. I should not however feel justified

in naming and describing it until larger collections of the Juli of the
Eocky Mountains and California have been received, as it is also closely

allied to a Californian species received lrom Mr. H. Edwards, and may
prove identical.

It seems probable, from the facts presented above, that the myriopo-
dous fauna of Colorado is nearly identical with that of the Pacific

States, and it is useless to study the fauna of Colorado without exten-
sive material from California and Oregon in a group where there is so
much specific variation as in the Myriopods.



REPORT ON THE AMPHIPOD CRUSTACEANS.

By S. I. Smith.

Hyalella, genus now
First pair of maxillse with rudimentary, very short, and uniarticulate

palpi. Palpus of the maxillipeds (Fig. 5) composed of five segments,
the terminal segment being slender and styliform, and the penultimate
longer than broad. Antennulse, antennae, and thoracic legs much as in

Hyale. Telson short, stout, and entire.

Hyalella dentata, sp. nov. (Plate I, Figs. 3-6.)

Body slightly compressed. First and second segments of the abdo-
men with the dorsal margin produced posteriorly into a well-marked
spiniforin tooth. Eyes nearly round, about equal in diameter to the
thickness of the proximal segment of the peduncle of the autennula.
Peduncle of the autennula about as long as the head ; the flagellum a
little longer than the peduncle, and composed of about seven to nine
segments. Antenna somewhat longer than the autennula ; the two
distal segments of the peduncle elongated and nearly equal; the flagel-

lum usually but little longer than the flagellum of the autennula, and
composed of about eight to twelve segments.

First pair of thoracic legs (Fig. 6) small and slender ; the palmary
margin of the propodus transverse, nearly straight, and armed with a
small tooth at the inferior posterior angle ; the dactylus very strongly
curved, and its tip closing behind the inferior posterior angle of the
propodus. Second pair of legs, in the male (Fig. 3, terminal portion),

very large; carpus projecting into a process along the posterior side of
the propodus

;
propodus very stout, about as long as" the epimerou, and

a little louger than broad, its palmary margin strongly oblique, a little

arcuate, with an abrupt notch near the middle, and two slight emargi-
nations near the posterior inferior angle ; the dactylus stout and strongly
curved. In the young males, the palmary margin of the propodus of the
second pair of legs (Fig. 4) is less oblique, and the emarginations of
the edge nearly obsolete, and the dactylus is much less curved. In the
female, the second pair of legs is weak and slender, and the carpus
and hand elongated and narrow; the propodus not broader than the
merus, more than twice as long as broad, the posterior inferior angle
produced distally, so that the nearly straight prehensile portion of the
palmary margin forms less than a right angle with the posterior margin

;

the dactylus slightly curved and fitting closely the palmary margin.
Seventh pair of legs only slightly longer than the sixth, and with the
basis broad and its posterior margin serrate, as it is also in the fifth

and sixth pairs.

The inferior posterior angles of the first three segments of the
abdomen a little less than right-angled, but not produced. First
pair of caudal stylets considerably longer than the second. Third
pair short, the basal segment not reaching by the basal segments of the
second pair, nearly as broad as long, and armed on the outside, at the
distal extremity, with three or four stoat spines ; the terminal segment
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nearly as long as the basal, slender, tapering, and furnished with a few-

slender setae at the tip. Telson stout, as long as broad ; the posterior
margin rounded and furnished each side with a slender seta.

Length irom front of head to tip of telson, 3.5mm to 5.8mm .

Colorado, 1873 ; Carpenter, collector.

It also occurs in Norway, Maine (S. I. Smith) ; Salem, Mass. (Caleb
Cooke) ; New Haveu, Conn., in small ponds of stagnant water (Pro-

fessor Verrill, S. I. Smith) ; Madison, Wis. (Professor Verrill) ; Madeline
Island, Lake Superior,.(J. W. Milner) ; West Fork of the Desmoines
River, Humboldt, Iowa (Caleb Cooke) ; Lake Raymond, Nebraska (T.

M. Prudden and O. Harger); Birdwood Creek, Nebraska (O. Harger);
The Dalles, Oregon (O. Harger).

Hyakella inermis, sp. nov. (Plate I, Figs. 1-2.)

Closely allied to the last species, but wholly without teeth upon the
dorsal margin of any of the abdominal segments. Two specimens,
male and female, give the following additional characters :

Male: Antennula reaching to the middle of the flagelluin of the
antenna ; ultimate segment of the peduncle fully as long as the penul-

timate ; flagellum considerably louger than the peduncle, and composed
of eight articulations. Flagellum of the antenna much longer than the
peduncle, or than the flagellum of the antennula. First pair of thoracic
legs almost exactly as in the last species. The second pair of thoracic

legs (Fig. 2, terminal portion) are much smaller in proportion than in

the last species ; the palmary margin is transverse, nearly straight, and
wholly without an emargiuation in the middle; the dactylus slightly

curved and terminating in an acute horny tip. The remaining thoracic

legs, the caudal stylets, and telson as in the last species, or, if differing

at all, only very slightly.

The second pair of thoracic legs are very different from those of the
adult males of H. dentata, but resemble much more those of the young
males of tnat species (Fig. 4), and it is possible that, in our single speci-

men, they are reproduced appendages, and not fully developed. This
seems quite improbable, however. The proportional size and other
differences are well shown in Figs. 2, 3, and 4, which are all enlarged
the same amount. \

The female (Fig. 1) differs very little from the female of H. dentata,

except in the absence of dorsal teeth upon the abdomen and in the
same, or nearly the same, slight differences in the antennulse and anten-
nae, which seem to characterize the male.
Length from front of head to tip of telson, male, 5.5mm ; female, 6.0mm.

Colorado, 1873; Carpenter, collector.

Gammartjs limtnletjs. (Plate II, Figs. 13-14.)

Gammarus lacustris Smith, American Journal of Science, III, vol. ii, p. 453, 1871;
and Preliminary Report on Dredging in Lake Superior, in Report of the Chief
of Engineers, 1871, p. 1023, 1871.

Colorado, 1873 ; Carpenter, collector. Cool Spring, Fire-Hole Basin
(No. 224). Lake near Long's Peak ; elevation, 9,000 feet ; June 1, 1873.

The first and second pairs of thoracic legs are quite characteristic of
this species. The palmary margin of the first pair, in the male (Fig. 13),

is slightly convex and continuous with the posterior margin ; has a nar-
row lamellar edge, and is armed with a few long hairs and usually two
long, obtuse spines near the middle of the margin, and three or four
smaller ones near the tip of the closed dactylus. In the female, the pro-

podus is considerably smaller and shorter in proportion than in the male;

39 GS
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the palmary margin is without the lamellar edge and without spines,
except two or three small ones at the tip of the closed dactylus. The
palmary margin of the second pair, in the male (Fig. 14), is only a little

oblique, is convex in the middle, has a broader lamellar edge than in
the first pair, and is armed on the outside with one, or very rarely two,
long, stout, and obtuse spines near the middle, and with two, three, or
very rarely four, successively smaller ones near the tip of the closed
dactylus. There are also two or three still smaller obtuse spines on the
inner side of the palmary margin near the tip of the dactylus. In the
female, the palmary margin of the propodus in the second pair of legs
is without the lamellar edge and the spines in the middle, and is straight
and nearly transverse.
The name lacustris is preoccupied.

Gammarus robustus, sp. nov. (Plate II, Figs. 7-12.)

Eyes small, nearly round, about equal in diameter to the thickness
of the proximal segment of the peduncle of the antennula. Antennula
much longer than the antenna; second and third segments of the
peduncle together but little longer than the first; flagellum about twice
as long as the peduncle, and composed of twenty-five to thirty segments
in fully grown males, and of twenty to twenty-five in the females ; sec-

ondary flagellum short, composed of three segments, of which the
terminal one is very small. Peduncle of the antenna long and stout;
the ultimate and penultimate segments subequal in length, and each
but little shorter than the flagellum ; flagellum (Fig. 8) stout, composed
of eight to eleven segments, and in nearly all adult specimens having
several of the segments furnished on the upper side with peculiar cup-
shaped appendages. First pair of thoracic legs in the male (Fig. 9)
with the propodus short and stout ; the palmary margin very oblique,
nearly straight, with a very narrow lamellar edge, and armed on the
outside with three large obtuse spines, and on the inside with quite a
number of small ones. In the second pair of legs (Fig. 10), the pro-
podus is very broad and stout, the palmary margin slightly oblique,

sinuous in outline, with a much broader lamellar edge than in the first

pair, and armed on the outside with a stout spine near the middle, and
two or three smaller ones near the posterior margin, and on the inside
with two or three small teeth near the posterior margin. In the female,
the first and second thoracic legs are much smaller and slenderer than in
the male. In the first pair (Fig. 11), the palmary margin of the pro-

podus is less oblique than in the male, slightly convex in outline, with
a prominent lamellar edge, but without spines except near the posterior
margin, which is itself armed with several small spines partially

obscured by numerous hairs. In the second pair (Fig. 12), the propodus
is proportionally much narrower than in the male, and has the palmary
margin very slightly oblique, quite convex in outline, with a broad
lamellar edge, and armed with two or three small spines near the poste-

rior margin, but without any median spine.

Second and third segments of the abdomen with the infero-lateral

angles acute. In all the specimens examined, there are four dorsal

spines upon the fourth segment of the abdomen, two median and one
lateral each side; six upon the fifth segment, two median and two lateral

each side ; and upon the sixth, a lateral each side and no median. The
number of these spines is, however, very likely subject to some variation

as in the Q. Mmnceus. Outer ramus of the posterior caudal stylets about
five times as long as broad, and with only a few and small marginal
spines ; the terminal segment short and stout. Inner ramus consider-
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ably shorter than the basal portion of the outer. Divisions of the tel-
son with two or three terminal spines each, and a single spine about
the middle of the outer margin.
Length from front of head to tip of telson, 10ram to 15mm .

Wahsatch Mountains, Utah ; L. E. Ricksecker, collector (collection
Peabody Academy of Science).

EXPLANATION OF PLATES.

Plate I.

Fig. 1.

—

Hyalella inermis, female ; lateral view, enlarged 16 diameters.
2.—The same, male ; terminal portion of one of the second pair'

of thoracic legs, saen from the outside, enlarged 50
diameters.

3.

—

Hyalella dentata, adult male ; terminal portion of one of the
second pair of thoracic legs, seen from the outside,
enlarged 50 diameters.

4.—The same, young male; 3.7mm long; terminal portion of
the corresponding leg, enlarged 50 diameters.

5.—The same, adult male; maxillipeds, seen from above, enlarged
80 diameters. The hairs are omitted from the palpus on
one .side.

6.—The same, adult male; one of the first pair of thoracic legs
with its epimeron, seen from the outside, enlarged 50
diameters.

Plate II.

Fig. 7.

—

Gammarus robustus, female ; lateral view, enlarged 5 diam-
eters. (The secondary flagellum is figured upon the first

instead of the last segment of the peduncle of tbe anten-
nula by a mistake of the engraver.)

8.—The same, male ; flagellum of one of the antennas, enlarged
25 diameters.

9.—The same, male ; terminal portion of one of the first pair
of thoracic legs, seen from the outside, enlarged 25 diam-
eters.

10.—The same, male ; same portion of one of the second pair of
thoracic legs, enlarged 25 diameters.

11.—The same, female ; terminal portion of one of the first pair
of thoracic legs, seen from the outside, enlarged 25 diam-
eters.

12.—The same, female ; same portion of one of the second pair
of thoracic legs, enlarged 25 diameters.

13.

—

Gammarus limnceus, male, from lake near Long's Peak; ter-

minal portion of one of the first pair of thoracic legs, seen
from the outside, enlarged 20 diameters.

14.—The same, male from the same locality ; same portion of

one of the second pair of thoracic legs, enlarged 20 diam-
eters.

(All the figures drawn by S. I. Smith.)



DESCRIPTION OF A LERMAN CRUSTACEAN (ACHTHERES CAR-

PENTERI) OBTAINED BY LIEUT. W. L. CARPENTER, IN 1873,

IN COLORADO.

By A.. S. Packard, Jr., M. D.

CEUSTAOEA.

Achtlieres Carpenteri, n. sp. (Fig. 1.)—Head about half as long as the

body, with very minute conical antennae; the

antennal region forming a large rounded lobe.

The jaws large, finger-shaped. Anchor, or jaw-

feet, large, widely separate; the space between
them being narrow-oval, and united by the sucker,

which is of the general shape of Achtlieres. Ab-
domen rounded-oval, one-half longer than thick,

with indications of three segments; the sutures

nearly obsolete, however. Egg-sacs a little

longer than the abdomen, regularly cylindrical,.,

containing from about forty to sixty eggs, the

eggs nearly one-half the diameter of the arms of

the anchor-feet. Uniformly pale-white.

Length of body without egg-sacs, 0.15 inch

;

with egg-sacs, 0.25 inch. This should perhaps be

regarded as the type of a subgenus of Achtlieres,

which it resembles more nearly than Lerneeocera.
cMheiGB

The segments of the abdomen are very faintly l

indicated, and in the form of the head and appendages, and their degree

of development, it seems intermediate between Achtlieres percarum and
Cauloxenus stygius, Cope, from Wyandotte Cave, Indiana.

Taken from trout, East Eiver, August 29 (W. L. Carpenter).



SYNOPSIS OF THE FRESH-WATER PHYLLOPOD CRUSTACEA OF
NORTH AMERICA.

By A. S. Packard, Jr., M. D

That group of Crustacea (crabs, lobster, shrimps, water-fleas) known
as Phyllopoda,* is so called from the leaf-like nature of the feet, which
are broad, flat, two or three lobed, and adapted for swimming and for

purposes of respiration rather than for walking. While the number of
feet in the lobster and crabs (Decapoda) is limited to five, in the phyllo-

pods the number ranges from ten to sixty, exclusive of the antennae and
jaws. The thoracic and abdominal regions are merged into each other,

and there is no special distinction in form of the appendages. One of
the most distinctive characters, however, in all except the highest family,

Branchipodidcc, is the large, loose carapace, which is attached by a mus-
cle to the head, and elsewhere loosely covers the thorax and the base of
the abdomen ; in the lower forms (Estheriadce), this carapace becomes
enlarged, double, and folded on the side of the compressed body of the
animal, protecting it as completely as a clam-shell its occupant; and so
striking is the resemblance to the bivalve-shells, especially the small
fresh water forms, such as Cyclas, that they are often mistaken for them
by collectors of shells.

The lower forms, such as Lymnetis, have only ten pairs of swimming-
feet, with the body entirely enclosed by the shell, and are not much
higher in structure than the water-fleas (Cladocera), such as Dapnia
and Sida (Fig. 1), and are scarcely larger, being about a line in length.

The eggs of the phyllopods are round, and protected by a hard shell,

sometimes, as in Limnadia, rough and polygonal. Why the egg-shells are

so dense and tough will be seen below, when we speak of the singular
mode of life of these animals. The eggs are borne about by the females.

In Brancliipus and Artemia, they are carried in special egg-sacs, usually
long and slender, attached to the base of the abdomen. In Apus, the
eggs are few in number, and contained in an orbicular sac, formed by
the adhesion of two of the circular lamellae of the eleventh pair of feet.

In the Limnadiadw there is no egg-sac, but the eggs are situated loosely

on top of the back, under the shell, and held in place by little filaments

arising from the legs.

The young, when hatched, are more or less oval in form, and with but
two or three pairs of feet; the first two pairs of these feet representing
the antennae of the adult. The young is called a Nauplius, from its

resemblance to the young (Nauplius) of the copepodous Crustacea (En-
tomostraca). Fig. 2 a represents the JS< uplius of Brancliipus (Artemia
has a similar larva), and b that of Apus. The young of Limnadia has
but two pairs of appendages, with an enormous hypostoma, or upper
lip.

The difference between the sexes is always well marked. In Branclii-

pus and Artemia, the second antenna) are converted into large-clasping

* From the Greek QiiXXov, leaf; ttovq, tzo66q, foot.
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appendages, sometimes branched, as in Streptocephalus (Fig. 13), while
in the female they are simple and end in a mucronate point. In Apus,
the sexual differences consist in the rounded egg-sacs ot the female on
the eleventh feet ; in the family of which Limnadia is the type, the first

pair of swimming-feet in the male end in large, clumsy hooks, adapted
as clasping-organs.
Now, besides the ordinary, normal mode of reproduction, several

genera of the phyllopods are known to reproduce by what is termed by
Professor Owen parthenogenesis, or virgin reproduction ; i. e., the eggs
arise from the ovary by a budding process, like the budding of leaves
on a tree, through the simple multiplication of cells, without fertiliza-

tion by the male spermatic cell. This occurs in several insects, as in

the Aphis, the honey-bee, the silk-moth, &c, and in Daphnia, the water-
flea, which is closely allied to Sida (Fig. 1), and in other Entomostraca,
A Russian naturalist, Schmankiewitsch, in 1872, discovered a variety

of " Branchipus " (Artemia) Arietinus, near Odessa. In the summer
and autumn of the year before, he noticed that this Artemia changed its

form, corresponding to the greater or less saltness of the water. In sum-
mer, when the water was most salt, there was a retardation in growth

;

and this retardation was the more evident the higher the temperature
and the more concentrated the solution of salt. Toward the end of the
summer, when heavy rains set in and the temperature decreases, the
Artemia becomes larger, loses its red and gray color, and becomes clear

and transparent, so that the July generation has important differences

from that which appears in November. In order to observe this phe-
nomenon carefully, he undertook the artificial breeding of the Artemia
in two different ways. In one vessel, he increased the saltness of the
water up to 18° Baume ; in another, he reduced the solution to 3°, and
thus reared several generations. In both cases, he remarked that each
new generation easily lived in such a concentrated solution as the pre-

vious generation could scarcely live in. By raising them in so different

solutions (18° and 3° Baume), very differerent forms of Artemia were
obtained, which were not to be found in their original pond.

" While carrying on these observations, he at the same time proved
that a parthenogenetic reproduction exists in Artemia. Each time, both
in the great increase of the weak solution as well as in the greatly
increased saltness of the water, the females produced new generations,
despite the absence of the males. Under these relations of the solu-

tions, in warm weather, only females were produced. These females
produced in similar breeding-jars only female offspring. Only in water
of medium strength were produced males."
As a further illustration of the influence of physico-chemical surround-

ings on the organization of these animals I will again quote from the
abstract of the remarks of our author. u In the salt-pools in the neigh-
borhood of Limaus (near Odessa), he found in the spring, together with
Branchipus (Artemia)ferox, Gr., a very peculiar Artemia, which he thought
was undescribed. He thought from certain characters that this species
belonged to the higher group of Branchipus. In this form, he observed
some strange differences in the structure of the sexual organs, changes
which could scarcely be regarded as pathological. Usually, the horns
(lower antennse) of the females are small, but in the old females they are
clearly elongated, and are very much like the claspers of the males. Still

earlier appears a striking change in the structure of the genital organs,
when in some, characteristics of the male organs appear. In like man-
ner, the sexual organs are clearly changed in the old males -, and, in the
sacs in which the outer sexual organs lie, we find a space which is very
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similar to the ovisac of the young BrancMpus feroq, Gr. Iu such old
males, the spermatic particles are very clearly enlarged. How far these
changes could go on, he could not say, since this BrancMpus is short-lived.
These changes in the sexual organs are especially marked in old indi-

viduals; and he further remarks that such misshapen forms often
occurred in the salt-pools after heavy rains." (Siebold and Kolliker's
Zeitschrift, 1872, p. 293.)

Such facts as these show how desirable collections in very large num-
bers, at different seasons of the year, and from different localities, are
for the proper study of these animals. Moreover, they are among the
most important facts showing how new generic and specific forms, as
well as an unusual mode of a sexual reproduction, arise in consequence
of changes in the physical surroundngs of animals.

Von Siebold, in his second work on parthenogenesis, has ascertained
that Apus also reproduces by this virgin reproduction. Already, in

1856, Siebold had stated his supposition that Apus cancriformis, Lim-
nadia gigas, and Polyphemus oculus, in which species no males had been
observed, presented examples of true parthenogenesis, and were not to

be regarded as bud-producing " nurses " in a so-called alternation of
generations. Leuckart subsequently expressed the same opinion with
regard to the reproduction, independent of males, observed in Daphnia,
Apus, and Limnadia. Ever since that period, Siebold has continually
kept an eye upon Apus. In 1858, the males of Apus were discovered by
Kozubowski, and Siebold received specimens from various localities.

He thus learned to distinguish with perfect facility the two sexes, and
was enabled how to convince himself that, as with the Lepidoptera
above spoken of, so with Apus, broods occur which are entirely destitute
of males, and go on reproducing parthenogenetically, while other
broods occur in which both sexes are present. The number of Apus
of two species

—

Apus cancriformis and Apus productus—examined by
Siebold amounts actually to some thousands. He received quantities

taken from various ponds in Middle Europe (Apus occurs in shallow
pools which dry up during parts of the year, and it can be taken in

immense quantities), and had the opportunity of studying one pond

—

that at Gossberg, near Munich—with minuteness, from the year 1864 to

the year 1869, inclusive, besides casual examiuations of the same pond
in 1857 and 1858. Time after time, taking several hundreds of the Apus
from the pond, he. never found a single male among them. On one
occasion, he had the whole contents of the little pond removed with the
greatest care, so as to feel sure that he had obtained every Apus present.

He obtained on this occasion 5,796 specimens of Apus, every one of which,

being carefully examined, proved to be a female. At the same time, 2,576
specimens of BrancMpus were obtained from the pond, which were, as
usual, of both sexes. In those cases where ponds afforded both males
and females of Apus, it is remarkable that the proportion of the sexes
was very variable. The highest proportion of males appears to be in

a case recorded by Sir John Lubbock, who found 33 male and 39
female Apus jproductus in a pond near Kouen ; while among 193

specimens of Apus cancriformis, from a locality near Krakou, only one
male occurred. What is most important about this variation in the

proportion of males to females is that in two or three localities, furnish-

ing mixed generations of Apus, from which he has received, year after

year, numbers of specimens, Siebold has observed an apparent con-

stantly augmenting disproportion of males to females, and he is led

to the supposition that, in these cases, the males will at last cease

altogether, and thus a female generation be produced, which will con-

tinue to reproduce itself parthenogenetically, as in the Gossberg and a
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great number of other ponds. This is, however, by no means proved

;

and we have no idea at present as to how the males may make their

appearance again, or what are the conditions affecting their develop-
ment and extinction. It occurred to Siebold that an objection might be
urged against parthenogenesis in Apus, in that, although he examined
consecutive generations, and found them always female, he could not
be sure that males had not been present before he took his specimens,
and had not died and decomposed after having fertilized the females.

To meet such an objection, he first made himself thoroughly acquainted,
with the male generative organs and the spermatozoa, and secondly
with the ovaries and their development. He found the spermatozoa to

be motionless like those of other Crustacea, and he never succeeded in

detecting any of them in the female genitalia among the specimens
belonging to supposed female generations. But he equally failed to
find spermatozoa, or a receptacle for them, in the female genitalia of the
specimens of mixed generations, and therefore no conclusion could be
drawn from the observation. The structure and development of the
ovum, however, made this observation decisive, since it was found that
an egg-shell forms round the ovum in the uterus, and, in the absence of
a micropyle, fertilization, if it takes place at all, must be accomplished
before this shell is hardened. A further proof of another kind was
obtained by experiment. Having removed eggs from females which
certainly at the time contained no spermatozoa, Siebold placed them in

a small tank, and from these obtained Apus embryos. Others were
reared to maturity from eggs taken in the pond.
The relative size of male and female is a question about which there

is some interest; differences which have been observed seem to depend
on the fact that Apus continues growing as long as the pond in which it

lives does not dry up. And hence the eggs which hatch soonest give
the largest-sized progeny. In his tabular statements, Siebold gives
measurements of the specimens examined by him at different times from
various localities.

As to the other crustaceans named, which are Artemia salina and
Limnadia Hermanni, the occurrence of "parthenogenetic broods is infer-

red from the descriptions of other writers whose works are criticised at

some length, and also from examination of specimens. It seems not
impossible, from an observation of Zenker, that in Artemia salina par-

thenogenetic alternate with digenetic broods. In the beginning of the
year ,lb51, this observer found th ee males among one hundred females;
later, in July, the same pond furnished thousands of females, but not one
male.

It seems that males and females in this country have occurred in

Apus longicaudatus and Apus Lucasanus, but the males occurred in a
lot of A. cequaiis from Kansas. It would appear as if the males from
Kansas must be those of A. wqualis; but they were undistinguishable in

form from A. Lucasanus from Cape Saint Lucus. Further observations
are needed to clear up the matter. More material from* the Western
States is greatly needed; and as much has been already contributed
by Dr. Hayden, it is to be hoped flint the surveying parties sent out
under his direction may collect largely of them.

This leads to the subject of the geographical distribution of the fresh-

water phyllopods of .North America. Thus far no species of Apus has
been found in the United States east of the Mississippi nor in British
America. In Greenland and Arctic America, the Lepidurus glacialis

occurs. In the West Indies, Apus Domingensis occurs at San Domingo.
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West of the Mississippi, three species are known to inhabit the region
east of the Rocky Mountains, and a fourth has occurred on the Pacific

slope at Cape Saint Lucas.
Of the family Branchipodidw, species occur scattered over the whole

country, though no Branchipus has yet been discovered in the Pacific

States. An Artemia occurs in Mouo Lake, California, and the Great
Salt Lake. The genus Branchinectes, with one species in Greenland and
another in Labrador, is also represented by an interesting form in Colo-

rado, at an elevation of 12,500 feet.

Of the family Idmnadiadw, species occur scattered over the whole
country, east and west of the Rocky Mountains, in British America, and
the West Indies. In the Pacific States, but one species (Estheria Call-

fornica, Pack.) has occurred, and that is very unlike any eastern species

as yet discovered, and closely resembles an Italian species, thus bearing
out the analogy of the Pacific coast fauna to that of Europe.
The geological distribution of the fresh-water phyllopods is exceed-

ingly interesting. The oldest forms are the Estherice, which occur as
low down as the Devonian formation in Europe, while certain forms in

the Mesozoic beds ofthis country bavebeen described as bivalve mollusks.
The genus Apus occurs in European Triassic rocks. The fresh-water
strata of Mesozoic and Tertiary age, especially in the West, will undoubt-
edly, when thoroughly explored, reveal some of these forms, and the
attention of paleontologists and collectors is hereby drawn to them.
The habits of these crustaceans are exceedingly interesting from their

unusual dependence on physical surroundings. They usually abound
in pools and puddles that dry up in warm weather; when the pools are
filled, after a series of heavy rains, they suddenly appear. They are very
local, rarely met with, but when they do occur, exist in large numbers.
This singular appearance after rains, in the beds of pools that have
dried up, is due to the wonderful vitality of the eggs, which are sur-

rounded by a dense outer shell, enabling them to resist great changes in

temperature, and to be dried up for months without injury. Thus the
eggs dropped in the bottom of pools and left there during the hot sum-
mer-mouths, when the pool is dried up, survive the exposure to the sun
and the cold of winter to hatch out in the spring. Dr. Brauer, of
Vienna, believes, as he has informed me, from certain experiments on
Estheria, that the eggs would live and hatch if kept in dry mud for

several years. Artemia. which lives in salt-water, can be reared by
putting the eggs in fresh water. And here I would ask any one who is

so situated to send me a quantity of mud from the banks of Salt Lake,
Utah, containing their eggs; the mud taken from the edge of the lake,,

at any season, must teem with their eggs, and it could be dried and sent
east by express. On receiving it, and placing the mud in fresh water,
this interesting animal can be reared and studied at leisure. We have
seen that these creatures, in one species, at least, like the plant-lice, re-

produces parthenogenetically at one season, and by the normal mode at

another, and thus some of the most interesting questions in biology may
be studied, and perhaps settled by a thorough study of the mode of life

of these interesting creatures.

I append a brief synopsis of the fresh-water species of America north
of Mexico, beginning with the lowest forms, so that they may be readily

identified ; and I hope, by drawing the attention of individuals and
government surveyiug parties, especially in the Far West, to these in-

teresting animals, to have their co-operation in the preparation of a
monograph of the group. Specimens should be collected by hundreds,
as they always occur in great abundance when found at all, and placed
in strong alcohol for permanent preservation.
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SYNOPSIS OF THE FRESH-WATER PHYLLOPODA NORTH OF MEXICO.

Order Phyllopoda.

Family 1, Estheriadje.—Body compressed, with from 10 to 27 feet,

inclosed in a bivalve-shell.

Limnetis.—Shell small, less than two lines in length, round, globose,

without lines of growth or umbones ; feet-bearing segments from 10

to 12. (Fig. 3.)

L. Gouldii, Baird (Annals and Mag. Nat. Hist., 1862, p. 393).—Shell
with numerous deep punctures scattered over the surface, with the place
of iusertion of the adductor muscle very smooth and shining. Canada
and Massachusetts.

L. gracilicornis, Pack. (Amer. Journ. Sc, 1871).—Differs from L.

Gouldii in the long, slender, second antennas, which have about 20 joints.

The keel on the front of the head does not reach to the front edge,
while in L. Gouldii it does; shell of the same form, but much larger

than in L. Gouldii. Length of shell, 0.17 inch ; breadth, 0.16 inch.

Texas. In fresh-water pools.

Limnadia.—Shell large, with few (4 or 5) lines of growth, subtriangu-

lar or broadly ovate ; animal with a knob like projection (." Haftorgan ")

above the eyes; second antennas with 9 or 10 joints to the flagella;

from 18 to 26 feet. Males (only known in an Australian species, Claus.)

with large, clumsy hooks on the ends of the first rJair of swimming-feet

;

body much smaller than in Estheria.

L. Americana, Morse (Proc. Bost. Soc. Nat. Hist.), (Fig. 4).—Shell large
broad-oval, with 18 lines of growth, smooth and shining ; allied to L.
gigas of Europe. Length of shell, 0.55 inch. Massachusetts.

L. {Eulimnadia) Agassizii, Pack. (Sixth Rep. Peab. Acad., 1874), (Fig.

5).—Shell narrow-ovate, rather prominent behind the umbones, with 4
lines of growth. Animal with 18 feet, and antennas with 9-jointed

flagella. Length of shell, 0.25 inch. Penikese Islaud, Massachusetts.
L. {Eulimnadia) Texana, Pack. (Amer. Journ. Sc, 1871).—Shell nar-

rower than in L. Agassizii, more oblong, with 5 lines of growth.
Animal with 10 joints in the flagella; 18 pairs of feet; and with a
larger telson than in L. Agassizii. Length of shell, 0.27 inch. Texas.
" Quite common in many places in Western Texas in the early spring.

It occurs in muddy pools made after rains, and totally disappears with
the first drying of the pools ; occurred with Limnetis and Streptocepha-

lus?—(Belfrage.)

Limnadella coriacea (Haldeman).—This genus was founded by Girard
(Proc. Phil. Acad. N. S., 1854, p. 3) under the name Limnadella Kitei.

It was previously described by Haldeman as Limnadia coriacea in the
same proceedings (vol. 1, p. 184, 1842). It is said to have the eyes united
into one, with 24 pairs of feet. Shell elliptical ; light or dark-brown,
spotted with black, three lines in length. Ohio and Pennsylvania.
Grube thinks this may possibly be a species of Estheria. It is very
desirable to rediscover this species.

Estheria.—Shell oval, more or less globose, Cyclas like, with numer-
ous lines of growth, amber-colored. Animal without a haftorgan ; second
antennas with from 11 to 17 joints to the flagella ; from 25 to 27 seg-

ments in the body behind the head, and 24 to 28 feet ; anterior feet in

the males with clumsy hooks. •

E. Californica, Pack. (Sixth Rep. Peab. Acad. Sc, 1874), (Fig. 6).

—

Shell remarkably thin, so that at first sight it would be mistaken for a
Limnadia, subtriangular ; umbones very small, situated much nearer
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than usual to the anterior edge ; 18 lines of growth, with very fine granu-
lations between them. Length, 0.45 inch. California.

E. Clarldi, Pack. (Sixth Rep. Peab. Acad. Sc, 1874), (Fig. 7).—
Shell oblong-oval, thin, about two-thirds as broad as long, with the
umbones rather prominent, oblique, situated on the anterior fourth of
the shell. About 20 lines of growth. Unusually fine microscopic punc-
tures between the lines. Length, 0.45 inch. Male shell narrower, and
with rather more prominent umbones than in the female. Animal with 14
joints in anteunal flagella; each joint along the middle with 6 or 7 spines
above, and 3 or 4 stout hairs beneath ; 22 pairs of swimming- feet ; tel-

son with 20 pairs of unequal spines; claws of male long and much
curved ; telson larger than in the other sex. Ohio, Kentucky, Kansas.
May and later. Differs from E. Caldwelli in the flatter shell, and smaller
umbones, while the interstices between the lines are much less coarsely
punctate.

E. Caldwelli, Baird (Proc. Zool. Soc. London, 1862, p. 148).—Umbones
situated almost in the middle third of the shell, broad, and directed a
good deal anteriorly ; shell very globose ; lines of growth numerous,
thickly punctured between them ; 0.40 inch. Lake Winnepeg, Grube.

E. Morsei, Pack. (Amer. Journ. Sc, 1871).—Shell intermediate in

form between E. Caldwelli and E. DunJceri, Baird, from Zimapan, Mexico.
Much swollen ; oblong-oval, pale horn-color, umbones large, promi-
nent, larger than in E. Caldwelli, much less oblique, and situated near
the anterior end of the shell. Dorsal margin shorter than in E. Cald-

welli, and in front of the umbones, instead of being straight and sud-
denly curved downward, is regularly rounded, as in E. Dunlceri. Punc-
tures between the lines of growth on an .average, in the middle of the
shell, from 5 to 10 in number. Length, 0.50 inch. Six specimens from
" Grindstone Creek, half-way from Fort Pierre to the Bad Lauds,"
Dakota. Collected by Dr. Haydeu (Mus. Chicago Acad. Sc),—Iowa.

E. Belfragei, Pack (Amer. Journ. Sc, 1871)7 (Fig. 8).—Shell thick,

very globose, with the umbones prominent, situated at the anterior
third of the shell; dorsal edge straight behind the umbones, bent rather
suddenly downward at two-thirds of the distance from the umbones to
the posterior end, the end being full and rounded, 22 lines of growth,
between which the shell is coarsely punctuate, from 5 to 8 dots (when
placed in a straight line) between the lines. Length, 0.30 inch ; flagella

with 16 joints; 15 pairs of spines on the telson. Texas.
E. Jonesii, Baird (Proc. Zool. Soc. London, 1862, p. 147).—A number

of individuals of this species, which do not differ from specimens from
Cuba, received from Dr. von Martens, of the Berlin museum, belong
to the Chicago Academy, and are marked in Dr. Stimpson's handwriting
"Locality lost." As no other specimens from the West Indies occur in

the collection received from Dr. Stimpson, it indicates that E. Jonesii

may possibly occur in the Southern States or Central America. The only
habitat as yet known is Cuba.
Family 2, ApodidvE.—Of large size, with a rounded carapace, partially

covering the base of the abdomen, which is elongated, and ends in two
long, many-jointed, caudal filaments. About 60 pairs of swimming-
feet. Antennse rudimentary. First maxillipeds antenniform.

Lepidurtis—Body much shorter than in Apus. First maxillipeds

shorter, and a long, spatulate, keeled telson, projecting out beyond the
insertion of the caudal filaments'.

L. glacialis, Kroyer (Fig. 9, enlarged).—A dark-greenish species,

which differs from L. productus, Leach, in the distance from the front

edge of the carapace to base of hypostoma being nearly one-half less than
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in productus. Supraanal plate with fewer larger teeth. Carapace shorter.

Length, exclusive of caudal filaments, 1 inch. Greenland and Cape
Krusenstern (Eichardsou).
Apus.—Antenuiform inaxillipeds long; telson squarish.

A. tequalis, Pack. (Amer. Jour. Sc, 1871), (Fig. 10).— S . Carapace
longer than in any of the other species; eyes larger.- Number of seg-

ments behind the posterior edge of the shield, 23. Length of body (ex-

cluding caudal filaments), 1.15 inches.

5 . The telson has 5 median spines, and is shorter, while the caudal
filaments have more numerous and shorter spines than in A. Newberryi.
The under side of the telson is much smoother than in A. longicaudatus,

and the outer gill of the first maxilliped is a little longer and more
acute. Number of segments beyond the hind edge of carapace, 25.

Length of body alone, 1.07 inches. Plains of Eocky Mountains, Kan-
sas

(

J

?), and Matamoras.
Apus Newberryi, Pack (Amer. Journ. Sc, 1871).— 9 . Differs chiefly

from i. longlcaudatus in the shorter inaxillipeds, and much louger,

smooth telson, with 3 instead of 4 median spines, and in the smooth,
finely-spiuulated caudal stylets, while the carapace is longer. Number
of segments behind the posterior edge of carapace, 29. Length of body
(excluding caudal filaments), 1.78 inches. Utah.
Apus Lucasanus, Pack. (Amer. Journ. Sc, 1871).— $. Closely allied

to A. longicaudatus . Maxillipeds shorter and smaller; telson longer,

with 3 median spines. Anal stylets less spiny than in A. longlcau-

datus. Number of segments behind the posterior edge of the carapace,
33. Length, of body alone, 0.94 inch.

$. Carapace longer than in 8 , and caudal filaments not so heavily
spined. Number of segments behind posterioredge of shield, 29. Length
of body alone, 0.80 inch. Cape Saint Lucas. Males from Kansas.

Apus longicaudatus, Leconte, <J and $ (Annals N. Y. Lyceum, IV
155, 1846).—In this species, the body is larger and carapace is shorter

than in any of the others. James's A. obtusatus (Long's expedition) is

probably this species. The 9 differs from males in the shield being
longer, with 28 segments beyond the end of the shield, and the under
side of the telson is smoother, but above, as in $ ; ovisac, 0.10 inch in

diameter. Length of body, 1.50 inches; of carapace, 0.60 inch. The caudal
filaments are smaller and more coarsely spined than usual. Eocky Mount-
ains, near Long's Peak (Mus. Yale Coll.) ; Texas. Pools near Yellow-
stone Eiver, Dr. Hayden. "Found in immense numbers in a small
shallow lake on the high plateau between Lodgepole Creek and Crow
Creek, northeast of Long's Peak."—(Leconte.)

Family Branohipodid^e.—Body long and slender, with no carapace;
eyes stalked ; second pair of antenna? adapted for clasping ; 11 pairs

of branchial (respiratory) feet. Female with a large egg-pouch attached
at the base of the abdomen. Prof. A. E. Verrill, in his valuable
"Observations on the Phyllopod Crustacea of the Family Branchi-
pidse " (Proc. Amer. Assoc. Adv. Sc, July, 1870), has given the characters
of the genera and species, and I give abstracts of his diagnoses of the
generic and specific characters, with the addition, however, of descriptions
of Streptocephalus Texensis&ndBranchinectes Coloradensis, whichhave been
described since the publication of his paper.

Artemia. Clasping organs (second antennae) three-jointed ; egg-sac
short, broad ; living in saline or alkaline waters.
Artemia gracilis, Verrill (Fig. 11, enlarged).—Body slender; in the

male about 0.3 inch long ; in the female, 0.4 inch. Claspers of the male
relatively long and powerful ; first joint thickened, with a distinct angle
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at the articulation on the outside, and a short, rounded, nearly semi-

circular process on the inside near the base, about its own diameter from
the base; second joint broad, flattened, continuous with the third joint,

strongly curved ; outline nearly regularly convex on the outside, until

near the middle it suddenly bends inward, forming an obtuse angle,

beyond which the outline is concave to the last articulation, where it

becomes again convex, forming on the last joint a slight, rounded angle

;

the inner edge is nearly straight, or but slightly concave, to the last

articulation, where there is a slight but distinct angle; last joint tri-

angular, longer than broad, tapering to the acute, slightly-excurved

point. Ovigerous pouch of the female, when seen from below, flask-

shaped. "In tubs of salt-water on railroad-bridges, New Haven, Conn.,

and Boston."—(Verrill.)

A. Monica, Verrill.

—

UA little larger and stouter than A. gracilis. Male-

claspers relatively stouter ; the hook, or outer two joints, being much
broader, more triangular, and less elongated. Caudal appendages
smaller, and sides of egg pouch less angulated on the sides than in A.
gracilis." Mono Lake, California.

A.fertilis, Verrill.—" Larger than eitberof the others, some ofthe speci-

mens being three-quarters of an inch in length. Male-claspers stout,

with the second joint broader and more triangular than in either of the

preceding species. Great Salt Lake, Utah."—(Verrill.)

Branchinecta.—Form rather slender, with the median appendages
longest, so as to somewhat resemble Artemia in outline, but larger.

Male with rather slender, rounded, two-jointed claspers. Egg-pouch
much elongated.

B. arctica, VevriU.—"Male-claspers rather long and slender; basal

joint but little swollen, elongated, regularly curved, with a small tooth

or prominent angle at the articulation on the inside, and on the inner

side a row of numerous small, distinct, sharp teeth, extending from th%

articulation about half-way to the base, and arranged somewhatobliquely

;

second joint slender, regularly curved, tapering to a blunt point, the
inner edge minutely serrulate. Egg-pouch of female much elongated,

slender, subcylindrical."—(Verrill.) In a small pool, north shore of Ham-
ilton Bay, or Invuctoke Inlet, Northern Labrador (Packard.)

B. Grcenlandica, Verrill.—"A little stouter than B. arctica; the largest

male 17 millimeters long. Claspers similar to those of B. arctica, but
more elongated

; the basal joint less curved, and the second joint longer,

less regularly curved, tapering more quickly at base, and, consequently
more attenuated beyond the middle, with more slender tips, which are
nearly straight. The tooth on the inside of the first joint is rather more
prominent, but the row of teeth along the inside is similar. Caudal
appendages stouter, tapering more rapidly. Greenland."—(Verrill.)

B. Coloradensis, Pack. (Fig. 12, male, female, and head of female).

—

Differs from B. Grcenlandica, its nearest ally, in the basal joint of the
claspers being less curved, slightly shorter, this and the second joint

being entirely unarmed. The second joint is sinuous, not tapering,

swollen, and bent in slightly at the tip when seen in outline, but seen
in front broad and flat, subspatulate. Caudal appendages rather stout,

broader at base, and not contracting as in B. Grcenlandica. Length,
0.57 inch. Colorado, one 9 from a " pond on a mountain near Twin
Lake Creek, Colorado; elevation, 12,500 feet."—(Hayden's Survey of
Colorado, 1873 ; collected by Lieut. W. L. Carpenter, IT. S. A.) About
a hundred males, and females, with eggs, Colorado, Dr. Viele (Mus.
Comp. Zool. Cambridge). No date.

It will be interesting to determine whether these three forms are



622 GEOLOGICAL SURVEY OP THE TERRITORIES.

really of specific value. For this purpose, large numbers of specimens
from different localities at different dates are necessary. After the ob-

servations made at Odessa on the wonderful degree of variation in Arte-
mia at different seasons of the year and density of the water, we are led

to think, from the fact that the females of the above three species of

Branchinectes are almost undistinguishable, that the forms are possibly
conspecitic, and the differences which have been indicated are the result

of climatic and other physical causes. At present, however, it will be,

perhaps, wisest to regard them as distinct.

JEubranchipus, Verrill.—"Body robust; male with large head and very
stout claspers ; first joint of clasper much swollen, capable of retracting

the basal portion of the second joint into their cavity ; second joint stout

at base, in the typical species with a large tooth on the inside, the outer
portion tapering, rather obtuse. Front of head between the claspers

bears two thin, flat, tapering appendages, serrated on the edges and
transversely striated or jointed. Caudal appendages long. Egg-pouch
short and thick."—(Verrill.)

E. vernalis, Verrill.—"Claspers very large and strong; the basal joint

much swollen: second joint long, broad, with an angle on the outside,

from which it rapidly narrows by strongly concave outlines on each
edge, bearing at the constricted portion, not far from the base, a large,

strong, very prominent, crooked, bluntly pointed tooth, which is directed

inward and backward. Massachusetts and New Haven, Conn. Very
early in spring in quiet pools."—(Verrill.)

Streptocephalus, Baird.—Male-claspers long, three-jointed, tortuous;
the terminal joint subdivided more or less into two or more branches, or

bearing slender appendages. Male organs long, slender. Egg-pouch
elongated or conical.

of. Texanus, Pack. (Amer. Jouru. Sc, 1871), (Fig. 13, male enlarged).

—

Male differs from S. similis, Baird, from San Domingo, in the longer
branch of the inferior antennae being much longer and slenderer at tip,

while the shorter branch is much narrower. Length of male, 0.65 inch;

female 0.55 inch. Texas, in pools, in summer, formed by the summer-
rains, which had dried up early in the season; and also in April.

—

(Belfrage.)
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LIST OF LEECHES COLLECTED BY HAYDEFS EXPEDITION, 1873.

By A. E. Verrill.

Neplielis lateralis Verrill (Say., sp.)

A plain, dark brown variety, Clear Lake, Col. (Lieutenant Carpenter).

Clepsine omata Verrill, var. b.

In this large variety, the back is covered with numerous prominent
papillae, arranged in transverse rows. The two ocelli are united into

one. Clear Lake, Col. (Lieutenant Carpenter).

Aulastomum lacustre Leidy, var. fuliginosum Verrill.

In this variety, the color is nearly uniform dark brown. From a lake,

elevated 9,000 feet, near Long's Peak (Lieutenant Carpenter). It occurs
also in pools near New Haven, Connecticut.

Neplielopsis obscura Verrill, dark variety.

The preserved specimens from this locality are dark olive, with black-

ish mottlings. Found with the Aulastomum, from a lake, at 9,000 feet

elevation, near Long's Peak, (Carpenter.)

Neplielis quadristriata Verrill.

One specimen is nearly uniform obscure dark brown ; another has
two broad, blackish, dorsal bands, with a narrow, light, median stripe.

Little and Big Thompson, Estes Park, Col. (Lieutenant Carpenter).

Clepsine pallida Verrill, var. b.

The back is smooth, with narrow, dark stripes; six distinct ocelli.

Occurred with the two preceding.

Clepsine pallida Verrill.

The preserved specimens are brownish, with six small ocelli. Colorado
(Lieutenant Carpenter).

LIST OF TERRESTRIAL MOLLUSKS COLLECTED BY LIEUT.
W. L. CARPENTER, U. S. A., FOR THE UNITED STATES
GEOLOGICAL SURVEY OF COLORADO, 1873.

By William G. Binney.

HELICID^].

Helix pulchella, Mull., Este's Park.
Vitrina Pf'eifferi, Newc, head of Gunnison River.
Patula striatella, Anth., Este's Park.
Succinea lineata, W. G. B., Este's Park.
Patula Cooped, W. G. B., Grand River.

Patula strigosa, Lea., Grand River.
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SKETCH OF THE METHODS OF SURVEY IN THE GEOGRAPH-
ICAL DEPARTMENT.

By James T. Gardner, Geographer.

"Washington, July 18, 1874.

Sir : I have the honor to inclose a sketch of the methods upon which
the work is based in the geographical department of this survey, and
also the results of my investigations to determine the true elevation of
Denver; regretting that the latter has occupied so much time that full

reports of other branches of my work must be delayed till next year.
Very respectfully,

JAS. T. GARDNER,
Geographer.

F. V. Hayden, Geologist-in- Charge,

TJ. S. Geological and Geographical Survey of the Territories.

The horizontal measurements of this survey are made by a connected
system of large and small triangles, developed from a measured base near
Denver. I have endeavored to bring the trigonometric work to such a
grade of accuracy that its errors will not be appreciable within the limits

of the Territory on maps of a scale of four miles to one inch. With this

purpose, the primary triangulation was expanded by me from the Denver
base, four miles of which are on the track of the K. P. R. R. and two
more are over very level ground. The termini are, however, so much
higher than the central part that the line of sight between them is never
less than 20 feet above the surface and generally 40 feet. Its length
was twice measured with a steel tape, compared before and after meas-
urement with the United States Coast-Survey standard. The tape was
under 20 pounds strain, and temperature-observations were taken every
five minutes. The profile was determined by leveling, and results of the
measurements corrected for level and temperature. Triangular pyra-
mids 30 feet high were erected at the stations on the plains, by which
the triangles were expanded to the mountains, where roughly-built stone
monuments were used to sight at, except in the very long lines, where
they became invisible, and the exact summit of the peak was taken.
The angles were measured with an 8-inch circle graduated to 10", and
reading to 5", constructed by Wm. Wiirdemaun for the United States
Coast-Survey. The measurements were generally repeated six times on
different parts of the circle. The plan of the triangulation is shown on
the accompanying map.
Azimuths were observed at five of the principal trigonometric stations

by repeated observations between Polaris and an illuminated signal on
one of the lines of the triangulation.
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At Denver and Colorado Springs, the triangles are connected with

very accurate astronomical stations, located for us by tbe kind co-opera-

tion of the United States Coast-Survey. Geodetic latitudes and longi-

tudes of forty-eight stations were reduced trigonometrically from Den-
ver, and plotted on a projection. From these points, the secondary

triangulation and topography was plotted with protractors by the topog-

raphers. The accuracy of the triangulation is determined by the clos-

ure of the triangles, whose observed angles should sum up to 180° plus

the spherical excess. The forty-seven triangles, completed in 1S73 and
used in the final adjustment of the scheme, have a mean error of closure

of 10".3. During the season of 1874, a check-base will be measured in

the San Luis Valley, and we shall then be able to judge more closely

of the probable errors of measurement by this triangulation. At pres-

ent it appears as if they would not exceed two feet per mile. Twelve
thousand square miles were completed last summer, and more than

twice that amount partially finished.

The secondary triangulation is done by the topographers with the

gradienter, whose circle is small, but its telescope powerful. The error

of closure of these triangles is about 2'. As they rest for their bases

upon the primary triangulation, the errors do not accumulate over any
large area. The topography is sketched from the trigonometric sta-

tions, and the principal points of the sketch located by triangulation.

The important roads are meandered. The magnetic needle is not used

for angular measurement, except for minor details.

The vertical measurements of the survey are based on determinations

of the height of the trigonometric stations above Denver on the follow-

ing plan :

The D. & S. P. E. E. had run a line of levels from Denver, whose
elevation is about 5,000 feet, up to Fairplay, at about 10,000 feet, and I

had these levels extended at our expense to the summit of Mount Lincoln,

about 14,000 feet high. These points are about sixty miles west of Den-
ver. On Mount Lincoln and at Fairplay we established barometric sta-

tions, and at Denver the station of the United States signal-office was
used for reference. Mnety miles to the south, at Canon City, on the D.
& E. G. E. W., we had another barometric station at an elevation of

about 5,000 feet. The heights of the base-barometers above Denver
being thus known by railroad-levels, the surveying-parties, using mercu-

rial barometers (Green's mountain-barometer) observed at their stations

and camps synchronously with the observations at the permanent sta-

tions.

The height of any point where observations were taken was deter-

mined by referring them to the permanent station nearest in altitude.

From the trigonometric stations, angles of elevation and depression

were taken to a great number of points to assist the topographer in

sketching the contours of the ground. These are, of course, referred to

the elevation of the trigonometric station, as determined barometrically.

As it was impossible to proceed with our final maps until the elevation

of Denver was known,! have undertaken to put together into connected

chains all the various lines of railroad-levels that unite Denver with

the sea. It has been a labor of many months. The details and results

of the investigation are given in a separate report.



THE ELEVATIONS OF CERTAIN DATUM-POINTS ON THE GREAT
LAKES AND RIVERS AND IN THE ROCKY MOUNTAINS.

By James T. Gardner, Geographer.

INTEODUCTIOK

As the field of labor of the United States geological and geographical
surveys of the Territories now lies in Colorado, the following work was
undertaken for the purpose of determining the elevation of Denver,
which is at present the base from which all altitudes in the Territory
are measured. The height of Denver above the sea had been A'ari-

ously reported at from 5,043 feet to 5,303 feet, and the spirit-level

lines of the K. P. and IT. P. E. E.s seemed to differ nearly 200 feet-

Believing that any such large discrepancies between spirit-level lines

must be due to false reports and errors in joining the different links

of these long chains to the sea, I determined to reconstruct all pos-
sible lines of levels from the ocean to the Eocky Mountains, using only
official reports by engineers, and checking them by personal examina-
tion of their note-books and working profiles wherever practicable.

For this purpose I visited the railroad-engineer offices at Denver,
Omaha, Lawrence, Kansas City, Saint Louis, Chicago, Cleveland, New
York, and Philadelphia, examining not only the completed profiles and
the origiual notes from which they were made, but making, also, such
corrections as then seemed necessary to unite the lines of different

companies. Several of the most important profiles were lost in the
Chicago fire, and of one of these, that of the C, A., & St. L. E. E., no
record is left. Profiles of the C. & N. W. and of the C, E. I., & P. E. E.s
had been sent to the geological survey of Iowa, and had been published;
these have now to be used instead of the originals.

For many years, various Departments in Washington have been
gathering railroad and canal profiles. Mr. Nicholson, the topographer
of the Post-Office Department, deserves especial mention for his long-

continued activity in this important work under the Smithsonian Insti-

tution. Lately, the office of the Chief Signal-Officer of the United States
Army has compiled all of this material, with a large collection of their

own from original sources, and carefully arranged and indexed it. In
the 1871 and 1872 reports of the Chief Signal-Officer, Gen. Albert J.

Myer, he speaks of Lieut. Henry Jackson, acting signal-officer and
assistant, as having vigorously prosecuted this department of the work.
The collection comprises over one thousand profiles and reports from
original sources ; and efforts are being made to render it so complete,
as to the profiles and their connections, that the elevation of every
town on railroad or canal shall be well determined. The civil engineers
of this country cannot render a greater service to geographical science
than to send to the United States Signal-Office copies of railroad and
canal profiles. Some of the most important problems in the meteor-
ology of the country are dependent for their solution upon our exact
knowledge of the elevations of the observing-stations; and these must
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be determined independently of the barometer. The elevations should,

be known to within five feet to satisfy the present needs of meteor-
ology.

The use of this large and. admirably-arranged collection was kindly
offered me, and to its assistance I am largely indebted for the complete-

ness of this investigation.

The principal difficulties encountered in the present work were : the

'

discrepancies between the different official reports of the profiles of the

same railroad or canal ; the difficulty of finding the points referred, to

at the ends of the profiles; the difficulty of connecting them with the
mean surface of the ocean ; and the clerical errors or mistakes in figures

evidently due to.copying.
The differences between the reports of the profile of a railroad or canal

seem to arise from want of care in computing from the level-notes, and
from the fact that they are actually reports of different levelings which
do not agree. Generally, a preliminary line of levels is first run over
the whole line of the railroad, and bench-marks established ; then, when
.construction is commenced, the different divisions of the line each take
one of these bench-marks as the datum for their levels, and build their

part of the work from this point. Thus, the line as a whole is really

built from many separate datum-planes. Where the different divisions

join, they connect their levels so that the relative height of the different

datum-planes may be calculated, and all may be reduced to one base.

The notes of these connections are generally correct ; but, in the first

calculations of them, many errors almost always occur, incident upon the
hurry and confusion of closing the work and dismissing the engineers
for the sake of economy. After the railroad is running, and the chief

engineer has leisure to examine the records of his office, errors are found
in the calculations of his profiles, and the whole is reviewed and a new
profile constructed. It often happens that, after a number of years,

either a part or the whole of line is relevelecl, and a new profile is the
result.

Among the profiles which I have examined are representatives of all

these classes

:

First. Profiles of preliminary lines of survey.
Second. Profiles from first calculation of constructed lines.

Third. Profiles of final calculation of constructed lines.

Fourth. Profiles of final releveling of constructed lines.

Fifth. Profiles made up in the offices by mixing the results of two or
more of the above classes.

It is evident that these classes must differ very much in accuracy ; and
necessarily the first step in this examination was to determine upon
methods of testing the profiles so as to fix their proper relative weights.
This was a very complicated and difficult process on account of the num-
ber of factors to be considered. Some of the principles may, however,
be stated.

If two points were connected by several independent lines of railroad

or canal, the agreement of these lines as to the difference of altitude of
the termini was considered one of the best tests of accuracy.

If one of these lines was a canal which had been releveled many times,

and the termini carefully connected with the other lines, and of which we
had a final official report, this was taken as true and used as a standard
of comparison for the accuracy of the other lines.

If the lines were all canal-levels, their relative weight was determined
by the number of times they had been releveled, the recentness of the
work, the recentness of the official report, and its detailed character.
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If the lines were all railroad-levels, the following points were consid-
ered as favorable to the character of any line or connection of lines

:

First. That the official reports should be recent and detailed.

Second. That they should be reports pi the final computation of the
construction-levels, or a releveling of the completed line, or, best of all,

that we should have both of these reports agreeing closely.

Third. That there should be few connections of lines formerly inde-
pendent to make up the present through-line.

Fourth. That, where the line was made up by joining several parts
formerly independent, the connection between them should not be open
to any doubt.

If, of several lines between two points, one disagreed largely from the
others of apparent equal weight, it was considered as probably in error.

If several railroads, running from a common point, cross an important
river, the fall of the stream was determined by the very best lines, and
those were rejected which made it run up hill or gave an improbable
fall.

If several parallel railroads were cut by a cross-line, well connected,
their agreement upon this common line was considered as an important
test.

If several lines of levels between two points start from a common
datum or directrix, and end also at a common datum, the connection for

comparison is far more reliable than when the ends of the lines merely
came into the same city, and then have to be joined by connecting the
depots by city-levels.

The results of the application of these standards of accuracy showed
that recent official reports of the final computation of the construction-
levels were generally reliable so far as any one line is concerned. The
Pa. E. B. may be given as one of the best examples. It has been
recently releveled, and though there was a discrepancy between the
new and old elevations of Pittsburgh of 11 feet, it was found on a third

leveling of a part of the line that this was due to erroneous connection
of two leveling-parties, and all occurred at one point. And now, when
a final computation of the old construction-levels, and of the new and
corrected line, is made, the elevation of Pittsburgh by the new line is

within a foot of the old. Great credit is due to Mr. Wilson, the consult-

ing engineer of this road, for the interest he has taken in investigating

the discrepancies of the Pa. E. E. profiles, and through his exertious

we have at last a correct report of the profile of that important railroad

so many years after the levels were run. The profiles that seemed from
their dates to be first calculations of constructed lines were often found
unreliable, and do not generally agree with the final calculation of the
levels when we have reports of both. The profiles of preliminary lines

of survey were, of course, found very unreliable. The elevations of Cai-

ro, 111., and Columbus, Ky., have hitherto rested on a preliminary survey
of the M. & O. E. E. from Mobile Bay, and seem to be 10 to 15 feet

below the better determinations.
The worst of all the profiles, and the most perplexing to the geographer,

are those made up in the offices of some of the railroads by putting
together data from old and new printed reports and from all the manu-
script profiles in the office, and treating them as if the same datum
of levels was referred to in all these sources of information. The mix-
ture thus produced generally defies the most ingenious power of anal-

ysis in the searcher after truth.

In general, I am satisfied that the important errors in our railroad and
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canal profiles are not so mucli due to imperfect instrumental work as to

hasty computation and careless combination of the results.

The difficulties of making connection between the end of one profile

and the beginning of another have been very great. Most cities have
now a datum or base-point from which all the city-levels date, often

called the city directrix. The United States Signal-Office has taken
great pains to get reports from most of the city-engineers of the heights
of the railroad-depots above these city-directrices ; but the difficulties

of using this connection between railroads is that in many cases the

present depots are not the ones referred to on the profiles of the roads;
and even when the present depots are the same as the old ones, the
grade at the depot has been changed since the railroad-profile was
made, and no note of the present grade made on the profile. This seems
to be the case in Chicago, where the railroad-profiles almost all indicate

a lower grade for the depots than those reported by the city-engineer.

By visiting the ground, and making connections with old benches,
I have gotten rid of many of these errors, and, fortunately, in many
cities the railroad-engineers have connected their datum with that of

the city. If the engineers of this country will adopt this as a rule, the
value of their work for general and scientific purposes will be very
much increased.

The railroad-lines from Philadelphia, and the railroad and canal lines

from Albany, had reported the elevations along their lines above tides

of various stages at these points, and the G. T. B. W. of Ca. had
reported their elevations as referred to tide at Three Rivers, the head of
tide-water in the Saint Lawrence. These datum-points differ from each
other, and from the mean surface of the ocean, which is the only proper
plane of reference for our elevations. The errors due to this cause have
entered into all previous reports of elevations in Pennsylvania and the
regions about the great lakes. By the assistance of the United States
Coast Survey, and of Mr. Smedley, city engineer and surveyor of Phil-

adelphia, the datum-planes of the Erie Canal and 2s". Y. C. E. E. levels

and of the Pa. E. E. have been connected with the mean surface of the
ocean.

Important changes are made as the result of this investigation. The
elevation of the great lakes and surrounding country is found to be
about 9 feet more than previously reported by the State geologist of
Ohio, and that of Saint Louis about 23 feet higher than reported by
Humphreys and Abbot. While Kansas City, and all the surrounding
country for many hundred miles south and west, has heretofore been
reported more than 100 feet too low, Omaha is raised about 31 feet, and
Indianapolis about 100 feet. The fall of the Mississippi above Memphis,
and of the Ohio, and of the Missouri Eiver, is also changed. The
amounts of these changes are so great, and the accuracy of the results

of such importance to science and to our work of internal improvements,
that I publish the evidence upon which they rest, and a statement
of the evidence upon which previous reports were made where such
could be found.
The checking at Denver of the levels brought through by the U. P.

and D. P. E. B., and by the K. P. E. E. is so close that I believe the
error of elevation of this point cannot exceed 10 feet, exclusive of that
due to deflection of the-plunib-line by attraction of mountain-masses.
The result by the K. P. E. E. is 5198.97 ; and by the U. P. and D. P. E.
E.s, 5191.20 feet above mean sea. My determinations of the elevation
of Ogden, above the Atlantic Ocean, by the U. P. E. E., and above the
Pacific Ocean, by the C. P. E. E., differ only 25 feet. When it is con-



GARDNER.] GEOGRAPHY ELEVATION OP DATUM-POINTS. 633

sidered that the line of levels from the Atlantic to Ogden, Utah, is about
two thousand miles long, this discrepancy is small. It is not improba-
ble that a large part of this error lies between Cheyenne and Ogden,
where the work on the U. P. E. R. was driven at an unprecedented
speed, and where the line lies over mountains. The accompanying map
shows the lines of levels that have entered into this discussion.

Jpiscussion of evidence of the altitudes of various points in the United
/States and Canada.

THE ELEVATION OF LAKE ONTAEIO.

First determination.

Jean tide at Albany, by United States Coast Survey
leveling.

lean surface of Lake Ontario, by report of final level-

Tings of Erie Canal, (see profiles accompanying an-
nual report of State engineer and surveyor of New
York, January 1, 1868, by J. P. Goodsell.)

lean surface of Lake Ontario

Second determination.

pan tide in St. Lawrence Eiver at Three Eivers,
datura of levels of G. T. B, W. of Canada.

Surface of Lako Ontario.

Do
[These figures are from a report of the chief engineer
of the G. T. E. W. of Canada, dated March, 1872.)

lean high-tide at Portland, Me., by United States Coast
Survey report.

Surface of Lake Ontario

Final results.

Surface of Lake Ontario :

First determination
Second determination
Adopted as correct
Error of second determination

Feet.

6.77

235. 00

241. 77

4.5

Various datum-planes.

Above mean tide west
end of Eighteenth
street, New Vork.

Above M. T., Albany

Above M. H. T., at Port-
land, Me.

Above M. T., Three
Kivers.

Above M.H.T., Portland

Above M. T., Portland.

.2 o © a

« o § »

4.84

249. 29

246. 27

249. 99
246. 27
249. 99

The first determination is adopted, because it is the final result of

many years' leveling over the line of the Erie Canal, as against the result

of a long and broken line of railroad-levels ; and because the canal-engi-

neers have undoubtedly taken greater pains to get the mean surface of

the lake than the railroad-engineers, to whom such knowledge was of

no practical importance.
At Montreal, the levels of the G. T. R. W. are checked approximately

by levels run by the Montreal and Champlain R. R. Co., Montreal, sum-
mer, water in river is 30 feet above mean sea by the G. T. R. W. ; by
the JVI. & C. levels L. W. at Montreal is 69.7 feet below L. W. Champlain.
The surface of the lake is 100.81 feet by canal from Albany ; hence L.

W. Montreal about 3L feet. Considered with reference to Lake Cham-
plain, we have its height above mean sea 100.84 feet by Hudson River and
Whitehall Canal, and 99.7 feet by G. T. R. W. from Portland.
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ELEVATION OF BUFFALO, CLEVELAND DIRECTRIX, AND MEAN SURFACE OF LAKE
ERIE.

Feet. Various datum-planes. 9S C

>2

First determination.

Mean tide at Albany, N. Y., by United States Coast
Survey leveling.

Surface 'of water in Erie Canal at Buffalo, by report
of final levelings of Erie Canal, (see profiles accom-
panying annual report of State engineer and sur-

veyor of New York, January 1, 1868, by J. P. Good-
sell.)

"Water-prism of this section 9 feet deep ; bence, bot-

tom of canal at Buffalo.
Surface of Erie Canal, Buffalo
Bottom of Erie Canal, Buffalo
Surface of Lake Erie, by observations at Cleveland
and Buffalo from 1844 to 1857, and published in

Smithsonian Contributions, by C. Whittlesey, 1860.

Mean surface of Lake Erie at Buffalo
Do

Cleveland directrix, by mean of a very favorable
month of synchronous observations at Buffalo and
Cleveland on surface of lake, by Mr. C. Whittle-
sey and Mr. J. Lathrop.

Cleveland directrix
Do

4.84

568. 42

Above M. T. foot of Eight-
eenth street, New York

.

Above M. T. Albany

.do

Above bottom of Erie
Canal.

568. 24

"
ii.42"

Above M. T. Albany .

Above bottom of Erie
Canal, Buffalo.

Mean surface of £alie Erie from 1844 to 1857

Second determination.

Permanent United States Coast Survey bench on
granite block at Gloucester Ferry, N. J., by United
States Coast Survey Report of 1871.

Mean tide in Delaware River at Philadelphia, by
United States Coast Survey Report.

Mean tide at Philadelphia
Philadelphia city datum, by leveling of Mr. S. L.
Smedley, city-engineer and surveyor, and Ms assist-

ant, Mr. Herring, January 11, 1874.

Philadelphia city datum
Pennsylvania R. R. datum, by report of Mr. Wilson,

consulting-engineer of P. R. R., 1874.
1

Pennsylvania R. R. datum or base of levels, called
H. T. at Philadelphia.

Harrisburgh, Market street depot track
Do

Pittsburgh, Union depot track
Do

(The above elevations are from a profile of the last

computations from releveling the whole line, agree^
ing within one foot with the old construction-levels
at Pittsburgh. Report by Mr. Wilson, consulting-
engineer, April 29, 1874.)

Alliance, by P. F. W. & C. R. R. profile, 1872

Above M. S. of Lake Erie
from 1844 to 1857.

8.10

4.751

6.632

Above M. T. Raritan Bay,
equal mean surface of
Atlantic.

Below U.S. C. S. bench....

Above U. S. C. S. bench.

1.819 Below Philadelphia city
datum.

313. 00

'moo"

Above P. R. R. datum

.

Above P. R. R. datum

.

Alliance, (track)
Cleveland directrix, by profile of C. & P. R. R., re-
ported by Mr. I. Pillsbury, February 11, 1858.

Cleveland diroctrix
Crestline, (track,) by profile of P. F. W. & C. R. R. ..

.

Crestline
Cleveland directrix, by profile of C. C. C. & I. R. R.,
reported by Mr. I. Pillsbury, February 11, 1858.

Cleveland directrix
Cleveland directrix, mean of Crestline and Alliance

routes.
Mean surface of Lake Erie

Above Union depot, Pitts-

burgh.

573.23

564.25

573. 0:

575. 6i

573. Ot

8. 73;

6.912

319. 913

*744." 913

507. 55 Below Alliance
1, 081. 613

407. 60

"sit 36'

Above Union depot, Pitts-

burgh.

Below Crestline

.

1, 152. 51

575. 21
574. 631

Ihird determination.

Mean tide Albany, by United States Coast Survey
Buffalo, N. Y. C. & L. S. E. R. depot track, by profile

of N. Y. C. R. R.
Buffalo, N. Y. C. depot track

,

4.84
578. 23

Above M. T. New York .

Above tide at Albany, as-

sumed to be M. T.
583. 07
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Elevation of Buffalo, Cleveland directrix, and mean surface of Lake Erie—Continued.

Feet Various datam-planes.

Elevation

in

feet

above

mean

sur-

face

of

Atlantic

Ocean.

Tliird determination—Continued.

Cleveland, L. S. depot track, by profile of L. S. & M. 0.70 Above Buffalo depot track
s. e. e. y

583 77
Cleveland, L. S. E. K. depot track, by city-engineer re-

port. '
8.5 Above city-directrix

575 27
572. 67

Fourth determination.

350. 00

30.25
Pa.E.E., west of Harrisburgh, by profile of N.C.E.E.

Do .: 319. 75
Surface of Lake Erie, (year not given,) by P. & E. E. E. 251. 00

570. 75

Fifth determination.

606. 80
582. 20

14.5
8.5

23.00

Surface of Lake Erie at Dunkirk, by profile supposed
to be from construction-levels.

(The present chief engineer reports that the line has
been rerun, and that the old and new lines differ

over 20 feet in some places. After examining the
old aod new levels, he gives preference to the old,

but considers both incorrect.)
Cleveland, L. S. depot, by L. S. & M. S. E. E

do

Do 583. 80
581. 20

(This result is rejected in making up the means, be-
cause the levels are condemned by the chief engi-
neer of the road.)

Sixth determination.

Surface of Lake Ontario, by G. T. E. TV. of Canada . 240. 27
Surface of water in Detroit Eiver opposite Detroit,
by G-. TV. E. W. of Canada.

Surface of Lake Erie by State geological survey report.

328. 40

3.00

Above mean surface of
Lake Ontario.

571. 67

Final results.

Lake Erie

:

573. 08
do 572. 037
do 572. 670
do 570. 750
do [581. 20J

571. 67do

Adopted result.

573. 08
1844 to 1857.

Differences of other results from the one adopted.

- 1.04
- 0.41
- 2.33
- 1.41 do

(The first determination is adopted, because it is the
final result of many years' leveling on the Erie Canal,
connected with the mean of thirteen years' observa-
tions on the surface of the lake.)

Cleveland directrix

:

575. fiS

574. 637
575. 270
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Elevation of Buffalo, Cleveland directrix, and mean surface of Lake Erie—Continued.

Feet. Various datam-planes. « 32
.3 © o a

.Adopted result.

Cleveland directrix, (this is high-water mark of 1833

on pier.)

Differences of the other results from the one adopted.

Second determination differs

Third determination differs

- 1.04
- 0.41

The first determination is adopted, because it is the result of many
years' leveling over the Erie Canal, connected with Cleveland by a very
favorable month of observations on the lake surface, and connected with
mean sea by the levels of the United States Coast Survey.
The United States Coast-Survey line from their tide-gauge atNewYork

to that at Albany was run for scientific purposes, and is undoubtedly
leveling of the first quality. The Erie Canal has been in process of con-

struction and enlargement for over fifty years. During this time the
levels must have been rerun many times, and the benches and compu-
tations checked by a succession of different engineers. Their final

report should be of the highest authority. The mean surface of Lake
Erie, during a month with light winds, when the fluctuations of the lake
were small, is considered a level plane for connecting the west end of the
canal with Cleveland. I think these reasons sufficient to justify me in

accepting the first determination as against those by the railroad-lines.

The result may then be considered as showing great accuracy in the
railroad surveys, which are from 480 to 600 miles long, and yet differ

but about one foot from the canal-levels.

At Harrisburgh, where the lines of the second and fourth determinations
cross, the checking is very close. The height, as brought by the U. S.

C. S. and Pa. B. B. from Earitan Bay, one hundred and seventy-five
miles, is 319.91, while that brought from Baltimore by the N. C. E. E.
is 319.75 ; the two differing only Ty^ of a foot. The elevation of this

same Market-street depot at Harrisburgh by the P. & E. E. E., reported to

me by the chief engineer May, 1874, is 308.03 above M. T. Philadelphia,
which would be 311.38 above M. T. Atlantic Ocean. This line is evi-

dently in error about 8 feet between Philadelphia and Harrisburgh, but
I believe it to be mostly in their computation, and not in the instru-

mental work.
At Pittsburgh the Pa. E. R. is again checked by the B. & O. E. E.,

which, in a number of reports, give the elevation of their depot as 735
feet above mean tide at Baltimore. By the report of the city-engineer,

the B. & O. E. E. depot track is 7.75 feet below that of the Union
depot ; hence the elevation of the track in the Union depot at Pitts-

burgh, by the B. & O. E. E. above M. T. Baltimore, is 742.75 feet. That
by the Pa. R. E. was 744.91 feet above M.'T. Earitan Bay. As it is not
known to me how this mean tide was determined at Baltimore, nor is it

known whether mean tide at Baltimore is the same as the mean ocean-sur-

face, and as the B. & O. E. E. levels have not been subject to as many
revisions as those of the Pa. E. E., and the connection of the Pittsburgh
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depot is not known to be with the same grade given in the profiles of the
railroad, I consider the Pa. E. E. result as being the more reliable for
the present elevation of the track in the Union depot.
The line of levels from Baltimore, by the N. C. E. E. to Harrisburgh,

and thence, by the P. & E. E. E. to Lake Erie, at Erie, a distance of four
hundred and twenty-six miles, reaches the lake with an error that does
not exceed 2 feet.

ELEVATIONS OF LAKE HURON, LAKE MICHIGAN, AND THE CHICAGO DIRECTRIX.

Feet. Various datum-planes.

Elevation

in

feet

above

mean

sur-

face

of

Atlantic

Ocean.

First determination.

Lake Ontario at Oswego, by United States Coast Sur-
vey and Erie Canal.

Surface of Georgian Bay, Lake Huron, at Colling-

249. 99

340. 00 Above Lake Ontario
wood, by N. R. R. of Canada.

589. 99

Second determination.

Surface of Lake Huron at Sarnia, soutli end of lako, 341. 00 Above Lako Ontario
by G. T. R. W. of Canada.

590. 99

Third determination.

Mean surface of Lake Huron at Sarnia, by G. W. R. 340. 00 Above Lake Ontario
W. of Canada.

589. 99

573. 08

Fourth determination.

Mean surface of Lake Erie, by United States Coast
Survey and Erie Canal.

Surface of Detroit River at Detroit, by State geologi- 3.00

11.60

14.60

Above Lake Erie
cal survey report.

Mean Surface of Lake Huron, by G. W. R. W. of Above surface of river at
Detroit.Canada.

Difference of Lake.Erie and Lake Huron, mean sur-
faces.

587. 68

' Fifth determination.

Surface of Detroit River at Detroit, by State geologi- 3.00

55. 60

43.00
12.6

15.6

cal survey report.
Junction of D. & M. R. R. and G. T. R. R., by D. & M. Above water in Detroit

River, Sept. 24, 1868.
Below Milwaukeejunction
Above river at Detroit,
September 24, 1868.

R-.lt.

Surface of Lake Huron, by G. T. R. W. of Canada
Lake Huron

Do

SixtJi determination.

Surfaco of Detroit River at Detroit 3.00
10.74

13.74

Surface of Lako Michigan at Grand Haven, by D. Above river at Detroit,
September 24, 1808.& M. R. R.

Lake Michigan
5S6 8°

Seventh determination.

Cleveland directrix . 575 68
Crestline, by C. C. C. & 1. 11. R 577. 30 Above Cleveland directrix.
Crestline .

.

". 1 152 98
Chicago depot of P. F. W. & C. R, R. track, by P. F.
W. dc C. R. R. report, 1872.

Chicago, P. F. W. & C. depot track

558.0

594 38
8.5 Below top of rail in P. F.

W. &. C. depot.

5S."> 88
Mean surface of Lake Michigan for post twenty
years, by city-enginetr'a report.

2.00
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ELEVATIONS OF LAKE HURON, ETC.—Continued.

Surface of Lake Michigan, mean of twenty years—
Alliance, by C. &P.R. R
Alliance
Chicago depot, track of P. F. W. & C. R. E., by P. E.

"W. & C, 1872, report.
Chicago depot, track P. F. W. & C. R. R
Chicago directrix, by city-engineers, 1872
Chicago directrix
Surface of Lake Michigan, mean of past twenty years
Chicago directrix, by P. F. W. &. C. R. R., mean of Al-

liance and Crestline connection with Cleveland.
Surface of Lake Michigan

Eighth determination.

Cleveland directrix
Cleveland, L. S. &. M. S. depot, by city-engineer
Chicago, L. S. & M. S. depot track, by profile procured

at the office of chief engineer, October, 1873.

Chicago, L. S. & M. S. R. R. depot track
Chicago directrix, by city-engineer, lb72

Chicago directrix
Surface of Lake Michigan, mean of past twenty years

Ninth determination.

Mean surface of Lake Erie
Mean surface of river at Detroit, by State geological
survey report.

Usual height of water in river on June 1

Chicago depot of M. C. R. R., by M. C. R. R. report . .

.

Chicago depot of M. C. R.R. & I. C.R.R
Chicago directrix, by chief engineer of I. C. E. R

Chicago directrix
Mean surface of Lake Michigan ,

Final results.

Surface of Lake Michigan and Lake Huron

:

(2) First determination
(2) Second determination
(2) Third determination
(1) Fourth determination
(1) Fifth determination
(1) Sixth determination
(4) Seventh determination
(4) Eighth determination
(1) Ninth determination

(The figures in parentheses indicate the relative
weights with which the different determinations
enter into the mean.)

Adopted result.

Mean of nine determinations
Mean surface of Lake Michigan for past twenty years
The extreme range among the nine results is

(This amount does not exceed the known fluctua-
tions of the lakes.)

Chicago directrix

:

Seventh determination
Eighth determination .

Mean
Result by subtracting 2 feet from adoptod result for
mean surface of the lake.

Adopted result.

Chicago city-directrix
The observations at Chicago make the city-directrix.

Feet.

507. 55

487.7

""a 50

8-50
16. C

3.00

1.00

13.20

C.5

Huron ..

...do ...

...do ...

...do...

...do ...

Michigan
...do ...

...do...
Michigan

4.21

Various datum-planes.

Above Cleveland directrix.

Below Alliance

Below depot track .

Above directrix
Above Cloveland depot

.

Below track of L. S. & M.
S. depot.

Above Lake Erie.

Above mean surface of
river.

Above river at Detroit,
June 1, 1809.

Below I. C. & M. C. R. R.
depot.

State of water unknown.
do

Mean surface
do

State of water unknown

.

do
Mean surface

do
do ..

Below mean surface of
Lake Michigan for past
twenty years.

£5'.
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Hence, if the height 5S9.15 feet is adopted as the mean surface, 587.15
feet must be the elevation of the city-directrix. I have given their respect-
ive relative weights to the different determinations for the following rea-
son : The fourth, fifth, sixth, and ninth are of least value, because they
depend on the height of the water at Detroit, being 3 feet above Lake
Erie, as reported by the State geological survey. The original data upon
which this report depends cannot be found, and I therefore consider it

open to much doubt. The first, second, and third determinations are
given the value (2) because they are first-class railroad-lines, run from a
base at Toronto, called surface of Lake Ontario, but which I do not
know to be the mean surface, but simply assume it to be so. They run
directly to Lake> Huron, but only in one case is the state of the water
given ; and then I do not know of how many years it is the mean.
These results should, of course, be far better than the fourth, fifth, sixth,

and ninth, but are not nearly so probable as the seventh and eighth,
which depend on railroad-lines run directly from the Cleveland direct-

rix to the Chicago depots, which in this case seem well connected
with the Chicago directrix. The height of the Cleveland directrix, as
brought through on these same railroad-lines, the L. S. & M. S., the
P. F. W.& C, C. & P., and C. C. 0. & I. E. Es. had checked so closely with
the canal and lake surface result that they are entitled to great weight
in their westward extension to Chicago. In connection with these
directrices of Cleveland and Chicago, the fluctuations of the lakes have
been observed, and the mean surfaces determined. For accounts of
these fluctuations see Smithsonian Contributions, 1860: Fluctuations of
Level in the North American Lakes, by Charles Whittlesey; also a
recent report from the Dudley observatory, Albany, 1ST. Y.

Determinations 1, 2, 3, 7, and 8 are the only ones which rest upon
sufficient evidence to make them of much value, and it will be noticed
that the range among these five is only 2.53 feet, with the lake at an
unknown stage of the water. The range among those three that refer

to the mean surface of Lakes Huron and Michigan is only 1..53 feet. I
think therefore that the elevations of the mean surface of Lake Michigan
and of the Chicago directrix will probably not be open to a change of
over one foot. We have here at the Chicago directrix an opportunity
for comparing the results of two very long and independent lines of
railroad-levels, those of the N. Y. C. and L. S. & M. S. R. Es., and of the
Pa. E. K and P. F. W. & C. E. E. I j£ive the resjilts in details
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From mean tide New York Bay to the Chicago directrix.

* Feet. Various datuni-plane3.

Elevation

in

feet

above

mean

sur-

face

of

Atlantic

Ocean.

By the N. Y. C. R, E.

:

4.84
578. 23
17. 30
12.80

Above M. T. New York .

.

Buffalo depot, by N.Y.C.B.R
Chicago depot, by L. S. & M. S. B. B

Below Chicago, L. S. &. If.

S. depot.
Do 587. 57

Total distance from New York Bay, 980 miles.

By the Pa. B. B.

:

6.913
738. 00
151. 00
8.50

Above M. T. Earitau Bay.
Pittsburgh Union depot, by Pa. B. B
Chicago depot, by P. P. W. & C. B. It

Do 585. 41
Total distance, about 900 miles.
Chicago directrix, by N. Y. C. & L. S. & M. S. B. E., 980

miles.
Chicago directrix, by Pa. E. E. & P. F. W. & C. E. E.,

900 miles.

587. 57

585. 41

2.16

These lines are about one hundred and fifty miles apart through
the first half of their course and about fifty miles in the western part.

The Pa. E. B. crosses the Appalachian-mountain system in a difficult

place, rising to a height of 2,290 feet, among ridges that must exert con-
siderable attraction upon the level, while the N. Y. C. and L. S. & M.
S. Eailroads are through comparatively level country; and yet, after

this long course of about nine hundred miles, they reach Chicago with
only two feet difference in their levels. The result seems truly remark-
able. The height by the Pa. E. E. differs—1.74 feet, and by the K' Y.
C, L. S. & M. S. E. E. +0.42 feet from the adopted elevation.

The N. Y. C. E. E. is checked at Buffalo, three hundred miles from
Albany, by a connection with surface of Lake Erie, state of water un-
known, but assumed to be mean surface. The railroad-levels are 0.7 foot

too high. At Cleveland, four hundred and eighty miles from Albany,
the railroad-levels are 0.41 feet too high, and at Chicago 0.42 feet too
high. The Pa. E. E. is checked at Harrisburgh, one hundred miles from
Philadelphia, where it is intersected by the 1ST. C. E. E., bringing its

levels from mean tide at Baltimore, eighty-four miles. The two lines of
levels differ but 0.16 feet. It is checked again at Pittsburgh, three hun-
dred and fifty miles from Philadelphia, where the B. & O. E. E. inter-

sects, bringing its levels from mean tide at Baltimore about three hundred
miles. The levels by the Pa. E. E. are 2.16 feet higher than by the B. & O.
E. E., but the connection of the profiles of the two is not exactly certain.

It is, however, not improbable that mean tide at Baltimore is a little

above the mean level of the ocean. At Alliance, the P. F. W. & C, the
extension of the Pa. E. E. line of levels to Chicago, is checked by the
C. & P. E. E. from the Cleveland directrix. The elevation of Alliance
by the Pa. E. R. and P. F. W. & C. E. E. is 1081.61 feet; that by the
C. & P. E. E. is 1083.23 feet ; the P. F. W. & C. being probably too
low.

At Crestline it is checked again from the Cleveland directrix, the ele-

vation by the P. F. W. & C. E. E. being 1152.51, and that by the C.
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C. C. & I. E. B. 1152.98 ; the P. F. W. & 0. being probably too low.
At Chicago, the P. F. W. & C. E. E. levels are 1.74 feet too low. The
mean of these checks at Alliance, Crestline, and Chicago would make
the whole of the western part of this line 1.27 feet too low. I therefore
think it not improbable that the elevation of Pittsburgh by the Pa. E.
E. may be about 1 foot too low. Considering all the evidence, I should
be inclined to adopt 746 feet as the elevation of Pittsburgh Union-depot
track instead of the Pa. E. E. result of 744.913.

The longest connected line of railroad-levels that we have an opportu-
nity to check at Chicago is that of the G. T. E. W. of Canada, from
Portland, Me., to Detroit, Mich., and thence to Chicago by the M. C. E.
E. The details of the line and its results are as follows

:

Elevation of Chicago directrix by G. T. E. W. of Canada and W. C. E. E.

Feet. Various datum-planes.

<K w a

.2 ai*3

o 2
.2 <D O fl

Ills

Mean high tide at Portland
Mean tide, G. T. E. E. datum at Three Eivers .

Toronto
Detroit junction
Chicago depot
Chicago directrix

Do
Distance from Portland to Chicago 1,142 miles.

4.5
6.77

239. 78
340. 22

4.70
6.50

Above M. T. Portland
Above M. H. T. Portland.
Above G. T. E. W. datum
Above Toronto
Below Detroit junction. . .

.

Below depot of M. C E. E
580. 07

My adopted elevation is 587.15 feet ; therefore, this line of levels,

eleven hundred and forty-two miles long, appears to be in error only
7.08 feet, and the greater part of this error is in the M. C. E. E. line in

the last three hundred miles. The quality of the line in different parts
is shown by the checks at various points. The first check is at Toronto,

six hundred and thirty miles from Portland, where the line is connected
with the surface of Lake Ontario, the state of the water unknown, but
assuming it to be the mean surface, the levels are 3.72 feet too low. The
next check is at Sarnia, on Lake Huron, eight hundred miles from
Portland, where the line is connected with the surface of this lake; the

state of the water is again unknown, but, if assumed it to be the mean
surface, the levels are 1.88 feet too low. At Detroit junction we have
an approximate check by the height of that point, by the M. C. E. E.,

above H. W. in river at Detroit, June 1, 1889. The M. C. E. E. gives

the height of Grand Trunk junction at 17.90 feet above H. W. 1889.

This point we have supposed, by the geological-survey report, to be
about 4 feet above the mean surface of Lake Erie; hence the junction

would be 21.90 above Lake Erie, or 594.98 feet above M. T. The eleva-

tion of this point by the G. T. E. W. is 591.27, a discrepancy of 3.71

feet. From this, and from the ninth determination of elevatiou of Lake
Michigan, it appears that there is an error of about 4 feet in the M. C.

E. E. profile, in the difference of elevation in its termini. The leugth
of this line is two hundred and eighty-four miles.

Establishing the elevation of the Chicago directrix gives us the means
of checking another very long line of levels, extending from M. T. at

New Orleans to Chicago, a distance of nine hundred and sixty miles.

The details of the line are as follows

:

41 G S
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From mean tide at New Orleans to Chicago, oy N. 0. J. fy Gt. N. B. B., Miss. C. B. B., M. fy

T. B. B., M. 4" L. B. B., N. fy 2V. W.B B,, R. W. slope of Mississippi Biverfourteen miles,

M. 4- 0. B. B., and III. C. B. B.

ELEVATION OF MEMPHIS, TENN.

Feet. Various datum-planes.

Canton, Miss., by N. 0. J. & Gt. N. B. B
Grenada, Miss., by Miss. 0. B. B
Memphis, L. TV. in Mississippi Biver
Memphis, (supposed to be depot,) by M. & T. B. B

—

Memphis, depot
Memphis, L.W
Memphis City datum + 100 feet = H. TV. previous to

1858, by city-engineer report.

Grand Junction, Tenn., by M. C. E. E
Grand Junction
Memphis, by M. & C.E.E
Memphis, depot M. & C. E. E
Memphis, H. TV. of railroad reports, 1844
Memphis City datum + 100 feet = H. W. previous to

1858.

(This city datum + 100 feet = H. TV. is either the
H. W. of 1844 or of 1850 ; but they differed only 0.4

foot. The elevation of this H. TV. mark in several
reports of the M. & C. E. E. is given as 220.44

above tide in Mobile Bay. As the only records that
I have of the M. & C. E. E. are above L. T., Mobile
Bay, this 220.44 may be above L. T. In this case
Memphis H. TV. would be 218.74 above Mobile Bay
M. T., but in either case the results from New Or-
leans and Mobile differ very little,)

Final results.

Memphis H. TV", previous to 1858, 100 feet above city-

datum.
Do
Do

240. 00
56.00
0.00
75.00

Above M. T. New Orleans
Below Canton
Above Grenada ,

...do

334. 44
574. 44
329. 47

Below M. & T. E. E. depot

Above Canton
Above New Orleans, M. T
Below Grand Junction. .

.

25.00
27.00

Below M. & C. depot

.

Below M. & C. depot

.

Above New Orleans M. T

.do

.do

Mean of the above adopted result.

Memphis H. TV. 100 feet above city-datum..
Memphis H. TV. 100 feet above city-datum.

.

Do
220. 44
218. 74

Above New Orleans, M. T
Above Mobile Bay
Above Mobile Bay, M. T .

MEMPHIS TO CHICAGO.

Various datum-planes.

.2S-

Memphis, Tenn., City datum + 100 feet = H. TV. pre-
vious to 1858, by N. O. J. & G. N., M. C, M. & T.
E.Es.

McKenzie Junction, by M. &. L. E. E

L. TV". Mississippi Biver, Sept. 30, 1858, at Hickman, Ky,
H. TV., 1858, at Columbus, by Humphreys and Abbot's

report.
(This makes the H. TV. slope of the river, from Hick-
man to Memphis, 0.49 feet per mile, supposing the
distance to be 190 miles.)

H. TV. 1858, at Columbus, Ky., 14 miles up the Missis-
sippi by slope qf river.

H. TV. at Cairo, by preliminary survey for M. & O.

Chicago directrix, by chief engineer I. C. E. E., Octo-
ber, 1873.

218. 65

269. 56

213. 00
37.80

7.00

11.50

258. 50

Above M. T. New Orleans

Above city-datum of
Memphis + 100 feet =
H.TV.

Below McKenzie
Above L. TV. 1858

Above H. TV. Hickman . .

.

Above H. TV. at Columbus.

Above H. TV. at Cairo
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MEMPHIS TO CHICAGO—Continued.

Feet. Various datum-planes.

<S <0 S

.2 <c o a

f |§§

Chicago directrix
From the figures given above -we have also Memphis,

Tenn., H. W. = city datum + 100 feet.

Memphis, H. W. 1858

Do
Hickman, Ky. , H. W. 1858
Columbus, Ky., H. W. 1858
Cairo, H. W. 1858
Cairo City datum=ordiaary L. W.

Above M. T. New Orleans
Above New Orleans M. T

Above previous extreme
H."W.

Above New Orleans M. T

590. 01
218. (55

Below H. W. 1858

219. 65
313. 01
320. 01
331. 51
291. 13

The adopted elevation of the Chicago directrix being 587.15, this line

of levels, nine hundred and sixty miles long, reaches Chicago with an
error of only 2.86 feet. The error of connection, due to using the H. W.
slope of the Mississippi River for fourteen miles, would not probably
exceed a foot or two. At Memphis, the line is checked to within 1.8 feet

with the levels from Mobile Bay. At Columbus and at Cairo, the line

is checked by the M. & O. R. R. ; but the only reports of this line which
I can find give the elevations as determined by an experimental survey,

the results of which were reported to the second meeting of stockhold-

ers, in 1850. The character of reconnaissance-surveys is such, and the

results have proved so inaccurate when I have been able to compare
them with the construction-levels, that I have not felt justified in giving

the results of the M. & O. R. R. preliminary survey to Columbus and
Cairo any weight as compared with the profiles of constructed lines. It

is, however, upon this preliminary survey that Humphreys and Abbot,
in their Hydraulics of the Mississippi River, base their elevations of

Saint Louis, Cairo and Columbus, and consequently their slope of the

river from Cairo to Memphis.

RESULTS BY M. & O. E. E., PEELIMINAET, COMPAEED WITH ADOPTED LEVELS.

Eeet. Various datum-planes.

Elevation

in

feet

above

mean

sur-

face

of

Atlantic

Ocean.

H W. at Columbus, by M. & O. preliminary survey
M. T. Mobile Bay «

308. 50
1.70

306. 80
320. 01

320.

Above M. L.W. Mobile Bay
Above M. L. T
Above M. T. Mobile Bay .

.

Above M. T. New Orleans

.

306. 80

H. W. 1858, Columbus, by N. O. J. & G. N., M. C, M. &
T., M. & L., N. & N. W. E. E.

320. 01

Do .'. Above M. T. Mobile Bay .

.

318. 30

H. W. 1858, Cairo, by N. O. J. & G. N., M. C, M. & T.,

M. & L., N. & N. W. E. E.

331. 51

It will be seen further on that the elevation of the Cairo City datum,
as brought from New Orleans, is within a foot of that brought from the

Cleveland directrix, via Cincinnati and Indianapolis. In summing up
all evidence on the elevation of the Cairo City datum, on page G17, it

will be shown why I reject the levels of the M. & O. R. R.

If we consider now the line from Portland to Chicago and from Chi-

cago to New Orleans as one, we have a connected chain of railroad-levels
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twenty-one hundred miles long, starting from mean tide at Portland,

Me., and reaching New Orleans, La., with an error of —9.9 feet.

If we join the N. Y. C. and L. S. & M. S. B. Ks. with the line from
Ghicago to New Orleans, we have a connected chain of railroad-levels,

eighteen hundred miles long, starting from mean tide in New York Bay
and ending at mean tide New Orleans, with an error of only —2.44 feet.

Using the Pa. B. E. aud P. F. W. & O. E. E. for a through-connec-

tion in the same way between mean tide Earitan Bay and New Orleans

mean tide, a distance of about eighteen hundred miles, the levels reach

New Orleans with an error of—4.61 feet.

These results will give some idea of the accuracy of extended lines of

railroad-levels when properly connected.

ELEVATION OF CINCINNATI CITY BASE, WHICH IS STANDARD LOW WATEE IN
OHIO BIVEB, 62. 50FEET BELOW H. W. 1832.

Feet. Various datum -planes.

Elevation

in

feet

above

mean

sur-

face

of

Atlantic

Ocean.

First determination.

L. W. Ohio Eiver at Cincinnati, by Miami and Erie
Canal.

133. 00

573. 08
440. 08

Second determination.

Columbus, Ohio, by C. C. C. & I. B. B 167.33 Above Cleveland directrix.
575. 68
743. 01

307. 58
Col. & X. and L. M. E. E.

435. 43

Third determination.

Columbus, Ohio, depot tract, by C. C. C. & I. from
Cleveland directrix.

Athens, Obio, junction of M. & C, by C. & H. V. E. E

743. 01

96.00
647. 01

L. W. at Cincinnati point, 62.5 feet below H. W. 1832,
= city base, by M. & C. E. E.

207. 00

440. 01

Fourth determination.

Dayton, by D. & M. E. E 180.00
313. 00

Above Lake Erie at Toledo.
L. W. at Cincinnati, by C. H & D. B. B

573. 08
440. 08

- Fifth determination.

L. ~W. Obio Eiver at Parkersburgh, by report of a line
of levels run from Cincinnati to Parkersburgh, (not
the M. & C. E. B.)

Above M. T. Baltimore

do

573. 50

440. 00

Final results.

L. W. in Ohio Eiver at Cincinnati, city directrix:
440. 08
435. 43
440. 01
440. 08
440. 00
439. 74
439. 74

(The first determination is given a weight of (10) be-
cause it is a canal-line. The second and third de-
terminations are well checked at Columbus by the
P. C. &. St. L. E. E. from Pittsburgh.)

746. 00
Columbus depot track, by P. C. & St. L. E. E 3.80

742. 20
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This result differs but 0.8 feet from that by the C. C. C. & I. R. R.
from Cleveland directrix.

If we consider the depot track at Columbus, Ohio, as the point of
junction of two long, connected lines of levels from the sea, one being*

from New York by the Erie Canal, surface of Lake Erie, C. C. C. & I. R.
R., and the other by the Pa. R. R. and the P. C. & St. L. R. R., we should
have the elevation of Columbus by the former as 743.01 feet above the
sea, and by the latter as 741.11 feet. The difference between the two
is only 1.9 feet, though the shorter line of the two is over six hundred
miles in length.

ELEVATION OF INDIANAPOLIS.

Feet. Various datum-planes.

£a£o

Cincinnati L. "W., city-base

First determination.

439. 74

Cambridge, by W. W. VaL B. B
Cambridge
Indianapolis union depot, by P. C. & St. L. B. B
Indianapolis union depot

508. 00 Above city-base .

227. 00 Below Cambridge.
947. 74

720. 74

Second determination.

Indianapolis union depot, by I. 0. & L. E. E .

Indianapolis union depot track

Third determination.

City-datum of Fort Wayne, by report of city-engi-
neer, who says it was' brought by canal. As this
elevation of the city-datum is not from original
canal-reports, I do not dare to accept it, and prefer
the following, as previous results have shown the
C C C & I. and P. F. W. & C. to be so reliable.

Crestline, by C C C & I. E. E
Fort Wayne depot

Do
Cleveland directrix
Fort Wayne depot of P.F.W.& C
City-datum, by city-engineer
Fort Wavne, city-datum
Fort Wayne, F. W. J. & S. E. E. depot
Junction of F.W.M. &C.E.E

Do
Cambridge, by F. W. M. & C. E. E
Cambridge
Indianapolis union depot, by P. C. & St. L
Indianapolis union depot
(As it is not known that the depots at Fort Wayne,
referred to by the railroad-pro tiles, are the same as
those of the city-engineer's report, I do not feel cer-
tain of the connections by this line. I, therefore,
reject this determination, and use only the first and
second in the final result.)

Final results. •

Indianapolis union depot

:

First determination
Second determination

Mean adopted ,

City-base Indianapolis is L. W. in White Eiver
Indianapolis city-base

Above point supposed to
be city-base because H.
W. 1858 is 58 feet in
profile.

196. 00

577. 33
348. 00
229. 33

Above Lake Erie .

722. 75

769. 08

Above Cleveland directrix.

Below Crestline
Above Cleveland directrix.

Below P. F. W. & C. depot.

575. 68
805. 01

789. 70

8.1
6.0

Below city-datum
Above F. W. J. & S. depot.

173. 88

"227." 66

Above junction . .

.

Below Cambridge.

787. 60

"961."48

"73148

720. 74
722. 75

721. 75
Below union depot

688. 67
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ELEVATION OF THE SAINT LOUIS DIRECTRIX.

Eeet. Various datum-planes.

PI 3s

.2 <o o ci

"§ o g 2

.Fmf determination.

Indianapolis union depot track : .

.

Terre Haute, by T. H. and Ind. R. R . .

.

Terre Haute, T. H. & Ind. depot
Terre Haute, H. W. in Wabash River

Do
Terre Haute, river-bed "Wabash River

Do
Terre Haute, ordinary water Wabash River. .

.

Saint Louis directrix, by St. L. V. & T. H. R. R.
Saint Louis directrix

19.3

'50." 8"

71.60

Second determination.

Indianapolis union depot
Vincennes, by Ind. & V. R. R

Vincennes
Saint Louis directrix, by C. & V. and St. L. & S. E.
RRs.

Saint Louis directrix

287. 36

3.60

Third determination.

Cincinnati directrix
Present depot of O. & M. R. R., by city-engineer
Vincennes, by O. & M. R. R. report in 1857
(It is not known whether the present depot is referred
to in this old profile. If not the present one, it is

probably the one at the north edge of the city,

which is a few feet higher. Assuming it to be the
same depot as at poesent :)

Vincennes
(On account of the uncertainty above mentioned, this
result is not used, but merely introduced to show
how small the probable error is of the elevations of
Indianapolis, and Vincennes as determined through
Indianapolis.)

Fourth determination.

Chicago directrix
Effingham, by HI. Cent. R. R., (Chicago branch,) re-
ported to me by chief engineer, October, 1873.

Saint Louis directrix, by St. L. V. & T. H. R. R
Saint Louis directrix

54.94
68.00

Below union depot Indian-
apolis.

Below depot

.

Below depot

.

721. 75

504. 75

485. 45

Below Terre Haute depot.

453. 95
467. 45

Below Indianapolis union
depot.

Below Vincennes

433. 15

721. 75

434. 39

Above city-directrix
Below O. & M. Cincinnati

depot.

Fifth determination.

Chicago directrix
Mendota, (111. C. R. R. crossing,) by C. B. & Q. R. R. .

.

Vandalia, (exact crossing of St. L. V. & T. H. R. R.,)
byIU.C.R.R.

Saint Louis directrix, by St. L. V. & T. H. R. R
Saint Louis directrix

Sixth determination.

H. W. 1858, Columbus, Ky., by N. O. J. &Gt. N., M. C,
M. & T., M. & L., N. & N. W. R. Rs. to Hickman,
thence fourteen miles by river-slope.

H. W. 1844, probably
Saint Louis directrix, by St. L. & I. M. R. R
(Belmont depot is certainly not below H. W. at Co-
lumbus, on the opposite side of the Mississippi
River :)

Hence by this route the Saint Louis directrix could
not be less than.

Seventh determination.

Memphis, H. W., city-base + 100 feet
Argenta, (opposite Little Rock,) by M. & L. R. R. R. .

.

10. 50

170. 80

169. 07
249. 00

320. 01

319. 11
100.3

Above Chicago directrix.

Below Effingham

430. 79

339. 74

326. 68

Above Chicago directrix.
Below Mendota

Below Vandalia.

.Above M. T. New Orleans

.do
Above end of track at
Belmont.

426. 85

587. 15

423. 62

419. 41

218. 65
86.00

Above M. T. New Orleans.
Above city-datum + 100

feet.
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ELEVATION OF THE SAINT LOUIS DIEECTErX~Continued.

Feet. Various datum-planes.

Elevation

in

feet

above

mean

sur-

face

of

Atlantic

Ocean.

304. 65
Saint Louis directrix, by C. & F. and St. L. & Q. M. 119. 00
E. Es.

(Assuming that the tracks are same height on both
sides of the river at Little Sock :)

Eighth determination.

291. 13
123. 70
12.2

Above New Orleans M. T.
Carnii, by C. & V. E. E. and city-engineer
Saint Louis directrix, by St. L.&S.KE.E

4-77 n«

Ninth determination.

Cairo H. W.,by M. & 0. E. E., preliminary line
Saint Louis directrix, by C. & V. and St. L. &S. E. E. Es

318. 30
93.4

i

j

411. 70
Saint Louis directrix, by 111. Cent, to Vandalia, thence 96.6
by St. L. & T. H. E. Es.

414 90

Final results.

Saint Louis directrix:

433. 15
430. 79

Third determination
426. 85
423. 62
[419. 41]

[423. 65|

427. 03
C [411. 70J

I [414. 90J
428. 29

Above New Orleans M. T.
do
do

(0) Ninth determination 1 Above Mobile M. T
Mean of five

Adopted results.

428. 29
Saint Louis H. W. 1844 435. 87
Saint Louis H. W. 1858 431. 57
Saint Louis H. W. 1851 431. 17

394. 48

I have rejected the sixth determination because of the uncertainty of
the connection at Belmont, and the seventh from the uncertainty of the
connection at Little Bock. The two results of the ninth are rejected

because they are the results of a mere preliminary survey on a line about
five hundred miles long. The remainder are given equal weight because
Cincinnati and Chicago are about equally distant from Saint Louis, and
the connections equally good. The best result on the elevation of Saint
Louis will be obtained when the C. A. & St. L. B. B. rerun their levels

;

their own engineer making the connection with the city-directrixes at

both termini. If these levels are run with care, the elevation of Saint

Louis, as- deduced by them from the Chicago directrix, should, I think,

supersede the one I have adopted. The elevation of the Saint Louis
directrix, as given in Humphreys and Abbot's Beport on the Hydrau-
lics of the Mississippi Biver, is 405 feet. The causes of their error were
the adoption of the elevation of Cairo H. W. above Mobile Bay, as de-

termined by the preliminary line of the M. & O. B. B., and of the eleva-

tion of Saint Louis above Cairo, as reported by Gen. G. B. McClellan.

His report was based on a connection of the I. C. B. B., and the O. &
M. B. B. This part of the O. & M. B. B. profile cannot now be had.
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His elevation of Saint Louis directrix above H. W. Cairo is 82.9 feet.

By connecting the 111. Cent, with the St. L. V. & T. H. R. R. at Van-
dalia, my result for the difference of elevation of these points is 96.6

feet; by 111. Cent. E. R. to Decatur, and T. W. & W. R. R. to Saint

Louis, 96 feet; by 111. Cent, to Effingham and St. L. V. & T. H. R. R.

to Saint Louis, 98.2 feet; by C. & V. and St. L. & S. E. R. R.s, 93.4 feet;

and by a preliminary survey for railroad from Saint Louis to Ca ro, 102

feet. The mean of my four determinations by constructed lines, the
preliminary-survey result of 102 feet being excluded, is 96.05 feet for

the elevation of Saint Louis directrix above H. W. at Cairo.

I hope the evidence that I have presented will be considered as war-

ranting this important change of 23.3 feet that I have made in the ele-

vation of Saint Louis and the fall of the Mississippi River.*

ELEVATION OE OMAHA.

-

Eeet. Various datum planes.

Elevation

in

feet

above

mean

sur-

face

of

Atlantic

Ocean.

First determination.

Dubuque, Mississippi River, by a report from Mr. J.
A. Lapham, Milwaukee.

Dubuque, L. W. Mississippi River, by Galena & Chi.
R. R.

10.00

13. 00

12.00

do

do
589. 15
601. 15

Sioux City, track on levee, by 111. Cent. R. R., Iowa di-

vision.
Sioux City, track on levee

Do

522. 50

534. 20
1, 123. 35

Mo. Valley junction with C & N. W. R. R., by S. C. &
P. R. R.

90.6 Below S. C. track on levee.

1, 032. 75
Council Bluffs station, by C. &K W. R. R 20.00

1, 012. 75
31.00

Do 1, 001. 75
Council Bluffs, Missouri River L. W.. by two other
reports of C. & N". W. R. R.

;

31.00

1, 001. 75

Check upon first determination.

Ereniont, by S. C. & P. R. R 190.3
1, 223. 05

Omaha, L. W. mark base of IT. P., bv TJ. P. R. R 236. 00
Do r 987. 05

This latter result is evidently the correct one ; for if L. W. was only
11 feet below the Council Bluffs station, as is reported by the C. & N.
W. R. R., then their station would be overflowed 8 feet in time of high
water. By the careful leveling of the bridge-company at Omaha, the
flat alluvial regions on both sides of the Missouri River were shown to

be about twenty feet above L. W. Hence, I reject the report of low
water by the C. & N. W. R. R., and by levels from Council Bluffs sta-

tion across to the U. P. R. R. L. W. base at Omaha. The various old
and new datums on the Council Bluffs side of the river cannot differ

over 2 feet in height.

* Since the above was written, I have found a report of the Saint Louis and Iron
Mt. R. R. surveys, signed by J. H. Morley, chief engineer, giving H. W. in Mississippi
River, at Ohio City, opposite Cairo, as 97 feet below the Saint Louis directrix, and
H. W., Mississippi River, New Madrid, as 126 feet below Saint Louis directrix.
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Omaha, L. AV. base of U. P. R. R. surveys, by level-

ing of bridge-engineers.
Council-Bluffs station
Omaha, L. AV. base of U. P. R. R

Second determination.

Council Bluffs station, by C. & N. AV. R. E
Lake Michigan mean surface
Council Bluffs station
Omaha, L. AV. base of IT. P. E. E

Do

Third determination.

Eock Island depot track, by C. E. I. & P. E. E
Eock Island depot track, by C. B. & Q. to Monmouth,
thence by E. R. I. & St. L. E. E.

Eock Island depot track, by C. R. I. & P. to Peoria,
and P. & R. I. R. E.

(Assuming the above as referring to mean surface of
Lake Michigan, I adopt the mean with weights
as marked, giving much tho greater weight to the
direct through-line.)

Adopted result for Eock Island depot track

Do
Do

Davenport depot track, corner of Fifth and Perry
streets, by line of lovels run for United States
"Weather-Bureau, 1872.

Davenport, old depot track
Davenport, L. AV. datum of C. E. I. & P. and P. & S.

W. E. E.
Davenport, C. E. I. & P. E. E datum
Council Bluffs station-grounds ,

Do
Omaha, L.AV.baseof TT.P.B.E

Do

Fourth determination.

Burlington, L. AV. datum of B. & M. E. E., by C. B. &
Q. E. R.

Burlington L. AT., B. &. M. R. R. datum
East Plattsmouth, H. AV. Missouri River
East Plattsmouth, L. AV. Missouri River
East Plattsmouth, H. AV. Missouri River
East Plattsmouth, L. AV. Missouri River, by B. & M.
R.R.

Kearney junction, by B. & M. and P. E. Es ,

Do
Omaha, L. AV. base of IT. P. E. E., by TJ. P. E. E . .

.

Omaha, L. AV. base of TT.P.RR

Fifth determination.

Moberly, by St. L. K C. & N. R. R

Saint Louis directrix
Hannibal H. AV. 1851.

Do ,

Do
Quincy, L AV. 1854, by C. B. & Q. R. R
Quincy, H. AV. 1851
Hannibal, H. AV. 1851, by slope of river at one-half

foot per mile.
Hannil.al, H.AV.1851

Do
Saint Joseph, H AV. Missouri River, by H. & St. J.
RE-

Do

Feet.

21.80

420. 9

(8) 20. 00

(1) 20. 03

(1) 22. 70

20.47

18.47

'23.'20

32.00

432. 00

"21." 80

75.26

438. 30
421. 30

1, 629. 00

i,'l79."66

397. 50
56.87

114.76
94.04
8.00

102.04

"mob"

Various datum-planes.

Below Council Bluffs sta-
tion.

Above Lake Michigan ,

Below Council Bluffs.

Below Lake Michigan. .

.

Below Chicago directrix

Below Lake Michigan .

.

Below mean, Lake Mich-
igan.

Below Chicago directrix .

Above Rock Island depot
track.

Below depot at Davenport

Above Davenport datum

.

Below Council Bluffs sta-

tion.

Below Chicago directrix

Above datum at Burlington
do

Above L. AV. datum at
Burlington.

Below Kearney junction.

Above Saint Louis direct-

rix.

Below Moberly
Above Saint Louis direct-

Below Chicago directrix.
do

Below Quincy H. AV

Below Chicago direotrix

.

Above H. AV. Hannibal.

.

gsgs

1, 012. 72
990. 95

589. 15
1, 010. 05

568. 68

591. 88

559. 88

991. 88

970. 08

511. 89

950. 19
933. 19

2, 140. 89

'"961." 89

428. 29

485. 16

485. 11

820.11
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Feet. Various datum-planea.

Elevation

in

feet

above

mean

sur-

face

of

Atlantic

Ocean.

Kearney junction, by St. J. & D. E. E. . 1, 343. 00 Above H. W. at Saint Joe .

2, 163. 11
Omaha, L. W. base of U. P. E. E 1, 179. 00

Do 984. 11

Final results.

L. W. base of U. P. B. E. at Omaha

:

987. 05
988. 25
970. 08
961.89

984.11

977. 90

By S. C. &. P., by "Fremont.
By C. & N. W. E. E
BVC.E.I.&P.E.E
By B. &. M. and U. P. from
Kearney Junction.

By Saint Joe and U. P. from
Kearney Junction.

Adopted result.

L. W. base of U. P. E. E. at Omaha •. 977. 90
(The old 966-foot point given as Omaha on the pub-
lished profiles of the U. P. E. E., was a stone stand-
ing upon the bank of the river. It is now washed
away.)

20.00
Do 997. 9C

Present depot-grounds on main line U. P. E. E 82.50 Above L. W. base 1, 060. 40

From this determination of Omaha, it seems that 31.9 feet must be
added to all the elevations of the U. P. E. R. to give the true height
above the sea ; but the range among the results is so large that the

leveling across Iowa must be very poor as compared with that of the
lines east of the Mississippi River.

Omaha cannot be considered as well determined as Kansas City ; but
this mean of five level-lines is much more probable than the old deter-

mination, which rested on barometric observations.

ELEVATION OF KANSAS CITT.

Feet. Various datum-planes.

Elevation

in

feet

above

mean

sur-

face

of

Atlantic

Ocean.

First determination.

342. 00 Above Saint Louis direct-

rix.bridge, by Mo. P. E. E., reported to me by general
superintendent, Mr. Talmadge, October, 1873.

428. 29
Kansas City, H. W. mark 1844 770. 29

Second determination.

Junction of St. L.K. C. & E". E. E. and H. & St. J., 325. 88

18.54

344. 42

Above Saint Louis direct-

rix.by St. L. K. C. & N. E. E.
Kansas City, H. W. mark 1844, by line of levels run

for us by city-engineer.
Kansas City, H. W. mark 1844 Above Saint Louis direct-

rix.
Do 772.71
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Third determination.

Quincy, H. W. 1 851 , by C. B. & Q. B. B
Quincy, H. W. 1851
Hannibal, H. W. by slope of river one-half foot per

mile.
Hannibal, H. W. 1851
Kansas City, by H. & St. J. B. B

Kansas City
Kansas City, H. W. 1844

Do

Feet.

94.04

8.00

375. 00

"ii.'25

Various datum-planes.

Below Chicago directrix

Below Quincy H. W.

Above Hannibal H. W.
1851.

Above old St. J. E. E. depot

Fourth determination.

Davenport, C. E. I. & P. E. E. datum
Leavenworth railroad-bridge, by C. E. I. & P. E. E.,
southwest division.

Leavenworth railroad-bridge track
Bridge over Five-Mile Creek, Leavenworth, by special

levels run by city-engineer.
Bridge over Five-Mile Creek, track of L. & L. E. E. .

.

Junction of the L. & L. branch with K. P. E. E., main
line.

Junction L. &. L. and K. P. E. Es
Kansas City track at State line

Do
Kansas City, H. W. 1844

Do

Final results.

Kansas City, H. W. 1844, marked on abutment of rail-

road-bridge :

(5) First determination
(5) Second determination
(1) Third determination
(1) Fourth determination

Mean with weights

Adopted result.

Kansas City, H. "W. 1844

56.21

68.00

"l. 25

770. 29
772. 71
771. 36
762. 92

770. 77

>2\

Above Davenport datum.

Below track of railroad-
bridge.

Above Five-Mile Creek.

Below L. & L. junction.

Above K. P. track at State
line.

ByMo.P.EE
BySt.L.K.C.&N.E.E.
By H. & St. J. E E
By C. E. I. & P., south-
western division.

493. 11

485. 11

760. 11

771. 36

559. 88

830. 88

774. 67

823. 67

"755."67

770 77

I have given the greaterweights to the first and second determinations,
which come directly from Saint Louis directrix, each one being a contin-

uous line, run under the direction of one company. The old elevation

for Kansas City H. W. 1844 was 655.51. This determination was re-

ported by Mr. O. Chanute, chief engineer K. C. bridge, to Mr. E. O.

Smead, chief engineer of the K. P. E. E., July 14, 1870, and has been
used not only by the K. P. E. E. but by all the other lines diverging
from Kansas City. The altitudes above sea given by all these lines

need therefore to be increased about 115 feet. The cause of Mr. Chan-
ute's main error was due to a false report of the profile of the Mo. P. E.
E. height of H. W. 1844, K. O. above the Saint Louis directrix. He
gives this height as 252.51 feet, when it should have been 352.51, which
was the old result from computing their levels. I have four reports from
this railroad, including Mr. Chanute's. The report given me personally

by Mr. Talmadge, chief engineer and general superintendent, in October,

1873, gives 342 feet ; another report, by the same gentleman, 351 feet; a
report by Mr. B. Miller, 342.35 feet ; and Mr. Chanute's report, 252.51

feet. I think the evidence conclusive that the report of 252.51 feet, here-
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tofore relied on for this difference of elevation, was intended for 352.51,
but altered in copying. The remainder of the error was due to assum-
ing1 the old elevation of the Saint Louis directrix.

ELEVATION" OF DENVEB, COLO.

First determination.

State-line, eastern terminus of E. P. E. B. track

Kansas City, H. W. 1844
State-line, K. P. B. B. track
Denver .junction of K. P. & D. P. E. E., by K. P. E. E.

.

Denver junction
Denver, D. P. &K. P. E. E. depot track, by D. P. profile-

Denver, D. P. & K. P. passenger-depot track

Second determination.

Cheyenne, TT. P. depot track, by TT. P< E. E

Omaha, TT. P. L. W. datura
Cheyenne, TT. P. E. E. depot track
Denver, D. P. & K. P. E. E. depot, by D. P. E. E
Denver, K. P. & D. P. E. E. passenger-depot track

Third determination.

Construction-station 3985, near Pino Bluff, on TJ. P. E.
E.,byU.P.E.E.

Station 3985
Denver, D. P. depot, by a D. P. E. E. preliminary

Denver, D. P. depot

Final results.

(1) Eirst determination...
(1) Second deteiniination
(0) Third determination .

.

Mean with weights

Adopted result.

Denver, D. P. &K P. E. E. passenger-depot track.
Difference from the mean, by K. P. B. B
Difference by TT. P. E. E

Feet.

7.25

4, 448. 70

~"i3.'25

5, 095. 00

4, 113. 00

101. 45

5, 198:97
5, 194. 20
5, 192. 35
5, 196. 58

+ 2.39
- 2.38

Various datum-planes.

Below H. W. 1844, Kansas
City.

Above State-line

.

Below junction .

.

Above Omaha TJ. P. E. E.,

L. W. datum.

Below Cheyenne

.

Above Omaha L. W. datum

Above station 3985 TJ. P.
E.E.

ByK.P.E.E
ByTT.P.E.B. &D.P.
By D. P. preliminary

.

n 3~

8

770. 77
763. 52

5, 212. 22

"
5,' 198.' 97

977. 90
6, 072. 90

5, 194. 20

5, 090. 90

5, 192. 35

5, 196. 58

The third determination is given no weight as against the construction-
levels of the same railroad. Such a close agreement between the TJ. P. and
K. P. lines was not to be expected whenwe realize that for the last thousand
miles they are really independent, one being from Chicago, by way of
Saint Louis and Kansas City, and the other by way of Omaha and
Cheyenne. Though Denver is two thousand miles from the sea, this

determination of its elevation is probably very close to the result that
would be obtained by the most accurate line of levels run across the
country for scientific purposes '; but a considerable error must pertain
to all results from the effect of the mass of the Eocky Mountains in de-

flecting the level from a truly horizontal position. We cannot tell how
much this error is until a most accurate geodetic belt is completed from
the Atlantic to the Eocky Mountains, and then, knowing the station-

errors or the deflection of the plumb-line along the belt, we may correct
the leveling proportionally. As this cannot be done for many years,
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the elevation of Denver, as here determined, will be made the base for
our hypsometric surveys in the Eocky Mountains.

ELEVATION" OF CHEYENNE.

Feet. Various datum-planes".

Elevation

in

feet

above

mean

sur-

face

of

Atlantic

Ocean.

Cheyenne, TJ. P. passenger-depot track, by D. P. R. R

.

878. 70 Above Denver

6, 075. 28

ELEVATION OP GOLDEN DIRECTRIX.

Golden directrix, by C. C. R. R.---

South T at junction, by D. P. R. R
Golden directrix

Do

12.5
532.4

Above south V junction
near Denver.

Above Denver depot
do

5, 728. 98

ELEVATION OF OGDEN, UTAH.

Cheyenne
Ogden depot, by TJ. P. R. R
Ogden

Second determination.

Ogden depot, by C. P. R. R.
Ogden

Final result.

(1) First determination...
(10) Second determination
Mean -with weights

Adopted result.

Ogden depot track

1, 749. 00

4, 326. 28
4, 301. 00
4, 303. 3

Below Cheyenne

.

Above Pacific Ocean.

By TJ. P. R. R
By C. P. R. R.

6, 075. 28

4, 326. 28

4, 301. 00

4, 303. 3

The result by the Central Pacific of California is given much the
greater weight, because it is a continuous line of levels run by one rail-

road-company, the same chief engineer, Mr. S. S. Montague, superintend-
ing the running of all the lines and the making-up of preliminary and
final profiles. The length, also, of this line is only about one-third of that
from the Atlantic Ocean.

If we consider these lines as one long chain of levels from the Atlantic
to the Pacific, we have connected railroad-levels extending not less than
thirty-five hundred miles, and reaching the Pacific Ocean with an error
of 25 feet. If we form a continuous line of levels by joining those of the
Pa., P. F. W. & C, C. E. I. & P., U. P., and C. P. E. E.s, they reach the
Pacific with an error of +13 feet.

If a chain is formed by putting together the lines from New Orleans
to Cairo ; thence by I. M. E. E. to Saint Louis ; thence by Mo. P., K. P.,

D. P., U. P., and C. P. E. E.s, the line is thirty-two hundred miles long,

and reaches the Pacific Ocean with an error of +20 feet. In this chain,
the levels of eleven different railroads are connected
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ELEVATION OE COLORADO SPRINGS.

(Denver depot of D. & R. G. R. W. track is reported
to be one foot above D. P. R. R. track. Tbia may
be in error 0.2 foot. The following figures are taken
from the official profile in use at the D. & R. G. R. R.
company's office.)

Denver, K. P. depot
Denver depot D. & R. G. R. R
Colorado Springs depot
Colorado Springs -

Denver, D. P. & K. P. depot
Colorado Springs depot
Colorado Springs Hotel floor, by report of Mr. E. S.

Nettleton, C. E.
Colorado Springs Hotel floor /

Rock basin of Manitou Spring, by levels from rail-

road-bench, by E. S. Nettleton, C. E.
Pock basin of Manitou Spring

Eeet.

5. 142. 6
5. 143. 6

5. 931. 6

789.0

826. 67

1,153.32

Various datum-planes.

Above Denver K. P. depot.

Above Denver K. P. depot.

Above Denver K. P. depot.

8 B-&

rt
2«1

o a.s <B

5 £g 5

5, 196. 58
5, 985. 58

6, 023. S5

6, 296. 92

Elevation of Pike's Peak.

I am greatly indebted to Mr. E. S. Nettleton, civil engineer, for a re-

port dated June 29, 1874, of a line of levels which he has just run from
a D. & E. Gr. E. W. bench at Colorado Springs to the exact summit of

Pike's Peak. The line was run on the request of Gen. Albert J. Meyer,
Chief Signal-Officer, U. S. A., and at the expense of the War Depart-
ment, for determining the elevation of the United States Signal-Office

meteorological station, which is situated on the summit of the peak.

Feet. Various datum-planes.

Elevation

in

feet

above

mean

sur-

face

of

Atlantic

Ocean.

8, 950.

1

Do 14, 140. 68

Elevation of Mount Lincoln and Fairplay.

The D. & S. P. E. E. having run a line of levels for the final location
of their railroad up to Fairplay, we secured the services of their engi-
neer to continue the line to the summit of Mount Lincoln, at the expense
of our survey. The object of this was to determine the exact elevation
of our barometric station situated near the top of the peak. The fol-

lowing are the results of this line of railroad levels

:
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Feet. Various datum-planes.

Elevation

in

feet

above

mean

sur-

face

of

Atlantic

Ocean.

5, 196. 58
4, 767. 91

Do
8, 991. 05

Do 14, 187. 63
9, 100. 03 Above Denver depot

Do 14, 296. 66

ELEVATION OF POINTS OlST THE OHIO EIVEB.

Pittsburgh, union depot track
Pittsburgh, L. "VV. city-datum

Do
Pittsburgh, H. W. 1852

Pittsburgh, H. W. 1832
(Ihese data are from report of city engineer, Mirck

15,1871.)
Steubenville P. C. & St. L. B. B. depot track, by P.

C. & St. L. B, E.
Steubenville depot, P. C. & St. L. E. E
Steubenville, L. W. in Ohio, by old P. & S. E. E

Steubenville, L. W. in Ohio
Steubenville, about H. TV 1852, by C. & P. E. E

Do
Bridgeport, about H. W. 1852, by C. & P. E. E
Bridgeport, about H. W. 1852
(Bridgeport is opposite Wheeling.)
Bollaire, 5 miles below Bridgeport, about H. TV". 1852,

by U. & P. E. E.
Do

"Wheeling, H. TV. February 1832, by B. & O. E. E
By the same report the channel is given at
(These B. & O. E. E. results are considered too low,

as they give an improbable fall to the Ohio from
Steubenville. The L. TV. fall from Pittsburgh to
Steubenville is known by the P. & S. E. E. survey to
be about one foot per mile. The report of the 0. &
P. E. E. for Bellaire seems to give the most probable
result. From Steubenville to Bellaire the distance
by river is about twenty-eight miles, therofore L.
W. at Bellaire, giving the maximum probable fall

one foot per mile.)

Bellaire, L. TV about
Bellaire, H. W. about
Bellaire, about H. W. 1852, by roport of C. & P. E. E ..

Bellaire, about H. TV. 1852
(This result is about what it should be, for it is not
probable that the fall here is one foot per mile. If
the B. & O. E. E. result was true, it would give the
river a fall of 42 feet in 23 miles. I therefore con-

sider it most probable that Wheeling H. W. 1852 is

about 663 feet, and the B. & O. E. E. report of 637

for H. W. 1832 is some thirty feet too low.)

Parkersburgh, by several reports of B. & O. E. E.

,

point not given.
By the report of the engineers running the line from
Parkersburgh to Cincinnati, the B. & O. Parkers-
burgh L. W.

(I accept the latter, because it accords best with the
nest check at Point Pleasant, about seventy miles
down the river.)

Parkersburgh, L. W. in Ohio
Point Pleasant, very L. W. at mouth of Great Ka-

nawha.
By two lines of levels agreeing within a foot

Portsmouth, Ohio, L. W. in Ohio Eiver, by C. & X.
E. E. report.

Portsmouth, L.W
Cincinnati, L. W. city base
Indianapolis, union depot track
Greencastlejunction, by T. H. & I. E. E

Hew Albany, passengor depot

14. 74

68.43

103. 55

"96.55

84.55

60.3
65.1
84.55

523.7

573. 00

522. 00

94. 00

721. 75
56.00

326. 00

Below Union depot track .

Below Pittsburgh depot.

Below L. W. in Ohio at
Pittsburgh.

Above Cleveland directrix

Above Cleveland directrix

Above Cleveland directrix

Above sea
do

Above Cleveland directrix

Above M. T., Baltimore .

do

Above M.T.,Eichmond,Va

Below L. Erie.

Above M. T
Abovo Union depot, Indi-

anapolis.
Bolow Grcencastlo

746. 00

699. 20
729. 88
732. 95

731. 26

630. 77

679. 23

"672."23

660. 00
[637. 00]

[588. 00]

660, 00

573. 00

522. 00

479.00
439. 74
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Feet. Various datum-planes.

4) B -

o a

New Albany, L. "W. in Ohio River, by L. N. A. & C.
R.R.

New Albany, passenger depot
New Albany, L. W. of 1857 in Ohio River
(This was not one of the years of lowest water, but

it was probably about four feet above it.)

Louisville, L. W
Louisville, L. W. 1857
Evansville, L. "W
Evansville rail, by E. & C. V. R. R
Vincennes
Evansville, L. W. Ohio River
Evansville, depot rail

Evansville, H. W. 1847
By survey for E. & I. R. R., H. W. 1847
Evansville Railroad track, by St. L. & S. E. R. R
Evansville Railroad track
Evansville, L.W

398. 00 Below Greencastle.

Above New Albany, L. "W.

81.00
36.00

434. 39

Below Vincennes
do

Above M. T

334. 54

"35.2*

Below Union depot track

Below Saint Louis directrix

451. 75
379. 75

403. 75

353. 39
398. 39

387. 22

393. 08
348. 08

ELEVATION OF CAIRO.

First determination.

Cairo, I. C. R. R. track on levee, by C. & V. R. R ...

Do
Cairo, H. "W. Ohio River, by C. & V. R. R

Do
Cairo city-base, by engineer in charge of levees ...

Cairo city-base, ordinary L. W
Second determination.

Cairo, H. W. Ohio River, by mean of four routes,
(see discussion of change in Saint Louis directrix,

P--)
Cairo, H.W.Ohio River
Cairo city-base

Do

Third Determination.

Cairo, H. W. 1858 in Ohio River.
Cairo city-base

Fourth determination.

Cairo, H. W. Ohio River.
Do

Cairo, city-base

Final results.

Cairo city base

:

First determination
Second determination .•

Third determination
Fourth determination

,

Mean
Adopted result
(By report of engineer in charge of levee construction,)
Cairo, extreme L. W. October 15, 1871
Cairo, ordinary L. W
Cairo, EI. "W. 1858
Cairo, H. W. 1862
Cairo, H. W. 1867
Cairo, Illinois Central track on levee
Cairo Hotel, northeast corner :

.

Cairo, Mississippi levee

96.5

'97.66

"43.66

96.05

41.00

258. 50

294. 89
291. 24
291. 13
287. 65
291. 23

11.91
0.00

40.38
41,69
41.81

43 to 43. 5

43.26
44.00

Below Vincennes

Below Vincennes

Belowlllinois Central track

Below Saint Louis directrix

Belowmean ofhighestfloods

Above M. T. New Orleans

Below Chicago directrix

.

By Cincinnati
By Saint Louis . .

.

By New Orleans

.

By Chicago

Below city.base

.

Above city-base.
do...
do
do
do
do

337. 39

'294.* 89

332. 24

331. 51
291. 13

328. 65
287. 65

291. 23
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Elevations of points determined in this investigation.

Note.—The evidence upon which each rests may be seen by reference to the map and foregoing text.

Names of determined points.

Albany, mean tide in Hudson River
Altnona, track P. B. B. station
Alliance, track P. F. W. & C. B. E, station
Atchison , H. W. Missouri Eiver, (supposed to be 1844)
Atchison, L. W. Missouri Eiver
Athens, railroad-station
Belmont, track of St. L. & I. M. E. E
Buffalo, bottom of Erie Canal
Buffalo, theoretical surface of Erie Canal
Buffalo mean surface of Lake Erie
Burlington, H. W. 1851 in Mississippi Eiver
Burlington, L. TV. Mississippi Eiver
Burlington, Main street depot
Carmi, junction of C. & V. and St. L. & S. W. E. E
Cambridge, W. W. Val. E. E. depot
Cairo, city-base = ordinary L. TV. Ohio Eiver
Cairo, extreme L. \V. October 18, 1871, Ohio Eiver
Cairo, H. W. 18f>8, Ohio Eiver
Cairo, H. W. 18G2, Ohio Eiver
Cairo, I. C. E. E. track on levee
Canton depot
Cedar Eapids, C. & N.W depot
Cedar Eapids, city-datum, L. TV. foot of Iowa avenue
Cheyenne, track at TJ. P. E. E. passenger-depot
Chicago, city directrix
Chicago, mean surface of Lake Michigan for the past 20 years.
Cincinnati, city directrix = L. TV. in Ohio Eiver
Cincinnati, H. 'TV. 1832, Ohio Eiver
Cleveland, city directrix
Cleveland, mean surface of Lake Erie
Clinton, bridge over Mississippi Eiver
Clinton, H. TV. 1864, Mississippi Eiver
Columbus, depot track of P. C. & Si. L. and C. C. C. & I
Columbus, H. TV. BB58, Mississippi Eiver
Colorado Springs, depot track D. & B. G. E. B
Colorado Springs, Colorado Springs Hotel floor, (see Manitou)
Council Bluffs, union depot track
Crestline, P. E. TV. & C. depot track
Davenport, old depot track, corner Fifth and Perry streets
Davenport, railroad level datum of C. E. I. & P . .

.'

Davenport, top of west abutment of railroad-bridge
Davenport, H. TV. Mississippi Eiver
Davenport, L. TV. Mississippi Eiver
Davenport, city-base of levels
Decatur, I. C. E. E. depot
Denver, K. P. & D. P. E. E. depot track
Denver, D. & E. G-. E. E. depot track
Detroit, mean surface of river
Dubuque, L. TV. Mississippi Eiver, I. C. E. E. datum
Effingham, I. C. E. E. depot track and St. L. V. &, T. H. E. E. depot
Erie, L. S. & M. S. E. E. depot track
Evansville, depot track
Evansville, L. TV. in Ohio Eiver
Evansville, H. TV. 1847, Ohio Eiver
Fairplay, door-sill of Sentinel office before fire of 1873
Fremont, U. P. B B. depot track
Fulton, H. TV. 1804, Mississippi Eiver
Gloucester Point, permanent United States Coast Survey bench on gran-

ite block
Gloucester, mean tide in Delaware Eiver
Golden, city and railroad directrix
Grand Haven, mean surface of Lake Michigan
Grenada depot
Greeucastle, junction depot
Hannibal, H. W. 1851, Mississippi Eiver
Han isburgh, Pa. E. E. dopot track
Hickman, H. TV. 1858, Mississippi Eiver
Indianapolis, Union depot track
Indianapolis, city base L. W. in White Eiver
Kansas City, H. W. 1844 of Missouri Eiver, as marked on abutment of

E. E. Bridge
Kansas City, track of K. P. E. TV. at State line
Kearney junction depot
Keokuk, C.B.&Q.K.E. depot
Keokuk, city base

State.

New York
Pennsylvania.

.

Ohio
Kansas
....do
Ohio
Missouri
New York
....do
....do
Iowa
....do
...do
Hlinois
Ohio
Hlinois
....do
...do
....do
...do
Mississippi
Iowa
....do
Wyoming
Hlinois
...do
Ohio
...do
Ohio
...do
Iowa
...do
Ohio
Kentucky
Colorado
...do
Iowa
Ohio
Iowa
...do
...do
...do
...do
...do
Hlinois
Colorado
...do
Michigan
Iowa
Illinois

Pennsylvania . .

.

Indiana
...do
...do
Colorado
Nebraska
Illinois

New Jersey
...do
Colorado
Michigan
Mississippi
Indiana
Missouri
Pennsylvania. ..

Kentucky
Indiana
...do

Missouri.

.

...do
Nebraska

.

Iowa
...do

u<j

4.84
,177.91

., 082. 88
809. 88
784. 88
047. 01
328. 00
564. 26
573. 26
573. 08
529. 32
511.89
531. 61
410. 09
947. 74
291. 23
279. 32
331. Gl
332. 92
334. 48
240. 00
741.15
717. 85

;, 075. 23
587. 15
589. 15
439. 74
502. 24
575. 68
573. 08
611.15
593. 15
742. 60
320. 01

., 985. 58

, 023. 25
999. 70

, 152. 74
591. 88
559. St

589. 06
569. 88
553. 22
547. 88
075. 65

,
196. 58

,
197. 58
577. 05
599. 15
599. 10
686. 68
395. 60
350. 60
384. 43

, 964. 49

,
213. 90
593, 15

8.10
3.35

,
728. 98
589. 15
184.00
777. 75
485. 10
319.91
313.01
721.75
C8S. 67

770. 77
703. 52
156. 90
508. 22
487. 72

42 G S
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Elevations of points determined in tnis investigation—Continued.

Names of determined points. State.

<2S3
a §3

.2 © o a

liii

Keokuk, H. "W. 1851, Mississippi River
Keokuk, L. "W. (extreme) Mississippi River
Lawrence, K. P. R. W. & L. & L. branch junction
Lawrence, K. P. R. W. depot track
Leavenworth, city-datum, extreme L. W. Missouri River, Jan., 1867

Leavenworth, H.W. Missouri River, (probably 1844)

Little Rock, C. & F. R R, depot -

Louisville, L. W . in Ohio River, above falls*

Lake Champlain, mean surface at Whitehall
Lake Ontario, mean surface at Oswego
Lake Erie, mean surface at Buffalo and Cleveland from 1844 to 1857

Lake Michigan, mean surface since 1853 at Chicago
Lake Huron -

Manitou Springs, rock around the Manitou Spring
McKenzie junction depot
Memphis, H. W. in Mississippi River previous to 1858, and is 100 feet

above city-datum
Mendota, C. B. & Q. R. R. depot
Missouri Valley junction
Mount Lincoln, extreme summit
Mount Lincoln, cistern of barometer in 1873
Montreal, summer water-level in river
New Albany, depot of L. N. A. & C. R. R
New Albany, L. W. 1857, Ohio River
Ogdeu, U. P. & C. P. R. R. depot track
Omaha, base of levels of XT. P. R. R., L. W. in Missouri River
Omaha, H. W. in Missouri River
Omaha, bed of river
Omaha, bench heretofore called 966 feet above the sea
Omaha, track at present depot in main line U. P. R. R
Omaha, tops of east and west abutments of railroad-bridge '..

Oswego, mean surface of Lake Ontario
Parkersburgh, L. W. in Ohio River
Peoria, citv-datum, L. W. in Illinois River.-
Peoria, C.,'R. I. & P. R. R. depot
Pittsburgh, Union depot track
Pittsburgh, city-datum, L. W. in river
Pittsburgh, H. W. 1852
Pittsburgh, H. W. 1832
Pike's Peak, exact summit
Pike's Peak, top of U. S. G. & G. survey monument on east side of summit
Philadelphia, city-datum
Philadelphia, Pa. R. R. datum or base of levels
Philadelphia, mean tide in Delaware River
Philadelphia, high tide in Delaware River
Philadelphia, low tide in Delaware River
Point Pleasant, very L. W. in Ohio River
Portsmouth, L. W. in Ohio River
Port Huron, mean surface of Lake Huron
Port Saruia, mean surface of Lake Huron
PortSarnia, G. W. R. W. track
Prairie Du Chien, probable L. W. in Mississippi River
Quincy, C, B. & Q. R. R. depot ,

Quincy, L. W. 1854 Mississippi River
Quincy, H. W. 1851 Mississippi River
Quebec, mean high tide in Saint Lawrence River
Rock Island, C, R. I. & P. depot track
Rock Island, H. W. 1852 Mississippi River
Rock Island, city-base
Sioux City, B. R. track on levee
Sioux City, bed of Missouri River...
Sioux City, L. W. Missouri River
Saint Joseph, H. W. Missouri River
Saint Louis, city directrix
Saint Louis, H. W. 1844, Mississippi River ,
Saint Louis, H. W. 1858, Mississippi River
Saint Louis, H. W. 1851, Mississippi River
Saint Louis, L. W. extreme
Saint Louis, ord. wa. Mississippi River
Saint Louis, center of bridge on R. R. track
Saint Louis, center of bridge on wagon-road. :

Steubenville, L. W. in Ohio River
Terre Haute, T. H. & Ind. depot
Terre Haute, H. W. in Wabash River

Iowa
...do
Kansas ...

....do

...do
..do
Arkansas .

Kentucky

Colorado.

.

Tennessee

...do
Illinois

Iowa
...do :

..do
Canada
Indiana
..do
Utah
Nebraska
...do
...do
...do
...do
...do .:

New York
West Virginia .

Illinois

...do
Pennsylvania .

.

do
...do
...do
Colorado
...do
Pennsylvania

.

do
...do
...do
...do
West Virginia .

Ohio
Michigan
Canada West-..
...do
Wisconsin .

Illinois

...do

...do
Canada
Illinois

...do

...do
Iowa
...do
...do ...,

Missouri
...do
...do

... do

... do

....do
...do
...do
...de
Ohio
Indiana
....do

502. 55
481.83
831. 52
845. 52
763. 89
788.89
309. 29
403. 75
100. 84
250. 00
573. 08
589. 15
589. 15

,
296. 92
488. 21

218.65
756. 22

,
019. 70

, 296. 66

, 187. 63
30.00

451.75
379. 75

, 303. 30
977. 90
996. 90
904. 10
997. 90

, 060. 40

, 049. 40
250. 00
573. 00
439. 00
464. 70
746. 00
699. 20
729. 88
732. 95

,
146. 68

,
124. 84

8. 733
6.913
3. 349
6.484
0.214

522. 00
479. 00
589. 15
589. 15
593. 15
613. 00
495. 22
472. 39
493. 11
15.37

568. 68
566. 68
546. 68

,
123. 35

,094.00
,
104.00
820. 11
428. 29
435. 87
431. 57
431. 17
394. 48
408. 00
485. 80
510. 04
630. 77
504. 75
485. 45

*This determination is not checked, and should not be considered of equal quality with the others.
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Elevations of points determined in this investigation—Continued.

659

Names of determined points. Name of State.

BOds
£rS3 2 a

Terre Haute, ord. wa. Wabash Tliver
Terre Haute, bed "Wabash River
Three Rivers, mean tide
Vincennes, Ind. & V. R. R. depot track
"Vincennes, H. W. in Wabash River
Vincennes, L. W. in Wabash River
Vandolia, junction of track of St., L. V. &, T. H. & Hl.C. R. R

Indiana

.

...do ...

Canada .

Indiana

.

....do ...

...do ...

Hlinois .

467. 45
453. 95
15.00

434. 39
425. 39
413. 3"}

511. 89





I
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TOPOGRAPHICAL REPORT OF MIDDLE PARK DIVISION, 1873.

By S. B. Ladd, M. E.

Introductory letter to Dr. F. V. Rayden.
/

Washington, D. C.

Sir : In accordance with your instructions, I herewith present a
report on the topographical work of the Middle Park division of the
United States Geological and Geographical Survey of the Territories

for the year of 1873.

As Mr. A. R. Mar vine, in his report as a director as well as geologist
of this division, has necessarily given all the statistical facts and gen-
eral description of the surface of the country which go to make up a
topographical report, I have thought best, rather than duplicate that
portion of it, to refer you to the first part of his report, and to give here
a general account of the extent of timber, grazing, and agricultural
lands, and the means of travel and communication ; also, some notes on
the rain and snow fall of the country and the present population, for

which I am greatly indebted to Mr. William N. Byers, of Denver, who
previous to the establishment of the signal-service station there kept a
meteorological record for the Smithsonian Institute. 1 would also like

to express my thanks to Dr. 0. 0. Parry for information afforded me.
Very respectfullv, yours,

S. B. LADD.
, F. Y. Hayden,

United States Geologist in Charge.

BEPOET.
The territory surveyed by the Middle Park division during the season

of 1873, is embraced between the parallels of north latitude 39° 30' and
40° 20', and between longitude 104° 45' and the Park range, which
forms the western boundary of the Middle Park ; this has a northeast
and southwest trend, and the meridian 106° 30' would be an average
western limit.

The total area covered, about 5,400 square miles, was not as large as
was intended at the outset ; this was due to the nature of the country
on the eastern slope of the mountains, which rendered a large number
of stations necessary, and as it is quite thickly settled it was thought
desirable to procure as much detail as possible.

The topographical features of a country being but the expression of

its geological structure, a thorough discussion of the latter must neces-

sarily involve a description of the former, in order to make the geologi-

cal report intelligible to the reader who is not familiar with the country.

Therefore, rather than repeat a general description of the topographical
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features of the country surveyed by us this year, I will refer you to the
first pages of the geological report of Mr. A. E. Marvine, where he has
given all that can be said on the subject.

The district surveyed may be divided into three natural areas, sepa-
rated by the line formed by the eastern edgeof the mountains where the
sedimentary beds are upturned against the metamorphic rocks, forming
the ridges known as the Hog-backs j and by the line of the main water-
shed of the continent. The Hog-backs make a sharp line of demarka-
tion between the plains and the mountains ; the plains being essentially

destitute of timber, except a growth of cottonwoods and willows along
the streams.
The central mountainous portion, drained by Big and Little Thomp-

son Creeks, Saint Vrain's Creek, Bowlder Creek, Clear Creek, and
Bear Creek, with their numerous branches and forks, all of which are
tributaries of the South Platte Eiver, contains about 1,700 square miles.

The ridges and mountains are well timbered, mostly with the yellow
and white pines, Pinus ponderosa and Ahies JEngelmamii, and the parks
and valleys bear a fine growth of scattered timber.

In the vicinity of the mining towns a great deal of the timber has
been cut, and in places over large districts it has been destroyed by fire

;

1,200 square miles of this section is timber-bearing, the remainder being
either above timber-line or else taken up in the open valleys and parks.
The western division, including the Middle Park, contains about 2,025

square miles, all of which is drained by the Grand River and its tribu-

taries. This area may be divided into timber, grazing and farming, or

bottom lands.

The spurs thrown out from the main range which surrounds the park
on the north, east, and south, and the ridges and mountain masses form-

ing the divides of the principal streams, are well timbered, especially in

the eastern half of this section.

The relation between the geological formations and the growth of

timber is very interesting. There is apparently a greater change from
this cause than that due to difference in altitude.

The hills formed by the metamorphic rocks, wherever they occur, ex-

cept above timber-line, grow good timber, mostly white pine, although
on western slopes it is smaller, and therefore of poorer quality than on
eastern. The amount of this granite-timber area is about 675 square
miles.

The lignitic areas, which comprise a large portion of the park, as the
Williams Mountains, and the greater portion of the country drained by
the Willow, Corral, and Troublesome Creeks, are essentially timber-re-

gions ; but the quality of the timber is very inferior to that growing on
the metamorphic rocks, and the southern slopes are generally bare.

Over large areas the timber has fallen, making it often difficult to

travel away from the trails. This class of timber-land might be esti-

mated at 425 square miles.

The regions covered by the lake-beds are, as a rule, totally destitute

of timber.
The areas covered by Cretaceous No. 1 bear timber, while the remain-

der of this formation, usually occupying the lower valleys and partially

covered by the lake-beds, does not represent a timber-country. This is

illustrated in the valley of the Blue, where the timber-growth follows

the outcrop of Cretaceous No. 1 across the valley. This class covers
about 150 square miles of country.
The hills capped with lava grow timber. All told there are about 1,250

square miles of timber-land in this western subdivision.
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Along the valleys of the Williams, Blue, and Muddy Eivers, and also

to a smaller extent in the valley of the Erazier and some of the smaller
streams, there are broad tracts of terraced prairie country, 400 square
miles altogether, covered mostly with the lake-beds, and growing short
bunch-grass and often sage-brush, available for grazing only, at least
for some time to come.
The river-bottoms of all the streams furnish fine farming-land, espe-

cially east of the Hot Springs, along the Upper Grand and its branches.
Below the Hot Springs the Grand Biver is bordered with broad bot-

tom-lands along its course to the caiion in the Bark range. Large
tracts of land could easily be made cultivatable by irrigation.

The total amount at present capable of cultivation I should estimate
at 175 square miles, a liberal estimate, ranging in elevation from
7,183 feet above sea-level, which is the height of the mouth of Blue
Biver, up to 8,463 feet, the altitude of the Frazier Valley. Grain can
be raised at an elevation of 9,000 feet, but above 7,000 feet or 7.500, it

is liable to be injured by frosts. Botatoes and the common vegetables
can be cultivated up to 9,000 feet elevation.

The eastern slope of the mountains and the portion of the plains bor-

dering the mountains are so well settled, and the means of communica-
tion between the many towns and settlements so numerous that it would
not be advisable to give a detailed description of thein, and I will con-

fine myself to the main lines of travel and the ways of communication
open into the Middle Bark.
Denver now has railroad communication with all the large towns

scattered along the base of the mountaius. The Denver Bacific, run-

ning north, connecting with the Union Bacific Bailroad at Cheyenne;
the Kansas Bacific, running east to Kansas City, and the Denver and
Bio Grande Bailroad south to Bueblo, and eventually, when completed,
to Santa Fe, N". M. The Colorado Central Bailroad connects Denver
with G' lden City, Boulder City, Valinont, and Longmont. A narrow-
gauge branch of the Colorado Central Bailroad passes up the famous
Clear Creek caiion, follows the windings of the stream, branching at the
junction of North Clear Creek, one branch following up that fork to

Black Hawk and Central City, and the other up the main stream to

Floyd Hill, five miles below Idaho.
Most of the main streams draining the eastern slope have roads follow-

ing up their valleys whenever it is practicable, and winding along the
ridges when the canons become impassable.

Estes Bark, near Long's Beak, is accessible by means of a road from
Longmont. Jamestown and Gold Hill are connected with the plains by
roads up Jim Creek, Left-Hand aud Four-Mile Creeks.

Caribou has atri-weekly stage to Black Hawk and Central City, pass-

ing through Middle Boulder and Bollinsville. All the towns are con-

nected with each other by good roads.

Georgetown, Idaho, and the settlements on Clear Creek, have daily

connection with Floyd Hill, the present terminus of the railroad, thereby
giving daily connection with Denver.
The Denver and South Bark road enters the mountains at Turkey

Creek canon and follows the general course of that stream to its source,

then across to the North Fork of the South Platte, then across the

divide into South Park, through Hamilton to Fair Play.
At Hamilton, a road connects with Breckinridge, from which town

there is a tri-weekly stage connecting at Hamilton with the daily stage

from Fair Blay to Denver.
From Georgetown a road crosses the divide at the Argentine Bass,
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southeast of Gray's Peak, at an elevation of about 13,100 feet, passes
down the Snake Eiver, two miles below Montezuma, with which there is

a connecting road, and joins the road down the Blue Eiver at the junc-
tion of the streams.
A trail connects Georgetown with the Denver and South Park Eoad,

joining the latter at the mouth of the North Branch of the North Fork of
the South Platte.

Four miles above Grant post-office on the South Park Eoad a trail

turns off to Montezuma.
At Jefferson, on the South Park Eoad, a road, formerly the stage-road,

branches off, crosses over Jefferson Pass to Georgia Gulch, and joins

the road down Snake Eiver.

A trail not often used except for the ascent of Gray's Peak, crosses
between Gray's and Torrey's Peaks connecting Montezuma with George-
town.
At present there are a number of trails crossing the main crest, and

this season a good wagon-road has been built.

Commencing at the north, there is no way known of crossing the sum-
mit ridge until we go as far south as Arapahoe Peak. Up to this point
the mountains are very rough, averaging 13,000 feet in height, Long's
Peak rising to 14,271 feet, with no passes between the peaks.
The eastern side is bordered with a line of steep precipices and am-

phitheaters, filled with immense snow-fields and inclosing countless lakes.

The precipice on the eastern face of Long's Peak, a sheer wall extending
from the summit to timber-line, is over 3,000 feet in height by baro-
metric measurement.

South of Arapahoe Peak a trail crosses from Caribou over into the
park, passing by the Fourth of July lode. It is used only by the miners
of that district, and is not an easy way of reaching the park.
Next in order, going south, is the new road, passing up South Boulder

Creek from Eollinsville and crossing the summit-ridge where the Ute
trail crosses near the center of the low portion of the range between
Arapahoe and James Peaks at an elevation of 11,613 feet. It then winds
down the western slope into the valley of the Frazier, which it follows

nearly to the canon, when it swings to the west to the Hot Springs.

A road was started from Central City with the intention of con-
tinuing it over into the park ; it is now built as far as James Peak aud
makes the ascent of that peak very easy, as it extends nearly to the
summit. An excellent trail leaves this road near its terminus and
crosses the range to the north of James Peak, joining the Boulder road
down in the valley of the Frazier.

Berthoud's trail, starting from Empire City, follows up the North
Fork of South Clear Creek, crosses the divide below timber-line through
Berthoud's pass at an elevation of 11,316 feet, and passes down Moses
Creek.
Yasquez's trail is the continuation of Berthoud's on the eastern side

and crosses through Yasquez's Pass, the next in order southwest of
Berthoud's, at an elevation of about 11,500 feet.

Yasquez's, Berthoud's, and the James-Peak trails join on the western
side, and farther down in the park the combined trail joins the wagon
road to the Hot Springs.

Jones's trail follows up the North Fork of South Clear Creek from
Empire, aud crosses through Jones's Pass about five miles southwest of
Yasquez's Pass, at an elevation of 12,513 feet, (Parry,) follows down the
Williams Eiver to within a few miles of its junction with the Grand,
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when it turns to the west and crosses the hills to Jones's ranch on the
Grand near the mouth of the Troublesome River.

This covers all the roads and trails now open into the park from the"
east, the only other way of reaching it being from Montezuma or
Breckenridge by means of the valleys of the Snake and Blue Bivers.
A good road is built down the valley of the Blue from Breckenridge,

joined by the one from Montezuma down the Snake. It follows the
Blue to a point about three miles from its mouth, when it crosses the
hills forming the divide between the Blue and Williams Rivers to
Jones's ranch on the Grand, and follows up the north side of the Grand
to the Hot Springs. A trail which joins this road passes up Ten-Mile
Creek and crosses over to the Eagle River, west of the Park range.
Another trail leaves this road on the east and crosses through Ute Pass
to the north of Ute Peak, goes almost straight to the Hot Springs, con-
siderably shortening the distance. Within the park communication
between the different portions is easy.

A road passable for wagons leaves the Boulder road at a point
thirteen miles from the Hot Springs, and crosses to the Frazier below
the cauon, then to the Grand and up the Grand to Grand Lake.

Berthoud's road to the White River agency and Utah crosses the
hills from the Hot Springs to a ford on the Troublesome, about four
miles from its mouth, then across to the Muddy and through Gore's
pass in the Park range to the headwaters of the Bear River.
A trail leaves this road and runs north across the main divide from

the headwaters of the Muddy into North Park.
Tbe continental divide at this point between the Middle and North

Parks is only a low rolling country, about 9,400 feet in elevation, and
easily crossed at any point.

A trail up the Troublesome River crosses to the west of Park View
Mountain into the North Park, and one up Willow Creek crosses to the
east of Park View at an elevation of 9,683 feet.

Tbe heavy falls of snow which blockade the mountain-passes make
access or egress to and from the park in winter very difficult, and
almost impossible, except by the road up the valley of the Blue to
Breckenridge, with which communication is generally kept open during
the whole year.

In Denver the average rain fall is 12 inches per annum, and probably
in the Middle Park 18 inches. Along the main crest of the mountains,
and for a distance of five miles on either side, the yearly rain-fall will

probably reach 25 inches.

The time for the first heavy fall of snow is very variable and no pre-

cise rule can be given. Often a heavy fall of snow comes late in Octo-
ber or early in November, sufficient to close the mountain-passes for the
winter; but if there is not a heavy snow-storm then, there will be none
until the last of February or early in the spring.

For about one-half of the winters a great deal of snow falls between
the 20th of October and the 15th of November, and for the remaining
years the greatest amount will fall between tbe 20th of February and
the 25th of March. One of the severest storms known was on the 24th
of March, when 3 feet of snow fell at Denver, and in the mountains tbe
fall was 5 feet. The greatest depth of snow that has fallen at one time
was on tbe 22d of October, I860, when the fall on the Snake and Blue
Rivers was about feet.

The snow remains in the mountains until tbe first or middle of June.
The passes are not open generally until the last of May, and then they
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have to be shoveled out : if left to themselves they would not be pass-
able until the last of June.
The winter of 1872 and 1873 was quite mild and open, and horses

crossed the mountain-passes as late as the last part of February, but
the heavy spring-snows blocked the trails, and in the middle of June
there was still 5 feet of snow in the Berthoud Pass. In 1867 there was
a large amount of snow there as late as the 29th of June.
The new road from Eollinsville across the main divide is closed this

winter by the snow, and it will be impossible to keep it open during the
winter-season, as it crosses above timber-line.

The most practicable route for a road to be kept open the whole
season, in case the settlements in Middle Park increase sufficiently to

require it, is through the Berthoud Pass, where it can cross below timber-
line.*

A list of the towns, with the date of their settlement, the population
as given in the census report of 1870, together with their present popu-
lation, as gathered from various sources, is appended.

Black Hawk
Boulder City
Breckenridge
Caribou
Central City
Denver
Empire
Erie
Georgetown
Golden City
Gold Hill

Idaho
Jamestown
Longniont
Nederland, formerly Middle Boulder
Mill City
Montezuma
Mount Vernon
Nevada City
Peru
Silver Plume
Valmont
Ward District

Year of
settlement.

1S59
1859
1860
1870
1859
1859
1860
1871
1861
1859
1860
1859
1866
1871
1871
1861
1864
1859
1859
1865
1871
1864
1862

Population.

Census
1870.

1,068
343

2,360
4,759

802
587

229

31
973

Estimated.
1873.

1,500
1,500
250
400

3,000
15, 000

50
400

3, 500
2,000

600
400
25
800
600
75
100
30

800
25
200
150
200

The towns and mining-camps on the Blue and Snake Bivers are

almost deserted in the winter, with a very variable population in the

summer. Empire, now almost forsaken, was ouce very active and pros-,

perous. Gold Hill was of considerable importance when first settled,

and then declined until it was nearly deserted, but within the last year
or two, since the^liscovery of the rich telluride ores at the Eed Cloud
and Cold Spring mines, it has returned to its former prosperity. A
number of towns and mining-camps, like Gold Dirt and Bakerville, are

now entirely abandoned.

* Since this was written a road has been built over this pass, connecting Empire
City directly with the Hot Springs in Middle Park, and a bridge across the Grand River
at the Springs renders crossing there possible at all seasons of the year.
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The heights of the mountains, &c., given are mostly barometric, a
few only being determined trigonometrically from adjacent points, and
those are marked with a t. The heights of Gray's and Torrey ;s Peaks
are determined by angles of elevation and depression from Mount Lin-
coln, fore and back sights having been taken. The height of Mount
Lincoln is determined by means of a line run with spirit-level, and one
of the base-barometers was stationed near its summit, so that the
Lincoln barometer has been used as a base for determining the heights
of peaks above timber-line. But the barometer was not located on
Lincoln until after Gray, Torrey, and also Mount Evans were visited,

so the trigonometric heights of these mountains are given as being
nearer the true height than a barometric determination referred to
Denver as a base, 9,000 feet below.

Capt. E. L. Berthoud calculated the height of Long's Peak, from a
base line, 8,400 feet in length, measured near the Big Thompson, as

13,767, assuming the bench at Golden City as 5,300 ; this, when reduced
to sea-level, gives the height of Long's Peak as 14,196 feet. The height
calculated from our barometric observations is 14,271 feet.

All the heights depend upon the altitude of Denver, which has been
taken as 5,196.58 feet for the depot of the Kansas Pacific Eailroad, and
as 5,244.58 feet for the Denver signal-service barometer.
The heights at Golden City and along the line of the Colorado Central

Eailroad to Longmont are taken from the levels of the construction-line

of that road. The heights on Clear Creek up to Black Hawk are also

from the Colorado Central Railroad levels.

The heights of Georgetown, Downieville, and Fall River are deter-

mined from the survey for the Denver, Georgetown, and Utah Railroad,

and are the best results at present obtainable. The connection with
the Colorado Central Railroad levels is made at the bridge in Idaho.
Capt. E. L. Berthoud's preliminary survey made in 1866 agrees very well

at corresponding points. His levels make the height of Fall River as

7,719 feet; Downieville, 8,018 feet; and Georgetown, lower bridge, 8,514
feet. This survey was carried over Berthoud's Pass, the summit being
11,313 feet.

MOUNTAINS.
Elevation.

Arapahoe, front range 13, 520
Audubon, front range £13, 173
Bald Mountain, front range, near Ward District 11, 493
Mount Morrison, foot-hills 7,903
Bergen's Mountain, overlooking Bergen's Park 9,773
Bross, Middle Park, overlooking the Hot Springs 9, 468
Bvers, Middle Park, divide between Williams and Frazier Rivera 12, 778
Chief, foot-hills 11,833
Coffin Top, overlooking Antelope Park 8, 003
Conical Butte, Middle Park, upper Valley of the Muddy 9, 848
Corral Peak, at the park head of Corral Creek 11, 333
Evans, front range £14, 330
Gray's Peak, front range <14, 341
Griffith Mountain, overlooking Georgetown 11, 273
High Point, front range, south of the Boulder road 11,988
Hog-Back, between Big and Little Thompson Creeks 7, 923
James Peak, front range 13, 283
Lillie's Mountain, near Este's Park 11,433
Long's Peak, front range 14, 271
McClellin, front rango $13,423
Mount at head of Turkey and Cub Creeks 10, 623
Park View, between Middle and North Parks 12, 433
Powell, Park Range 13,398
Prospect Hill, in Este's Park 8.893
Ralston Butte 10,598
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Elevation.

Eosalie, front range £14,340
Smith's Peak, front range £13,093
South Boulder Peak, foot-hills 8,533
Squaw, foot-hills 11,733
Station LX, south end of the Medicine Bow Eange 12,513
Station LXVII, Middle Park, Lower Valley of the Muddy £8, 263
Sugar-Loaf, foot-hills 8, 933
Torrey's Peak, front range £14, 336
Ute Peak, Middle Park.... £11,968
Williams, Middle Park £11,413
Whiteface Mountain, north of the Hot Springs £11, 493

PASSES.

Summit of the Boulder road 11,613
Berthoud's Pass, (Parry) 11,462
Berthoud's Pass, E. L. Berthoud's preliminary railroad survey of 1866 11, 316
Jones's Pass, (Parry) - 12,513
Passat head of Willow Creek to North Park 9,683
Divide at head of Muddy Eiver, (ahoufc) , 9,400

TOWNS AND MISCELLANEOUS HEIGHTS EAST OF THE MALN DIVIDE.

Denver, Kansas Pacific Eailroad depot 5, 196. 58
Denver, United States signal-service barometer 5, 244. 58

*

FROM EAILROAD SURVEYS.

Golden Depot '. 5,687
Golden Junction 5,615. 4

Ealston Station 5, 606
Ealston Creek, water 5, 579
Church Station 5,439
Eock Creek 5,309
Coal Creek 5,329
Coal Creek siding 5, 349.7
Davidson 5, 409
Lake side 5, 252
South Boulder Creek 5,236
North Boulder Creek 5,234
Crossing of Boulder Valley Eailroad, depot > 5, 278
Ni Wot, depot 5,118
Longmout depot „ 4, 956.

5

Longmont town 4, 976
Guy Gulch, up Clear Creek 6,204
Beaver Creek, up Clear Creek 6,411
Fork of North and South Clear Creek , 6,893
Fish Creek 6,889
Black Hawk.. 7,975
Soda Creek 7,531
Idaho, north end of bridge at east end of town 7, 535
FallEiver, water 7,719
Downieville 8,018
Georgetown, Alpine street, about 400 feet east of the north branch of
Clear Creek 8,530.4

Foot of Berthoud's Pass, Berthoud's preliminary railroad line of 1866 9, 615

BAROMETRIC.

Terrible Mine 9,243
Bakersville 9,753
Kelso Cabin 10,893
Stevens's Mine, on McClellan Mountain 11,943
Junction House, Denver and South Park road 8, 15.*

Bergen's Park 7,643
Eollinsville 8,323
Nederland, formerly Middle Boulder 8,263
Caribou, Planter's Hotel 9,905
Gold Hill 8,463
Jamestown 7,123
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Elevation.

Antelope Park 6,433
Allen's Park 8,513
Este's Park, Evans's ranch 7,500
Little Thompson Creek, inside the Hog-Backs. 5, 623
South Saint Vrain's Creek, at crossing of road from Ward District to Allen
Park 8,653

Middle Saint Vrain's, at crossing of same 7, 703
Park on the South Boulder Creek, above Eollinsville 8,823

WEST OF THE MArN DIVIDE.

Grand Lake 8,153
Junction of East Fork of Grand and Grand Eivers 8, 123
Mouth of Frazier Canon 8, 088
Valley of the Frazier River, above cation 8, 463
Hot Springs. 7,713
Junction of Blue and Grand Eivers 7, 183
Muddy River, near Conical Butte 7,603
Blue River, opposite Ute Peak 8,013

TIMBER-LINE.

ft

a O

II
ft
< H

Mount Evans ..

Gray's Peak
Mount Powell..
Mount Byers
James's Peak .

.

Arapahoe Peak.
Bald Mountain.
Long's Peak ...

Mount Lillie ..

Station LX... ..

Park View.. ..

East ..

North .

North .

South .

East ..

South .

East ..

East ..

South

.

East ..

Beg. Min,
39 35
39 40
39 45
39 50
39 50
40 00
40 00
40 15
40 15
40 20
40 20

Feet.

11, 300
11,103
*11,600
11,400
11, 100
11,100
11, 100

11, 100

11, 100
*11,600
*11, 100

Estimated.



GEOGRAPHICAL REPORT OF HENRY GANNETT, M. E.

Sm : I have the honor to submit to you herewith my geographical
report on the field-work of 1873.

The party in my charge was composed as follows : Dr. A. C. Peale,

geologist; W. R. Taggart, assistant geologist; Henry W. Sfcuckle, as-

sistant topographer, and J. H. Batty, naturalist, with two packers and a
cook.

The party left the depot camp near Denver on May 29, and spent the
following six weeks in the country east and north of South Park. At
Fairplay, in the middle of July, we met your party, and together crossed
the Arkansas Valley, the Sawateh Range, and the Elk Mountains, work-
ing a belt of the country through the middle of the district as far

west as the one hundred and seventh meridian. After separating from
your party on August 10, we finished the southern part of the district,

then crossed the Elk Mountain divide and finished the northern part,

reaching the Arkansas Valley again about the middle of September.
The remainder of the season was used in finishing up work which had
previously been left partially done, in the country south and east of
South Park.
The plan of the topographical work was as follows : It was all, with

slight exceptions, carried on from commanding points, usually the high-
est peaks in the neighborhood. A connected system of secondary
triangulation, within the primary system, was carried on with the grad-
ienter. In this system all three angles of the triangles were observed
•whenever possible. The number of stations was 96, and the average
distance between them was eight and a half miles. At each station a
drainage and a profile sketch were made of the country within the range
of vision, and all prominent points were located. Elevations were
measured by barometers and dip-angles with the gradienter. The more
important streams were meandered.
The party reached Denver on October 23, and immediately disbanded.
The notes in the accompanying report concerning the common mam-

malia and birds of Colorado were furnished me by Mr. J. H. Batty, nat-
uralist of this division.

The botanical notes, giving a list of the most valuable trees and
herbs of the Territory, were given me by Mr. J. M. Coulter, botanist
of the survey.

Very respectfully, yours,
HENRY GANNETT.

Dr. F. V. Hayden,
United States Geologist, in charge United States

Geological and Geographical Survey of the Territories.

REPORT.
The district assigned to the middle division is bounded in latitude by

the parallels of 38° 45' and 39° 30', and in longitude by the eighth guide-
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meridian of tbe land survey on the east, and by the one hundred and
seventh meridian on the west. The area is about 7,200 square miles.

This district is very much diversified, consisting of high plains, plateaus,
and mountain-ranges.
The drainage systems may be classified as follows:

—

1st. That of the South Platte, which drains South Park and most of the
country east of it. The area embraced by this system is 3,300 square
miles, of which 1,700 square miles are plain or valley country, and the
remaining 1,600 square miles are mountainous.

2d. That of the Arkansas River, consisting mainly of a broad, trough-
like valley, lying between the South Park and the main range of the
Rocky Mountains, (which is there known as the Sawatch Range,) and a
considerable portion of the plains east of the mountains, and the mount-
ainous region about Pike's Peak, which are draiued by a branch of the
Arkansas, kuown as the Fontaine qui Bouille. The area drained by
the Arkansas system is about 1,700 square miles, of which 500 square
miles are plain and valley country and 1,200 mountainous country.

3d. That of the Gunuison and the Grand Rivers, which, heading in

the western slopes of the great Sawatch Range, flow in a general westerly
direction, draining all the country west of the Sawatch Range.
The divide between these streams is a high range, known as the Elk

Mountains. The drainage area of the former is about 700 square miles,

of which 100 square miles are valley country and 600 mountainous.
The area drained by the latter is 1,500 square miles, 200 of it being val-

ley and 1,300 mountainous.
Of the total area of the district, 2,500 square miles, or little more than

one-third, are plain and valley country, the remainder, 4,700 square
miles, being mountainous.
The plains which form the eastern part of the district are drained

in part by the South Platte and its numerous branches, and in part by
the branches of the Fontaine qui Bouille, the divide between the two
systems, consisting merely of a slight rise in the level of the plains.

The elevation of the plains at the north line of the district is about 5,300
feet, thence the slope is gradual up to the divide, which has an eleva-

tion of about 8,000 feet, and thence the plains slope gently and regularly
down to the south line, where the elevation is about 5,600 feet. The
valleys of the streams are very slight, aud in the dry season much of the
water sinks in the gravelly soil. There is no timber, except on the sum-
mit of the divide.

The list of elevations along the Denver and Rio Grande Railroad,
which is appended, shows the profile of the plains very well.

Rising abruptly from the plains on the west is a plateau-like range,
known as the Colorado or Front Range, which increases gradually in

elevation toward the south, until, near the south line, it culminates in

the group of mountains of which Pike's Peak is the center. Near the
north line the South Platte cuts through this range, and just north of

Pike's Peak the Fontaine qui Bouille heads in its western part, and
cuts a canon through nearly its whole width. Its elevation near the
north line is 8,000 feet, near the canon of the Fontaine qui Bouille it

is about 9,000 feet.

The mountains of the Pike's Peak group are from 10,000 to 14,000 feet

in elevation. The plateau is crested in many places by ragged granite
ridges, of which Platte Mountain or Devil's Head is the highest, 9,203 feet

above the sea. This range is sparsely timbered with pine and spruce.
West of this range the country consists alternately of beautiful, well-

watered parks and rugged granite slopes, as far west as the great
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canon of the South Platte. This canon is cut in granite, bordered on
the east by a granite plateau, on the west by a high granite range, the
continuation of the Kenosha Eange, which I call the Tarryall Eange,
from the large creek which flows along its southern face. The canon is

thirty-five miles loug, following the general course of the river ; the
depth differs greatly in different parts, ranging from 400 to 1,000 feet.

It is barely passable for pack-animals at the lowest stage of the water.
The Tarryall Range lies between the canon of the South Platte, Tar-

ryall Creek, and South Park. It is more properly a group of mountains
than a defined range. Its elevation reaches, in a few summits, 12,000
feet, with an average elevation of 11,000 feet.

Between Tarryall Greek and the South Platte, the country is open,
park-like, and well watered, as also is most of the country lying south
of the South Platte. There is plenty of the best of timber and grass.

South Park is a table-land, very uniform in surface, with the exception
of a few minor ridges, which traverse it in a direction generally a little

east of south, and in the southern part numerous volcanic buttes. Its

shape is nearly elliptical, the longest axis having a direction about north
and south, and a length of 50 miles, while its shorter axis is 25 miles
long. The area is about 1,000 square miles. The prevailing slope is

from northwest to southeast. The elevation is, in the northern and
northwestern part, 9,500 to 10,000 feet; in the western and southwestern
part, 8,500 to 9,000, and in the southeastern part, 8,000 feet. The mean
elevation is fully 9,000 feet.

The limits of the park are sharply defined by the mountains, which
rise on all sides abruptly from the plains to the highest summits. The
Tarryall Eange bounds it on the east as far as Tarryall Creek

; thence
to the south end, around the south end, and up the west side as far north
as Buffalo Peaks, the boundary consists of wooded hills, having eleva-

tions of 10,000 to 11,000 feet, and rising about 2,000 feet above the
plain. At Buffalo Peaks the range rises abruptly to mountains fjroni

13,000 to 14,000 feet high, called the Park Range, which joins the main
range at Mount Lincoln, at the northwest corner of the park. The
north end of the park is bounded by the maiu range, which has there

an elevation of 12,000 to 14,000 feet.

In general the park is not well watered. Near its borders, especially

its northern and western sides, there is at all seasons an abundance of

good water, but throughout the whole interior part of the park water
is scarce. The large streams water but a very narrow belt in their im-
mediate neighborhoods, and the smaller streams sink in the gravelly
soil.

The surface of the park is covered with bunch-grass of an excellent

quality, making it an excellent range for cattle and sheep in summer,
but the great elevation makes it extremely hazardous to winter stock

out of doors.

There is no timber except on the sides, but in the mountains there is

an abundance of the best timber.
West of the Park Eange is the valley of the head-waters of the

Arkansas Eiver. This is five to ten miles broad, well watered, sparsely

timbered, and covered with bunch-grass and sage. From the extreme
bead of the river in Tennessee Pass to Lake Creek the valley is very
broad, open, and fertile. From Lake Creek south about fifteen miles

the river is in canon. Below this is again a broad valley .without

timber, and tolerably good for grazing purposes. The whole valley

is much more sheltered than South Park, and on that account is much
better for wintering stock.
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Eagle River heads opposite the head of the Arkansas, in Tennessee
Pass, and flows nearly northwest to the Grand River. Its valley con-
sists in the upper portion of broad, fertile meadows, with good grass,
and abundance of timber in the hills.

West of the Arkansas and Eagle Rivers is the great Sawatch Range,
which terminates on the north in the Mountain of the Holy Cross.
The main divide joins it at Tennessee Pass, and thence south follows its

crest. The peaks of this range are between 14,000 and 14,500 feet in
height. Few points in the range are below 13,000 feet high, and the
average elevation of the range is fully 13,500. The orographical charac-
ter of these mountains, as well as those of the Park Range and of the
main divide on the north end of South Park, is broad and massive.
Heavy, bulky mountain-forms abound, while sharp pinnacles and ser-

rated ridges are entirely wanting. This range has an average width of
fifteen to twenty miles.

The country west of the Sawatch Range is drained by the Gunnison
River and Roaring Fork, a branch of the Grand River. Their valleys
are separated by a heavy range, the Elk Mountains, second only to

the Sawatch in magnitude and elevation. The direction of the divide
between the two drainage-systems is generally east and west, but the
range is, in reality, made up of a series of ranges parallel to the
Sawatch; i. e., having a direction about south 30° east, and north 30°
west, joined together by saddle-like ridges, this formation giving rise

to a number of large branches of each river, all parallel, approximately,
to one another. This range is composed in great part of stratified

rocks, principally sandstones, disturbed in several places by upheavals
of granite. These mountains present aspects entirely different from
those of the Sawatch Range, both in color, which ranges from a dull red
to a dark brown, and in form, which, instead of the heavy, massive,
dome-like structure of the Sawatch Range, presents us here with sharp
pinnacles, spires, jagged ridges, &c.
The valleys of most of the branches of the Gunnison are narrow,

though in some places, as on the main Gunnison and on East River,
they expand to broad bottoms several miles in width covered with sage
and bunch-grass.
The vegetation in the mountain valleys is of almost tropical luxuri-

ance, the sandstone and limestone making a deep, rich soil. Pine and
spruce trees cover the ridges heavily, while the bottoms are choked by
quaking-aspen trees.

On the north side of the divide the character of the country is very
similar to that on the south side ; *. c, a system of parallel ridges, par-

allel to the Sawatch Range. This direction of the ridges is, however,
changed as we go farther north to a nearly east and west direction in

the latitude 39° 15', by the large branch of Roaring Fork, known
as Frying-Pan Creek, which drains the west face of the northern half

of the Sawatch Range. The elevation decreases rapidly toward the

north, being at the mouth of Frying-Pan Creek, in latitude 39° 15',

only 7,000 feet ; and with this decrease in elevation there comes a great

change in the character of the vegetation.

The range and extent of agricultural pursuits are determined in this

country rather by the elevation than by any other agency.
The following notes concerning the limits in altitude of the growth of

different crops were given me by Mr. W. 1ST. Byers, of Denver, from his

own experience and observation :

Wheat, barley, oats, potatoes, turnips, peas, and the hardier garden
vegetables are safe crops at any elevation under 7,500 feet. Potatoes

43 G s
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generally do well as high as 9,000 feet, and turnips always up to that
altitude. Wheat grows splendidly at as high an elevation as 9,000 feet,

but above 7,500 feelfit is a hazardous crop, liable to be injured by early

autumn frosts or snow. Oats grow splendidly up to 9,000 feet, but gen-
erally have to be harvested green.

The list of elevations submitted at the end of this report will show the
application of these facts to the area under consideration.

Cattle and sheep do well as high up as grass grows, but it is not safe

to try to winter them without provision of hay above 7,500 or 8,000 feet.

Nearly every year since the settlement of the Territory stock has win-

tered out of doors in South, Middle, and Estes Parks, but the lowest
and most sheltered parts were sought for this purpose.

The total population I estimate at 6,500. This is necessarily a rough
estimate, as I have no means of learning the number who are scattered

about on ranches, &c, away from the settlements.

The principal settlements are as follows

:

Colorado Springs, on the Fontaine qui Bouille and the Denver and
Eio Grande Eailroad. This place is the county-seat of El Paso County.
It was founded, on the colony system, in 1871. Its present population
is about 2,000, and rapidly increasing.

Colorado City, on the Fontaine qui Bouille, two and a half miles

above Colorado Springs
;
population, 600. This place was started in

1859, at the time of the first gold-discoveries in South Park. It has
been much larger than at present.

Manitou, on the Fontaine qui Bouille, about five miles above Colorado
SpriDgs, at the mineral springs, and at the immediate foot of Pike's

Peak. The town was started in 1872 by the Colony Company. It has
a population of 200.

Fairplay, South Park, the county-seat of Park County. It was
started during the mining excitement of 1859-'60. It now has a popu-
lation of about 1,000.

Dudley; started in 1872
;
population, 300.

Alma; started in 1872 ;
population, 500.

Quartzville; started in 1871; population, 200.

(The three latter settlements owe their birth to the rich mineral
deposits recently discovered on Mounts Bross and Lincoln. They,
as well as Fairplay, are situated on the South Platte, very near its

head, at or near the foot of Mount Bross.)

Montgomery, at the extreme head of the South Platte, which had,
ten years ago, a population of 2,000, now consists of one family.

Hamilton and Tarryall, on Tarryall Creek, near its head, have popula-
tions respectively of 100 and 200. They were started during the mining
excitement in 1860, and were at one time large places, as Tarryall had
for several years a population of 2,000 to 3,000.

Oro City, at the head of California Gulch, in the Arkansas Valley,
was started in 1860. In 1861 it had a population of 3,000. Now its

population is 300.

Granite, on the Arkansas Eiver, at the mouth of Cash Creek, was
started in 1868, with a population of 1,000, which has now decreased to
100.

Dayton, on Lake Creek, Arkansas Valley, in 1865-'6 had 400 or 500
inhabitants ; now the population consists of but one or two families.

The only settlements in the park or mountains are dependent on
mining for their existence.

West of the Sawatch Bange there are no settlements whatever, with
the exception of two small mining-camps, one in the Elk Mountains, at
the head of East Biver, and one in Union Park, on the Gunnison Biver.
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PRINCIPAL PASSES IN THE HIGH MOUNTAINS.

The following are the practicable passes in the main range:
Georgia Pass, at the head of Michigan Creek, north of South Park.

Its elevation is 11,811 feet, while the level of South Park, in the neigh
borhood, is about 10,000 feet. The grades are easy on both sides, and
a small outlay of money would suffice to build a good wagon-road over
it. An indifferent one now exists.

Tarryall Pass, a few miles west of the latter. Elevation, approxi-
mately, 12,000 feet. The stage-line from Breckenridge to South Park
crosses this pass. The approaches are equally easy with the latter, and
road well built.

Hoosier Pass, near the head of the South Platte. Elevation, 11,540
feet, while Montgomery, on the South Platte, just at the foot of the
pass, has an elevation of 11,540 feet. The ascent on the south side is

extremely steep, and the road is obliged to wind a great deal to over-

come the ascent. On the north side it is not as steep.

Tennessee Pass, at the heads of the Arkansas and Eagle Rivers.
Elevation, 10,418 feet. The easiest pass over the main range in the
Territory, if not in the United States, with the exception of Reynolds
Pass, Montana.

Frying-Pan Pass, at the heads of Colorado Gulch and Frying-Pan
Creek. Elevation, 12,017 feet. This pass is very steep and difficult on
both sides, more particularly so on the east side.

Lake Creek Pass, at the head of the South Fork of Lake Creek. Ele-

vation, 12,329 feet. This is quite steep on both sides, but rather more so

on the west. The summit of the pass is covered with shingle, which
increases its difficulty.

In the Park Range the most northerly pass is the Mosquito Pass, at

the head of Mosquito Gulch. Its elevation is 13,438. The ascent is

steep, and difficult for pack-animals on both sides ; and except in mid-
summer, there is a great deal of snow on the trail.

Weston's Pass, Park Range, at the head of the Little Platte. Eleva-
tion, 11,676. A good wagon-road crosses this pass. The ascent on the
South Park side is by easy grades, but on the Arkansas side it is much
steeper.

Trout Creek Pass, Park Range. Elevation, 9,346 feet. This pass is

through the low rugged hills south of Buffalo Peaks, and near the salt-

works. The stage-road to the Arkansas Valley crosses this pass. It is

an extremely easy one.

The Elk Mountains can be crossed by a pack-train in .several places,

with more or less difficulty. Near the head of the main Gunnison the
summit of the range is broad and flat, and though the ascent on each
side is extremely steep and rocky, still it is practicable. Elevation,

11,795 feet.

At the head of East River there is quite an easy pass to the head of

Rock Creek. One of the main trails between the White River and the

Los Pinos agencies crosses the range at this pass. The elevation is

about 11,163 feet.

MEANS OF COMMUNICATION.

The Denver and Rio Grande Railroad (narrow gauge) runs nearly

north and south from Denver to Pueblo, on the Arkansas River, at the

east foot of the Colorado Range. This is the only railroad at present in

operation in this district, but surveys for railroads have been made from
Denver and Colorado Springs to Fairplay and the Arkansas Valley.
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The located line from Denver follows up the Platte to the mouth of

the North Fork ; thence up the North Fork, crossing to South Park at

the Kenosha Summit ; thence along the northwest border of the Park
to Fairplay. From Fairplay it passes down the west border of the Park
to Trout Creek Pass, by which it crosses to the Arkansas Valley. The
located line from Colorado Springs follows up the canon of the Fon-

taine qui Bouille, crosses the divide at its head, passes over the high,

rolling country northwest of Pike's Peak to the Platte, and follows that

liver up to Fairplay.

A daily stage-line connects Fairplay and the towns in South Park
with Denver. A tri-weekly stage-line connects the settlements in South
Park with Colorado Springs. A bi-weekly stage-line connects the set-

tlements on the Arkansas with Fairplay, and a bi-weekly stage-line

connects Breckenridge with Hamilton, in South Park.

PRINCIPAL WAGON-ROADS AND TRAILS.

A road connects Denver with Colorado Springs and all the minor
settlements on the plains. The line of the road is generally quite near

that of the Denver and Bio Grande Bailroad.

The stage-road from Denver to South Park crosses the plains from
Denver to the foot of the canon of Bear Creek, crosses the divide to

Turkey Creek, follows up Turkey Creek, crosses to Elk Creek, thence

crosses the high divide to the North Fork ; follows North Fork up nearly

to its head, and crosses into South Park at Kenosha Summit ; thence it

skirts the northwestern border of the Park to Hamilton and Fairplay.

A branch leaves it at Michigan Creek, and, crossing the main range at

Georgia Pass, goes down to Breckenridge. Another branch leaves it

at Hamilton, and connects with Breckenridge by way of the Tarryall

Pass and Swan Biver. From Fairplay, a road runs up the South Platte,

connecting the mining towns above Fairplay, crosses by Hoosier Pass,

and goes down the Blue Biver to Breckenridge.
Colorado Springs and the towns in its neighborhood are connected

with Fair Play by a road which follows very closely the course of the

located railroad-line as far as the crossing of the South Platte. There
it leaves the South Platte, and crosses to South Park in a direction

somewhat north of east, reaching the South Platte again in South Park,
and follows it up to Fairplay. A branch leaves it in the southern
part of the park, and runs to the Salt-works and the Arkansas Valley.

Another branch leaves it at the first crossing of the South Platte, and
follows Tarryall Creek up to Hamilton.
From Fairplay a road skirts the western side of the park, a branch

of it crossing the Park Bange, at Weston's Pass, to the Arkansas Valley,

while the main road continues on down to the Salt-works, and thence

to the Arkansas Valley, by way of Trout Creek Pass and Trout Creek.
From the Salt-works a road runs to Canon City.

There is an excellent road throughout the whole length of the Arkan-
sas Valley. These wagon-roads are all excellent, and this in a country
in many parts extremely rough and mountainous.
The most direct route from Fairplay to the Arkansas Valley is by a

pack-trail up Mosquito Gulch and over Mosquito Pass.

At the head of the Arkansas Biver the wagon-road dwindles to a
trail, which crosses the maiu range at Tennessee Pass and follows the

Eagle Biver down to the crossing of the Grand Biver, and thence to

the White Biver agency.
From the Twin Lakes, Arkansas Valley, a heavy trail passes up Lake
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Creek and its south fork, crosses the Sawatch Range at Lake Creek
Pass, follows Pass Creek down to the Gunnison, which it crosses near
its bead ; thence it follows up Spirifer Creek, crosses to Taylor River,
then up Deaclman's Gulch, crosses the divide to Cement Creek, and fol-
lows Cement Creek down to its mouth. At East River it forks, oue
branch going southerly down East River and the Gunnison to the Los
Pinos agency; the other up East River to its head, where it crosses to
Rock Creek, and, generally speaking, it follows Rock Creek down to
the Grand River. This is one of the principal Indian trails in the Ter-
ritory.

BOTANICAL NOTES.

Quercus alba, L., var. Gunnisoni, Torr., scrub-oak.—The only oak in
Colorado, and of little value. Grows 6 to 10 feet high.
Populus balsaminifera, L., var. Candicans, Gr., cottonwood.—Occurs at

middle elevation. Is the only poplar that can be used for timber.
Pimts ponderosa, Dough, yellow pine.—Grows 70 to 100 feet high.

Common through all the lower slopes. Is a most valuable timber-tree.
Pinus flexilis, James.—Found on the divide between South Park and

the Arkansas Valley, (Park Range.)
Pinus eduUs, Eng., piiion or native pine,—Found near Colorado Springs

and Twin Lakes.
Abies Pngelmanni, Parry, white pine.—A magnificent tree, growing 00

to 100 feet high, with a straight, even trunk, and of rapid growth.
Wood is remarkably white and soft. This species is closely allied to
the black spruce (Abies nigra) of the East. Found on the mountain-
slopes of the Elk and Sawatch Ranges.

Buchloe dactyloides, Eug., buffalo-grass.—One of the most nutritious
grasses. Is the common pasturage on the plains and in South Park.
Poa alpina, L., and PMeum alpinum, L.—The best of mountain-grasses,

growing far up on the mountains.
Triticum repens, L., blue-joint.—Found along the Platte and around

Weston's Pass.
Poa serotina, Elroh., false red-top.—A good grass. Found in moist

meadows, even nearly to the timber-line.

Hordeum, wild barley.—Found about Colorado Springs and in South
Park.
Mymus, wild rye.—Found around Colorado Springs and Twin Lakes.
Dauthomia, wild-oat-grass.—Found at Ute Pass and along the South

Platte.

Avena, wild-oats.—Found in Middle and South Parks.
Caltha leptosepala, D. C.—Very abundant in all sub-alpine swamps.
Linum perenne, L., flax.—Abundant throughout the district at all

elevations.

Trifolium, clover.—Occurs in comparative abundance ; mainly at high
altitudes.

Eubus triflorus, Richards, raspberry.—Occurs in canons at middle
elevations.

Ribes aureum, Parsh, currant.—Occurs in South Park.
Valeriana edtilis, Nutt.—Abundant in Clear Creek Canon and about

Twin Lakes.
Eurotia lanata, Mog., winter-fat, or white sage.—Found around Col-

orado Springs and Canon City.

Humulus lupuliis, L., common hop.—Found along the South Platte
and in the caiions about Snow-Mass Mountain.
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HYPSOMETEICAL.

The most important elevations in the following lists were determined
with the mercurial barometer, until August 22, when the last barom-
eter-tube was broken. Elevations of minor importance, and, after

August 22, all elevations, except those measured trigonometrically, were
measured by aneroids. While there was a cistern barometer in the party,

the aneroids were compared daily; and after this barometer was broken,
corrections were obtained for the aneroids whenever possible, and in

every case these showed a remarkably good performance on the part of

these instruments.

A part of the elevations submitted below were measured by vertical

angles taken with the gradienter. The vertical circle of this instrument
is four inches in diameter, and reads, by a vernier, to single minutes.

The correction for refraction was determined by a series of fore and
back sights between mountain-peaks to be approximately one-sixth of

the curvature, and this correction has been applied to obtain these

results.

Barometric observations taken in Denver by the officers of the United
States Signal-Service Bureau, during the summer and autumn, were
placed at our disposal for use as base observatious. At Fairplay, South
Park, elevation 10,048 feet, barometric observations were taken for us
three times a day from July 19 to October 1, and at the Moose Mine,
near the summit of Mount Lincoln, elevation 14,188 feet, observations
have been taken since July 20.

To the Denver observations as a base have been referred all work at

elevations below 8,000 feet ; to Fairplay, all work between 8,000 feet

and the timber-line, that is, about 11,600 feet ; and to Mount Lincoln,

all above the timber-line.

In the following lists a refers to an aneroid measurement, t to a trig-

onometrical determination. In other cases the measurement was made
by a mercurial barometer. The elevation of Denver above sea-level has
been assumed at 5,197, the level of the track of the Denver Pacific Rail-

road. This makes the elevation of the barometer in the United States
Signal-Service office, 5,245 feet.

LIST OF ELEVATIONS

Along the line of the Denver and Bio Grande Railroad from Denver to Colorado Springs
at the east foot of the mountains.

Miles. Elevation,
feet.

Denver 5,197
Littleton • 10 5,362
Acequia 17 5,530
Plum. 25 5,835
Citadel 31 6,123
Douglas 35 6,325
Larkspur 43 6, 666
Greenland 47 6,928
Divide 52 7,209
Henrv's 56 6,984
Beret's 58 6,812
Husted 62 6,600
Monument 67 6,355
Colorado Springs 76 5,984

TOWNS, ETC.

Colorado City '. 6,049
Coloi-ado Springs, railroad levels 5, 984
Manitou a 6, 357
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Elevation,
Feet.

Fairplay, South Park, railroad levels 10, 048
Hamilton, South Park 9,743
Tarryall, South Park 10,254
Jefferson, South Park _ 9,868
Dudley, South Park a 10,621
Alma, South Park a 11,044
Montgomery, South Park a 11,181
Farnham's Ranch, South Park 9, 548
Salt-works, South Park a 8,749
Oro, Arkansas Valley a 10,704
Old Oro, Arkansas Valley a 10,247
Dayton, Arkansas Valley 9,441
Granite, Arkansas Valley a 8,883
Mining Camp, in the Elk Mountains 11, 404

MOUNTAIN-PEAKS.

Platte Mountain, Colorado Range a 9, 203
Pike's Peak, Colorado Range, (spirit-level) 14, 147
Cameron's Cone, Colorado Range t 11,460
Cheyenne Mountain, Colorado Range t 9,948
Bergen Peak, (at foot of Bergen Park) a 9,415
Highest summit in the Tarryall Range 12, 327
Mount Guyot, Cross Range, between Middle and South Parks 13.425
Mount Silverheels, Cross Range, between Middle and South Parks 13, 767

Mount Lincoln, Cross Range, between Middle and South Parks, (spirit-level). 14, 297
Buckskin Mountain, Cross Range, between Middle and South Parks a 14, 156
Quandary Peak, Park Range t 14, 269
Station 52, Park Range 13,92S
Horseshoe Mountain, Park Range 13, 842
Sheep Mountain, Park Range 13, 292
Buffalo Peak, (highest,) Park Range. 13,541
Holy Cross, Sawatch Range t 14, 176

Massive Mountain, Sawatch Range t 14,368
Mount Elbert, Sawatch Range a 14,326
La Plata Mountain, Sawatch Range 14, 302
Mount Harvard, Sawatch Range 14, 384

Mount Yale, Sawatch Range t 14, 151

Mount Princeton, Sawatch Range 14, 199

Grizzly Peak, Sawatch Range 13, 962

Station 75, Sawatch Range a 13,315
Park Cone, at head of caiion of Gunnison River 12, 052

Station 63, Elk Mountains a 12,142
Italia Mountain, Elk Mountains 13, 431

White Rock Mountain, Elk Mountains 13,847

Teocalli Mountain, Elk Mountains t 13,274

Crested Butte, Elk Mountains 12, 014

Gothic Mountain, Elk Mountains t 12,491

Snow Mass, Elk Mountains 13,961

Maroon Mountain, Elk Mountains = t 14, 000

Castle Peak, Elk Mountains 14,106

Station E, Elk Mountains * 13,842

Capitol, Elk Mountains - t 13,992

SoprisPeak, Elk Mountains * 12,972

PASSES AND DIVIDES.

At the head of the Fontaine qui Bouille to Haydeu Park a 8, 625

At the head of the Fontaine qui Bouille to Bergen Park a 8, 344

Hayden Summit, ( Hayden Park) « 8, 882

On the Colorado Springs and Fairplay road, over the range bordering South
Park on the east a ",31.9

Kenosha Summit, on the Denver and South Park stage road a 9, 937

Georgia Pass 11,811

Tarryall, or Breckenridge Pass, (approximate) 12, 176

Hoosier or Ute Pass a 11, 540

Summit of the Mosquito trail over the Park Range t 13, 438

Weston's Pass, over the Park Range « 11, }>7(j

Trout Creek Pass, over the Park range « 9,346
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Elevation,
Feet.

Tennessee Pass, over main divide, at head of the Arkansas River 10,418
Main divide, at the head of Frying Pan Creek 12, 017
Lake Creek Pass, Sawatch Range 12, 329
Pass at the head of the North Fork of Lake Creek, Sawatch Range * 12, 462
Pass at the head of Cottonwood Creek a 12, 695
Divide at the heads of the Gunnison and Roaring Fork, Elk Range a 11,795
Divide hetweeu Taylor's River and Cement Creek on trail of the party a 11, 1S6
Divide between Taylor's River and Cement Creek on the Indian trail.. 10, 675
Pass at the heads of East River and Rock Creek 11, 163
Pass at the heads of Rock Creek and Slate River 11, 679

ELEVATIONS ON STREAMS, ETC.

South Platte River.

At Montgomery, (head) 11,176
At Dudlev, mouth of Buckskin Gulch 10, 621

At Fairplay 9,976
At mouth of Little Platte 8,683
At head of upper canon, (exit from South Park) 8, 166
At foot of upper cation 7, 623
At mouth of Tarryall Creek, (head of lower canon) 7, 326
At mouth of Trout Creek 5,876
At foot of lower canon . .• 5, 476
At Denver ^. 5,176

Tarryall Creek.

At -Hamilton 9,743
At exit from South Park.. 8,754
At mouth 7,326

Arkansas River.

At head, in Tennessee Pass 10, 176
At mouth of East Arkansas 9, 827
At mouth of Colorado Gulch 9, 586
At mouth of Lake Creek .*. 9,098
At mouth of Cash Creek 8,883
At mouth of Pine Creek.... 8,620
At mouth of Cottonwood Creek 8,317
At mouth of Chalk Creek 7,877

Gunnison River.

At head 11,176
At mouth of Pass Creek 9, 869
At head of canon 9,576
At mouth of East River 8, 176

Roaring Fork.

At head 11, W6
At mouth of Hunter's Creek 10,326
At mouth of Difficult Creek 8,241
At mouth of Castle Creek 7,942
At mouth of Frying Pan Creek 6, 626

Frying Pan Creek.

At head ._. 11,012
At foot of upper canon 8, 566
AtmouthofNorthFork 8,176
At head of box canon 7, 742
At mouth 6, 626

ELEVATION OP THE TIMBER-LINE.

On Pike's Peak, east face 11,721
On Mount Guyot, north face 11,811
On Mount Silverheels, northeast face 11, 549
On Mount Lincoln, east face 12, 051
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Elevation,
Feet.

At head of Buckskin Gulch, south face 11 587
On station 52, Park Eange, east face 11^ 603
On station 56, Park Eange, east face j 11752
On Park Range, on Mosquito trail, west face 11^656
Ou Park Eauge, on Mosquito trail, east face ll' 535
On station 40, near Mount Evans, south face 11 559
On Buffalo Peak, northwest face 12,041
On Sawatch Range, at head of Frying Pan Creek, west face 11, 583
On Massive Mountain, north face 11,607
On Mount Elbert, east face ll' 871
On La Plata, east face 12, 080
On Grizzly Peak, south face 11,758
On Mount Harvard, east face 12,117
On station 89, near Mount Princeton 11,514
On station 63, Elk Mountains, east face 11,513
On White Eock Mountain, south face 11,919
On station 68, in Elk Mountains 11,686
On station 82, on ridge north of Frying Pan Creek 11,830
On station 75, near head of Texas Creek 11,574

Mean elevation of the timber-line 11,694
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GOLD HILL MINING-REGION: ITS POSITION AND GENERAL
GEOLOGY.

By Arch. R. Makvixe.*

The accompanying map has been prepared to show the general out-
lines of the country in the neighborhood of the Gold Hill and Ward
mining-districts, in the mountains of Colorado, while the following
remarks explain briefly the position of the region in relation to the
surrounding country, as well as its general geology, as determined dur-
ing the explorations of the summer of 1873.

Nearly parallel with, and a few miles west of, the western border of
the country represented on the map, rises the main continental "divide"
in a north-and-south crest, which here reaches an altitude of nearly
13,000 feet above the sea-level. From the base of the main crest, a zone
of mountainous country extends eastward, which is cut through by the
streams in a general east-and-west direction.

The intervening ridges are not sharp, but of a massive character,
often with undulating surfaces, their higher points usually reaching in
general a pretty uniform level, the ruggedness of the country being
produced by the deep canons of the stream. It is a portion of this

region that is represented on the map.
At the east (near the border of the map) the region abruptly ends

along a nearly north-and-south line, the massive spurs falling to the
zone of "hog-backs," or ridges of upturned sedimentary rocks, which
lie all along the base of the range.

The "red beds," probably of Triassic age, form the innermost ridge,

lying directly on the Archaean rocks of the mountains. These, in going
eastward, are followed by the upturned edges of Jurassic shales, the
Cretaceous groups, and the great Lignitic formation, of as yet disputed
Cretaceous or Eocene age, which stretches eastward, and forms the beds
directly underlying the great plains.

Boulder City is on the border between the mountains and plains, and
is reached by railroad, Denver City being but twenty-five miles to the

south and east. From Boulder City, wagon-roads up the various caiions

give access to the mines in the mountains. South of the region repre-

sented on the map, from fifteen to twenty miles, is Clear Creek, much
like the Boulder in general character, on the tributaries of which the

better known mining-regions of Georgetown, Idaho, Empire, Black
Hawk, and Central City are situated.

The rocks of the mountains, as a whole, may be considered as being

composed of a great series of metamorphic rocks of Presilurian age.

Quartzites, siliceous, micaceous, some hornblendic and garnetiferous

*The following notes were originally prepared to accompany an article of Prof.

Benjamin Silliman, jr., in the July number of the American Journal of Science, on tlio

tellurite ores of Colorado.
They should have been printed witli Mr. Marvi lie's report, but were accidentally

omitted ; but as they refer to the area occupied by the survey, and should form i»i por-

tion of the report proper, it seems advisable to print them in this connection.
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schists, gneisses, and granites, all occur; the gneiss, with possibly gran-

ite, in the greater proportion. While large areas of structureless gran-

ite abound, apparently of so-called plutonic or eruptive origin, search
seldom fails in finding spots or areas more or less large of gneissic or

even distinct schistose structure. The fact that these usually merge im-

perceptibly into the surrounding granite, as well as conform in their

strikes and dips to the general system of folds, as more plainly indicated

perhaps in adjacent schistose regions, show that such granites have
been metamophosed in situ, and are indigenous rocks. At the same
time, sharp lines of demarkation, and the occurrence of dikes and allied

features, show that the conditions of extreme metamorphism have prob-

ably been accompanied by a great softening of the rock, allowing ready
molecular re-arrangement into structureless forms, and producing plu-

tonic and other appearances indicative of an exotic character.

The same granite mass, approached from opposite sides, might convey
entirely different impressions as to its origin ; a metamorphic indigenous
nature being indicated upon the one hand ; an eruptive, exotic origin

upon the other.

I doubt if any of the large granite masses of the mountains are of true

intrusive character, and even if those smaller ones which are clearly

intrusive have come from great distances below, or are other than of the
same series of rocks melted by the heat accompanying the metamorphism
of the mass.
Along the south side of the map, and exposed by the canon of the

Boulder Creek, are massive gray granites, with but few points where
any structure was observed.

All along this half of the map, the general strike is approximately east

and west, with a northern dip. This is the case also along its west border.

Near the north and east sides, however, the dip is south, indicating a
synclinal structure running through the middle of the eastern portion of

the map.
A horizon in which a definite schistose structure tends to occur is in-

dicated by the dotted area running through the center of the map. Some
of the rocks here are distinct schists, but little changed, and include very
irregular red and black banded mica-schists, garnetiferous, and some
handsome, fine, and evenly-banded, gray gneissic schists. In places,

this zone may be lost in granite, but opportunity did not offer to care-

fully follow it throughout. '

Most of the granite on the north edge of the map contains little if any
mica, tending to a reddish granular aplyte. The schist zone shows the
fold of the formation very well, some of them being very abrupt, and
regions of great contortion. All the observed strikes and dips are in-

dicated on the map, but the general structure of so small an area cannot
be well shown separated from the surrounding country.

These schists and granites are pierced at many points by a number of
dikes of felsite porphyry, which are also indicated on the map. Usually
these form hills or ridges, and while some are quite long, the porphyry
has apparently often found vent through less extended openings, now
showing as sugar-loaf-formed hills, without the direction of the dike be-

ing clearly indicated. Such forms are shown by a cross. The porphy-
ries vary considerably in character, but no careful comparative examin-
ation of them has yet been made. Some contain remarkably handsome
crystals of feldspar, often of the form of the Carlsbad twins.

The tellurium ores of Gold Hill occur in connection with one of these
dikes, (see section beyond.) This dike varies from 45 to 35 feet in width,

trends about north 30° east, and dips approximately 80° to the north-
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west. On the east side is the Red Cloud ; on the west, the Cold Spring
mines. The former, upon a casual examination, showed a well-defined
hanging-wall, or that on the side of the porphyry, a vein usually three or
four feet in width, but in places pinching out to a few inches, with at
one point a clay-like "gouge," and an indefinite foot-wall on the side of
the coarse gneissic granite, which is here the country- rock. Some of
the vein-matter appeared as if a decomposed granite, while the pyrite is
the most frequently occurring mineral in the dull quartzose gangue of
the vein.



THE TELLURIDE ORES OF THE RED CLOUD AND COLD SPRING
MINES, GOLD HILL.

By B. Silliman.*

In May, 1873, 1 briefly announced the discovery of tellurium gold-ores
at the Bed Cloud mine in Colorado, and stated that Prof. N. P. Hill, of
Black Hawk, had proposed to send me specimens of these ores.f The
specimens sent by Professor Hill were long in reaching me, and it is only
recently that I have examined them. The observations made in the
summer of 1873 by the officers of Dr. Hayden's expedition have sup-
plied the data needful to understand the mode of occurrence of these
ores, for the details of which reference is made to Mr. Marvin e's notes
and map, which form part of this paper.

It appears from them, in general, that near the mining-hamlet of Gold
Hill, about twenty-five miles northwest of Denver City, and at an ele-

vation of almost 8,000 feet above tide, is a wide dike of porphyry cut-

ting the metamorphic rocks, probably of Archaean age, about six miles
west of where the Triassic rocks die out at the base of the mountains.

A section of this dike, A, furnished
by Mr. Marvine, is annexed, showing
the tellurium-bearing veins B and C
on its sides. The porphyry of which
it is composed has distinct crystals of

feldspar implanted in a purplish-gray
paste. These crystals have a green-

A, porphyry-dike ; B, c, veins with gold ish-white color, and are evidently
and tellurium-ores. partly decomposed. As seen in a mi-

croscopic section, it shows the usual obscurely crystalline ground-mass
of felsite, with crystals of quartz, and sections of feldspar crystals show-
ing the parallel bands of a triclinic species. A glance at the map shows
the position and course of this dike, and also the existence of other dikes

of porphyry in the same region. The porphyry from the " 7.30" and
" Central" mines closely resembles that from the "Bed Cloud," while

that from a dike (No. 136) between the " 7.30" and the " Americus " is

distinctly trachytic, and that from the " Niwot" mine, at the west margin
of the map, (No. 181,) is a quartz-porphyry, 'with distinct crystals of

biaxial mica. Those from the dikes at Jim Town, (specimens No. 147,)

on the north border of the district, are distinct sanadin-trachyte.

The tellurium-ores have been explored so far only in connection with
the dike near Gold Hill, shown in the section, although they exist with
the dike at " 7.30" and the " Central." These ores are found along the

* The substance of the following remarks was originally communicated at the April
session (1874) of the National Academy of Sciences at Washington, and afterward
appeared in the form of an article entitled " Mineralogical Notes ; Tellurium Ores in
Colorado ; by B. Silliman," in the American Journal of Science and Arts for July, 1874,
and from which they are now here reproduced by the permission of the author. It was
in connection with this article that the preceding notes on the general geology of the
region about Gold Hill were prepared and approved.

t American Journal of Science and Arts, III, vol. V, 286.
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line of contact of the walls of the dike, in a quartz gangue, associated
chiefly with pyrite in small, brilliant, highly-modified crystals, and rarely
withchalcopyrite and sphalerite. Professor Hill speaks\ loc. cit.) of lead

;

but I have found no salts of this metal in the specimens received. The
quartz is chiefly hornstone and uncrystalline quartz, and, on the side of
the country-rock, it is mixed with feldspar. Native gold is uot visible
in any of the specimens I have seen of this ore from below the surface;
but where the surface is weathered, it exhibits free gold, arisiug from
the decomposition of the tellurets.

On the sides of the dike, the line of division is clearly defined, but not
so on the side adjacent to the metamorphic rocks, it blending on this

side with the granitic materials. The thickness of the veins varies from
four or six feet to a few inches, but the rich tellurium-ores form a com-
paratively narrow seam near the center of the vein. The Eed Cloud
mine, which is found on the under side of the dike, has been explored to
a depth of about 70 feet. The Cold Spring mine is explored on the
upper side of the dike. The tellurium-ores are not found in the body of
the dike, but have (owing probably to the long-continued high tempera-
ture of the dike) found lodgment in the granite outside of the walls, and
not in immediate contact with them.
The species at the Eed Cloud mine are native tellurium sylvanite and

hessite, (which has been called petzite.) The simplicity of the mineral-
ogy of this locality is in strong contrast with what is found in the tel-

lurium-veins of Transylvania, which are mentioned more particularly
farther on.

Native tellurium.—The occurrence of this rare species in the United
States, in California, was mentioned by Dr. Genth, with a query, in his

Contributions to Mineralogy, No. vii, (American Journal of Science, II,

xlv, 313.) Its existence in the Eed Cloud mine is unequivocal. It

was simultaneously, yet independently, detected by Dr. Endlich and
myself in a small specimen from the collection made at the mine last

summer, and now forming part of the Smithsonian collection in Wash-
ington. It did not exist in the collection of those ores sent to me by
Professor Hill. The hexagonal cleavages are perfect, and one small
and very perfect crystal was found, which has been measured by Mr.
E. S. Dana. Its reactions before the blow-pipe are perfectly in accord-

ance with those of the species. It contains no selenium and only a trace

of gold.

Auriferous hessite.—This mineral has been spoken of as petzite ; but
it contains much too little gold for this latter species.* Its specific

gravity is 8.6 ; luster splendent when freshly broken; fracture conchoi-

dal, brittle, but somewhat malleable ; under the pestle laminates into

thin scales, and is with difficulty reduced to fine powder, leaving on the

agate surfaces metallic streaks of plumbago-like color. Color telluric,

tarnishes blackish on exposure, sometimes irridescent. Cleavage none.

Before the blow-pipe in the closed tube, the pure mineral (with no
trace of pyrite) decrepitates, fuses to a globule adhering to the glass,

and exhales a white sublimate, fusing into clear, colorless globules.

Alone on coal, in both flames, it gives a globule, coats the coal with the

characteristic areola of tellurium and tellurous acid ; it does not exhale

any odor of selenium, nor show any trace of lead. The globule is non-

magnetic if pyrite is absent, and does not vegetate with silver as hes-

site does with soda ; it gives a large bead of silver, which dissolves in

nitric acid, leaving gold in powder.

*Mr. A. Eilers, M. E., in a notice of the Red Cloud mine, in the Transactions of the

American Institute of Mining Engineers, vol. i, p. 315, considers it petzite.

44 G s
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Cupellation gave, gold. 4.40 per cent. ; and silver, 50.90 per cent.

By a partial analysis I found, in the wet way, gold, 7.131; silver, 51.061

per cent. Understanding from Dr. Genth that he is engaged in the

chemical investigation of this species, as well as of the other tellurium

minerals of the Red Cloud mine, with abundant material, I have will-

ingly abandoned this work to him, satisfied that it cannot be in better

hands.
Sylvanite.—This species from the Red Cloud mine yields in the open

tube a faint odor of selenium, and the gray ring of tellurium is preceded
by a slight reddish ring of selenium. In the closed tube, the ring of tellu-

rium is more distinct, and the deep yellow-brown vapor of the metal is

clearly seen, but the selenium is not evident.

Alone on the coal it fuses with exhalation of the odor of selenium and
its well-characterized blue flame. The first touch of the outer flame

causes a liquid fusion, coating the coal, like argentic nitrate, with a
silver film, and a yellow areola appears before the white film of tellu-

rium- oxide. Continuous flaming in the reducing-flame produces a well-

marked yellow-brown areola within the tellurium-ring, becoming, as it

cools, much more brown. It probably contains lead and antimony. Its

reactions are not those given by Berzelius for sylvanite. It contains by
assay gold and silver in the proportion 1.7 to 1. In the formula, (Au
28.5, Ag 15.7,) the ratio of the gold and silver is 1.8 :-l. My stock of

this species was not sufficient to permit a determination of the specific

gravity.

Professor Hill, who has smelted large quantities of the ores of the Red
Cloud mine, informs me that "these minerals exist in this ore as minute
particles, or so finely divided as to produce the effect of a stain in the
rock. One of the specimens sent—the darkest colored—assayed here
was found to contain 1,890 ounces of gold and 5,300 ounces of silver to

the ton of 2,000 pounds"—about $50,000 in value.

Comparing what is known of the mineral associates of the tellurium-

ores of Colorado with those of Transylvania, as described by von Cotta,

the great simplicity of the mineralogy of the Colorado veins becomes
very conspicuous. The age of the porphyry-dikes which cut the Ar-
cheean rocks of Colorado has not been determined; but it is probable
that they are more recent than the Triassic rocks which flank the base
of the mountains. The tellurium-veins of Offenbanya are accompanied
by igneous rocks of more recent date than the Eocene sandstones, and
those of ISagyag exist only in connection with igneous rocks, also of

probable Eocene age, (called by von Hingenau "greenstone-porphyry,")

and composed of feldspar and amphibole, which have broken through,

sandstone and argillaceous shales.

In Offenbanya, the tellurium-ores occur under very peculiar geologi-

cal conditions; that is, in veins in igneous rocks and in segregated
masses in granular limestone. The veins occupy thin clefts, fifteen of

which on one property are tolerably parallel to each other, (east and
west, dip 30°-40° north,) with an average width of about an inch, and
they carry chiefly sylvanite, and nagyagite, sparingly distributed, and
more rarely native gold. The chief matrix is quartz and diallogite, as-

sociated with pyrite, galenite, sphalerite, stibnite, native silver, and
pyrargyrite.

The gangue of the Nagyag lodes is diallogite, or brown spar, or cal-

cite, or hornstone and quartz; it varying in the different lodes and in

different parts of the same lode. The gold-bearing tellurium-ores are

scattered through this gangue with mangan-blende and pyrite. The
chief ores worked are nagyagite, sylvanite, gold, auriferous iron pyrites,
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argentiferous tetrahedrite, native silver, and galenite. Associated with
these are hessite, bournonite, jainesonite, barite, sphalerite, stibnite,
native arsenic, realgar, orpiment, silver-glance, chalcopyrite, marcasite,
native copper, malachite, pyrrhotite, sulphur, &c, with various epigene
species. In all, over forty mineral species are enumerated as found in
the veins of Nagyag. Compared with this abundance, we find at the
Eed Cloud mine only native tellurium, sylvanite, hessite, pyrite, chal-

copyrite, and more rarely galenite and sphalerite, with native gold and
an epigene species at surface. The gangue-stone is hornstone or chalce-

donic quartz, with feldspar.

Possibly explorations at greater depths may develop other species,

but this result has not followed the deep-workings of the silver-mines in

Nevada, where, at the depth of 1,500 feet, the number of species found
is not greater than it was at the surface. A like paucity of species

characterizes the metamorphic and volcanic rocks of the Sierra Nevada
in California.
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Note.—For alphabetical lists of minerals and rocks, (not repeated in the following,) see pp. 267, 270,
and 356 ; for list of elevations, pp. 657-659.

A. Page.

Actinolite 265,267
Agate 267,269
Alabandite 267
Alluvial deposits 350
Alps lode 287
Amazon stone 268
Americus mine 353
Amethyst 267
Ammonites 26
Amphibole - 267,268
Analyses of western lignitic coals. 112, 114
Anglesite 267
Anhydrite 267
Anna and Washington lode 305
Anticlinal ridges 19, 79
Aqueo-igneous fusion 142
Arapahoe Peak 86, 87, 90, 150, 152, 159
Archaean area 146

rocks, 93, 96, 98, 138, 139, 146, 155,

156
Argentine Pass 88
Argentite 267
Arizona, Northern 188
Arkansas Canon 240

maris 49,240
Park 50
River 48,239,307
sandstone 312, 326
Valley 48, 50, 55, 239, 304

Arsenopyrite 267
Asphaltum spring 101

Audubon, Mount 86
Azurite 267

B.

Bad lands 17

Badger Creek 308
Baker mine 298,303
Baker or Douglass coal-bed 122
Barber opening 122
Baret 267
Basalt 76
Basaltic lava 158
Basanite 267,269
Bates Hunter lode 284
Bear Canon, 95, 97, 99, 100, 102, 128, 135, 136
Bear Creek, 89, 95, 100, 102, 147, 149, 197, 204

Creek station 129

River 89
Bear's Church 98
Beaver Creek 200,210
Bellevue Mountain 257, 258

Peak 65

Belmont lode 298

Bergen Park 207
Park Mountain 89

Berthoud, E. L ..97, 106, 108, 109, 112, 120,

126, 136
Berthoud Pass group of mountains, 153
Berthoud's Pass 87
Big Boulder Creek 30

Horn range 20, 49
Thompson Creek. 20, 21, 89, 96, 98, 102,

133, 151
Binney, William G., report of 623
Biotite ....268,269
Birdseye gulch 41
Birdseye schist 22
Black Eagle lode 302

Hills 20,21,49
Mountain 302
Pyramid Peak 61,63
Warrior lode 302

Blue River 40,61,74,79,80
Mountains 157, 187, 189, 190
range 47, 68, 75, 76, 79, 189
terraces 81
Valley 184,187

Bobtail Hill 281
lode 285
mine 285

Bogg's ranch 328
Boulder City 29, 97, 122, 131, 135

County 291
Creek '. 122,128
Pass 87,150
Peak 97
Valley 29
Valley region 124

Bowles, Mount 239
Box Elder Creek ^ 105, 121

Bradford Hill 137

Breccia 180

volcanic 319
Breckenridge 83

Briggs lode 286
Brooks, Eli 109

Bross, Mount, 81, 168, 169, 171, 175, 225, 226
Brown Mountain 297

Buckeye lode 304

Buckskin Creek 226,229
gulch 226, 227, 228, 229

fault in 228
Mountain 226

Buffalo Peaks 50,237

Bulldog lode 299
Burleigh tunnel 299

Burroughs lode 288

Byers, Mount 88, 90, 91, 153, 161, 170
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C. Page.

Caiion, Arkansas 240
Bear 95, 97, 99, 100, 102, 128, 135, 136
Beaver 200,210
Chiann 34
Lake Creek 241
Lower 79
South Platte 211,213
Spring 23
Turkey Creek 36
Upper 79
Williams 34,35

Carnallite 267
Carpenter, W. L., report of .. .537, 538, 539
Cascade Creek 252
Castle Peak 61,253,255
Catalogue of minerals 267

rocks 270
Cement Creek 248
Central City 280
Central lode . 353
Centreville... .*. 318
Cerargyrite 267
Cerrussite 267
Chabazite 130
Chalcedony 269
Chalk Creek 337
Cheyenne 17, 105
Chiann Canon 34
Chicago Creek 89,148
Chief, peak 147, 148, 149, 152
Chlorite... 265,267
Clear Creek. .51, 87, 89, 91, 95, 125, 129,147,

148
Coal 27,28,33,38,82,119,203,216,259
Coal, calorific powers Ill, 115
Coal, moisture in Ill

openings 120
series 110
slack 118
Trinidad 118

Coal Creek 89, 97, 122, 124, 136, 139
Coal-mines in Colorado 120
Coals 116,126

applications \ H7
Western Wyoming and Utah . 118

Cache a la Poudre Creek 20, 105
Calciferous group 35
Calcite 267
California gulch 42, 43, 44, 47, 235, 303

lode 289
Camp Grave lode 288
Cation City 20

City coal 118
cutting ' 142
Grand River 67
Lower 79
Middle 79
Upper 79

Canyon coal-mines 330
Cape Horn lode 305
Capitol Peak 260,261
Carboniferous beds and rocks. ..17, 30, 46,

58, 59, 71, 77, 93, 105, 137,

197, 198, 201, 204, 219, 236,

242, 245, 255, 259, 349
fossils 77,78
limestones . . . . . 21
sec. a, San Luis 308,310
sec. 5, San Luis 326
sec. c, San Luis 339

Page.

Caribou City 300
lode 300
Pass 87

Climate, Tertiary epoch 419
Coke 118
Cold Spring mine 354
Cold Stream lode 297
Coleman shaft 287
Colorado Central lode 295

City 199,200,201
divide 199
gulch 304
lignitic group 107
pinery 205
plateau 139,188
Eiver 62
Springs 20,203

Columnar structure of volcanic
rocks 346

Como, Lake 105
Concentration-works 291
Conrad, T. A., report of 487
Continental divide 83
Cope,E.D., report of 429
Corals 77
Corral Creek 91,177
Corral Peak 171,174
Cottonwood Creek •. 307
Creek, Badger 308

Bear., 89,95,100,102,147,149,197, 204
Beaver 200,210
Boulder 122, 128
Blackskin 226, 227, 229
Box Elder 105,121
Buckskin 226,229
Camp ...200,203
Cascade 252
Cement 248,252
Chalk 337
Chicago 89,148
Clear. 51, 87, 89, 91, 95, 125, 129, 147,

148
Coal 89, 97, 122, 124, 136, 139
Corral 91,177
Cottonwood 307
Crooked 212
Currant 309
Deadman's 200
Dike 255
Fontaine qui bouille 204, 206
Fountain 20,30
Four-Mile. (See Horseshoe.)
Frying Pan 56, 265, 266
Grape.... 333
Hardscrabble 324
Horseshoe, Four-Mile, 223,224,227
Jackson 197
Jim 89,151
Lake 53,240,241
La Plata 240
Last Resort 141
Left-Hand. .89, 97, 128, 135, 144, 151
Little Thompson.. .28, 89, 95, 96, 97,

102,133,140,151,157,184
Maroon 262
Michigan 213,214
Middle Boulder 89, 152
Middle Saint Vrains 151
Monument 199, 200, 202
Morainal 56
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Page.

Creek. Mosquito 228,229
Muddy 131
North Boulder 89, 128, 129, 131
North Clear 89
North Fork 22,241
North Saint Vrains 151
Oak 322
Oil 101,313
Pass 190
Pine 240
Plum 197,199
Ealston.89, 95, 97, 100, 102, 103, 136,

139
Roches Moutonne'es 243, 245
Rock „ 258,259
Sacramento 229
Saint Vrains..20,31,89,96,97,99,

128, 134
Sand . 120
San Luis 332
Snow Mass 261,265
South Boulder .89, 97, 127, 128, 129,

131,136,150,152
South Clear 87, 89, 147
South Saint Vrains 151
Spring 197
Tallahassee 307
Tarryall .211, 212, 213, 214, 253, 254,

301
Taylor's 56
Ten-Mile 92
Teocalli 62,253,254
Texas 246,333
Thompson 120,128
Tomichi 341
Troublesome 81,91,172,177
Trout .... 208, 209, 210, 212, 218, 238
Turkey 89, 96, 101, 102, 141, 150
Twelve-Mile 47
West 197, 199,210
West Monument 200
West Plum 197,199
West Taylor 58
WiUow, 82, 90, 165, 170, 171, 172, 197

Crested Butte 67,256
Cretaceous beds and rocks. . .18, 19, 23, 28,

32, 38, 78, 80, 81, 93, 95, 104,146,
154, 156, 171, 186, 187, 188, 196,

199, 201, 219, 220, 249, 250, 256,
259, 264, 317, 349

fauna, with Tertiary flora.. 107
TOfiRllS 2(~J

No. 1 . .l6o,"l6lVi33,*163" 191, 313
No.2 102

No.3 ....102,103
No.4 103

No. 5 103, 166, 172, 190

sec. a, San Luis 313,316
sec. b, San Luis 329, 330
sec. c, San Luis 341
shales 133, 178, 185

Crinoids 77,242
Christones, jteaks 328
Currant Creek 307

D.

Dakota group 24, 65, 78, 79, 80, 81 , 104

group, No. 1 ]<»r>

group ridge 23

Page.
Dallas lode 289
Davidson's opening

[ 122
Deadman's Creek "[ 200

^^t ,

gulch o...". .""248,249
Del Norte lode 333
Denver City "!-'.'.' 83," 85, 109

smelting-furnace 70
Devonian beds , ...93 349

sec. a, San Luis '

308
sec. c, San Luis 340

Dike Creek 255
Dikes "249/252,260
Dikes, sec. a, San Luis 321

sec. b, San Luis 332
sec. c, San Luis 346

Diluvial deposits 350
Diorite, sec. b, San Luis 325
Divide between waters of Pacific
and Atlantic 55

Dobson's ranch 331
Doleritic breccia 156
Drift, sec. a, San Luis 321

sec. b, San Luis 332
sec. c, San Luis 346

Dry Creek 133,134

Eagle River 71,78,239,242,245
canon of 71,74,242

East Creek 64
Fork «. 64,90

of the Grand 86,87
Gunnison 60
Valley 65

River 64, 248, 249, 250, 256
Eastern slope 88
Eclipse tunnel 300
Edwards, W. H, , report of 542
Elbert, Mount 239
Electric phenomena 327
Elevations

:

Buffalo 634,635
Cairo 656
Cheyenne 653
Chicago 637,640-642
Cleveland 634,636
Colorado Springs 654
Denver 652
Fairplay 654
Golden 653
Indianapolis 1 645
Kansas City 650, 651
Lake Erie 634, 635

Huron 637
Michigan 637
Ontario 633

Memphis 654

Mount Lincoln 654
Ogden 653
Ohio River 655
Omaha 648,650
Pike's Peak 654

Saint Louis 646
See, uJho, Alphabetical lisl .657-659

Elk Lake 260
Mountains 53,70,257
Mountain ranee 61, 250
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Page.

Elk-Head Mountains 77

Elkhorn lode 296

Elko station 81

Empire City 87

gulch - 44

Endlich, F. M 143,144

report of 275

Eocene flora 107,365

rocks 93,106

Epidote 194

Equator lode 296,299

Erie mine - 121

Eruptive rocks 129

Eulner coal-bank 122

Eupliotide 338

Evans gulch 41

Mount.. 87, 88, 147, 148, 149, 150, 204

ridge 89

F.

Fair Play 212,302

lode 304

Fall Eiver 89

Faults in Buckskin gulch 228

in Mosquito gulch 228

near Mount Lincoln 228

on Cement Creek 252

Horseshoe or Four -Mile
Creek 234,235

Italian Mountain 250

Feldspathic veins 143

Fisk lode 282

Five-Twenty lode 42

Flack lode 289

Flora, Lignitic 365

Tertiary, distribution 378

new species 391

Flora, Mount 87

Florissant 210

Fontaine qui bouille 204, 207

Forks lode 289

Fort Benton group 25, 104, 196, 203

Fetterman 21

Pierre groups 104

Union 107

Fossil leaves 121

plants, distribution 379

Fossils, Carboniferous 198, 231, 242, 243,

247, 252
Cretaceous 196, 202
Permian 245

Silurian 202, 208, 209, 230

Tertiary 197,203,210,219
Fountain Creek 20,30

Valley 34

Four-Mile Creek 46, 89, 144, 152

(See Horseshoe Creek.)

FoxHill beds 104

Frazer, Persifor, jr 102

Frazer basin 88, 161

drainage 88

Eiver. .. 81, 87., 90, 166, 168, 173, 180

Frazier canon — 164

Fresh-water lake deposits 27

Front or Colorado range.. 49, 76, 84, 93, 97,

194,207,306,313,322
Front or Colorado range, elevation

of 204

Frying Pan Creek 56,265,266
Fullerton bank 124

G. Page.

Gannett, Henry, report of. 670

Garden of the Gods 34, 35, 93, 200, 205

Gardner, James T., report of 627,629
Gardner lode 289

Garfield, Mount..... 59

Gem mine 333

Georgetown 88,148,149,293
Georgia Pass 213

Gilbert 188

Gilpin County, mines of 278
(or Wenrich) mine 127

Glacial moraines 157

period 45,52,55
phenomena 44,48,51,350

Glen Eyrie 200,203,204
section through 201

Gneiss, sec. b, San Luis 325

Gneissic strata 139

Gold Hill 151,152

Golden City, 19, 95, 97, 100, 106, 108, 129, 135,

136, 137

mines 125

Golden Peak.. 89

Gothic Mountain, Butte, or Peak, 64,68, 257

Grand Army mine 288

Lake 91,159
Eiver, 78, 79, 81, 86, 90, 166, 168, 169,

173, 180

Canon 67

East Fork 159

North Fork 157

Valley 81

Granite 48,50,348
elevation of 322

sec. a, San Luis 306

sec. 1), San Luis • 323

sec. c, San Luis 335

structureless 138

Granites, metamorphic 84

Granitic gneiss 294

strata 139

veins , 143

Grape Creek 333

Gray's Peak 76, 87, 90, 92, 146, 148, 149

Eidge 88

Green Mountain 130

Eiver 62

Gregory Hill 291

lode - 284
Greenockite 290

Grizzly Peak 239,241

Gulch, Buckskin 226,227,228,229
California 235

Deadman's 248,249
Empire 234

Iowa 234

Mosquito 228,229

Gunnelllode 289

Gunnison Eiver 246, 247, 340

East Fork 60

Valley 57,58

Guyot, Mount 213-

Gynsum 20

occurrence of ... . 199, 202, 225, 266

H.

Hagen, H. A., report of 571

Hardscrabble Creek 322
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Page.

.

Hamilton .. 214
Harvard, Mount 239
Hayden, F.A., 93, 102, 104, 106, 107, 120, 123,

126, 127, 130, 133
report of 17

Park 210
Helena lode 305
Heloslode 289
Hematite 265
Hendricks, Mount 130
Henryite 354
Hiawatha lode 303
Hill, Charles 43
Hodge, James T 106,120
Hogback 19,94,101,153
Holmes, William H. ..99, 129, 130, 166, 169
Holy Cross, Mount of the . ..56, 62, 71, 74,

76, 239
Homans Park 328
Homestake lode 303
HoosierPass 40,226
Hornblende 267

rock, sec. &, San Luis.. 325

Horsehoe (or Four-Mile) Creek,"40,223, 224,

227, 229, 234, 235
gulch , . 44
Mountain 45,229

Hot springs.. 91, 155, 162, 167, 169, 177, 178,

180
sulphur-springs 168

Hubbard claim 301
Hunt's Peak 325
Hyalite 344

I.

Idaho 148,152
Illinois lode * 289
International lode 298
Intrusion of volcanic rock in sand-

stones 233
Inverted beds on East River 256

Rock Creek 258
Iowa gulch 43,44,234
Iron 127

mine 43
ore on Grape Creek 333

Italian Peak 59,69,250

J.

J. P. Whitney lode 291
Jackson Creek 197
James Peak 86,87,146,150

Peak group 161
Jim Creek 89,151
Johnson mine 126
Jones mine 127

trail- 88
Jurassic age 78,81

beds . . .32, 34, 38, 46, 80, 93, 95, 98,

100, 104, 105, 128, 146,156,

195,197,198,201,250
section 196
sec. a, San Luis 312
sec. 1), San Luis 329
fossils 105
marls 18

K. Page.

, Kaibab plateau 188
Kansas lode 288

Mining Company 288
Keystone lode 333

Labradorite 268
Ladd.S.B 87

report of 661
' Lake beds 157

Creek 53,240,241
Canon 241
North Forkof 241
Pass 55
Valley 53

Lake Como 105
Elk 260
Upper Twin 53

Lakes, Twin 47,54,240
La Plata Creek 240

Mountain 239,241
Laramie range 49
Last Resort Creek 141
Laumnite 130
Laurentian areas..,. 139

series 41
Leavenworth Mountain 297
Leavitt lode 284
Lechner's ranch 38
Le Conte, JohnL 106
Left-Hand Creek.. .89, 97, 128, 135, 144, 151
Leidy, J 107
Lesquereux, L .. .24, 105, 106, 107, 118, 120,

121, 124
report of 365

Leucite 130
Lignites of Colorado 107, 119
Lignitic 26

age 369
area, northern 171

beds 17, 137, 142, 146, 349
section of 202

group 203,219
coal, distribution and devel-

opments 19

physical characters . . 116
coals : 110,124
formation 106, 156, 328
group 25,30,81
period 82
plants 33
strata 19

at Golden City 109
Lilly Mountain , 89, 151

Lincoln, Mount 225, 226, 227
faults near 228

Little French claim 302
Garden of the Gods 35,200
Platte River 221,236

Vallev 46
Thompson Creek . .28, 89, 95, 96, 97,

102, 133, 140, 151, 157

Liverpool lode 304

Lode, Alps 289
Anna 305

Bates Hunter 284
Bear-Hole 305

Belmont 298
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Page.

Lode, Black Eagle 302
Black Warrior 302
Bobtail 285,286
Briggs = 286
Buckeye 302
Bulldog 299
Burroughs 288
California ,... 289
Camp Grave 288
Cape Horn 305
Caribou 300
Cashier.. 305
Central 353
ColdStream 297
Colorado Central. 295
D.P 304
Dallas 289
Deep Hole 305

* DelNorte 333
Devil'sGrip 284
Elkhorn 260,296
Equator 296,299
Fair Play. 304
Fisk 284
Five-Twenty 42
Flock 289
Forks 289
Gardner 289
Gregory 284
Gunnell 287
Helena 305
Helos 289
Hiawatha 303
Hoosier 305
Homestake 303
Illinois 286,289
International 298
Kansas 288
Keystone 333
Leavitt 284
Lilly 305
Liverpool 304
Lookout 305
Mammoth 286
Mercer 289
Milwaukee 284
Mineral 302
Monte Christo 288
Montreal , 305
New Chicago 305
No Name 301
Pacific 305
Pelican 296
Pilot 42
Printerboy 303
Prize 288
Eepublic 302
Eover State 305
Eunning 290
Saco 296
Saint Louis - 305
Senator 333
Seven-thirty ...301,353
Silver ring 305
Slater 302
Superior 305
Tempest 305
Terrible 297
Uncle Sam 302

Page.

Lode, Washington 305
Winnebago 26
Wisconsin 305
Wood 290

Lodes, formation of 278
search for 279

Long's Peak 7.7. 76, 86,"89* 90*151, 160
Loveland mine J25
Lower Canon 79

Cretaceous 128
Grand Eiver 91, 157

Valley 176
Muddy Butte 182

Creek 91
Troublesome Valley , 176
Williams Eiver 91

M.

MacLellan ridge 148
Mally, Mr. E. B 121
Mammoth Hill 281

lode 286
Manitou Spring 206

Village 205
Mann opening 127
Maroon Creek 262

Mountain 260,261
Peak 61.63

Marsh, O.C 107
Marshal, General 299
Marshal mne 120, 122, 123, 127, 129

tunnel 299
Marvine, Arch E. , report of 83
Massive Mountain 70, 239, 242
McKissack mine 121
McLaughlin's ranch, coal near 216
MauvaiSes terres 17
Medicine Bow 158, 172

Mountains 90
range 153
ridge 91,173

Meek, F. B 104,179,185
Mercer lode 2d9
Mesozoic beds 349

sec. a, San Luis 313
sec. e, San Luis 328

Metamorphic crystalline rocks of
the mountains 137

granites 84
rocks 18,31,36,93
schists 84

Metamorphism 138, 139
Mica 267,269
Michigan Creek 213,214
Middle Boulder Creek ..... .... 89, 152
Middle Cation 79
Middle Park, 70, 77, 78, 79, 81, 82, 105, 138;

142, 153, 154, 157
Middle Park division 85
Middle Saint Vrain's Creek 151
Mineral deposits, sec. c, San Luis . . 345

Land Company 125
spring, Canyon City 317

Mineralogical notes 354
Minerals, catalogue of, for South

Park district 267
catalogue of, for Colorado

Territory, 357
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Page.

Mine, Americus 353
Baker 298,303
Bobtail 285
Cold Spring 352
ElkMountains 259
Erie 121
Gehrung's coal 202
Gem 333
Gilpin 127
Golden City 125
Grand Army 288
Johnson 126
Jones 127
Loveland 125
Marshal 122, 123, 127, 129
Marshall & Murphy 120
McKissack * 121
Monte Cristo 288, 292, 293
Moose 41,303
Monnt Lincoln 225
Platte 121
Rosita 333
Rowe 127
Star 296
Steven &, Leviathan 333
Terrible 148,149
Union Park 246
Welsh & Loveland 126
Wilson 127

Mines in Elk Mountains 259
Mining gulches 42

report, Dr. En dlich's 276
report, Dr. Peale's 301
terms 276

Miocene beds 93
period 32

• sec. c, San Luis 341
Monte Cristo mine 288, 292, 293
Moose mine 41, 302
Montezuma 88
Montgomery 225,226
Monument Creek 199, 200, 202

group 32,199,200
Park.... 32,200

Morainal Creek 56
deposits 56

of Taylor's Creek 53
Moraines 240, 246
Mosco Pass 328
Mosquito gulch 41,228,229
Mother range 51
Mountain-border region, structural

features of 131
Mounts, mountains, and peaks :

Audubon 86
Bellevue 65,257,258
Bergen Park 89
Berthoud Pass 153
Black 318
Black Pyramid 61 , 63
Blue River 157, 187, 189, 190
Bowles 239
Bross 40, 81, 225, 226, 300
Brown 294
Buckskin 22,226
Buffalo 50,237
Byers 88,171
Capitol 260,261
Castle 61,253,255

Page.

Mounts, mountains^ and peaks :

Chief 147, 148, 149, 152
Corral 171,174
Elbert 239
Elk 53,70,257
Elkhead 77
Evans 87, 88, 147, 148, 149, 150, 204
Flora 87
Front 49, 76, 84, 93, 97, 194, 207,

304,311,319
Garfield 59,60
Golden 89
Gothic 64,68,69,257
Gray's. .. .76, 87, 88, 90, 92, 146, 148, 149
Green 130
Greenhorn 329
Grizzly 239,241
Guyot 213
Harvard 40,50,239
Hendricks 130
Holy Cross 56,62,71,74,75,239
Hunts 323
Italian 59,60,69,250
James 86, 87, 146, 150, 161
La Plata 194, 209, 239, 241
Leavenworth 295
Lilly 89,151
Lincoln 39, 47, 92, 190, 225, 226, 227
Long's 76, 86, 89, 90, 151 , 160
Maroon 61,63,260,261
Massive 70, 239, 242
Medicine Bow 90
Middle 78,79,81,82
Ouray 334
Parry 87
Pike's 34,194,204,205,304
Powell 75,76,81,188
Princeton 334
Sherman 294
Silver Heels 214, 216, 227, 300
Slate 214, 216, 227, 258
Snow Mass 64,66,68,260,211
Sopris 61,69,265
South Table 130
Table 125,129,131,136
Teocalli 254,255
Torrey's 76
Treasury 259
Ute 153,190
Wet 321
White Face 91, 168, 169, 171, 175

White House (or Snow Mass)..260, 261
White Rock 62, 63, 254, 255
Williams River.. ..91, 171, 185, 187, 190

Yale 40
Mount Bowles 239

Bross 40, 81, 225, 226, 302

Byer's ridge 88,171
Elbert 239
Garfield - 59,60
Greenhorn 331

Guyot 213
Howard 40,50,239
of the Holy Cross.. 56, 62, 71, 74, 75

239

La Plata 239,241
Lincoln, 39, 47, 92, 190, 225, 226, 227

McClellan 294

Ouray 336
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Page.

Mount Powell 75,76,81
group 188

Princeton 336
Sherman 296
Silver Heels 214, 216, 227
Yale 40

Mountain, Bellevue 257, 258
Buckskin 22
Gothic 69
La Plata 194,209
Maroon 260, 261

Massive 70, 239, 242
Snow Mass 260,261
Teocalli 254,255
Treasury 259
White Eock 63, 254, 255

Muddy Creek 91

Eiver 81, 155, 176

Valley.. 178

Muscovite 268,269

N.

Natrotile 130

Nevada gulch 288

Niagara limestone. 209

Niobrara division ..104, 196

No Name lode 301

North Boulder Creek .... .89, 128, 129, 131

ClearCreek 89

Fork Creek 22
Fork of Grand Eiver 158
Fork of South Platte Eiver . . 212
Park 90,91,92,174
Park range - 86
Platte 86
Saint Vrain's Creek 151

Table Mountain 125, 129

O.

OakCreek 324

Oil ,....101,315

Creek 313

Valley 315

Ore deposits, sec. 6, San Luis 333

Gilpin County 283

Ores, treatment of 291

Origin of volcanic rocks 350

OroCity 303

Ostensacken, C. E., report of 561, 567

P.

Pacific lode 305

Packard, A. S., jr., report of .543, 607, 612,

613

Park, Arkansas.. 50
Bergen ... 207
Hayden 210
Homans 326
Middle 70
Pleasant 197,205
South 58,81
Taylor 246
Union 246
ViewPeak 91

range. 39, 42, 47, 58, 61, 71, 84, 90, 153,

178, 187, 188, 189, 239

Park region 88

Parry, Mount 87

Pass Creek 190

Pass, Georgia 213
Hoosier 226
EedEock.... 241
Tennessee 242
Weston's v 236

Paul, J. Marshall 43

Payrockmine 298
Peak, Bellevue 65

Black Pyramid 61, 63
Buffalo 50,237
Capitol..,.. 260-261
Castle 61,253,255
Gothic 64
Gray's 76
Grizzly 239,241
Italian 59,60,69,250
Long's 76
Maroon 61, 63
Middle 78,79,81,82
Pike's 34, 194, 204, 205, 304
Snow Mass 64, 66, 68
Sopris 61,69,265
Torrey's - 76
Whiterock 63

Peale, A. C 101,115
report of 193

Peers shaft 287
Pelican lode 294
Permian fossils 245

strata, &c . . 105, 219, 222, 238, 242,

245, 255
Petrified stumps 210
Phlogopite 269
Phonolithic andesite 346

Pike's Peak 194,204
Pilot lode 42
Pine Creek 240
Pippin shaft 287
Pitchblende 290
Placer diggings 304

mining 42
Platte Mountain 194,209

Eiver 89
Platteville mine 121

Pleasant Park 34
Pliocene deposits 49,77,93
Plum Creek 197,199
Poncho Pass 321
Porphyritic protogine 337

Porphyry dikes 144
Post-Glacial times 36, 45
Post-Lignitic formations 128

Post-Pliocene deposits 77
Post-Tertiary deposits 93
Potsdam group 35, 41, 202, 208, 209, 226, 236

242, 255
sandstone 138

Powell, Major 159, 161, 188

Powell, Mount 75,76,81
Printerboy lode 303
Prize lode 288
Procer Hill 280
Producer furnace 118

Protogyne, porphyritic 337

Pulverized fuel, Wbepey & Storer. 119
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Q. Page.

Quartz 269
Hill 280

Qnartzite 308
Q-iebec group 202, 208, 220, 229, 236

E.

Ralston Butte
'.

89,152
Creek 89, 95, 97, 100, 102, 103,

136, 139
Range, Elk Mountain 250

Front 194,207
Park 58,239
Sawatch 239,246

Raymond. R.W 115
Red beds'. 96
Red Cloud mine 354
Red group 31,32
Red Rock Pass 55
Red Stone Creek 22
Report of William G. Binney 623

W.L. Carpenter 537,538
T.A.Conrad 455
Edward D. Cope 427
William H. Edwards .... 542
F. M. Endlich 275
Henry Gannett 670
James T. Gardner 627, 629
H. A. Hagen 571
F. V. Havden 17
S.B.Ladd 661
Leo Lesquereux 365
Arch. R. Marvine 83, 665
C. R. Ostensacken 61,567
A. S. Packard, jr. .543, 607, 612,

613
A. C. Peale 193
B. Silliman 687
S.I.Smith 608
Henry Ulke 567
A. E. Verrill 623

Republic lode 302
Republican Hill 298
Rhyolite, sec. 1, San Luis 339
River, Arkansas 48, 239, 305

Bear 89
Blue 61,74,79,80
Colorado 62, 239, 242, 245
Eagle 74, 78, 239, 242, 245
East 64, 248, 249, 250, 256
Fall 89
Frazer . .81, 87, 90, 166, 168, 173, 180
Grand.. ..78,79, 81, 86, 90. 166, 168,

169, 173, 180
Green 62
Gunnison 60, 246, 247, 340
Little Platte 221, 236
Muddy 81,155,176
North Fork of Grand 15

North Fork of South Platte. 89, 212
Roaring Fork 56
Saint Charles 329
Slate 257

* South Platte. .85, 86, 95, 97, 98, 100,

101, 108, 194, 196, 210, 221, 226
South Platte, North Fork of. 89, 212
Taylor's 58,248
Upper Grand 86, 153, 157

Page.

River, Upper Gunnison 60
Upper Missouri 104
Upper Muddy 155
Upper Troublesome 92
Williams 88,91,177
Wind 49

Roches Moutonne"es 243
Creek 543,245

Rock Creek 258,259
Rock Creek gulch 65
Rocks, catalogue of 270
Rocky Mountains, glacial period .. 55
Rollinsville Pass 87
Rosita mines 333
Rover State lode 305
Rowe mine 127
Running Hill 280
Running lode 290

S.

Saco lode 296
Sacramento Creek 229
Saint Charles River 329
Saint Vrain's Creek. ..20, 31, 89, 96, 97, 99,

128, 134
San Luis Creek 332

district, geology 305
sec. a 305
lakes 332
Valley 323

Sand Creek 120
Saugre de Cristo range 319, 323
Satinspar 268
Sawatch range. 39, 48, 49, 51, 53, 58, 60, 61,

75, 239, 246
Schirmerite 355
Schist, bird's-eye 22
Schists, metamorphic 84
Section a, re'sume' of 321

b, r6sume" of. 334
c, re"sum6 of 345
b, San Luis, geology of 321
c, San Luis, geology of 333
of Jurassic 196
of lignitic beds 122
of strata east of Denver . . . 121

Sections of strata. 98, 99, 100, 101, 102, 103,

104, 109, 121, 123, 126, 127, 163,

164, 187, 195, 196, 197, 201, 202,

207, 208, 209, 2f0. 213, 214, 216,

219, 221, 222, 224, 225, 226, 227,

228, 229, 234, 235, 237, 238, 243,

244, 247, 248, 251, 253, 254, 258,

263, 264, 302, 314, 316, 342, 368,

373

Sedimentary rocks 17,23,42,84,93
strata 75

Selenite 268

Senator lode 333

Seven-Thirty lode 355

Siemen's process 118

Silliman, Benjamin, jr 144

article by... 687

Silurian deposits, sec. a, San Luis. . . 308
6ec. 6, San Luis 326

6ec. c, San Luis 338
quartzites 42
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Page.

Silurian rocks and strata, &c 30, 34, 35,

36, 93, 201, 202, 204, 205, 208,

209, 229, 236, 239, 242, 247, 248,
250, 255, 349

Silver Heels Mountain... 214, 216, 227, 300
Slater lode 302
Slate Mountain 258

Eiver 257
Smelting-furnace, Denver 70
Smith, S.L, report of 608
Smith's Peak 86
Snow Mass Creek 261,265

froup 63
lountain 76, 260, 261
Peak ..64,66,68
range. 66

SoprisPeuk 61,69,76,264
South Boulder peak 89,135

Creek.. 89, 97, 127, 128, 129,

131, 136, 150, 152
Valley 127

Clear Creek 87,89,147
Park.. -47, 50, 58, 81, 87, 90, 211, 212,

213
springs in 220

Platte Eiver.. .85, 86, 95, 97, 98, 100,

101, 108, 194, 196, 210,

221, 226
lower canon of 194
upper canon of 211, 213

Saint Vrain's Creek 151
Table Mountain 130

Spottswood Springs 17
Spring Canon 23
Spring Creek 197
Springs at Manitou 206

in South Park 220
sulphur, on Frying Pan
Creek 266

temperatures of 206
Squaw Chief..... 89
Starmine 296
Steven & Leviathan mine 333
Stray-Horse gulch 43
Suafferd claim 301
Sulphur springs 266
Surface erosion 142

ores 283

T.

Table Mountain 136
Mountains of Golden City.. 131

Tallahassee Creek 307
Tar '. 101
Tarryall claim 301

Creek 211,212,214,301
Tascher's claim 288
Taylor Park 246

River 58,248
Taylor's Creek .. 56
Tellurets of Gold Hill 354
Tellurium, native 357
Ten-Mile Creek 92
Tennessee Pass 47,242
Teocalli Creek 62,253,254

Mountain 254,255
Terrace formation „ 342
Terrible lode 295

Page.

Terrible mine 148,149
Tertiary age 33

lower 81
climate 419
period 42
sec. a, San Luis 317
sec. I, San Luis 330
sec. c, San Luis 343
strata, &c 81, 93, 104, 199, 216,

219, 220, 239, 350
Texas Creek 246,333
Thompson Creeks 120, 128
Tomichi Creek 341
Torrey's Peak 76, 87, 146, 148
Trachorheites 319

sec. ft, San Luis 331
sec. c, San Luis 343

Trachyte 318
sec. a, San Luis 319
sec. i, San Luis 331
sec. c, San Luis 344

Trachytic beds 42
tuff, sec. a, San Luis 319

Treasury Mountain 259
Trias ..... 95
Triassic strata, &V.* 78^80, 93* 95* 104, 105,

135, 136, 137, 195, 197, 201, 204, 205,

207, 250
beds 18,46,59,105,144
beds, sec. a, San Luis 313
groups , 34,38
red beds 133
rocks 36
sandstones.. ..31, 62, 128, 138, 142

Trilobites 46,231
Troublesome Creek 81, 91, 172, 177

East Fork 175
Trout Creek 208, 209, 210, 212, 21S, 238
Turkey Creek. .._..89, 96, 101, 102, 141, 150

Canon 36
Twelve-Mile Creek 47
Twin Lakes 47,54

U.

Ulke, Henry, report of 567
Uncle Sam lode 302
Union Pacific Railroad 85
Union Park 246
Upheaval of Sangre de Cristo..... 334
Upper Canon 79
Upper Grand River 86, 153, 157
Upper Gunnison 60
Upper Missouri 104
Upper Muddy Butte 92
Upper Muddy River 155
Upper Troublesome River 92
Upper Twin Lake 53
Ute Peak 153,190

ridge 191

Valley, Arkansas 48, 50, 55, 239, 304
Blue River 184,187
Boulder 29,124
Lake Creek 53
Little Platte 46
Muddy 178
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Valley, Oil Creek 313
South Boulder 127
Wet Mountain 323
Williams 91,170

Valmont 29,129,130
Variegated sandstones.... 34
Vasquez Pass 87
Verrill, A. E., report of 623
Virginia ledge 339

W.
Warm springs, Canyon City 329
Warm springs on Chalk Creek 337
Water-divide between South. Platte
and Arkansas 42

Waterman shaft 288
Weish and Loveland mine 126
West Creek 210

Monument Creek 200
Plum Creek 197,199
Taylor Creek ' 58

Weston's Pass 236
Wet Mountains 323

Page.

Wet Mountain Valley 323
Whepey & Storer, pulverized fuel 1 19
White Face Mountain, 91, 168, 169, 171, 175

House Mountain (or Snow
Mass) 260,261

White River group 30
Whiterock Mountain 63, 254, 255

Peak 62,63
Whitney, J. P., lode 259
Williams River 83,91,177

drainage 88
Mountains 91,171,185,

187, 190
range 184,189

Valley 91,170
Canon 34,35

Willow Creek.. 82, 90, 165, 170, 171, 172, 197
Willow Creek ridge 173

trail 174
Wilson mine. . 127
WindRiver 49
Winnebago lode 26
Woodlodo 290
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Abies Nevadensis 389
setigera 384

Abietineae 377, 378
Abietites dubius 378, 380, 383, 384, 386
Acacia 37.8

septentrionalis 390, 418
Acer 378,389

productum 387
secreta 382
trilobatum 385, 386, 3S7, 408

Aceratherinni 493, 520, 521
crassus 520, 521, 522
megalodus 520, 521, 522
mite 493
occidentale,429, 493*, 494, 495
quadruplicatum. .. .493, 495

Acerineae 377
Acbamodon 457,461,463

insolens 457, 463
Achtberes Carpenteri 612
Acidalia 551

Californiata 553
Pacificaria 554
quinque-linearia 547, 554
strigilaria 554

Acilius 559
fraternus 568

Aciprion 514, 515
formosum 514

Acorus 389
brachystacbys 386, 388
affinis 410

Acnueops longicornis 570
piatensis 570
proteus 570

Acroneuria 574, 602
abnormis 574, 575, 602, 605

Adapis 461
Adocus 454

lineolatus 433, 454
Adoxns vitis 541, 570
Adulana 356
iElurodon 520

ferox 520
/Elurogalo 507
/Escbna 591,604,005

constricta 591, 604
eremitica 591
multicolor 591, 604
propinqua 591, 604, 605

iEscbnina 591,604
Agabus 559
Agathaumas 444

milo 448
sylvestris. . .435, 438, 445. 447

Agrion 598,604,605
prajvaruin 598, 604

Agriouitia 598, 604

45 G s

Tage.

Agrotis Islandica 541, 546, 555, 556
jaculifera 555, 556
Norwegica 556
subgotbica 555, 556
tritici 550

Alaus melanops 569
Aleurites eocenica 373, 382
Algae 375
Alligator beterodon 436, 441
Aluus 378,424

Kefersteinii 384, 386, 387
Alopbus alternates 541, 570
Arnara erratica 568

fallax 568
lacustris 568
obtusa 541,568
patricia 568
polita 568
subsenea ^ . . . 568
terrestris 541,568

Amelancbier canadensis 262
Ammonites 26,68,79,104,202,370
Ammopbila robusta 541
Ampelopsis tertiaria 339, 390
Ampbicyon 505

gracilis 507
vetus 505

Amphisbsenia 512
Ampbitragulus 464, 498
Amyzou 460

commune 460
mentale 461

Auaptomorpbus 461
Anarta 541, 543

aigida 544
melanopa 544
quadrilunata 543
Ricbardsoni 544

Ancbippodontidae 462
Anchitherium 496, 529

agreste 497
bairdii 429, 496, 497
celer 497
cuneatum 496, 497
exoletum 496

Ancbura 455
bella 455

Ancyiocbiraconfluens. 569
Andromeda dubia 381

Grayana 381,384,385
reticulata 385
vaccinisefolioa affinis. .. 381

Angerona crocataria 554
Anguidie 513
Anisodactylus rusticus 568
Anoplotberiidrc 462, 500

Anostera 454

Antbicidaj «
r>7°



706 INDEX OF SYSTEMATIC NAMES.

Anthocaris Ausouides
Julia

Anthomyidae
Anthracotherium

542
542
564
461

Anthrax 562, 563
alcyon 563
flaviceps 563
falviaua 563
sinuosa 562

Apatite 267
Aphelophis 518

talpivorus 518
Aphelops 521,522

crassus 521

Aphides 567

Aphodius ruricola 569
Apistornyia 565
Apodidas - 619
Apsopelix sauriformis 431
Apus 613, 615, 616, 617, 619, 620

aequalis 616, 620
cancriformis 615
Domingensis 616
Lucasanus „ 616, 620

Newberryi 620
obtusatus 620
productus 615
longicaudatus 616, 620

Arachnida 539
Aradus aniericanus .541

Aralia 374,424
primigena 375

Araneina 542
Arctia 541

Blakei 558
Quenselii 540,541,543,558
speciosa 558

Argia 598,604
Argia moesta 598, 604
Argynnis Eurynomes 542

Freya 541,542
Halcyone 542
Helena 542
Hesperis . i 542

Artemia . 613, 614, 617, 620
arietina 614
ferox 614
fertilis 621
gracilis 620, 621
rnonica 621
salina 616

Artimesia 162
Artiodactyla . . . .430, 462, 483, 498, 502, 529
Artocarpidiurn 421

' olmediasfolium 381,400
Artophila 563
Arundo Gcepperti 380, 383, 389
Asaphus 208
Asida elata ' 569

opaca ..

polita .

.

sordida

.

Asilidse ~.

Asimina leiocarpa

.

569
569
563
382

mioceniea 387, 388
Asineops 461
Aspidium Fischer! 388

goldianum 380, 393

Page.

Aspilates 551
niundataria 551
quadrifasciaria 551

Asplenium subcretaceum 376
Atelodus 520
Atherix variegata 563
Athyris 339,341

subtilita 60,252
Atlantus basilaris 541
Attoidse 542
Aulastomum fuliginosum 623

lacustre 623
Avicula 243
Aviculopecten 243

Babirussa 463
Baculites 26, 68, 79, 104, 166, 202, 370

ovatus 38, 64
Bakevellia 243
Banksia helvetia 381

longifolia 375
Baptria albofasciata 549

albovittata 549
Bascaninrn constrictor 517
Bathmodon latipes 441

radians 441
semicinctus 441

Bathmodontida? 482
Bathyurus 208

Saffordi 209
Batyle sn fcuralis - 570
Bembidium lucidum 568

Mannerheimii 568
quadrirnaculatum 568

Benzoin antiquum 381
Berchemia parvifolia 382

volubilis 421
Berosus striatus 568
Betula 378, 424

caudata 384
gracilis 380, 397
Stevensoni 384, 386, 387, 388

Betulacese .'. .' 377
Bibio 552,559,562,566

grandis 566
heteroptera 562

Bibiocephala 562, 564, 565, 566
grandis 562, 566

Bibionida :... 541,562
Blapstinus pratensis 569
Blechnum Gcepperti - 388
Blepharocera 564, 565, 566

capitata 564, 565, 566
Blepharoceridse 5G2, 564, 566
Boavus 517
Bombus terrnarius 541
Bombycidse 544, 556
Bombylidse 562
Bombyliua 562
Bombylius » 563
Bottosaurus 452

macrorhynchus 452
perrugosus 433, 452

Brachiuus couformis 568
Branchiuecta 621,622

arctica 621
Coloradensis 620, 621
Grcenlandica 621
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Brancbinectes 617
Branchipodidse 617, 620
Brancbipus 613,614,615,617

arietinus 614
ferox 614,615

Bridelia 377
Bromius 563
Brontotheriam 484

ingeiis 465, 490
trigonoceras 488

Bucanella nana 202
Bunselurus 463, 507, 508, 509

lagopliagus 508
Buprestidse 569
Buttneriacese 375
Byrrbidae 569

Oaberodes inajoraria 554
Csesalpinia 374

linearifolia 390
linearis 417

Calamagra3 517
angulatus 518
murivorus 517
truxalis 517

Calamites gigas 245
suckovii 245

Calamopsis Danai 380
Calathus dubius 568

ingratus 568
Caloptenus spretus 539,541
Calopteron terminals 569
Calopterygena 598, 604
Calopus angustus 541, 570
Calycites hexaphy11a 385, 386
CamelidfiB ....498,500
Camelus 464
Canidse 503,519
Canis 505,519

gregarius 505, 506, 507
bartsbornianus 505, 506
baydenii 519
latrans 505
lippincottianus 506
osoruni 506
ssevus 519

Canthon ebenus 569
vigilaus 569

Carabidse 568
Carabus tasdatiis 541,568
Cardita planicosta 443
Carex Bertboudi 380

tertiaria 389
Carpinus 378
Carpolitb.es 390,418

aracbioides 385, 386
cocculoides 387,388
compositus 383
falcatus 383
Mexicanus 383
osseus 385
palmarum 383, 385
spiralis 383

Carpopbilus pallipennis 568
Carya antiquorum 385

Heerii 390
Cassia 210

concinna 385

Page.

Cassia pbaseolites 374, 385
Cassida 6-punctata 570
Castellinse 375
Catocala Walsbii 554
Caulinites 373

fecunda 380,383
sparganioides . 380. 384, 386, 388

Caulostorua flavaria 554
occiduaria 547,554

Ceauotbus cirmamoinoides 389
fibrillosus 382,383,404

Celastrites 424
Celtis brevifolia 381
Centetes 473
Centetidse 473
Cerambycidse 538, 570
Ceratopogon 562
Cercis eocenica 383
Cerura borealis 558
Cetiosaurus 445
Ceutorbynchus 570
Cbsetetes 339
Cbalicotberium 483
Cbamoerops 421
Cbauiiogu atbus basalis 569
Cbelydra 486
Cbiouobas 544

Cbryxus 542, 544
* Sernidea 540,541,542,543

Ubleri 544
Cbironomidse 541,562
Cbironomus 562
Cblsenius sericeus 568
Cbloroperla 577,603,605

cydippe 577
Cbondrites bulbosus 379

subsimj)lex , 379
Cbonetes 339,341
Chrysocbloris 473
Cbrysocbus auratus 570

cobaltinus 570
dissimilis 570
exclamation is 570

Cbrysomela dissimilis j.. 541
Cbrysomelidas 570
Cbrysopa 599,605,606

externa 599,605
nigricornis 599, 605
oculata 599,605

Cbrysopbanus Helloides 542
Chrysotoxum derivatum 564
Cicindela longilabris 567

pulcbra 567
purpurea 567
trauquebarica 567

Ciciudelidae 567
Cidaria aurata 549

lugubrata 549
nubilata 549
obductata 550
popnlata 544, 549, 550
testata. 544, 550

Cinnamonmm 387, 421
affine 401
crassipes 385
Heeri 381,385
Mississippiense 377, 381, 383,

385, 387, 388
Rossniasslcri '.. .381, 385, 407
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Cinnaniomum Schcuchzeri ...376,377,383,
385, 389, 390,422

Cionodon » 447
arctatus 433, 448, 449

Cissus laevigata 382
lobato-crenata. 376, 382, 383,385, 408
primaeva 376

Cistelidae 570
Cladocera 613
Clastes glaber 436, 44

1

Cleonus trivittatus 570
Clepsine ornata 623

pallida 623
Cleridae 569
Clervis sphegeus 569
Clisiocampa 557
Clupea 461

pnsilla 461
theta 461

Cnemidophori 514
Coccinella monticola 570

picta 570
trans^ersogutta . . .539, 541, 570

Coccinellidse 539,570
Coccolaba laevigata 387, 388
Ccenonympha ochracea - 542
Coleoptera 539, 541
Colias Alexandra 542

Eurytheme , ' 542
Keewaydin 542
Meadii 542
Scudderii 542

Collops cribrosus 541, 569
Coloradia Pandora 557
Colotaxis cristatus 477
Colymbetes agilis 568

binotatus 568
densus 568
quadrimaculatus 568

Cornpsemys 454
victus 433,454

Comptonia 422
Brongnarti 389

Coniontis' ovalis 569
Conocoryphe 208
Cordulina 590,604
Coremia ferriigata 551

lignicolorata 550
Cornna acuminata 387

Holmesii 382,402
impressa 376, 385, 408
incompleta 382
orbifera 382, 402
platipbylla 376
rbamnifolia 387
Studeri 382, 385, 402

Corphyra Lewisii 570
Corycia vestaliata 553
Corydalis 599,605,606
Corvdalis cornuta 599
Corylus 378

grandifolia 387
McQuarry i 385, 386, 387, 388

Corymbites morulns 589
tiuctns 569

Crambus agitatellus 548
Carpenterellus 548
bamellus 548
mutabilis 548
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Crania 202
Credneria 424
Cremastosaurus 515

carinicollis 515
unipedalis 515

Creophilus villosus 568
Criocephalus agrestis 570
Crocodilia 452
Crocodilus 441
Crocota brevicornis 559

ferruginosa 559
quinaria 559

Crvptus robustus 541
Cn'lex 562
Cnlicidse 562
Cupuliierae . 377
Curculionidas 538, 570
Cychrus elevatus 568
Cyclas 613
Cymindis reflexa 568
Cynips 567

erinaceus 567
pegomachoides 567
siugularis 567

Cynomys ludovicianus ;.. 480
Cyperaceae 375
Cyperites 386

angustior 384
Bolcensis 375
Deucalionis 389

Cyperus Braunianus.- 389
cbavannesis 384

Cypris 440
Cyrena 440
Cytilus varius 569

Damphipnoa licbenalis 576
Danais archippus 542
Daphnia 613,614,615

pulex 542
Dapbnogene 374

anglica 375, 377, 401
melastomacea 375
Veronensis 376

Daptophilus • 508
squalidens 508

Dasypogonina 562, 563
Dasytes Hudsonicus 569
Decapoda ;. 613
Decticus 541
Deilephila lineata 559
Delesseria fnlva 379

incrassata 379
lingnlata 379

Dendroctonus obesus 541,569
Dermestes fasciatus 569

marirjoratus 569
nubilus 569

Dermestidse 569
Diacium , 514

quinquepedale 514
unipedale 516

Diandra acutiloba 374
Dichodontidse 500
Dictyopteryx 575,603

alpina 576
intricata 576
signata .... 575, 576, 603, 605
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Didelphys 472
Dinictis 509

felina 509
Dinosauria 430,431,442,444
Dinotheiium 463
Diospyros 421

anceps 382
bracbysepala 331 , 401
Copeaua 3S9, 414
lancifolia 381, 384, 385
stenosepala 381

Diplax 588
assiinilata 590
atripes 588, 803
costifera 588
decisa 588, 589, 603, 605
pallipes 589, 603, 605
scotica 590
semicincta 590, 605
vicina 588,589,590

Diplazram Muelleri 376, 380, 393
Diploglossa 512,513
Diplotaxis obscura 569
Diptera 539,540,541,561
Dolicbopus 541
Dombeyopsis 421

sequifolia 387
grandifolia 377, 382, 404
obtusa 203, 382
occidentalis 382
trivialis 382,404

Domnina 465,468,469
crassigenis 469, 470
gracilis 470
gradata 468,469

Dory pbora decern-lineata 570
Drassoidse 542
Dremotherium 502
Drepanodon 507
Drepanodon occidentalis 509

primaevus 509
Dryandra Veronensis 375
Dytiscidas 568
Dytiscus ruarginicollis 568

Echiuomyia 564
Elaeagnus inasqualis 381
Elapbrus californicus 568
Elateridse 589
Eleodes extrica.ta 569

"

hispilabris 569
humera'lis 569
nigrina 569
obscura 569
obsoleta 569
pimelioides 569
suturalis 569
tricostata 569

Elepbantidte 461
Elotherium 457, 462, 463, 504

crassuui 504
imperator 505
iugens 504
magnum 504
mortouii 463, 504
ramosum 463, 504
suporbum 505

Embassis 465, 408

Page.

Embassis alternans 467,468
marginalia 468

Emya eutbuetus 436, 437
gravis 441
megaulax 436
paebylomus 436
testudineus 441

Endropia vinosaria 554
Eunomos coloradia 554
Entomostraca 539, 542, 614
Eobasileus 456, 481, 482

cornutus 457
furcatus 457
galeatus 456
pressicornis 457

Eobasileidae „ 462, 483, 485
Ephemera 578,582,603

compar 578, 579, 603, 605
Danica 580
decora 578, 579, 560, 603
glaucops 579
guttulata 579, 580, 603
lineata 578
lutea 578
rnyops , 580
natata 5S0,581,603
vulgata 581

Epbemerina 578, 603, 605
Epicallia virgiiialis 559
Epicautamaculata 570

prainosa 570
Epitbeca 590, 604

arctica 590,591
forcipata 590, 591
semicircularis 590, 604, 605

Equisetum Haydonii 386, 388, 390
lsevigatum 380, 395
limosum 3S4
Wyomingense 388, 409

Equus 525,528
Erax 563,565
Erebia Epipsodea 542
Erebus odora 554
Ericaceae 375
Eriuaceus 473
Eriocaulon porosum 380, 396
Erirbinns 570
Erismatopterus - 461

Eristalis 564
Erotylidas 570
Erotylus Boisduvalii 570,571
Estberia 618

Belfragei 619
Caldwelli 619
Californica 617, 618
Clarkii 619
Duukeri 619
Jonesii 619
Morsei 619

EstheriadsB 613, 618
Estberia; 617

Ettiugbauseiiia 424

Sternbergii 424

Euaspilates epinataria 547, 551

EubrauL'bipus 622
vernalis 622

E'H'al yptn.s americaua 389
Haeringiana :577, 382
Italica 375



710 INDEX OF SYSTEMATIC NAMES.

Page.

Eucbtetes Egle 558
Oregonensis 558

Eudaums Tityrus 542
Eugenia laurifolia 375
Euleucopbaeus tricolor 557
Eulimnadia Agassizii 618

Texana 618
Eumacaria brunnearia 553
Eumeces fasciatus 514
Etimys 474

elegans 474
Euompbalus 208, 230
Euptneta Claudia 542
Euryomia inda 569
Eurytricbus terminatus 568
Exoprosopa 562

decora 562
Exostinus 513, 515, 516

serratns 514

Fagus Antipofi 385, 386, 387, 388
Deucalionis ..385,386,387
feronise 381 , 383, 389, 390, 413

Felis 509
Fenestella 339,341
Fiber 474,477
Ficus 374,376,378,421

arenacea 387
asarifolia 381
auriculata 381, 385, 386
Bolcensis 375
cinnamomoides 381
Clintoni 381
corylifolia 381
Gaudini 385, 386, 387, 388
Goldiana 381
Haydenii 381
Jynx 389,414
lanceolata..376, 387, 388, 389, 390, 414
latifolia 381
multinervis 375, 376, 387
oblanceolata „ 387
planicostata .. .373, 376, 381, 384, 399
platinervis 377
populina 389
Scbimperi 377,381
spectabilis 203,381
tilisefolia. .203, 381, 3S3, 385, 387, 388,

399
truncata 381, 400.
ulmifolia 381
Ungeri 389
zizypboides 381 , 399

Fidonia 551
acidaliata 551

Flabellaria 375
eocenica 380
fructifera 380, 396
latania 376, 380, 383
]ongiracbis....376, 380, 383, 396

. Zinkeni 376,380
Forniica 541
Fraxinus denticulata 385, 386

prsedicta 31,389,414

Galeopitbecus 473
Gamruaraslacustris 609

limnsfeus 609, 610
robnstus 610

Pago.

Gastrus equi 564
Gecconidpe 512
Gelocus - 500
Geophilus 607

brevicornis 607
Gerrhonotidse 512, 513
Gerrbonotus 513
Glyptostrobus europa?us 81, 388,409
Gnopboela verroiculata 559
Gorupbina 591, 604

colubrinus 592
Goinpbus 597, 598, 604

olivaceus 597, 604
Gonia 564
Goniatites 339, 341
Goniopteris polypodioides 376, 380, 394
Gomotaulius 600, 602, 604, 606

grisens 600,604
Gorytodes nncanaria 551
Grapta zepbyrus 542
Greviopsis 424

Haydenii 424
GuayacifcesHeerii 375
Gymnogramma Haydenii 380, 3S4, 386
Gynmoptycbus 476, 477

cbrysodon 477
minutus 476
nasutns 47^6

trilopbus 476
Gyrinidse 568
Gyrinus affinis 568

maculiventris 568

Hadrianus corsonii 511
Hadrosaurus 446

foulkei 434, 451
mirabilis 434
occidentalis 433,446

Hallesus 602
Halochloris cymodoceoides 375
Halymenites major.. 371, 376, 379, 383, 384,

386, 388
minor 380
striatus 379

Haploscapba 455
capax 456

Haploscapbidse 455
Harpalus 559

aeneus 559
amputatus 568
caliginosus •. 568
ellipsis , 568
funestus 568
oblitus 568
opacipennis 568
plenriticus 568
ruficornis 559

Helicidse 623
Helicoceras 455

Tespertinus . 455
Heliotbis armigera 555
Heliscomys 475

vetus 475
Helix pulcbella 623
Heloderma 513
Helophilus bilineatus...., 564
Hemerobina 599,604,606
Hemerobius 599,604,606

alternates 599
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Hemileuca. - 557
Hera C>57

Diana 557
lo 557
Juno 557
Maia 557, 558
Nevadensis 558

Hemipentbes seminigra 563
Hemipronites . 339, 341

crassus 252
crenistria 34

1

Hemiptera 539, 540, 541
Hemitelites Torelli 388
Hepialus pulcher 556
Heptagenia 581,583,603

brunnea 581,603
piulica . . .581, 582, 583, 603, 605

Herpetogompbus 597, 604
cornpositus 597, 604
viperinus ...'. 597

Herpetotberinm 465, 468, 469, 472, 473
fugax 465, 466, 467, 469,470

hantii 4C6
marginale 468
scalare 466, 467
stevensonii 4(56, 467

tricuspis 466
Hesperia tesselata 542
Hesperiuus brevifrons 561, 562
Hetserina 598, 604

Califoraica 598, 604
Heterocriuus 307
Hippodamia convergeus 570

parentbesis 541, 570
5-signata 570

Hippopotamus 463
Hippotberium 519, 522, 525, 529

pauiense 522
speciosuni 522

Histeridse 568
Homalota 568
Hoinocamelu8 530

caninus 530
Hoplopboneus 509

oreodontis 509
Hyaemoscbus 500
Hyamodon 461,505

crucians 429, 505
borridus 429, 505

Hyale 608
Hyalella 608

deutata 608,609
inerinis 609

Hydnocera subfasciata 569
Hydrcecia lorea 555

Hydrobius fuseipes 568
HydropbilidsB 568
Hydropbilus lateralis 568

sublsevis 568

Hydropsycbe 574

Hyineuopbyllum confueum 380, 395
cretaceuin 423

Hymenoptera 510, 541

Hyuieiiorus obscurus 570

Hyopotamue 462

Hyopsodus 436, 461

Hypertragulaa 464, 502

calcaratus 502, 503

tricostatus 503

Page.

Hypisodus 464,501
minimus 464,501

Hyposaurus vebbii 431
Hypsibema 448
Hypsipetes Californiata 551
Hyrachyus 461
Hyracodon 493

arcidens 493
nebrascensis. . 429, 493, 494, 495

Hyracotherium 436, 461

Icbueumon 541
Ictops 470, 472

dakoteusis -...464,472
Ilex 422

affinis 389
spbenophylla 81,415
stenophylla 389
subdenticulata 389, 416
undulata 389, 416

Inocellia 600
Inoceramus. - 18, 25, 26, 27, 38, 64, 65, 68, 78,

79, 104, 155, 166,179,185, 190,

196, 202,259,302,315,317,330,
340, 342, 368

acutirostris ".
. 179

Ipbtbinius sublsevis 569
Ips Dejeaunii 568
Iris tenax 570, 571
Isacidse 466, 472
Isacis 470, 472, 47 3

caniculus 465, 473
Iscbnura 598,604,605

iners 59S, 604
Iscbyromys 477

typus 459,477
Ischyrosaurus antiquus 433
Isogenns 576, 603

colubrinus 576, 603
elongatns 576, 577, 603, 605
frontalis 576

Isospondyli 432

Juglandites 424
Juglans acuminata . . 383, 387, 388, 389, 390

appressa 382, 385, 386
Baltica 383
denticulata 385, 386, 387, 388,

389, 390

Labarpii 375
obtusifolia 385
rbamnoides 3 -S3, 385, 386
rugosa 382, 383, 385, 387

Saffordiana 382
Schimperi 383, 389, 390

Smitbsoniana 383
tbermalis 389

Woodiana 385

Julus 607

impressus 607

Juncus 389

Lacertidss .-«. 513

Lacertilia 463,513
Laccopbilus truncatus 568

Lselaps
}
ls

Lampronota 541

Lapbria 563

bi-lineata
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Larentia csesiata 549
dilutata 544

Lastrsea Styriaca 418
Latanites parvulus 375
Lauras 421

Colombi 381,384
Forbesii . 375
pedata 377,381,383
prirnigenia 374, 385
sessiliilora 385, 386, 407

Leguniinosites 390, 418
Lepidoptera, 539, 540, 541, 543, 546, 599, 615
Lopidurus 619

* glacialis 616, 619
productus 619

Leptaucbenia calcarata 502
minima 501

Leptesthes crassatelliformis 436
Leptictis 470,471,472

baydenii 464
Leptidse 563
Leptocbcerus 510
Leptoglossa 512
Leptomeryx 501, 502, 503

evansii 464, 502, 503
Leptoplilebia 582, 603

belvipes 582
pallipes 582, 603

Lepus 477
Lestes 598,604

congener 598, 604 , 605
disjuncta 598,604
forcipata 598
hamata 598,604,605

Libellula 5S3, 587, 603
composita 587, 603
croceipennis 586, 587, 603
flavida 587,603
forensis 585, 603
nodistica 583, 585, 603
pulcbella 585,603
4-maculata 583, 603
saturata 586, 603

Libellulina 583, 603
Limenitis Weidemeyerii 542
Limnadella coriacea 618

Kitei 618
Limnadia 613, 614, 615, 618

Agassizi 618
Americana 618
coriacea 618
gigas 615, 618
Hermanni 616
Texana 618

Limnadiadse 613, 617
Limnsea 341, 343
Limnepbilidse 602
Limnepbilus 600, 602, 604, 606

rbombicus 600, 606
Limnetis 618

Gouldii 618
gracilicornis 618

Lingula ...35,201,208
Lingulepis 208
Liquidanibar gracile 387, 422

integrifoliurn 422
Liriodendron 377, 385, 422
Listrus senilis 569

Page.

Litbobius 607
Americanus 542, 607
paucidens 607

Litbosia argillacea 559
Litbostege rotuudata 547

triseriata 547, 549
Lobopbora carpinata 549

balterata 549
montanata 547, 549

Lomatia 377
Bolcensis 376
latior 376

Lophiodon 461
Loxolopbodon cornutns 456, 457
Loxonemia 252
Lucanidas 569
Lycama Acmon 542

rnstica 542
Lycopodium prominens 388, 409
Lycosoidae 542
Lyda Carpenterii 541
Lygaeus circumcinctus 541

reclivatus 539, 541
Lygodiom compactum 380

nenropteroides 388
Lymnetis . 613
Lytta Nuttalli 570, 571

spbajricollis 570

Macaria Californiata 553
dispnncta 549, 553
enotata 553
sex-rnaculata 553

MacboBrodus 508, 509
oreodontis 509

Macraucbenia 499
Macrosila quinque-maculata 559
Magnolia 376, 421

alternans 376
capelliui 376
cordifolia 382
Hilgardiana,377, 382, 383, 385, 386
Inglefieldi 382, 387, 388
laurifolia 382
Leslevana 377, 382, 383, 403
ovalis 382

Malacbidse 569
Mamestra picta 555
Marmopteryx marmorata 552

tessellata - 552
Marte's , 520

mnstelinus 520
Mastodon 519,531

mirificus 532
Obioticus 519, 532
proavus 531

McCliutockia Lyallii 382
Meekia 455

bullata 455
sella 455

Megaceratops acer 488
coloradoensis 430
beloceras 487, 492

Megacerops coloradensis 484, 485
Megalaspis ,... 208
Megalosaurus 445
Melanippe concordata 550

erotbicata 550
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Melauippe hastata ^ 550
Kodiakata . . .*. 550
luctuata 550
lugubrata 544, 550
tristata 550

Melauopbila longipes 569
Melithreptus 564

cylindricus 564
Meloe near angusticollis 570
Meloidse 570
Menotberiuin 510

lemurinum ..... 510
Merycbippus 524, 528
Merychyus 462, 529

elegans . 529
major 529

Merycodus 531
geminiier 531
necatus 531

Mesonyx , 461
Mesothemis 587,603

collocata 587, 603
corrupta 587, 603, 605
illota 587,603
lougipennis 588
siruplicicollis 587

Metabletus americanus 568
Metalopbodon armatus 437
Miamia 574
Micromus 599, 605

sobrius 599
Militsea niinuta 542

nubigeria 541,542
Miobasileus hypoceras 491

ophryas 490
Miormus 604

sobrius 604
Miothen crassigenis 470

gracile
t

470
Mollusca 542
Monilema annulatum 570
Monobauimns scutellatus 570
Mordella scutellaris 570
Mordellidas 570
Morns affinis 385, 386
Murida? 475
Mus 474

decumanus 474
elegans 429
(Euniys) 474

Musca . .
.' 541

erytbrocexibala 540, 541
Muscidae 564
Musophyllum complicate in 418
Mycetophilidse 542, 559
Myops 475
Myrica 210,422

acuminata 81, 389, 411
acutiloba 374,412
ambigua 384,386
Brongniarti 412
Comptonia 412
Copiana 389,411
latiloba 81, 389, 412
Menegbini 376
minor 380
nigricans 389
partita 389,412

Page.

Myrica Torreyi.. 373, 376, 377, 380, 383, 397
undulata 389,412

Myriopoda ^ 542
Myrmeleon „ 599,605

diversus 599,605
nigrocinctus 605

Myrtaceae 375
Mystacidre 602

Natatores 43]
Nauplius 613
Nebiia Sablbergii 541, 568
Necrophorus velutinus 568
Nelumbium , 377

Bucbi 377
Lakes.ianum 382,403
tenuifolium 382, 402

Nematus 567
Nemeopbila geometrica 559
Nemognatba lurida 570
Nemura cinerea 576

lateralis 576
nitida 576

Nepadites ; 374
Nephelis lateralis 623

quadristriata 623
Nepbelopsis obscura 623
Neurodromicus 516

dorsalis 517
Neuroptera 539,599,604
Nitidulidae 568
Noctuidaj 554
Nomaspis parvula 570
Nomophila noctuella 548
Nothopus zabroides 568
Notoxus bifasciatus 570

subtilis 570
Noturus 460
Nyssa lanceolata 385

Obolus , 208
Ocytes Draco 542
Odonata 583,598,603,605
Odontomyia 563

intermedia 563
nigrirostris 563

Odyneras tigris 541

CEdemeridae 570

(Estridse 564
Olenus 208
Onthopbagus latebrosus 569
Opegrapba antiqua 379
Opbidia 463,516
Opbileta complanata 35,203
Opbioglossum Alleni 388

Opbiogompbus 591, 604

bison 596
colubrinus 592,604
mainensis.593, 595, 596, 604
rupinsulensis .593,594,596,

604

severus . -.591, 592, 604, 605

Orbicula 78
Orbitoides mautellii 443

Oicodou 498.499

culbertsonii 429, 498

gracilis 429,498
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Oreodontidse 462
Orotheriurn 469

index 441,459
vasacciense 436, 441

Orthis 208, 209, 230, 309, 311, 339, 341
desinopleura 208, 230

Orthoceras 307,309,311,339,341
Orthoptera „..539, 541
Osniylus 599
Ostrea.26, 27, 38, 104, 196, 202, 315, 317, 340,

342
complexa 315, 317, 340, 342
congesta-. 18, 25, 68, 78, 433
eubtrigonalis 26, 124

Oxypoda 568
Oxyrhina 508
Oxytelus 568

Palseochoerus 463
Pakeolagus 477

agapetillus 478
haydenii 429, 478, 479
triplex 479
turgidus 478, 479

Paleeoscincus 448
Palseosyops . .

'.

. . .461, 483
Palseotherium 461, 480, 483
Paliurus 203
Paliurus Columbi 387, 388

Florisanti 389, 416
zizyphoides 373, 382, 383

Palmacites 380
Paludina 436
Pantala 583

hymencea 583
Papilio Eurymedon ' 542

Rutulus 542
Paradoxides 208
Paramys 475

relictus , , . . . 475
Parnassius Smintheus 539, 541, 542
Pasimachus elongatus 568

obsoletus 568
Patula Cooperi , 623

striatella 623
strigosa : 623

Pelecorapis varians 431
Pelonax 504

crassus 504
ramosus 504, 505

Peltosaurus 511,512,513,515
granulosus 513

Pemphigus populicaulis 567
Pentacrinites 347, 349
Pentacrinus asteriscus 105, 196, 440
Perissodactyla 441, 480, 482, 520
Perla 577,603

ebria 577,603,605
sobria 577, 603, 605

Perlina 573, 574, 575, 602, 605
Persea Brossiana 385, 407

laucifolia . 381
Persoonia oviformis 385
Phalsenidse 543, 544, 546, 549
Phanaeus carnifex 569
Pbasiane excurvaria 552

flavofasciata 552
Meadiana 547, 552

Phasiane Rippertaria 552
sinuata 552

Phenacodus 458
primsevus 441,458

Phibalapteryx intestinata 551
Phillysia 71
Photinus augustatus 569

lacustris 589
Pbraguiites Alaskana 384, 386

ceuingensis. . 380, 383, 384, 386,

388,389,390
Pbryganea 602
Phryganeidge 541
Phryganina 600, 604 , 605, 606
Phy ciodes Camillus 542

Carlota 542
Phyllites Mahoniseforrois 383

repandus 424
truncatus 383

Pbyllopoda 613, 618
Physa 77
Picidse ^ 538
Pieris occidentals 541, 542

oleracea 542
Protodice 542

P-inus polaris 389, 410
eoceuica 377
ponderosa 571
raceinosa 377,381,400

Pisonia 377, 389, 42
Planera dubia 384

longifolia 81, 389, 413
Planorbis , 77
Plastomenus 453

insignis 433, 454
punctulatus ^ . . 433, 453
trionychoides 454

Platsea Californiaria 551
Platanus s 126,377

aceroides .'. 385, 386, 387
dubia 385,386,406
Guillelmai 381, 383, 387
Haydenii, 203, 219,377,378,381,383
nobilis 197,385
Raynoldsi 377,381
rhomboides 377, 381, 400

Plathemis 583, 585
subornata 585
trimaeulata 583, 385

Platyceras depressus 569
Platynus chalceus 568

placidus , 568
Platypbylax 600,605

atripes. . 600, 601, 602, 605, 606
designatus 600, 605, 606

Platyphyma montana 541
Platyrbachis 516

coloradoensis 516
Plecia longipes 552, 562
Pleurodonta 513
Pleurophoros 243
Pleurotomaria ' 231

missouriensis 231
Taggarti 231

P] usia
alticola , 554
divergens 554
Hochenwartbi 546, 554
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Plusia ignea 554
Poa 210
Poacites 210

lsevis 389
Podabrus Isevicollis 541, 569
Podocarpese 375
Podogonium 390,417
Poebrotheriidas 500
Poebrotheriurn, 429,463,464,498,500,501,503

vilsonii 500
Polyonax 451

mortuarius 433, 448, 451

Polyphemus oculus 615
Polyphylla 10-lineata 569
Polystcechotes 599, 604

punctatus 599, 604, 605
Populus 424

sequalis 387
arctica 3S4, 386, 387, 388, 406
attenuata 380, 387
balsamifera 570
balsamoides 380, 384
cordifolia 387
decipiens 387,388
heliadum 380,397
lancifolia 384
latior 387
leucophylla 380, 384
rconodon 377, 380, 383
rnutabilis - . -377, 380, 384, 387, 397

ovalis 384
Eaynoldsii '. 383
repando-crenata 384
Pacbardsoni 389, 411

transversa 387
treniuloides 570
Zaddachi 384,386

Porrhodites 568
Potamogale 473
Potamogalida) 473

Potaniogeton nayadum 375
tritonis 375

Proboscidia 483, 531

Procamelus 464,529,530
angustideus 529,530
gracilis 531

heterodontus 530
niobrarensis 529
occidentalis = . 531
robustus 529, 530

Productus . - .46, 59, 60, 71, 77, 242, 309, 311,

339, 341

muricatns 252
nebrascensis 231

prattenanus 231

semireticularis 231

Promina 376, 377

Proteaceaj 375

Proteoides 105,196

acuta 105,196

Protohippns - 519, 523, 528

insignia 523,525
hLbrosvts 523,524,525
mirabilis 523, 525

perditus 523,524,525,528
placidus 523,524,528
Bejunctus...523,524,525,526,

528, 529

Protonx ryx liallii 5fl0

Page.

Protorneryx vilsonii 500
Protomyidse 477
Protoplasa 1 566
Pseudoneuroptera 602
Pseudotomus 477
Psychomorpha epimenis 559
Pteris affinis 380, 392

anceps 380
erosa 380,392
Gardneri 380,393
pennseformis . . 380, 383, 388, 390, 392
subsimplex 380,392

Pterocarya amerieana 81, 390, 417
Pteronarcys badia 573, 574, 602, 605

biloba 573
Californica 573, 602, 605
proteus 574
regularis 573, 574

Pterophoridse 544
Pterosauria 431
Pterostichus longulus 568

lucublandus 568
Luczotii 568
protractus 568
scitulus 568

Plychoceras 455
aratus 455

Ptychoptera 566
Ptychopterina 566
Pyralidse 548
Pyrameis Atalanta 542
Pythonomorpba 431

Quadrumana 463, 510
Quercus 203,219

acrodon 387
semulans 387
alba 262
angustiloba 381, 383
attenuata 381, 398
Benzoin 381
Burmensis 378
chlorophylla 377, 381, 383, 385
Cleburni 381,399
crassinervis 377, 381 , 383, 384
drymeja 384
El'koaria 389,413
Ellisiana 385, 3S6
Evansii " 385
furcinervis . . 375, 378, 381 , 389, 398
Gaudini 385
Godeti 385

Goldianus 381, 398
Haydenii 387

Heerii 222
Laharpi 385
lonchitis 374, 375, 389, 398

. Lyelli 381

Moorii 381

rnultinervis 381

myrtifolia 381

uegundoides 384, 386
neriifolia 389,413
Olafseui 387,38s

Pealci .385,386

platania 38 !, 386, ; ~7, 388

platinervie 381,384

primordialis 378
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juercus reiracta 381
Saffordi 378,381
serui-elliptica 389
strarninens 381
triangularis 381
Wyoiningiana 381

Eaphidia 600,605,606
Eetzia punctulifera 252
Ehamnus 377, 378, 421, 424

acuminatifolius 382, 385
alaternoides 382, 405
Carolinianus 421
Cleburni 203, 382, 383
Deckenii 382
deletus 382
discolor 382
Fischeri 382
Goldianus . . 382, 383, 387, 388, 405
insequalis .382, 405
intermedins 387
latior 382,387
marginatus 382
Meriani ,.382,405
obovatus 382, 383, 285, 386
Poldianus 219
rectinervis 382, 383, 385, 405
salicifolius 382,383

Ebineastes 459
calvus 441
pectinatus 430,459

Ehinoceridae 461, 483
Ehinocerus 481, 482, 486, 491, 495, 521
Ebinocerus crassus 521
Ebizocaulon gracile 380, 396
Ehus 210,422

bella 385
deleta 385
drymeja 81,389,416
Evansii 385
Haydeni 81,389,417

Ehyacopbila 602,605,606
Ehyacophilidse 602
Ekynchonella 339,341

osagensis 252
Eibes rubrum 262
Eodentia 474
Eosa blanda 262
Eubus deliciosus 262

strigosus 262
Eudistae 455, 456

Sabal 197, 203, 373, 378, 421
Campbellii 380,383
Goldiana 380
Grayana 377, 380, 383, 384
major 380

-Stathrnopborus Argus 601
gilvipes 601,602

Salicine®... 377,378
Salisburia 378

binervata 380
polymorpha 380, 384, 386

Salix 262,422,424
angnsta 210, 384, 386, 389
densinervis 378, 380

Page.

Salix elongata 389
Evanstoniana 384, 386
Groenlandica 384, 386
Integra 380, 397
Islandica 384
media 411
tabellaris 378, 380

Salvinia cyclopbylla 388, 408
Sautalum memecycloides 375
Sapindus angustifolius 81, 389, 415

caudatus 382,383
coriaceus 389, 415
obtusifolius 419
undulatus 382

Sapotocites americanus 383
Sapriuus oregonensis 568
Sassafras 376,377,385,422

Mudgii 376
Satyrus Charon 542

Eidingsii 542
silvestris 542

Sauropterygia 431
Saururee 431
Scalops 466
Scapbites 38,104,368
Scarabaeidse 569
Scenopinus 559
Sciuridas 475,477
Sciurus 475,476

budsonius 475
relictus 475

Sclerotium pustuliferum .„.. 386
rubellum 379

Scoliopteryx libatrix 555
Scolytidae 569
Scotosia Californiata 551

Meadii 551
Selacbii 432
Selaginella Berthoudi 380, 395
Selidosema Californiaria 552

j uturnaria 552
Sequoia angustifolia ,81, 388, 409

Coutsiae = ..» 388
Heerii 386
Langsdorfi . . 380, 383, 384, 395, 410

Sericomyia militaris 564
Sialina 599,605,606
Sida 613
Silpka lapponica 568

ramosa .541, 568
SilphidaB 568
Siinulidae 562
Simulium 562
Smerintbus 559
Smilax grandifolia 380,386,388,395

obtusangula 380
Solenodon 473
Soricidae , 468
Sparganium 389
Sphenopteris eocenica 376, 380

Jobnstrupi 423
membranaeea 380, 394
nigricans 380, 394

Spberia lapidea 379
myricse 379

Spingidae 559
Spirifer . .71, 77, 231, 242, 243, 247, 252, 339,

opiums 341, 231
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Spiriferina 193,243
Spondylis upiforniis 570
Spongidse 307
Staphylea acuminata 81, 389, 390, 415
Staphylinidse 5G8
Stathmophorus 601
Stenobothrus Carpenterii 541
Stenophylax- 600. 602, 604

divergent 600, G05, 606
gilvipes 601, 605

Sterculia variabilis 376
Sterculias 375
Stereopalpus guttatus 541, 570
Stibarus ".

503
obtusilolms 503

Stigmaria fucoides 245
Stratiomyia nymphis 563
StratiomyidfB 563
Streptocephalns 614, 618, 622

similis 622
Texanus 620,622

Stylemys 511, 532
nebraseensis 511
niobrarensis 532

Succinea liueata 623
Symborodon 463, 480, 484, 485

acer. . . .481, 482, 484, 485, 486,

488, 491
altirostris,484, 485, 486490, 491
bucco . . 481, 482, 484, 485, 486,

488, 489, 491
heloceras 484, 485, 487
bypoceras 484, 491
opbryas .484, 485, 489, 490, 491
torvns 485
trigonoceras 482, 484, 485,

488, 489, 490, 492
Syrpbidae 563
Syrpbus corollse .• 564

obliquus 541,564
vitripennis , 564

Systcechus 563
candidulus 563

Tabanidas 540,541,563
Tabanus 563

Broruhis 563
quatuornotatus 563
tropicus 563

Tacbiaida? 564
Tachyta liturata 570
Talpa 465,473
Talpidse 465,466,468,472
Taracbe candefacta 555
Taxodium dubium 386, 388, 390, 409

tijanoruro 388
Telea Polyphem us 558
Telephoridse 569
Tenebrionidas 569
Tenthredinidse 567
Tephrosia disi'uncta 553
Terebratula 198, 202

bovidens 252
Terminalia radobojensis 382
Termitina 571, 602
Termopsis 571 , 572, 573, 602

angusticollis 57 J , 572, 602
Nevadensis 602

Page.

Termopsis occidentis 572,602
Testudinata 431,453,511,532
Testndo 5n

arnpbitborax 511
cultratus 511
laticuneus 511
ligonius 511
nebraseensis 511

Tetraopes femoratus 570
Tberevida3 541
TheridoidsB -. 542
Thespesius 445
Tbomisoidai 542
Tbnites callitriua 388
Thuya Gariuani 388
Tipula 562

grata 552
longi ventis 562
macrolabis 562

Tipulidse 562,566
Titanotherium 463, 480, 483, 484

proutii 483, 484
Tomarctus 519

brevirostris 520
Tortricidse 547,548
Tostegoptera lauceolata 569
Tragulidse 462, 464, 500, 501
Trauiea 583

lacerata 583
Trichina affinis 569
Tricbodes ornatus 569
Tricium annas 478

avunculus 478
paniense 479

Trigonia 440
Trimerodus 503

cedrensis 503
Trionyx 453

foveatus 453
scutumantiquum 436, 441

. vagans 433, 453
Trirhabda attenuata 570

convergens 541, 570
Trochns rnissouriensis 231
Troodon 448
Tropidonotns sipedon 517
Trox porcatus 569
Trypeta 567
Tupaia 473
Typha spad« 375

Uiutatheriurn 482
Ulrnacese 377
Ulmus 210,378,424

irregularis 381
tenuinervis 81,389,390,412

Uugulata 464, 485
Unio 441

Vanessa Antiopa 542
Vesparhe 542
Viburnum 378,421,424

contortum 382
dichotomum 382,383
giganteum 376,424
Lakesii 382,401
marginatum .376,382,383,401,

424
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Viburnum Wyrnperi 382
Vitia Islandica 387,388

Olriki 385,386
tricuspidata 382

Vitrina Pfeifferi 623
Viviparus trochiforrnis 372
Volucella 563
Vulpes fulvus 506

littoralis 506

Weinmannia rossefolia 389, 415
Woodwardia latiloba 380, 391

minor '. 380

Xanthosvlon dubium 382

Page.

Xiphodon 500
gracile 500

Xyleborus septentrionis 569

Zanthoxylum ambiguum 375
Zerene catenaria 551
Zeuglodon cetoides 443
Zingiberites undulatua 380,396
Zizyphus 374

distortus 382, 404
hyperboreus 387, 388
Meekii 387,388

Zonites nitidus 542
Zygamidse 559
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