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STATUS OF THE MESOZOIC FLORAS OF THE UNITED STATES.

SECOND PAPER.«

By Lester F. Ward and others.

P^A^RT I.

THE TRIASSIC FLORA (Continued).

As it will probably be many years before it will be possible to return

to the subjects discussed in the first paper of this series in the Twen-

tieth Annual Report, it seems advisable to publish at this time all the

additional matter that has accumulated since that paper appeared.

This consists of two rather important series of facts, one relating to

the Trias of the Southwestern area, being the result of investigations

in Arizona during the months of May and June, 1901 ; the other con-

sisting of Piofessor Fontaine's report, giving descriptions and figures,

on the plants collected in the Jurassic of Oregon in September, 1899.

Both of these results were anticipated in the first paper (pp. 319-323,

374-377), but the brief notes there given would be ver}' incomplete

without the additional matter that is now available. A brief account

will also be given of some additional specimens of Jurassic cycads from

the Freezeout Hills of Wyoming, collected since the first lot was

received and described in the first paper.

THE OLDiEB MESOZOIC OF ARIZOIVA.

The brief reconnaissance made by me from November 3 to 16, 1899,

an account of which was given in the first paper (pp. 320-332), only

sufficed to indicate in a general way the great interest that attaches

to the region visited and the possibilities it possesses from both the

"The first paper appeared in Twentieth Ann. Rep. U. S. Geol. Suirey, Pt. II, 1900, pp. 211-748, pis

xxi-clxxix.
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14 MESOZOIC FLORAS OF UNITED STATES.

stratigraphical and the paleontological points of view. It was my
intention at that time to improve the first o^Dportunit}^ that presented

itself to conduct a much more extensive campaign into that region.

I found the countrj^ so exceedingly dry in November that I imagined,

and indeed was told by persons who live there, that spring would be a

much more advantageous season for such a campaign. I therefore

decided to make a somewhat exhaustive study of this region, with an

appropriate outfit, in the months of May and June, 1901.

The discovery that I made on November 14, 1899, of fossil l^ones

near Tanners Crossing of the Little Colorado (see first paper, pp. 322-323)

seemed to make it one of the prime requisites of such an expedition

that it be accompanied by a competent vertebrate paleontologist,

well versed in the methods of collecting and preserving fossil bones.

When the attention of Prof. H. F. Osborn was called to this subject

he manifested a livelj'' interest in it and offered to select a suitable person

to accompany me for this purpose. The choice fell upon Mr. Barnum

Brown, of the American Museum of Natural History, whose success

as a collector of fossil vertebrates and as a field naturalist in general

has secured for him wide recognition. The United States National

Museum, being in need of a series of Triassic bones, assumed the respon-

sibility for this part of the expedition. The rendezvous was at Hol-

brook, Ariz., on May 7, where an adequate outfit was procured and the

expedition started on the 8th. The route followed was nearh" the same

as that pursued by me in 1899.

The object was to make as complete a study as possible of the

geology and paleontology of the Little Colorado Valley, as it is in that

valley, or at least in that drainage, that nearlj^ all the older Mesozoic

of this part of Arizona is to be found.

Certain signs of the occurrence of Triassic vertebrates made them-

selves known at different points along the route, but only as weathered

out on the surface in such a manner that their original source could

not be traced. But as soon as we reached the region of variegated

marl buttes, some 5 or 6 miles above the Lees Ferry road, such bones

began to be found and their position in the beds located. Nearly three

weeks' careful investigation of the entire region in which such beds

occur proved that the small group of buttes in which I first found the
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bones was the richest m this respect, and the greater part of Mr. Brown's

collection was made within a mile or more of the original localit}'.

It will of course be impossible for me to give any adequate account

in this place of Mr. Brown's collection of Triassic bones. Suffice it to

say that he made an extensive collection, consisting to a considerable

extent of well-recognized bones, some of them entire, others capal^le

of having the separated pai'ts brought together, but others, of course,

as in the case of Triassic bones the world over, more or less fragmentary.

They represent chiefly the Belodont, Heterodontosuchus ganei Lucas,

mentioned in the first paper, page 323, but teeth and other parts were

found that probably belong to ancestral dinosaurs, while one very large

scute belongs to the genus Labyrinthodon. The collection was shipped

to the National Museum at Washington. It has been unpacked under

the direction of Mr. F. A. Lucas, in whose hands it will doubtless be

carefully worked up and the results duly published."

I am very glad to be able to record the success of this expedition

from the standpoint of vertebrate paleontology, because from the stand-

point of fossil plants my anticipations were laot realized. In a region

which contains almost everywhere such an enormous quantity of silicified

wood and which consists so largely of sedimentary and definitely strati-

fied rocks it was reasonable to suppose that there would be found occa-

sional beds at least in which impressions of the foliage, fruit, and flowers

would be preserved. But the search was almost wholly without success,

and the conclusion was reached that for one reason or another the con-

ditions for the preservation of the parts of plants which are most essen-

tial in the determination of the flora were absent from this entire region.

The explanation of the absence of plant impressions of the more deli-

cate kind is probably to be found mainly in the great abundance of gypsum

that prevails throughout all these beds, which, as is well known, is almost

fatal to the preservation of organic remains. But for it no doubt the

vertebrate remains would be much more abundant and complete, and it

is only the silicified wood that seems to escape its influence. This latter,

however, is mainly deposited in beds of sand, coarse gravel, or conglomer-

ate, which, in themselves, are unfavorable to plant impressions.

f'A preliminary report was published by him in Science, N. S., Vol. XIV, September 6, 1901, p. 376.
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The absence of plant impressions enabled me to devote more attention

to geological considerations than would have been practicable had large

collections of plants been made; and I regard the geological results as of

sufficient importance to be introduced here somewhat fully. This chapter

will therefore be divided into two parts, the first of which will deal with

the stratigraphy and the second with the paleontology.

STRATIGRAPHICAL RELATIONS OF THE OLDER MESOZOIC DEPOSITS OF
ARIZONA.

The geology of the Grand Canyon region of northern Arizona has

received much attention on the part of geologists, and considerable has

been written on the higher beds of Mesozeic age that lie to the eastward

and northward, but very little study seems to have been made of the

Little Colorado Valley above Coconino Point, where it broadens out into

a plain. The strata of the Grand Canyon up to and including the junction

of the Little Colorado with the Colorado River consist, as all know,

entirely of Paleozoic and pre-Paleozoic rocks, and it is the Carboniferous

limestones, or sometimes sandstones (LTpper Aubrey), that occupy the

surface of both the Colorado and the Kaibab plateaus. But the entire

system dips sensibly to the northeast, and at an}^ point some distance

back from the camion remnants of Mesozoic rocks occur for many miles

to the west of the Little Colorado. That river, therefore, practical^ flows

for almost its entire length over Mesozoic strata, iDut these do not attain

their great development except on the northeastern slope of the valley.

Here they form several series of terraces, rising one above another l^ack-

ward from the river, and forming at their m.aximum development loft}'

and picturesque escarpments, with brilliantly colored stratification, rival-

ing in many respects the Grand Canyon itself. The broad, arid plains

that lie to the southwest of these cliffs have received the name Painted

Desert, from the circumstance that from any point on this desert these

"painted" cliffs are always in full view. From a great distance they

may under certain conditions appear beautiful and innocent, but any

attempt to invade this desert or to scale these cliffs, except by means of

the few well-known Lidian trails, is certain to be met with defeat, and the

hardships that have to be endured in striving to traverse this region are

of the severest kind.



THE OLDER MESOZOIC OF ARIZONA. 17

Very little seems to be known of the more detailed nature of these

deposits. They are usually spoken of as a single great group of beds, and

I am not aware of any serious attempt to subdivide them or arrange them

into anything like successive formations. It was my chief object during

my stay in that country to subject these deposits to a searching analytical

study and to work out if possible their true succession. I began this

study, as already shown, by a reconnaissance of the Little Colorado

Valley. After making camp at Tanners Crossing, which is only 12 miles

above the point where the Little Colorado enters the limestone canyon

at the foot of Coconino Point, I set about mastering the details of the

stratigraphy of that general region. Later on, and in the light of

information thus obtained, I studied the various remnants of the Mesozoic

that are scattered over the Colorado Plateau, and especially Red Butte,

which is the most conspicuous and best known of these remnants.

Finally, as a concluding task, I returned to the upper portion of the

valley of the Little Colorado and made a study of the group there

similar to that which I had made below.

I shall be obhged to omit a great amount of important data, including

many sections recorded in my notebook, and shall give only the most

general and essential results and reproduce the general sections that most

clearly illustrate the phenomena.

I think that I have succeeded in dividing the group into three

entirely distinct formations. One of these, the thickest of them and the

one which is best known, has already been named by Major Powell the

Shinarump." This, however, occupies the central portion of the beds in

their geological sequence. The other two divisions are, so far as I am

aware, unnamed. The lower beds I therefore designate the Moencopie

beds, from having first found them in their full development at the

mouth of the Moencopie Wash. To the other,, or highest formation of

the group, I have thought it appropriate to give the name Painted

Desert beds.''

"Geology of the Uinta Mountains, etc., 1876, pp. 68-69. See Twentieth Ann. Rep. U. S. Geol. Survey,

Pt. II, 1900, p. 318,

''The name "Painted Desert" occurs, apparently for the first time, in the contents to Chapter IX of

Part I of Lieutenant Ives's Report upon the Colorado River of the West, pp, 15 and 113, but is not used in

the description of the desert on pp. 116-117. It is used by Doctor Newberry in Part III, on pp, 76-83, and to

it he devotes a section. These early uses of the term show that it refers to an area lying opposite to the region

between Wolfs Crossing and Winslow, but Doctor Newberry says (p. 76) "that the peculiar physical aspect and

MON XI.VIII—05 2
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TEE MOENCOPIE FORMATION.

These occupy tli.e lowest portion of the group, having a maximum
observed thickness of between 600 and 700 feet. The}^ present several

distinct phases, but the greatest part of them consists of dark-reddish

brown, soft, laminated, argillaceous shales, nearly destitute of silica,

highly charged with salt" and gypsum, tending on exposure to assume

the character of nearly homogeneous marls and to form low ridges, but-

tresses, and even isolated knolls or buttes, at the bases of cliffs and in

eroded valleys. The gypsum often forms thin sheets which appear as

fine white lines and which do not follow the planes of stratification, but

cross the beds irregularly and also cross one another, giving the exposures

a peculiar striped appearance.

Between these beds of shale there occur, usually at more than one

horizon, brown sandstones. These are more or less argillaceous and their

geological structure of the Painted Desert prevail over a wide belt of countrj' bordering the Little Colorado

on the east, and extending at least as far northward as our camp 73." This camp appears from the very

imperfect map accompanying the report to have been about on the latitude of Tanners Crossing, but far to

the westward. On this map the Painted Desert is represented as occupying all that region lying along the

southwestern base of the painted cliffs from the line of their route through the gap at Blue Peaks and Pottery -

HiU northwestward to an indefinite distance. On the latest Land Office maps, however, it seems to be restricted

to that portion of the desert lying north of the Moencopie Wash and along the base of Echo Cliffs. There

seems to be no good reason for thus restricting it.

"An artesian well was bored at Adamana, on the Santa Fe Pacific Railroad, 8 miles north of the Petrified

Forest and in the vaUey of the Rio Puerco. At a depth of 305 feet water was struck which had sufficient

force to rise 19 feet above the surface and discharge 25 gallons per minute. The water was very salt, reported

at 3 per cent chloride of sodium, so as to be wholly unfit for any use. Mr. James Swainson, in charge of the

work, which was done by the American Well Works of Aurora, 111., was good enough to send me the log, which

is as follows:

Record of well boring at Adamana, A>i:.
Feet.

Surface sand and adobe 55

Sandstone 3

Cement gravel -.,..- - 1

Sandstone 29

(Water at 88 feet only slightly salt.)

Sandstone 20

Brown shale. '.
. - 43

Red shale 49

Hard brown and blue shale 5

Red shale - 70

Sandstone - - 10

Hard brown shale 20

(Intensely salt water.

)

Total - 305

The lower 200 feet of this section clearly belong to the Moencopie beds.
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exposed faces do not present sharp angles, but have rounded forms, due

m the main to the influence of winds, which wear off the jagged appear-

ance but do not tend to form chimneys or assume fantastic shapes.

These sandstone ledges, which are very uniform in composition, some-

times have a thickness of 100 feet or more, though such heavy beds are

usually interrupted by several layers of the shale.

Toward the lower part of the Moencopie beds the shales gradually

become calcareous, and there is in nearly all good exposures a horizon of

white, impure limestone, well laminated in its central portion, but becom-

ing very thin and hard below and finally passing either into the typical

shale or into homogeneous marls. The extreme upper and also the

extreme lower portions of the Moencopie beds always. consist, so far as

observed, of the typical dark-brown argillaceous shale, and the whole

series, wherever the contact can be found, always rests in marked uncon-

formity upon the underlying Paleozoic rock (Upper Aubrey). It is very

probable that the lower portion of the Moencopie beds belongs to the

Permian.

THE SEINARUMP FORMATION.

This constitutes a vast assemblage of strata with amaximum observed

thickness of at least 1,600 feet. It presents a number of phases, some of

which are so distinct that if s|,udied in only one locality they would naturally

be regarded as separate subdivisions, but such a general survey as I have

been making points to a certain homogeneity in all these beds, or at least

establishes the unmistakable tendency toward the recurrence in any of

the phases of features that are prominent in other phases. The Shin-

arump constitutes the horizon of silicified trunks, and there is no part of

it in which fossil wood does not occur in great abundance. It also marks

the limit of the wood-bearing deposits of this region. For this reason

aloiie, in view of the etymology of the name, I should be justified in

extending the Shinarump as far as the fossil trunks occur, and it is obvious

from the language used that Major Powell had the upper portions of the

formation in view as well as the lower when giving the name, although

other geologists, in speaking of the Shinarump, usually seem to have in

mind only those beds which he called the Shinarump conglomerate. It

is doubtful, however, whether the remainder of the formation has really

been studied or carefully observed by others.
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I shall divide the Shinarump into two somewhat distinct parts and

call the lower the Lithodendron member and the upper the Leroux

member.
THE LITHODENDRON MEMBER.

This division is the equivalent of the Shinarump conglomerate of

Powell, and I was at first disposed to retain his name under the rule of

priority, and did so in my preliminary paper," notwithstanding the far

greater development and marked change of character which it assumes

in the upper part of the Colorado Valley. Attention has been called to the

fact that the use made bj^ Maj or Powell of the name Shinarump conglomerate

for a part of a larger group which he called the Shinarump is likely to lead

to confusion and is generally objectionable. I shall therefore drop that

term, except as descriptive of the conglomerate beds that occur in the

Shinarump, and shall call the part of the formation in which these con-

glomerates occur the Lithodendron member. This term is specially

appropriate not only because of the stone trees that constitute >'the

most prominent feature of the beds, but also because the name was

given by Lieutenant Whipple in 1853 to the stream or wash in which

petrified trunks were found in great abundance by his exploring party

when it passed through that region.'' This was there called Lithodendron

Creek, and it was from tlie bed of this creek tj^at the two trunks brought

to the United States National Museum in 1879 by Lieutenant Hegewald

were obtained, these being the only ones that have thus far been studied

from the standpoint of their internal structure. The creek lies in the

region where the Lithodendron beds attain their maximum development

and only a short distance from the Petrified Forest which it has been

proposed to set apart as a national park.

Although perhaps the most prominent feature of this formation is

the so-called conglomerate, which sometimes is in truth deserving of tliat

name, and contains somewhat large but always well-worn pebbles and

cobbles derived from underlying formations, it rarely happens that this

aspect of the beds constitutes the major portion of them. In the first

place, the conglomerate tends to shade off into coarse gravels and

"Geology of the Little Colorado Valley: Am. Journ. Sci., 4th ser., Vol. XII, No. 72, December, 1901,

pp 401-41B.

b Report of Explorations and Sui-veys to ascertain the most Practicable and Economical Route for a

Railroad from the Mississippi River to the Pacific Ocean, Vol. Ill, 1856, Pt. I, pp. 73-75; Pt. II, p. 28; Pt.

IV, pp. 43, 150, 151, 167.
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then into true sandstones. These sandstones are of a light color, con-

trasting strongly with the dark-brown sandstones of the Moencopie

already described. They are, moreover, always more or less cross-

bedded and usually exhibit hnes of pebbles running through them in

various directions. These are true sandstones, very hard, devoid of

alumina, and scarcely affected by the winds, so that their angles are

usually sharp and the ledges they form are abrupt and jagged. Although

the sandstones proper generally occur lower down, there is no uniformity

in this arrangement, and sandstones are often found in the middle and

conglomerates more rarely at the top. But in addition to these the

Lithodendron member embraces other classes of beds. There is a well-

stratified layer of thinnish sandstone shales that is often seen imme-

diately under the heavy sandstone cap. Some of these shales have a

grayish color and are highly argillaceous. These layers tend to thicken

even within the member itself, but especially farther out, and, what

is more significant^ they often become transformed into a bluish white

iparl. This condition can be seen between the beds of conglomerate

in places where the Lithodendron beds are comparatively thin, as in

the lower valley of the Little Colorado, where they are only about 300

feet in thickness. This feature is not very prominent, but at other

places, as in the Petrified Forest region, where the Lithodendron beds

attain their maximum thickness of 700 or 800 feet, this tendency on

the part of certain beds to become transformed into marls is the most

marked feature of the member. The marls here occupy much more

than half of the beds. They are very varied in color, showing besides

the white and blue tints a great variety of darker ones, ' such as pink,

purple, and buff. These heavy marl beds, of which there may be sev-

eral in the same cliff, are interstratified between conglomerates, coarse

gravels, and cross-bedded sandstones, all of which taken together form

the beautifully banded cliffs that are seen throughout the Petrified

Forest, especially along its northern flank. It thus becomes necessary

to include under one designation all of these varying beds, which often

change the one into the other even at the same horizon within short

distances.

It remains to mention certain minor features, which are not uni-

versal, but which nevertheless have considerable importance. In the
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lower Little Colorado Valley there occur numerous somewhat calcareous

clay lenses, the lime taking the form of bright white stripes, while the

clay is usually purple or pink. These are very distinct objects and

vary in size from lenses 10 or even 20 feet in length to small lenticular

blocks or somewhat oval or even spherical clay balls or pellets. These

calcareous clay inclusions are scarcely seen farther to the southeast,

but on Red Butte they are well marked, and here the clay becomes

brilliant red and constitutes a true paint stone. Another fact to be

noted in connection with the Lithodendron l^eds is that at certain local-

ities, notably on Red Butte, there is at its base a clear indication of a

transition to the Moencopie formation. The conglomerates proper are

underlain by argillaceous shales closely resembling those of the Moen-

copie, iDut beneath these is a sandstone ledge Avhich can not be referred

to the lower division, as it is more or less cross-bedded, possesses con-

siderable grit, and has included in it small cla}'- pellets similar to those

of the true conglomerate series, in which I have for tliis reason included

it. This condition of things may be somewhat puzzling from the strati-

graphical point of view, but the disadvantage in this respect is much

more than compensated for by the evidence that it furnishes in favor

of the view that all of these beds really constitute one great series,

and as opposed to the view which it may l^e inferred that certain geolo-

gists hold that the series of these beds which I have included under

the name of Moencopie belongs to a different system and is in some

way connected with the /imderljdng Paleozoic rocks. This view, in the

light of the above-mentioned facts, is, in my opinion, quite untenable.

THE LEROUX MEMBER.

Under the name Leroux I include the remainder of the Shinarump,

deriving, the name from Leroux Wash," which enters the Colorado

Valley 2 miles below Holbrook, and on which, some 15 miles north of

HollDrook, this member attains the greatest development that I have

observed, probably reaching its maximum of 800 feet. These beds,

too, if studied at localities where they are less developed, might be sup-

oThe name "Leroux's fork" was given to this wash by Lieutenant Wliipple's party, who followed it

down some distance and encamped at its junction with the Little Colorado on December 5, 1853, this being

their Camp 79. See Pacific Railroad Reports, Vol. Ill, Ft. I, p. 75. The name is written in two words on

the Land Office map of Arizona.
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posed to form several quite distinct subdivisions. Indeed, I was of

this opinion during most of my stay in the lower Little Colorado Valley,

but even before leaving there the proofs of their homogeneity had

become apparent.

At least the lower half consists of those remarkable beds in which

I had originally found the vertebrate bones in 1899, and in which alone

thus far vertebrate remains have been observed. I have sometimes desig-

nated them the variegated marls and sometimes the Belodon beds.

The distinguishing feature of these beds is the presence of great num-

bers of small buttes, the smaller ones appearing to be blue clay knolls,

but the larger ones showing other colors, especially purple, and some-

times several bands of different hues. Almost everywhere at this horizon

there exist plains, dotted all over with these remarkable little buttes,

varying from 3 or 4 feet to 20 or 30 feet in height, usually isolated from

one another and having a form pecuhar to them. They are not conical

in the true sense of the word, since they do not rise to a point at the

summit, but are always rounded off and have the form of a well-made

haystack, the smaller ones looking like haycocks in a field. These

butte-studded plains are of course simply the remains of a plateau or

mesa which has been worn away, primarily by the action of water,

but for a very long period there can be no doubt that wind has been

the more potent agency. There is evidence throughout that entire

region that the amount of precipitation was formerly much greater

than at present, and in so speaking I do not refer to a very remote date

geologically, but to a period which was probably post-Tertiary. Indeed,

from the present condition of many of the regions in which we know

that the early Indians dwelt and which are now perfectly dry, with

all sources of water so remote that they can no longer be inhabited,

it must be inferred that there has been a change in the climate within

the period of human occupancy. Certain it is that water is doing very

little relatively in this region now, while the agency of wind is conspic-

uously marked wherever it can produce effects. The pecuhar form

of these buttes is not such as water could have produced, while it is

precisely the form that wind would naturally produce, acting upon

the very fine and soft materials, somewhat resembling ashes, that com-

pose these buttes.
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Further evidence of this is found in the fact that in approaching the

general escarpment which bounds these plains the buttes tend to lose

their isolated character and form ridges projecting out from the cliffs.

It never happens that an entire valley or plain is covered by a single

system of buttes. These systems are separated by wide intervals, often

of nearty flat country, but through which it can be easily seen that water

once flowed, at least in the form of temporary floods, and in such a manner

as to have swept away every vestige of the former plateau, and in crossing

which there are encountered one or several wide beds to which the term

"wash" is popularly applied. In descending the Little Colorado this

condition of things, as already remarked, is not met with until within

8 or 10 miles of the Lees Feny road. A large system of buttes is then

found extending 5 or 6 miles down the river and across the plain to the

first terrace, a distance of 3 to 5 miles ; then occurs the first wash, 2 miles

in width, followed l^y another system of buttes, which is nearly due east

of Tanners Crossing, and in which most of the bones were collected bj^

our party. There is then another wide wash; the next sj^stem of iDuttes,

however, does not reach the river, but trends off in a direction nearl}^ due

north. There is still another wash before the great Moencopie Wash is

reached, the direction of which is such as to l^e highly favorable for the

preservation of these buttes, and accordingly we find their greatest develop-

ment, so far as this region is concerned, along the Moencopie Wash.

They do not, however, follow the stream up in the direction of Tuba,

but continue to trend northward along the wide A^alley that lies to the

west of Willow Springs and Echo Cliffs.

The reason why these conditions are not earlier met with in the valley

of the river is simply that the river does not follow the line of strike, and

these beds, l^eing common to the entire member, lie at different dis-

tances from the river. Above the point mentioned, therefore, they must

be looked for farther in the interior. We found them, in fact, 5 miles

east of Black Falls, or 25 miles southeast of Tanners Crossing. The great

bend in the river culminating at Winslow keeps these beds constantly so

far to the northeast, in a region where it is very difficult to penetrate,

that their exact condition for a distance of over 50 miles is little known.

But farther up the river, where they approach somewhat to the region of

settlement, they again admit of access, and, as already remarked, they
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appear in great force in the valle}^ of Leroux Wash. Here they cover an

area of nearly 100 square miles and form two great amphitheaters of

veritable badlands. The great variety and symmetry in the form of

these buttes and ridges, however, as well as the variegated and iridescent

colors that prevail, render them a magnificent spectacle. They can be

seen from the southeast for a distance of 20 miles as a white line. Viewed

from the top of the mesa out of which they have been carved, the denuda-

tion having been arrested at a particular point, they reveal more com-

pletely than at any other place the true character of this member. In

the Petrified Forest the Leroux beds are also well developed, and the

variegated marls are found only half a mile east of the Lower Forest.

The buttes here are rather large and well developed, and bones of the

Belodont occur in them. In the northern part of the Petrified Forest

region the variegated marls lie somewhat farther to the east. What is

called the Middle Forest lies in the midst of them, and the petrified wood,

as everybody has observed, differs here considerably in its constitution

and coloration from that of the Upper and Lower forests, which lie in the

horizon of the conglomerate member.

As was remarked when treating of the conglomerates, these variegated

marls are actually found stratified between the sandstones by the trans-

formation of certain shales into marls. If these beds are carefully traced

a short distance in the direction of the dip they will be seen to thicken

verj'- rapidly and soon to take on the character of the true variegated marls.

As they start from underneath a bed of sandstone which caps the conglom-

erates, and which does not so readily pass into marl, the buttes that are

first formed are usually topped out by a block of this sandstone, and it is

necessary to proceed some distance farther in the direction of the dip to

reach a point where the sandstones disappear. This, however, ultimately

takes place and the marl beds thicken to such an extent that they have to

be regarded as virtually overlying the conglomerates. In fact, in the

bed of the Moencopie Wash, on both sides of which these beds are so well

developed, the conglomerates can be seen distinctly passing under the

marls.

For the purposes of our expedition the variegated marls constituted

the most important sulDdivision of the entire group. But as we have

seen, their maximum thickness is about 400 feet, and there remain still
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another 400 feet l^efore we reach the base of the pamted chffs. Through-

out the whole of this fossil wood is abundant, but the character of the

beds as variegated marls no longer continues. In the lower Colorado

Valley, where I know it best, the variegated marls are succeeded l^y a

sandstone ledge at least 100 feet in height, yielding black logs of very

fine structure. At this point these sandstone beds constitute an escarp-

ment and form a small terrace, the summit of which is a dip plane. Upon
this lie the remains of the next set of beds, which are somewhat remarkable,

primarily in being essentially limestones, but they consist mainlj^ of loose

material somewhat resembling dried mortar, for which reason I have

designated them mortar beds. They are, however, ver}- irregular in struc-

ture and contain much impure flint and large flinty stones. In the midst

of them there occurs a true limestone ledge, well stratified, succeeded by

a continuation of the mortar beds. In the region mentioned these beds

extend to the limit of what I regard as true Shinarump, and petrified wood

was found above the limestone ledge.

A wider acquaintance with this part of the member shows that the

conditions above described do not hold at all points and may even be

regarded as exceptional. Nowhere else except at Black Falls did I find

the lower sandstone ledge, and at most other points the limestones

gradually supervene upon the variegated marls. In fact, not only the

variegated marls, but also the shales of the conglomerate member, which

become transformed into marls, are more or less calcareous; and as the

entire upper portion of the Shinarump consists mainly of limestones and

calcareous materials, we may regard all of this, including the variegated

marls, as virtually a calcareous deposit. If Ave were to look for its homo-

logue in the Trias of the Old World we should find it in the Muschelkalk,

while the conglomerate member might well be compared with the Bunter-

sandstein, and the Painted Desert formation with the Keuper, to which

the French term Marnes Irisees is only locally applicable.

In the extensive exposures on Leroux Wash these relations are

brought out with great force. Overlying the true variegated marls which

stretch out for a distance of 3 miles across the broad eroded valley, the

limestone series comes in graduallj^ and scarcely differs, except in the

degree of calcareousness, from the underlying beds; but the limestone

ledge is ultimately reached and is sharp and definite. It has a thickness

of about 10 feet. Over it lie very heavy beds of calcareous materials,
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beginning as mortar beds, such as I have described, but soon taking on

more symmetrical forms, closely resembling the marl buttes of the valley

below. The color also changes, and many of the buttes are, in whole or

in part, of a deep blue or a lively purple. These constitute here the highest

beds of the Shinarump, and fossil wood is abundant throughout. Much
the same conditions prevail in the Petrified Forest region, but the develop-

ment is here much less extensive.

THE PAINTED DESERT FORMATION.

It remains to consider the third and highest formation of the Older

Mesozoic of Arizona. As already stated, these constitute the elevated

cliffs that bound the valley of the Little Colorado on the northeast.

Although broken through in many places, and practically wanting

for long distances, they constitute what may be regarded as a great

wall, separating the valley from the region of high mesas that lie in

the Moqui and Navajo country. As these beds seem to contain no

fossil remains, and as they are throughout the greater part of their

extent practically inaccessible because of the absence of water, their

detailed study has been neglected, and I was able to acquaint myself

with them only imperfectly and at a few points.

There is, however, no place where they are better developed than

directly east of Tanners Crossing, where we remained longest, and on

several occasions the attempt was made to reach them from our camp
and to examine them closely. Enough was learned to justify the posi-

tive statement that they consist almost entirely of sandstones, per-

fectly stratified, the different layers differing mainly in color, thickness,

and fineness of structure. The great central portion constituting the

escarpment and having a thickness of about 800 feet is, within these

limitations, practically homogeneous. The series begins, however, with

a bed of orange-red sandstone, highly argillaceous, and soft in structure,

easily eroded, and readily yielding to the influence of wind. It has a

thickness of about 100 feet, and in the lower Colorado region stretches

across the broad valley at the base of the escarpment and lies directly

upon the uppermost limestones of the Shinarump. Here it forms pic-

turesque and fantastic buttes and chimneys standing out upon the

plain. It occurs in the same position overlying the Shinarump on

Lerovix Wash and forming the top of the mesa which overlooks the
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amphitheater that I have described. It is also seen above the Shina-

rump to the east of the Petrified Forest. It is therefore probably safe

to assume that this formation is continuous from Echo Cliffs to the

boundary line of New Mexico.

Of the painted cliffs there seems to be httle more to say. In

looking at these cliffs from a distance it is seen that they are overlain

by a white formation, the nature of which it is important to consider.

Before we had visited the region, so as to obtain a close view of them,

it was natural to suppose that they might constitute Jurassic limestones

and that the Triassic system might terminate at the line which separates

them from the variegated sandstones. But upon close examination

this was found not to be the case, and these white rocks were found to

consist of sandstones, often ver^- pure and cross-bedded, with scarcely

any admixture of marl. These, without question, constitute the summit

of the Triassic system in this region. They are, however, not always

white ; or at least in some places, as, for example, in the vicinity of Tuba,

they are underlain by a still thicker bed of soft brown sandstone, which

is somewhat argillaceous and easily worn by the wind, forming chimney

buttes and ruins. This bed has a thickness along the headwaters of

the Moencopie Wash of about 200 feet, and is overlain at the highest

points by the white sandstones to a thickness of 100 feet more. These

sandstones are very porous and all the waters that fall in that region

immediately pass through them; but as they approach the summit of

the much harder and firmer beds that constitute the lower formations

these waters are arrested and come out in the form of springs, sometimes

almost of small rivers, along the crest of the cliffs above the Moencopie

Wash. It is on one of these springs that the little Mormon town of

Tuba is located, and this is true also of Moa Ave, Willow Springs, and

other settlements in that country. Still farther back the Cretaceous

lignites and limestones lie unconformably upon these uppermost sand-

stones of the Trias, and the Jurassic is wanting altogether.

PALEONTOLOGICAL RELATIONS.

Having thus briefly' sketched the stratigraphical relations of the

Older Mesozoic rocks of Arizona, I shall next consider their paleonto-

logical relations, in so far as they were ascertained on this expedition,

as shedding light upon the age of the group.
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THE MOENGOPIE FORMATION.

These beds have proved almost entirely barren, no fossil bones

ha^dng been found in the calcareous marls of the lower part and no

fossil wood anywhere in the formation. It is, however, proper to remark

that in the bed of the Little Colorado River about 3 miles below Tanners

Crossing, on the surfaces of . certain flags that underlie the conglomerate

member, and which I had therefore referred to the Moencopie beds, there

were found impressions of coniferous twigs and short stems, showing,

however, very little structure. In some "cases the impressions showed

that the branches surrounded the stems in the form of whorls. At first

they recalled impressions of Equisetum, but fuller investigation showed

that they were coniferous stems, with the characteristic whorled branch-

ing of the Araucarian type, to which the fossil wood of this region prob-

ably also all belongs. As such these vague impressions have great value

in showing that this type of vegetation continues to be found in the

lowest beds in which any plants occur. The question whether these

flags actually belong to the Moencopie beds is, however, an open one.

At the time of our discovery I had no doubt on this point, but after

finding the transition beds on Red Butte and in the Little Colorado

Valley, it becomes possible to refer some portions of the beds that underlie

the true conglomerates in the lower region to the conglomerate member.

But it thus becomes scarcely more than a question of names and no

longer raises a serious problem.

There is only one other reported fact that need be considered in

this connection. Mr. P. C. BickneU, who was my guide in the region

of Red Butte, and who has spent much time in studying the rocks of

that region, informed me that he once found in the light-colored cal-

careous sliales at the base of the butte some faint impressions of fern

leaves, which were for the most part too frail to be transported, but

that there was one which he took to the Anita mine and compared

with certain figures in the few books at hand, and it seemed to him

nearest to the figures of some species of Callipteris. The specimen,

however, ultimately disintegrated and was lost. On the occasion of

our visit he took me to the place and we made diligent search for other

specimens, but nothing of the kind could be found. If the species was

really a Callipteris it would indicate a Paleozoic age, but as Mr. Bicknell

had read in the books that treat of Red Butte that it was a Permian
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remnant, he naturall}^ looked among Permian fossils for a figure with

which toxompare his specimen and does not seem to have looked further.

The Trias also yields ferns, and perhaps if he had examined figures of

Triassic ferns he would have found a figure of his plant. It is at least

certain that this defective piece of evidence is altogether without weight

in fixing the age of these beds.

THE SEINARUMP FORMATION. .

So far as concerns the vertebrate remains, sufficient has already

been said to show that all that were found came from a single phase of

the Shinarump formation, viz, the variegated marls. They occur in gen-

eral a little higher than the middle and 200 to 300 feet above the top of

the conglomerates. Very few other animal remains were found, but Mr.

Brown did collect a small number of shells and a few other invertebrates.

They are probably for the most part without diagnostic value, but as

they have not yet been determined it is impossible to discuss then-

significance.

The only plant remains that I was able to discover, aside from

what belong properly to the fossil trunks, were certain forms occurring

in relief on the faces of sandstone rocks and shales. They consist of

stems having the Araucarian structure and showing the branches in

whorls, and of the raised casts of small twigs lying across one another

in all directions. No signs of the structure nor any carbonaceous

material accompanies these impressions, and they se^m to have resulted

from the etching away of the sandstone from between the twigs while

still in the beds, so that when subsequently exposed these markings

stand out very distinctly, though always somewhat worn. They prol3-

abh' all iDelong to the coniferous vegetation, but have very little value

in determining its exact nature. For convenience of reference in future

I shall name these forms Araucarites shinarumpensis. (See Pis. 1, 11.)

No one who has not visited that region can form an adequate con-

ception of the inexhaustible quantity of silicified wood that occurs at all

horizons. The condition of things in the Petrified Forest has already been

set forth by others as well as myself." • It strongly attracted the attention

"Twentieth Ann. Rep. U. S. Geol. Surr., Pt. II, 1900, pp. 324-332. Report on the Petrified Forest of

Arizona, by Lester F. Ward, Washington, 1900 (special publication of the Department of the Interior). The

Petrified Forest of Arizona, by Lester F. Ward: Smithsonian Report for 1899, Washington, 1901, pp. 289-307,

pi. i-iii (reprint of the last with three plates added).
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of all the early exploring parties that passed through that region, although

it is next to certain that none of these parties ever saw what is now called

the Petrified Forest. They all passed within a few miles of it, but either

kept in the bed of the Rio Puerco or else some distance to the northwest

of it. Lieutenant Whipple's party crossed that stream at Navajo Springs

and followed it down at considerable distance from the valley on its right

bank, crossing a number of broad washes, which the}^ named. The first

of these washes that they crossed after leaving Navajo Springs is now
called Bonito Creek on nearly all maps. It joins the Rio Puerco about

6 miles below Navajo Springs. The next wash that the party crossed

they named Carrizo Creek. The third of these valleys or creeks was the

one in which the}^ found such a great quantity of beautifully colored pet-

rified wood, and from this circumstance named it Lithodendron Creek."

There are, of course, vast quantities of petrified wood on the slopes of all

these streams or valleys. The range of mesas that skirts the northern

flank of the Petrified Forest trends here considerably to the north and

reappears on the northwest side of the Rio Puerco only a few miles below

Carrizo, to the northeast of which these mesas are worn away much as

the}^ are in the Petrified Forest, leaving the petrified wood strewn over

the valleys and ridges, so that the conditions obtaining on Carrizo Creek

or Lithodendron Creek are very nearly the same as those of the Petrified

Forest. The wood is not so abundant there and is not generally so bril-

liantly colored, but some of it is jasperized and is very beautiful. The

two great logs that were brought to the National Museum in 1880 or 1881

f'ln my report on the Petrified Forests of Arizona (p. 10), I pointed out the fact that Lithodendron Creek

could not by any possibihty pass through the present petrified forest, although a number of writers have

alluded to the valley in which that forest is located as Lithodendron Creek. And in the Twentieth Annual

Report, Pt. II, p. 324, I again mentioned this fact and stated in a footnote that Lithodendron Creek was

probably what is now called Carrizo Creek on the Land Office map, and which joins the Rio Puerco at what

was long Carrizo station on the Santa Fe Pacific Railroad, now abandoned. I have taken the trouble to verify

this conjecture, which proves to have been correct. On consulting in the Engineer Department of the Army
a map published in 1883, entitled "Map of the Territory of the United States West of the Mississippi River,

prepared in the office of the Chief of Engineers, U. S. A., under the direction of Brig. Gen. H. G. Wright,

Chief of Engrs., Bvt. Major-General,TJ.S. A., by W. W- Winship, D. Callahan, Louis Nell, and .T. R. P. Mechlin,

1883," I find that Lithodendron Creek is the name given to the wash that joins the Rio Puerco at Carrizo,

which is called Carrizo Creek on the Land Office map. Its course and character are identical on the two maps,

and are correct, as I have myself taken occasion to prove by actual observation. On the map above mentioned,

however, the next stream above, which is called Dead Creek on the Land Office map, is named Carrizo Creek,

but is made to join the Rio Puerco at Billings instead of S or 6 miles below, as Dead Creek is represented to

do. Their courses are very difl'erent, and I have not personally verified the accuracy of either of these maps.

It is, however, no longer a question that Lithodendron Creek is the dry wash which unites v/ith the Rio Puerco

at Carrizo.
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were transported from Lithodendron Creek by an expedition headed by

Lieut. J. T. C. Hegewald in the spring of 1879." The only species that has

yet been described from the silicified wood of Arizona is the Araucarioxylon

arizonicum of Knowlton, based on specimens from these two trunks.

Neither of these trunks is colored, but both of them show structure. The

importance of these specimens, therefore, and of the locality at which

they were found will be readily understood.

At the time I made the investigation upon which my report was based

I was imperfectly acquainted with the geological relations of the forma-

tion in general, as set forth above, and I treated the subject from the

narrower standpoint of such a knowledge of the immediate region of the

petrified forests as I was able to acquire in the short time devoted to their

study. I did not in my report even so much as mention the Shinarump

conglomerate, although I believed at the time that the coarse gravels in

which I found the logs in place really l^elonged to it. I was, however,

mistaken in supposing that there was only one bed of this conglomerate

and that the rocks forming the summit of the mesa on which the Natural

Bridge is situated were the same as those observed on the southwest side

of the general area. The last-mentioned beds dip rapidly to the north-

east and come down within 100 or 200 feet of the bottom of the wash

which passes through the Lower Forest. The occurrence of fossil wood

in place in a very low position a few miles north of this point, which I was

somewhat disposed to attribute to faulting, is the perfectly natural result

of the regular waj^ in Avhich these IdccIs decline to the eastward. The

mesas in the northern part of the forests, including that of the Natural

Bridge, have at their summits an entireh' different series of conglomer-

ates, occupjang a much higher position in the general system. This suc-

cession of several beds of conglomerate one above another, all filled with

petrified wood, is sufficient to account for the vast quantities that have

accumulated since the breaking down of these cliffs and the washing

away of the intervening marls, so that the necessity for a theory of

extensive transportation is practicall}^ removed. It is probable, however,

from the considerations set forth in my report, that most or all of the

logs were drifted some distance before being laid down in the position in

which the}' occur.

«See bis report in Proc. U. S. Xnt. Mus., Vol. V, 1SS2, pp. 1-3.
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This brilliantly colored petrified wood comes chiefly from the true

conglomerates; and, as alread}^ remarked, that of the so-called Middle

Forest, which lies farther to the east and has weathered out of the varie-

gated marls, is less brilliant, though scarcely less abimdant. At the base

of these same marls on Leroux Wash, especially at the lower end of the

system, great quantities of logs lie out upon the plain. They have a

reddish-brown color, are very large, and look at a distance like so many
rusty locomotive boilers. They are broken across into sections. Most of

the wood at this horizon, however, is not colored, and it has usually

undergone a higher degree of disintegration than the harder trunks from

the conglomerates. It shows the structure admirably, at least to all out-

ward appearances, and the sections are usually split up into a large num-
ber of blocks and ultimately reduced to a mass of chips and splinters,

which look so natural that they would not be suspected of being petrified

unless picked up and examined closely. Many of the smaller buttes seem

to have been occasioned by the presence of logs, which weighted the

underlying marls and tended to prevent their being washed or blown

away. The result is that many of these buttes have such logs lying on

their summits, with the disintegrated material rolling down its slopes.

In my report on the Petrified Forests of Arizona (p. 15) I mentioned

the statements made by MolUiausen and Marcou that they had seen

trunks standing erect and evidently in place, and I quoted (p. 16) Doc-

tor Newberry's conclusion, agreeing with mine, that this phenomenon
probably did not occur. So far as the conglomerates are concerned,

I have seen no reason for altering this conclusion, although I would not

be as positive now as I was then that cases of the kind will not be found.

But with regard to the trunks entombed in the variegated marls, or

next horizon above the conglomerates, we practically demonstrated

that erect stumps do occur in them. Within a quarter of a mile of

the butte from which Mr. Brown found the best preserved vertebrate

bones there is a small area, probably 30 or 40 acres, which contains

a group of twenty or more such stumps. They are low, rarely rising

more than 4 feet above the ground, but some of them are large, having

a diameter of from 3 to 4 feet. Nearly the entire trunk above these

stumps, as well as all the branches, has wholly disappeared, but the

ground is strewn with small chips and blocks. It is a somewhat level

HON XLvm—05 3
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area and the stumps all stand erect upon it, and many of them are not

deeply buried in the earth, but show the natural enlargement toward

the roots. A careful examination of these stumps convinced me that

they were not only in place but stood precisely where they gi'ew. Mr.

Brown, who discovered this place, is of the same opinion. However

difficult it may be to figure to oneself conditions that would preserve

trees in an erect position in a sedimentary bed, the fact of their pres-

ence in this position seems to be conclusive. The most probable theory

seems to be that, as a matter of fact, the trunks of the trees were not

preserved, but only the roots and short stumps, and whatever the con-

ditions may have been that were sufficient to preserve large trunks in

a horizontal position, the same conditions would surely preserve such

short stumps and roots.

This seems the proper place to mention another phenomenon which

at first was very enigmatic and which can not yet be said to be adequately

explained. I found on several occasions some peculiar short chalce-

donized stems contracted at both ends, many of them broken trans-

versely and showing a concentric structure; others split longitudinally.

I observed that these varied in length relative^ to their diameter until

some of them became merely elliptical objects resembling fruits. It

was not until the erect stumps, above described, were discovered that

the mystery was partially cleared up.' Among the chips and blocks

that surround these stumps there occur a large number of these ellip-

tical fruit-like objects, usually striate on the surface and somewhat

flattened, so that the cross section is elliptical. This is the typical

form and much resembles a butternut that has lost its exocarp, but

a very little search reveals the fact that there are great variations from

this norm, especially in the matter of lengthening the axis. Then it

is soon seen by specimens that can be picked up that the rounded ends

represent constrictions between two of the objects, and that they are

arranged primarily along a general axis in a necklace-shaped series.

The next and most important fact that comes out is that these rows

of nut-like objects adhere to the true fossil wood in the interior of the

trunk and are often actually found in place in the stumps as an integral

part of their structure. This, of course, reveals their true character

as simply accumulations or secretions of certain substances within the

trunks, and everything points to the probability that they consisted
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originally of resin or pitch. They may, therefore, perhaps be correctly

designated pitch blisters and compared with the blisters of Canada

balsam that occur in the bark of the balsam fir. Further than this

they have no botanical significance. A rather large collection was

made, showing all the different aspects and furnishing data for the above

conclusion. (See PI. III.) The species may be called Araucarites

monilifer, alluding to the necklace-shaped rows of resin drops.

I had been several times told that petrified cones had been found

in connection with the fossil wood of this region. While at Stanford

University in October, 1899, a young man named Dane Coolidge gave

me an account of such a discovery made by him and his father at a

point 4 miles west of Williams, Ariz., some years before. He said they

found large petrified logs, in the vicinity of which they picked up a

number of fossil cones. He wrote to his father and obtained for me
all there was left of their collection. It contained nothing recognizable

as a cone, but he said that all the good ones had been given away. As

I was going into that country, I thought it worth while to stop and

examine the spot, which was very minutely described for me. I found

no trunks or petrified cones, but did find a few pieces of unmistakable

fossil wood. The locality is near Supai, on the Santa Fe Pacific Rail-

road, where there is a dangerous curve. '

A short time afterwards I was shown, at the house of Mr. T. W,
Brookbank, at Little Spring, on the northwest side of San Francisco

Mountain, a number of objects which were believed to be fossil cones.

They were not sufficient for me to settle the question, but I was told

that Mr. Brookbank, who was then away, had much more perfect ones;

locked up in an adjacent room. These Mrs. Brookbank said were col-

lected on blue clay knolls near Tanners Crossing of the Little Colorado.

The ones I saw were cylindrical bodies, of a reddish-brown color, sur-

rounded by quartz crystals, closely imitating the scales of cones. Two
weeks later I visited that region, but found nothing that looked like

these specimens. My stay there, however, was too brief to enable one

to find anything rare, and therefore when I went there this season and

devoted more than two weeks to the minute study of the wood-bearing

beds of that locality I paid particular attention to the search for fossil

cones. I found none, but did find many cylindrical objects, some of

them surrounded by crystals, which were certainly the same as the
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alleged petrified cones of Mr. Brookbank. In passing his house, on

our way to Flagstaff, Mr. Brown and I were kindh' permitted by Mr.

Brookbank to examine all the fossils in his possession. None of the

supposed cones were such, and all of them belonged to the same class

of materials that I have described. Although thej^ are not cones, thej^

have some paleobotanical interest, and I made a thorough study of

their origin and nature. Thej- occur in the Petrified Forest and else-

where, are usually spoken of Idv the inhabitants of the country as stems,

and are supposed to be the smaller branches belonging to the upper

part of the trees which make up the forest. This, however, is an

erroneous view, and I discovered that they always came out of the

interior of the trunks and belong to the bodies of the trees. They
vary indefinitely in size and length as well as in texture, and only a few

of them are surrounded by crystals. They either have to do with the

vascular tissues of the trunks or else they are modifications of the pitch

blisters described above, and represent lines along which the resin was

disposed to accumulate either during the growth of the tree or, more

probably, as a result of the process of mineralization, during which these

products were segregated and arranged along certain lines. I brought

with me a sufficient number and variety of these objects to illustrate

their true character.

The petrified wood of Arizona is found widely scattered over the

Paleozoic terrane. One small specimen only, picked up by Mr. P. C.

BicknoU, was found at the foot of Red Butte, which must have come from

the conglomerate bed at the summit. But in the vicinitj^ of Williams,

both southwest and east of the town, I found many pieces of unmistakable

fossil wood lying about among the dark porous rocks of the lava. They

all show the effect of heat, are themselves somewhat porous, and have

doubtless lost all their minute structure, but their true nature as wood

can not be doubted. I brought away a number of specimens, and also

have those collected near Supai two j'ears before. Moreover, I met many
persons who reported finding it under similar conditions near Flagstaff and

on the north side of Mount Agassiz, as well as farther on in the direction

of the Grand Canyon. These occurrences are certainly difficult to explain,

especially in view of the fact that, with one exception, no wood has thus

•far been found below the true Shinarump. It seems necessary to admit

that not only the Moencopie beds but also the conglomerate once cov-
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ered the entire Paleozoic terrane, at least as far west as Bill Williams

Mountain and Supai.

THE PAINTED DESERT FORMATION.

It was remarked that an exception would be noted to the general

statement that petrified wood, so far as known, is exclusively confined to

the Shinarump. When at Tuba I made an excursion to the northeast, over

the brown rocks of that region, and in some of the buttes and chimneys

which they form I observed black spots. A casual examination would lead

to the supposition that they might be deposits of manganese or limonite.

They are mostly black sand, but more extensive observations revealed

the fact that they are due to the former presence of trunks of trees, and

in one place I found the remains of a log broken into a number of sections.

It consisted, however, wholly of the black sand and had lost all signs of

structure. Beds of lignite were reported in that general vicinity, and they

are probably due to the same cause.

SECTIONS.

Special attention was paid throughout the expedition to working

out geological sections of the beds studied. The more important of them

will be introduced here as necessary to complete the description of these

beds. I will begin with the first section made, which resulted from an

investigation of the bluffs of the Little Colorado below Tanners Crossing.

SECTION I.—CANYON OF THE LITTLE COLORADO.

[PI. IV, A-B.]

There are a few short canyons in the Little Colorado at various

points, but it is not until Tanners Crossing is reached that the canyon

becomes continuous to the mouth of the river. -For several miles the

valley even here is somewhat broad, the bed of the stream usuall}- hugging

one bluff or the other; but the bluffs are always 100 to 400 feet high and

more or less perpendicular, so that it may be practically regarded as a

canyon. The fall of the river is here about 25 feet to the mile, and its

course is nearly northwest. As the dip of the rocks is northeast this

would practically be the line of strike, but the fall in the river is to be

taken into account, and it is also true that just at this point the trend of

all the different subdivisions is much more northerly, as I have shown in

my discussion of the variegated marl buttes. The consequence is that in

reality the bed of the river, from Tanners Crossing on, continues to be lower
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[PL IV, C-D.]

This section begins some 5 or 6 miles below

the mouth of the Moencopie Wash, opposite the

upper end of the hmestone canyon. The rocks

dip away from the river from the first, and the section remains wholly

within the valley of the Moencopie, reaching the bed of it at a distance of

iiiff Limestone Canyon
Coconino Point

and lower in its horizon, until at last, some 12 miles below, the Paleozoic

limestones appear, and in the very narrow canyon suddenly formed at the

base of Coconino Point, which forms the eastern
_ Id N U

escarpment of the Colorado Plateau, the limestone

rocks rise to a height of 100 feet and constitute

the canyon proper. The section along the river

between these points was carefull}' worked out by

me. The most remarkable fact was that about

4 miles above the limestone canyon there occurs

a Paleozoic anticline as viewed from the bluffs,

the limestones rising to a height of about 90 feet

and again descending to the bed of the river, the

length of the anticline being about 2 miles. This

of course represents a spur of the Colorado Pla-

teau, running out parallel to it in a northeasterly

direction, which was cut through by the river.

This is shown in the following diagrammatic sec-

tion, 12 miles in length:

Desa-iption of the section shoum in fig, 1.

Feet.

1. Carboniferous limestone 100

2. Argillaceous shales and sandstones, Moencopie formation . 200

3. Lithodendron member 125

4. Trap 30

Total thickness 45.5

The above are the vertical measurements of

the beds as seen in the bluffs. Probably twice

that thickness of the Moencopie beds is repre-

sented, and only the base of the conglomerate

series is here exposed.

SECTION II.—MOENCOPIE WASH.

Moencopie Wash

Tanners Crossing
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Description of the section shovm in jig. 2.

1

.

Carboniferous limestone - 100

2. Moencopie formation - - - 600

3. Lithodendron member - 500

4. Variegated marls — - - - 400

5. Limestones and mortar beds - - 200

6. Variegated sandstones - 500

7. Brown sandstones - 600

S. White sandstones - 100

Total thickness - - 3, 000

The brown sandstones, No. 7, are here abnor-

mally thickened at the expense of the variegated

sandstones, No. 6. This may be due to the south-

ward extension of the Echo Cliffs displacement, and

a dike less than 2 feet thick and nearly vertical

was seen on the south side of the valley running

through the entire bluff' and trending southwest

almost exactly in line with Echo Cliffs.

SECTION in.—THE LOWER LITTLE COLORADO VALLEY.

g i/

Limestone Canyon

Little Colorado Valley

about 7 miles, and following it at that level for about 6 miles more, to

where there is a decided bend in the stream which comes in from the east.

The Moencopie here runs between high bluffs, and

the section shows those of the right bank, passing

through Tuba, which is 300 feet above the bed of

the Moencopie, and continuing on over the brown

and white rocks. The maximum thickness is 3,000

feet and the length of the section 24 miles. The

following is the section:

Painted Desert

[PL IV, E-F.]

This section aims to give the entire series from

its contact with the Paleozoic near Black Tank, at

the foot of San Francisco Mountain, to the highest

beds reached on the mesas that rise to the south of

the Moencopie Wash. It passes through the bed

of the Little Colorado a few miles above Tanners

Crossing and the important marl butte region to the

east of the river, in which most of our work was done, and passes over the

high escarpment 10 miles farther east, terminating in the white sandstones.
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It has a length of 44 miles and embraces all the phases of each of the sub-
divisions of the system. It is therefore the principal section of the
lower Little Colorado Valley.

Description of the section shovm, in fig. 3.

1. Carboniferous limestone (thickness unknown).
-peet

2. Moencopie formation _ 5qq
3. Lithodendron member gOQ
4. Variegated marls _ 400
5. Sandstone ledge _ j^qq

6. Limestones and mortar beds 200
7. Variegated sandstones _ ggo
8. Brown sandstones _ _

.

3qq
9. WHte sandstones jqq

Total thickness •_ 3 qoO

SECTION IV.—WIN8L0W.

[PI. IV, G-H.]

This section begins with the canyon of Clear Creek, which is formed
by heaAy Carboniferous sandstone beds. It passes through the town of

Winslow and crosses the Little Colorado just above old Brigham City,

goes through Sunset, and follows nearly the line of the old trail from
Sunset to Keams Canyon, passing near Pottery Hill, Chimney Butte,
Castle Butte, the Moqui Buttes, Comar Spring, and Jettyto Spring. It

therefore embraces considerable of the overlying Cretaceous and other
later formations, the Trias extending some distance north of the southern
boundary line of the Navajo Reservation.

Description of the section shown in fig. 4.

1. Carboniferous sandstone (thickness unknown). p^^j
2. Moencopie formation gQQ
3. Lithodendron member 7qO
4. A'ariegated marls 4qq
5. Limestones and mortar beds 300
6. Variegated sandstones gQQ
7. Brown and white sandstones. 3OO

3,000
8. Cretaceous lignite bed 50
9. Cretaceous 750

Total thickness 3 goo
No. 8 is variable and No. 9 is estimated.
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Ckar Creek Canyon

o Painted Desert Painted Desert

Keams Canyon

lihi

Moencopie Bluffs
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SECTION V.—LEROUX WASH.

[PL IV, I-K.]

This section begins on the left bank of the river

about 5 miles above Obed, opposite St. Joseph. The

Carboniferous sandstones here come down to the river

bed. It passes over the ridge below the mouth of

Leroux Wash and follows the eastern slope of the

wash for a distance of 20 miles, passing through the

great amphitheaters of variegated marl buttes that I

have described as constituting the greatest develop-

ment that this formation attains. The section finally

cuts across the upper portion of the wash and passes

up the slopes beyond to a distance of 40 miles from

the river, where the mesas attain an elevation of over

6,000 feet above the sea. It embraces practically the

whole of the Trias.

Description of the section shoiim in fig. 5.

1. Carboniferous sandstone (thickness unknown). Feet.

2. Moencopie formation - - - - ^'"^

3. Lithodendron member - - '
*^

4. Variegated marls

5. Limestones and mortar beds :
^00

6. Calcareous marls - ^00

7. Orange-red sandstones ^*^

8. Variegated sandstones '""

9. Brown sandstones -

Total thickness - -
^''^^

SECTION VI.—TEE PETRIFIED FOREST.

[PL IV, L-M.]

I have carried this section as far back on the

lift/e Coloraaa

J\
southwestern slope of the Little Colorado as I was able

to find any traces of the saliferous beds. The Carbonif-

erous sandstone occupies the northeastern slope of the

Pink Cliffs, and the section starts at an elevation above

the sea of nearly 6,000 feet. It passes through Woodruff Butte, which

is on the bank of the river, and thence on through the Petrified Forest

and over the mesa on which the Natural Bridge is situated. I have
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400

200

LiHle Colorado River

-J Woodruff Butte

then carried it on a distance of 16 miles farther and let it terminate at

the summit of the Shinarump, at an elevation of

about 6,000 feet above the sea.

Description of the section shown in fig. 6.

1. Carboniferous sandstone (thickness unknown). Feet.

2. Moencopie formation °""

3. Lithodendron member

4. Variegated marls

5. Limestones and mortar beds

6. Calcereous marls ^^

Totiil thickness 2,000

SECTION VII.—RED BUTTE.

[PI. IV, N-O.] I
i

This section needs no description. I have given |

it a length of 7 miles in order to embrace the lower
|

slopes of the butte. These are much lower on the
|

southwest side and ultimately terminate in the val-
|

ley of one of the branches of Cataract Wash, which ;

becomes a limestone canyon. |

Description oj the section shown in fig. 7 (p. 44) °

1. Carboniferous limestone (thickness unknown). Feet. o

2. Argillaceous shales ' ^ >

3. Calcareous shales and limestones 100
g

4. Argillaceous shales - 200 ^

5. Sandstones ^^

6. Argillaceous shales 1-^

Total thif-kness of the Moencopie formation 600

7. Sandstones 50

8. Shales 10°

9. Conglomerates and cross-bedded sandstones. 60

Total thickness of the Shinarump - 210

10. Triip -- - ^25

Total height of butte - 935

SECTION VIII.—THE GEOLOGICAL COLUMN. „

Petrified Forest

]u Natural Bridga

In the following section I have given the maxi-

mum thickness of all the beds, which brings the total thickness up to

3,500 feet.
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Description of the section shoimi in fig. 8.

Feet.

1

.

Argillaceous shales , . 100

2. Calcareous shales 100

3. Argillaceous shales 200

4. Sandstones 100

5. Argillaceous shales 200

Total thickness of Moencopie formation 700

6. Lithodendron member 800

7. Variegated marls 400

8. Sandstones 100

9. Limestone ledge 20

10. Mortar beds 80

11

.

Calcareous marls 200

Total thickness of the Shinarurap formation. 1 , 600

12. Orange-red sandstone 100

13. Variegated sandstones 800

14. Brown sandstones 200

15. White sandstones 100

Total thickness of Painted Desert formation 1 , 200

Total thickness 3, 500

In order that the geographical relations of the area included in the

above discussion may be seen as clearly as possible, I present a sketch

Fig. 7.—Section ol Red Butte (see p. 43).

map (PI. IV, in Part II) covering the territory in question and extending

a little beyond the extreme limits of all the sections. Although originally

formed by putting together the several sheets of the topographic

map used in the work, the topography does not appear in the map, but
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White sandstones.

Brown sandstones.

Variegated sandstones, regularly stratified
and brilliantly colored, with numerous
lines, presenting a striking and beautifvil
banded appearance, and forming the well-

i Painted Cliffs.

Red-orange sandston

Mortar beds with impure flintstones.

Limestone ledge, definitely stratified.

—

;

I'ainted Desert

Sandstone ledge with black logs; local.

Variegated marls, chiefly argillaceous but
somewhat calcareous, often worn into
small buttes studding the plains; white,

Conglomerates and cross-bedded coarse
sandstones, often with pink and white
striped clay lenses, interstratified with
gray argillaceous shales and variegated
marls, the latter locally much thickened,
forming brilliantly colored banded cliffs.

Dark chocolate-brown argillaceous shales,
devoid of grit and highly charged with b
salt and gypsum. Saliferous beds.

Dark-brown, soft, argillaceous sandstones.

.rgillaceous, dark-brown shales, highly :

3 shales, mostly white.

Saliferous shales £

andstones. Un-

Leroux member.

Moeneopie formation.

Fig. 8.—Geological column of the Older Mesozoic of Arizona.
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the drainage and all the principal localities are shown and the lines of the

sections indicated as follows:

A-B, Section I: Canyon of the Little Colorado.

C-D, Section II: The Moencopie Wash.

E-F, Section III: The lower Little Colorado Valley.

G-H, Section IV: Winslow.

I-K, Section V : The Leroux Wash.

L-M, Section VI: The Petriiied Forest .

N-0, Section VII: Red Butte.

P-Q, Approximate line of strike.



P^RT II.

THE JURASSIC FLORA (Continued).

THE JURASSIC FLORA OF OREGO>f.

A sufficiently full account of the expedition made in 1899 to the

Buck Mountain region of Oregon, as also of previous studies of and col-

lections made in that region, was given in the first paper." As stated

there, all the specimens that had ever been sent to Washington, including

our large collection of that season, and the collections made by Mr. Storrs

during previous years, were sent to Professor Fontaine for elaboration,

and their study had been begun by him before that paper went to press.

Nickel Mountain

it hi

4. 5 4- S 2

'
Fig. 9.—Section of Cow Creek, Nickel Mountain, and Buck Peak, Douglas County, Oreg.

It was completed in the spring of 1901, and Professor Fontaine's report,

including descriptions of the species and careful indications relative to

the illustrations, was sent on in April. The types have now all been

figured, a new process (the WiUiams process) having been employed. It

therefore only remained for me to prepare the report for publication.

The following paper is essentially the report of Professor Fontaine, only,

as in former cases, it has been necessary for me to prepare the synonymy

of the previously described species and attend to the systematic arrange-

ment. This, therefore, and a few footnotes, to which my initials are

attached, are the only parts for which I am responsible. The accom-

panying sketch map of the region and section, prepared by Mr. J. S.

Diller, will make the geographical and stratigraphical relations clear.

(See PL V.)

"Twentieth Ann. Rep. U. S. Geol. Survey, Pt. 11, 1900, pp. 368-.377.
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THE JURASSIC FLORA OF DOUGLAS COUNTY, OREG

By William M. Fontaine.

The plants described in this paper were obtained from strata that

occur in Douglas County, Oreg., on or in the vicinity of Buck Mountain.

Some fossils were originally discovered by Mr. Aurelius Todd, in 1872, at

a locality about 300 feet below the summit of Buck Mountain, which has

subsequently been named Todds Gulch. Since that time additional

collections have been made both at that locality and at others discovered

since the original find of Mr. Todd. The new localities occur north of the

mountain on its slopes, and south of it in the vicinity of Nichols station.

Professor Ward has given an account of the discovery of the different

localities, and also of the stratigraphical investigations made by Mr.

Diller and Mr. Brown, at the time that the last and largest collections

were made by himself, aided by Mr. Storrs. This account will be found

in the first paper."

From the facts given in that paper and in a letter from Professor

Ward, and also from a few notes kindly furnished by Mr. Diller, the

details that follow, regarding the position of the plant localities and their

geological relations to one another, are obtained. The study of the geolog-

ical relations of the strata containing the plants was carried far enough

to show that, from the most northern to the most southern localities

showing plants, they are continuous and form one group. At remote

points, however, the exact stratigraphic relations of the plant-bearing

beds were not made out, so that it can not be stated whether or not the)^

are the same.

Buck Mountain is about 8 miles due west of the town of Riddles. It

is about 3,500 feet above sea level, and rises 2,000 feet above the streams

that flow along its base. On its west side, flowing north, is Olalla Creek.

A branch of this creek flows westward along the northern base of the

mountain, and is locally called Thompson Creek, but on the Land Office

map it is named Hunter Creek. The plant-bearing strata are exposed on

Thompson Creek, and at several spots collections were made from them.

The strata on the creek dip toward the west at an angle of from 35° to 40°,

and have a strike of N. 15° to 20° E. In passing south, however, into

"Twentieth Ann. Rep. U. S. Geol. Survey, Pt. II, 1900, pp. 368-377.
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Buck Mountain, the strike varies considerably. It is not stated how

much of the mountain is composed of these beds, but the highest of them

occur about 300 feet below its top, where they are overlain by a heavy

conglomerate of Lower Cretaceous age. Here the first discovery of the

fossils was made by Mr. Todd. Plants were found in the strata in Buck

Mountain at least 30 feet below Todd's original locality.

On Thompson Creek the plant beds are flanked to the east by a

thick mass of sandstones and conglomerates of unknown age, which dip

under them. Still farther east this last-named group is bounded by a

belt of igneous rocks, to the east of which hes a belt of sandstones which

contains invertebrate fossils of Lower Cretaceous age. These sandstones

dip westward, as if lying under the plant beds. They may be dropped in

this position by a dislocation. The sandstones are bounded on the east

by a great mass of serpentine. At the western end of the section, on

Thompson Creek, the Lower Cretaceous conglomerate, which overUes the

plant beds in the top of Buck Mountain, is absent, it having been removed

by erosion before the deposition of the Eocene. This last immediately

overlies the plant beds.

Professor Ward states that on Thompson Creek, the first of the group

now in qviestion that was found to contain plant fossils, is a slate that

lies to the west of the sandstone and conglomerate mass of unknown age

above mentioned. This occurs nearly due north of Buck Mountain. This

is stratigraphically the lowest plant bed on the creek. The stratum with

plants is only a few feet thick. This for distinction I shall call plant bed

No. 1. It is overlain by conglomerates 50 feet or more in thickness.

The conglomerate has overlying it another bed of slate similar in general

appearance to the first. This also contains plants and yielded much the

larger part of the specimens collected there. It may be called plant bed

No. 2. In the vertical section it is about 75 feet above bed No. 1. This

seems to be the highest bed geologically from which collections were made

on Thompson Creek. The upper slate is overlain a short distance to the

west by Eocene beds.

Mr. Diller and Mr. Brown followed the group containing the plants

southward into Buck Mountain, proving the identity of the plant beds of

that mountain with those on Thompson Creek. From the mountain the

strata were followed southward to the vicinity of Nichols station, where

MON XLVIH—05 4
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the most southerly collections were made. Nichols station is on the

Southern Pacific Railroad, 7 miles due south of the Thompson Creek plant

beds, and the plant localities near this station lie in a north-south line

that passes through those on Buck Mountain and ends with the localities

on Thompson Creek. The geology of the region near Nichols station is

more complicated than that of Thompson Creek, and, as will be seen from

the statement that follows, there would seem to be some change in the

rock character.

Mr. Will Q. Brown first discovered plants in the railroad cut near

the whistling post for the station, and made a small collection. Pro-

fessor Ward says, in speaking of his visit to this locality, that " very little

additional to Mr Brown's collection was found in the railroad cutting."

It was seen however, that the same slates occur here as in the Buck
Mountain district and that they came from the north in a regular way.

At this point the course of Cow Creek is nearly along the strike of the slates,

and they cross the creek veiy obliquely and follow the bed of the stream

for some distance, giving an exposure that permitted a large collection to

be made. The points of difference from the exposures farther north are

these : The slates near Nichols station are nearly vertical and have a high

dip to the east instead of dipping westerly, as on Thompson Creek. They

have a thickness of about 200 feet and show^no conglomerate bands. As

there had been no continuous tracing of the strata from Buck Mountain

to this locality, the stratigraphical work does not show whether or not

the plant beds here are identical with those on Thompson Creek.

From the preceding statements it will be seen that the plants described

in this paper come from three regions separated by intervals in which no

plants were collected. The Thompson Creek region is separated from the

Buck Mountain localities by a comparatively short interval, while the

Nichols station localities are much more remote. The collections made
at the different spots, at different times and by different persons, are of

very unequal value, for thej^ range from only one or two specimens in some

cases to hundreds in others. This fact should be borne in mind in noting

the distribution of the plants. The absence of a given plant from a

particular locality may mean, not that it was really absent, but that the

collector failed to obtain it in his imperfect search. In order that some

idea may be had of the great difference in the size of these collections I

will give a brief account of them, stating the localities from which they
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were obtained. For convenience of reference the localities will be num-
bered and the reference of the different fossils to them will be by these

numbers. In the case of some collections the specimens were counted.

In other cases the number must be indicated in some other wa_y and
estimated. The following are the localities:

Locality No. 1.—This is Todd's first discovered locality. It is on the east

side of Buck Mountain, 300 feet below the top. Of Mr. Todd's collections only 3

specimens are among those available for examination. From this locality Mr.

Storrs subsequently collected, in September, 1897, about 50 specimens, and still

later Professor Ward and Mr. Storrs obtained 25 specimens.

Locality No. 2.—This locality occurs on Thompson Creek, at the northern

foot of Buck Mountain, near the dam of the Day Hydraulic Gold Mining Company.
From this locality Mr. Storrs, in the fall of 1896, obtained a small collection of about

30 specimens, and on Jime 30, 1897, he made here a somewhat larger collection of

about 50 specimens. In September, 1897, Mr. Storrs obtained from the same
locality about 70 specimens. These plants come from the lower slate bed, bed
No. 1, mentioned above. Some of the following collections, made later by Pro-

fessor Ward and Mr. Storrs in this region, may have been obtained from the spots

at which Mr. Storrs had previously collected.

Locality No. 3.—This is in a ravine. at the foot of Buck Mountain on the right

bank of Thompson Creek immediately below the Day hydraulic dam. Onlj' 1

specimen was collected here by Mr. Storrs, on September 12, 1899.

Locality No. 4-—This is 200 yards farther down, or to the southeast of locality

No. 3, in a ledge on the right bank of the same stream. Here, on September 14,

1899, Professor Ward collected nearly 100 specimens.

Locality No. 6.—This is on the left bank of Thompson Creek, on the western
slope of a ravine coming from the south and 300 yards below the Day hydrauHc
dam. Professor Ward collected here, on September 12, 1899, 15 specimens.

Locality No. 6.—This is 100 yards southwest of locality No. 5, in a low ledo^e

on the left bank of Thompson Creek. Professor Ward collected here, on September
14, 1899, about 40 specimens and small fragments.

Locality No. 7.—This occurs in the bed of Thompson Creek, in the rio-ht

bank, beginning nearly opposite to locality No. 6, but extending some 50 feet

along the stream. Professor Ward and Mr. Storrs collected here, September 12-14,

1899, several hundred fine specimens. This is decidedly the largest collection

made. It much surpasses the other collections in the size of the specimens and
in the perfection of the plants. The plants collected here and at locaHty No. 6,

come from the slates above the conglomerate.

Locality No. 8.—This occurs 200 yards east of locahty No. 2. Mr. Storrs

collected here, in September, 1897, about 10 specimens."

a He seems to have exhausted the locahty, as no plants could be found there, even by him, in 1899. He
said that his specimens came from one bowlder which he broke up.—L. F. W.
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Locality No. 9.—This is 200 yards northwest of locahty No. 1. Diller and

Brown collected here, on September 1.3, 1899, only 1 specimen.

Locality No. 10.—This is situated one-third of a mile northwest of localit}^

No. 1. Diller and Brown collected here, on September 13, 1899, only 1 specimen.

Locality No. 11.—This is a gulch called by the collectors "Ginkgo Gulch."

It is on the slope of Buck Mountain, northwest of locality No. 1. Diller and Brown
collected here, on September 13, 1899, 2 specimens (counterparts), with impres-

sions of a Ginkgo.

Locality No. 12.—This is on the main spur running north from Buck Peak,

in strata (Jurassic) close to the Lower Cretaceous. Mr. Diller collected here, on

September 14, 1899, 5 small specimens.

Locality No. 13.—This is in the next gulch north of Todds Gulch, at about the

same altitude as locality No. 1, and it is perhaps the same locality as No. 9. Mr.

Storrs collected here, on September 15, 1899, 5 specimens and several fragments.

Locality No. 11^.—This is on Thompson Creek, one-fourth of a mile above

locality No. 2. Mr. Storrs collected here, on October 25, 1897, about 25 specimens.

The rock here is much like that of locality No. 7, and splits well.

Locality No. 15.—This is on Seven Spring Ridge, a mUe east of Buck Peak,

and one-half mUe east-southeast of localitj^ No. 1. Professor Ward and Mr. Storrs

collected here, on September 15, 1899, 13 specimens.

^ Locality No. ^ff.—This is in Todds Gulch, 20 feet below locality No. 1. Pro-

fessor Ward and Mr. Storrs collected here, on September 15, 1899, 14 specimens.

Locality No. 17.—This is in Todds Gulch, 30 feet below locality No. 1. Professor

Ward and Mr. Storrs collected here, on September 15, 1899, over 100 specimens.

Locality No. 18.—This is in a raUroad cut near the whistling post, half a mile

north of Nichols station. Here Mr. Will Q. Brown collected about 30 specimens,

and Mr. Claude Rice obtained, at another time, 2 specimens. Later, on September 17,

1899, Professor Ward and Mr. Storrs collected at this spot over 100 small specimens.

Locality No. 19.—This is in the bed of Cow Creek, on the right bank, one-half

to three-fourths of a mile north of Nichols station. The locality contains the con-

tinuation of the slates that yielded the plants in the railroad cutting. They are

here much better exposed. From these slates Professor Ward and Mr. DUler,

and Messrs. Storrs and Brown collected, on September 18 and 19, 1899, several

hundred specimens. This collection is not so large or so fine as that made at

locality No. 7, but much surpasses any of the others.

Locality No. 20.—^Tliis is in the bed of Thompson Creek, a little east of north

of Buck Peak, on Josten's ranch, at the spot where parties camp. This is quite

unimportant, as Mr. Brown collected here, in 1898, 2 specimens only, showing faint

traces of a plant.

From this account of the localities and the collections made at them

it will be seen that localities Nos. 3, 9, 10, 11, and 20 afford such small

collections that they are unimportant. They show nothing that indicates
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an age different from that of the locahties from which larger collections

were made.

In estimating the fitness of these collections to give an idea of the

flora of the time in which the slates were deposited, we must bear in mind

that we can not judge from the mere number of specimens. The later

collections, which are by far the largest, were made under Professor Ward's

supervision, and in part by himself. From this cause the collections con-

tain a much larger proportion of specimens showing different plants and

significant parts of plants than they would contain if made by one unac-

quainted with fossil botany. In the latter case a large percentage of the

specimens are duplicates that throw no additional light on the character

of the plant or else are very vague impressions that can not be determined..

DESCRIPTION'S OF THE SPECIES.

Class HEPATIC^.

Order MARCHANTIALES.
Family MARCHANTIACE^.

Genus MARCHANTITES Brongniart.

Marchantites erectus (Bean) Seward?*

PL VI, Figs. 1, 2.

1864. Fucoides erectus Bean in Leckenby: Quar. Journ. Geol. Soc. London, Vol.

XX, p. 81, pi. xi, figs. 3a, 3b (erroneously numbered 2a, 2b on the plate).

1869. Haliseris erectus (Bean) Schimp. : Pal. Veg., Vol. I, p. 185.

1898. Marchantites erectus (Bean) Sew.: Fossil Plants for Students of Botany and

Geology, p. 233, fig. 49 on p. 233.

"I shall follow, as nearly as practicable, in this paper the system of Adolph Engler, as contained in Die

natiirlichen Pflanzenfamilien of Engler and Prantl, continued by Engler since the death of Prantl, and

perfected in the latest edition of his Syllabus. The names of the several groups, however, mil not be in all

cases those of Engler, but will conform to the new Code of Botanical Nomenclature adopted by American

botanists and published in May, 1904. In my first paper the Bryophyta, Pteridophyta, and Spermatophyta

were called subkingdoms of the vegetable kingdom in general. The American code proposes the term ''phy-

lum" for these, conforming to zoological usage.—L. F. W.
'' Mr. Seward, in his Jurassic Flora of the Yorkshire Coast, p. 49, includes in the synonymy of this species,

without questioning them, the Fucoides arcuatus of Lindley and Hutton, pubhshed in 1837, and the Sphxro-

cocdtes arcuatus, which was the name given to this form by Presl in 1838, and takes up for a specific name
the Fucoides erectus of Bean, figured by Leckenby in 1864. If the Fucoides arcuatus is the same as the
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Leckenby has descril^ed from the Scarborough OoUtes, as Fucoides

eredus," a singular plant that resembles one found in a single specimen

at locality No. 18. Owing to the small amount of material, this can not

be certainly identified with Leckenby's fossil. Seward has given Leck-

enby 's plant the name Marchantites eredus.'' The Oregon fossil shows

only the imprint, no plant matter being preserved. It is composed of a

rather flexuous stem, apparently once cylindrical in form, that sends off

obliquely and sparingly short stout branches that have obtuse ends. The
branches maintain their width to their ends and are nearly as strong as

the axis from which they are sent off. In the main stem, if it can be

called such, and in each branch, there is a single flexuous nerve quite dis-

tinctly shown. On the stem and branches there is a vague reticulation

on each side of the midnerve, which appears to be caused by depressed

areas. In the center of the depressed areas there is apparently a small

prominence, possibly due to a sorus. Leckenby describes his plant as

having a midnerve in each branch, on each side of which there is a fructi-

fication composed of one or more rows of ovate vesicles immersed in the

frond. The mode of branching of the Oregon fossil differs from that of

Leckenby in being not so palmate. It is similar to that of Brachyphyllum

;and the plant may be really a twig of that conifer.

JPhyKim I^TERIDOPHYT^ (Ferns and Fern
Allies)/

Order FILICALES.

Ferns.—Fems are not rare at some of the localities and the}^ show

a decided difference in distribution, for in some places they are almost

entirely wanting, being most deficient where the cycad remains are most

F. eredus, the combination should have, by the mles of nomenclature, the earlier specific name. In his dis-

cussion, however, on the next page, after examining both the types, he says that "the specimen to which

Lindley and Button applied the latter name was much more imperfect than Leckenby's type, and it is not

certain, though highh' probable, that the two are specifically identical."

I have not thought best, therefore, to change the combination, but the onl}- logical way to escape from

the difficulty is to omit the doubtful name entirely from the synonymy, which I have done.—L. F. W.
"On the sandstones and shales of the Oolites of Scarborough, etc., by John Leckenby: Quart. Journ.

Geol. Soc. London, Vol. XX, 1864, p. 31, pi. xi, figs. 3a, 3b.

b In his Yorkshire Flora, 1900, he redescribes the species on p. 49 and reproduces on p. 50, fig. 2, the figure

cited from his Fossil Plants in the above synonymy; which is from Bean's type specimen in the Woodwardian

Museum represented by Leckenby in his fig. 3a. He finds, however, in the British Museum of Natural His-

tory at South Kensington another specimen (No. V. 3652) which he figures on pi. xix, fig. 2, of his Yorkshire

Flora (see p. 51).—L. F. W.
''See footnote to Bryophyta, p. 53.
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abundant. The specimens are generall}' very fragmentary, and, what is

noteworthy, the parts preserved are often in a good state of preservation

in that the epidermal tissue is intact, and the plant substance gives a

black carbonaceous film on the rock. The parts do not seem to have

suffered much from maceration due to long floating in water, hence the

fragmentary state must be produced by some other cause. The coniferous

fossils also show a great comminution of parts, with a good preservation

of the plant substance. The cycads do not show so extensive a laceration,

although they, too, are much broken, while the parts that are shown are

wonderfully well preserved.

Family CYATHEACE^."

Genus DICKSONL^ L'Heiitier.

DicKSONiA oREGONENSis Fontaine n. sp.

PI. VI, Figs. 3-9; PI. VII.

1898. Dryopteris moiiocarpa (Font.) Kn.: Bull. U. S. Geol. Surv., No. 152, p. 92.

1900. Dryopteris monocarpa (Font.) Kn. Ward: Twentieth Ann. Rep. U. S. Geol.

Surv., 1898-99, Pt. II, p. 369.

This plant was probably arborescent. Both fertile and sterile forms

were obtained. Most of the specimens show fertile forms. The largest

specimens seen with attached pinna; give no more than a tripinnate

division but these were evidently fragments of much larger compound

pinnae. Fragments of a rachis not showing attached pinna?, but so asso-

ciated with this fern as to indicate clearly that they belong to it, were

obtained that are 8 mm. wide. The ultimate pinna? are very short, not

surpassing 45 mm. in length. The pinnules with entire margins, such as

are found in the upper portion of the compound pinna? and in terminal

parts of the subordinate pinna?, are quite small, being not more than 3-4

mm. long and 2-3 mm. wide. They are narrowed toward the base and

elliptical in form. They are attached by this narrowed base so as to make

a small angle with the rachis, and are decurrent, forming a very narrow

wing. The basal pinnule on the upper side of the ultimate pinna is larger

than the rest and is more incised, having undulate or dentate margins

"When my first paper was written the part of Engler and Prantl's system containing the Pteridophyta

was as yet unpublished. It has since been completed, and their subdivisions into families will be followed

in the present paper.—L. F. W.
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when the remaining pinnules are entire. The degree of union of the pin-

nules depends upon their position, they being more united and passing

into lobes in terminal parts. In the opposite direction and lower in the

compound pinnae they are more incised. In passing to lower portions the

entire pinnules pass through those with undulate margins into those with

dentate and lobed margins, and finally into ultimate pinnae, the lobes

becoming pinnules. The tips of the pinnules range from acute forms in

the entire ones to subacute or obtuse ones in the incised pinnules. The

leaf substance must have been thick and leather-like, with an epidermis

that was very dense and durable, for much of the plant matter is often

preserved, giving a shining film on the rock. The nerves are those of

Cladophlebis. In the entire pinnules there is a midnerve set on obliquely.

This splits up into branches toward the end. One or more branches may
be given off very obliqi^ely from the sides of the midnerve. These may
be forked if they are basal nerves, but are mostly single.

The sori, in proportion to the size* of the pinnules and lobes, are

very large. Many of the specimens present the lower surface of the

foliage uppermost, so that the sori are well shown, and in many cases

they are remarkably well preserved. They are placed within the margin

and are attached to the end of one of the lateral nerves. In the case

of the entire pinnules there is only one sorus, and this is on the end of

the lateral nerve given off from the base of the midnerve on its upper

side. The sorus is so large that it covers most of the surface of the

anterior base of the pinnule. The pinnules with dentate or lobed mar-

gins have a sorus for each tooth or lobe placed on the ends of lateral

nerves and covering the anterior portion of the tooth or lobe. Often

nothing but these large sori can be seen in such pinnules, and by their

position they outline the form of the pinnule.

The sori are covered by a thick durable indusium, which is appar-

ently inserted under them. The sori stand out strongly convex and

leave deep pits in the rock. They are globular in form, with a slight

elongation. Owing to distortion they vary a good deal in their present

form. When, however, the specimens present the upper surface upper-

most, so that the sori must be seen through the lamina, they appear

much smaller and are punctiform elevations.

The fructification as made out is near enough to that of Dicksonia

to justify placing the plant in that group.
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To jvidge from the specimens, the plant shows a marked tendency

to fructification, for most of them are fertile parts. It is probably a

new species. The sterile entire pinnules resemble those of Heer's Dick-

sonia gracilis," from the Jurassic of Asia, but the ultimate pinna; are

shorter, and Heer's plant lacks the heteromorphous feature in the

pinnules.

Heer calls attention to the resemblance of his plant to the Scle-

ropteris Pomelii of Saporta, from the Jurassic of France. This resem-

blance exists, but it is not sufficient to justify identifying the Oregon

form with Saporta's fossil. No fructification exists on either of these

previously described fossils, and in view of the predominance of it in

the Oregon fossils it is not likely that it would be wanting in the for-

mer if they are identical with the latter. In shape and size the sori

of Dicksonia oregonensis agree pretty well with those of Heer's Dick-

sonia clavipes," from the Jurassic of Siberia, but the fertile pinnules

are not, as in that plant, contracted to stalks. So many specimens

of the plant now in question were obtained that a pretty full repre-

sentation of it may be given by selecting parts from different positions

on the compound pinnae. This is necessary because of the small size

of the fragments that are preserved.

PL VI, Fig. 3, represents a portion of a penultimate pinna with

several attached ultimate pinnae, as well as several unattached ones,

that apparently were once attached. This is the only specimen in hand

that is credited to Mr. Todd's collections. It presents the upper sur-

face of the plant uppermost and shows the sori as they appear in such

a case. When this specimen was the only one available, I was led to

regard it as Aspidium monocarpum, a fern found in the Lower Creta-

ceous of Great Falls, Mont. This is the specimen referred to as

Dryojoteris monocarpa by Professor Ward in the paper quoted above

(p. 369).'' Specimens showing the same character are not uncommon

in the collections made since that of Mr. Todd, and they show that the

plant is Dicksonia oregonensis. PI. VI, Fig. 4, shows a single pinnule

"Flor. Foss. Arct., Vol. IV, Pt. II (Beitriige zur Jura-Flora Ostsibiriens und des Amurlandes), p. 92,

pi. xvii, fig. 3.

bOp. cit., pp. 33-34, pi. ii, fig. 7.

f The genus name Dryopteris (Adanson, 1763) has priority over Aspidium (Swartz, 1800) by twenty-

seven year^. Dr. Knowlton referred Professor Fontaine's species {monocarpa) to the former genus in his

Catalogue of the Cretaceous and Tertiary Plants of North America (Bull. U. S. Geol. Survey No. 152, 1898),

p. 92.—L. F. W.
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enlarged. Fig. 5 gives terminal portions of two penultimate pinnae

carrying sterile pinnules, with entire margins (entire pinnules), and

hence they come probabh' from high up on the compound pinna. PL
VI, Figs. 6 and 7, represent magnified pinnules to show details. PI. VI,

Fig. 8, represents portions of penultimate pinnae, with fertile entire

and dentate pinnules, that probably nearly correspond in position with

the sterile parts giyen in Fig. 5. PI. VI, Fig. 9, shows an enlarged pin-

nule of Fig. 8 with sori. PL VII, Fig. 1, gives a portion of a penulti-

mate pinna with ultimate pinnae carrying sterile pinnules having

crenately dentate margins. These pinnules are distorted somewhat

by being pressed down into the rock. PL VII, Fig. 2, shows a fragment

of a penultimate pinna carrying ultimate pinnae having very small

fertile pinnules with crenate margins. This presents the upper sur-

face of the plant uppermost, so that the sori are seen through the leaf

substance. PL VII, Fig. 3, shows an enlarged pinnule of Fig. 2. PL

VII, Fig. 4, gives a fragment of a penultimate pinna with portions of

ultimate pinnae carrying sterile lobed pinnules from pretty low down
on the compound pinna. These are of the largest size, being lobed

and tending to pass into ultimate pinnae. PL VII, Fig. 5, shows a

fragment of a penultimate pinna with ultimate pinnae having sterile

pinnules from a position still lower than the part shown in Fig. 4. The

lobes have here become pinnules. This specimen is distorted from

pressure. PL VII, Fig. 6, represents an ultimate pinna magnified two

diameters to show the heteromorphous basal pinnules. PL VII, Fig. 7,

gives an entire sterile pinnule magnified similarly to show the nerves.

PL VII, Fig. 8, gives a dentate sterile pinnule with the same enlarge-

ment. PL VII, Fig. 9, gives, with the same enlargement, a fertile entire

pinnule to show the sorus. PL VII, Fig. 10, gives, with slightly greater

enlargement, a lobed fertile fragment to show the sorus.

The species occurs most abundanth' at locality No. 2, but is com-

mon also at No. 3. It is found also at Nos. 1, 4, 5, 6, 7, 16, and 17.

DicJxSotiia oregonensis is the most abundant of the Oregon Jurassic

ferns and is found at more localities than any of the others. The differ-

ent parts show a considerable variation in appearance, as is to be seen

in the figures. Before a clo;e comparative study of the different forms

had been made I was inclined to think that several species were rep-

resented in them.
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Genus CONIOPTERIS Brongniart.

CoNioPTERis HYMENOPHYLLOiDES (Brongniart) Seward ?

PI. VIII, Figs. 1-3.

1828. SpTienopteris TiymenopJiyUoides Brongn. [non Weiss]: Prodrome, pp. 51, 198

(nomen)

.

1829. Sphenopteris hymenophylloides Brongn. [non Weiss]: Hist. Foss., Vol. I,

p. 189, pi. Ivi, figs. 4a, 4b.

1829. Sphenopteris stipata Phill. : Geology of Yorkshire, pp. 167, 190, pi. x, fig. 8.

1829. Sphenopteris muscoides Phill.: op. cit., pp. 167, 190, pi. x, fig. 10.

1835. Sphenopteris arguta L. & H.: Foss. Fl. Gt. Brit., Vol. Ill, p. 53, pi. clxviii.

1835. Tympanophora simplex L. & H.: op. cit.. Vol. Ill, p. 57, pi. clxx, fig. A.

1835. Tympanophora racemosa L. & H.: op. cit.. Vol. Ill, p. 58, pi. clxx, fig. B.

1836. Hymenophyllites Phillipsii Gopp.: Syst. Fil. Foss., p. 256.

1851. Sphenopteris nephrocarpa Bunb.: Quart. Journ. Geol. Soc. London, Vol.

VII, p. 179, pi. xii, figs, la, lb.

1865. Dicksonia hymenophylloides (Brongn.) Ett.: Farnkrauter der Jetztwelt,

p. 217.

1865. Hymenophyllites nephrocarpos Zign. : Osserv. sulle Felci Foss. dell'Oolite,

p. 22.

1872. Sphenopteris Pellati Sap. : Plantes Jurasaiques, Vol. I, p. 278, pi. xxxvi,

figs. 1, la, lb.

1875. Sphenopteris affinis Phill. [non L. & H.]: Geology of Yorkshire, 3d ed., p. 213,

lign. 30 on p. 213.

1875. Sphenopteris dissocialis Phill.: op. cit., p. 214, lign. 32 on p. 214.

1876. DicJcsonia davipes Heer: Fl. Foss. Arct., Vol. IV, Pt. II (Jura-Fl. Ostsibi-

riens), p. 33, pi. ii, figs. 7, 7b.

1876. Thyrsopteris MaaMana Heer: Fl. Foss. Arct., Vol. IV, Pt. II (Jura-Fl.

Ostsibiriens, etc.), p. 31, pi. i, figs, la, lb, 2, 2c, 2d, 3b; pi. ii, figs. 5, 5b, 6.

1889. Dicksonia nephrocarpa (Bunb.) Yok. : Journ. Coll. Sci. Imp. Univ. Japan,

Vol. Ill, Pt. I, p. 25, pi. i, figs. 1, la.

1890. Dicksonia Heerii Rac: Bull. Int. Acad. Sci. de Cracovie, Janvier, 1890,

p. 32 (nomen).

1890. Dicksonia Zarecznyi Rac: loc. cit. (nomen).

1894. Dicksonia (Eudicksonia) Heerii Rac: Flora Kopalna (Pamietnik Wydz.
mat. przyr., Vol. XVIII), p. 174 [32], pi. x, figs. 5, 6a, 7-10, 11a, 12-14.

1894. Dicksonia Zarecznyi Rac: op. cit., p. 175 [33], pi. ix, fig. 12; pi. xii, figs.

7-16; pi. xiv, fig. 17.

1900. Dicksonites davipes (Heer) Sew. r Manchester Memoirs, Vol. XLIV, No. 8,

P-6.
1900. Thyrsopteris Maakiana Heer ? Font.: Twentieth Ann. Rep. U. S. Geol.

Surv., 1898-99, Pt. II, p. 343, pi. xlix, fig. 1.
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1900. Coniopteris Jiymenophylloides (Brongn.) Sew.: Jiir. Fl. Yorksh. Coast, p. 98,

pi. xvi, figs. 4-6; pi. xvii, figs. .3, 6-8; pi. xx, figs. 1, 2; pi. xxi, figs. 1-.3,

3a, 4, 4a.

A small Sphenopteris-like fern, with fructification, was found at

locality No. 19. In the shape of its pinnules it much resembles some

of the sphenopterid forms from the Lower Oolite of Yorkshire. Seward,"

in his paper on the plants of the Manchester Museum, gives good rea-

sons for adopting the name Coniopteris for some of the sphenopterid

forms of the Yorkshire Lower Oolite, and unites a number of them

with his species Coniopteris hymenophylloides. In his recent work on

the Yorkshire Fossil Plants he gives a number of figures of this species.

Some of these agree so well with the Oregon fossil now in question that

I have no doubt that it is the same species with the English one. As,

however, the amount of material is so small, I do not positively identify

it as such.

The Oregon fossil occurs in only one specimen in counterparts.

This shows a small fragment of a penultimate pinna, having several

ultimate ones that are nearly entire. The plant is beautifully pre-

served. The leaf substance is very thick and it appears wrinkled by

the strong nerves and the sori. The ultimate pinnse are verj^ short,

the longest being hardly 15 mm. long, while their entire expanse at

base, the widest part, is onty about 7 mm. The pinnules are minute,

the largest basal ones being not more than about 4 mm. long and a

little over 3 mm. wide. They vary a good deal in shape as well as in

size, according to their position on the ultimate pinna. The rachis

has a narrow wing from which the pinnules rise. On the upper side

of the rachis the pinnules are larger than on the lower side. The basal

pinnule on the upper side is larger than the others on that side. This

larger pinnule is subquadrate in form. The others on the same rachis

become more rounded, elliptical, and even club-shaped toward the

ends of the pinn*. The pinnules on the lower side are all elliptical,

passing to rounded and club-shaped forms. The subquadrate, and

indeed all the pinnules, are attached by much narrowed bases. The

lateral nerves in the larger pinnules are pinnately, but very obliquely,

placed on the midrib. In the others there is a parent nerve.

« Notes on some Jurassic plants in the Manchester Museum: Manchester Memoirs, Vol. XLIV, No. 8,

1900, pp. 5-8.
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PL VIII, Fig. 1, shows both counterparts natural size. PL VIII,

Fig. 2, gives, enlarged, an upper basal pinnule, and Fig. 3 one from the

terminal portion of the pinna.

Genus THYRSOPTERIS Euntze."

Thyrsopteeis Murrayana (Brongniart) Heer.*

PI. VIII, Figs. 4-11.

1836. ^eco'pteris Murrayana Brongn.: Hist. Veg. Foss., p. 358, pi. cxxvi, figs. 1,

lA, 2-4, 4A, 5, 5A.

a Mr. Seward very naturally doubts the occurrence in a fossil state of a monotypic genus of ferns now

livin", but confined to the island of Juan Fernandez, and he thinks that the Cretaceous species belong to

the extinct genus Onychiopsis of Yokohama and the Jurassic ones to Brongniart's Coniopteris. In the Fif-

teenth Annual Report of the United States Geological Survey, 189.5, pp. 383-384, I discussed this question,

referring to Thyrsopleris Murrayana (Brongn.) Heer from the Oolite of Yorkshire, saying:

"Brongniart had already pointed out the resemblance of his Pecopteris Mwrayana from the Oolite of

Yorkshire to this living genus, and had united this species with others into a distinct genus, Coniopteris, to

which Saporta afterwards referred a number of species from the Jurassic of France. It is therefore very

probable that the genus Thyrsopteris, which is now so nearly extinct, was widely distributed over the northern

hemisphere in Jurassic time. We have in America no trae Jurassic flora thus far, but should such a flora

hereafter come to light there can scarcely be any doubt that this genus will be found in it."

This prediction seems now to have been verified. In the Nineteenth Annual Report, Ft. II, p. 658 (foot-

note), the question of retaining the name was again raised. Seward and Nathorst regard all the forms as

belonging to extinct genera, but there is not complete harmony among paleobotanists on this point. Potonie

in Engler and Prantl's Nat. Pflanzenfamilien, Teil I, Abth. 4, Lief. 188, Leipzig, 1899, p. 123, says; "The

remains from the Jurassic of Spitzbergen, of the Amoor country, and of England, especially those figured by

Leckenby (1864) and Heer (1876), including Thyrsopleris Murrayana (Brongn.) Heer, and T. Maakiana

Heer as well in their fertile as their sterile parts, so closely resemble the recent species T. elegans that it is

difficult to doubt the correctness of their reference to that genus.'.'

While, therefore, it is probable that all the fossil forms will ultimately be referred to extinct genera,

such genera must have closely resembled Thyrsopteris and were probably its early Jurassic and Cretaceous

ancestors. The present isolated species must therefore be regarded as a last remnant of a once widely dif-

fused "roup of ferns, and belongs to the class of waning types, like Ginkgo hiloba and the two surviving species

of Sequoia. The case is therefore by no means an isolated one, and becomes highly interesting to the

student of plant development.—L. F. W.

''Although Mr. Seward (Jur. Fl. Yorksh. Coast, p. 100) refers Heer's plant to Coniopteris hymenophylloides

,

Professor Fontaine sees reasons for keeping it distinct. After receiving Mr. Seward's book, 1 called his atten-

tion to the fact, and in a letter to me, dated August 21, 1901, he says:

"My idea was that only those forms of Murrayana type ought to be united with Coniopteris that have

the proper fructification, or are closely associated with it. There is no such fructification with the Oregon

forms. I think that the Murrayana type of fern is the sterile form of more than one Jurassic species, and

It would be convenient to keep the name for any of that type whose fructification is not known, and use it

as the name Cladophlebis is used. This was the reason why I retained the species."

I give therefore in the synonymy only those references that are confined to this form as found in Jurassic

strata— i. e., to the original Yorkshire plant and to Heer's specimens from Ust-Balei in Siberia. The Liassic

form Pecopteris Pingelii Schouw, Dicksonia Pingelii (Schouw) Bartholin, from the island of Bornholm, although

thought by Brongniart to be perhaps the same, and generally so regarded by later authors, is omitted as of

earlier date involving change of name, and as still somewhat doubtful, but as it has always been associated

with Pecopteris Murrayana and not with Sphenopteris hymenophylloides, it is also omitted from the synonymy

of Coniopteris hymenophylloides.—L. F. W.
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1838. PolysticJiites Murrayana (Brongn.) Presl in Sternberg: Flora der Vorwelt,

Vol. II, p. 117.

1849. Coniopteris Murrayana Brongn.: Tableau, p. 26.

18.56. Hyme.nofhyUites J/wrraya^ia' (Brongn.) Zign.: Fl. Foss. Form. Oolith., Vol.

I, p. 92.

1865. Sphenopteris Murrayana (Brongn.) Zign. : Osserv. sulle Felci Foss. dell'Oolite,

p. 20.

1876. Thyrsopteris Murrayana (Brongn.) Heer: Fl. Foss. Arct., Vol. IV, Pt. II

(Jura-Fl. Ostsibiriens)
, p. 30, pi. i, figs. 4, 4b, 4c; pi. ii, figs. 1, 2a, 3 (left

side of fig.), 4, 4b; pi. viii, fig. lib.

There are among the Oregon fossils certain imprints that have the

aspect of Sphenopteris. They are mostly small and very poorly pre-

served, so that their true character can not always be made out. The

leaf texture seems to have been very thin, so that the imprints of the

pinnules are generally faint. The forms agree very well with the fern

described by Heer as Thyrsopteris Murrayana," and I identify' the plant

with that species. The pinnules are narrowed at base very much, so

as to give them a marked sphenopterid habit. Above the narrowed

base the larger ones are oval or oblong, with obtuse lobes or teeth that

are very obliquely placed. The nerves of these were not seen. The

smaller pinnules, from higher up on the compound pinna, are subrhom-

boid or subtriangular, with crenate or undulate margins. Their nerves

consist of a fiexuous midnerve sending off mostly single nerves. The

lower anterior one may be forked. No fructification was found.

PI. VIII, Fig. 4, gives the terminal portion of an ultimate pinna

from probabl}^ low down on the compound pinna, carrying the larger

sized pinnules. Figs. 5 and 6 show magnified pinnules of this. Fig. 7

represents the largest specimen found. It shows the rachis quite well,

but the pinnules are indistinct. Fig. 8 is an enlarged portion of Fig. 7.

Fig. 9 shows fragments of ultimate pinnae, probably from high' up on

the compound pinna, and Figs. 10 and 11 two enlarged pinnules.

This plant is quite variable in the form of its pinnules, if indeed all the

specimens show forms belonging to the same species. In some cases

a portion of the pinnules resembles the lower pinnules of Heer's

Dicksonia arctica,'' with undulate margins. Others could be selected

that resemble more the pinnules of Thyrsopteris Maakiana " of the same

oFl. Foss. Arct., Vol. IV, Pt. 11, pp. 30-31, pi. ii, figs. 1-4.

6 Op. cit., Vol. V, Pt. II (Beitr. z. Foss. Fl. Sibiriens), pp. 12-13, pi. iii, figs. 1-7.

cQp. cit., Vol. IV, Pt. II, pp. 31-32, pi. i, figs. 1-3; pi. ii, figs. 5, 6.
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author. But as there is no good means of separating them, and as, on

the whole, they agree better with Thyrsopteris Murrayana, I place them

in that species.

The forms united under this species occur with several imprints

at localities Nos. 2, 7, and 19.

Family POLYPODIACEiE.

Genus PULYPODIUM Linnseus.

PoLYPODiUM OREGONENSE Fontaine n. sp.

PI. VIII, Figs. 12-15; PI. IX; PI. X, Figs. 1-7.

This plant was probably arborescent. The pinnae were long and

wide-spreading, with rigid rachises. The fragments obtained show at

least tripinnate subdivision, but they are evidently parts of much
larger portions. The pinnules show a good deal of variation, according

to their position on the pinnae of various orders. The}^ pass from entire

pinnules in the upper and terminal parts, through pinnules with undulate

or crenate margins, to those with serrately dentate and lobed margins,

and finally into ultimate pinnae. The entire pinnules are more or less

triangular in form, with broad bases, and are falcate, with acute tips

that are directed toward ends of the ultimate pinnae. They are sep-

arate nearly to the base and decurrent on the lower side to form a nar-

row wing. They are attached by the entire base. The epidermis is

firm and durable, so that parts of the plants are often well preserved.

The nerves consist of a parent nerve that is inserted near the base of

the pinnule and goes off at a small angle. This is forked, with the

posterior branch forking again, and all- the branches curving toward

the anterior margin of the pinnule, or it may be only once forked in the

more united pinnules in terminal parts. The pinnules with undulate

or crenate margins have lateral nerves, mostly forked at their tips or

else simple. In the serrately dentate and lobed pinnules the lateral

nerves, one for each incision, are once forked, the forking occuiTing

more deeply as the incising is deeper. The simple lateral nerves and
the parts below the forking in the forked ones are parallel to one another.

All the nerves are remote and distinct. The pinnules, in JDecoming

incised, change their form, being oblong, with little or no falcation.
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They are now slightly contracted at the attachment of their bases,

but are still decurrent to form a wing. When the incision of the mar-

gins is least, they are undulate or crenate. With deeper incision they

are serrately dentate or lobed, the teeth and lobes being acute and having

more or less of the character of the simple pinnules into which the lobes,

with increasing depth of incision, finally pass. These incised pinnules

are attached at an angle of about 45°. The fertile pinnules show a

greater tendency to obtuseness, the teeth and lobes being often less

sharply serrate.

The sori are placed much as they are in Dicksoma oregonensis.

In the simple pinnae there is only one sorus, which is placed within the

margin, on the end of the unforked branch of the nerves, in the anterior

basal part of the pinnule. The great size of the sorus causes it to fill

much of the basal part of the pinnule on the upper side of the parent

nerve. In the incised pinnules there is one sorus for each tooth or

lobe, and they are placed on the ends of the lateral nerves. The sori

are without indusium, and under the pressure to which they have been

subjected appear as flat, rounded patches, with a granulation, which

is apparently due to the naked capsules. The granules are grouped

around a central point, which seems to have been the receptacle. When,

however, the sori are seen with the upper surface of the pinnules pre-

sented uppermost, they are a good deal disguised and their true nature

could not be made out. They are then smaller and appear as rounded

prominences. The fructification seems near enough to that of Poly-

podium to Justify the placing of the plant in that genus.

Owing to the considerable number of specimens that were obtained,

a good idea can be formed of the plant. It must have been of large

size, with widespread pinnse, for in their great length they contrast

strongly with those of Dicksonia oregonensis. As in the case of this

last-named plant, by putting together fragments from different parts

of the compound pinna a partial restoration may be made. It is a much
more elegant fern than D. oregonensis.

PL VIII, Fig. 12, gives fragments of two penultimate pinnse, which

carry ultimate pinnse and sterile simple pinnules. The penultimate pinnae

were evidently once united to a pinna of superior order. The fragments

come from near the ends of the penultimate pinnse or else from high up on
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a compound pinna. PI. VIII, Fig. 13, shows one of the pinnae enlarged,

and Fig. 14 gives a portion magnified two diameters to show the nerves.

PI. VIII, Fig. 15, shows a small fragment of a penultimate pinna, with

ultimate pinnae to which are attached fertile pinnules, which present their

upper surface uppermost; hence the sori are disguised. As is often the

case, these fertile pinnules differ somewhat from sterile ones that come
from similar parts of the compound pinna. They are wider in proportion

to length and more obtuse. PI. IX, Fig. 1, represents a larger specimen,

having sterile pinnules, from a position lower down on the compound
pinna than that shown in PL VIII, Fig. 12. They are undulate or dentate.

PI. IX, Fig. 2, shows an enlarged pinna. PL IX, Fig. 3, represents a frag-

ment from a still lower position, carrying portions of ultimate pinilse and

sterile, serrately toothed pinnules. PL IX, Figs. 4 and 5, show magnified

pinnules of this. PL IX, Fig. 6, gives terminal portions of ultimate pinnae

that apparently correspond with the parts represented in Fig. 3, but these

are narrowed by distortion from pressure, the margins being pressed into

the rock. If we suppose the parts represented in Figs. 3 and 6 to be com-

bined, we may get some idea of the expanse of this elegant fern. PL IX,

Fig. 7, gives a small fragment comparable to the portion shown in Fig. 3,

but from a lower position on the compound pinna, where the pinnules, by
deeper incision, begin to pass into ultimate pinnae. PL IX, Fig. 8, shows

one of these pinnules enlarged. PL X, Fig. 1, depicts a specimen of con-

siderable size, it being a portion of a penultimate pinna to which are

attached a considerable number of ultimate pinnae, carrying crenately

toothed fertile pinnules. Unfortunately most of these pinnules are con-

siderably distorted, being narrowed by having their margins pressed down
into the rock. PL X, Fig. 2, represents the terminal parts of several ulti-

mate pinnae with fertile pinnules corresponding in position to the fragment

represented in Fig. 1, but in this case they are not distorted. From these

the true form of those given in Fig. 1 may be determined. PL X, Fig. 3,

shows a single pinnule of this specimen enlarged to show the sori. PL X,

Fig. 4, shows a fine specimen. It is a fragment of a penultimate pinna

with ultimate pinnae, carrying fertile pinnules of the largest size. They
are more deeply incised than the pinnules shown in Fig. 1, and apparently

come from lower down on the compound pinna, where the pinnules tend to

pass into ultimate pinnae. These fertile pinnules apparently correspond

MON XLvni—0.5 5



eQ MESOZOIC FLORAS OF UNITED STATES.

in position on the compound pinna to the sterile ones shown in PL IX,

Figs. 3 and 6. PI. X, Fig. 5, gives a portion of one of these pinnules magni-

fied two diameters to show the sori. PI. X, Fig. 6, represents, with like

enlargement, a sterile pinnule with crenate margins showing the lateral

nerves. PI. X, Fig. 7, gives, enlarged, two diameters, a fertile entire

pinnule, to show the sorus.

This fossil is not so abundant as Dicksonia oregonensis, but it is one

of the most common ferns, ferns being much less common than cycads.

It occurs most commonl}^, and in the best specimens, at locality No. 19,

but is also found, not rarely and in good specimens, at locahty No. 18.

It occurs also at localities Nos. 1, 2, 7, and 16.

Genus CLADOPHLEBIS Brongniart.

Cladophlebis vaccensis Ward n. sp.

PL X, Figs. 8-12.

1S96. CladopMehis wMtUensis tenuis var. a Heer. Font.: Am. Journ. ScL, 4th

ser., Vol. II, p. 274 (nomen.).

1900. Cladophlebis whitbiensis tenuis, var. a Heer? Font.: Twentieth Ann. Rep.

U. S. Geol. Surv., 1898-99, Pt. II, p. .346.''

A fern of the Cladophlebis type of the general form illustrated in

Cladophlebis xiiMibiensis, but not identical with the species of Lindley and

Hutton, is found sparingly at some of the Oregon localities. It is always

in a very fragmental condition, most of the specimens showing only bits

of ultimate pinnae with attached pinnules. No fructification was seen.

The constant absence of fructification on ferns of this type is a noteworthy

feature. The largest specimens obtained give, at most, portions of ulti-

mate pinnse so placed as to show that they were once attached to a common

rachis. The size of the rachises and their rigid aspect indicate that the

plant must have attained considerable size and have been probably subar-

borescent. There is a considerable variation in the pinnules in shape and

texture, which may perhaps be accounted for by different positions on the

compound pinna, or different preservation. The forms graduate into

one another in such a way that they can not well be separated. The

pinnae are long and slender, with a rigid rachis. The pinnules have a

n Professor Fontaine does not in his report mention the occurrence of this form in the Oroville beds, and

he cites a different figure in Heer's work, but both figures refer to Heer's variety a. In correspondence he

admits that the Oroville and Oregon forms are the same.—L. F. W.
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rather thick coriaceous texture, and, notwithstanding tlie fragmentary

condition of the specimens, are often very well preserved. They are

widest at base, attached by the entire base, and often strongly falcate. In

terminal parts they are sometimes shorter, less falcate, and more triangular

in form. They are in these parts more or less united, but usually are

separate to the base. They are acute to subacute. The nerves are very

distinct and are of the typical Cladophlebis type. The basal lateral

nerves are twice forked. Those higher up are less copiously branched,

the highest being once forked. The branches diverge strongly at first and

are then parallel, so that they appear rather straggling.

This plant agrees very well with the form described by Heer from

the Jurassic of Siberia under the name Asplenium whitbiense tenue.'' It is

nearest his variety a, as figured on pi. xvi, fig. 8.

As these ferns are not specifically identical with the original Pecopteris.

whitbiensis it seems best not to treat them as a variety of that species, and,,

as they are without fructification, it is safest to refer them to the noncom-

mittal genus Cladophlebis. They are very much like the Neuropteris

recentior (Phill.) L. & H., figured by Lindley and Hutton,'' but the pin-

nules are usually much more acute than those given for the English plant-

It may be, however, that the bluntness of those of the latter is due to

distortion or imperfect preservation, for a few of them are as acute as those

of the Oregon fossil and have exactly the same shape.

Mr. Seward has been kind enough to send me, along with the names

of the plants figured, duphcates of the plates for his forthcoming work on

the Yorkshire Jurassic Plants. The plates were not accompanied by

descriptions, hence refei'ence can be made only to the plates and figures.

The work will be referred to as " Yorkshire Jurassic Fossils. " ' In his

paper entitled: "Notes on some Jurassic Plants in the Manchester

Museum," which deals with some of these plants, he has, on pp. 8-11,

brought together a large number of ferns of the whitbiensis type. In these

«F1. Foss. Arct., Vol. IV, Pt. II, pp. 38-40, pi. xvi, fig. 8.
'

6Fos. Fl. Gt. Brit., Vol. I, pp. 195-196, pi. Ixviii.

« The work was not received in America till after Professor Fontaine's report had heen completed and the

manuscript and types sent by him to Washington in the spring of 1901. Copies arrived, however, before

the report had been embodied in this paper, and I have made free use of it in working out the synonymy

and arranging the species in systematic order. A copy of it was placed in Professor Fontaine's hands, and

there has been considerable correspondence between us relative to critical points. The final decision in all

cases, as proposed or accepted by him, has been embodied in the terminology here introduced. In the present

case he has decided to make a new species, and left the work of naming it to me.—L. F. W.
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are included the Pecopteris whitbiensis Brongn. and the Pecopteris tenuis

Schouw, described by Brongniart. These he considers as identical with

Pecopteris Williamsonis, all being Todites. To these forms he gives the

name Todites Williamsoni. In the paper on the plants of the Manchester

Museum, pi. i, figs. 1, 2, he gives reproductions of two rather poorly pre-

served specimens of Todites WiUiamsoni, that, with the exception of the

smaller size of the pinnules, and the serration of their margins, agree pretty

well with the Oregon plant. PL xxi, fig. 6, of his Yorkshire Jurassic

plants, gives as this plant a fern that seems to have pinnules with entire

margins. This is exactly like the Oregon fossils. In the absence of

fructification with the latter it can not be made a Todites notwithstanding

this close similarit)^

PL X, Fig. 8 shows parts oi several ultimate pinnae so placed as to

indicate a former attachment to a common rachis. Fig. 9 gives a magni-

fied pinnule to show the nei-vation. Fig. 10 gives a portion of an ulti-

mate pinna, with pinnules more remote than is common. Fig. 11 shows

a pinnule of this enlarged, with nervation in detail. Fig. 12 shows the tip

of an ultimate pinna, with shorter, more triangular, and more united

pinnules than is common in such situations.

This is one of the rarer ferns and where it occurs but few specimens

were found. It occurs at the locality No. 19" most commonly, and is

found also at localities Nos. 1, 2, 6, 7, 17, and 18.

Cladophlebis denticulata (Brongniart) Nathorst non Fontaine.

PI. XI, Figs. 1-7.

1828. Pecopteris denticulata Brongn. [non He«r]: Prodrome, pp. 57, 198 (nomen).

1828. Pecopteris Phillipsii brongn.: loc. cit. (nomen).

1829. Pecopteris ligata PhilL: Geology of Yorkshii'e, pp. 148, 189, pi. viii, fig. 14.

1833. Neuropteris ligata (Piiill.) L. & H.: Foss. Fl. Gt. Brit., Vol. I, p. 197, pi.

Ixix.

1834. Pecopteris insignis L. & H. : op. cit., Vol. II, p. 69, pi. cvi.

1834. Pecopteris undans L. & H. : op. cit., Vol. II, p. 103, pi. cxx.

1834. Pecopteris denticulata Brongn.: Hist. Veg. Foss., Vol. I, p. 301, pi. xcviii,

figs. 1, lA, IB, 2, 2A.

1834. Pecopteris PMllipsii Brongn.: op. cit., Vol. I, p. 304, pi. cix, figs. 1, lA.

1836. Phlehopteris ? undans (L. & H.) Brongn.: op. cit.. Vol. I, p. 375, pi. cxxxiii,

figs. 3, 3A, 3B

«The specific name alludes to this locality (bed of Cow Creek).—^L. F. W.
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1836. Aletho-pteris Phillipsii (Brongn.) Gopp.: Syst. Fil. Foss., p. 304.

1836. Alethopteris insignis (L. & H.) Gopp.: op. cit., p. 307.

1836. Polypodites undans (L. & H.) Gopp.: op. cit., p. 345.

1848. AletJiopteris denticulata (Brongn.) Gopp.: Index Pal., Nomenclator, p. 23.

1849. Cladophlehis ligata (Phill.) Brongn.: Tableau, p. 105.

1865. Pteris ligata (Phill.) Ett.: Farnkrauter der Jetztwelt, p. 113.

1865. Pteris insignis (L. & H.) Ett.: op. cit., p. 114.

_1874. Cladophlehis insignis (L. & H.) Schimp.: Pal. Veg., Vol. Ill, p. 505.

1876. CladopUebis denticulata (Brongn.) Nath. [non Font.]: Bidrag till Sveriges

Foss. Fl., Viixter fr. Riit. Form, vid Palsjo, p. 19.

1878. Asplenium petruschinense Heer: Fl. Foss. Arct., Vol. V, Pt. II (Beitr. z.

Foss. Fl. Sibiriens), p. 3, pi. i, figs. 1, lb.

1882. Pteris frigida Heer: Fl. Foss. Arct., Vol. VI, Abth. II, Foss. Fl. Gronl., Pt. I,

pp. 3, 25, pi. ii, fig. 13; pi. vi, fig. 5b; pi. x, figs. 1-4; pi. xi, figs. 1-4, 5a,

6, 7a, 8a, 9-11; pi. xiii, figs. 2, 2b; pi. xvi, figs. 1, 2; pi. xvin, fig. 10b.

1882. Pteris longipennis Heer: op. cit., p. 28, pi. x, figs. 5-13; pi. xiii, fig. 1.

1888. CladopUebis denticulata Font, [non (Brongn.) Nath.]:" Potomac Flora, p. 71,

pi. iv, figs. 2, 2a; pi. vii, figs. 7, 7a.

1896. Cladophlehis steioartiana Hartz: Medd. om Gr0nl., Vol. XIX, p. 231, pi. xi,

figs. 1, 2; pi. xii, figs. 2, 3.

1896. Asplenites f? sp. Hartz: op. cit., p. 231, pi. xi, figs. 3, 3a.

Fragments of what was evidently a large fern of Cladophlehis type

were found sparingly at some of the localities. Considering the strength

of some of the parts preserved, and their good state of preservation, the

comminution of this fern is remarkable. Only sterile forms were found.

The largest specimens show only small bits of ultimate pinna;. Some

yield only scattered pinnules and fragments of pinnules. The pinnules

seem to have had a leathery, firm texture. The rachis of the ultimate

pinna is strong and rigid. The pinnules are more or less falcate, some-

times strongly so . They are attached by the whole of a somewhat expanded

base. The larger normal pinnules are oblong linear in form, with lancet-

shaped subacute tips. Those in terminal parts are shorter, sometimes

approaching a triangular form. The nervation is quite characteristic.

The midnerve is strong and persists to near the tip of the pinnule, having

« Professor Fontaine described this as a new species, but he notes its resemblance to Pecopteris denticu-

lata Heer non Brongniart from the Cretaceous of Greenland. Mr. Seward places it in his synonymy of the

Yorkshire plant which was described under that name by Brongniart in 1834, and which Nathorst seems to

have been the first (1876, see synonymy) to refer to Cladophlehis. Mr. Seward, however, does not include

Heer's plant in his synonymy, and in mentioning it on p. 141 he seems to think that it was the same as

Bron<Tiiart's, but Heer's was also called a new species. This makes an unfortunate confusion of names of

closely related forms, which it is difficult to make clear.—L. F. W.
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less than usual of the Cladophebis character. The lateral nerves are

strong and very distinct. They are given off at an angle of about 45°,

and fork near their insertion. The branches diverge strongly, then become

parallel and turn outward to meet the margin under a large angle. One

of the branches may fork again, but they are mostly single. Some of the

pinnules appear denticulate near their tips, but this may be due to lacera-

tion and imperfect preservation. The larger pinnules are about 24 mm.
long and 6 mm. wide.

This fine fern seems identical with the Pecopteris insignis of Lindley

and Hutton." The larger pinnules are exactly like the form given by

Phillips for this species.'' Seward, in his paper on the Jurassic Plants in

the Manchester Museum, identifies this and a number of other species

with CladojMebis denticulata (Brongn.) Nath., and on pi. iv he gives a

figure of C. denticulata that agrees well with the Oregon plant. The pin-

nules of this plant reseml^le so much those of the fine Danceopsis Storrsii,

described farther on, that I am inclined to think that they are the sterile

forms of that fossil.

Lindley and Hutton described from the Yorkshire Oolite a fertile

fern under the name Pecopteris undans," giving a fructification like that

of Danceopsis Storrsii. Seward, in the paper above quoted, p. 19, states

that Nathorst had suggested that Pecopteris undans may be the fertile

pinna of Cladophlebis denticulata, and further that an examination of sev-

eral examples of Pecopteris undayis enabled him to confirm Nathorst's

opinion. The fructification, as given bj^ Lindley and Hutton in the figure

of P. undans, is strikingly like that of Danceopsis Storrsii and would make

the plant a Danseopsis. Seward gives no reason for connecting Clado-

phlebis denticulata with this plant. There is no connection between

Danceopsis Storrsii and the Oregon form referred to Cladophlebis denticu-

lata, hence the latter nmst remain in the genus Cladophlebis. It is,

however, significant to find that in both these cases the idea is suggested

that the fructification of this Cladophlebis is that of Danseopsis. It

should be stated that Seward does not in his remarks indicate the resem-

blance of the fructification of Pecopteris undans to that of Danseopsis.

aFoss. Fl. Gt. Brit., Vol. II, p. 69, pi. cvi.

!> Phillips, Geology of Yorkshire, 3d ed., p. 206, lign. 17.

cFoss. Fl. Gt. Brit., Vol. II, pp. 103-104, pi. cxx.
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PL XI, Fig. 1, shows the most complete specimen, which is a frag-

ment of an ultimate pinna having several pinnules. These are distorted

and slickensided. The production of slickensides is not an uncommon

feature in the Oregon plants whenever they have a firm resisting texture.

The creep of the rock seems often to have taken place along the surface

of the plant, polishing it and obliterating the nerves. Fig. 2 shows an

enlarged pinnule of this. Fig. 3 depicts a fragment of an ultimate pinna,

having one entire pinnule that shows indications of denticulation toward

its tip. This pinnule is shown enlarged in Fig. 4. Fig. 5 gives a small

fragment of an ultimate pinna with several pinnules of the more slender

kind. Fig. 6 shows two fragments of ultimate pinna? with mutilated

pinnules that occur toward the termination of the pinna?. Fig. 7 gives

a pinnule enlarged to show the nerves.

The plant is most common, but still rare, at locahty No. 19, and is

found also at localities Nos. 1, 2, 7, 9, 12, 14, 17, and 18.

Cladophlebis haibuenensis (Lindley & Hutton) Brongniart ?

PI. XI, Figs. 8-10.

1836. Pecopteris haiburnensis L. & H.: Foss. Fl. Gt. Brit., Vol. Ill, p. 97, pi.

clxxxviii.

1849. Cladophlebis haiburnensis (L. & H.) Brongn.: Tableau, p. 105.

1865. Pteris haiburnensis (L. & H.) Ett.: Farnkriiuter der Jetztwelt, p. 114.

1869. Aleihopteris haiburnensis (L. & H.) Schimp.: Pal. Veg., Vol. I, p. 565.

1890. Thinnjeldia haiburnensis (L. & H.) Rac: Bull. Int. Acad. Sci. de Cracovie,

Janvier, 1890, p. -32.

A single specimen of a fern of marked Cladophlebis type was found

at locality No. 1. It seems different from any of the other Cladophlebis

of the Oregon Jurassic. The specimen shows only a fragment of an ulti-

mate pinna carrying several pinnules. These agree so well with the fern

called by Lindley and Hutton Pecopteris haiburnensis " that it is most

probably the same species. The English fern is clearly a Cladophlebis

and not a Pecopteris. The amount of material, however, is not sufficient

to justify a positive identification. It may possibly be an abnormal form of

Cladophlebis vaccensis, but the entire aspect of the plant is different from

that fern. The rachis is slender. The pinnules are slightly falcate and

attached by the entire, somewhat widened base. They are in form

«Foss. Fl. Gt. Brit., Vol. HI, pp. 97-98, pi. clxxxviii.
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oblong and narrow toward their tips, so as to have obtuse lancet-shaped

ends. They are quite wide in proportion to their lengths. The nerves

are slender. The midnerve splits up, about two-thirds of the distance

from base to tip, into numerous branches. The lateral nerves go off

obliquel}^ and are twice forked in the lower ones, the forking lessening

in ascending.

Phillips gives a figure of Pecopteris haiburnensis" in which the pin-

nules are smaller than those in Lindley and Button's figure, but are still

somewhat larger than those of the Oregon plant. The difference in size

is probably due to a different position on the compound pinna. A more

important difference between the English and Oregon plants is in the

decurrence of the pinnules given in the figures of Phillips and of Lindley

and Hutton. It is probable that both of these figures are of the same

specimen. In the more complete figure of Lindley and Hutton there

seems to be some distortion, which may account for the decurrence.

PI. XI, Fig. 8, shows the specimen natural size, and Figs. 9 and 10

enlarged pinnules with detailed nervation.

Cladophlebis aoutiloba (Heer) Fontaine n. comb.

PI. XI, Figs. 11, 12.

1876. Dicksonia acutiloba Heer : Fl. Foss. Arct., Vol. IV, Pt. II (Jura-Fl. Ostsibi-

riens), p. 92, pi. xviii, figs. 4, 4c.

A small Cladophlebis was found in five specimens, two each at local-

ities Nos. 7 and 18, and one at No. 17. The specimens are small and

show only fragments of penultimate pinnae, which contain portions of

ultimate pinnae that carry a number of pinnules. The latter are very

small. The rachis is narrowl}' winged. The pinnules nearer the rachises

of the pinnae are ovate-elliptical, widest below their middle, and constricted

at base. Those higher up are more or less triangular and more united.

All have acute tips. The larger pinnules are 3-4 mm. long. The nerves

are distinct. The midnerve splits up into branches. The lateral nerves,

few in number, are given off obliquely, and are mostly unforked. No
fructification occurs. This plant resembles Saporta's Cladophlebis brevi-

loba from the Middle Oolite of France,'' but the rachis is much more

a Geology of Yorkshire, 3d ed., p. 211, lign. 25.

''Pal. Francaise, Plantes Jurassiques, Vol. I, pp. 303, 305, pi. xxxiv, fig. I.
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slender and the pinnules are more acute. It is more like the plant that

Heer calls Dicksonia acutiloba,"' and no doubt it is the same species. It

is not clear why Heer regarded this plant as a Dicksonia. He does not

say that he found fructification on it. In the absence of that, and in

view of its obvious Cladophlebis features, it should be placed in this genus.

PL XI, Fig. 11, gives one of the specimens, and Fig. 12 an enlarge-

ment of one of the pinnules.

Cladophlebis pecopteroides Fontaine n. sp.

P]. XI, Figs. 1.3-15.

An elegant fern, with finely-cut foliage, was found in two specimens

at locality No. 1. One of the specimens is quite small and shows only a

terminal portion of the penultimate pinna that comes apparently from

high up on the compound pinna. The other one, given in Fig. 29, shows

considerable portions of the penultimate pinnae that seem to come from

low down on the compound pinna. They are so placed as to show that

they were once attached to the rachis of a pinna of superior order. By
the small diminution of the pinnules they indicate that the ultimate

pinnae, of which they formed parts, had a very considerable length. The
rachises of these pinnae are strong, with their margins raised cord-like,

and they have a cord-like rib running down their centers. These pinnae

carry a number of pinnules that for a considerable distance maintain a

very uniform size. The pinnules are closely approximate, sometimes

overlapping, and are falcate and 4-5 mm. wide. The pinnules are linear-

oblong in form. They are about 1 cm. long, with obtuse or subacute tips.

Their character gives the plant a marked elegance. They are set on the

rachis at an angle of about 45°, and are more or less deeph^ incised into

oblong or ovate, very obtuse lobes. The deepest incision goes about

two-thirds of the way to the midnerve. These lobes or pinnules are

strikingly like those of some of the Carboniferous pecopterids and the

species is named from this resemblance. The nervation, however, is that

of Cladophlebis. The leaf substance is quite thick and obscures the

nerves. Apparently the lobes, in lower parts of the compound pinna,

pass into distinct pinnules, which may have crenate margins. In ter-

minal parts, on the other hand, the lobed pinnules diminish to those with

aFl. Foss. Arct., Vol. IV, Pt. II, (Beitr. z. Jura-Flora Ostsibiriens), p. 93, pi. xviii, fig. 4.
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crenate margins. In each lobe there is a parent nerve that spUts up into

branches. It may give off one or more pairs of lateral nerves that go off

very obliquely. The nerve group has a flabellate character. No fruc-

tification was found. The plant is probably a new species. It resembles

very much the Pecopteris obtusifolia (Murray) Lindlpy & Hutton" and

may be the Oregon representative of it. In the English fossil, however,

the ultimate pinnae, corresponding to the pinnules of this plant, are much

longer, and fructification was found. Phillips identifies the species of

Lindley & Hutton with his Pecopteris exilis.^ Seward regards Pecopteris

exilis as a Klukia.''

PL XI, Fig. 13, shows the specimen natural size, and Figs. 14 and

15 give enlargements to show details of nerves.

Genus SCLEROPTERIS Saporta.

SCLEROPTERIS OEEGONENSIS Foiltalne 11. sp.

PI. XII, Figs. 1-3.

A single specimen of a fern was found of pretty good size and fairh^

wel preserved at locality No. 19. According to Saporta's diagnosis

of the genus Scleropteris,'' this genus clearly includes the plant in ques-

tion. The specimen shows a considerable portion of a penultimate

pinna, which bears fragments of a number of ultimate pinnse, with pin-

nules. The ultimate pinnse are very short, the longest of them not

surpassing about 3 cm. The rachis is narrowly winged. The pinnules

are rigid and have a very thick leaf substance that conceals the nerves,

so that they generally are difficult to make out. The lowest pinnule

on the upper side of the rachis is oblong, obtuse, and larger than the

rest. It is crenate on the margins or has shallow obtuse teeth. The

other, and normal pinnules, are not more than 5 mm. long and about

3 mm. wide. They are entire, oblong-elliptic in form, with very obtuse

tips, and go off obliquely from the rachis, with a slight inclination toward

the ends of the^ pinnae. They are decurrent, forming the wing. All

the pinnules are constricted at base. The nerves are immersed appa-

rent y in the leaf substance. They are composed of a parent nerve

aFoss. Fl. Gt. Brit., Vol. Ill, pp. 15-16, pi. chiii, fig. 1.

fiGeolog}' of Yorkshire, 3d. ed., p. 210, pi. viii, fig. 16.

'•Jurassic Plants in the Manchester Museum, p. -l; Jur. Fl. Yorkshire Coast, p. 130.

('Pal. Franc^aise, Plantes Jurassiques, Vol. I, pp. 364-365.
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that goes off obliquely and which has several lateral nerves that depart

under a small angle and seem to be single. The plant seems to be a

new species. It has some resemblance to Scleropteris Pomelii, but the

pinnse are shorter and the pinnules are shorter in proportion to their

width. They are also more closely placed and more obtuse. It is more
like Heer's Dicksonia gracilis,''' but differs from that in the heteromor-

phous basal pinnule and in the shorter ultimate pinnse. It is near

enough, however, to be regarded as perhaps a representative of the

Siberian fossil in the Oregon Jurassic. PL XII, Fig. 1, shows the only

specimen found, Pig. 2 a pinna enlarged, and Fig. 3 an enlarged normal
pinnule.

Genus RUFFORDIA Seward.

RuFFOEDiA GcEPPERTi (Dunker) Seward.*

PI. XII, Figs. 4-8.

1844. CheilantMtes Gapperti Dunk.: Norddeutsch. Wiilderthon, Programm der

hoheren Gewerbschule in Cassel, 184.3-1844, p. 6.

1846. Sphenoptens Gapperti Dunk.: Monogr. d. Norddeutsch. Wealdenbildung,

p. 4, pi. i, fig. 6; pi. ix, figs. 1-3.

1846. SpJienopteris Hartlebeni Dunk.: op. cit., p. 4, pi. ix, fig. 9.

1846. Splienopteris longijolia Dunk. [:non Phill. nee Feistm.]: op. cit., p 4 pi viii

fig. 6.

1851. Sphenopteris adiantifrons Ett.: Jahrb. d. k. k. Geol. Reichsanst., Jahrg. II,

p. 1.57.

1852. Splienopteris Jugleri Ett.: Beitr. z. Fl. d. Wealdenperiode, p. 15, pi. iv, fig. 5.

1870. Sphenopteris Auerhachi Trautsch.: Der Klin'sche Sandstein, Nouv. Mem.
Moscou, Vol. XIII, p. 207 [19], pi. xviii, fig. 5.

1881. Splienopteris valdensis Heer [in part]: Fl. Foss. du Portugal, p. 14, pi xv
fig. 11.

1889. Splienopteris sp. Yok.: Journ. Coll. Sci. Imp. Univ. Japan, Vol. Ill, Pt. I,

p. 34, pi. xiv, figs. 13, 13a.

1894. Ruffordia Gmpperti (Dunk.) Sew.: Wealden Flora, Pt. I, pp. 76, 77, pi. iv;

pi. v; pL X, figs. 1, 2.

«F1. Foss. Arct., Vol. IV, Pt. II, p. 92, pi. xvii, fig. 3.

i Mr. Seward (Wealden Flora, Pt. I, p. 76 ) includes in his synonymy of this species the Sphenopteiis Phil-
iipsii of Mantell, published in 1833, or eleven years earlier than Dunker's Cheilanthites Giepperii, but still pre-
fers Dunker's specific name on the ground that Mantell's .specimen was a fragment "so small that its real
nature must remain uncertain," but without saying whether he had seen it. As the use of Mantell's name
in the synonymy would change the combination, our only course is to omit it, as Fucoides arcuatus L. & H.
was omitted from the synonymy of Marchantiles erecius (Bean) Seward.—L. F. W.
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-Phillips" gives a figure, with no description, of a singular plant

that he calls Sphenopteris Jugleri.'' This, in general aspect, agrees so

well with one found in two specimens, one each at localities Nos. 2 and

7, that I think the}' belong to the same species. The Oregon plant

has apparently no foliage, but is composed of a thread-like stem, which

was probably succulent, as no vascular tissue shows in it. This rachis

branches in an irregular straggling manner, widely diverging after each

branching. It bears, irregularly placed, short branches, or contracted

pinnules, that sometimes are forked and sometimes single. Their

summits are expanded into elliptical forms, so that the branch is club-

like in shape. No nerves are visible. Each expanded tip contains a

rounded body, depressed in the center, that looks much like a sorus.

The preservation is not sufficient to show its true nature, but, if it is a

sorus, it probably had an indusium. This plant much resembles Schenk's

Acrocarpus cunealus,'' from the Rhetic, but the segments are much
smaller than those of that plant.

PI. XII, Figs. 4 and 7 give different fronds; the latter is a small

fragment, but more distinct. Fig. 5 gives an enlargement of a portion

of Fig. 4, and Fig. 6 a pinnule still more enlarged. Fig. 8 shows a por-

tion of Fig. 7 much enlarged.

Genus ADIANTITES Goppert.

Adiantites Nymphaeum Heer?

PI. XII, Figs. 9-11.

1876. Adiantites Nympharmn Heer: Fl. Foss. Ai-ct., Vol. IV, Pt. II (Jura-Fl.

Ostsibiriens)
,
p. 9.3, pi. xvii, figs. 5, 5b.

Ver}' imperfect specimens were obtained, one each from localities

Nos. 2, 7, and 19, of a plant that resembles Heer's Adiantites Nympha-

riim. The pinnules are always too much mutilated to show their true

form, and only small bits of ultimate pinnse were obtained. All that

"Geology of Yorkshire, 3d ed., p. 218, lign. 40.

f> Professor Fontaine, before receiving the text of Mr. Seward's Jurassic Flora of the Yorkshire Coast,

was inclined to identify the Oregon plant with Sphenopteris Jughri Ett. on the strength of its resemblance

to Phillips's figure, but in view of the fact that Mr. Seward sa3's (p. 133) that this figure "does not do justice

to the original," and also because Mr. Seward refers all the plants called Spkenopteris Jugleri Ett. to Rujfordia.

Gmpperii, it was decided that our plant must belong to that species.—L. F. W.
<^ Foss. Flor. der Grenzschichten, pp. 134, 135, pi. xx, figs. 9-12.
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can be said is that the piant may be Heer's fossil. The pinnules are

narrowed wedge-shape to the base and seem to have dentate margins.

The nerves are composed of a parent nerve, which sends off very ob-

liquely lateral nerves. The teeth on the margin seem to be acute and

very obliquely placed, being mostly on the anterior margin of the

pinnules.

Fig. 9 represents one of the specimens. Fig. 10 a portion enlarged,

and Fig. 11 shows what seems to have been the original form of the

pinnules.

Genus Ti^NIOPTERIS Brongniart.

Forms like Tseniopteris are more common in the Oregon Jurassic

flora than the ferns with smaller pinnules. I shall use the distinction

suggested by Nathorst as an essential one between Tseniopteris and the

unsegmented Nilsonias that, in shape, so much resemble Tseniopteris.

This distinction is that the lamina of Tseniopteris is attached to the

side of the midrib and in Nilsonia to the upper surface. This feature

•causes a Tseniopteris to show a distinct midrib, whether the upper or

the under surface be presented uppermost. In the case of Nilsonia,

however, when the upper surface is seen uppermost there is no visible

midrib or axis. The nerves belonging to the lamina on opposite sides

of the axis meet in a raised cord in the center of the position that would

be occupied by the midrib if it were shown. But if the lower surface of a

Nilsonia be presented uppermost the axis or midrib is seen, and, therefore,

while the absence of a distinct midrib may be taken as showing that the

plant is a Nilsonia, yet, in cases where a midrib is shown, one can not be sure

that the plant is not a Nilsonia with its under surface presented uppermost.

There are in the Oregon collection a number of leaves that in their

shape are like Tseniopteris. They are, however, never seen with their

laminse divided or segmented. They show no midrib, but have their

lateral nerves meeting in a raised cord that occupies the central line

of the position that would be occupied by the midrib if it were present.

These leaves have uniformly in their laminse a thin texture. In some

the lateral nerves are always single and show no thickening toward

their bases near their insertion on the central cord. Others, with the

same unchanged thickness in the lateral nerves, have them rarely forked,

but in such way as to show that the essential character here, too, is an
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unforked condition. Notwithstanding the entire nature of the laminae

of these leaves I shall class them as Nilsonia.

There are other tseniopteroid forms in this flora that always show

strong prominent midribs. They have a very thick leaf-substance

that is often slickensided from the creep of the rock along their surface.

The lateral nerves are, as a rule, forked, and are much stronger, or

thickened, near their insertions. These nerves go off approximate^

or quite at right angles, and are not curved, while in the Xilsonias they

go off obliquel}^ and curve in a characteristic way to meet the margin.

There is one exception to this character found in the form Tmiiopteris

orovillensis, to be noted further on. This has the midrib of Tseniopteris

and the ateral nervation like that of the Nilsonias. The question

might arise, Is not this really a Nilsonia with its under surface presented

uppermost?

The leaves that I group as Tfeniopteris verj- often occur with a

number together in the same hand specimen of rock, as if they grew

in clusters. Those regarded as Nilsonia are usually found in isolated

fragments.

T^NioPTERis OROVILLENSIS Fontaine.

PI. XII, Figs. 12-17.

1896. Txniofteris orovillensis Font.: Am. Journ. Sci., 4th ser., Vol. II, p. 274

(nomen)

.

1900. Tieniopteris orovillensis Font.: Twentieth Ann. Rep. U. S. Geol. Surv., Pt.

II, 1898-99, p. 348, pi. lii, figs. 2-4.

This Tseniopteris, so abundant in the Oroville Jurassic flora, is

found also at some of the Oregon localities. It is not so abundant

and widely diffused as- some of the other species of Tseniopteris. The

nerves are fine but very distinct. They have the character, as men-

tioned above for Nilsonia, of being always single, not varying in strength

from their insertions to their ends, and of going off at less than a right

angle, and of curving in their course to meet the margin. The leaves,

however, have a much thicker and more coriaceous texture than those

regarded as Nilsonias, and the midrib is strong. The size of these

leaves varies a good deal. The most common forms have the sizes

seen in the Oroville specimens, but occasionally fragments are found

indicating a somewhat wider leaf than any seen in the Oroville plants.
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In the description of this species given in the Twentieth Annual Report

of the United States Geological Survey, Pt. II (p. 348), the statement,

by misprint, is made that "the fronds vary in length from 1-4 cm."

For "length" read width. The fragments seen indicate that some of

the Oregon leaves may have reached the width of 5 cm.

PI. XII, Fig. 12, shows the upper part of one of the larger leaves,

and Fig. 13 a portion of this enlarged. Fig. 14 represents the basal

portion of one of the narrower leaves that was evidently quite long.

It is distorted by pressure. Fig. 15 gives the middle portion of one

of the leaves of medium size. This, too, is distorted. Fig. 16 shows

a leaf nearly entire, and Fig. 17 a portion of this enlarged.

The plant is most common at locality No. 2, where it is quite abun-

dant. It is also found at localities Nos. 1, 7, 14, and 19.

TiENioPTERis MAJOR Liiidlej and Hutton.

PI. XIII, Figs. 1-3.

1833. Tieniopteris major L. & H.: Foss. Fl. Gt. Brit., Vol. II, p. 31, pi. xcii.

1836. Aspidites Williamsonis Gopp.: Syst. Fil. Foss., p. 353.

1843. Pterozamites major (L. & H.) Fr. Br. in Minister: Beitr. z. Petrefacten-Kunde,

Vol. II, Heft VI, p. 29.

1865. Txniopteris Williamsonis (Gopp.) Zign.: Osserv. sulle Felci Foss. dell' Oolite,

p. 39.

1869. Macrotasniopteris major (L. & H.) Schimp.: Pal. Veg., Vol. I, p. 610.

Lindley and Hutton have described with the name Tceniopteris

major " a fern that agrees so well with one found in the Oregon Jurassic

that there can be no doubt that it is the same. The dimensions of

the leaf and the size of the midrib in the two are the same, but there

is some difference in the lateral nerves. In the figure given by Lindley

and Hutton of the English plant these nerves are represented as very

slender, and not varying in thickness from their insertions to their

ends. They are also given as forking very copiously, especially at

the margin of the leaves. In the Oregon fossil the lateral nerves are

decidedly stronger near their bases, where they are attached to the

midrib, than they are near the margin of the leaf. Owing to the great

thickness of the leaf substance, and the fact that the plant is generally

slickensided, it is difficult to see them distinctly. This is especially

true of the parts near the margin of the leaves, for they have suffered

a Foss. Fl. Gt. Brit., Vol. II, pp. 31-32, pi. xcii.
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more here than elsewhere. They, however, do not seem to show such

copious forking here as the fossil of Lindley and Hutton. The follow-

ing seems to be their character: The lateral nerves go off at a right

angle, fork in a dichotomous manner, mostly at two-thirds of the dis-

tance from the midrib to the margin. Near the margin one or both

of the branches may fork again. The forking occasionally occurs nearer

the insertion of the nerves. The branches, after abruptly diverging,

become more or less parallel. The lateral nerves of both the English

and the Oregon plants form a very characteristic feature, and in the

Oregon fossil readily distinguish the plant if they are visible. There

is in the size and shape of the leaves no obvious general distinction

between this plant and Tceniopteris vittata Brongn. In leaves of this

type it could not be expected. The smallest forms of this plant resem-

ble in size the largest of T. vittata, but these are exceptions. As a rule

the plant now in question is much wider and less ribbon-shaped than

T. vittata. The lateral nerves differ decidedly. The same hand speci-

men of rock often shows several imprints of this fossil, and, in one case,

three leaves lie side by side as if they had formed a tuft of leaves

in growing. This aggregation of imprints is to be seen in the case of T.

vittata also. Some hand specimens show several imprints of both fossils.

PL XIII, Fig. 1, gives a fragment from the middle part of the

frond mutilated, so as not to show its full width, the margin being miss-

ing. Indeed, it is rarely preserved in any of the specimens. Fig. 2

shows a portion of this enlarged. Fig. 3 shows the basal portion of

another frond. This also is mutilated.

This plant occurs most commonly at locality No. 7, where it is

rather abundant. It occurs also at localities Nos. 1, 2, 16, 17, and 19.

T^NioPTERis VITTATA Brongxiiart."

PI. XIII, Figs. 4-8.

1822. Scolopendrium sp. Young & Bird: Geol. Survey of the Yorksliire Coast, p.

182, pi. ii, fig. 7.

1828. Tseniopteris vittata Brongn.: Prodrome, pp. 62, 199.

"Mr. Seward (Jur. Fl. Yorksh. Coast, p. 157) places the following at the head of his synonymy of this

species:

"1823. Scitaminearum jolium, Sternberg, Flora der Vorwelt, iii, p. 42, pi. xxxvii, fig. 2."

I find no such designation in Sternberg's work, and the language used by Mr. Seward seems to be borrowed

from Brongniart. In his Prodrome, p. 62, he says: "Tieniopteiis vittata: Scitaminearum folium ? Stemb.,

fasc. 3, pag. 42, tab. 37, fig. 2; FiMcites ? ejusd. fasc. 4 {in indice iconxim)." Practicslly the same entry is
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1829. Scolopendriwn solitarium PhilL: Geology of Yorkshire, p. 147, pi. viii, fig. 5.

1831. Tseniopteris vittata Brongn.: Hist. Veg. Foss., Vol. I, p. 26.3, pi. Ixxxii, figs.

1, lA, 2-4.

1836. Aspidites Txniopteris Gopp.: Syst. Fil. Foss., p. 350.

1843. Pterozamites vittatus (Brongn.) Fr. Br. in Miinster: Beitr. z. Petrefacten-

Kunde, Vol. II, Heft VI, p. 29.

1869. Oleandridium vittatum (Brongn.) Schimp.: Pal. Veg., Vol. 1, p. 607.

Numerous specimens of a narrow Tseniopteris were obtained at

some of the Oregon Jurassic localities. They agree very closely with

T. vittata, and there is no doubt that they belong to this species. The

specimens in shape and size resemble a good deal the narrower forms

of T . orovillensis, and when the lateral nerves are not visible can not

well be distinguished from that fossil. Unfortunately, in this case

also, as in that of T. major, the leaf substance is so dense and the speci-

mens are so much polished by slickensides that it is generally difficult

to see them distinctly.

This fossil is generally narrowly elliptical to linear ribbon-shaped,

narrowing gradually to the base and apex. The midrib is propor-

tionally very strong, and is prolonged into a long stipe, indicating that

the frond was simple. The lateral nerves are slender and rather remotely

placed. They go off at nearly or quite a right angle, and go parallel

to one another to the margin. They appear to be mostly simple, but

are sometimes forked. The forking, however, takes place in no regu-

lar way and in no particular position, but seems, as it wei'e, accidental.

There is a considerable variation in the width and length of the leaves.

With some doubt I unite with this species the form depicted in

PL XIII, Fig. 6, fotmd in only a single specimen. This differs from the

made in the synonymy of this species in his Hist. Veg. Foss., Vol. I, p. 263. The reference is probably to the

French edition, as there are only 40 pages in fascicle 3 of the original German edition, 1823. On page 37

of that fascicle Sternberg mentions the plant figured in pi. xxxvii, iig. 2, and says; "Fig. 2 scheint eher ein

Blattstiick einer Scitaminea als ein Farrenkraut .zu seyn." He also states here that this specimen came from
Stonesfield. On page 39 of the same fascicle he enters the plant systematically under the general head "Fili-

cites" as " Phijllites scitaminexjormis," referring to the same plate and figure. This name also^occurs in the

index iconum. It does not occur elsewhere in the work, but is the only binomial appellation that he applied

to the plant. If it were certain that this specimen from Stonesfield belonged to the same species as the York-

shire forms that Brongniart called Txniopteris vittata, the proper name for the species would be that of Stern-

berg, which antedates Brongniart's name by five years. An examination of Sternberg's colored figure, however,

makes this doubtful. The character of the nervation is obscured by the effort- to be artistic, and not enough

of the leaf is shown to be certain as to its shape. Certainly nothing short of a comparison of the type specimen

could positively decide the question. This does not seem to have been done, and I therefore omit aU reference

to it from the synonymy of Tseniopteris vittata.—L. F. W.
MON XLVIII—05 6
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ordinary form of Tcenio-pteris vittata in its unchanging width, through-

out the specimen, indicating a very long and narrow leaf which must

have been ribbon-shaped. It shows no lateral nerves.

PI. XIII, Fig. 4, gives the lateral part of a leaf of the larger size,

which shows a considerable part of the stipe. Fig. 5 shows the basal

portion of a leaf of medium size. Fig. 6 represents the abnormally

long and narrow leaf above referred to. Fig. 7 is a view of a fragment

that shows the nerves, and Fig. 8 is a portion of this enlarged.

This plant is most common at locality No. 7, where it is abundant

and occurs with Tceniopteris major, several of each sometimes being

found in the same hand specimen of rock. It is found also at localities

Nos. 1, 2, 4, 16, 17, and 19.

T^NiopTERis ? OREGONENSis Fontaine n. sp.

PI. XIII, Figs. 9, 10.

At locality No. 8 was found a single imprint, with its reverse, of a

plant of tseniopterid character. It is 5 cm. long and 1 cm. wide, with no

marked change in width, indicating a leaf of considerable length in

proportion to its width. The midnerve is proportionally strong and no

lateral nerves are shown distinctly, as the leaf substance is rather thick.

Traces of them, however, can be made out. They seem to go off at right

angles to the midrib. It could not be determined whether they branch or

not. Possibly this may be the same species with the narrow form placed

in Taniopteris vittata, but the leaf is much smaller. This fossil is much

like the plant given by Heer as Cycadites sibiricus," which is evidently not

a Cycadites, but rather some form of Tseniopteris. As the amount of

material does not suffice to fix the character of the plant, its position must

be left doubtful. PL XIII, Fig. 9, represents the only specimen seen,

and Fig. 10 a part of this enlarged.

Genus MACROT^.NIOPTERIS Schimper.

Macrot^niopteeis californica Fontaine.

PI. XIV, Figs. 1-4.

1896. Macrotxniopteris californica Font.: Am. Journ. Sci., 4th ser.. Vol. II, p. 274

(nomen)

.

1900. Macroteeniopteris californica Font.: Twentieth Ann. Rep. U. S. Geol. Surv.,

1898-99, Pt. II, p. 349, pi. liii, fig. 1; pi. liv., figs. 1, 2.

aFl. Foss. Arct., Vol. V, Pt. II, pp. 16-17, pi. iv, fig. 1.
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Three specimens of a fine tseniopteroid plant were found at locality-

No. 7. It agrees so well with Macrotceniopteris californica of the Oroville

flora that I have no hesitation in regarding it as the same. The Oregon

specimens are better preserved than those found at Oroville and show

the margins. The plant must have had a very thick leather-like texture, as

it leaves on the rock a decided film of coal. The maximum width shown

is 6 cm. The greatest length seen is 14 cm. and this in a mere fragment.

The midnerve is strong. The lateral nerves are seen with difficulty.

They are mostly unforked and parallel to one another. They are rather

remote, being about three-fourths of a millimeter apart. Some are forked

at rather more than half way between the midrib and margin. The fork-

ing, however, appears, as it were, accidental and not essential. The plant

resembles Saporta's Tceniopteris superba," but the nerves are more remote

and not forked at the base, as in Saporta's fossil.

PL XIV, Fig. 1, gives the basal portion of a leaf. Fig. 2 represents

a considerable part of a leaf from some distance above the base, indicating

a leaf of great length. Fig. 3 gives a fragment in which the nerves are

visible, and Fig. 4, a portion of this enlarged.

Family MARSILEACE.F].

Genus SAGENOPTERIS Presl.*

Sagenopteeis Gceppertiana Zigno.

PL XIV, Figs. 5-11.

1865. Sagenopteris Gceppertiana Zign.: Osserv. sulle Felci Fossili dell'Oolite, p. 36.

1865. Sagenopteris Brongniartiana Zign.: Loc. cit.

1865. Sagenopteris Brauniana Zign.: Loc. cit.

1865. Sagenopteris rotundata Zign.: Loc. cit., p. 35.

1868. ? Sagenopteris Gceppertiana Zign.: FL Foss. Form. Oolith., VoL I, p. 188, pL

xxi, figs, la, lb, 2-5; pL xxii, figs. 1, 2.

1900. Sagenopteris Nilsoniana (Brongn.) Ward: Twentieth Ann. Rep. U. S. GeoL

Surv., 1898-99, Pt. II, p. 352, pL Ivi, fig. 1; pL Ixvii, fig. 2.

"Plantes Jurassiques, Vol. I, pp. 439-441, pi. Ixi; pi. Ixii, fig. 1.

6 Potonii?, who is working up the Pteridophyta for Engler and Prantl's Natiirliche Pflanzenfamilien,

classes this genus in the Marsileacese, following the views of Heer, Zigno, Feistmantel, Nathorst, and others;

but Count Solms-Laubach sees reason to doubt the correctness of this, and Seward treats Sagenopteris as a

fern, classing it now (Jur. Fl. Yorkshire Coast, 1900, p. 161 ) in the family Polypodiacese, although in his

Wealden Flora, 1894, p. 129, he placed it in the Schizeacea;.—L. F. W.
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Zigno has described from the Lower Oohte of Italy a fossil with the

name Sagenopteris Gceppertiana " that exactly resembles a plant occurring

rather abundantly at some of the Oregon Jurassic localities. He gives a

number of figures which show that the plant varies a good deal. Most of

these variations can be seen in the Oregon specimens. The plant has a

well-marked character. The largest Oregon leaves have a length of 9 cm.

and a width in the widest portion of 35 mm. The leaves vary much in

size and in other points. They are all decidedly inequilateral and tend

mostly to assume a spatulate shape, widening toward their ends. Occa-

sionally a leaf shows a narrowing at the tip, so that it is subacute. These

seem to be the central leaves of a group. But most of them are ver^^

obtuse at their ends and rounded. These are rounded off toward their

bases elliptically. The}' are apparently the lateral leaves of a group.

Some of the obtuse leaves are narrowed gradually to their base, giving

the base a prolonged wedge form. None were seen attached. The mid-

nerve shows considerable variation. In the leaves with prolonged wedge-

shaped bases it is carried two-thirds of the length of the leaf. In those

with the most marked inequilateral forms and elliptic bases it is not

so prolonged, going, at most, one-third of the length of the leaf; in

some it is hardly at all developed. The secondary nerves are not dis-

tinct. They are very closely placed and slender, anastomosing so as to

form long meshes. The branches in anastomosing meet at very acute

angles. One form that seems to belong to this species is abnormal in

being short, broad, and broadly elliptical, with a rounded base and hardly

any development of midrib. Another is alDnormal in being very small.

It is only 5 cm. long. This is but slightly inequilateral and may be a form

of Sagenopteris paucifolia. This is proportionally not smaller than the

fossil given by Zigno, pi. xxi, fig. 2, but it is narrower and proportionally

longer than Zigno' s plant.

From an inspection of the more alDundant and better material

obtained at the Oregon localities, I am convinced that this plant is the one

found in the Oroville flora and regarded as Sagenopteris Nilsoniana^

(S. rhoifolia Presl.).

PL XIV, Fig. 5, represents a normal leaf that is strongly inequilateral,

with a base that is rounded off in an elliptical form. Fig. 6 gives the ter-

"Flor. Foss. Form. Oolith., Vol. I, pp. 188-190, pi. xxi, figs. 1-5: pi. xxii, figs. 1, 2.

^Twentieth Ann. Rep. U. S. Geol. Surv., Pt. II, 1900, p. 352, pi. Iri, fig. 1; pi. Ira, fig. 2.
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minal portion of what was probably a central leaf. This is less inequilat-

eral than usual and is subacute at the tip. Fig. 7 shows a smaller sized

inequilateral leaf, with a prolonged wedge-shaped base. Fig. 8 shows

the basal portion of a large inequilateral leaf, with the wedge-shaped base

less prolonged, and showing a trace of the stipe. Fig. 9 gives an abnor-

mally small leaf. Fig. 10 shows an abnormal broad elliptic leaf, with little

development of the midnerve. Fig. 1 1 shows the nerves better than most

specimens.

The plant occurs abundantly at locality No. 19 and is not rare at No. 2.

It also occurs at localities Nos. 1, 7, and 16.

Sagenopteris paucifolia (Phill.) Ward n. comb."

PI. XV, Figs. 1-3.

1829. Pecopteris paucifolia Phill.: Geology of Yorkshire, p. 148, pi. vin, fig. 8.

1829. Pecopteris longijolia Phill. (non Brongn.) : Op. cit., p. 189, pi. viii, fig. 8

(probably misprint for P. paucifolia)

.

1830. Glossopteris PMllipsii Brongn.: Hist. Veg. Foss., Vol. I, p. 225, pi. Ixi bis,

fig. 5; pi. Ixiii, fig. 2.

1835. Otopteris cuneata L. & H.: Foss. Fl. Gt. Brit., Vol. II, p. 203, pi. civ.

1836. AcrosticJiites PMllipsii (Brongn.'-') Gopp.: Syst. Fil. Foss., p. 286.

"This is the plant that Mr. Seward (Jur. Fl. Yorksh. Coast, p. 162) calls "Sagenopteris PMllipsi (Brong-

niart)." He heads the synonymy with the reference to Brongniart's Hist. Veg. Foss., p. 225, where he describes

Glossopteris PhilKpsii, but dates it 1828. This, it is true, is the date of the first volume, but it is well known
that the work was published in parts, and it is very difficult now to ascertain the dates of the fascicles on

account of the vicious habit of destroying the covers in binding such volumes. M. Rene Zeiller has been

to great pains to determine the dates of the parts of this work and has been sufficiently successful for all prac-

tical purposes. His results may be found in the text to his monumental work on the flora of the coal basin

of Valenciennes. (Ministere des Travaux Publics. Etudes des Gites Minc^raux de la France. Bassin Houiller

de Valenciennes. Description de la Flore Fossile, par R. Zeiller. Texte. Paris, 1888. Index bibliograph-

ique, pp. 701fE, cf. p. 703). From this it appears that page 225 was in the 5th livraison, issued in 1830

together with pi. Ixi bis, containing the first figure. PL Ixiii, containing the other figure, was included in the

6th livraison, which appeared in 1831 or 1832. Now as Brongniart puts Pecopteris paurifolia Phill. in his

synonymy, it might have been seen that Phillips's work had then appeared, and that the date must have been

later than 1829. This also shows that Brongniart regarded Phillips's plant as the same as his, coming as

they all did from the same locality. He, of course, had no right to change the specific name, but the rules of

nomenclature were very loose in those days and still are with some authors. There seems to be no escape

from recognizing Phillips's name.—L. F. W.
''Although Goppert expressly excludes Brongniart's forms from his synonymy, and deals only with those

of Lindley and Hutton, he retains Brongniart's specific name, which is incomplete without his authority

attached. Goppert's reasons for separating the forms are no longer considered valid. Mr. Seward includes

the Aspidites Nilsonianus, to which Goppert refers Brongniart's forms, in his synonymy, but they form only

a part of it, and that name relates to Brongniart's Filicites Nilsonianus, which Presl later renamed Sagenop-

teris rhoijolia (cf. Twentieth Ann. Rep. U. S. Geol. Surv., Pt. II, 1900, p. 3.52). I therefore omit it from the

synonymy of this species.—L. F. W.
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1836. Adiantites irregularis Gopp.: Op. cit., p. 385.

1838. Oydopteris cuneata (L. & H.) Presl [non (Gopp.) Ung. nee Carr.J" in Stern-

berg: Flora der Vorwelt, Vol. II, p. 135.

1838. Txniopteris Phillipsii (Brongn.) Presl in Sternberg: Op. cit., p. 140.

1843. Sagenopteris f cuneata (L. & H.) Morr.: Cat. Brit. Foss., p. 20.

1849. Phylhpteris Phillipsii Brongn.: Tableau, pp. 22, 105.

1865. Gymnogramme cuneata (L. & H.) Ett.: Farnkrauter der Jetztwelt, p. 70.

1865. Gymnogramme PhUlipsii (Brongn.) Ett.: Op. cit., p. 71.

Forms that agree exactly with Sagenopteris jmucifolia are not rare

at some of the Oregon Jurassic locahties. The leaves vary a good deal

in size but are pretty constant in general shape. They ai'e narrowly ellip-

tical, sometimes so narrow in proportion to their length as to be linear-

elliptical. They narrow gradually to their bases and tips, so as to be

lancet-shaped at the end and wedge-shaped at the base. The narrowing

in some bases is more gradual than in others, so as to give the base a pro-

longed wedge shape. The nerves are not so closely or so copiously anas-

tomosed as in S. Goep-pertiana and are not so fine. The leaves are decid-

edly less inequilateral than in that species. Phillips ^ has pointed out that

the nerves depicted in the figure of Lindley and Hutton ' are not correctly

given. Certainly no such nerves occur in the Oregon plants. The mid-

nerve is mord distinctly defined than in S. G(&ppertiana, and is prolonged

farther in the leaf. Seward '* described two forms of this plant. One, the

form called originally Otopteris cuneata, is not found in the Oregon col-

lections. The other, given in fig. 8, agrees well with some of the Oregon

plants.

PL XV, Fig. 1, represents one of the largest leaves. It is nearly

entire. Fig. 2 gives a leaf with a base more elliptic in form. Fig. 3 shows

the basal portion of one of the smallest leaves seen. This plant is nowhere

abundant, but is pretty widely difi^used. It is most common at locality

No. 2, but occurs also at localities Nos. 1, 7, 14, 18, and 19.

"Unger (Synops. PI. Foss., p. 56) referred Goppert's Carboniferous species Adiantites cuneatus (Syst,

Fil. Foss., p. 226) to Cyclopteris, and Carruthers (Quart. Journ. Geol. Soc. London, Vol. XXVIII, August.

1872, p. 354) named a new species Oydopteris cuneata from the Carboniferous of Queensland.—L. F. W.
^Geology of Yorkshire, 3d ed., p. 203.

«Foss. Fl. Gt. Brit., Vol. I, pi. Lxiii.

f' Notes on some Jurassic Plants in the Manchester Museum, Manchester Memoirs, Vol. XLIV, Pt. Ill

1900, pp. 11-14, pi. iii, figs. 7, 8.
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Sagenopteris grandifolia Fontaine n. sp.

PL XV, Figs. 4, 5.

A single imprint and its reverse of what must have been a very large

leaf was obtained from locahty No. 7. It is evidently a Sagenopteris

quite different from either of the two above described. Unfortunately

the fragment is too small to show the size and shape of the leaf. It is a

portion of the upper part of a leaf and shows the margin on one side, a

portion of the midnerve, and some of the secondary nerves. The width

of the part preserved is 35 mm., indicating a leaf at least 7 cm. wide.

The midnerve extends well up in the leaf. The secondary nerves are

very strong, unusually remote, and flexuous. The anastomosis is more

open and less frequent than in either S. G(}ppertiana or S. paucifolia.

PL XV, Fig. 4, gives the only fragment seen, and Fig. 5 an area drawn

to show the nervation.

Family MARATTIACE^.

Genus DANiEOPSIS Heer.

DANiEOPSis Storrsii Fontaine n. sp.

PI. XV, Figs. 6-9.

Three specimens of a veiy fine fertile fern were found by Mr. Storrs

at locality No. 14. It has been found nowhere else. The fructification

is so near that of the living Dansea that it might be placed in that genus.

As, however, Heer's fossil genus Danseopsis has a similar fructification,

I prefer to place it in that genus. All three specimens seem to have

belonged together, being separated in sphtting the rock. The part fig-

ured has been mutilated, so as to separate what was once a continuous

fragment of an ultimate pinna extending from well down on it to near

its termination. The size of this indicates that the entire pinna must

have had a very considerable length, for the part preserved has a length

of 105 mm. This pinna evidently formed one of a number that were once

attached to a common rachis. The larger or normal pinnules are about

25 mm. long and 7 mm. wide. On the specimen figured they are distorted

and crowded together by pressure, causing them to appear unduly narrow.

In form they are oblong-linear and they are more or less falcate. The

tips are obtuse to subacute. They maintain the same width from the
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base to some distance above it and are attached b)^ the entire base. The
midnerve of the pinnules is distinct and maintained to near their ends.

The lateral nerves are not shown, but apparently in their place occur two
closely approximate parallel, paired bands, that, to the unaided eye, look

like very thick nerves. The lens shows that these bands are concrete

rows of minute punctiform bodies that seem to be the capsules. These

paired bands or rows leave the midnerve at a large angle, and, in the

case of two adjacent bands, go from a common point. They go nearly

parallel to one another, so as to meet the margin nearly at a right angle.

The paired bands seem to follow lateral nerves, one member of the pair

being on each side of a nerve.

This form is much smaller than the two Triassic fossils, Dana'opsis

marantacea Heer, and D. RumpRi Schimp. As stated before, the general

aspect of this plant is strikingly like that of Cladophlehis denticulata.

PI. XV, Fig. 6, shows the most complete specimen. Fig. 7 shows

an enlarged pinnule, and Fig. 8 a portion of this still further enlarged.

Fig. 9 gives another enlarged pinnule to indicate the distribution of the

capsules.

I name this plant for Mr. Storrs as a slight recognition of his valuable

work in collecting these plants.

Order EQUISETALES.

Family EQUISETACE.E.

Genus EQUISETUM Linnaus.

Equisetum ? sp. Fontaine.

PI. XV, Fig. 10.

The collections show no remains of algaj and no unequivocal Equi-

setum. There are a few fragments of small stems that may be some form

of Equisetum, but they are decorticated and of doubtful position. These

fragments are about 5 mm. in width and sometimes 5-7 cm. long. They

show ribs or cord-like cylindrical raised lines, running longitudinally, that

do not seem to be any form of nerve. No articulations are indicated and

no sheaths or teeth were seen. At most these forms are merety suggestive

of Equisetum. They are among the rarest of fossils. Such a form occurs

at localities Nos. 2, 7, and 19.
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Phylum SPERM^TOFHYT^.'^
Class GYMNOSPEEM.E.

Order CYCADALES.

Family CYCADACE^.

Genus PTILOZAJVIITES Nathorst.

Ptilozamites Leckenbyi (Bean) Nathorst.

PI. XVI, Figs. 1, 2.

1863. Otenis Leclienhyi Bean in Leckenby : Quart. Jour. Geol. See. London, Vol. XX,
p. 78, pi. X, figs, la, lb.

1864? Odoiitopteris f Leckenbyi (Bean) Zign.: Fl. Foss. Form. Oolith., Vol. I, p. 111.

1869. Cycadopteris Leckenbyi (Bean) Schimp.: Pal. Veg., Vol. I, p. 487.

1880. Ptilozamites Leckenbyi (Bean) Nath. : Ofv. K. Svensk. Vet.-Akad. Forh., Vol.

XXXVII, No. 5, pp. 65, 8.3.

Phillips has given a figure of a plant which he calls Odontopteris

Leckenbyi (Bean) Zign./ that agrees exactly with a small fragment found

at locality No. 19. Although the Oregon specimen is but a small fragment

of an ultimate pinna, it has several perfect pinnules that show the nerves

very distinctly. The form of the pinnules and the character of the nerves

are so entirely characteristic that a single pinnule would suffice to identify

the plant. The agreement of the pinnules and nervation with those

points in Phillips's figure is exact. The rachis is slender. The pinnules

are remote, attached by the entire base to the sides of the rachis and

slightly decurrent. They are oblong, falcate, narrowed at the ends by

having their posterior margins curve forward toward the ends of the

pinna. The nervation is of the Odontopteris type. There is no mid-

nerve, but the nerves go off at an oblique angle and curve suddenly and

strongly away from the rachis. They are subparallel and branch several

times, the center ones more copiously than the outer ones. The last

branching is near the tip of the pinnule.

This species differs from Ctenopteris cycadea Sap., of the Lias, in the

more falcate form of the pinnules, and especially in the more copious

branching of the nerves. The fact that nearly all the branches again

"See footnote to Brj'ophytii, p. 53. ''Geology of Yorkshire, 3d ed., p. 218, lign. 41.
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branch near the ends of the pinnule is a noteworth}- feature. The general

aspect of the plant is that of a cycad, and it is Idv no means certain that it

is not one."

Pl. XVI, Fig. 1, gives the only specimen seen, and Fig. 2 an enlarge-

ment of the same to show the details of nervation.

Genus NILSONIA Brongniart.

As stated under the head of Tseniopteris, there are in the Oregon

Jurassic certain taniopteroid forms, which, although constantly without

segmentation, must be placed with Nilsonia, l:>ecause the lamina is inserted

on the upper face of the midrib. In place of the midrib, when the upper

surface is presented uppermost, they show a cord in which the bases of the

lateral nerves on each side of the midrib are inserted. When, however,

the upper face is downward a midrib is visible. The plants have a rather

well-defined character. The leaves were mostly thin and easily lacerated

or puckered, giving sometimes a deceptive appearance of original segmen-

tation. The lateral nerves are single, parallel, of equal strength from

base to end, go off nearly at a right angle, and curve slightly toward the

ends of the leaves. They thus contrast strongly with the true Tseniopte-

rids. These unsegmented Nilsonias are the most abundant ones in the

Oregon Jurassic, far surpassing the segmented forms.

Nilsonia orientalis Heer.

PI. XVI, Figs. .3-9.

1878. Nilsonia orientalis Heer: Fl. Foss. Arct., Vol. V, Pt. II (Beitr. Foss. Fl.

Sibiriens), p. 18, pl. iv, figs. 5-9.

Heer has described as Nilsonia orientalis a fossil that is evidently the

same as a plant that is quite widely distributed in the Oregon Jurassic.

He indicates segmentation in some of his forms, but it may be that this is

accidental and due to imperfect preservation. The Oregon specimens are

aU without original segmentation, but, from mutilation, sometimes show

what looks like it. There are apparently in the Oregon fossils two varie-

ties, one the type of the species and the other a smaller form, which may

"Mr. Seward (Jur. Fl. Yorksh. Coast, p. 238) refers all these forms to Ptilozamiies (Ctenozamites) Leck-

enbyi (Bean) Nath., and regards them as cycadaceous. They certainly simulate ferns in many respects, and

it is proper that they stand first as being lowest in the grand division of seed-bearing plants.—L. F. W.
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be regarded as a variety and called var. minor. The chief difference is

in the lateral nerves.

There is a considerable difference in the size of the type forms. The

largest attains a width of 4 cm. The length in no case is shown, as the

specimens are all fragments of leaves. The longest fragment has a length

of 8 cm. The smallest fragment is only 2 cm. wide. The leaf was appar-

ently thin in texture, and the fossils are often found much puckered and

lacerated. When the upper surface is presented uppermost, as is generally

the case, a cord replaces the midnerve. In this cord the bases of the

lateral nerves of the lamina of each side of the midrib are inserted. These

nerves are very distinct, slender, and uniform in thickness from base to

end. As a rule, their bases are inserted at equal distances, and the nerves

go strictly parallel to one another in their course to the margin of the leaf.

Usually they are rather remote, being about three for every 2 mm. of

interval. They are inserted nearly at a right angle and curve slightly

toward the tip of the leaf. Very rarely, and as it were by accident, a

nerve forks, and sometimes in the same fashion two adjacent ones go off

from the same point of insertion. Such a pair may unite halfway up in

the lamina and go to the margin as a single nerve. These features are

clearly not essential ; although only fragments of leaves were obtained,

their mode of narrowing indicates that they were not long, and were in

form elongate-elliptical, obtusely rounded off at their bases and summits.

PL XVI, Fig. 3, gives, poorly preserved, a fragment which is the

longest that was found. Fig. 4 gives with better preservation a some-

what wider leaf in a fragment from the middle part. Fig. 5 shows a

fragment of a medium-sized leaf from the middle part, only the lamina

on one side being preserved, and showing a laceration that imitates

original segmentation. Fig. 6 is a small fragment from the middle part of

a medium-sized leaf. Fig. 7 gives a fragment from the middle part of one

of the smallest leaves, and Fig. 8 a portion of this enlarged. Fig. 9 shows

the puckering and laceration that imitates another kind of original

segmentation.

The plant occurs most abundantly at locality No. 18, but is found also

at localities Nos. 1, 2, 7, 8, 14, 16, and 17.



92 MESOZOIC FLORAS OF UNITED STATES.

NiLSONiA ORiENTALis MINOR Fontaine n. var.

PI. XVI, Figs. 10-13.

As a rule, the leaves of the plant here called Nilsonia orientalis

minor are decidedly smaller than those of the type, but the largest may
equal the smallest of the original species—that is, they may attain

the width of 2 cm. A nearly entire leaf of average size was found,

which shows that the variety minor was about 8 cm. long and 15 mm.
wide. The form was probably oblong elliptical, with subacute tips.

The lateral nerves are proportionally stronger than those of the species

and somewhat closer, being two to the millimeter, otherwise they are

as in the species. Heer, on pi. iv, fig. 5, of the work quoted (supra,

p. 151), gives a form that in shape and size resembles the variety now
in question. Fig. 8 of the" same plate may belong to this variety, for

Heer indicates that the plant represented in it and in fig. 5 had closer

nerves than the type.

PI. XVI, Fig. 10, gives a nearly entire medium-sized leaf, and Fig.

11 shows the summit of this enlarged. Fig. 12 shows the greater part

of one of the smallest leaves. Fig. 13 represents a fragment of the

middle part of one of the largest leaves.

The plant occurs most commonly at locality No. 7, and is also

found at localities Nos. 1, 2, 6, 8, and 19.

Nilsonia parvula (Heer) Fontaine n. comb.

PI. XVII, Figs. 1-7.

1S76. Txniopteris parvula Heer: Fl. Foss. Arct., Vol. IV, Pt. II, p. 98, pi. xxi,

figs. 5, 5b.

Heer has described from the Jurassic of Siberia a small tseniop-

teroid plant with the name Tceniopteris parvula, which is almost cer-

tainly the same as a plant that is very abundant at some of the Oregon

localities. Heer obtained only a single small bit of a leaf 5 mm. wide,

and naturally could not determine its true nature. The large number

of well-preserved specimens from Oregon show that the fossil is a

Nilsonia, belonging to the unsegmented kind. A midrib is sometimes

shown, and sometimes its place is taken by the cord characteristic of

the Nilsonias. This is according as the under or upper surface of the

plant is presented uppermost. The leaves vary much in width. In
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proportion to their width they are extraordinarily long. They must

have been pendulous. They range in width from 2 mm. or 3 mm. to

10 mm. Very few attain the latter width. Most of them are from

5-7 mm. wide. Their length is unknown. It may be estimated by

the fact that one specimen was found 125 mm. long, widening gradu-

ally until it attained the width of 7 mm. Usually the change in width

is imperceptible in short fragments, and they look like blades of grass.

The midrib, when visible, is in the larger leaves proportionally quite

wide and flat. In all it is proportionally strong. The lateral nerves

are of the usual kind in the entire Nilsonias, and they are in this species

well defined, but are too fine to be seen in most cases without the help

of a lens. This is on account of the thick leaf substance, which differs

in that respect from N. orientalis. None of them were seen to fork.

The leaf shows no trace of segmentation, and is remarkably free from

accidental laceration, imitating segmentation.

The wider forms of this plant much resemble the fossil called by

Yokoyama Nilsonia ozoana," but the nerves are not strictly at right

angles and are stronger. Besides, there is no possibility of separating

them from the narrower forms.

PI. XVII, Fig. 1, represents the longest specimen found. It gives

a good idea of the extreme slenderness of the leaves, for at its widest

end it is only 7 mm. wide. It is a portion of what was a much longer

leaf, which probably did not have anywhere a width much above 7 mm.

The specimens represented in Figs. 2 and 3 both occur on the same

rock fragment with the plant depicted in Fig. 1. In Fig. 2 a fragment

of medium size is represented. Fig. 3 gives a small portion of one of

the narrowest leaves. Fig. 4 gives a portion of one of the commonly

occiu-ring smaller leaves, and Fig. 5 shows a portion of this enlarged.

Fig. 6 shows a fragment of one of the largest leaves, a kind not often

found. This in width approaches the smaller forms of Nilsonia ori-

entalis minor, but is a much longer leaf. A portion of this is shown

enlarged in Fig. 7.

The plant is exceedingly abundant at locahties Nos. 2, 6, and 19,

thickly covering faces of the rock. It is very abundant at No. 4, and

is also found at Nos. 7 and 15.

"Yokoyama, Jurassic, plants from Kaga, etc.: Joum. Coll. Imp. Univer. Japan, Vol. Ill, Pt. I, pp. 41-42,

pl.x, figs. 2b, 11-14.
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NiLSONiA NiPPONENSis Yokovama.

PI. XVII, Figs. S-10.

1889. Nilsonia nipponensis Yok. : Journ. Coll. Sci. Imp. Univ. Japan, Vol. Ill,

Pt. I, p. 42, pi. vi, fig. Sd; pi. xii, fig. 6; pi. xiii, fig. 1.

Several specimens of a plant were found at localities Nos. 2 and

14 that agree closely with Yokoyama's Nilsonia nippo7iensis, except

that the segments are not quite so much rounded off on the posterior

margins of the ends. Yokoyama's specimens, however, seem to be

somewhat distorted, and even this unimportant difference may be

accounted for in that way. It is probable that several of the forms

from the Jurassic of Siberia, called by Heer Pterophyllum and Anomoz-

amites, belong to the same species. Their segments agree exactly in

form, and the appearance of the midrib may be due to the fact that

the lower surface of the plant is presented uppermost. The forms

alluded to are Ayiomozamites Schmidtii and Pterophyllum Helmersenianum.

The segments of this plant are broad and short. The nerves are slender,

but sharply defined. They are simple and parallel to one another and

to the margins of the segments.

The fragment given in PI. XVII, Fig. 8, is apparently from the

middle part of a leaf. Fig. 9 shows several segments of this enlarged.

Fig. 10 shows the basal part of a leaf and illustrates the tendency to

irregularity of the segments in this part of the leaf. The segments

on opposite sides of the midrib are quite unequal in width, and at the

end of the fragment the segments are succeeded by a narrow lamina

on each side that is entire. The midril^ of this specimen has great

strength.

Nilsonia compta (Phillips) Goppert.

PI. XVII, Figs. 11-14.

1828. Pterophyllum Williamsonis Brongn.; Prodrome, pp. 95, 199 (nomen)."

1829. Cycadites comptus Phill.: Geology of Yorkshire, pp. 148, 189, pi. vii, fig. 20.

1833. Pterophyllum comptum (Phill.) L. & H.: Foss. Fl. Gt. Brit., Vol. I, p. 187,

pi. Ixvi.

a As no description or figure ever accompanied the use of this name it may, although antedating all others,

be dropped as a nomen nudum ; still, as Brongniart in his Tableau, 1S49, distinctly enters it as a synonym

of Nilsonia «ompto, and as numerous authors (Morris, Goppert, Unger, etc.) have introduced it into the

literature, it can not well be omitted from the synonymy.—L. F. W.
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1844. Nilsonia compta (Phill.) Gopp.: Uebersicht d. Arbeiten d. Scliles. Ges. f.

Vaterl. Kultur, 1843, p. 139.

1870. Pterozamites comptus (Phill.) Schimp.: Pal. Veg., Vol. II, p. 147.

Several specimens of a plant were obtained from localities Nos. 7

and 19 that seem to be identical with the fossil called by Lindley and

Hiitton Pterophyllum comptum," which is now regarded as a Nilsonia.

The Oregon specimens, in the shape of their segments, agree best with

Schenk's figure of this species." The specimens are poorly preserved

and show only small portions of the leaves. The segments vary in

size. They are oblong in form, shghtly falcate and obtuse at the ends,

with the posterior margins of the ends more curved than the anterior,

so as to produce a narrowing at the ends. From distortion some of

them seem to be wider at their bases, but are not really so. The lateral

nerves are slender but distinct. They go off nearly at a right angle,

are parallel to one another, and single. They curve slightly forward

toward the ends of the leaves. The longer segments are 15 mm. in length,

but they vary in length and width. The average width is about 6 mm.
The smaller segments do not surpass 10 mm. in length and 4-5 mm. in

width. Some of the basal segments are abnormally wide, as if from

consolidation of two adjacent ones, but this is evidently not an essential

feature. This heteromorphous form in basal segments seems to be a

common feature in cycadaceous leaves segmented after the fashion of

Pterophyllum. Such segments are shown in PL XVII, Fig. 14.

PL XVII, Fig. 11, shows the smaller form of the Oregon plant,

and Fig. 12 a single segment enlarged. Fig. 13 represents the larger

form. This specimen is somewhat distorted in the ends of the segments,

so that they appear wider at their bases. Fig. 14 represents a fragment

from the basal part of a leaf.

fflFoss. Fl. Gt. Brit., Vol. I, pp. 187-190, pi. Ixvi. .

^Schenk, Pflanzliche Versteinerungen aus Richthoten's China, Vol. IV, p. 262, pi. liv, fig. 2b.
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NiLSONiA PTEEOPHTLLOiDES Nathopst non Yokoyama.

PI. XVIII.

1878. Nilssonia pterophi/IIoides Nath. [non Yok."]: Foss. FI. vid Bjuf, Hft. I,

p. 11 (nomen).

1879. Nilssonia pterophylloides Nath. [non Yok.]: op. cit., Hft. II, p. 72, pi. xvi,

fig. 1; pi. xvii, figs. 2, 3.

Several specimens of a plant were obtained from the Oregon Jurassic

strata that seems to be identical with the Nilsonia pterophylloides of

Nathorst, occurring in the Rhetic of Sweden. Nathorst's forms, how-

ever, seem to be rather larger than those from Oregon. Yokoyama

has described from Japan, with the name Dioonites Kotoei,'' a similar

form, which, although smaller than the Oregon type, seems to be essen-

tially the same and to be a Nilsonia rather than a Dioonites. It is true

that Nathorst shows his leaflets as going off at an acute angle, whereas

the Oregon forms have leaflets that are inserted at nearly or quite a

right angle. But all of these are distorted, and the true angle of inser-

tion may be diffei'ent, or Nathorst's plants may show the leaflets of

the upper part of the leaf, while in the Oregon specimens they may
belong to the lower portions, where, as is common in segmented leaves

of this type, the segments make a larger angle with the axis than they

do in parts nearer the ends of the leaves. Only fragments of leaves,

rather poorly preserved, were obtained. Judging from the specimens,

the leaflets were inserted by the entire, not widened, bases of the upper

face of the axis. They are linear in form, widest in the lower portion,

and narrowing gradually toward the end. The ends in no case were

preserved, so that their true nature can not be determined, and their

full length is not known. The leaf texture seems to have been thin.

In some of the specimens; owing to distortion just above the bases of

the leaflets, the bases appear widefied. The greatest length of leaflet

seen is 65 mm., the tips not being preserved. The width near the base

of the widest leaflet is 5 mm. The nerves are about 7 in number. They

are inserted at the same angle as the leaflets, are single, and of equal

« Yokoyama in 1894 named a form from the Mesozoic of Japan Nilssonia pterophylloides as a new species

(Journ. Coll. Sci. Imp. Univ. Japan, Vol. VII, Pt. Ill, 1894, pp. 207, 228, pi. xxii, figs. 8-10; pi. xxv, fig. 7).

It proves to be the Nilsonia calijomica Font, of the Shasta group. See p. 252.—L. F. W.
6 Journ. Coll. Sci. Imp. Univ. Japan, Vol. Ill, Pt. I, pp. 44-45, pi. vii, figs, labc, le; pi. xiv, fig. 14.
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strength from near their bases to their ends. The.y are distinctl}" defined,

but slender.

PL XVIII, Fig. 1, shows the largest specimen seen, in which the

leaflets are considerably distorted, none being entire. The narrowing

above the bases of the leaflets, due to distortion, causes the bases to

appear too wide. Fig. 2 gives leaflets of the smallest size, they being

shown on only one side of the rachis. Fig. 3 shows four of the seg-

ments enlarged. Fig. 4 gives a fragment of a leaf with the longest

leaflets seen. Fig. 6 is an enlargement of one of them. Most of them

are narrower than common and are distorted in width from pressure,

but some seem originally to have been wider than the rest. Fig. 5

gives parts of some of the widest leaflets in which the base and apex

are not preserved.

The plant occurs rarely at locahties Nos. 2, 7, and 19.

Genus PTEROPHYLLUM Brongniart.

Pterophyllum Nathorsti Schenk.

PI. XIX, Figs. 1-6.

1883. Pterophyllum Nathorsti Schenk: Pflanliche Versteinerungen aus Richthofen's

Clrna, Vol. IV, p. 261, pi. liii, figs. 5, 7.

Schenk has described with the name Pterophyllum Nathorsti a

fossil from the Jurassic of China that agrees closely with an important

plant in the Oregon beds. The plant is exceedingly abundant at some

of the localities and the large number of specimens obtained give a

good idea of its character. The leaf was evidently quite long in propor-

tion to its width, but in all cases it was small. Most of the Oregon forms

are rather smaller than the two given by Schenk, but specimens can

be selected that equal these in size. The leaves were linear elliptical

in shape, wider in the central portion, and, from the shortening of the

segments, narrowing toward the base and apex. The longest fragment

seen is 85 mm. long, without showing the base and tip. In this the

longest segments are in the upper end, showing that this was near the

middle of the leaf. These segments are about 7 mm. long, so that the

entire leaf was about 17 cm. long and 15 mm. wide in its middle portion.

The leaves apparently had a petiole. The leaf substance was pretty

MON XLVIII—05 7
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thick, for it leaves a film of coal, and the lateral nerves of the segments

are usually hidden. The axis of the leaf is quite strong and rigid in

proportion to the dimensions of the segments or leaflets. The leaflets

on different leaves in the same positions vary a good deal in length

and width and in the proportion of length to width. They are, as

stated, always shorter toward the ends of the leaves, and toward the

base are often proportionally wider. Sometimes in that position they

are markedly irregular in form, the width being abnormallj^ great. In

describing the leaflets we must take the average of more common forms

found toward the central portions of the leaves. The leaflets are at-

tached nearly or quite at a right angle, by their entire bases, which

are of the same width as the main portion of the leaflet. They are

linear with parallel sides. The attachment is to the sides of the midrib

or axis of the leaf. They are slightly falcate, but may be straight.

The tip is obtuse and rounded off, but narrowed somewhat b)' the pos-

terior margin curving forward. The nerves of the leaflets are few in

number, 5-7, and slender, being generally not visible without the help

of a lens. They are attached at the same angle as the leaflets, and

are parallel to one another and to the margins of the leaflets. They

are not forked, and are of equal strength from their insertions to their

ends. The average leaflets are about 8 mm. long and 2 mm. wide.

They may, however, be only 3 mm. long and 1 mm. wide.

The plant has in the form of the leaflets a resemblance to the two

fossils figured by Lindlej^ and Hutton as Pteroiphyllum pecten (Phill,)

L. & H." and Zamia taxina L. & H.*" It resembles the latter more closely,

but the leaflets are mostly smaller and closer. It has the leaflets much
closer than the former.

PL XIX, Fig. 1, gives the largest fragment seen. It shows well the

increase in the length of the leaflets in ascending from the base, and the

greater width of the basal ones. Fig. 2 gives a fragment of the middle

portion of a leaf having average leaflets, and Fig. 3 shows a portion of

this enlarged. Fig. 4 represents a fragment from a similar part of the

leaf, with narrower leaflets. Fig. 5 gives a basal portion of a small leaf.

Fig. 6 shows a fragment of the middle part of a leaf, with wider and

shorter leaflets than usual. In these the nerves are rather more remote

than is common. They are 5 in number.

aFoss. Fl. Gt. Brit., Vol. II, pp. 61-62, pi. cii. ^Op. cit., Vol. Ill, p. 67, pi. clxxv.
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The plant is very abundant at locality No. 7, and is here only inferior

in quantity to Pterophyllum rajmahalense. (See p. 102.) It is very
abundant at locality No. 4 and is common at locality No. 2. It occurs
at localities Nos. 8, 12, and 19.

Pterophyllum contiguum Schenk.

PI. XIX, Figs. 7-11.

1883. Pterophyllum contiguum Schenk: Pflanliche Versteinerimgen aiis Richt-
hofen's China, Vol. IV, p. 262, pi. liii, fig. 6.

The fossil from the Jurassic of China, described by Schenk as Ptero-
phyllum contiguum, seems to be the same as a plant that is not rare at some
of the Oregon locahties. Schenk seems to have had only one specimen
and could not determine its full character. The Oregon specimens are
fragments mostly of the middle portions of leaves. The midrib is very
strong and rigid in proportion to the size of the leaflets. The leaflets are
quite thin in texture. They are linear in form, of the same width from
base to apex

;
not falcate, but straight. They are very obtuse at their

ends and symmetrically rounded off there. They stand at right angles to
the rachis. Their form is much hke that of the leaflets of P. mquale, but
they are mostly narrower. They vary a good deal in size, being in some
cases almost as small as the smallest of the leaflets of P. Nathorsti. The
average leaflet is about 2 cm. long and a little more than 2 mm. wide.
The smallest forms are somewhat less than 10 mm. long and 2 mm. wide.
These are rare. Schenk shows the leaflets as simply touching one another,
but in many of the Oregon forms they not only touch but seem to be
united, so as to show between two adjacent leaflets what looks like a strong
nerve or cord. This may be simply a line of the rock matter squeezed
between the adjacent leaflets. The distinguishing character of the plant
is the constant close approximation of the leaflets. The nerves are slender,
and to be seen require the help of a lens. They are about 5 in number,
simple, and parallel to one another and to the margins of the leaflets.

PI. XIX, Fig. 7, gives a portion of the middle part of a leaf carrying
leaflets of the largest size, and Fig. 8 shows a portion of this enlarged.
Fig. 9 shows a similar part of a leaf with leaflets of the narrowest kind, and
Fig. 10 a portion of the same enlarged. Fig. 11 represents a poorly pre-
served portion of a leaf with the narrowest leaflets.

The plant is most common at locality No. 7, where it is abundant.
It is also found at localities Nos. 4 and 19.
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Pteeophyllum ^quale (Brongniart) Nathorst.

PL XX.

1825. Nilsonia ? sequalis Brongn. : Ann. Sci. Nat. Paris, Vol. IV, p. 219, pi. xli,

fig. 6.

1828. PteropJiyUum dubium Brongn.: Prodrome, p. 9.5.

18.38. Zamites sequalis (Brongn.) Presl in Sternberg: Flora der Vorwelt, Vol. II,

p. 198.

1841. Ptihphyllum sequale (Brongn.) Morr. : Ann. & Mag. Nat. Hist., Ser. I, Vol.

VII, p. 117.

1878. Pterophyllum sequale (Brongn.) Nath.: Foss. Fl. vid. Bjuf, Hft. I, p. 11

(nomen); K. Svensk. Vet.-Akad. Handl., Vol. XVI, No. 7, pp. 18, 48,

pi. ii, fig. 13; pi. vi, figs. 8-11.

Nathorst has given from the Rhetic of Sweden, with the name Ptero-

phyllum cequale," two forms that seem to me to belong to different species.

The plant figured in his Floran vid Bjuf, Heft II, pi. xv, fig. lla, as

P. cequale rectangulare seems to be identical with P. rajmahalense ''

from India. This I infer from the fact that the true P. cequale and P.

rajmahalense are both abundant in the Oregon flora, and are quite

constant in character, with differences sufficient to denote that they are

different plants. It is true that a few forms are intermediate between

the two, but they are exceptions, and not sufficient to establish a passage

of one form into the other. In plants of this type there could not be a

variation in the size of the leaflets without approaching the one or the

other type, and in the great number of specimens that were obtained they

are to be expected. They should be interpreted not as true passage forms,

but rather as aberrant and accidental. It is possible to select in the

many specimens a few forms that would make a passage from the largest

of the rajmahalense type to the most minute of the P. Nathorsti leaves.

The leaf substance of P. cequale is thinner than that of P. rajmahalense.

The rachis is comparatively slender. No entire leaves were seen. The

leaflets are long in proportion to their width, appearing slender, and con-

trasting in that point with those of P. rajmahalense. They are linear,

with the margins parallel to each other, and are mostly slightly falcate.

"Floran vid Hoganiis, p. 18, pi. ii, fig. 13, pp. 48-49, pi. vi, figs. 8-11; Floran vid Bjuf, pp. 67-68, pi.

XV, figs. 6-10.

''Oldham and Morris, Foss. FI. of the Rajmahal Series, p. 25 (Fbss. Fl. Gondw. Syst.,Vol. I), pi. xiii,

figs. 3, 4, 5; pi. xiv, fig. 2; pi. xviii, fig. 2.
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They are attached by the entire base to the sides of the axis of the leaf,

nearly or quite at a right angle. The width is the same from the base to

near the tip, where they are usually slightly narrowed, so that they have .

elliptic terminations. They are generally not very closely placed. They

vary somewhat for different leaves in length and width, and in the same

leaf become shorter toward the base and probably toward the end. No

ends were seen. Taking the leaflets from near the middle part of the leaf

as the normal ones for description, the average length may be put at 25

mm. and the average width at 3-4 mm. As extreme variations we may

have in similar parts leaflets 35 mm. long and 6 mm. wide for the maximum

size and 10 mm. long and 3 mm. wide for the minimum. The variation is

mainly in length. Nathorst in his diagnosis of the species says that the

nerves of the leaflets are mostly dichotomous at base. In the Oregon

specimens they may be dichotomous at or near their bases, but they are

mostly single, especially in the smaller forms. They are parallel to one

another and slender, not being easily seen without the help of a lens.

They do not vary much in strength from their base to their ends, and are

10-12 in number.

PI. XX, Fig. 1, gives a portion of what seems to have been the middle

part of a leaf, with leaflets of maximum size. The terminations of most

of them are not shown. Fig. 2 shows a fragment of a similar part of a

leaf carrying narrower leaflets, but of a length equal to that of those given

in Fig. 1. This large form is quite common at locality No. 2 and is mostly

missing elsewhere. It is strikingly hke P. Jcegeri Brongn. of the Trias.

Fig. 3 is an enlargement of two of the leaflets of Fig. 2. Fig. 4 shows the

middle part of a smaller form with leaflets still rather wider than the

average. Fig. 5 gives a fragment of a leaf with leaflets that may be taken

as average ones. Fig. 6 shows the middle pai't of another leaf with

average-size leaflets. Fig. 7 shows the upper part of one of the leaves

with the smallest leaflets.

The plant is most common at locality No. 7, where the average and

smaller forms are found. The larger forms are abundant at locality No. 2.

to the exclusion of others. It occurs also at locahties Nos. 1, 4, and 19.
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Ptekophtlltjm rajmahalense Morris.

PI. XXI, Figs. 1-7.

1863. Pterophyllum rajmahalense Morr. in Oldham & Morris: Foss. Fl. Gondw.

Syst., Vol. I, p. 25, pi. xiii, figs. 3-5; pi. xiv; pi. xviii, fig. 2.

1876. Pterophyllum Sensinovianum Heer: Fl. Foss. Arct., Vol. IV, Pt. II (Jura-Fl.

Ostsibiriens)
, p. 105, pi. xxiv, fig. 8.

The plant regarded as Pterophyllum rajviahalense is one of the most

important and characteristic of the Oregon Jurassic fossils. Hundreds of

specimens were collected at some of the localities. Manj'- of them are

well preserved and a larger portion of the leaf is often obtained than is

found in the case of most of the plants of the region. Hence all parts

of the leaf are well represented. The leaves do not seem to have been

long. They are remarkable compact and strong. The largest fragment

seen is 18 cm. long. The base and apex are missing. It indicates a leaf,

exclusive of the petiole, about 25 cm. long, and this may be taken as about

the maximum length. The leaf substance must have l^een very thick and

leather-like, for a strong film of coal is left. The leaf is narrowly ellip-

tical and widest near the middle, narrowing gradually toward the base and

apex. It is terminated by a pair of leaflets that are abruptly diminished

in size. The axis or midrib is strong. One is 5 mm. wide, having a petiole

of considerable length. This is shown only partially when preserved.

The leaflets vary a good deal in size in the same leaf and in different ones.

The variation is chiefly in width, the length remaining remarkabl}^ con-

stant in similar parts of different leaves. They are always quite wide in

proportion to their length. Occasionally one or two aberrant forms,

wider oi' narrower, are located in the midst of normal forms. They are

usually closely placed. In very rare cases their margins touch. In one

case the leaflets appear to be consolidated. They are on different sides

of the axis, mostly opposite. They become shorter toward the base and

apex. There is a marked tendency to aberrant forms in the basal leaflets.

The lowest ones are often much wider than the others, as if two adjacent

ones had become consolidated. These then look like leaflets of Nilsonia

nippcnensis. They are attached by the entire base to the sides of the

axis at a right angle and are perfectly straight, with no tendency to a

falcate shape. The}^ are oblong, with parallel margins, and of the same

width from base to apex. The tips vary somewhat. In the most com-
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mon form the leaflet maintains its width to the end, where it is rounded

off with a semicircular curve. The)- are sometimes truncate. In the

rarer cases the tip is narrowed by l^eing rounded off obliquely on its pos-

terior terminal margin. The average leaflets from the middle portion of

the leaves may be taken as having a length of 18 mm. and a width of

5 mm. Those of maximum size from the same part of the leaf may attain

a length of 20 mm. and a width of 8 mm. The smallest leaflets from

similar parts are 15 mm. long and 4 mm. wide. The nerves are very fine

and rarely visible. They can be seen distinctly only with the help of a

lens. They are attached at a right angle to the axis, are parallel to one

another, and not forked. They vary somewhat in number according to

the width of the leaf. About 15 may be taken as the average, but 17 or

more may occur. They do not vary in strength from one end to the

other. Most of the forms given by Oldham and Morris from the Indian

Rajmahal series are larger than the average forms from Oregon, but the

Rajmahal Pterophylla generally show a remarkable robustness.

This plant was found in the Oroville flora" in a few specimens forming

an important connecting link between that and the Oregon Jurassic.

Heer describes from the Jurassic of Siberia a fossil that he names Ptero-

phyllwn SensinovianmnJ' This seems to be the same as the plant now

in question. He separates it from P. rajmahalense because it has fewer

nerves, but he says the nerves are obsolete, and, as he had in hand only

one small fragment, it is not probable that he saw all the nerves. In the

hundreds of specimens found in Oregon only a few show the nerves

distinctly enough to count them.

PI. XXI, Fig. 1, shows the lower portion of a leaf with leaflets of

medium size. Fig. 2 is an enlarged portion of Fig. 1. Fig. 3 gives a

similar part of another leaf, with short, wide leaflets, the lowest ones

abnormally wide, and also a portion of the petiole. Fig. 4 gives the ter-

minal part of one of the smallest leaves, showing the two end leaflets

abruptly much reduced in size. These are enlarged in Fig. 5. Fig. 6

gives the basal part of a leaf carrying leaflets of the greatest width, and

showing an abnormal widening of the basal ones. Fig. 7 shows nearly

an entire leaf with leaflets of the largest size.

a Twentieth Ann. Rep. U. S. Geol. Surv., Pt. II, 1900, p. 354, pi. Ivi, figs. 4, 5.

6F1. Foss. Arct., Vol. IV, Pt. II, p. 105, pi. xxiv, fig. 8.
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The plant occurs with an immense number of imprints at locahty

No. 7, where it stands next to the Ginkgos in number. It is found also

at localities Nos. 1, 4, 14, and 19.

Pterophyllum minus Brongniart?

PL XXI, Figs. 8, 9.

1825. Pterophyllum minus Brongn.: Ann. Sci. Nat. Paris, Vol. IV, p. 219, pi. xii,

fig. 8.-

Several specimens of a small plant that is much like the Pterophyllum

minus figured by Lindley and Hutton^ are found at locality No. 7. The
plant is somewhat smaller than the form figured in Fossil Flora, but is

of the same type. The leaflets are about 5 mm. long and 3 mm. wide.

They are closelj^ placed, touching by their edges. Thej^ are at right

angles to the midrib and of equal width from base to tip. The ends are

truncate or slightly rounded. The nerves are about 12 in number, single,

perpendicular to the midrib, and parallel to one another. They are slender

and can be seen onlj^ obscurely, even with a lens. The plant sometimes

approaches the wider forms of Pterophyllum Nathorsti. It may be a

Nilsonia, but a strong midrib is always shown. The amount of material

is too small and too poorly preserved to permit positive identification with

the plant of Lindley and Hutton.

PI. XXI, Fig. 8 shows the specimen natural size and Fig. 9 the

upper part enlarged.

"Professor Fontaine does not refer to this figure nor cite this memoir, and Mr. Seward also ignores it.

It is an obscure and httle-known paper, but important as being the one in which the genera Pterophyllum

and Nilsonia were first named. The plates of the early volumes of the Annales are difficult to find, being in

quarto form and usually bound up in atlases that cover several volumes of the te.xt. The}' are wanting in

many libraries and are generally overlooked by bibliographers. The plants were from the Rhetic of Hor in

Scania, but Lindley and Hutton identified a YoJrkshire Oolitic form with this species, and it is their figure

that Professor Fontaine refers to. Lindley and Hutton give the name Pterophyllum Nilsoni to another figure

on the same plate, identifying it with the Aspleniopieris Nilsoni ? figured by Phillips in his Geology of York-

shire, 1829, pi. viii, fig. 5, which in turn was supposed by him to be probably the plant so named by Stern-

berg in his Flora der Vorwelt, Vol. I (Tentamen, p. xxii, also index and index iconum), pi. xliii. figs. 3-5,

but which he first (fasc. IV, 1825, p. 40) called Asplenium Nitsonii. Mr. Seward, without mentioning these

early figures of Brongniart and Sternberg or their types, has used Sternberg's name (crediting it to Phillips)

and grouped a large number of forms under the combination " AnomozamUes Nilssoni (Phillips)." Pro-

fessor Fontaine, after receiving his Jurassic Flora of the Yorkshire Coast, and fully weighing the question,

declines to follow him in this, and prefers to retain the name Pterophyllum minus.—L. F. W.
b Foss. Fl. Gt. Brit., Vol. I, pp. 191-192, pi. Ixvii, fig. 1.
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Genus CTENOPHYLLUM Schimper.

Ctenophyllum angustifolium Fontaine.

PI. XXII.

1896. CtenopTiyllum angustifolium Font.: Am. Journ. Sci., 4th ser., Vol. II, p. 274

(nomen.).

1900. Cteiwphyllum angustifolium Font.: Twentieth Ann. Rep. U. S. Geol. Siirv.,

1898-99, Pt. II, p. 360, pi. Ixiii, figs. 2, 3.

Ctenophyllum angustifolium was found for the first time in the Oroville

flora, in which only two imperfect specimens were seen. This fossil is

quite abundant in the" Oregon Jurassic flora at locality No. 2, where a

number of fairly good specimens were obtained. The characters made out

in the Oroville specimens' are seen in those from Oregon. While the latter

are much larger, they do not show the bases and tips of any of the leaves,

which still remain unknown. The leaves must have had a considerable

size, for fragments 8 cm. long were obtained that indicate that, without

the petiole, they must have been at least 15 cm. long. The leaves seem to

have been oblong elliptical in form, narrowing to the base and apex.

The axis is strong. The leaflets seem to have had a different angle of

attachment according to their position on the leaf. They were, in the

basal portion, perpendicular to the axis. In the higher parts they

become more and more inclined. They were usually somewhat falcate,

more so in the upper parts of the leaf. The leaf substance was thick and

dense. They are slightly expanded where the base is attached, and keep

their width unchanged to above the middle of the leaflet, then narrow

gradually to the tip. They are very narrow and linear in form. The tips

are obtusely rounded off. In the same position on the leaf they may vary

somewhat in width, a few being a little wider or narrower. Taking the

leaflets from the middle portions of the leaves for measurement, there is

some small variation in different leaves. The wddest leaflets seen did not

have their ends preserved. They have a width of 3 mm. The narrowest

leaflets are only 2 mm. wide. The longest leaflet seen, probably not

actually the longest, is 6 cm. long and 2 mm. wide near the base. The

leaflets are rather remotely placed. The nerves are slender, and not

easily seen without the help of a lens. They are unbranched, attached at

the same angle as the leaflets, and about 5 in number.
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PL XXII, Fig. 1 shows a form with the widest leaflets; Fig. 2 gives a

fragment showing the greatest length of leaflets in leaves of average

width, and Fig. 3 a few of these enlarged a little; Fig. 4 shows a pretty

large fragment with leaflets of the narrowest kind; Fig. 5 includes two

fragments with leaflets of average width, having some irregular in size.

The plant is quite common at locality No. 2, and occurs also at locality

No. 1.

Ctenophtllum pachtnerve Fontaine n. sp.

PI. XXIII, Figs. 1-4.

A plant regarded as a new species of Ctenophyllum was found, with

several specimens, in the Oregon flora. It has some resemblance to

Ctenophyllum grandifolium Storrsii," but is a much smaller plant. The

variety Storrsii, in the description of the Oroville flora, was erroneously

drawn, with anastomosing nerves. The species now in question is rare,

and the specimens are mostly poorty preserved, but it has such a dis-

tinct character that it differs certainly from any previously described

form. The midnerve or axis of the leaves is not well shown, but seems to

be slender. The leaflets vary somewhat according, apparentlj^, to their

position on the leaves. The}^ are attached by their entire base to the sides

of the axis. Apparently they stand at right angles to the axis in the lower

portion of the leaves and are there straight. In the upper parts of the

leaves they are inclined to the axis at angles more acute as the ends of the

leaves are approached. In these positions the}' are slightly falcate. All

are linear in form, widest in the lower part, and narrow toward their tips,

having obtuse ends. In some of the specimens distortion has caused the

insertion of the leaflets to appear somewhat widened, which is not really

the case. The upper leaflets are more closely placed than the lower ones.

The latter are sometimes quite remote. The upper falcate leaflets are the

only ones showing their full length. They are 5 cm. long and 4 mm. wide.

The leaf substance was thick and leather-like. The most characteristic

feature is seen in the nerves of the leaflets. These are 5-7 in number,

attached under the same angle as the leaflets, mostly single and parallel to

one another. They are peculiarly strong and stand out like threads,

causing the leaflets to appear striated. In the upper falcate leaflets no

« Twentieth Ann. Rep. U. S. Geol. Surv., Pt. II, 1900, p. 359, pi. liii, fig. 3: pi. Ixii; pi. bdii, fig. 1 : pi. Ixvi,

fig. 3.
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forking was seen in the nerves; in the lower ones a nerve occasionally

forks above the point of insertion.

PL XXIII, Fig. 1, gives a considerable portion of the upper part of a

leaf with obliquely placed leaflets. Fig. 2 represents a fragment of the

basal part of a leaf containing the basal portion of some remote, narrow

leaflets. Fig. 3 shows a similar part of a leaf canying the basal parts

of several larger and more closely placed leaflets. Fig. 4 shows two of

these leaflets enlarged.

The plant is rare everywhere. It is most common at localities

Nos. 18 and 19.

Ctenophyllum Wardii Fontaine.

PI. XXIII, Figs. 5-12.

1896. Ctenophyllum Wardii Font.: Am. Journ. Sci., 4th ser., Vol. II, p. 274 (nomen).

1900. Ctenophyllum Wardii Font.: Twentieth Ann. Rep. U. S. Geol. Surv., 1898-99,

Ft. II, p. 357, pi. lix; pi. Ix; pi. Ixvii, fig. 5.

A considerable number of specimens of a plant that agrees well with

Ctenophyllum Wardii were found at some of the Oregon localities. They

are very fragmentary, and do not compare with the fine specimens found

in the Oroville flora. Nearly all the specimens are fragments of unat-

tached leaflets, poorlj^ preserved. The midrib indicated on the Oregon

plants seems wider than that seen in the Oroville specimens, for one shows

a width of 5 mm. The leaflets have about the same range in width as

those of Oroville. The widest have a width of about 2 cm. and the nar-

rowest about 1 cm. The nerves are numerous, fine, and closely placed.

They are prominent, and not immersed in the leaf substance, but stand out

like threads. They fork mostly at their base, and sometimes, but rarely,

higher up. Some are single. Very rarely an anastomosis may be detected,

but it is clearly not an essential feature.

Fig. 5 shows parts of several leaflets evidentlj^ once united to a com-

mon midrib, and Figs. 6 and 7 are enlargements of two of these. Fig. 8

includes portions of two large leaflets, probably of their middle parts.

Fig. 9 gives part of a small leaflet. Fig. 10 shows part of a midrib and

several attached fragments of leaflets shown on only one side of the midrib.

Fig. 11 shows a fragment of the upper part of a leaf with portions of several

leaflets attached. Fig. 12 is an enlargement of Fig. 11.

It occurs at localities Xos. 1, 2, 7, 11, 17, and 19.
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Genus PODOZAMITES Friedrich Braun.

PoDOZAMiTES PULCHELLUS Heer.

PI. XXIV, Figs. 1-10.

1876. Podozamites pulchellus Heer: Fl. Foss. Ai-ct., Vol. IV, Pt. I (Beitr. z. Foss.

Fl. Spitzbergens), p. 38, pi. ix, figs. 10, 11a, 12b, 13, 14.

1876. Zamites sp. Heer in part: op. cit., p. 39, pi. viii, fig. 9.
'

At several of the Oregon localities a good many detached leaves

occur that in size, shape, and nervation agree exactly with the fossil from

the Jurassic of Siberia, described by Heer as Podozamites pulchellus. I am
not sure that this is a cycad and that it is not some broad-leaved conifer

like Dammara. Heer gives the principal nerves as parallel, and con-

verging toward the base and apex of the leaflets, and states that between

each pair of the stronger ones there is a more slender one that runs parallel

with them. He also says that the surface of the leaflets is covered with

raised points. The latter feature was not seen in the Oregon specimens.

The nerves have exactly the character given by Heer for the stronger ones,

and sometimes traces of finer nerves may be seen between them. In most

cases none of the nerves are visible, owing to the thick leather-like nature of

the leaf, which often appears shining, as if polished. The leaflets vary a

good deal in size and somewhat in shape, but in the latter point they are

more constant. They are elliptical or ovate-elliptical in form and widest

near the middle. The tip is generally acute and is sometimes prolonged.

The width varies in proportion to length, some being more narrowly

elliptical than others. They are usually rounded off at base and do not

show any indication of being attached by a petiole. The figures given

will show the variations. There is in many of the leaflets a seeming mid-

nerve, but a careful examination shows that this is due to a puckering of

the leaflets along the'axial line. In a number this appearance is not shown.

The nerves are about 10 in number. They are simple, parallel to one

another and to the margins of the leaflets, and converge toward one

another in the base and apex of the leaflets.

PL XXIV, Fig. 1, gives, not complete, one of the longest leaflets

seen, which has a seeming midnerve. Fig. 2 shows this enlarged. Fig. 3

represents a nearly entire leaf of the broadly elliptical kind, which shows

the nerves rather distinctly, and between them traces of the fine nerves.

This is enlarged in Fig. 4. Fig. 5 gives one of the ovate-elliptical leaflets,
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with a prolonged tip. Fig. 6 shows a narrowly elliptical entire leaf, with

an apparent midnerve. Fig. 7 gives a part of one of the smallest broadly

elliptical forms, with the tip not prolonged, showing a seeming mid-

nerve. Fig. 8 shows one of the small narrowly elliptical leaflets. Fig. 9

is an enlargement of this. Fig. 10 represents two of the smallest leaflets,

having a very narrow elliptical shape, and showing a seeming midnerve.

The plant is rare everywhere, and is most common at locality No. 7.

It is found also at localities Nos. 1, 16, 17, and 19.

PoDOZAMiTES PACHYPHYLLUS Fontaine n. sp.

PL XXIV, Figs. 11-16.

The plant here considered as forming a new species of Podozamites is

found in the form of detached leaflets and fragments of leaflets at several

of the Oregon localities. It is rare, and the specimens are mostly not well

preserved. Still, enough is shown to indicate that the plant is a pretty

well characterized new species. Its true position, however, must remain

doubtful. It agrees well enough with Podozamites to be placed in that

genus.

The leaflets are linear in form and narrow toward their bases, after the

fashion of Podozamites. They narrow also somewhat toward their tips,

which are obtusely rounded off. They have a remarkably thick and

leather-like texture and stand out in films of coal on the rock. The widest

of them is 6 mm. wide in its widest part. The longest seen, which were

not quite entire, are 6 cm. long. The bases are not well enough preserved

to show the probable mode of attachment. Several of the leaflets seem to

show the true base, and to indicate that they were narrowed to about half

the average width of the leaflet, and were attached by the narrowed

portion. The nerves are 7 to 10 in number and are characteristic. They

are approximately parallel to one another and to the margins of the leaf-

lets. They are mostly single, but a few branch once, on entering the

wider part of the leaflet above the base. They seem to differ in strength,

the central ones being stronger; at least in many cases the central ones

are much more distinct than those nearer the margins, and sometimes can

be plainly seen where the others are not visible. The leaflet then looks

as if it had only 2 or 3 nerves running up its middle. This suggests an

affinity with Torreya, but the marginal nerves are really present, although

not so distinct. This is the case with the thickest leaflets. This plant
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resembles the leaflets given by Phillips as PterophyUum rigidum," but its

leaflets are not narrowed so much toward their tips. They are also like

Heer's Podozamites obtusifoiius,'' so named on the plate, but described as

Baiera longifolia Pomel spec. (Dicropteris longifolius Pom.). The plant is

probably nearer to Nathorst's PterophyUum f cteniforme," from the Rhetic

of Sweden, and possibly may be identical with it.

PL XXIV, Fig. 11 gives portions of two leaflets in a position to indi-

cate that they were attached to the same midnerve. One of them that is

almost entire shows a length of 6 cm. Fig. 12 shows parts of several

thick leaflets that were probably attached to the same axis. These show

the greater strength of the central nerves. Fig. 13 shows the tips of

several leaflets corresponding to those given in Fig. 12. Fig. 14 repre-

sents a nearly entire leaflet in which the base seems to be preserved.

Fig. 15 shows this enlarged. Fig. 16 gives a nearly entire leaflet of the

smallest kind, with the base apparentl}^ preserved.

The plant is always rare, but is most common at locality No. 7. It

occurs also at localities Nos. 1, 18, and 19.

Podozamites lanceolatus (Lindley & Hutton) Friedrich Braun non Emmons.

PL XXIV, Figs. 17-20.

1836. Zamia lanceolata L. & H.: Foss. FL Gt. Brit., Vol. Ill, p. 121, pi. cxciv.

1840. Zamites lanceolatus (L. & H.) Fr. Br.: Verzeichn. Kreis-Nat.-Samml. z. Bay-

reuth, p. 100.

1843. Podozamites lanceolatus (L. & H.) Fr. Br. (non Emm.) in Miinster: Beitr. z.

Petrefacten-Kunde, Vol. II, Pt. VI, p. 33.

1847. Zamites distans longifolia Fr. Br.: Flora, VoL XXX, p. 85 (nomen).

1867. Zamites distans longifolia Fr. Br. Schenk: Foss. FL d. Grenzsch., p. 162,

pi. xxxvii, fig. 1.

1876. Podozamites lanceolatus genuinus Heer: FL Foss. Arct., Vol. IV, Pt. II (Jura-

Fl. Ostsibiriens) , p. 108, pi. xxvi, fig. 10."

There are in the Oregon Jurassic flora a number of leaflets and frag-

ments of leaflets that agree with some of the forms united in the species

c Geology of Yorkshire, 3d ed., p. 228, lign. 57.

6 Fl. Foss. Arct., Vol. IV, Pt. I, pi. Tiii, fig. 6 (cf., p. 39).

c Flor. vid. Bjuf, Hft. II, p. 69, pi. xiv, fig. 1.

f' Heer has caused much confusion by giving this combination to the type form of Lindley and Hutton,

especially as Schenk applied the name Zamites distans genuina to a closely related form, and the names distans

and lanceolatus are constantly interchanged; but Heer's Podozamites lanceolatus genuimu is Friedrich Braun's

Zamites distans longifolia, accepted by Schenk, and both, according to Heer, are the Zamia lanceolata of Lindley

and Hutton.—L. F. W.
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Podozamites lanceolatus. None of them are attached, and as they are

often not well preserved, their true position can not be regarded as

positively fixed. There has been, most probably, a union of too many
forms under the general name Podozamites lanceolatus, as in the case of

CladophleMs whitbiensis, and it is possible that some of them are broad-

leaved conifers. A few scattered leaflets that agree pretty well with the

normal lanceolatus type occur in the Oregon strata.

PI. XXIV, Fig. 17 gives a nearly entire leaf, which has the tip miss-

ing, and is by pressure distorted so as to appear convex. Fig. 18 gives

the greater part of a narrower leaflet. Fig. 19 shows the greater portion

of a large leaflet with the base well preserved. This is rounded and

broader than the upper part of the leaflet. It may be a leaflet of Zamites

gigas (L. & H.) Carr. It is shown enlarged in Fig. 20.

The forms occur very rarely at localities Nos. 2, 7, 17, and 18.

Podozamites lanceolatus minor (Schenk) Heer."

PL XXV, Figs. 1-4.

1867. Zaraites distans minor Schenk: Foss. Fl. d. Grenzsch., p. 162, pi. xxxv, fig. 10.

1870. Podozamites distans minor (Schenk) Schimp.: Pal. Veg., Vol. II, p. 159.

1876. Podozamites lanceolatus minor (Schenk) Heer: Fl. Foss. Arct., Vol. IV, Pt. II

(Jura-FI. Ostsibiriens)
, p. 110, pi. xxvii, figs. 5a, 5b, 6-8.

Several detached leaflets, nearly entire, were obtained that agree

very well with Heer's Podozamites lanceolatus minor. The leaflets are

thin in texture, small in size, and narrowed gradually toward the base

and apex. The nerves are not distinctly shown, but seem to be numer-

ous and closely placed.

PL XXV, Fig. 1, shows a nearly entire leaflet, enlarged in Fig. 2.

Fig. 3 gives a fragment of a much smaller one, of which Fig. 4 is an

enlargement.

The leaflets are very rare. They are most comnion at locality

No. 7, but occur also at locality No. 2.

" I give in the synonymy only those references which are designated by the varietal name minor, although

Heer expressly states that the form figured by Ettingshausen as the true Zamites distans of Pres! (Abh. k.-k.

geol. Reichsanst., Vol. I, Abth. Ill, No. 3, 1852, pi. i, fig. 3) from the Rhetic of Bayreuth and Veitlahn is

the same as those from the Oolite of the upper Amoor. But a comparison of the original figure of Z. distans

in Sternberg's Flora der Vorwelt, Vol. II, 1838, pi. xli, fig. 1, reveals the gi-eatest similarity to that of Ettings-

hausen. It is also practically identical with Schenk's Z. distans minor (Fl. d. Grenzsch., pi. xxxv, fig. 10),

nearer, I think, than his Z. distans genuina (op. cit., pi. xxxvi, figs. 1-3), which he seems to regard as the

type. The group is in great need of revision.—L. F. W.
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PoDOZAMiTES LANCEOLATUS LATiFOLius (Friediicli Braun) Heer/'

PI. XXV, Figs. 5-7.

1840. Zamites latifolius Fr. Br. non (Brongn.) Presl: Verzeichn. d. Kreis-Nat.-

Samml. z. Bayreuth, p. 100 (nomen).

1847. Zamites distans latifolia Fr. Br.: Flora, Vol. XXX, p. 85 (nomen).

1867. Zamites distans latifolia Fr. Br. Schenk: Foss. Fl. d. Grenzsch., p. 162, pi.

xxxvi, fig. 10.

1870. Podozamites distans latifolius (Fr. Br.) Schimp.: Pal. Veg., Vol. II, p. 159.

1876. Podozamites lanceolatus latifolius (Fr. Br.) Heer: Fl. Foss. Arct., Vol. IV,

Pt. II (Jura-Fl. Ostsibiriens), p. 109, pi. xxvi, figs. 5, 6, 8b, 8c.

Three specimens of broad leaflets, not attached, that agree very

well with Heer's variety latifolius,'' were obtained, two from locality

No. 19, and one from locality No. 7. The leaf texture seems to have

been quite thick, so that the nerves are not visible.

PI. XXV, Fig. 5, shows a nearly entire leaflet of medium size, of

which Fig. 6 is an enlargement. Fig. 7 gives two leaflets, one of the

largest and one of the smallest size.

Podozamites ? pachynervis Fontaine n. sp.

PI. XXV, Fig. 8.

Fig. 8 gives a problematic form that may be a Zamites. It

occurs at locality No. 2 in the form of a fragment of a leaflet, with the

base and apex not preserved. As it narrows toward the base after the

fashion of Podozamites it may be placed provisionally in that genus.

The single specimen found does not suffice to fix its character. It is

noteworthy for the very strong nerves that stand out on the surface

like threads. They are about 10 in number, and diverge on entering

the wider portion of the leaflet near the base, and then become parallel.

They are unbranched.

a I was probably in error in the first paper (p. 36) in including the Tsmiopteris latifolia of Brongniart from

the Oolite of Stonesfield, England, in the synonym}' of this species. Sternberg first referred it to Odontopteris,

and Presl to Zamites, as there stated; but no one seems to have followed Presl in this, and Brongniart in his

Tableau (1849) adheres to his original detei-mination and has been generally followed. There is no evidence

that Friedrich Braun had Brongniart's plant in mind in naming his Zamites latifolius (1840), which he made a

variety of Z. distans in 1847, the name adopted by Schenk when he reelaborated the Rhetic material in 1870.

Heer referred all the forms of Z. distans that he found in the Oolite of Siberia to Podozamites lanceolatus {Zamia

lanceolata L. & H.), using Schenk's varietal names in some cases, but not consistently.—L. F. W.

6F1. Foss. Arct., Vol. IV,.Pt. 11, p. 109, pi. xxvi, figs. 5, 6, 8b, c.
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Genus CTENIS Lindley and Hutton.

Ctenis sulcicaulis (Phillips) Ward n. comb/'

PL XXV, Fig. 9; PL XXVI.

1828. Zamia longifolia Brongn.: Prodrome, pp. 94, 199 (nomen).

1829. Cycadites sulcicaulis PhilL: Geology of Yorkshire, pp. 148, 189, pi. vii, fig. 21.

1834. Ctenis falcata L. & H.: Foss. Fl. Gt. Brit., Vol. II, p. 63, pi. ciii.

1841. Zarnites longifolius (Brongn.) Morr. : Ann. & Mag. Nat. Hist., let Ser.,

VoL VII, p! 116.

1864. Pterophyllum falcatum (L. & H.) Sandberger [non Nath.]:* Verh. d. Natiirvv.

Ver. in Karlsruhe, Heft I, p. 35 [6].

A number of specimens of this fine plant were obtained. Unfortu-

nately the stratum which contains most of them has no cleavage and

tends to break across the plane of the leaves. Hence the specimens

procured are smaller than the parts contained in the rock. The figures

given by Zigno'' of this plant very accurately represent it as found in

the Oregon strata. I do not find, however, on the axes, the regular

reticulation given in Zigno's Fig. la. The marking on the axes is an

irregular wrinkling or puckering of the epidermis, seen only when that

is present. The axes seem to be very robust, but the amount of vas-

cular tissue is not so great as might be supposed from its width. They

were apparently succulent, with a large proportion of cellular tissue.

The apparent width is increased also by the continuation, over the axis,

of the thick epidermis of the base of the leaflets. The leaves must

« The name Ctenisfalcata L. & H. certainly can not stand. Lindley and Hutton ihemselves state that it is

the Cycadites sulcicaulis of Phillips, of which that author gives a fair figure in his Geology of Yorkshire ( 1829)

.

That Lindley and Hutton had better material and made a better figure is no reason for changing a name,

as this would permit anyone at any time to make a new name if better material were discovered. The name
Zamia longifolia of Brongniart, given by Mr. Seward (Jur. Fl. Yorksh. Coast, p. 235) may be ignored as a

nomen nudum, no description or figure of it having ever been published either under that name or under

the name Zarnites longifolius, first used by Morris in 1841, and later by Brongniart himself in his Tableau

(pp. 62, 106). The fact that Mr. Seward found in the Paris Museum a specimen labeled Zamia longifolia

belonging to this species is scarcely sufficient to justify giving this specific name to the plant. If it had been

the type, so designated by Brongniart in his Prodrome, or even on the label, it might have been accepted under

some codes, as, for example, that of the Ornithologists' Union, Canon XLIH, p. 53; but Mr. Seward does not

say that the label was in Brongniart's handwriting, and, moreover, the specimen was found at Cayton near

Scarborough, while Brongniart (Prodrome, p. 199) gives Whitby as the locality. All things considered, there-

fore, it does not seem possible to adopt Brongniart's name, and it must become a synonym.—L. F. W.
''This combination is usually credited to Schimper (Pal. V6g., Vol. II, p. 137), who does not mention

Sandberger's paper. The Pterophyllum f falcatum Nath., Fl. v. Bj'uf, Hft. II, p. 71, pi. xiii, figs. 16, 17

(1879), whatever it may be, is a preoccupied name and must be changed.—L. F. W.
cFlor. Foss. Form. Oolith., Vol. I, pp. 190-192, pi. xxiv, figs. 1-3.

MON xLvin—05 8
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have been veiy large. A fragment was obtained 15 cm. long, and this

was evidently but a small part of the leaf, for the axis shows no diminu-

tion throughout its length. The fragments of several leaves are com-

monly found together, indicating that they were associated in growth.

The leaflets in the upper part of the leaves seem to have l^een more

closely placed, and to be proportionally wider than those in the lower

part. The leaves had a petiole of considerable length. The widest

axis seen is about 6 mm. in width. The longest leaflets obtained are

10 cm. long. They show no diminution in width and are evidently

much 'shorter than the entire leaflet. There is not much variation in

the width of the leaflets. The widest are 10 mm. in width and the

narrowest are 6 mm. The Oregon specimens have suffered much from

the creep of the rock which contains them. This has taken place along

the plane of the leaves and left them polished and much puckered and

distorted. The wrinkles sometimes resemble reticulated nerves. The

leaflets are widest at base and are decurrent. They are attached by the

entire base and curve strongly away from the axis. They are strap-

shaped. The nerves are sharply defined, but slender, and are immersed

in the leaf substance, which is comparatively thin. They are approxi-

mately parallel and do not anastomose so copiously as Zigno represents

them. The magnified figure of Lindley and Hutton" gives much more

nearly the reticulation as seen in the Oregon forms. They run parallel

for long distances, sending off short branches that unite very obliquely

with the adjacent nerves. The anastomosis takes place at prett}' regular

intervals, first at the base of the leaflets, then higher up, at intervals of

a little less than 10 mm.
PL XXV, Fig. 9, shows portions of three leaves, two with petioles,

and all so placed as to indicate that they were associated in growth.

PI. XXVI, Fig. 1, shows the largest specimen found, which is apparently

the middle part of a leaf. This is shown enlarged in Fig. 2. It is much
distorted. Fig. 3 gives portions of two leaves, with broad leaflets.

Fig. 4 shows a portion of the upper part of a leaf with wide leaflets.

Fig. 5 shows a fragment of a leaf with the narrowest leaflets found.

They are shown enlarged in Fig. 6.

The plant is abundant at localit}^ No. 19, and occurs rarely at locali-

ties Nos. 1, 2, 3, 7, and 17.

a Foss. Fl. Gt. Brit., Vol. II, pp. 63-64, pi. ciii.
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Ctenis orovillensis Fontaine.

PI. XXVII, Figs. 1-5; PI. XXVIII, Fig. 1.

1896. Ctenis orovillensis Font.: Am. f urn. Sci., 4th ser.. Vol. II, p. 274 (nomen.).

1900. Ctenis orovillensis Font.: Twentieth Ann. Rep. LT. S. Geol. Surv., 1898-99,

Pt. II, p. 357, pi. Iviii, fig. 4.

This splendid plant was found in the Oroville flora. A considerable

numloer of specimens were obtained from some of the Oregon localities,

which make it possible to add something to the description of its character.

The Oregon specimens show the leaflets more completely. The leaves

must have been very large, as is indicated by the fragment depicted in

Fig. 141, which is the largest found. This is a good deal distorted and

mutilated, so that it does not show the exact mode of attachment of

the leaflets, as they are toward their bases most imperfect. The figure

represents the upper part of a leaf, showing the upper leaflets with

their bases very near the axis, but not attached to it. If their

attitude is not distorted they must, in this portion of the leaf, have

gone off under an acute angle. One of the leaflets in a lower position

is nearly entire and will give an idea of the size. Though not entire, it

is still 17 cm. long, and near its base is 2 cm. wide. These dimensions

are found in what is probably an average leaf, and they indicate a

length of 20 cm. In this specimen all the leaflets are distorted in their

basal portions. The leaf su])stance appears to have l^een quite thin

in proportion to the size of the leaflets. The terminal part of the

leaflets was narrowed so as to give the entire leaflet a saber form. The

nerves are rather remote and are approximately parallel. They are

slender, but sharply defined, and immersed in the leaf substance.

They anastomose rather rarely and irregularly, by sending off a

branch which unites with an adjacent nerve at a very acute angle.

PI. XXVII, Fig. 1, gives the most complete specimen found. Fig.

2 shows one of the leaflets enlarged. Fig. 3 shows the base of a leaflet,

indicating its mode of attachment. This is slightly enlarged in Fig. 4.

Fig. 5 gives what seems to have been the upper part of a leaf. It has

the basal parts of several leaflets attached to the midrib, but the attach-

ment is obscured by distortion. PI. XXVIII, Fig. 1, shows the basal

parts of several leaflets, so placed as to indicate a former attachment to
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a common midrib. It is not certain that these belong to the plant in

question. If they do they belong to the upper part of a leaf.

The plant is not common. It is most abundant at locality No. 7.

Several specmiens were found at locality No. 2.

Ctenis GRANDiroLiA Fontaine

PL XXVIII, Figs. 2-8.

1896. Ctenis grandifolia Font.: Am. Journ. Sci., 4th ser., Vol. II, p. 274 (nomen.).

1900. Ctenis grandifolia Font.: Twentieth Ann. Rep. U^ S. Geol. Surv., 1898-99,

Pt. II, p. -354, pi. liii, fig. 2; pi. Ivi, figs. 6, 7; pi. Ivii.

Several specimens of a plant much like Ctenis grandifolia were

obtained from the Oroville localities. This plant was found in the

Oroville flora. The Oregon specimens do not add anything to the

character made out from the Oroville plants. They are much too dis-

torted and mutilated. Onh' fragments were found. From these neither

the shape nor the size of the leaflets can be determined. The attach-

ment seems to have been l^y the whole of a somewhat expanded base,

which in one specimen seems to be decurrent, but this is probably due

to distortion. The leaflets in the Oregon specimens apparently some-

times had great width, equaling 5 cm. The narrowest had near the

base a width of about 25 mm. The nerves are quite remote, strong,

and sharply distinct, but they are immersed in the leaf substance. They

are approximately parallel and anastomose rather freely at long inter-

vals, in the same manner as those of Ctenis orovillensis.

PL XXVIII, Fig. 2, shows the most complete specimen, but it is

greatly distorted. A portion of the midrib remains, and to this the

three leaflets still preserved were formerly attached. But the attached

parts are not now -sdsible. The leaflets indicate a width of 5 cm. Thej-

are doul:)led upon themselves along the middle line of their length,

owing to being crushed down into the rock. Fig. 3 gives the basal

part of a fragment of a wide leaflet, showing nerves rather vaguely.

A small portion of this is shown enlarged in Fig. 4. Fig. 5 represents

a fragment of the narrowest form of leaflet with the base preserved

and showing the mode of attachment, but probably distorted so as to

cause an apparent decurrence. Fig. 6 shows the basal portion of this
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enlarged. Figs. 7 and 8 show a fragment 4 cm. wide, indicating the

nerves quite well.

The plant is not abundant. It is most common at locaUtj^ No. 7.

It occurs more rarely at localities Nos. 2, 9, and 18.

Ctenis auriculata Fontaine?

PL XXIX, Fig. 1.

1896. Ctenis auriculata Font.: Am. Journ. Sci., 4tli ser., Vol. II, p. 274 (nomen.).

1900. Ctenis auriculata Font.: Twentieth Ann. Rep. U. S. Geol. Surv., 1898-99,

Pt. II, p. 356, pi. Iviii, figs. 1-.3.

At locahty No. 7 a single specimen of a large Ctenis was obtained

that agrees quite well with C. auriculata, a plant first found in the

Oroville flora. The preservation is not perfect enough to make the

identification positive. A portion of the midrib was obtained having on

one side the basal parts of two leaflets, one pretty well preserved. This

is 5 cm. long and 3 cm. wide at base. It is attached apparently by

all of an unnarrowed base, which is not auriculate. The leaf substance

was very thin and left very little coal on the rock. The nerves are

strong, very remote, single at their bases, but anastomose freely about

15 mm. above their bases—more freely than in the Oroville specimens.

It may be a hew species."

Genus ENCEPHALARTOPSIS Fontaine.

Encephalartopsis ? OREGONENSis Fontaine n. sp.

PI. XXIX, Figs. 2, 3.

A single fragment of a leaflet, with resemblance to those of

Encephalartos, was found at locality No. 4. It is of doubtful affinity

and is mentioned because it certainly differs from the other cycads of

the Oregon flora. It is narrowly linear, narrowing gradually toward

its end. It has a thick, dense texture, which gives it a very rigid aspect.

Apparently it had a firm, almost horny epidermis. It must have had

a considerable length, for the part preserved, though a small portion

of the original leaf, still shows a length of 6 cm., with a maximum width

of 4 mm. It had spiny points going off at long intervals and turning

c The specimen was on two pieces of rock, one the counterpart of one-lialf of the leaf shown on the other.

In the latter the leaf was foldedon both sides of a thin slab, the rachis running along the thin edge. The
ligure (PI. XXIX, Fig. 1 ) shows the frond unfolded and gives a fair idea of its nature.—L. F. W.
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strongly away from the leaflets. These are now preserved only in their

lower portions. The nerves are single, strong, parallel, and vaguely

shown.

Genus CYCADEOSPERMUM Saporta.

Cycadeospeemum oregonense Fontaine n. sp.

PL XXIX, Fig. 4.

A single specimen of a small nut-like seed was found at locality

No. 2. It seems to be the seed of some cycad. It is hard and bony,

with a smooth polished surface. It is elliptical in form and narrows

to both ends, one of which is rounded off, while the other is somewhat

prolonged into a short acute tip. It is widest in the middle and is there

6 mm. wide. The length is 10 mm.

Cycadeospermum ovatum Fontaine n. sp.

PI. XXIX, Fig. .5.

A single specimen of a small nut was obtained from locality No. 7.

It is apparently the seed of some cycad. It has a hard, bony, and

smooth surface. It is widest at its base and is rounded off there. It

narrows to the opposite end, which is obtuse. At this end there is a

ridge which runs up a little way into the l^ody of the nut. This may
be due to puckering from -pressure, causing a wrinkle, but this is not

probable. The nut is 10 mm. long and 6 mm. wide at base.

Order BENNETTITALES.

Family BENNETTITACE.E.

Genus WILLIAMSONIA Carruthers.

WiLLiAMSONiA OREGONENSis Fontaine n. sp.

PL XXIX, Fig. 6.

A single fine specimen of the inflorescence of a Williamsonia was

found at locality No. 7. There is nothing to show a connection between

this plant and the numerous cycads found at that localit}'. On the

same piece of rock, however, a well-preserved fragment of Pterophyllum

cequale (Brongn.) Nath. occurs. The fossil is large and globular in

form, showing a whorl of bracts incurved so as to hide any object within

them. The bracts are thick in texture and without any midnerve,
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linear in form with obtuse ends. The globular inflorescence is broader

than long, having a width of 5 cm. and a height or length of 35 mm.
It is quite convex and stands well out from the rock. The inflores-

cence is ]:)orne on the summit of a stout peduncle, showing a length of

35 mm., being obvioush^ not entire. The entire width is not preserved.

The portion shown is 15 mm. wide. This seems to have been largely

composed of cellular tissue, and to have been succulent. In general

form the bracts resemble those of Williamsonia gigas (Willn.) Carr.,

as given by Saporta in fig. 2, pi. xvi, Vol. IV of the Plantes Jurassiques,

but they are not so long as those of Saporta, and do not taper at all

toward their tips.

Williamsonia ? sp. Fontaine.

Bract of Williamsonia No. 1.

PL XXIX, Fig. 7.

A thick, fleshy object resembling a leaf was obtained from locality

No. 7. It is a good deal distorted and has at present an ovate shape.

It is somewhat convex from pressure, and on casual inspection looks

somewhat like a nut. It was, however, too soft for this to be the case.

It is broadest at base and tapers ovately to the tip, which is obtuse.

The base shows traces of an original cordate shape. At about the center

of' the basal margin there is a rounded depression that looks as if the

object had been joined to its support by articulation. The fossil looks

more like the bract of the involucre of some form of Williamsonia.

Williamsonia ? sp. Fontaine.

Bracts of Williamsonia ? No. 2 (a, b, c).

PI. XXIX, Figs. 8-12.

Three objects were found at locality No. 19 that at first sight might
seem to be nut-like seeds. They are, however, most probably thick,

fleshy bracts or leaves, and appear to l^elong to the inflorescence of some
Williamsonia. Although, as shown on the rock, they are slightly con-

vex, they are not enough so for a nut-like seed, and besides they show
evidence of having been too soft for such objects. The leaf substance

is represented by a film of coal of considerable thickness, which, how-
ever, is not always present, having been stripped off. The slate under
this coal film shows a distinct nervation, which is not visible on the
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leaf substance. This indicates that the nerves are disclosed only on

the lower surface. The nervation resembles that of Neuropteris of

the Carboniferous, but there is no midnerve visible, although it may
be present, as the nervation is not fully disclosed. The nerves appear

to radiate from the base of the fossil, and they fork several times. The

surface of the coal film, which represents the supposed bract, is granu-

lated with minute papillse of no definite form. They may.be due to

the shrinking of the leaf. The general aspect of these fossils suggests

that they may be bracts of the involucre of some Williamsonia. The

three found are apparently essentially the same, but present some unim-

portant differences in form, which are shown in the figures given. They

are distinguished as a, b, c.

Bract a is elliptical in form and not symmetrical, one lateral margin

being more strongly convex than the other. It tapers gradually to a

subacute tip,, which is well shown. The base is imperfect. Bract b

is of the same general form, but is broader and proportionally shorter.

The basal portion is wanting. Bract c is ovate elliptical and nearly

symmetrical in form.

PI. XXIX, Fig. 8, represents bract a, enlarged in Fig. 9; Fig. 10

bract h, and Fig. 11 bract c, enlarged in Fig. 12.

Order GINKGOALES.

Family GINKGOACE^.

Genus GINKGO Kaempfer.

The Ginkgos of the Oregon Jurassic are the most important fossils

in it. This is due to the fact that they show a great number of speci-

mens and a very considerable variety of forms, which are quite well

preserved. The leaves are preserved mostly entire, and the condition

in which they may be obtained depends on the splitting of the i-ock

containing them. Unfortunateh^ the cleavage of this is generally poor,

otherwise verj^ perfect specimens might be obtained in greater num-

bers. At some of the localities the imprints of Ginkgo leaves are

exceedingly numerous and may be obtained bj^ the hundreds. The

faces of the rock, when exposed by splitting it, are covered with numer-

ous impressions, often of different character or type, while the variation

in the leaves is considerable. I am not sure that they are not all modi-
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fications of the rather polymorphous species Ginkgo digitata (Brongn.)

Heer. The Umits of variation in the same species, for leaves of the

Ginkgo type, are not fully known. Mr. Seward and Miss Gowan, in

their paper on Ginkgo biloba," have shown that the living Ginkgo tree

is capable of considerable variation in its leaves, and that some of these

forms even resemble Jurassic types. While forms of the leaves of the
same species may be selected that would show such a variation, the

significance as fossils of these variant forms would be better understood
if it were known what proportion in numbers they bear to the normal
forms and in what number they would occur in a fortuitous collection

of leaves produced by a fall from the same tree.

In the Oregon localities many portions of rock are covered with
leaves of different types in about equal proportions, indicating that

each type belonged to different trees, on which it was the predominant
form of leaf. The greater number of the Oregon Ginkgo leaves may
be brought under several types of previously described forms. But
these may be connected by intermediate forms, which occur in con-

siderable numbers. Most of the previously described types illustrated

in the Oregon Ginkgos are those given by Heer for the Jurassic of

Siberia. It will perhaps give a better idea of the Oregon forms if they
are described as belonging to the previously described species, which
they most res,emble, treating under separate heads those that can not
be thus grouped.

Ginkgo digitata (Brongniart) Heer.

PI. XXX, Figs. 1-7.

1829. SpJuie.nopteris latifolia Phill. [non Brongn.] '' Geology of Yorkshire, pp. 148,

189, pi. vii, fig. 18.

1830. Cydo'pteris digitata. Brongn.: Hist. Veg. Foss., Vol. I, p. 219, pi. Ixi bis,

figs. 2, 3.

1836. Adiantites digitatus (Brongn.) Gopp. : Sj^st. Fil. Foss., p. 217.

1843. Baiera digitata (Brongn.) Fr. Br. in Mimster: Beitr. z. Petrefacten-Kunde
Vol. II, Heft VI, p. 21.

1865. Cyclopteris incisa Eichw.: Lethsea Rossica, Vol. II, p. 13, pi. iv, fig. 6.

" The maidenhair tree, by A. C. Seward and Miss J. Gowan : Annals of Botany, Vol. XIV No LIII March
1900, pp. 109-1.54, pi. viii-x.

'' Brongniart's Carboniferous species S-pherwfteris latifolia dates from the Prodrome (p. 51 ), one year earlier

than this, which is therefore to be dropped, although antedating all other names for this plant.—L. F. W.
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1874. Ginkgo digitata (Brongn.) Heer: Kegel's Gartenflora, Jahgr. XXIII, p. 261,

pi. dcccvii, figs. 1-4.

1874. Ginkgo integriuscula Heer: Kegel's Gartenflora, Jahrg. XXIII, p. 261, pi.

dcccvii, fig. 5.

1876. Ginltgo digitata (Brongn.) Heer: Fl. Foss. Arct., Vol. IV, Pt. I (Beitr. z. Foss.

FI. Spitzbergens)
, p. 40, pi. x, figs. 1, 5a b, 6.

1876. GinJcgo digitata hiloha Heer: Op. cit., p. 41, pi. viii, figs, la, laa.

1876. Ginkgo digitata quadriloha Heer: Op. cit., p. 42, pi. x, figs. 3a, b.

1876. Ginkgo digitata multiloia Heer: Op. cit., p. 42, pi. x, fig. 2.

1876. Ginkgo digitata angustiloia Heer: Op. cit., p. 43, pi. x, fig. 4.

1876. Ginkgo integriuscula Heer: Op. cit., p. 44, pi. x, figs. 7-9.

1878. Salisburia digitata (Brongn.) Sap.: Plantes Jurassiques, Vol. Ill, p. 294, pi. clx

[xxxii], figs. 1-5.

1881. Ginkgo digitata integriuscula (Heer) Kollbrunner: Jahresb. d. Ostscliweiz-

Geogr.-Comm. Ges. in St. Gallen, 1880-1881, pp. 62, 77."

I will place with this species those leaves that have the following

character, ignoring possible sporadic variation:

Leaf substance thin; leaves small, with a wide spread, being wider

than long ; segments numerous and not deeply incised, wide in proportion

to their length, closely placed and widest near or at their ends, so that

they have an obcuneate form; ends obtusely rounded, truncate, or

slightly notched.

This type is represented in the Oregon Jurassic by a considerable

number of specimens, but not by so many as some other types. They

vary somewhat in size, but are all small in comparison with the forms of

the lepida and Huttoni type. This type tends to pass into the sibirica

type more than into am^ other.

PI. XXX, Fig. I, gives a nearly entire medium-sized leaf, showing

a portion of its petiole. Two of the lobes of this are shown slightly

enlarged in Fig. 2. Fig. 3 shows a part of the summit of one of the leaves

having the most numerous segments. Fig. 4 represents a nearty entire

leaf of the largest size. This is shown slightly enlarged in Fig. 5. Figs.

6 and 7 give a part of a leaf having the widest segments seen. This

shows a portion of the petiole.

The digitata type of Ginkgo is pretty widely distributed in the Oregon

Jurassic. It is found at localities Nos. 2, 7, 14, and 19.

« This may have been simply an error of KoUbrunner's in failing to observe that Heer gave this form specific

rank. Bartholin in 1894 (Bot. Tidsk., Vol. XIX, pp. 96, 97, 108, pi. iv [xii], fig. 1), reduced it to a variety.—

L. F. W.
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Ginkgo Huttoni (Sternberg) Heer."

PI. XXX, Figs. 8-12; PI. XXXI, Figs. 1-3.

1833. Cyclopteris digitata Brongn. Lindley & Hutton: Foss. FI. Gt. Brit., Vol. I,

p. 179, pi. Ixiv.

1833. Cyclopteris Huttoni Sternb.- Flora der Vorwelt, Vol. II, p. 66.

1836. Adiantites Huttoni (Sternb.) Gopp.: Syst. Fil Foss., p. 217.

1874. Ginkgo Huttoni (Sternb.) Heer: Regel's Gartenflora, Jahrg. XXIII, p. 261,

pi. dcccvii, fig. 4.

1876. Ginkgo Huttoni (Sternb.) Herr: FI. Foss. Arct., Vol. IV, Pt. I (Beitr. z. Foss.

Fl. Spitzbergens)
, p. 43, pi. x, fig. 10.

1878. Salisburia Huttoni (Sternb.) Sap. : Plantes Juarassiques, Vol. Ill, p. 299,

pi. clix [xxxi], figs. 4, 5; pi. clx [xxxii], fig. 8.

1900. Ginkgo digitata forma Huttoni (Sternb.) Sew. : Jur. Fl. Yorksh. Coast, p. 259,

pi. ix, fig. 2.

The forms which I group under the specific name Huttoni are the

most abundant next to those classed as G. sibirica. At some localities

the Huttoni form is more abundant than any other. The leaf substance

is thick and firm. The leaves have as a rule four segments, which often

show no trace of subdivision. Occasionally one or more of the segments

may be divided by comparatively slight incisions, and more commonly

they rasbj show a notching of the ends. The segments are very wide in

proportion to their length. They are widest above the middle of the

segment and generally narrow somewhat near the tip, which is rounded

off or may be truncate. When the segments are more than four, the

plant approaches the digitata type. Most of the leaves are larger than

those given by Heer.''

A very large leaf of this type that is found in a good many speci-

mens and is the most common Ginkgo at locality No. 2 may be a new

« Most authors include this form in G. digitata, which Lindley and Hutton helieved it to be, but Sternberg

separated it, redescribed it, and named it Cyclopteris Huttoni. Heer, however, retained it, as did also Saporta.

Mr. Seward, in his Jurassic Flora of the Yorkshire Coast, reduces it to a mere form, of which he finds and figures

a specimen from Scarborough in the British Museum, No. V, 3578. In the description of pi. ix, fig. 2, he does

not separate it from 6. digitata, but on page 259 he treats it as a form. After the arrival of his work in America

I called Professor Fontaine's attention to this, and in his letter of August 21, 1901, from which I have already

quoted extracts, says: "The Ginkgos gave me a good deal of trouble. There seemed to be no way of dealing

with them except as I did, or making them all G. digitata. I think G. Huttoni as good a species as can be made

out of such leaves. It is a common form, and very few specimens occur grading toward G. digitata." I there-

fore retain the species and confine the synonym}' to those names that refer to Lindley and Hutton's plant.

—

L. F. W.
fiFl. Foss. Arct., Vol. IV, Pt. I, p. 40, pi. x, fig. 10; Pt. II, pp. 59-60, pi. v, fig. lb: pi. vii, fig. 4; pi. x, fig. S.
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species. As, however, there is no marked difference except size to

separate it, I will describe it as a variety of G. Huttoni, with the variety

name magnifolia. The normal Huttoni leaves are much smaller.

PL XXX, Fig. 8, gives a normal leaf with segments of the most

deeply cut kind. Fig. 9 shows this slightly enlarged. Figs. 10 and 11

represent one of the smaller leaves with broad segments. Fig. 12 gives

one of the smaller leaves with proportionally longer segments, more

elliptic in form. PL XXXI, Fig. 1, shows a leaf with very wide, short

segments. Fig. 2 gives a portion of a leaf which has a greater number

of segments than is common and which approaches the digitata type. It

is shown slightly enlarged in Fig. 3.

The plant is most abundant at locality No. 7 and is common also

at locality No. 2. It occurs not rarely at locality No. 19.

Ginkgo Huttoni magnifolia Fontaine n. var.

PL XXXI, Figs. 4-8; PL XXXII, Figs. 1, 2.

The form distinguished as Ginkgo Huttoni 7nagnifolia is pretty con-

stant in character and, as stated, may really be a new species. The

length of none of the leaves is preserved entire. The width may be

made out very well from some of the specimens and the length may be

estimated. It differs from G. Huttoni in the great width and length of

the segments. As in G. Huttoni, they are normally four in number, and

in general form they agree well with those of the specific type. Some of

the leaves, as made out from the specimens, must have been 12 cm.

wide in their widest part, and probably were 9 cm. from base to summit.

The petiole is strong and very long. A portion of one was seen 6 cm.

long. Some of the segments of the leaf were obtained from 25-30 mm.
wide. The nerves are strong and rather remote.

PL XXXI, Fig. 4, shows the most complete leaf obtained of the

smallest kind. It does not have the ends of the segments preserved. It

retains a portion of the petiole, which shows the stoutness. The petiole

and one of the sides are shown slightly enlarged in Fig. 5. Figs. 6 and 7

show a fragment that may give an idea of the length attained by the

segments, although their tips are wanting. Fig. 8 shows a fragment of

a leaf from which an idea of the great width of the segments may be

obtained. PL XXXII, Figs. 1 and 2, give a fragment of a very large
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leaf in which one side is entire, affording an idea of the width of the leaf.

The summit of this is not preserved.

This plant is much the most common Ginkgo at locality No. 2,

where it is abundant. It is also found at local'ties Nos. 4, 7, and 19.

Ginkgo lepida Heer.

PI. XXXII, Figs. 3-8.

1876. Ginkgo lepida Heer: Fl. Foss. Arct., Vol. IV, Pt. II (Jura-Fl. Ostsibiriens)

,

p. 62, p. vii, fig. 7; pi. xii.

1885. Salisburia (Ginlcgo) lepida (Heer) Dn.: Trans. Roy. Soc. Canada, Sect. IV,

Vol. Ill, p. 8, pi. ii, fig. 2.

The lepida type of Ginkgo, as given by Heer, is represented in the

Oregon flora by a considerable number of specimens. The leaf substance

is thick and leather-like. The primarj^ segments are cut down to the

base of the leaves, where they are reduced almost to petioles. The

secondary segments are long and narrowly elliptical to linear in form,

widest near the middle and tapering toward their lower and upper por-

tions. This form sometimes tends to pass into the sibirica type by

intermediate shapes that are rather common. The lepida type departs

further than any other from that of G. digitata.

PI. XXXII, Fig. 3, gives a nearly entire leaf and one of the largest

found. It shows the long narrow segments well. This is shown enlarged

in Fig. 4. Fig. 5 shows a primary segment with several ultimate ones,

the basal part not being preserved. Fig. 6 denotes a primary segment

with the base not preserved, having shorter and proportionally broader

ultimate segments than is common. Fig. 7 shows this much enlarged.

Fig. 8 gives a portion of a primary segment with three ultimate ones of

the smallest size. Owing to the deep incisions of the leaf and its spreading

habit, it is rare to find entire leaves of this type.

This plant is most common at locality No. 19, where it is rather

abundant. It is also common at locality No. 7. It occurs more rarely

at locality No. 4.

Ginkgo sibirica Heer.

PI. XXXIII.

1876. Ginkgo sibirica Heer: Fl. Foss. Arct., Vol. IV, Pt. II (Jura-Fl. Ostsibiriens)

pp. 61, 116, pi. vii, fig. 6; pi. ix, fig. .5b; pi. xi (excl. fig. 3b); pi. xx, figs. 3b,

6c; pi. xxii, fig. 3.

1885. Salisburia (Ginkgo) sibirica (Heer) Dn.: Ti-ans. Roy. Soc. Canada, Sect. IV,

Vol. Ill, p. 8, pi. ii, fig. 1.
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Leaves.—Numerous specimens of Ginkgos occur in the Oregon

flora that sometimes have the character of the form called by Heer

G. sihirica and sometimes of his G. Schmidtiana," the latter being a

smaller leaf with a smaller number of segments; but these graduate so

often one into the other, by commonly occurring intermediate forms,

that there is no satisfactory way of separating them. I will therefore

discuss them as one species. As the sihirica form is the most common,

and apparentlj^ the type, I will regard them all as variations of G. sihirica.

This Ginkgo is the most abundant and widely diffused type in the Oregon

Jurassic, the leaves sometimes thickly covering the surface of the rock.

If we neglect the intermediate shapes it is true we may select forms that

are pretty widely separated, either as G. sihirica or as G. Schmidtiana.

This is possibly what Heer did, not having so many specimens to illustrate

the passage forms. In the description I will first note those belonging

to G. sihirica proper and distinguish the smaller leaves as being of the

Schmidtiana form. Possibly the latter may be immature leaves of the,

former. The normal or true sihirica type of Ginkgo in the Oregon

Jurassic has the following character: The texture of the leaf is decidedly

thinner than that of any of the other types except that of G. Schmidtiana.

The leaves are small, being sometimes about the same size as those of

G. digitata, but generally smaller. The segments of ultimate order are

numerous, slender, and formed by a deep incision of the leaf, but not so

deep as in G. lepida. These segments are narrowly elliptical or linear in

form and widest near their middles, but do not vary much in width

throughout their length.

PL XXXIII, Fig. 1, gives a portion of a leaf with numerous narrow

segments. Fig. 2 shows the basal part of a medium-sized leaf, with a

portion of the petiole well preserved. Fig. 3 gives one of the largest

sized leaves, but in a fragmental condition. This is shown much enlarged

in Fig. 4. Fig. 5 depicts a portion of a medium-sized leaf, with a central

segment, well preserved. This is also shown much enlarged in Fig. 6.

1 Fl. Foss. Arct., Vol. IV, Pt. II, p. 60, pi. vii, fig. 5; pi. xiii, figs. 1-2. I have not put Ginkgo Schmidtiana

in the synonymy of G. sihirica, although Professor Fontaine clearly indicates that the Oregon forms embrace

both of Heer's species and show all the necessary connecting links. As Heer described G. Schmidtiana on p. 60

and G. sihirica on p. 61 of his work, if they are consolidated the resulting species would, by the rules, become

G. Schmidtiana and not G. sihirica. This may yet have to be done, but rather than do it I prefer to regard the

species as distinct, and the American forms approaching G. Schmidtiana as representmg the range of variation

of the polymorphous species G. sihirica.—L. F. W.
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Fig. 7 gives the terminal part of a leaf well preserved. The Schnidtiana

type is, as stated, a smaller leaf, also with thin texture and with fewer

ultimate segments, often with only four, otherwise the character is

much like that of the normal G. sibirica. The ScJunidtiana forms are

not so abundant as those of G. sibirica, and they occur in the same local-

ities. Fig. 8 gives one of the Schmidtiana leaves having the narrowest

ultimate segments, and showing a portion of the petiole. Fig. 9 gives

one of the largest leaves of this type, with the widest segments. It is

shown considerably enlarged in Fig. 10. Fig. 11 shows the basal portion

of a leaf, with medium-sized segments.

Seeds.—There are in the collections made at the Oregon localities

a number of small nut-like seeds that seem to be the seeds of some

Ginkgo. They are broadly ovate in form, and in size and shape agree

exactly with the seeds attributed by Heer" to Ginkgo sibirica. These

seeds vary but little in form and size. It is quite probable that they are

in fact the seeds of Ginkgo sibirica, as the leaves of that species often

occur with them. The leaves of other species occur with them also.

They vary slightly in size and width, some being more narrowly ellip-

tical than others.

Fig. 12 gives one of the smallest and most narrowly elliptical forms,

shown enlarged in Fig. 13. Fig. 14 shows two small elliptical seeds, also

enlarged in Fig. 15. Fig. 16 denotes one of average size and shape,

enlarged in Fig. 17. Fig. 18 gives one of the largest and the most broadly

elliptical seeds obtained, enlarged in Fig. 19.

These seeds are most abundant at locality No. 7. They occur at

localities Nos. 14, 18, and 19.

GINKGOS. OF ABERRANT FORMS.

Ginkgo sp. Fontaine.

PL XXXIV, Figs. 1-12.

Under this head I place certain Ginkgo leaves that do not plainly

come under any of the previously described forms. They probably do

not belong to any distinct species, but are aberrant leaves of some

of the species described in the preceding pages. I note them in order

« Fl. Foss. Arct., Vol. IV, Pt. II, pp. 61-62, pi. xi, figs. 1.3-17.
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that some idea ma}' be formed of the numerous variations occurring

in the Oregon Ginkgos. I do not give all that might be selected.

PL XXXIV, Fig. 1, shows a very small leaf with segments only at the

summit of the leaf, shown enlarged in Fig. 2. They are not fully preserved.

This leaf has some likeness to the small leaf given by Seward on pi. ix,

fig. 8, of his Jurassic Flora of the Yorkshire Coast, and named Ginkgo

whiibiensis Nathorst. The segments are not so long and acute as those

of Yorkshire, but they are not well preserved. It occurs at locality

No. 7. Figs. 3 and 4 (enlargement) give a very small leaf with three

elliptic segments, occuring at the same locahty. Figs. 5 and 6 (enlarge-

ment) give a larger leaf, hardly at all segmented, found also at localit}'

No. 7. Figs. 7 and 8 (enlargement) denote a small leaf with four broad

irregular segments. This also occurs at locality No. 7. Figs. 9 and 10

(enlargement) represent another form found at locality No. 7. It is

a petiole, bearing at its summit a pair of small leaves with three seg-

ments each. Figs. 11 and 12 (enlargement) show a form from locality

No. 18 that contains three narrow segments at the summit of a slender

petiole. It resembles the form figured by Seward, op. cit., pi. ix, fig. 4,

and named Baiera Phillipsi Nath.

Genus PHCENICOPSIS Heer.

Phcenicopsis l sp. Fontaine.

PL XXXIV, Figs. 1.3, 14.

Several fragments of strap-shaped leaves that at least suggest the

presence of the genus Phoenicopsis were found in the Oregon Jurassic.

They are quite rare, only two being found at locality No. 2, and one at

localit}'- No. 7. They are too poorly characterized to determine anything

definite regarding them. They are strap-shaped fragments, which do

not show either base or summit. They do not narrow at all from one

end to the other. Their margins are strictly parallel. The widest of

them are 8-10 mm. wide, and the smallest are but a little narrower.

In at least one case several fragments occurring together converge at

one end, as if to a common point. The leaf texture seeitis to have been

thin. There are so far as seen no well-defined nerves, but a fine striation

is shown on the surface. These fragments suggest Heer's species Ph(s-

nicopsis speciosa."

a Fl. Foss. Arct., Vol. IV, Pt. II, pp. 112-113, pi. .x.xix, figs. 1 (e.xcl. Ic, Id.), 2; pi. xxx.
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PL XXXIV, Fig. 13, shows three fragments which converge and

overlap at one end. Fig. 14 is from a pen drawing, natural size, which

shows the nervation more clearly.

Order FINALES.

Family TAXACEiE.

Genus TAXITES Brongniart.

Taxites zamioides (Leckenbj^) Seward.

PI. XXXIV, Figs. 1,5-17; PI. XXXV, Figs. 1-3.

1864. Cycadites zamioides Leek.: Quart. Journ. Geol. Soc. London, Vol. XX, p. 77,

pi. viii, fig. 1.

1875. Taxites laxus Phill.: Geology of Yorkshire, 3d ed., p. 231, lign. 64 on p. 231,

pi. vii, fig. 24.

1900. Taxites zamioides (Leek.) Sew.: Manchester Memoirs, Vol. XLIV, Pt. Ill,

No. 8, p. 5; Jur. Fl. Yorksh. Coast, p. 300, pi. x, fig. 5.

Leckenby described from the Oolite of Scarborough a small conifer-

ous branch which he named Cycadites zamioides." Seward calls this plant

Taxites zamioides. As the leaves narrow to the base like those of Taxus,

Seward is no doubt right in regarding the plant as a Taxites. There

are at some of the Oregon localities numerous imprints of leaves exactly

like those of this plant. In most cases they are detached, and sometimes

they thickly cover the surface of the rock. In one case they were found

attached, as in Taxus. The leaves are small but have a thick leather-

like texture. They are about 4 cm. long and 1.5-2 mm. wide. They

taper gradually to a subacute tip, and at base are abruptly rounded off

and attached by a very short twisted petiole. The midnerve is very

slender, but is sharply defined.

PL XXXIV, Figs. 15 and 16 (enlarged) give a portion of a twig with

several attached leaves. Fig. 17 shows a number of detached leaves.

PL XXXV, Fig. 1 depicts several nearly entire leaves. Some of these

are shown enlarged in Fig. 2. The specimen represented in Fig. 3 pre-

sents the appearance of a portion of rock covered with detached leaves.

The leaves are most common at locality No. 19 and are found also

at localities Nos. 1, 7, 17, and 18.

« On the sandstones and shales of the Oolites of Scarborough, by John Leckenb}-: Quart. Journ. Geol.

Soc. London, Vol. XX, p. 77, pi. viii, fig. 1.

MON XLVIII—05 9
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Genus BRAGHYPHYLLUM Brougniart.

Brachyphtllum MAMiLLARE Bi'ongniart.

PL XXXV, Figs. 4-8.

1828. Brachyphyllum ma7nillare Brongn.: Prodrome, pp. 109, 200."

1829. Thuites expansus ? Sternb. Phillips: Geology of Yorksliire, pp. 153, 167, 190,

pi. X, fig. 11.*

18.35. Thuites expansus Sternb. Lindley & Hutton: Foss. Fl. Gt. Brit., Vol. Ill,

p. 49, pi. clxvii.

1836. Brachyphyllum mammillare Brongn. Lindley & Hutton: Op. cit.. Vol. Ill,

p. 99, pi. clxxxviii.

1837. Brachyphyllum mammillare Brongn. Lindley & Hutton: Op. cit.. Vol. Ill,

p. 177, pi. ccxix.

1870. Brachyphyllum Phillipsii Scliimp. : Pal. Veg., Vol. II, p. 336.''

Several specimens of a plant that seems to be identical with

Brachyphyllum maniillare Brongn. were obtained in the Oregon Jurassic.

The plant is very rare and only small fragments of stems are usually

found. These are poorly preserved and the leaves are generally distorted

by pressure.

The specimen given in PL XXXV, Fig. 4 is a part of a branch about

12 mm. wide and 6 cm. long that has the leaves of this character. A
small portion of it is shown enlarged in Fig. 5. Fig. 6 shows a small

fragment of a branch with crowded leaves. This is shown enlarged in

Fig. 7. Fig. 8 denotes a larger fragment that is of somewhat doubtful

character. It is 9 cm. long and 2 cm. wide. It is an imprint made by

a decorticated stem. It shows, irregularly placed and remote from

one another, a number of obscure rhombic scars, and occasionally one

that is elongate-elliptical, placed transverse to the axis of the stem.

They can be seen distinctly only with the help of a lens. These scars

"Brongniart never described or figured this species, but it is on page 109 of the Prodrome that lie describes

the genus Brachyphyllum, and places in it only this one species. This has proved sufficient to enable others

to identify it, and is equivalent to a description of the species. Brongniart, however, prepared drawings of the

plant, which were afterwards completed and published by Saporta (Plantes Jurassiques, Vol. HI, p. 328,

pi. clxii [xxxiv], figs. 3-7).—L. F. W.
b The true Thuites expansus of Sternberg (Flora der Vorwelt, Vol. I, fasc. 3, p. 39, Tentamen, p. XXXVIII,

pi. xxxviii, figs. 1, 2) from the Stonesfield slate does not seem to occur in the Yorkshire Oolite, but both Phillips

and Lindley and Hutton wrongly referred some of the Yorkshire forms to that species.—L. F. W.
' Schimper considered the form figured by Lindley and Hutton in the Foss. Fl. Gt. Brit., Vol. HI, pi. ccxi.x

as a distinct species, and Saporta's fresh drawings of Brongniart's plant were regarded as establishing this fact.

He states that both the figures of Lindley and Hutton are of the same specimen, but Mr. Seward, who found the

specimen in the Manchester Museum, does not mention this, and the figures do not make it certain. Saporta

says that Schimper was in error, and Mr. Seward includes this form in Brongniart species.—L. F. W.
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appear to have been made by the bases of the leaves and are smaUer

than they would be if made by the surface of the boss-like leaves. The

shape, too, would differ if made under these conditions.

This plant occurs at localities Nos. 2, 7, and 17.

Family PINACE^.

Genus ARAUCARITES Presl.

Araucarites ? sp. Fontaine (cone scale).

PI. XXXV, Fig. 9.

At locality No. 7 an apparent cone scale of Araucarites was found

in a single specimen. It is quite convex, appearing hard and rigid,

and was apparently quite thick. It is cuneate in form, expanchng into

a broad thick summit, the extreme tip being hidden. Toward the

opposite end it narrows considerably, and at the end shows traces of

former union with the axis of the cone. Its width at the summit is 18

mm. and its length 25 mm.

Genus PINUS Linnaeus.

PiNus NoRDENSKioLDi Hecr.

PL XXXV, Figs. 10-17.

1876. Pinus NordensUoldi Heer: Fl. Foss. Arct., Vol. IV, Pt. I (Beitr. z. Foss. Fl.

Spitzbergens), p. 45, pi. ix, figs. 1, 2, 2b, .3, 3b, 4, .5, 5b, 6."

At several of the Oregon localities there are a number of long Pinus-

like leaves that are always detached. They never appear in such numbers

as the leaves of Taxites zamioides, but are more scattered. They agree

well with the larger forms attributed by Heer to Pinus Nordenskioldi.

Some of them, however, are a good deal larger than any given by Heer.

These larger forms can not be separated from certain smaller ones found

in the Oregon flora, which agree very well in size with the largest of Heer.

These leaves are pretty surely those of a Pinus and not of a Taxites.

They narrow gradually to subacute tips and do not narrow to the base.

In one case a fragment of the sheath may be seen attached to the base of a

leaf, and two other leaves lie near this, as if they had once all belonged to

the same bundle. There is a considerable variation in the size of the leaves.

The largest leaves, none of which were seen entire, have a length of 115 mm.

« I do not include the Cychpitys Nordenskioldi (Heer) Schmalh. in the synonymy of this species, because

after carefully comparing Schmalhausen's figures with those of Heer, I have grave doubt whether Schmalhausen

had this plant at all. His genus Cyclopitys seems to be quite distinct.—L. F. W.
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and a maximum width of 5 mm. The midnerve is strong and the texture

of the leaves very thick and leather-hke. They are often transversely

wrinkled, no doubt from shrinkage.

PL XXXV, Fig. 10 represents a group of leaves, one of them showing

traces of a sheath at its base. These are shown slightly enlarged in Fig.

11. Figs. 12 and 13 give portions of two medium-sized leaves. Figs. 14

and 15 represent the longest leaf seen, it not being entire. Figs. 16 and

17 denote the widest fragment found.

The leaves are most abundant at locality No. 19, and they are not

rare at localitj^ No. 7.

Genus CYCLOPITYS Schmalhaiisen."

Cyclopitts oregonensis Fontaine n. sp.

PI. XXXVI, Fig. 1, 2.

A single specimen, and its reverse, of a whorl of Taxus-like leaves was

obtained at localitj' No. 7. Schmalhausen has established the genus

Cyclopitj^s * for the plants that have an affinity with Sciadopitys. The

Oregon fossil resembles those that he calls Cydopitys Norde^iskioldi,' but

the leaves are broader and not so rigid, and are probably longer. The

Oregon fossil shows only one whorl, composed of IS leaves, some of the

leaves being evidently missing from the whorl. The leaves are attached

by thin narrowed bases. The stem is not seen. The leaves are rather

thin in texture. Their precise mode of attachment can not be made out,

as their bases are crowded and distorted. They seem to be attached bj^

narrowed bases and not by petioles. Only the basal portions of the

leaves are preserved. They seem to have been of about the size of those

of Taxites zam.ioides. There is a midnerve in each leaf that is rather

slender. This nerve sometimes appears as a slender cord-like nerve with

a depressed line on each side, and sometimes as two closely placed nerves.

This difference seems due to the fact that in the one case the lower surface

of the leaf made the imprint and in the other it was made by the upper

face. Schmalhausen'' regards Heer's Pinus Nordenskioldi as a Cyclopitys.

This may he the case with some of the forms that Heer has united in that

a It seems probable that this genus belongs to the family Taxace^e instead of the family Pinacese.—L. F. W.
SBeitrage z. Jura-Fl. Russlands: Mem. Acad. Imp. Sci. de St. Petersb., 7" ser., Vol. XXVII, No. 4,

pp. 39-41.

c 3 Op. cit., pi. xiv, figs. 6-8.

d Op. cit., p. 39.
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species, for he seems to have been rather lavish in his application of the

name, but it can hardly be assumed that the long Pinus-like leaves given

by Heer from some localities are a Cyclopitj^s, or anything like it, for they

are much longer than any of the forms that Schmalhausen gives of his

Cydopitys Nordenskioldi.

Genus SPHENOLEPIDIUM Heer.

Sphenolepidium oeegonensb Fontaine n. sp.

PI. XXXVI, Figs. ,3-8.

A considerable number of specimens of a new species of Sphenole-

pidium were obtained from the Oregon localities. This is the fossil referred

to as Sphenolepidium Kurrianmn (Dunk.) Heer in a letter from myself to

Professor Ward, quoted in Professor Ward's account of the Oregon

Jurassic flora.'' It was so r-eferred from the examination of very imperfect

specimens then in hand. The specimens obtained later are, it is true,

all poorly preserved, but on some the leaves are well enough shown to give

their true character, which indicates that the plant is a new species. The

branches are slender and wide spreading. The leaves are small and have

the form of an open sigmoid curve with incurved tips, the latter being

quite obtuse. The curvature of the leaves* resembles that of Pagiophjd-

lum, to which genus I at first supposed the plant to belong. Unlike Pagio-

phyllum, the leaf is not wider at base than elsewhere. The leaves are

rather slender and of delicate texture, so that they have suffered much in

fossilization, the stems showing mostly only traces of them. They are

closely appressed to the stem, about half the length of the leaf adhering to

the stem and being decurrent on it. Only the upper portion is free. The

midnerve could not be made out fully. Often, from maceration, the

remnants of the leaves appear more acute than they really are. Occa-

sionally a short branch may be seen bearing a cone. These cones have

generally been too poorly preserved to show fully the character of the cone

scales, but their arrangement gives fairly well the shape and size of the

cone. The cones are about 8 mm. long and 5 mm. wide, and are oblong in

form, resembling the cones of some of the Sphenolepidia of the Potomac

formation. The scales are wedge-shaped and seem to have had shield-

shaped ends.

« Twentieth Ann. Rep. U. S. Geol. Surv., Pt. II, 1900, pp. 369-370.
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PI. XXXVI, Fig. 3, shows a small twig on which some of the leaves

are preserved entire. This is shown enlarged in Fig. 4. Fig. 5 shows one

of the stoutest twigs found. Fig. 6 represents a branch of the largest size

found, and it contains an attached cone. Fig. 7 gives an enlargement of

the principal branch, and Fig. 8 one of the cones and twigs attached.

The plant is most abundant at locality No. 19, and is not rare at

locality No. IS. It occurs also at localities Nos. 1 and 13.

Genus SAJSL4R0PSIS Goppert.

Samaeopsis ? OREGONENSis Fontaiiie n. sp.

PL XXXVI, Figs. 9-12.

Two small bony seeds were obtained from locality No. 7 that seem to

be of the same nature as the small seeds described by Heer from the

Jurassic of Siberia, and regarded by him as belonging to the fossil genus

Samaropsis." Although they are apparently nearer to these forms than

to any other previously described plants, thej^ do not seem to be identical

with any of the species of Samaropsis described by Heer, and their true

position is doubtful. The two Oregon fossils differ somewhat in form, but

evidently are the seeds of the'same genus if not the same species of plant.

They seem to have l^een winged seeds. The wings show only traces in a

marginal rmg, the fossil being mainlj^ the seed or nucleus to which the

wing was attached. Owing to the difference in then- form I shall dis-

tinguish them as form a and form b.

Both of these seeds have a smooth bony surface. They are sur-

rounded b}^ a depressed line representing the attachment of the wing to the

seed. Outside of this there is a narrow border, less than 1 mm. wide,

which is all of the wing that remains, if it ever existed.

Form a, represented in PL XXXVI, Fig. 9, enlarged in Fig. 10, is the

larger of the two. It is oblong in form, abruptly rounded off at one end,

which seems to l^e the l^ase. The same width is maintained to near the

opposite end, where it terminates in a lancet-shaped tip. This seed is 5

mm. long and a little over 2 mm. wide. Form b, given in Fig. 11, enlarged

in Fig. 12, is cylindrical in shape, slightly narrowed at the ends, and

« Fl. Foss. Arct., Vol. IV, Ft. n, pp. 80-82.
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rounded off there. It is slightly curved. It is 5 mm. long and not quite

2 mm. wide.

Whatever their true position may be, they are evidently very different

from the other seeds found in the Oregon Jurassic.

MALE AMENT OF CONIFER.

PL XXXVI, Fig. 13.

From locality No. 7 there was obtained a single specimen of a catkin-

hke object that seems to be the male ament of some conifer. It is poorly

preserved and shows only an axis about 3 cm. long, with the scales of one

side only preserved. These are thickly crowded together and overlapping.

They are thin in texture and ovate in form.

PLANTS OF DOUBTFUL AFFINITY.

Under this head I place a number of forms which are of more or less

doubtful character.

Genus YUCCITES Schimper and Mougeot."

YucciTES HETTANGENSis Saporta ?

PL XXXVII, Figs. 1, 2.

1870. Yuccites Jiettangensis Sap. in Schimper: Pal. Veg., Vol. II, p. 427.

1886. Yuccites Jiettangensis Sap. : Plantes Jurassiques, Vol. IV, p. 74, pi. ccxxxv [ix];

pi. ccliii [xxvii].

Several ribbon-shaped imprints were found, mostly at localities

Nos. 2 and 7. They seem to be made by broad grass-hke leaves, but

may be caused by thin succulent stems. They have parallel sides

and do not diminish in width in the portions preserved. The largest

fragment obtained is 125 mm. long, with neither base nor tip preserved.

One side or margin is imperfect, and it may have been wider than it

now appears. Still, the width of 25 mm. is shown. No definite nerves

appear, but irregular and rarely strong nerves are seemingly shown,

a In view of the general doubt on the part of leading paleobotanists as to whether the forms described under

this generic name are really related to the living genus Yucca or represent Monocotyledons at all, I have not

thought best to introduce the Angiosperms as occurring in our Jurassic flora. Personally I do not believe that

they occur, and it is probable, as Schenk suggests, that if we ever ascertain the true nature of these forms we

shall find them to fall into that general line of development that seems to lead from the Cordaitales of the

Paleozoic to the Ginkgoales.—L. F. W.
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most of the surface being finely striate. The apparent strong nerva-

tion is prol^ably a puckering from longitudinal folds in the leaf. The

shape and size resemble these features in Saporta's Yuccites hettangensis.

PL XXXVII, Fig. 1, gives the largest and best specimen obtained.

Fig. 2 represents a small area of it enlarged to show the nerves.

It occurs, as stated, at localities Nos. 2 and 7, but also at locality

No. 19.

Undetermined leaf No. 1.

PI. XXXVII, Figs. .3, 4.

A few detached leaf-like impressions are found at localities Nos. 2

and 7 that are too poorly preserved to be definitely determined. They

are found as detached scraps. Fig. 3 shows three of them, placed as

if once attached to a common support, and Fig. 4 is a pen drawing of

one of these. The}^ are strap-shaped in form and narrow slightly toward

one end. The opposite ends of these fragments seem to be near their

true bases, but the attachment is not visible. They seem to have been

thick and succulent and to have had no definite nerves. There is an

appearance of irregular nerves of unequal strength, but this is probably

a puckering due to pressure. The general character of these objects

is suggestive of the leaves, not bracts, of Willicmisonia gigas (L. & H.)

Carr., as given by Saporta." Saporta maintains that this Williamsonia

did not have the foliage of Zamia gigas (L. & H.), as Carruthers assumed.

Fig. 4 illustrates the best specimen found.

Undetermined leaf No. 2.

PL XXXVII, Figs. 5, 6.

One specimen of this leaf was found at locality No. 7. It is a long

grass-like imprint, which has a vague fine striation and a seeming mid-

rib. The latter is perhaps a longitudinal wrinkle. It has neither base

nor tip, but is still 155 nun. long, with a width at one end of 15 mm.
and at the other of 12 mm., indicating a narrowing. The seeming

midrib shows no vascular -fissue and is vaguely defined. Possibly this

is a narrow Yuccites leaf. It is shown in PL XXXVII, Fig. 5, and a

small area enlarged is shown in Fig. 6.

« Plantes Jurassiques, Vol. rV^, pi. ccxlii [xvi], fig. 1.
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Genus CARPOLITHUS Mioiii/'

Carpolithus olallensis Ward n. sp.*

PI. XXXVII, Figs. 7, 8.

Two nut-like objects were found at locality No. 7 that seem to be

essentially the same, although varying slightly in form. They seem

to be nut-like seeds, as they stand out quite convex from the stone

"In the Nineteenth Ann. Rep. U. S. Geol. Surv., Pt. II, 1899, p. 691, this generic name was credited to

Artis, who used it in his Antediluvian Phytology, 1825, pp. XV and 22, in a systematic way. In tlie Twentieth

Ann. Rep., Pt. II, 1900, p. 363, it was credited to Stokes and Webb, who used it one year eadier in a more
obscure way, wliich I had overloolied. An explanatory footnote was appended in which I stated that this

orthography was retained in preference to OarpoUihes of Schlotheim, 1820, "on the assumption that it may
ultimately be found to have priority when the investigation is complete," and I drew attention to the use of

the plural form, Garpolithi, by Walch in 1771. Since that time I have made furthej investigations, and
succeeded in verifying this surmise. In 1757 a work by Alhoni (Carolus Allionius) was published in Paris

with the following title: Oryctographi* Pedemontanse Specimen, exhibens corpora fossilia terrse adventitia.

Pp. I-VIII+1-S2-I-2 pp. index. On pages 3-14 the names Phytolithus, Lithoxylon, and Carpolithus

occur, and are sufficiently described. Carpolithus occurs only once, on page 6, and under it a specimen is

described in the following words:

"Fructum nucis Juglandis ochrti quAdam terrificatum humanissime largitus est mihi amicissimus Richerius

. . . Observatu dignum est, corticem, seu testam osseam fructus nucis Juglandis constimptam, integerrimo

superstite fructu."

This fruit, as it seems from further explanations of the author, was sent to him by his friend Richerius, who
found it on a well-known hill called la Morra, in Piedmont. Sismonda, who worked up the fossil flora of Pied-

mont (Prodrome d'une Flore tertiaire du Piemont, par Eugene Sismonda, Mem. Acad. Sci. de Turin, 2' st'r.,

tome XVIII, pp. 519-547, pi. i-iv; Materiaux pour servir a la Paleontologie du Terrain Tertiaire du Piemont
,
par

Eugene Sismonda, op. cit., 2', ser., tome XXII pp. 391-491, pi. i-xxxiii), gives Morra as the locality fcr ths

well-known fossil nut called Juglans nuxiaurinensis, named and described by Brongniart in 1822 (Mem. Mus.
Hist. Nat. de Paris, Vol. VIII, p. 323, pi. xvii, fig. 6), which has been mentioned by many later authors, and
of which Gaudin found additional specimens in the Val d'Arno. Brongniart speaks of it as a well-known nut
at that time, popularly called "noix de Turin," but says it was found in the hills that form apart of the upper
beds in the vicinity of Turin. He does not mention the work of Allioni, and none of the authors that have sub-

sequently dealt with that form seem to have been acquainted with it. It seems probable that it is the same
specimen which had lain in the Paris Museum ever since 1757. Brongniart's figure agrees ver}' well with
Allioni's description. Sismonda seems to have had other specimens from the same locality, as all agree that

these nuts were common there, and that leaf impressions also occur in the same beds. Sismonda describes

the geological relations at Morra and classes the beds in the Upper IVIiocene, but neither he nor any other author
makes it clear just where la Morra is. There are several towns by that name in Ital}', one of which is in Pied-
mont on the Tanaro, but it is doubtful whether this is the same. At all events the name Carpolithus is thus
definitely established, and must now be credited to Allioni.

Prof. Ralph S. Tarr, who once did some literary work for the United States Geological Survey in the libraries

of Cambridge and Boston, discovered this work of Allioni in the library of the Museum of Comparative Zoology
at Harvard University and made some notes on a slip that he sent on with his papers. These notes were insuf-

ficient to decide the question, but the name Carpolithus occurred on the slip. In discussing the matter mth
Mr. David White, who has had the same difficulty with Carpolithus that I have had, he offered to write to

Prof. J. B. Woodworth and ask him to invesrigate the question. Professor Woodworth very kindly di J so and
made a full report. It is from his letter that the above facts relative to Allioni's work are taken, and I

take this opportunity to acknowledge my indebtedness to him.—L. F. W.
I> The name given by Professor Fontaine to this form had already been twice used for other objects and had

to be changed. The name I have chosen refers to Olalla Creek on a branch of whish it was found.—L. F. W.
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and show no trace of nervation. Thej' are oblong elliptical in form,

and at the tips are prolonged into an apparent beak. They are too

large for seeds of cycads. The form given in PL XXXVII, Fig. 7, is

35 mm. long and 14 mm. wide in its widest portion. That shown in

Fig. 8 is 3 cm. long and of the same width as that given in Fig. 7, but

is more broadly elliptical. These objects look strikingly like the pyri-

form axis inclosed by the bracts of the involucre of what Saporta thinks

is the male flower of Williamsonia gigas. They may be compared with

the form given by Saporta in Plantes Jurassiques, Vol. IV, pi. xix, fig. 2.

These pyriform objects seem often to have been detached from the

involucres, and then would appear in the form shown by the Oregon

fossils. Such an object may be inclosed by the infolded bracts of the

fossil described in this paper as Williamsonia oregonensis. As there

is no way of connecting them with Williamsonia, I describe them as

Carpolithus.

Caepolithus BrcKLAXDii AYilliamson?

PL XXXVII, Fig. 9.

1836. Carpolithe.s BucMandii Willn. in Lindley & Tlutton: Foss. FL Gt. Brit.,

Vol. Ill, p. 103, pL Ixxxix, figs. 3, .5.

A large nut-like object was obtained from locality No. 7 that much
resembles the Carpolithes Bucklandii Willn. figured by Lindley and

Hutton. The base of the Oregon fossil is not shown, so it can not be

compared with that of the English fossil. The latter, as given by Lind-

ley and Hutton, shows on its surface a number of sharply defined promi-

nences quite regularly formed. None such appear on the Oregon plant.

Its surface is irregularly roughened, but the prominences are ill defined;

In a few there are papillse somewhat like those on the English fossil.

The plant matter of the Oregon fossil is stripped off from the rock, and

no doubt if the original surface had been preserved it would present

a different aspect from that now shown. All that can be said is that

the fossil has a suggestive resemblance to that of Lindley and Hutton.

The nut is quite large, being 4 cm. long and 22 mm. wide near the

base. It is ovate in form and seems to narrow at the summit into a

beak, but the end is not well preserved.
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Carpolitiius oregonensis Fontaine n. sp.

PI. XXXVII, Figs. 10, 11.

Two large nut-like objects were found, one each at localities Nos. 1

and 7. They seem to be the same species. They are not unlike the

seeds of Ginkgo hiloba, but are much larger. They are broadly ellip-

tical in form and are smooth on the surface and rounded at both ends,

which do not differ in form. They are quite convex, but the original

surface seems to have been removed.

The form given in PI. XXXVII, Fig. 10, is 4 cm. long and 27 mm.

wide in its widest part. That given in Fig. 11 is 37 mm. long and 27

mm. wide.

Carpolithus elongatus Fontaine n. sp.

PI. XXXVII, Fig. 12.

A single specimen of a narrowly elliptical nut-like object was

obtained at locality No. 7. It is the same type of plant as Carpolithus

oregonensis, but is smaller and proportionally much narrower. The

surface is smooth. It is slightly unsymmetrical, one longitudinal mar-

gin being more convex than the other. This may be due to distortion.

Its full length is not preserved, but it is still 39 mm. long and 16 mm.

wide. It was probably over 4 cm. in length, giving a great length in

proportion to its width.

Carpolithus douglasensis Fontaine n. sp.

PI. XXXVII, Fig. 13.

A single specimen of a pecuhar pod-like organism was found at

locality No. 19. It is not convex, but lies even with the surface of the

rock and does not seem to have had much woody matter in its com-

position. It has at one end, the probable base, what looks like a frag-

ment of the stem to which it was attached, and at the opposite end

an apparent double beak, as if it were a two-valved pod. The length

is 2 cm. and the width in the widest part 1 cm. It is elliptical in form,

narrowing gradually from base to apex. Whatever it may be it is

certainly different from any of the previously described nut-like objects.

I name it from Douglas County, in which it was found.
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Jur

CONCLUSIONS.

The following is the complete list of the plants found in the Oregon

assic

:

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

24.

25.

26.

28.

Alarchantites erectus (Bean) Sew.1

Dicksonia oregonensis Font. n. sp.

Coniopteris hymenophylloides

(Brongn.) Sew. ?

Thyrsopteris Murraj^ana (Brongn.)

Heer.

PolyiJodium oregonense Font. n. sp.

Cladophlebis vaccensis Ward n. sp.

Cladophlebis denticulata (Brongn.)

Nath. non Font.

Cladophlebis haiburnensis (L. & H.)

Brongn. ?

Cladophlebis acutiloba (Heer) Font.

n. comb.

Cladophlebis pecojateroides Font. n.

sp.

Scleropteris oregonensis Font. n. sp.

Ruffordia Goepperti (Dunk.) Sew.

Adiantites Nympharum Heer?

Tseniopteris orovillensis Font.

Tseniopteris major L. & H.

Tseniopteris vittata Brongn.

Tseniopteris ? oregonensis Font. n. sp.

Macrotaeniopteris californica Font.

Sagenopteris Gceppertiana Zigij.

Sagenopteris pauci folia (Phill.)

Ward n. comb.

Sagenopteris grandifolia Font. n. sp.

Danffiopsis Storrsii Font. n. sp.

Ecjuisetum sp. Font.

Pt^lozamites Leckenbyi (Bean)

Nath.

Nilsonia orientalis Heer.

Nilsonia orientalis minor Font. n.

var.

Nilsonia parvula (Heer) Font. n.

comb.

Nilsonia nipponensis Yok.

29. Nilsonia compta (Phill.) Gopp.

30. Nilsonia pterophjdloides Nath. non

Yok.

31. Pierophyllum Nathorsti Schenk.

32. Pterophyllum contiguum Schenk.

33. Pterophyllum £ec|uale (Brongn.)

Nath.

34. Pterophyllum rajmahalense Morr.

35. Pterophyllum minus Brongn. ?

36. Ctenophjdlum angustifolium Font.

37. Ctenophyllum pachj-nerve Font. n.

sp.

38. Ctenophyhum Wardii Font.

39. Podozamites pulchellus Heer.

40. Podozamites pachyphyllus Font. n.

sp.

41. Podozamites lanceolatus (L. & H.)

Fr. Br. non Emm.
42. Podozamites lanceolatus minor

(Schenk) Heer.

43. Podozamites lanceolatus latifolius

(Fr. Br.) Heer.

44. Podozamites ? pachjaiervis Font. n.

sp.

45. Ctenis sulcicaulis (Phill.) Ward n.

comb.

46. Ctenis orovillensis Font.

47. Ctenis grandifolia Font.

48. Ctenis auriculata Font. ?

49. Encephalartopsis ? oregonensis Font.

n. sp.

50. Cycadeospermum oregonense Font.

n. sp.

51. Cj^cadeospermum ovatum Font. n.

sp.

52. Williamsonia oregonensis Font. n. sp.

53. Williamsonia ? sp. Font. Bract of

Williamsonia ? No. 1.
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54. Williamsonia ? sp. Font. Bracts of

Williamsonia Nos. 2, a, b, c.

55. Ginkgo digitata (Brongn.) Heer.

56. Ginkgo Hiittoni (Sternb.) Heer.

57. Ginkgo Huttoni magnifolia Font. n.

var.

58. Ginkgo lepida Heer.

59. Ginkgo sibirica Heer.

60. Ginkgo sp. Font. Aberrant Gink-

gos.

61. Phoenicopsis ? sp. Font.

62. Taxites zamioides (Leek.) Sew.

63. Brachyphyllum mamillare Brongn.

64. Araucarites ? sp. Font, (cone scale).

65. Pinus Nordenskioldi Heer.

66. Cyclopitys oregonensis Font. n. sp.

67. Sphenolepidium oregonense Font, n,

sp.

68. Samaropsis ? oregonensis Font. n.

sp.

69. Male ament of conifer.

70. Yuccites hettangensis Sap.?

71. Undetermined leaf, No. 1.

72. Undetermined leaf, No. 2.

73. Carpolithus olallensis Ward n. sp.

74. Carpolithus Bucklandii Willn. ?

75. Carpolithus oregonensis Font. n. sp.

76. Carpolithus elongatus Font. n. sp.

77. Carpolithus douglasensis Font. n. sp.

In determining from these plants the age of the strata that contain
them, 40 must be eliminated as of no value. There are 22 new species,

2 new varieties, 7 species not positively determined, and 9 forms not
specifically determined. It may be said of these that none are incom-
patible with the conclusion that the age of the strata is Jurassic, On
the contrary, so far as they throw any light on the question of age, they
indicate that it is Jurassic. The species that were doubtfully determined
are the only ones that have any bearing on the question. They have at

least some affinity with forms known from estabhshed geological horizons.

The plant doubtfully determined as Adiantites Nympharum has an
affinity with Heer's species from the Lower Oolite of Siberia; Pterophyllujn

minus comes from the Lower Oolite of Yorkshire; Ctenis auriculata is

found only in the Oroville strata, which are probably Lower Oohte in age •

Marchantites eredus comes from the Lower Oolite of Yorkshire Yuccites

hettangensis is obtained from the Infralias of Hettange, a lower horizon
than the Lower Oolite; Carpolithus Bucklandii comes from the Lower
Oohte of Yorkshire. Thirty-seven species and varieties, over half of the
entire number, are forms found in formations whose age is more or less

fully established.

The following species have beeii found only in the Oroville strata of

California: Cladophlebis vaccensis, Tceniopteris orovillensis, Macrotceniop-
teris californica, Ctenophyllum angustifolium, Ctenophyllum Wardii, Ctenis

orovillensis, Ctenis grandifolia. There are thus 7 species found only in

the Oregon and Oi'oville beds.
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The following species and varieties have been found in the Oregon

and Oroville strata and elsewhere in Jurassic beds: Sagenopteris Gcepper-

tiana, Pterophyllum rajmahalense, Podozamites lanceolatus, Podozaniites

lanceolatus latifolius, Pinus Nordenskioldi, 5 in all.

We find, then, that the Oroville and Oregon beds have in common

12 out of 37 fairly well-characterized species, nearly one-third. This

shows pretty conclusively that whatever the age of these strata may be

it is essentially the same. But these last-named 5 species are found in

other localities besides the Oroville and Buck Mountain regions.

Sagenopteris Gceppertiana, according to Zigno, occurs in the Lower

Oolite of Italy. Pterophyllum rajmahalense was first found in the

Rajmahal series of India, which is held to be Liassic in age; but it does

not differ apparently from Heer's Pterophyllum Sensinovianum, so, if

Heer's conclusions as to the age of the strata containing it are correct,

we may assume that it persists into the Lower Oolite. Podozamites

lanceolatus genuinus, or Podozamites lanceolatus simply, is, like Clado-

phlebis whitbiensis, probably a much abused type of leaf. It probably

is not a species, but rather a type of leaf found in many species which

lived in Jurassic times. The original is from the Lower Oolite and the

form is probably more characteristic of that period than any other of the

Jurassic. The broad form, var. latifolius, seems to be more common in

the Oohte than in any other epoch. Pinus Nordenskioldi is apparently

also especially characteristic of the Lower Oolite. This, too, is probably

not a single species, but rather a type of Pinus leaf that was common in

the Lower Oohte. It is quite probable that some of the forms placed in

this species are really Taxites.

There remain 25 species that, as yet, have not been found at the

Oroville locality. These, taken in connection with some of the last

mentioned as common to Oregon and Oroville, show a remarkably large

proportion of plants common to the Oregon beds and the two widely

separated regions, Yorkshire in England and eastern Siberia. The

element common to Oregon and eastern Siberia might be explained by

supposing that in Jurassic times land' connection existed between Asia

and northwestern America. It is difficult to understand why so many

forms should be common to England and northwestern America. In

this connection it is interesting to note that several of the forms made
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known by Richthofen from China exist in the Oregon flora. These will

be noticed before taking up the plants common to Oregon, Yorkshire,

and eastern Siberia. PterophyUum Nathorsti and P. co7itiguum-ha.\e, as

yet, been found only in Oregon and in the Kwei-tshou beds of China.

Schenk thinks that they can not l^e older than Lower Jurassic. As these

strata, according to Schenk, contain Podozamites lanceolatus and Nilsonia

compta, they are most likely Lower Oolite in age.

The Oregon strata have in common with the Kaga strata of Japan

Nilsonia nipponensis. Yokoyama regards the Kaga strata as- Lower

Oolite.

The Oregon strata have in common with those of Yorkshire the

following species, some of which are highly characteristic of the Yorkshire

Lower Oolite:

\. Cladophlebis denticulata.

2. Cladophlebis haiburnensis.

3. Thyrsopteris Murrayana.

4. Ruffordia Gopperti.

5. Tseniopteris major.

6. Tseniopteris vittata.

7. Sagenopteris paucifolia.

8. Ptilozamites Leckenbyi.

9. Nilsonia compta.

10. Podozamites lanceolatus.

IL Ctenis sulcicaulis.

12. Ginkgo digitata.

1-3. Taxites zamioides.

14. Brachyphyllum mamillare.

Fourteen out of the 37 well-characterized species not new.

In common with the Siberian Jurassic there are the following

Cladophlebis acutiloba.

Thyrsopteris Murrayana.

Nilsonia orientalis.

Nilsonia parvula.

PterophyUum rajmahalense.

Podozamites pulchellus.

Podozamites lanceolatus.

Podozamites lanceolatus minor.

9. Podozamites lanceolatus latifolius.

10. Ginkgo digitata.

1 1

.

Ginkgo Huttoni.

12. Ginkgo lepida.

1.3. Ginkgo sibirica.

14. Seeds of Ginkgo.

15. Pinus Nordenskioldi.

16. Brachyphyllum mamillare.

Sixteen out of the 37 determined species not new.

The Oregon strata rival those of eastern Siberia in the development

of Ginkgos, and it is a noteworthy fact that nearly all the more impor-

tant species made by Heer from those beds have similar forms in the

Oregon strata. This similar great expansion of Ginkgos is strong proof
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that the Oregon strata are of the same age as those of Siberia. We may

go further and take it as good proof that the beds are not older than

Lower Oohte. This large element of the Oregon flora common to both

the Yorkshire and the Siberian strata may be taken as strong confirma-

tion of Heer's belief in the identity of the age of the two formations.

There are in the Oregon flora, besides Pterophyllum rajmahalence,

two previously known plants that point to a somewhat older age than

Lower Oohte. They are Pterophyllum (equals and Nilsonia pterophyl-

loicles. JBoth of these are given by Nathorst as found in the Rhetic of

Scandinavia. The latter has not hitherto been found in strata younger

than the Rhetic. Pterophlyllum cequale has been noted by Schenk as

found in the beds of the Tumulu coal field of China. " These strata are,

he thinks, of Lower Oolite age.''

There can be no doubt, in the opinion of the present writer, that

the Yorkshire Lower Oolites, the strata of eastern Siberia and of the

Amoor, made known by Heer, and the Oregon beds are of the same

age. The only question is, What is that age? The investigations of

the English geologists would seem to have settled the question for the

Yorkshire formation. Zeiller, in his paper discussing the age of the

fossil flora of the Altai made known by Schmalhausen, in a footnote

to page 478,' states that it is questionable whether the Siberian and

Amoor plants described by Heer are really Lower Oolite in age. He

thinks that the resemblance of this flora, in a number of its elements,

to that of the Rhetic of Scandinavia makes the question an open one

and that the age may be Lower Lias or even Rhetic. He takes pains,

however, to state that he does not maintain that Heer's conclusions

are erroneous, but that the question of age in the case of these strata

merits further study. The key to the whole matter is the correctness

of the determination of the age of the Yorkshire beds. So far as my
knowledge goes no one has questioned the correctness of the conclu-

sions of the English geologists regarding the age of the Yorkshire strata.

That being established as Lower Oolite would certainly indicate a simi-

« Schenk, Jurassic Plants of China, pp. 247-248, pi xlviii, fig. 7.

6 0p. cit., p. 265.

f Remarques sur la flore fossile de I'Altai a propos des dernieres decouvertes paleobotaniques de MSI.

Bodenbender et Kurtz dans la Republique Argentine, par. M. R. Zeiller: Bull. Soc.GeoI.de France, 3° ser..

Vol. XXIV, Paris, 1896, pp. 466-487.
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lar age for the Siberian beds and also for those of Oregon. The simi-

larity of a number of the forms to those of the-^Lower Lias and the Rhetic

may be explained by a survival of a portion of the Rhetic flora into

the Lias and the Lower Oolite. It must be remembered that climatal

conditions were apparently remarkably uniform throughout the Jurassic,

a condition very favorable for the persistence of types. The resem-

blance between the plants of the Lower Lias and Rhetic formations

and those of Yorkshire has long been known.

OTHER PLAKT-BEARING BEDS IK THE JURASSIC, OR FORMING THE
TRAXSITIOIS" TO THE LOWER CRETACEOUS.

On August 8, 1884, Dr. A. C. Peale, while making investigations

in northern Montana, collected a small specimen bearing the distinct

impression of a coniferous leafy twig. It was found on the east slope

of the Bridger Range, north of Bridger Creek, 4 miles northeast of

Bozeman, in about latitude 44° 44' N., longitude 110° 44' W., in strata

regarded by him as Jurassic, and the specimen was so labeled. It is

in a limestone underlying the green sandstone described in Hayden's

Annual Report for 1872, on page 475 ("Last foot of Bridger Peak, etc.").

The plant proves to be the Sequoia Reichenbachi, which certainly extends

to the base of the Cretaceous and has its ancestral forms in the Jurasic.

In the summer of 1884 Mr. Henry D. Woolfe sent to the Smith-

sonian Institution from Cape Lisburne, Alaska, two boxes of coal, some
rock specimens, and some shales bearing leaf impressions. These last

were referred to the Department of Fossil Plants of the National Museum,
where they remained some time, but finally, on September 30, 1885,

they were sent, along with a number of other undetermined collections,

to Prof. Leo Lesquereux for determination. In due time Professor

Lesquereux submitted his report, or rather a series of reports, which

were compiled and edited by F. H. Knowlton and published in the

Proceedings of the United States National Museum, Vol. X, pp. 21-46;

Vol. XI, pp. 11-38, pi. iv-xvi. The plants from Cape Lisburne are

described in Vol. X, p. 36, and Vol. XI, pp. 31-33, and figured mostly

on pi. xvi of Vol. XI.

A larger and better collection than the one made by Mr. Woolfe

and from . the same general reigon has recently arrived. From the

meager data that have been furnished it is learned that it was made
MON XLVIU—05 10
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bj^ Mr. H. D. Dumars 30 miles east of Cape Lisburne in 1890 and was

donated to the National Museum b}^ Mr. A. G. Maddren, of Seattle,

Wash. It was taken from the Corwin coal mine. The rock is similar

to that of the Woolfe collection and some of the species are the same,

but there are others and verj^ different ones. The specimens have a

decidedljf Lower Cretaceous, or even Jurassic, facies.

On December 15, 1900, Dr. T. W. Stanton turned over to me a

specimen containing a well-marked impression, with its counterpart, of

a leaf which was collected by Mr. A. C. Spencer in August of that year

on Nikolai Creek near Nikolai, in the Copper River region of Alaska,

in strata supposed to be Cretaceous or Jurassic.

In February, 1901, Doctor Stanton placed in my hands a small

collection of fossil plants collected by Mr. Diller's party the previous

season in Curry County, Oreg., at a locality in the Port Orford quad-

rangle, and labeled by Mr. Diller Jurassic or Lower Cretaceous.

In March of the same year Doctor Stanton referred to me a speci-

men collected by Mr. Ernest G. Locke, of Seattle, on Herendeen Bay,

Alaska, labeled as coming from the "coal measures" of that region.

The specimen showed the impression of a cycadaceous leaf.

Another collection from Alaska made in 1901 by Mr. F. C. Schrader

was sent me by Doctor Stanton on November 25 of that year. The

following is the list with field numbers attached. The trunk of a tree

numbered A at the end of the list was not sent to Professor Fontaine.

The label states that it was "collected by Mr. and Mrs. J. H. RoUand

in 1901 in Ihamna oil region, Ihamna Bay, Cook Inlet, Alaska; appar-

ently Mesozoic." It is probably coniferous, and has a warty exterior

as if the bark was partially preserved.''

List of localities of fossil plants collected by F. C. ScJirader during the season of 1901

along ihe one hundred and fifty-second meridian north of Arctic Circle and on the

Arctic coast of Alaslca.

(Horizon, probably Mesozoic.)

544. Fossil plant steins in dark, dirty gray sandstone or arkose. Locality, Aniko-

vik River, cross ridge below camp 1.

54.5. Fossil plant stems in dark, dirty gray sandstone or arkose. Locality, Aniko-

vik River, cross ridge below camp 1.

« After Professor Fontaine had sent in his report on this collection, I gave the names of the three species found

in it to Mr. Schrader, and he published them in his paper entitled Geological section of the Rocky Mountains in

northern Alaska: Bull. Geol. Soc. America, Vol. XIII, 1902, p. 245.
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657. Fossil in slightly calcareous slate. Locality, Ai-ctic coast, northeast of camp,
September 12.

6.58. Fossil in sHghtly calcareous sandstone. Locality, Ai-ctic coast, northeast of

camp, September 12.

660. Fossil plants in dense, slightly calcareous sandstone. Locality, Arctic coast,

northeast of camp, September 12.

661. Fossil plant stem in consolidated mud rock. Locality, Ai'ctic coast, northeast

of camp, September 12.

644. Fossil plants in sandstone. Locality, Cape Beaufort, Arctic coast.

672. Fossil plant stems in sandstone. Locality, Lisburne coal mines near Cape
Lisburne, Ai-ctic coast.

A. Trunk of tree or plant in impure, bluish-gray limestone from Iliamna Bay,
Cook Inlet, as described on label.

During the field season of 1901 Mr. James Storrs, of Mr. Diller's

party, collected some fossil plants in northern California. They were
from three locahties, one of which was on the divide between the Trinity

and Sacramento rivers, near the head of Dog Creek; another was 3 miles

above Whitney's, on the road to Trinity Center; the third was about

2 miles northwest of Slatonis on the old wagon road. The last two
were in the Redding quadrangle, in Trinity County. The specimens

from all these localities showed for the most part only faint traces of

vegetable remains. Those from the first-named consisted of a matted
mass of macerated leaves, apparently of some conifer, but wholly inde-

terminable. On a few slabs from the last-named locality, however,

there occur a cone, much distorted by pressure, and some coniferous

leaves and twigs, upon which Professor Fontaine has reported.

In this miscellaneous collection I shall also include-^^the specimens

from the Franciscan, or Golden Gate, deposits of Slate Springs, Cal-

ifornia, the history of which was given in the first paper," which have
since been determined and the single species named.

All of these specimens were sent to Professor Fontaine for deter-

mination, and he reports upon them as follows :

*

"Twentieth Ann. Rep. U. S. Geol. Surv., Pt. II, 1900, pp. 338-339.

6 For these small collections it will be suiBcient to arrange the species in their systematic order without intro-

ducing the higher terms of the classification. Where they have already occurred in the larger report reference

is made to the descriptions and synonymy.
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REPORT ON THE VARIOUS COLLECTIONS DESCRIBED ABOVE.

By Wm. M. Fontaine.

1. PLANTS FROM CUBRT COUNTY, OREO.

Mr. J. S. Diller collected 17 specimens of fossil plants from the

Forks of Elk River, in the Port Orford quadrangle, Curry County, Oreg.

The horizon is given as Jurassic or Lower Cretaceous. The plant mate-

rial is very poorly preserved. Most of it is not determinable. All of

it is in the form of small fragments, which have apparently been floated

some distance from the place of growth. Hence the determination of

all the fragments can not be positive. The following specimens are the

onh^ ones that possess character deserving notice.

DiCKSONiA OEEGONENsis Foiitaine ?."

PI. XXXVIII, Figs. 1, 2.

One of the rock specimens from Cuny County contains a small

fragment of a fern that resembles Dicksonia oregonensis Font., of ,the

Buck Mountain Jurassic beds. The specimen is a small fragment of

the end of an ultimate pinna. This fragment contains several fructified

pinnules. The sori are large and globose in form. The}^ strongh^ suggest

the identity of the plant with D. oregonensis. The latter and Cladophlebis

vaccensis are not uncommon in the Jurassic strata occurring in the

vicinit}^ of Buck Mountain in Douglas County, Oreg., and have been

described in this paper. Owing to the small amount of material from the

Curry County l^eds the identification can not be positively made.

The specimen is shown natural size in PI. XXXVIII, Fig. 1, and

enlarged in Fig. 2.

Thyesopteeis ]\Iureayana (Brongniart) Heer?*

PI. XXXVIII, Figs. 3, 4.

On one of the specimens there occurs a small bit of a fern that

resembles Thyrsopteris Murrayana. It is a part of the termination of an

ultimate pinna, and carries several pretty well preserved pinnules. The

form, texture, and nervation of these pinnules indicate stronglj' the

presence of T. Murrayana. But this part of a fern frond is not well

« For the description of this species see pp. 55-56.—L. F. W.
^ For the synonymy of this species see pp. 61-62.—L. F. W.
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adapted for determination, and the amount of material is too small. This

fern occurs quite commonly in the Buck Mountain Jurassic.

PL XXXVIII, Fig. 3, shows the specimen natural size, and Fig. 4

enlarged.

Cladophlebis vaccensis Ward."

PI. XXXVIII, Figs. .5, 6.

The fossil from Curry County, regarded as probably a specimen of

Cladophlebis vaccensis, consists of a single detached pinnule. It agrees

exactly with some of the pinnules of that fern. Of course a positive

identification can not be made with so small an amount of material.

PL XXXVIII, Fig. 5, shows the specimen natural size, and Fig. 6

enlarged.

Ctenis sulcicaulis (Phillips) Ward?*

Pi. XXXVIII, Figs. 7, 8.

Two fragments of leaflets are found in the Curry County fossils that

seem to belong to Cteyiis sulcicaulis. They are detached and show

neither base nor tips, so that the true position of the fragments can not

be determined. C. sulcicaulis is an important fossil in the Buck Mountain

Jurassic strata. In these small fragments the texture and the slender

nerves agree well with those features in the Buck Mountain fossil. The

mode of anastomosis of the nerves in both is exactly the same.

PL XXXVIII, Fig. 7, gives the most complete fragment. The

nerves are so fine that they can be made out only with the help of a lens.

They are shown enlarged in Fig. 8.

Ctenophyllum ? sp. Fontaine n. sp.?

PL XXXVIII, Figs. 9, 10.

On the rock specimens of the collection there are several strap-

shaped fragments of leaves that indicate the presence of a Ctenophyllum of

the type of C. densifolium ' of the Oroville flora. If it is a Ctenophyllum it

is probably a new species, but the material is too imperfect and too small

in amount to permit a full and accurate diagnosis to be given. The

a For the description of this species see pp. 66^68.—L. F. W.
6 For the synonymy of this species see p. 113.—L. F. W.
« Twentieth Ann. Rep. U. S. Geol. Surv., Pt. II, 1900, pp. 358-359, pi. Ixi.
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leaflets occur only in small fragments, which are not attached and show

no terminations.

PL XXXVIII, Fig. 9, gives the most complete specimen. This shows

three fragments with the tips and bases not preserved. They are so

placed as to indicate that they were once attached to a common stem.

They are, on an average, 5 mm. wide. The nerves are the most character-

istic feature. They are exceedingly fine and close, being visible only with

the help of a lens. At least five occur in the space of 1 mm., and some-

times they are even closer. They are single and parallel. Fig. 10 shows

one of these leaflets enlarged.

PoDOZAMiTES LANCEOLATUS MINOR (Sclienk) Heep. ?"

PI. XXXVIII, Figs. 11, 12.

The Curry County beds have yielded several small fragments of

detached leaves that seem to be Podozamites lanceolatus minor Heer.

The exact character can not be made out, as the leaves are not attached

and their bases and ends are not preserved. The fragments agree well

with the small form of P. lanceolatus, regarded b}^ Heer as a distinct

variety and called by him var. minor. The nervation is fine, close, and

approximately parallel. This is another of the plants that are probably

common in the Curry County and Buck Mountain floras, for P. lanceolatus

minor is found in the Buck Mountain localities. The material from

Curry County is not sufficient to permit a positive identification.

PI. XXXVIII, Fig. 11, shows the most complete leaflet natural size,

and Fig. 12 the same enlarged.

Otozamites oregonensis Fontaine n. sp.

PI. XXXVIII, Figs. 13, 14.

Two fragments occur in this collection, one on each of two rock

specimens, that seem to be a new species of Otozamites. The fragments

do not suffice for a complete diagnosis, but perhaps justify a description

of the plant as a new species.

The most complete and largest specimen is depicted in PL XXXVIII,

-Fig. 13, and a smaller and less complete one is given in Fig. 14. The

n For synonymy see p. 111.—L. F. W.
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larger leaf is torn in half longitudinally, and the smaller one shows the

basal part nearly complete. The larger leaf gives the shape best, and

hence this will be taken for description. It is 35 mm. long, oblong in

form, and tends to assume a flabellate shape. It narrows slightly toward

the base and was attached by the middle point of the base, which was

slightly auriculate. It is widest near the end, which is rounded off very

obtusely. It was probalDly 25 mm. wide near the end. The nerves are

very fine and closely placed. They diverge from the insertion of the base

and fork repeatedly, so as to fill the lamina of the leaf. In form and size

the leaves resemble those of Otozamites Klipsteini superha Sew., from the

Wealden of England. They most reseml^le those of the form figured on

pi. vii, fig. 9, of Seward's Wealden Flora, Pt. II, but the leaves now in

question narrow more toward the base.

Taxites zamioides (Leckenbj-) Seward."

PI. XXXVIII, Figs. 15-18.

The principal specimen regarded as representing Taxites zamioides is

a small bit of a twig with the bases of several leaves attached to it.

Enough of the leaf is preserved to show a ver}^ close agreement with the

T. zamioides of the Lower Oolite of Yorkshire, England. On some of the

specimens several detached leaves occur that are nearly entire, and which

agree well with those of this conifer. This conifer occurs at some of the

Jurassic localities in the vicinitj' of Buck Mountain, Oregon, not rarely,

and has been described by the writer in this paper. This is shown natural

size in PL XXXVIII, Fig. 15, and enlarged in Fig. 16. A single nearly

complete leaf found detached is represented in Fig. 17, and Fig. 18 shows

this enlarged.

The above-described plants are all that can be made out with any

degree of certainty in the collection from Curry County. They indicate

with a high degree of probability that the strata which yield them are of

the same age as the Jurassic strata of Douglas County in the vicinity of

Buck Mountain. The abundant plant fossils of these beds show that they

are of Lower Oolite age.
I

.

o For the synonymy of this species see p. 129.
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2. PLANTS FROM HEBENDEEN BAY, ALASKA.

Pterophyllum alaskense Fontaine n. sp.

PL XXXVIII, Figs. 19, 20.

This is a fragment of a cycad leaf which is most probably a Ptero-

phyllum. It belongs to that type of Pterophyllum of which P. rajmaha-

lense Morris is the most important example. This, however, seems to be a

new species. The leaflets are remote and attached to the side of the axis

or midrib by the whole of a somewhat widened base. This is the most

important difference distinguishing this plant from P. rajmahalense. The

leaflets are oblong in form, with very obtuse ends. As is common in

Pterophylla of this type, they show some variation in width even in the

same compound leaf. The length for the average size is about 14 mm.
and the width above the base 4 mm. The nerves are not well shown, but

seem to be slender and numerous, parallel, and about 12 in number.

They may be more numerous in the wider leaflets. The texture of the

leaflets is rather thin. Owing to the expansion of the bases of the leaflets

they touch one another in those parts and are even united there with a

U-shaped sinus. The largest leaflets may be twice as wide as the narrow-

est. As in the case of P. rajmahalense, the variation in size is mainly in

the width, the length remaining pretty constant.

The specimen is shown natural size in PI. XXXVIII, Fig. 19, and a

portion of it enlarged in Fig. 20.

Only a single specimen of this plant was found. It was collected by

Mr. Ernest S. Locke from the
'

' coal measures '

' of Herendeen Bay,

Alaska. Doctor Stanton states that the invertebrates accompanying

this plant are Aucella crassicollis, a Lower Cretaceous species.

3. PLANTS FROM THE COPPER RIVER REGION, ALASKA.

Sagenopteris alaskensis Fontaine n. sp.

PL XXXVIII, Fig. 21.

This plant is found in only one specimen, which is a nearly complete

leaf, apparently a lateral one of the cluster characteristic of Sagenopteris.

It was collected by Mr. A. C. Spencer from the Copper River region of

Alaska, on Nikolai Creek near Nikolai. It is apparently one of the lateral
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leaves of the group, as it is unsymmetrical in shape. The leaf is broadly

elliptical in form, narrowing to ..an obtuse tip. The basal part of the leaf,

on the left-hand side, is not entire, but the margin on this side was evi-

dently not so strongly curved as the right-hand margin. The leaf texture

was evidently thick and leathery, for the leaflet leaves a very distinct

impression,, although it is preserved in a coarse grit. The most complete

leaflet has a length of 7 cm. It is widest near the base, where it is 4 cm.

wide. The midnerve is flat and obscure and it does not exist for more

than one-third of the length of the leaf. The secondary nervation can

not be made out.

This plant is quite near Sagenopteris Goppertiana from the Lower

Oolite of Italy," which is common also in the Jurassic formation of the

Buck Mountain region of Oregon. It is clearly a Sagenopteris of the same

tj^pe, but is apparently a new species. The leaf is broader in proportion to

its length than any of Zigno's forms and belongs to a larger plant. The
mid nerve also is not so distinct as it is in Zigno's leaves. Stanton states

that the shells associated with this plant indicate an Upper Jurassic or

Lower Cretaceous age. Its resemblance to S. Goppertiana points to a

Jurassic age, but a single fossil like this can not be decisive.

4. PLANTS FROM THE VICINITY OF CAPE LISBURNE, ALASKA.

A good many years ago Mr. Henry D. Woolfe collected a few fossil

plants said to be from Cape Lisburne, Alaska (see p. 145). They
found their way to the National Museum and were sent to Lesquereux

for determination. He described them and figured a number of them in

the Proceedings of the National Museum, published in 1887 (Vol. X, p. 36)

and 1888 (Vol. XI, pp. 31-33, pi. x, fig. 4; pi. xvi). He identified some

of them with Lower Oolitic plants, but most of them with Cenomanian

fossils from the Atane beds of Greenland. He regarded them as of

Neocomian age.

In 1890 Mr. H. D. Dumars made a small collection of fossil plants

from the Corwin coal mine, 30 miles east of Cape Lisburne. These also

were presented to the National Museum (see p. 146). It is not

known whether or not the localities from which these two collections were

' Zigno, Foss. Fl. Form. Oolith., Vol. I, pp. 18S-190, pi. xxi, figs. 1-5; pi. xxii, figs. 1, 2.
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made are the same. The rock of some of the specimens in both collections

is exactly alike, and many of the plants are the same. There can be no

doubt that both of these collections show plants belonging to the same

flora.

In 1901 Mr. F. G. Schrader collected a few fossil plants on the

northwest coast of Alaska, about 180 miles northeast of Cape Lisburne

(see p. 146). The locality is between Icy Cape and Wainwright Inlet.

A number of the rock specimens show only indeterminable fragments of

plants. Four fragments of rock, however, give fossils exhibiting enough

character to be determined with some certainty. These fossils belong to

the same flora as that shown in the Woolfe and Dumars collections, and,

with one exception, are probably all identical with forms found in these

two collections. The rock material also which bears Schrader's plants

is strikingly like that containing the fossils of the other two collections.

Although the amount of material obtained by Mr. Schrader, available for

comparison, is small, it is sufficient to indicate strongly that it comes from

a formation of the same age as that yielding the two collections previously

made.

All of these collections have been turned over to me for examination

and the present paper gives the results.

DESCRIPTIONS OF THE SPECIES.

Order RHODYMENIALES.
Family RHODOMELACE.E.

Genus CHONDRITES Sternberg.

Chondrites filicifoemis Lesquereux.

1888. ChondritesfiUciformis Lx. : Proc. U. S. Nat. Mus., Vol. XI, p. 32, pi. xvi, fig. l.«

n Professor Fontaine considers this specimen too vague for determination. It is, however, quite clear on

the stone and Lesquereux's figure represents it fairh' well. It may stand as a problematical organism.

—

L. F. W.
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I^laylvim FTERIDOFHYT^ (Feinas and Fern
Allies).

Order FILICALES (Ferns).

Family CYATHEACE^.

Genus DICKSONIA L'Heritier.

DiCKSONiA Saportana Heer.

PI. XXXIX, Figs. 1, 2.

1876. Dicksonia Safortana Heer: Fl. Foss. Arct., Vol. IV, Pt. II (Jura-Fl.

Ostsibiriens und d. Amurlandes), p. 89, pi. xvii, figs. 1, Ic, 2, 2b; pi. xviii,

figs. 1, lb, 2, 3.

1888. AspleniumDiclcsonianum'H.eev. Lesquereux: Proc. U. S. Nat. Mus., Vol. XI,

p. .32, Cat. U. S. Nat. Mus., No. 243.5.

On a small fragment of rock collected by Mr. Woolfe there is an
imprint of a fern that agrees well with Dicksonia Saportana as determined

by Heer from the Jurassic of Siberia. Indeed, in form and size of the

pinnules and in the rather uncommon nervation this fossil is exactly like

fig. 2 of pi. xvii of Heer's work. The specimen shows a portion of a

penultimate pinna with a number of ultimate ones, in which the termina-

tions are wanting. Most of the pinnules are more or less lacerated, and
this probably caused Lesquereux to make an erroneous determination of

the plant. He regarded it as Asplenium dicksonianum Heer. The entire

pinnules, however, have no resemblance to this plant. Only one

specimen was found.

PI. XXXIX, Fig. 1, gives the fragment, and Fig. 2 a pinnule mag-
nified.

Famil.v POLYPODIACE^.

Onnus ONYCHIOPSIS Yokoyama.

Ontchiopsis psilotoides (Stokes & Webb) Ward n. comb.

PI. XXXIX, Figs. 3-6.

1824. Hymenopteris psilotoides Stokes & Webb: Trans. Geol. Soc. London, 2d ser.,

Vol. I, p. 424, pl. xlvi, fig. 7; pi. xlvii, fig. 2.

1827, SpJienopteris Mantelli Brongniart in Mantell: Illustrations of the Geologj^ of

Sussex [revised edition], p. .55.

1836. Cheilanthites Mantellii (Brongn.) Gopp.: Syst. Fil. Foss., p. 231.
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1839. CheilantJiites denticulatus F. A. Roemer [non (Brongn.) Gopp.]: Verst. d.

Norddeutsch. Oolitheii-Gebirges, Nachtrag,'p. 9, pi. xvii, fig. la.

1843. Confervites fissus Dunk.: Program d. hoheren Gewerbschule in Cassel, 1843-

1844, p. 5.

1846. Confervitesfissus Dunk.: Monogr. d. Norddeutscli. Wealdenbildung, p. 1, pi. i,

fig. 1.

_

1846. Sphenopteris Romeri Dunk.: Op. cit., p. 3, pi. i, figs. 3, 4, 4a, 5.

1846. Sphenopteris tenera Dunk.: Op. cit., p. 3, pi. Yiii, fig. 5.

1865. Microlepia Mantelli (Brongn.) Ett.: Farnkrauter der Jetztwelt, p. 216.

1867. Sphenopteris antipodum Tate: Quart. Journ. Geol. See. London, Vol. XXIII,

p. 146, pi. vi, fig. 3.

1888. Aspidium Oerstedi Heer. Lesquereux: Proc. U. S. Nat. Mus., Vol. XI, p. 32

in part, quoad Cat. U. S. Nat. Mus., No. 2434, Lesquereux's Nos. 913-915.«

1894. Onychiopsis Mantelli (Brongn.) Sew.: Wealden Flora, Pt. I, p. 41, figs. 4, 5

on p. 50, fig. 6 on p. 52, pi. ii, fig. 1; pi. iii, figs. 1-4.

Four specimens of a fern with very slender incisions are found in

the collections of Woolfe and Dumars. Three of them are in Mr. Woolfe's

collection. These were identified by Professor Lesquereux with Aspidium

Oerstedi Heer. Lesquereux must have given this collection a very hasty

examination, for this plant has not the slightest resemblance to A.

Oerstedi. The three specimens collected by Mr. Woolfe appear to belong

to the upper part of the compound pinna or frond. One of them is given

in PI. XXXIX, Fig. 5. Fig. 6 represents a magnified ultimate pinna of

the same in which the pinnules are reduced to lobes. The fossil collected

by Mr. Dumars apparently belongs to a lower portion than these. This

is given in PI. XXXIX, Fig. 3, and Fig. 4 represents, magnified, a portion

in which the lobes have become pinnules. This form is a fragment of a

compound pinna, or of the frond, which toward its termination passes

into the form given in Fig. 5. These specimens show that the plant has

the following character:

The ultimate pinnse make an acute angle with the penultimate

rachis, which is apparently winged by a decurrence of the lowest pinnules.

They are narrowly oblong and have linear, almost threadlike, acute

pinnules, which are set on very obliquely and united at base, so as to

make the rachis of the ultimate pinna winged. They diminish in size

« Unfortunately all the specimens referred by Professor Lesquereux to the same species were given the same

number in the catalogue of the United States National Museum, and as Professor Fontaine refers the speci-

mens to different species there would he no way of indicating his determinations had not Lesquereux attached

to each imprint a private number of his own. I am therefore obliged to quote his private numbers in addition

to the Museum number.—L. F. W.
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toward the ends of the ultimate pinnae and are more and more united,

so that they pass to lobes and finall_y to teeth. The obliquity of insertion

of the pinnules makes the bases of the ultimate pinnae wedge shaped.

Toward the termination of the compound pinna, or frond, the ultimate

pinnse become reduced to pinnules. In such parts the penultimate

pinnse, now reduced to ultimate ones, are much elongated and toward

their ends have the pinnules passing into lobes and finally into teeth.

Toward the ends of the compound pinna the ultimate pinnse become

reduced to elongate dentate pinnules. The same obliquity, narrowness,

and acuteness are maintained in these transformations into lobes and

teeth. The nervation can not be made out, as all the specimens are

preserved in a sandstone. No fructification is shown, and the plant must

be determined from the character of its sterile parts. It differs somewhat

from the • character of Onychiopsis psilotoides as given in most of the

specimens hitherto described, but the variation does not appear greater

than the limits of the species. The variation is found in the facts that

the Alaskan fossil has the pinnules, lobes, and teeth more closety placed

than in most of the forms of 0. psilotoides and that the laminse of the

foliage is in greater proportion to the nervation. The crowding may be

due to a creep of the rock and to pressure, for these features appear in

the specimens.

This plant resembles 0. elongata (Geyl.) Yok., a Jurassic fossil, but

is more dehcately incised. It probably lies between it and 0. psilotoides.

It is also near a number of fossils described in Monogr. U. S. Geol.

Surv., Vol. XV (The Potomac or Younger Mesozoic flora). It especially

resembles Thyrsopteris angustifolia Font., the form given in Fig. 8 being

much like those depicted in that work on pi. xlv, fig. 3, and pi. xlviii,

fig. 2. But the pinnules and lobes of the Alaskan plant are more slender

than even these.

Genus CLADOPHLEBIS Brongniart.

Cladophlebis vaccensis Ward."

PI. XXXIX, Pigs. 7, 8.

1888. IPecopteris denticulata Heer. Lesquereux: Proc. U. S. Nat. Mus., Vol. XI,

p. 32.

On one of the rock fragments collected by Mr. Woolfe there is an

imprint of fern which has the Museum No. 2526 and Professor Lesque-

" See pp. 66-6S.
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reux's No. 909b. This is given by Lesquereux as Pecopteris denticulata

Heer. He gives no description and no figure of it. The imprint shows

several imperfect ultimate pinnae carrying a number of mostly mutilated

pinnules. The pinnae are detached, but so placed as to show that they

were once attached to a common rachis. Enough, however, of the char-

acter of this plant is shown to make it most probable that it is identical

with Cladophlebis vaccensis, found in the Jurassic (Lower Oolite) flora of

Douglas County, Oreg., and described on page 66. Only one specimen

of this fossil occurs in the collections. It is represented in PL XXXIX,
Fig. 7, and one of the pinnules with its attachment to the rachis is shown
in Fig. 8.

Cladophlebis alata Fontaine.

PI. XXXIX, Figs. 9-11; PI. XL.

1888. Aspidium Oerstedi Heer. Lesquereux: Proc. U. S. Nat. Mus., Vol. XI, p. .32

in part, quoad Cat. U. S. Nat. Mus. No. 2434, Lesquereux's Nos. 910b,

910c, 911b, 912, 916, 917.

1888. ? Pinus staratscMni Heer. Lesquereux: Proc. U. S. Nat. Mus., Vol. XI, p. 32.

1889. Cladophlebis alata Font. : Potomac Flora (Monogr. U. S. Geol. Surv., Vol. XV),

p. 77, pi. xix, figs. 5, 5a.

1889. Pecopteris strictinervis Font.: Op. cit., p. 84, pi. xiii, figs.. 6, 6a, 7, 7a, 8, 8a;

pi. xix, figs. 9, 9a; pi. xx, figs. 3,*3a; pi. xxii, figs. 13, 13a; pi. clxx, figs. 5,

5a, 6, 6a.

The most common, and perhaps the most characteristic fern of

the two collections, is one of those that Lesquereux identified with

Aspidium Oerstedi Heer, although it is entirely different from that plant

and the others of Woolfe's collection that he placed in that species.

Some of the larger rock fragments contain a number of imprints. The
amount of material enables one to get a pretty good idea of the character

of the fossil. The specimens seem all to belong to parts pretty high up
on the pinnae. The most complete specimens show a considerable portion

of an antepenultimate pinna, which carries portions of several penul-

timate and ultimate pinnae containing a number of pinnules. Whether
or not this represents the frond or only a compound pinna can not be

determined. It is probably only a pinna. It shows that the frond

must have been of considerable dimensions and that the plant was
probably arborescent. The rachises are strong and rigid. The primary

and secondary rachises of this specimen, given in PL XL, Fig. 1, seem
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to have been a raised cord-like line, running down the center of their

upper surface. The primary pinnse of this specimen go off from the

main rachis opposite to one another. PI. XL, Fig. 2, shows two of the

pinnules enlarged. Another specimen, which is given in PI. XL, Fig. 3,

seems to belong to a position nearer the end of the compound pinna than

the part represented in Fig. 1. It is also a portion of an antepenultimate

pinna. In this the ultimate pinnae are much reduced in size, and the

same is true of the pinnules. The latter are more united and tend to

pass to lobes and teeth. Many of the pinnules and lobes in this form

are much mutilated and do not show their true shape. PI. XL, Fig. 4,

shows the lower part of a pinnule enlarged. The form given in PI. >XL,

Fig. 5, probably represents a stage between these two. This gives one

of the penultimate pinnae more complete. PI. XL, Fig. 6, shows a pinnule

enlarged. PL XXXIX, Fig. 9, probably represents a portion of a penul-

timate pinna from lower down on the compound pinna than any of

those shown in PI. XL, Fig. 1. In this the pinnules are more separated

than in any of the other specimens. They are also larger, and the largest

of them show serrate teeth. These can be seen distinctly only with the

help of a lens. They are shown in the magnified pinnule, PI. XXXIX,
Figs. 10 and 11. It is probable that still lower down the teeth become

more pronounced and take the character shown in Cladophlebis alata.

This plant seems to be identical with two ferns first found in the

Potomac, or Lower Cretaceous formation. They are Cladophlebis alata

and Pecopteris strictinervis. These specimens make it most probable

that the two ferns from the lower Potomac of Virginia, called by the

present writer Cladophlebis alata and Pecopteris strictinervis, are the

same. Pecopteris strictinervis represents upper and terminal portions

of the frond and compound pinnae. Cladophlebis alata is the form found

lower down. The larger pinnules of the fossil represented in PI. XXXIX,
Fig. 9, are forms establishing a passage from the alata to the strictinervis

type. Most of the specimens belong to the strictinervis type, and none

with dentation so pronounced as that in C. alata were found. Some of

the pinnules of Pecopteris strictinervis, as seen in the Virginia Potomac,

show a toothing similar to that found in the form depicted in Fig. 3.

The following description of the fossil may be given

:

The plant was probably arborescent with strong rachises and wide

spread of foliage. The epidermis seems to have beeji firm and durable,
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so that the plant matter of the pinnules is usually well preserved and

leaves a shining film on the stone. The rachis of the ultimate pinna is

winged by the decurrence of a pinnule, or lobe, placed in the angle between

the lower side of the. base of the ultimate rachis and the penultimate one.

The larger pinnules in PI. XXXIX, Fig. 9, the dentate ones, may be

regarded as normal for the frond. As stated above, they diminish in

ascending on the frond, and also toward the ends of the ultimate pinnas,

becoming entire and more united, until they pass into lobes and finalty

into teeth. The general character of the normal pinnules is maintained

until they are reduced to lobes and teeth, when the}^ become proportion-

ally l^roader at base, taking more or less of an ovate form.

The normal pinnules are narrowly oblong and acute. They are

decurrent at base and united with the next lower ones, forming a narrow

wing on the ultimate rachis. On the upper side of the base thej^ are

slightly constricted, the constriction being more pronounced the deeper

the toothing. The larger and lower pinnules have minute teeth that

are acute and inclined strongl}^ toward the tips of the pinnules. They

often have a spiny look and can not be seen distinctly without the help

of a lens. The pinnules are generally straight, but may be slightly falcate.

They go off obliquely from the ultimate rachis and are inclined forward

toward its end.

The midnerve of the pinnules is rather slender and continues to near

the end of the pinnules. The lateral nerves go off pinnately and ver}^

obliquely. They are straight. In the toothed pinnules the lower ones

are once forked, the rest are single. In the entire pinnules and lobes

they are single. This plant has a good deal of resemblance to Aspidium

montanense Font." of the Kootanie strata of Great Falls, Mont. But

the Montana plant has the pinnules, lobes, and teeth more obtuse and

not so strongly inclined forward. PI. XL, Fig. 7 probabl}^ represents a

portion of a penultimate pinna from the upper part of the compound

pinna, where the ultimate pinnge carry pinnules reduced to lobes. It

shows the slender elongate form of these. Figs. 8 and 9 show enlarged

pinnules of this.

The fossil Lesquereux determines as Pinus! Staratschini does not

seem to be Pinus. It looks like the rachis of Cladophlebis alata.

'Description of some fossil plants from the Great Falls, coal field of Montana: Proc. U. S. Nat. Mus., Vol.

XV, p. 490, pi. Ixxxii; pi. Ixxxiii, figs. 1, la, 2, 3. 3a.
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Cladophlebis Huttoni (Dunker) Fontaine n. comb.

PI. XLI-XLIII.

1846. Neuropteris Huttoni Dunk.: Monogr. d. Norddeutsch. Wealdenbildung., p. 9,

pi. viii, fig. 1.

1849. Pecopteris Huttoni (Dunk.) Brongn. : Tableau, p. 107.

1869. Alethopteris Huttoni (Dunk.) Schimp.: Pal. Veg., Vol. I, p. 570 [by typ. error

A. Murchisoni].

1874. Alethopteris Huttoni (Dunk.) Schimp.: Op. cit., Atlas, p. 14, pi. xxxi, fig. 10.

1888. Aspidium Oerstedi Heer. Lesquereux: Proc. U. S. Nat. Mus., Vol. XI, p. 32

in part, quoad Cat. U. S. Nat. Mus., No. 2434, Lesquereux's Nos. 918, 920,

926, 927.

1888. Asplenium Fmrsteri Deb. & Ett. Lesquereux: Loc. cit.

Five specimens of a large fern were collected by Mr. Woolfe. They

are rather poorly preserved and do not show the full character of the

plant. Four of these determined by Lesquereux as Aspidium Oerstedi

Heer and one as Asplenium Fcersteri Deb. & Ett. The narrower pinnules,

occurring on one of the imprints, are not unlike some of those of Aspidium

Oerstedi. The collection of Mr. Dumars contains several large slabs of

rock, which show a number of imprints of this form better preserved and

more complete than those of Mr. Woolfe. The}' are also mostty from

different parts of the plant. These show that the plant is a fern that

can not well be distinguished from the fossil that Dunker described from

the Wealden of Hanover, with the name Neuropteris Huttoni. This seems

to have l^een the only specimen ever found. As it is onh^ a small frag-

ment it can not show the full character of the plant. Schenk examined

this specimen and approved of Schimper's name for it, Alethopteris

Huttoni." He gives a figure of it differing somewhat from that of Dunker,

and probably a more nearly correct one. Dunker figures the plant as

having two complete pinnae attached to a large rachis, portions of which

show the original width. Schenk's figure shows the principal rachis with

all of the margin on one side wanting, so that the true width is not seen.

The only attached pinna is the upper one, and the end of that is wanting.

The next lower pinna has the end preserved, but its full length is probably

not given, as the base is defective and the pinna visible is only a portion

« Foss. Flor. der Nordwestdeutsch. Wealdenformation (Palaeoatographica, Vol. XIX, 1871), p. 217 [15],

pi. xxix [viii], figs. 1, la.

MON XLviri—05 11
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of the original one. The specimens in the collections from Alaska show

that pinni3e in the position on the frond shown in Bunker's specimen are

longer then these, although they are remarkably short for foliage of such

size. This fern has an uncommon aspect, and it resembles so closely the

specimens from Alaska that there can be no doubt that they belong to

the same species. The general aspect is somewhat like that of Thinnfeldia.

The specimens collected by Mr. Dumars show that the plant must

have been of large size and that it was probably arborescent. One of

Dumars' s imprints, with much of the lower and upper parts wanting,

shows a compound pinna 32 cm. long, with a rachis of the maximum
width of 5 mm. This is probably a fragment of a pinna and not of the

frond. The specimens are not very well preserved, as the rock is unfavor-

able, being a sandstone with little tendency to cleave. The pinnules are

generally a good deal distorted and fragmentary, so that their normal

character can be made out only by a careful examination of all the parts

and by taking many pinnules. The large fragment represented in PI.

XLI, Fig. 1, is probably a compound pinna from well down on the frond.

The plant is somewhat different in aspect, according to the position on

the frond of the parts. The following may be given as its character:

The plant was probably arborescent and of large size. At least a

tripinnate character is indicated. The pinnae of superior order must have

had a very considerable length, as indicated in the fragment 32 cm. long,

which was probably originally twice as long. This is probably only a

penultimate pinna. The ultimate pinnae in middle portions of the frond,

as shown in PL XLI, Fig. 1, are short in proportion to the size of the

pinnules. None are shown entire, but a few are almost so. The largest

of these is 85 mm. long. They go off obhquely from the main rachis and

curve slightly away from it. The pinnules were thick in texture and

apparentl_y leathery. The largest pinnules, in basal portions of the

lower pinnae, are about 2 cm. long and 9 mm. wide in the widest part.

They diminish in width and length toward the ends of the ultimate

pinnae and in terminal portions of the compound pinnae. Some of the

pinnules of larger size are 25 mm. long and only 8 mm. wide, but this

variation is probably due to distortion from pressure. The distortion

and mutilation of the pinnules seem universal, and it is impossible to find

a single one not affected. Hence the specimens, when drawn as they now
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are, give a false idea of their original shape and true appearance. The

magnified figures of the pinnules and lobes, PI. XLI, Figs. 4, 5, are

slightly restored, so as to give the undistorted forms. In the large penul-

timate pinnae, as given in PI. XLI, Fig. 1, which probably belong to the

middle portion of the frond, the true shape of the larger pinnules is ovate

to ovate oblong. They are slightly falcate and have lancet-shaped,

subacute to acute tips. They are set obliquely on the rachis and point

slightly forward toward the ends of the ultimate pinnae. They are united

at base by a decurrence of their dorsal bases. The lower pinnules of

lower ultimate pinnae are least united. Toward the ends of the ultimate

pinnae and in the terminal portions of the compound ones they are more

and more united and pass into lobes and teeth, the size being at the

same time diminished. They are shown enlarged in PI. XLI, Figs. 2, 3.

PL XLI, Fig. 5, shows, slightly magnified and restored, a portion of

an upper ultimate pinna where the pinnules are more united and reduced

to lobes. Fig. 4, also slightly magnified and restored, gives the true

shape of one of the larger pinnules.

The midnerve goes off very obliquely, and at about two-thirds of the

distance to the end of the pinnule splits up into branches after the fashion

of Cladophlebis, so that the plant is a well-marked type of that genus,

and in the absence of fructification must be placed in it. The lateral

nerves, in proportion to the size of the pinnules, are quite slender. They
are immersed in the leaf substance and are not conspicuous. They go

off very obliquely and are forked one or more times. The lowest are the

most copiously branched. The forking is notably low down on the nerve,

so that the branches are unusually long. On the lower side of the base

of the pinnules one or more lateral nerves go off from the main rachis.

In the more separated pinnules the lower lateral nerves curve awa^^ from
the midnerve, but in the lobed and dentate forms the interior basal ones

often curve inward toward it.

This description applies to the large compound pinnae found by Mr.

Dumars, which probably come from the middle portion of the frond.

Mr. Woolfe found two rock fragments, the ones examined by Lesquereux,

that show parts that probably belong to different positions on the frond.

One of them, given in PI. XLII, Fig. 1, is apparently a more terminal

portion of a principal pinna, which, lower down, would carry as subor-



164 MESOZOIC FLORAS OF UNITED STATES.

dinate pinnae the large pinnae such as are given in PL XLI, Fig. 1. On
this fragment the ultimate pinnae of the form given in PL XLI, Fig. 1,

have been reduced to pinnules. These differ somewhat in shape from

the pinnules lower down. They are narrower in proportion to their

length. PL XLII, Fig. 3, shows one slightly restored and magnified.

They are all much mutilated and distorted, so that it is difficult to make
out their exact original shape. PL XLII, Fig. 2, shows an attached

pinnule enlarged two diameters. They were probably wider than they

now appear to be. The general character, however, of these pinnules is

similar to that of those lower down. The ultimate pinnae of this fragment

are quite remote. There are small pinnules, one at least, on the main

xachis between the points of attachment of the rachises of the ultimate

pinnae, but owing to the imperfect preservation they ai-e not distinctty

shown. ..--

Another rock fragment found by Mr. Woolfe contains two imprints

which probably belong to still other portions of the frond. One of these,

given in PL XLIII, Fig. 1, has its pinnules much distorted in shape.

Still they are narrower and probably were more acute than the pinnules

shown on PL XLII, Fig. 1. The fragment is probably a part of the com-

pound pinna nearer its termination than are any of the other specimens.

This fragment shows a small piece of a penultimate rachis, which carries

several fragments of ultimate pinnae, with a number of pinnules.- Pinnules

on this, too, are l^orne on the main rachis between the ultimate pinnae,

pi. XLIII, Fig. 2, shows several attached pinnules enlarged two diameters,

and Fig. 3 gives, slightly restored and enlarged, one of the pinnules of

this specimen. In contact with this, but not organically connected with

it, is the other imprint. This apparently comes from a position on the

frond lower than that of any specimen found. It is a fragment of a

penultimate pinna, which carries portions of several ultimate ones. These

show, with much mutilation and distortion, a number of pinnules that

have teeth similar to those on Bunker's plant. The pinnules, however,

are somewhat larger than those of that plant and show teeth on both

their margins. PL XLIII, Fig. 4, represents this imprint; Fig. 5 shows

a pinnule enlarged two diameters, and Fig. 6 gives a pinnule of it slightly

restored and enlarged. On the same rock fragment there is another

specimen of this plant, on a layer deeper in the stone and only partially
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exposed. It has pinnules larger than those shown in PL XLIII, Fig. 4,

and more deeply incised. It evidently comes from a position still lower

on the frond.

To judge from the number of specimens of this fei-n found in the

small collections, it was one of the most abundant and characteristic

plants of the flora of its time. That it was pretty widely distributed is

shown by the fact that two specimens of it occur in the few fossils collected

by Mr. Schrader, at a locality 180 miles distant from the places where

Messrs. Woolfe and Dumars obtained their fossils. The specimens of

Mr. Schrader show several fragments of pinnules that are rather deeply

incised into lobes, and also dentate ones. PI. XLIII, Fig. 7, represents

the specimen in Mr. Woolfe's collection which Professor Lesquereux

referred to Asplenium Foersteri Deb. & Ett.

Phylum Si^ERJVIA^TOPHYT^.
Class GYMNOSPERM.E.

Order CYCADALES.

Family CYCADACEiE.

Genus PODOZAMITES Friedrich Biaim.

PoDOZAMiTES DiSTANTiNERYis Fontaine.

1888. Podozamites latipennis Heer. Lesquereux: Proc. U. S. Nat. Mus., Vol. XI,

p. 31, pi. xvi, figs. 2, 3.

1888. Zamites alaskana Lx.: Op. cit., p. 32, pi. x, fig. 4.

1889. Podozamites distantinervis Font.: Potomac Flora (Monogr. U. S. Geol. Surv.,

Vol. XV), p. 179, pi. Ixxix, fig. 5; pi. Ixxxii, fig. 4; pi. Ixxxiii, figs. 1, 2, 6, 7;

pi. Ixxxiv, figs. 1, 2, 8, 10, 14, 15; pi. Ixxxv, figs. 12, 16.

1902. Podozamites distantinervis Font. Schrader: Bull. Geol. Soc. Am., Vol. XIII,

p. 245.

Several detached leaflets occur in the collections, mostly in the spec-

imens collected by Mr. Woolfe, that seem to be a Podozamites, identical

with the form described from the Potomac formation with the name

P. distantinervis. Two fragments of it occur also among the specimens

collected by Mr. Schrader.

Professor Lesquereux identifies most of these specimens with P.

latipennis Heer, a form in which the leaflets do not terminate at their
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bases like these, and have a different shape. One specimen which, in

my opinion, belongs to this species, Lesquereux determines as Zamites

alaskana Lx., a new species. This specimen, given in his paper, pi. x,

fig. 4, has, it is true, a sinus at the base of the leaflets resembling that of

some Zamites, but it seems to be an accidental shape due to the rupture

of the lamina of the leaflet from the summit of the pedicel. Only the

lower part of this leaflet is preserved. It is wider than most of the leaflets

of this species, as in the part preserved it attains a width of 24 mm. It

may really be a fragment of Podozamites grandifoKus Font. Most of

the leaflets of this plant are fragments, but one of the imprints, determined

by Lesquereux, is entire and lies near another that is nearly entire.

These are shown in Professor Lesquereaux's paper, pi. xvi, fig. 2. They

have a maximum width of 18 mm., which is maintained to near the base,

where it is narrowed rather abruptly and rounded off with an elliptical

shape. The entire leaf narrows gradually near its free end and terminates

in a lancet-shaped tip. It is 105 cm. long. The two leaves are slightly

curved and have a somewhat ensiform shape. The character seen in

these two seems to be found in all the leaflets, for the}' differ only in length

and in proportion of width to length. None show any portion of the

pedicel except one of the fragments among Mr. Schrader's specimens.

This is too poorly preserved to show more than the fact that it is a portion

of the pedicel. Fig. 3 of the same plate gives a portion of a leaflet occur-

ring on the same rock fragment that carries the leaflets given in fig. 2.

This shows very perfectly the terminal portion of the form. It seems to

be a leaflet somewhat shorter than the leaflets in fig. 2, but there is no

great difference in the length of any of the leaflets. I have identified

this plant with Podozamites distantinervis, a Lower Cretaceous fossil, but

it should be stated that, except in dimensions, the leaflets resemble some

forms of P. Imiceolatus Eichwaldi (Schimp.) Heer and P. lanceolatus

latifolius (Fr. Br.) Heer" that Heer has described from the Jurassic of

Siberia. They may especiall}^ be compared with the figures given on

pi. xxvi. These are, however, decidedly smaller than the leaflets of the

Alaskan fossil, with the possible exception of flg. 6. This seems to be a

fragment of a large leaflet, which may not be P. lanceolatus latifolius

(Fr. Br.) Heer.

« FI Foss. Arct., Vol. IV, Pt. II (Beitrage zur Jura-Fl. Ostsibiriens und d. Amurlandes ) , p. 109, pi. xxvi,

figs. 5, 6, 8b, c.
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PoDOZAMiTES GRANDiFOLius Foiitaine ?

PI. XLIV, Fig. 1.

1888. Baiera palmata Heer. Lesquereux: Proc. U. S. Nat. Mus., Vol. XI, p. .31,

pi. xvi, fig. 4 (quoad Cat. U. S. Nat. Mus., No. 24.37, Lesquereux's Nos. 910,

911a.)

1889. Podozamites grandifolius Font.: Potomac Flora (Monogr. U. S. Geol. Surv.,

Vol. XV), p. 180, pi. Ixxxii, figs. 2, 2a; pi. Ixxxiii, fig. 5.

In the collection made by Mr. Woolfe there are several specimens

showing fragments of what must have been a very large leaflet. Lesque-

reux identified most of these with Baiera palmata Heer, a Jurassic plant.

He seems to have been induced to make this determination by the fact

that one of the leaflets shows a split at one end, extending a little way

down toward the base. Only one of the impressions shows this. A

careful examination of it indicates that this is an accidental fission and

that the forms before mutilation were entire. Lesquereux's figure is

therefore erroneous in this particular. The plant is quite problematic

and I am not sure of its true character. The leaflets are too imperfect

for a correct determination. They appear to be nearer Podozamites

than any other fossil. One of the specimens shows a terminal part.

This, given in PL XLIV, Fig. 1, must have been a very large leaf. The

end shown in it seems to be the free end or termination of the leaflet.

At the opposite end it is mutilated and much of the length is lacking.

StiU, it shows a length of 9 cm. and a width at the broken end of 3 cm.,

allowing for the splitting which occurs here. The specimen figured by

Lesquereux, although imperfect at both ends, shows a length of 11 cm.,

with one margin nearly entire. This specimen shows conclusively that

the plant is not a Baiera, but indicates strongly that it is a leaflet of

the form of Podozamites. This margin is slightly curved and indicates

that the leaflet may have been ensiform. The only forms resembling

this plant are those of Podozamites grandifolius of the Potomac beds.

The size of the leaflets and the form, so far as it is indicated in this

specimen, are strongly suggestive of the Potomac fossil. The nerves

are not well preserved, but so far as they can be made out they agree

well with those of the Potomac plant. They seem to be strong and

flat, apparently made up of two nerve strands. On the same piece of

rock and partly overlapping this specimen is the impression of a leaf

of Nageiopsis longifolia Font., to be mentioned below.
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Order GINKGOALES.

Family GINKGOACEiE.

Genus BAIERA Friedrich Braun.

Baiera geacilis (Bean) Bunbury.

PL XLIV, Fig. 2.

1843. ScTiizoftei'is gracilis Bean in Morris: Cat. Brit. Foss., p. 20 (from Bean's manu-

script) .

1849. Baiera sp. Brongn. : Tableau, p. .38 (fide Bunbury: Quart. Journ. Geol. Soc.

London, Vol. VII, p. 182).

1851. Baiera gracilis (Bean) Bunbiu-y: Quart. Journ. Geol. Soc. London, Vol. VII,

p. 182, pi. xii, fig. 3.

1865. Cyclopteris gracilis (Bean) Zign.: Osserv. sulle Felci Foss. deU'Oolite, p. 22.

1878. Schisopteris digitata Willn. [non (Brongn.) Gein.] in Saporta: Plantes Juras-

siques. Vol. Ill, pp. 277, 279.

1902. Baiera gracilis (Bean) Bunb. Schrader: Bull. Geol. Soc. Am., Vol. XIII,

p. 245.

In the collection made by Mr. Schrader there is a single specimen

that agrees exactly with Baiera gracilis (Bean) Bunb. It shows a por-

tion of a long petiole which bears at its summit two equal segments.

These divide dichotomously into several narrow laminae, which are

preserved for only a portion of their length. The specimen shows espe-

cially a striking resemblance to the figure of this Baiera given by Seward

in his Jurassic Flora of the Yorkshire Coast, pi. ix, fig. 5. It resembles

B. Muensteriana (Presl) Heer of the Rhetic formation, and Seward

points out the resemlDlance of some of the forms of B. gracilis to that

plant.

Genus GINKGODIUM Yokoyama.

GiNKGODiUM ? ALASKENSE Fontaine.

PI. XLF^, Figs. 3, 4.

1888. Baiera palmata Heer. Lesquereux: Proc. U. S. Nat. Mus., Vol. XI, p. 31,

pi. xvi, fig. 5.

Two fragments of peculiar leaves occur in the collections, one in

the collection of Mr. Woolfe and one in that of Mr. Dumars. The speci-

men found by Mr. Woolfe was determined by Lesquereux as Baiera
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palmata Heer and figured in his paper, pi. xvi, fig. 5. It, however,

shows no trace of a division of the lamina of the leaf. The other, given

in PL XLIV, Fig. 3, was obtained by Mr. Dumars. Both give the basal

parts with a portion of the petiole. These leaves lack their terminal

parts. They narrow gradually to a wedge-shaped base and expand to

a fan shape in the opposite direction. They show no division of the

lamina in the parts preserved, but may higher up have been palmately

divided. The base, in its prolonged wedge shape, differs from the

Ginkgo leaves associated with these forms, but the principal difference

is in the nerves. These are shown with some distinctness in PL XLIV,
Fig. 3. Fig. 4 shows the nature of the nerves. The margins are thick-

ened to form a parent nerve that sends off, very obliquely, secondary

nerves that enter the lamina of the leaf. They fork at their insertions

and then are mostly single. Occasionally at long intervals a second

forking occurs, but this is very rare. The branches are approximately

parallel, diverging slightly in ascending in the leaf. They are quite

strong. The nerves of the central part of the leaf ascend from the top

of the petiole. In many respects these leaves are like the genus Ginkgo-

dium, established by Yokoyama for certain forms from the Jurassic of

Japan." But the Japanese plants have slender nerves that do not fork

at all. They go off from the marginal nerve straight to the summit
of the leaf and are parallel to the axis of the leaf. As, however, Yoko-
yama found only one species, it is possible that the limits of variation

of the genus may include the Alaskan species.

This fossil resembles also the forms described from the Permian
of southwest Pennsylvania and West Virginia as Saportsea.'' This has

the marginal nerves and the branching lateral ones, but the differences

are too great to permit these leaves to be placed in that genus. The
material is so imperfect and small in amount that the Alaskan fossil

can not be positively identified with Ginkgodium.

a Jurassic plants from Kaga.etc: Jour. Coll. Sci. Imp. Univ. Japan, Vol. III,Pt. I, pp. 56-58, pl.ii,fig 4e;

pi. iii, fig. 7; pi. viii; pi. ix, figs. 1-10, 10a; pi. xii, figs. 14, 15.

b The Permian or Upper Carboniferous flora of West Virginia, b3' Wm. M. Fontaine and I. C. White: Second
Geol. Survey Pennsylvania, Report of Progress, PP, 1880, pp. 99-103, pi. xxxviii, figs. 1-4.
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Genus GINKGO Kaempfer.

Ginkgo digitata (Brongniart) Heer."

PI. XLIV, Figs. 5, 6.

Several specimens of a Ginkgo occur in the collection of Mr. Dumars,

which in general character agree well enough with Ginkgo digitata to

be placed in this species. The leaf represented in PL XLIV, Fig. 5,

probably had a somewhat different form from that now shown. It

is mutilated at the summit and slightly distorted at base. The free

ends of the lobes appear truncated, iDut this may be due to the removal

of the tips in splitting the rock. This leaf has four divisions and evi-

dently had originally no more. They are irregular in width, and three

of them are considerably wider than the lobes of the leaf collected by

Mr. Woolfe and figured by Lesquereux in his paper, pi. xvi, fig. 6. This

leaf is also less deeply divided and a portion of a stout petiole is shown.

Another specimen, more imperfect than these, gives a transition from

the one to the other. This is shown in PI. XLIV, Fig. 6.

Ginkgo Huttoni (Sternberg) Heer.''

1888. Ginkgo multinervis Heer. Lesquereux: Proc. U. S. Nat. Mus., Vol. XI, p. 31,

pi. xvi, fig. 6.

One specimen probably belonging to this species occurs in Mr.

Woolfe's collection. Lesquereux identified it with Ginkgo multinervis

Heer from the Cenomanian beds of Atane, Greenland. It has three

almost entire partitions, with a fragment of a fourth on the right side.

It is, however, obviously incomplete on this side and had at least one

more lobe. The leaf is divided almost to the base, and the divisions

are obtuse at the free ends, elliptical in form, and narrow to a wedge

shape at the base. The dimensions of this specimen agree very well

with those of G. Huttoni.

Ginkgo Huttoni magnifolia Fontaine?''

PI. XLIV, Figs. 7, 8.

In Mr. Dumars's collection there are several imprints of fragments

of very large Ginkgo leaves that must have much surpassed in size any

n For the full synonymy of this species see pp. 121-122.—L. F. W.
b For synonynay of this species see p. 123.—L. F. W.
« See p. 124.
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known leaves of Ginkgo digitata. They closely resemble a large Ginkgo

leaf found in the Jurassic (Lower Oolite) flora of Douglas County, Oreg.

This form has been described by me as G. Huttoni viagnifolia (supra,

p. 171). The leaves now in question resemble the Oregon plant in their

great size, in the irregular width of the divisions of the leaf, in the remote-

ness of the nerves, and in their great strength. The size of some of

these Alaskan leaves makes it improbable that they belong to G. digitata.

One of the fragments, which has much of the summit of the leaf

missing, is still 5 cm. long, while a spread of 7 cm. is shown on one very

imperfect specimen. The nerves of these are more remote than those

of G. digitata and much stronger.

PL XLIV, Fig. 7, gives a fragment of one of these leaves which

is apparently divided into only two very wide lobes. But even this is

not certainly an original partition of the leaf. It has much the appear-

ance of an accidental division. Some idea of the size of the leaf may

be obtained from it. Another specimen is given in Fig. 8. In this the

divisions are clearlj^ accidental. In it a portion of a stout petiole is

shown. As, however, the material is very imperfect, the true place of

the forms can not be positively determined.

Order FINALES.

Family TAXACEiE.

Genus NAGEIOPSIS Fontaine.

Nageiopsis longifolia Fontaine.

PI. XLV, Figs. 1-5.

1887. Irites alaskana Lx.: Proc. U. S. Nat. Mus., Vol. X, p. 36.

«

1888. Baiera pahnata Heer. Lesquereux: Op. cit., Vol. XI, p. 31 in part, quoad

Cat. U. S. Nat. Mus., No. 2437, Lesquereux's No. 911.*

n The four specimens thus named by Professor Lesquereux were collected by Mr. Woolfe but were either

received in advance of the main collection or otherwise became separated from it and were sent to Lesquereux

and described by him a year earlier than the rest. They were overlooked in sending the collections to Professor

Fontaine and not included in his report. They were subsequently sent to him, and in his letter dated March

17, 1902, he says of them: "The specimens sent last do not call for any modification of my report, as they are

all Nageiopsis longifolia." The best specimen is shown in PI. XLV, Fig. 5.—L. F. W.
'' Although Professor Fontaine says that Lesquereux did not mention the specimens of this species in Mr

Woolte's collection, nevertheless he labeled the one having Lesquereux's No. 911 Nageiopsis longifolia. This

was one of those that Lesquereux referred to Baiera pahnata Heer. It is here represented in PI. XLV, Fig. 2.

—

L. F. W
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1889. Nageiopsis longifolia Font.: Potomac Flora (Monogr. U. S. Geol. Surv., Vol.

XV), p. 195, pi. Ixxv, figs." 1, la, lb; pi. Ixxvi, figs. 2-6; pi. Ixxvii, figs. 1,

2; pi. Ixxvni, figs. 1-5; pi. Ixxix, fig. 7; pi. Ixxxv, figs. 1, 2, 8, 9.

1902. Nageiopsis longifolia Font. Schrader: Bull. Geol. Soc. Am., Vol. XIII, p. 245.

A considerable number of fragments of detached, narrow, strap-

shaped leaflets occur in all the collections. All of those in Mr. Schrader's

collection are found on a single rock fragment. Lesquereux does not

seem to have noticed those in Mr. Woolfe's collection. At least he

gi^'es no description of them. He may have regarded them as forms

of Podozmnites latvpennis Heer, but they are quite different from some

of the fossils he identified with this species. They are uniformly nari'ow

and for most of the length of the fragments do not differ in width, so

that the margins are parallel. They also narrow more at base than

the true P. latipennis, and seem to have been attached by a short pedicel,

which is not the case with Heer's plant. None of these leaflets are com-

plete. They all lack the terminal parts. As none of them are attached,

and in onlj' one case is the basal end visible, it is not possible to determine

them positively'.

The fragment occurring on one of the rock specimens obtained by

Mr. Dumars shows a length of 10 cm., with both the basal and the ter-

minal portions lacking. The average width is 11 mm., which it main-

tains to near one end, where it is narrowed to 9 mm. This is apparently

the basal end, but a portion is still lacking here. This is given in PL

XLV, Fig. 1. The nerves are rather remote. They are parallel and,

as shown in one of the imprints in which the base is preserved, fork

onh' on leaving the pedicel. Most of the imprints are shorter fragments

in which the margins of the leaflets and the nerves are parallel. The

width of the leaflet given in Fig. 1 seems to be the average one, but

there are narrower ones, having a width of 7 mm., and wider ones, with

a width of 14 mm. One of these larger leaves is shown in Fig. 2. This

has a length of 95 mm. It narrows at one end to 7 mm., after the fashion

of the one shown in Fig. 1. This represents the specimen referred by

Lesquereux to Baiera palmata Heer. One of the smaller leaves, with

a maximum width of 7 mm., is shown in Fig. 3. This occurs on one

of the rock fragments obtained by Mr. Schrader. It shows the base

of the leaflet and the mode of narrowing and rounding off there, but

the pedicel is lacking. This sppci'rpn e-ivrs the base better preserved



PLANTS FROM ALASKA. 173

than any other. It shows also the nerves very distinctly. Fig. 4 repre-

sents the basal portion of the principal impression enlarged two diameters.

In the mutilated condition of the leaflets and their detached character

it is not possible positively to determine the place of this plant. It

agrees well with the conifer Nageiopsis longifolia," first found in the

Potomac formation. Some of the leaves are rather wider, but the

difference is not great. The widest of the Potomac leaves are 12 mm.

wide. The leaflets agree especially well with those of figs. 2 and 5 on

pi. Ixxvi of the work just cited. The nerves also agree well with those

of the Potomac plant. They are sharply defined and rather remote.

They are parallel and simple to the base of the leaflets. At the base,

on entering the pedicel, they fork once and converge by curving sharply.

The considerable number of fragments shows that the plant was not

uncommon.
CONCLUSIONS.

In the outset it should be stated that the amount of material in these

collections is quite small. Much of that obtained is very imperfect. A
large portion of it is composed of two or three species, and there is a

lack of decisive fossils. Hence it would be understood that any conclu-

sions that may be drawn will be subject to doubt.

The following is the list of plants which have any significance

:

1. Dicksonia Saportana Heer. One specimen.

2. Onychiopsis psilotoides (Stokes & Webb) Ward. Several specimens.

3. Cladophlebis vaccensis Ward. One specimen.

4. Cladophlebis alata Font. Many specimens in proportion.

5. Cladophlebis Huttoni (Dunk.) Font. Proportionally many specimens.

6. Podozamites distantinervis Font. Several specimens.

7. Podozamites grandifolius Font. ? Several specimens.

8. Baiera gracilis (Bean) Bunb. One specimen.

9. Ginkgodium ? alaskense Font. Two specimens.

10. Ginkgo digitata (Brongn.) Heer. Several specimens.

11. Ginkgo Huttoni (Sternb.) Heer. One specimen.

12. Ginkgo Huttoni magnifolia Font. ? Several specimens.

1.3. Nageiopsis longifolia Font. Proportionally a good many.

These thirteen forms are by no means equal in value for detennining

age. They differ much in the number of specimens and in the definiteness

« Potomac or Younger Mesozoic flora: Monogr. U. S. Geol. Surv., Vol. XV, pp. 195, 196, pi. Ixxv, fig. 1;

pi. Ixxvi, figs. 2-6; pi. Ixxvii, figs. 1, 2; pi. l.xxviii, figs. 1-5; pi. Ixxix, fig. 7; pi. xxxv, figs. 1, 2, 8, 9.
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of their determination. To have vahie in determining age the mere

presence of the species is not all that is required. The plant must be

abundant in the flora and characteristic of it. It may be a survivor from

an older flora. The proportion of specimens in a collection is the only

feature that gives a hint on these points. It of course must not be insisted

on too strongly, for there are other conditions besides the actual relative

abundance that may give a large proportion of the specimens to one

species. Cladophlebis vaccensis, Dicksonia Saportana, Ginkgo digitata,

G. Huttoni magnifolial, and Baiera gracilis are notabty fossils of the

Lower Oolite. Ginkgodiumi alaskense is a new species, and if it be a

true Ginkgodium, its nearest kin is found only in the same formation.

On the other hand, the following belong to the Lower Ci'etaceous,

taking the Wealden as belonging to that formation: Cladophlebis alata,

C. Huttoni, Onychiopsis psilotoides, Podozamites distantinervis, P. grandi-

folius"], Nageiopsis longifolia.

These plants are, as stated, not of equal value in determining age.

Cladophlebis vaccensis, Dicksonia Saportana, and Baiera gracilis have

each only one specimen. Hence we may conclude that the^^ were not

abundant in the flora, and they may be survivors from an older one.

Podozamites grandifolius% and Ginkgo Huttoni magnifolia'^ are not posi-

tively determined. Leaving these and the probable Ginkgodium out of

the question, we have, as the fossils of most value for fixing the age, five

plants, viz, Cladophlebis alata, Onychiopsis psilotoides, Cladophlebis

Huttoni Podozamites distantinervis, Giiikgo digitata, a very small list.

The Cladophlebis psilotoides shows some differences from most

of the described Lower Cretaceous forms, which somewhat impair its

value as evidence. Cladophlebis alata and C. Huttoni, if we may judge

from the number of their specimens, must have been abundant and highly

characteristic of the Alaskan flora of their time. All of the more im-

portant plants except Ginkgo digitata are Lower Cretaceous, and if we
take simply their percentage in the flora the evidence is overwhelming

in favor of the Lower Cretaceous.

I am, however, inclined to attach great weight to the considerable

proportion of Ginkgos of Jurassic type.

The Ginkgos in Lower Oolitic times were immensely developed in the

Amur region in Siberia and in the northwestern part of the United States,
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showing a remarkable resemblance in their forms. The resemblance

is such as to suggest land connection in the lower Oolite epoch between

Asia and North America and a common flora.

In Lower Cretaceovis times, however, they had become nearly extinct

on the American continent, even in those parts where they had been so

prominent in the Lower Oolite. In all the Lower Cretaceous flora of the

northwestern region the only Ginkgo found occurs in the Kootanie beds

of Canada. Sir William Dawson, in his Mesozoic Floras of the Rocky

Mountain Region of Canada," describes three fossils which he regards as

Ginkgos. One of these, given on pi. ii, fig. 1, he identifies with G. sibirica

Heer; another, shown on pi. ii, fig. 2, he determines as G. lepida Heer;

and a third, depicted on pi. ii, fig. 3, he names G. nana. His G. lepida and

G. nana are evidently not Ginkgos, but are probably a Baiera, and both

the same species. His Ginkgo sibirica is a true Ginkgo and may be that

species. It is the sole survivor apparently and is much smaller than

most of the types common in the Lower Oolite. In the Alaskan fossils

the relative abundance of the specimens of the two Ginkgos shows this

type of plant is still present in force. The large size of the leaves shows

that it is probably still in full vigor. This indicates that the time in

which these Ginkgos lived in Alaska is not so late as the Lower Cretaceous.

The characteristic Lower Oolitic forms still constitute a large element in

the flora.

The floras of the different parts of the northern hemisphere in the

Lower Oolite and the Wealden are comparatively well known; the

vegetation of the intervening time, especially in its foliage, is little known.

It is probable that many of the Jurassic types found in the Wealden or

Lower Cretaceous flourished in the Upper Oolite and survived in the

Lower Cretaceous. The finding, then, in a locality of such Lower

Cretaceous forms as Cladophlebis alata, Onychiopsis psilotoides, Cladophlebis

Huttoni, etc., does not necessarily prove a Lower Cretaceous age.

The age of the formation yielding the Alaskan fossils, as indicated

by them, is not older than the Lower Oolite, and not younger than the

Lower Cretaceous, but is probably between them.

"Trans. Roy. Soc. Canada, Sect. IV, Vol. Ill, 1885, p. 8.
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5. PLANTS FROM NORTHERN CALIFORNIA.

[Under date of December 26, 1901, Professor Fontaine reported as

follows upon the collection made by Mr. Storrs in Trinity County, Cal.

—

L. F. W.]

I have examined the specimens collected by Storrs from California, 2

miles northwest of Slatonis. Most of them are shale fragments, with

distinct cleavage, and all have a more or less pronounced cleavage.

Nearly all of the imprints have suffered so much from maceration that

they show no character. They have evidently drifted far from their place

of growth.

Brachyphyllum ? Storrsii Ward n. sp.«

PI. XLV, Fig. 6.

1903. Brachyphyllwn ? sp. Font, in Diller: Am. Journ. Sci., 4th ser., Vol. XV, p. 352.

The best preserved imprints are cones which, in some cases, preserve

enough of the plant tissue to give an idea of their nature. The best

preserved of them have been much compressed and distorted by pressure,

which has caused a creep of the plant substance along the planes of

cleavage, so that it is impossible to determine positively even their generic

character.

Besides the cones there are some poorly preserved bits of twigs which

probably belong to the same plant as the cones. There is a great difference

in the size of the cones. Some of them seem to be mature, some imma-

ture, and there appear to be some male strobiles. All the imprints which

show any recognizable features are strongly suggestive of Brachyphyllum.

They mary, however, belong to the genus which I described as Pagiophyl-

lum dubiwn from the Comanche of Texas, *" which Nathorst makes a new

genus, Pseudofrenelopsis.' If the cones belong to Pseudofrenelopsis

the species is probably different from the Comanche form, for the cones

now in question are decidedly larger. Their true size, however, is not

given in their present form, for they are mostly broadened by the creep of

the shale. The same creep has greatly distorted the form of the cone scales.

(I As Professor Fontaine does not assign to this plant any specific name, and as it is likely to be the subject

of future discussion, I propose for it the name Brachyphyllum ? Storrsii, for the collector.—^L. F. W.
!> Notes on some fossil plants from the Trinity division of the Comanche series of Texas: Proc. U. S. Nat.

Mus., Vol. XVI, pp. 261-282. See p. 271, pi. xxxix, figs. 2-11.

f Beitr. zur Geologic und Paliiontologie der Republik Mexico, von J. Feli.x und H. Lenk, Leipzig, 1893,

n. Theil, 1. Heft, pp. 51-54.
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Some few of these are shown with httle distortion, and they resemble

those of Brachyphylhim ; that is, they are thick and rhombic in form,

with the greater dimensions transverse to the axis of the cone. Most of

them, however, are in this transverse direction so much elongated ancl

distorted that they appear as parallel raised lines. The mature cones

may be compared with the cone B. Moreauanum Brongn., as given by
Saporta in Paleontologie Frangaise, Plantes Jurassiques, Vol. Ill, pi.

xxxix, fig. 2. They are, however, broader than that, which may be due
to the distortion transverse to the axis of the cones. The cone scales

are larger than those of B. Moreauanum, and the species is probably

different. There are also, as stated, obscure bits of twigs, which appear
to belong to the same plant as that carrying the cones. They are mostly

decorticated, but a few show vague traces of leaf scars similar to those

of Brachyphyllum.

The apparent strobiles are small cylindrical fragments with chaffy

scales. They probably belong to the plant that shows the larger mature
cones. There are several small elliptical to globose cones that are much
smaller than the mature ones. They apparently have the same kind of

cone scales as the larger cones, but smaller and thinner. These may be
immature cones of the plant carrying the larger cones, the male strobiles,

and the leafy twigs.

Brachyphyllum is most developed in the Jurassic and Lower Creta-

ceous. If we may regard this plant as belonging to that genus, then,

so far as its evidence goes, the strata are Jurassic or Lower Cretaceous.

But as the generic place of the fossil can not be determined positively,

and the amount of material is so small, the age can not be certainly fixed.

6. PLANTS FROM NORTHERN MONTANA.

Sequoia Reichenbachi (Geinitz) Heer."

PL XLV, Figs. 7, 8.

This specimen was obtained by Dr. A. C. Peale from the east slope
of the Bridger Range, north of Bridger Creek, Montana, and is labeled

by Doctor Peale as Jurassic. Professor Ward gives as the more exact
locahty 4 miles northeast of Bozeman, Mont., on the right bank of

Bridger Creek. The fossil is a small bit of a twig 25 mm. long, with a

a For the synonymy of this species see Nineteenth Ann. Rep. U. S. Geol. Surv., Pt. II, 1899, p. 674.

MON xLvm—05 12
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number of fairly well-preserved leaves. It is clearly a Sequoia, and is

most probably S. Reichenbadii, as the leaves have the size, shape, and

mode of insertion of those of that species. It indicates that if the for-

itiation containing it is Jurassic it is the upper part of it. But it may
well be Lower Cretaceous.

7. PLANTS FROM SLATE SPRLNGS, MONTEREY COAST, CALIFORNIA.

Sequoia Fairbanksi Fontaine n. sp.

PI. XLV, Figs. 9-11.

This is the plant referred to in Pt. II of the Twentieth Annual Report

of the United States Geological Survey, pp. 338, 339. Four specimens

were obtained, one of which shows no character. They were collected by

Mr. H. W. Fairbanks from Slate Springs, California, in rocks underlying

the Knoxville group of the Lower Cretaceous. The specimens are poorly

preserved and have suffered from maceration.

The form given in PI. XLV, Fig. 9, is a fragment of the largest leafy

branch that was found. The leaves are poorly preserved and pressed close

to the stem, so that they can not be seen distinct from it. They seem,

however, to have the long slender form that is better shown in the speci-

men depicted in Fig. 10. The stem given in Fig. 9 seems to have had a

diameter of 5 mm. Fig. 10 represents a much smaller twig. This is 65

mm. long and 15 mm. thick. It carries scattered along its length a num-
ber of developed leaves and at its end a number of undeveloped ones,

forming a bunch similar to those shown on the small twig depicted in Fig.

11. The developed leaves, as shown in Fig. 11, maj^, for description, be

taken as the normal ones. They are a good deal like those of Sequoia

Reichenbachi, and the plant is apparently a sequoia of the Reichenhachi

type. The leaves are 15-20 mm. long. They narrow very gradually to

an acute point and widen toward the base. They are decurrent and

strongly incurved, showing a slender midrib. They are more slender

and thinner in texture than the leaves of S. Reichenhachi. Fig. 11

gives the terminal portion of a small twig on which the leaves appear

to be undeveloped. These leaves are very narrow, short, and straight.

They are pressed closely to the stem.
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The plant is not unlike those from the Jurassic, called by Heer

Elatides, and may be compared with E. falcata," but the leaves are larger

than those of that plant. It may be fittingly named from its discoverer

Sequoia Fairhanksi.

JURASSIC CYCADS FROM WYOMING.

Since the appearance of the first paper of this series, in which all the

Jurassic cycads from the Freezeout Hills of Wyoming that were known to

me at that time were described and figured,* two additional invoices of

material from the same restricted bed have been sent to the National

Museum by Professor Knight under the same conditions as those relating

to the first invoice. The former of these invoices consists of the collection

made by me on the occasion of my visit to the locality in 1899, an account

of which is given in the first paper, but the full treatment of the collection

could not be then made, as it was necessary to go to press with the paper

before the collection could be studied (see p. .387 of that paper). As soon

as I found time, however, I had the collection unpacked and the speci-

mens numbered according to Professor Knight's instructions. These were

to continue the numbering from the last number of the first invoice as far

as the specimens extended. The numbering was on the basis of 500, and

the first invoice included Nos. 500.1 to 500.87, although these numbers
included several specimens of fossil wood and one bone taken from the

same bed, the latter not sent with the cycads.

Only a few large specimens or nearly complete trunks were found by
me and the collection consisted chiefly of fragments, many of them quite

small, some of them mere chips or splinters. I was careful to save almost

everything that could be seen certainly to belong to a cycadean trunk, in

the hope that, coming as they did from the same bed, a few of them might

be found to be the missing parts of incomplete trunks in the first invoice.

In this, as will be seen, I was not mistaken, although the result is not so

satisfactory as might perhaps have been expected. The number of such

small fragments was very large, and when they were all numbered they

extended the list from No. 500.88 to 500.687, including therefore, by a

curious coincidence, just 600 specimens.

a Fl. Foss. Arct., Vol. IV, Ft. II (Jura-FI. Ostsibiriens), pp. 79-80, pi. xiv, figs. 6, 6b, 6d.
i Twentieth Ann. Rep. U. S. Geol. Surv., Ft. 11, 1900, pp. 382-417, pi. Ixx-clxxvii.
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Mention was made in the first paper (p. 387) of a collection that had

been made by Mr. Charles Gilmore before my arrival. This, I was told,

was stored in a building in Medicine Bow, but as our party hurried through

that place to reach the field, I did not take time to hunt it up and examine

it. It was expected that an effort would be made to increase the collec-

tions by plowing the ground deepty with a subsoil plow, as might easily be

done. I had dug out a number of fine trunks with my mattock that were

not visible from the surface, but this process was slow and laborious, and

it was thought that such subsoil plowing might reveal manj'- more.

At the close of 1902 I learned from Professor Knight that the Uni-

versity of Wyoming had arranged with the Carnegie Museum to plow the

ground on which the cycads were found and divide the results between

the two institutions, but that the degree of success was not what had been

anticipated. Professor Knight stated that before the ground was plowed

he had found '

' one of the finest specimens that has ever been taken from

the place.
'

' This I have not yet seen. He sent me, however, as one of

the results of the plowing, a fine terminal bud, which he thought might

be a cone. As nearly as I can judge, it belongs to Cycadella jurassica, and

at his suggestion I have given it the next number of the museum of the

University of Wyoming, first series, which is 500.688.

On March 20, 1903, Dr. T. W. Stanton turned over to me a specimen

collected by W. T. Lee from the same bed in the Freezeout Hills. It is a

small fragment from the side of a large trunk showing half a dozen large

scars that indicate that the trunk was that of Cycadella wyoyningensis.

It is deposited in the National Museum with the locality number, 3050, of

the United States Geological Survey.

During the summer of 1901 a third invoice arrived, purporting to

contain all the specimens collected to that date. The larger trunks, at

least, are doubtless the ones previously collected by Mr. Gilmore, but

nearly all the specimens in this invoice are fair-sized fragments, and there

are very few small pieces, such as many that I saved.

This last collection was numbered before it was shipped and on a

different basis. It bears the numbers of the Museum of the University of

Wyoming from No. 100.201 to No. 100.353, thus containing 153 specimens.

There are, therefore, in the additional material to be studied 753 speci-

mens, great and small. Yet in all this there are not a dozen trunks that
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are even approximately complete. The rest are fragments of all sizes, Ijiit

many of them very small, the least weighing no more than 5 or 6 grammes.

Many of the latter, however, show the internal structure very clearly, and

when the time arrives for making a study of them from microscopic

preparations these will yield excellent results.

In view of these last-mentioned considerations, and also in the hope

of finding as many pieces complementary to the originally described types

as possible, I thought it worth while to make a somewhat careful study

of all this material, and I therefore devoted to it a considerable part of my
time from September 23 to December 31, 1901. The original types were

laid out in a conspicuous position and arranged by species for comparison,

and the_later collections were then similarly exposed and first arranged by

numbers. Before any satisfactory results could be reached it was found

necessary, as in the case of the original collection, to clean the specimens

with hj^drochloric acid and remove the incrustation of lime that obscured

the structure of the majorit}' of them. This was done simultaneously

with their study. At first it seemed that only a very few could be identi-

fied with described species on account of their fragmentary character,

but prolonged and minute inspection and comparison with the types

graduall}' revealed characters that could not otherwise be detected, and

finally enabled me to venture a provisional reference in the case of a large

number to the species described in the first paper. The question whether

the new material contains any additional species beyond the twenty species

previously described can not be definiteh' settled, but 1 incline to think

that some of the fragments belong to species different from those of the

first collection. This, however, is not certain from the scanty material,

and I have therefore referred such with doubt to the species that they

most closely resemble. It does not seem that any of the complete trunks

or large characteristic fragments belong to new species, although some of

them possess characters not seen in the original types. This is notably

the case with those that I am obliged to refer to species founded on only

one or two specimens, but in such cases this was to be expected.

I shall take up the species in the same order in which they were treated

in the first paper and make such additional notes on each as the study of

the later material calls for. In view of the probability that the specimens

will be one day taken up and subjected to microscopic study from the
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standpoint of internal structure, I shall append to my notes on each

species a list of the numbers of specimens that I provisionally refer to it.

This may prove useful as a basis for such work, although I do not doubt

that the study of their internal structure will require many changes in the

classification. I therefore do this at the risk of having many errors—if

such they can iDe called—subsequently corrected, but as all references

must be regarded as provisional, and as the extremely fragmentary

character of the material makes certainty unattainable, I am sure that

due allowance will be made and that no one will attribute necessary

changes to carelessness on my part.

Genus CYCADELLA Ward.

1900. Cycadella Ward: Proc. Wash. Acad. Sci., Vol. I, p. 263, pi. xiv; Twentieth

Ann. Rep. U. S. Geol. Surv., 1898-99, Pt. II, p. .392, pi. Ixx.

All the specimens of the two collections under consideration belong

to the genus Cycadella, and none of them certainly represent species not

already described.

Cycadella Reedii Ward.

PI. XLVII, Fig. 3.

1900. Cycadella Reedii Ward: Proc. Wash. Acad. Sci., Vol. I, p. 264, pi. xv; Twen-

tieth Ann. Rep. U. S. Geol. Surv., 1898-99, Pt. II, p. 393, pi. ixxi-lxxvi.

An unexpectedly large number of fragments had to be referred to

this species, most of them more or less doubtfully, l^at in all cases the

characters show a closer relationship to it than to any other described

species. They are mostl.y fragments and there is no complete trunk.

They represent small trunks, usually, so far as can be judged from the

parts we have, smaller than any of the original type specimens except

No. 500.10 (see pi. Ixxvi). They are generally from trunks larger than

that, but resemble it in other respects more than they do other types. They

show variations in the internal structure which may be specific, but as

all the type specimens previously described were so nearly complete and

the structure was not shown, it is not known what the interior would

reveal. There is, however, nothing in an}^ of the fragments referred to

this species that conflicts with the description given.

PI. XLVII, Fig. 3, represents one side of the specimen No. 100.239,

which is a fragment weighing 0.47 kg., of which the top and the whole of

one side are wanting.
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Ctcadblla Beecheriana Ward.

1900. Cycadella Beechenana Ward: Proc. Wash. Acad. Sci Vol. I, p. 265 pi. xvi;

Twentieth Ann. Rep. U. S. Geol. Surv., 1898-99, Pt. II, p. 394, pi. Ixxvn,

lxx-<riii.

None of the specimens in the second and third invoices were referred

to this species. The types were not in my hands, benig at the \ ale

University Museum. They consist of No. 128 of that museum and No.

500 54 of the Museum of the University of Wyoming, which I found to

be a complement of the former, and which, on this account. Professor

Knight gave to Yale to complete the specimen there. Although the

species was carefully described and fully figured, ami I have a distmct

visual impression of its appearance, it is not impossible that if the spec-

imens had been before me I should have provisionally referred to it some

of the more aberrant forms.

Cycadella wyomingensis Ward.

PL XLVI.

1900 Cycadella wyomn^gensis Ward: Proc. Wash. Acad. Sci., Vol. I p. 266 pi. xvii;

Twentieth Ann. Rep. U. S. Geol. Surv., 1898-99, Pt. II, p. 39., pi. Ixxix-xc.

Three large specimens and many smaller ones in the last two invoices

are referable either with certainty or with considerable probability to

this species One of the large ones. No. 500.88, consists of one large piece

weighing 6 8 kg. and two smaller ones of nearly equal size weighing

together 1 9 kg., all bearing the same number, and making a total weight

of 8 7 kg These all fit perfectly together and form more than three-

fourths of a very handsome trunk. The basal portion only was wanting,

but the greater part of it was found under two other numbers, viz, Nos.

500 513 and 500.525, which were first found to fit each other and after-

wards to fit the lost part of the large trunk. No. 500.513 weighs 1 72 kg

while No. 500.525 is a small piece weighing 177 grammes. P^^^ing all

these pieces together we have a nearly complete trunk weighing 10.6 kg.

The onlv part lacking is a small notch on one side of the base, which none

of the fragments in the collection would fit into. Thus compMed this

trunk is very nearlv the same size as the type specimen ^o. 500.15 and

resembles it in many respects. It is, however, rather more flattened,

largest in the middle, where the major diameter is 24 cm. and the minor

13 cm., giving a girth of 59 cm. It stands 36 cm. high.
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No. 500.681 represents a much larger trunk, but is much less perfect

than the one last described, and none of its missing parts could be found

among the fragments. It consists of considerably more than half of the

original trunk, which was symmetrically subconical, rounded at the

summit, and longitudinally flattened, but to a much less degree than the

other. The principal loss is at the base by a rather even transverse

fracture, but a large piece is also broken away from one of the thinner

sides, the fracture deepening toward the summit and carrying away the

apex altogether. It is now 24 cm. high and 18 by 25 cm. in diameter at

the basal fracture, and has a girth of 69 cm. It weighs 11.34 kg. This,

therefore, represents a larger trunk than any that were originally referred

to this species. It also differs in some other respects from the types.

The outer coating of ramentum is also wholly removed and the surface

thus exposed presents a somewhat different appearance from that of the

other specimens. The bases of the petioles rise above the walls so as to

give the surface a rough, warty aspect. The rock substance is harder

and heavier than that of the other trunks. These differences do not,

however, seem to be specific, and I prefer to retain the specimen in this

species.

No. 100.227 is a segment from near the base of a still larger trunk.

The basal fracture is nearly horizontal, but the upper one is somewhat

oblique, so that while the thicker edge is 12 cm. high the thinner edge is

only 6 cm. This trunk was also somewhat elliptical, the diameters at

the base being 19 cm. and 27 cm., respectively, giving a girth of 74 cm.

The segment weighs 8.62 kg. The external surface of this specimen

closely resembles that of No. 500.681 and it represents the same general

type. These two specimens may ultimately require to be placed in a

distinct species.

PL XLVI is a side view, also showing part of the base, of the trunk

formed by joining Nos. 500.88, 500.513, and 500.525.

A larger number of specimens had to be referred to this species than

to any other, but all except those treated above are mere fragments,

most of them quite small. Many of these fragments closeh^ resemble

the interior of the type specimens Nos. 500.7, 500.8, 500.20, and 500.67,

and there can be no doubt that some of them are parts of the same trunk

or trunks represented by those specimens, but in only one case has this

been proved by finding the complementary parts. This case is that of
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the small fragment No. 500.521, weighing 0.14 kg., which fits one of the

fractured surfaces of A^o. 500.7. In one other unimportant case two of

the later-acquired fragments proved to be the complements of each other,

viz, Nos. 500.176 and 500.229.

Cycadella Knowltoniana Ward.

PL XLVII, Figs. 1, 2.

1900. Cycadella Knowltoniana Ward: Proc. Wash. Acad. Sci., Vol. I, p. 267, pi. xiv,

figs. 1-3; pi. xviii-xx; Twentieth Ann. Rep. U. S. Geol. Surv., 1898-99,

Pt. II, p. .396, pi. Ixx, figs. 1-3; pi. xci-xcv.

This species, which, although represented by only two specimens in

the original collection, furnished the best illustrations of the generic

characters, is not absent from the material since received. The two

specimens, Nos. 500.94 and 500.498, resemble the type No. 500.76

sufficiently closel}^ to have formed parts of the same trunk, but this is

not proved by the discovery of any contiguous surfaces. Like that

specimen, the,y are both somewhat triangular sections bounded by radial

fractures, but showing considerable of the outer surface. In both, too,

as in the type, it is the transverse fracture that best reveals the structure.

If polished in the same way they would both doubtless show all the

characters of the genus.

No. 500.94 is 8 cm. high and 13 cm. in diameter, which represents

a chord of the circumference, of which the arc is 19 cm., but the surface

is very irregular. The trunk was probably 15 cm. in diameter in this

direction. The radial thickness is 10 cm., which seems to include more

than half of the medulla, but this indicates a diameter in this direction

of about 18 cm. The trunk was therefore elliptical. The fragment

weighs 1.22 kg.

No. 500.498 is a similar section, but the fractures are all oblique to

the axis. It is about 8 cm. high, 12 cm. in tangential direction, and

the same in radial direction. It weighs 1.41 kg. The outer coating of

ramentum is nearly 2 cm. thick in places, and the armor 3 cm., the petioles

and walls contrasting strongly in color, so as to show the structure to

good advantage even on the unpolished surface of the fractures.

Two other specimens, Nos. 500.102 and 500.285, are referred to this

species, but these are one, since they perfectly fit each other, the latter

being only a thin plate lying on one of the fractured planes of the former.
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They thus form a rectangular piece from the middle of a trunk, showing

the outer surface at both ends. The central part of the radial fracture

is l^ounded by the inner wall of the wood.v zone and shows striations and

markings not widely different from those much better shown in the

type specimen, No. 500.62, which were described and figured. These

specimens represent a trunk about 14 cm. in diameter.

PI. XLVII, Figs. 1, 2, show, respectivel,y, the outer surface of Nos.

500.94 and 500.498.

Cycadella compressa Ward.

PI. XLVII, Fig. 4; PI. XLVIII.

1900. CycadeUa compressa Ward: Proc. Wash. Acad. Sci., Vol. I, p. 269; Twentieth

Ann. Rep. U. S. Geol. Surv., 1898-99, Pt. II, p. 398, pi. xcvi; pi. xcvii.

Five specimens in the second invoice and four in the third are

referred to this species with more than the usual confidence, and a number
with certainty. Nos. 100.228, 500.503, and 100.264 are nearly complete

small trunks typical of the species. The first of these closely resembles

the type No. 500.22 and the second the type No. 500.18. The third is

smaller than any of the original types. No. 100.290 is a very small

but apparently complete trunk weighing only 0.18 kg., but it has the

general character of this species. It may be immature. The other

specimens are fragments, but No. 500.132 exactly resembles Nos. 500.68

and 500.69. Most of the rest have the same character. No. 500.503

weighs 0.74 kg.; No. 100.228, 0.75 kg., and No. 100.264, 0.31 kg. PI.

XLVII, Fig. 4, and PI. XLVIII, Figs. 1, 2, show these three specimens,

respectively, from their most characteristic sides.

Cycadella jurassica Ward.

PL XLIX.

1900. Cycadella jurassica Ward: Proc. Wash. Acad. Sci., Vol. I, p. 270; Twentieth

Ann. Rep. U. S. Geol. Surv., 1898-99, Pt. II, p. 399, pi. xcviii-cxii.

No large trunks of this species occur in the later collections, but a

very large number of fragments were found which can not be referred

elsewhere, and many of them show the typical characters so clearly

that there is no serious doubt of their specific identity.
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The largest specimen is No. 100.204, weighing 2.1 kg., but this is

supplemented by No. 500.507, weighing 0.98 kg., which nearly doubles

the area of surface exposed and shows the characters more clearly than

any of the original types. The specimen thus reconstructed is a segment

from the side of a large trunk, probably near the base, and extending

quite to the middle. The diameter, which is still not complete, is 23 cm.

Still more important was the discovery that the large fragment

No. 500.511, weighing 1.54 kg., forms part of the type specimen No.

500.38, and exactly matches the fractured face represented in pi. cii of

the first paper, completing the upper part. As a surplus of good for-

tune it was also found that the smaller fragment No. 500.516, weighing

0.65 kg., fits both these specimens in such a manner as to extend the

part covered by its entire thickness of about 4 cm. This brings it within

5 cm. of the basal fracture, and we now have over two-thirds of the

trunk.

One small specimen, No. 100.250, weighing 0.43 kg., was found to

belong to the type specimen No. 500.80, which was itself only a frag-

ment and was not figured. It now becomes a respectable specimen.

The other case of complementary parts is that of Nos. 100.289 and

100.292, which are both small specimens, weighing together only 0.23

kg. and showing nothing that is not better shown by other specimens.

PL XLIX is a view of the external surface shown in the segment

Nos. 100.204 and 500.507.

Cycadella nodosa Ward.

PI. L; PI. LI; PI. LII, Fig. 1.

1900. Cycadella nodosa Ward: Proc. Wash. Acad. Sci., Vol. I, p. 271; Twentieth

Ann. Rep. U. S. Geol. Surv., 1898-99, Pt. II, p. 401, pi. cxiii-cxxii.

Notwithstanding the small number of specimens in the later col-

lections referable to this species and the fact that none of them supple-

ment the original types, it has proved one of the most satisfactory of

the specific groups. This is due to the fact that it contains two com-

plete trunks that are quite as fine as any of the original types and two

others that are very nearly complete.

No. 500.509 is a complete trunk weighing 1.65 kg. and closely resem-

bles the type No. 500.47, but is somewhat smaller. It has the con-
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tracted base even more clearly marked. No. 100.206 is also complete

and weighs 2.83 kg. It closely resembles the type No. 500.17. It is

nearly the same size as that specimen, but the rock is less compact and

there is some difference in the weight. No. 100.217 lacks the summit

but shows the base very well. This was a larger trunk and still weighs

1.59 kg. No. 100.229 is a small, much flattened trunk, complete with

the exception of a small piece. It weighs 0.47 kg. Except in size it

is nearest to the type No. 500.21. The other two specimens are frag-

ments and their reference to this species is somewhat doubtful.

PL L is a side view of No. 500.509 and PI. LI a side view of No.

100.206. PL LII, Fig. 1, shows one of the flattened sides of No. 100.229.

Cycadella cirrata Ward.

PL LII, Figs. 2-4; PL LIII.

1900. Cycadella cirrata Ward: Proc. Wash. Acad. ScL, VoL I, p. 272; Twentieth

Ann. Rep. U. S. GeoL Surv., 1898-99, Pt. II, p. 403, pL cxxiii-cxxix.

A large number of small fragments in the second and third invoices

show the peculiar internal structure of this species, while there is nothing

in their general character that negatives their reference to it. There

are some others that seem to belong here, but which differ in the char-

acter of the rock and in other respects from any of the types. If com-

plete trunks of such had been found, it seems probable that they would

have represented one or two new species, but lacking adequate material

it seems best to refer them doubtfully to C. cirrata for the present.

Many of these fragments are found to represent complementaiy parts

of one another, and a still larger number so closel}" resemble one another

in structure that there is scarcely any doubt that they are from the

same trunk that has disintegrated into small pieces. There seem to be

three or four such trunks, and nearly all the fragments can be referred

to one or another of them. One of these trunks is undoubtedly the

one to which the type specimens probably all belong (see the discus-

sion following the description), but it has not been possible to find any

exactly complementary parts of the types.

The Nos. 500.136, 100.240, and 100.223 all join together in that

order, and Nos. 100.210 and 500.569 also join in such a manner as to

make it practically certain that they all belong to one trunk and that
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only a thin piece is missing between Nos. 500.136 and 100.210. If tliis

were present, we should have nearly half of a small compressed trunk.

No. 500.470 joins No. 100.338, and No. 500.594 joins No. 100.312. These

last four, with about a dozen other fragments, undoubtedly represent the

type trunk, and the structure indicates that they lay very close to the

type No. 500.71 (see PI. cxxviii). Nos. 500.178 and 500.422 constitute

another complementary couple of a somewhat different class, but evi-

dently belonging to this species. They show the internal structure

very clearly and also considerable of the surface, indicating a much

compressed trunk probably larger than that to which the type speci-

mens belong. Nos. 100.258 and 100.275 also go together and represent

still another trunk not otherwise represented. They all have the char-

acteristic internal structure and surface markings of the species. No.

100.245 is the largest specimen, weighing 0.9 kg. It is a slab from

one side of a trunk, showing considerable of the surface and a broad,

smooth, tangential fracture.

PI. LII, Fig. 2, is a side view of the triangular section resulting

from joining Nos. 500.178 and 500.422, and PL LII, Fig. 3, the internal

structure of the inner fracture of No. 500.422. PL LII, Fig. 4, shows

one of the fractures of No. 500.136, and PL LIII the tangential fracture

of No. 100.245.

Cycadella exogena Ward.

PI. LIV.

1900. Cycadella exogena Ward: Proc. Wash. Acad. Sci., Vol. I, p. 273; Twentieth

Ann. Rep. U. S. GeoL Surv., 1898-99, Pt. II, p. 404, pi. cxxx-cxxxvii.

A limited number of specimens, most of them fragments, are

referred to this species. By far the largest and most complete is No.

500.514, which weighs 2.04 kg., although the armor has disappeared

from more than half of it and a considerable part of the axis is also

wanting. This specimen is difhcult to orient, as neither base nor sum-

mit is preseiat and the direction of the axis is not clear, while the surface

is covered with ramentum, but one of the fractures which passes through

the entire woody zone and the armor was found to join one of the planes

of fracture of the small specimen No. 100.249, adding considerable to

the trunk. This specimen weighs 0.45 kg., making the total weight
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of the combination 2.49 kg. This specimen appears to have been nearly

spherical, and somewhat resembles the trunk Nos. 500.19 and 500.53. Like

that, the interior is very hard and smooth and the surface is covered

with a thick ramentum. Some of the fractures show the exogenous

structure quite clearly.

No. 100.220 is another good specimen, representing somewhat more

than half of a small trunk and weighing 0.75 kg. The base and one of

the sides are well shown and exogenous structure is clearlj^ seen in the

irregularly longitudinal fracture.

Nos. 500.293 and 500.388 are two small complementary parts of

the armor with regularly curved inner and outer surfaces, having exactly

the same thickness and texture of the armor as No. 500.61, as shown

in the transverse section, pi. cxxxii, fig. 2, of the first paper. They

undoubtedly belong to that trunk and come from a point very near

that fractured plane, but they do not exactly join it, and are probably

from a somewhat different plane. They can belong nowhere else, as

the opposite hemisphere is present in the specimen No. 500.53. These

fragments are of unequal size and together weigh only 0.13 kg.

There are two other specimens that complement each other, viz,

Nos. 500.416 and 100.253. They are small fragments and weigh together

0.61 kg. They show the ring of woody wedges more distinctly than

any other specimen except No. 500.19, but they do not othei'wise resem-

ble that trunk and can not be referred to any of the trunks of this species

thus far found. There is, however, no doubt that they represent this

species. They may possibly belong to the same trunk as the fragment

No. 500.174, which also shows the structure and the rings with unusual

clearness. That specimen is a small segment from the base oi a trunk

weighing 0.44 kg. It extends to the medulla, and the fractures show

three distinct rings of wood. None of the remaining specimens are

specially worthy of comment.

PL LIV, Fig. 1, shows the tangential fracture of the first of these

adjacent to the corresponding face of the second. PL LIV, Fig. 2,

shows the internal structure of No. 500.416, and Fig. 3 that of No. 500.174.
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Cycadella ramentosa Ward.

PL LV; PL LXII, fig. 1.

1900. Cycadella ramentosa Ward: Proc. Wash. Acad. Sci., VoL I, p. 275, pL xiv,

figs. 4, 5; Twentieth Ann. Rep. U. S. GeoL Surv., 1898-99, Pt. II, p. 406,

pi. Ixx, figs. 4, 5; pi. cxxxviii-cxliv.

A large number of fragments are referred to this species, mostly

on the strength of the characteristic internal structure, but many are

very doubtful and others quite worthless. Several, however, certainly

belong to the same trunks as the type specimens, and in two cases this

is proved by finding the planes of juncture. These are the specimens

Nos. 500.357 and 500.620, the former of which fits the end of No. 500.50,

and is in turn matched by the latter, thus extending the type specimen

some 8 cm. in one direction. A number of other fragments are undoubt-
edly parts of the trunk that was built up from the types Nos. 500.40,

500.43, 500.45, 500.66, and 500.81 (see pis. cxl and cxh), and some of

these are quite large. No. 100.248 weighs 0.57 kg. and shows the inter-

nal structure and external ramentum exceptionally well. It nearly

matches No. 500.40. No. 100.219 weighs 0.69 kg. and is very close to

No. 500.66, being a triangular piece like No. 500.81. No. 100.243 is

similar to the last, but smaller, weighing only 0.37 kg. All of these

would join that combination in different ways but for the loss of small

chips, many of which are in the collections. No. 100.205, weighing

0.9 kg., is perhaps part of the same trunk, but differs from the rest in

some respects. It shows considerable surface and has a good trans-

verse fracture. No. 500.201 is a fine segment weighing 1.15 kg. and
resembles the others, but there is no part missing in that trunk large

enough for it to go in. It shows structure unusually well. No. 100.214 is

the largest specimen of this species in the later collections and weighs 1.93

kg. It represents about half of a trunk which was compressed laterally

so as to form a sharp edge. It is 16 cm. in diameter in the direction of

this edge and 13 in the opposite direction across the large fracture, which
is obhque to the axis. The thickness of the specimen at right angles to

the plane of this fracture is 13 cm. The whole surface is covered with

a thick coat of ramentum and the structure is obscure on the fractures.

PI. LV, Fig. 1, gives a side view of No. 100.214, and Fig. 2 the rough
fracture of No. 100.201. PL LXII, Fig. 1, shows the smooth fracture

of No. 100.248.
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Cycadella fereuginea Ward.

1900. Cycadella ferruginea Ward: Proc. Wash. Acad. Sci., Vol. I, p. 276; Twentieth

Ann. Rep. U. S. Geol. Surv., 1898-99, Pt. II, p. 408, pi. cxlv-cxlvii.

Four specimens were found in the later collections that seem to

belong to this species. They are all fragments, and only one, No. 500.104,

merits special remark. This is upwards of half of the base of a small

trunk with well-marked characters, which are those of this species. The

base is perfect, and this was wanting in the type specimens. Both here

and on the fractures the internal structure is clearly shown. The armor

and woody zones are more clearly brought out than in the types and agree

with the description in every particular. The trunk was 10 cm. in diam-

eter and the specimen is 8 cm. high. It weighs 0.37 kg.

No. 500.192 is possibly the terminal bud of a trunk of this species. It

shows the scars of the small leaves definitely and concentrically surround-

ing the apex of the axis, which is 7 mm. in diameter and not raised above

the scars. The bud is somewhat elliptical in cross section, with a diameter

of 4 cm. by 6 cm. The specimen is 5 cm. long in the direction of the axis

of the bud, but none of the appendicular organs extend as far as the inner

fracture, which lies in the woody zone of the trunk. The specimen weighs

0.13 kg., or, more exactly, 127 grammes. The other two specimens are

very small fragments, doubtfully referred to this species.

Cycadella contracta Ward.

PI. LVI.

1900. Cycadella contracta Ward: Proc. Wash. Acad. Sci., Vol. I, p. 277; Twentieth

Ann. Rep. U. S. Geol. Surv., 1898-99, Pt. II, p. 409, pi. cxlviii-cHii.

The later collections considerably extend our knowledge of this

species, although this is done chiefly by three specimens, and notably by

one. No. 100.222, which is found to be an extension of No. 500.79, and

matches what I called the upper side of the latter specimen, viz, the side

opposite that shown on pi. cliii, and top of fig. 1 of pi. cli. The projection

shown on the right of pi. cliii proves to be part of the base, which is entirely

completed by the much thicker segment constituting No. 100.222. This

overthrows my theory that Nos. 500.79 and 500.56 are parts of the same

trunk. The latter shows a complete base, and now we have the complete

base of another trunk, which was much larger and very anomalous in shape.
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It was greatly compressed vertically, so that the axis is only about 12 cm.

long, while the bulk of the material of the trunk lies in a plane perpendicular

to the axis. The trunk is also compressed laterally, so that the smaller

diameter is only 15 cm. In the direction of the longer diameter much is

still wanting on each side. What is left measures 12 cm. The new speci-

men weighs 1.53 kg. and extends the original specimen 8 cm. The next

most important specimen is No. 100.218, which represents more than half

of a laterally compressed trunk and weighs 1.26 kg. It is smoothly

broken across both ends, which seem to be the base and summit, but the

axis is obscurely shown and the fractures may be somewhat oblique. It

shows the external surface well on both the broader sides.

No. 100.241 is a portion of a trunk of pecuhar shape, and the whole of

one side is occupied by the medulla, which has a twisted appearance and

shows some protuberances. The specimen is smoothly broken across the

top and shows the thick armor and thin wood, covered with the coating of

ramentum. Near the base this latter has disappeared and the shape of

the leaf scars is shown better than in any other specimen of this species.

PL LVI, Fig. 1, shows the best side of the trunk No. 100.218; PI. LVI,

Fig. 2, shows the outer surface of the trunk No. 100.241, and Fig. 3 the

inside on which the meduUa is exposed.

Cycadella gravis Ward.

1900. Cycadella gravis Ward: Proc. Wash. Acad. Sci., Vol. 1, p. 277; Twentieth

Ann. Rep. U. S. Geol. Surv., 1898-99, Ft. II, p. 410, pi. cliv.

Only two imperfect fragments were found in the later collections that

could be referred even with doubt to this species. These are Nos. 500.194

and 100.242. These most resemble the only type specimen, No. 500.63,

and suggest that they may be specifically identical with it, but this is all

that can be said of them.

Cycadella verrucosa Ward.

1900. Cycadella verrucosa Ward: Proc. Wash. Acad. Sci., Vol. I, p. 278; Twentieth

Ann. Rep. U. S. Geol Surv., 1898-99, Pt. II, p. 410, pi. clv-clvii.

A single small specimen only. No. 500.505, is referred to this species,

and this with grave doubt. It may represent a terminal bud, or it may

only be a large branch. The surface markings point to this species and

differ from those of any other.

MON XLVIII—05 13
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Ctcadella jejuna Ward.

PL LVII.

1900. Cycadella jejuna Ward: Proc. Wash. Acad. Sci., Vol. I, p. 279; Twentieth

Ann. Rep. U. S. Geol. Surv., 1898-99, Pt. II, p. 412, pi. clviii-clxi.

A large number of fragments are referred to this species, but most of

them are very small and so closely resemble one another as to suggest that

a large trunk had disintegrated and been reduced to mere chips. One

fragment, No. 500.101, proves to be the missing part of the type specimen

No. 500.28, and completes the trunk (see pi. clviii, clix). The largest

specimen is No. 500.515, and this is supplemented by another, No. 500.491.

These together constitute all but a little of the summit of a trunk rather

larger than the one last mentioned, but less compressed. The two pieces

togetherweigh 2.41 kg. It is 13 cm. high and 12 cm. by 16 cm. in diameter.

The base is very oblique and hollowed out on one side. The surface is

well shown on all sides.

Nos. 500.103, 500.195, 500.210, 500.502, 500.504, and 500.684, all

join in one way or another to form a considerable part of another

trunk, but the resulting combination has no definite shape. There are

besides many specimens that almost certainty belong to this trunk.

Enough can thus be learned to make sure that it was a large trunk for the

species and much compressed, forming a sharp edge somewhat after the

manner of No. 500.64.

In the third invoice there were three small fragments that were first

separately referred to this species, and afterwards found to be all com-

plementary parts, but they show very little surface and have little value.

These are Nos. 100.299, 100.317, and 100.351.

PL LVII is a side view of the trunk formed by Nos. 500.515 and

500.491.
Cycadella concinna Ward.

1900. Cycadella concinna Ward: Proc. Wash. Acad. Sci., Vol. I, p. 280; Twentieth

Ann. Rep. U. S. Geol. Surv., 1898-99, Pt. II, p. 412, pi. clxii.

There were no specimens in the later collections that seemed to

belong to this species. As the only specimen known (No. 500.16) is com-

plete and presents no fractured surfaces, the nature of the internal struc-

ture is unknown, and in such fragments as constitute the bulk of the later

collections this becomes the main dependence. It is, therefore, not

entirely certain that this species is not represented.
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Cycadella crepidaria Ward.

Pis. LVIII-LX.

1900. Cycadella crepidaria Wa.i-d: Proc. Wash. Acad. Sci., Vol. I, p. 280; Twentieth

Ann. Rep. U. S. Geol. Surv., 1898-99, Pt. II, p. 413, pi. clxiii; pi. clxiv.

Perhaps the most important and satisfactory result of the elaboration

of the additional material is that obtained for this previously little-known

species. It was represented in the original collection of Mr. W. H. Reed

by only one specimen, No. 500.83, which is very anomalous in form and

character, and no one cou d tell whether these would prove constant or

not if more material were to come to light. The pecuhar shape, resem-

bling a moccasin, was especially hable to vary. Neither was it probable

that the size would remain constant. It was interesting, therefore, to find

this species represented in the later collections. Among the fragments

collected by Mr. Gilmore were four pieces, all of which bore so strikingly

the characters of this species that I referred them to it before I discovered

that they belonged together. In the subsequent arrangement by species

these were brought into proximity, and I saw at once that they were parts

of the same trunk. Two of the pieces had previously been found to fit

each other and had been given the same number, No. 100.215. But one

of the pieces also fits No. 100.202, and this in turn matches No. 100.230.

The four pieces thus brought together form an almost complete trunk,

which, though considerably larger than the type specimen previously

known, has approximately the same anomalous shape, resembling a

human foot. The compression, however, is more oblique, and the axis

passes somewhat diagonally through the specimen. The greatest length

is 28 cm., the greatest width 14 cm., and the maximum thickness 9 cm.

It has a girth of about 35 cm. The four pieces together weigh 3.62 kg.

There is a still larger specimen, No. 500.506, collected by myself,

which I must either refer to this species or else treat as a new species. I

prefer the former course, although it requires considerable explanation of

the specific characters. It is nearly circular in outline and greatly com-

pressed vertically, so as to have a somewhat lenticular shape with rather

sharp edges. The axis is slightly oblique; at least it emerges considerably

on one side of the center of the upper side. This axis is 12 cm. long,

which represents the greatest thickness of the specimen. The diameter

is about 24 cm. and the girth 75 cm. The surface is much obscured by com-
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pression and distortion, but the cliaracters, so far as visible, are those of

C. crepidaria. It weighs 6.13 kg.

No. 100.203 is another practically complete specimen that must be

referred to this species. It is subcorneal in shape, much flattened laterally,

and tapers from base to summit. There are no fractures and the surface

characters are well shown. Even the terminal bud is present and shows

the summits of the small quadrangular leaf scars. The base is also per-

fect, and here the axis is clearly separated from the armor all round.

The two flat sides are unlike, showing that the trunk stood in an inclined

position. It is 12 cm. high and the diameters of the elliptical base are 9

cm. and 16 cm., respectively, giving a girth of 39 cm. The armor varies

in thickness from 5 mm. on one side to 5 cm. at the ends of the elliptical

base. The axis also shows an elliptical cross section 5 cm. by 10 cm. in

diameter. The trunk weighs 1.3 kg.

No. 100.226 is a somewhat larger and less perfect trunk, but conforms

more nearly to the type. It is flat like that, but the base is not well shown.

Most of one of the flat sides is wanting and the mold of the medulla extends

from the base to near the summit in the form of a hollow trough. The other

side ie perfectly preserved. It is 16 cm. high and had a major diameter

of 14 cm. The specimen weighs 1.67 kg.

Nos. 500.512 and 500.111, the latter quite small, exactly supplement

each other to form another smaller but complete trunk. It approaches

the type more closely than either of the last two specimens described, in

that the axis passes through the middle, transverse to the direction of

greatest extension, but differs in the fact that the flattening is lateral

instead of vertical when referred to the axis. Its very irregular form can

be best seen from the figures. Its height in the direction of the axis is 11

cm., and the diameters are respectively 9 cm. and 20 cm. The latter may
be called the length. The girth is 45 cm. It weighs 1 .91 kg. The surface

is black and rough, showing the scars imperfectly. The fracture between

the two specimens shows that the interior is also black and the structure

obscure.

Five other small fragments have been referred to this species with

more or less confidence.

PI. LVIII is a view of the best side of the trunk consisting of Nos.

100.202, 100.215, and 100.230. PL LIX shows the best preserved side of

No. 100.203. PL LX is a view of the convex side of the frunk No. 100.226.
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Cycadella gelida Ward.

1900. Cycadella gelida Ward: Proc. Wash. Acad. Sci., Vol. I, p. 281; Twentieth

Ann. Rep. U. S. Geol. Surv., 1898-99, Pt. II, p. 414, pi. clxv-clxix.

From a resemblance in the leaf scars and the general texture a

number of small fragments found in the later collections are provisionally

referred to this species.

Cycadella carbonensis Ward.

1900. Cycadella carbonensis IV2iJ:d: Proc. Wash. Acad. Sci., Vol. I, p. 282; Twentieth

Ann. Rep. U. S. Geol. Surv., 1898-99, Pt. II, p. 415, pi. clxx; pi. clxxi. '

In a few spots on the large type specimen, No. 500.2, the leaf scars are

seen, and their great size (3 cm. wide by 15 mm. high) was one of the

specific characters. Some are not more than 1 cm. high, with the maxi-

mum width. One small fragment. No. 500.376, shows scars exactly

like these. The texture and color of the rock are also the same, and it

is tolerably safe to refer it to this species.

Cycadella Knjghtii Ward.

PI. LXI.

1900. Cycadella KnigTitii Ward: Proc. Wash. Acad. Sci., Vol. I, p. 28.3, pi. xxi.

Twentieth Ann. Rep. U. S. Geol. Surv., 1898-99, Pt. II, p. 416, pi.

clxxii-clxxvii.

Only one specimen in the latter collection belongs with any certainty

to this species, which was represented in the original collection by only

two specimens, viz, Nos. 500.65 and 500.33, the former one of the largest

and finest trunks found. The specimen now in question, though some-

what smaller than that, is also a large and practically complete trunk.

It is the No. 500.687, collected by myself. It is much compressed later-

ally, deeply hollowed, and much distorted on one side. The other side

is normal in shape and well preserved, but was so completely incrusted

with lime that it was necessary to place it in a vat of muriatic acid for a

considerable period. As this was the only side that showed the scars

sufficiently well for determination, I was uncertain until the hme was

removed to what species it belonged. It proves to be C. Knightii, and

is therefore the third specimen of that species known. It is consider-

ably smaller than the type specimen, No. 500.65, and about the size
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of the less perfect specimen, No. 500.38. It is 30 cm. high, 23 cm. in

longer and 14 cm. in shorter diameter, and has a girth of 58 cm. It

weighs 11.34 kg.

PL LXI is a view of the best side (that not distorted by pressure).

INTERNAL STRUCTURE OF CYCADELLA.

In the spring of 1901 Mr. George R. Wieland, after some corre-

spondence with Professor Knight, in which the latter authorized him to

cut sections of the cycads from the Freezeout Hills, came to Washington

and selected material for the purpose, which was sent to New Haven.

Mr. Wieland has found time to make a somewhat careful studj^ of some

of the specimens, especiallj' of certain ones belonging to the species

Cycadellaramantosa, the structure of which was also studied b}^ Doctor

Knowlton and myself. The results thus far obtained are important,

and at my request Mr. Wieland has kindly furnished some notes describ-

ing them and figures of the leaves detected in these fossils. I am very

glad of the opportunity to introduce his notes in full in this place and

also his figures.

ON TEE FOLIAGE OF TEE JURASSIC CYCADS OF TEE GENUS CYCADELLA.

By G. R. Wieland.

One of the most gratifying results of the structural study of the fine

series of silicified cycadean trunks from the Freezeout Hills of Carbon

Count}', Wyo., constituting the genus Cj'cadella of Ward, has been the

discovery of their young fronds. These have their structure presented,

and also exhibit their prefoliation. Although minute and yet enveloped

by the surrounding armor of leaf bases and ramentum, a fact to which

we are chiefly indebted for their preservation, the various tissues are

already well developed, and one may. surmise with no small degree of

confidence what must have been the character of the fully expanded

adult frond.

This is of importance because the occurrence in the fossil condition

of foliage with structure preserved in connection with the trunks is rare.

Of the vast numbers of isolated cycadaceous fronds with which the plant-

bearing strata of Mesozoic age usually teem, wherever found upon the

globe, only those of Williamsonia gigas (L. & H.) Carr. have been found
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in organic connection with the trunks to which they belong. And even

in this case the evidence upon which Wilhamson based his original

restoration" was for many years called in question by most working

paleobotanists.

Count Solms-Laubach (1887)" states that the only instance known
to him of a cycad with attached leaves that could be identified with

certainty was to be seen in a specimen of Williamsonia (Zamites) gigas

from the Upper Jurassic sandstone of Yorkshire, England. This specimen

was originally figured by Saporta."

Still further examples of more or less full-grown fronds of the Wil-

liamsonia type, whose organic connection with stems may be proved,

were given by Seward in 1897,'' together with quite conclusive evidence

in favor of the identity of Williamsonia and the cycadean trunks referred

to the genus Bennettites of English and Continental paleobotanists.

Here the subject rested until I announced the discovery of the

crown of young leaves with structure preserved in the type of Cycadeoidea

ingens Ward." This was one of the earliest results of the microscopic

examination of our superb series of American fossil cycads undertaken

by me, an examination which Professor Ward has done so much to

encourage.

Since then many additional facts have been discovered concerning

the leaves of the Bennettitacese, and the forms in various other species

determined, but an account of these is reserved for a future extended

publication on the entire subject. It is only intended here to describe

more briefly the discovery of the leaves in a typical form of Cycadella,

this making the third Bennettitean genus in which they have been

positively determined, and the second in which both structure and
prefoliation are known—that is, if we regard Bennettites and Cycadeoidea

as including forms generically distinct. Evidence is accumulating that

such is the fact.

« Contributions towards the History of Zamia gigas Lindl. & Hutt., by W. C. Williamson. Trans. Linn.

Soc. London, Vol. XXVI, London, 1870, pp. 663-674, pi. lii, liii.

6 Einleitung in die Paliiophytologie, Leipzig, 1887, p. 96: Introduction to Fossil Botany, English trans-

lation, 1891, p. 94.

c Paleontologie fran(;'aise, Plantes Jurassiques, Vol. II, Paris, 1873, p. 56, pi. Ixxxi, fig. 1.

d On the leaves of Bennettites: Proc. Cambridge Phil. Soc., Vol. IX, Pt. V, March 8, 1897, pp. 273-277.
« A study of some American fossil cycads; Part II, The leaf structure of cycadeoidea: Am. Journ. Sci.,

4th ser., Vol. VII, April, 1899, pp. 305-308, pi. vii.
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Leaves of cycadeiia ramentosa Ward.—A closei' examination of the middle onc of

the three segments figured by Professor Ward in the first paper on the

Status of the Mesozoic Floras of the United States " possibly representing

the main portion of a typical specimen of this species, resulted in the

discovery of the two fronds shown in transverse section in PL LXII,

Fig. 2, and PL LXIII, Fig. 1.

As is represented in the figures, both of these fronds are very small

and are entireh' surrounded by remarkably preserved ramentum. Both

these leaves, as will be seen on examining Professor Ward's figure,

showing very neatly the middle (not terminal) position of the portion

of the trunk which bears them, are abnormal in being borne laterally,

and not as members of a series forming a crown of leaves. They grew

out, therefore, from between old leaf bases, probably after the crown

of the plant had suffered some injury. As this phenomenon has been

observed in some other cases not yet described, I regard it as possible

that these plants may have been subject, among other mishaps, to

cropping by contemporaneous animals (dinosaurs?). However, this

abnormal position does not affect the orientation of these leaves. They
are normal in all other respects. Their prefoliation agrees with that of

Cycadeoidea ingens, as described by me. As in that species, they are

once pinnate, the petiole being distal and the pinnules'" folded back face

to face in two ranks. But in structure there are certain points of differ-

ence. In Cycadeoidea ingens the hypodermal sclerenchyma beneath the

upper surface of the leaf is continuous with the bundle sheath. In the

present specimen there is no such connection, although the bundle sheath

of sclerenchyma is strongly marked, as in the living cycad Ceratozamia

fuscoviridis [=i C. Mexicana Brongn.]. The prefoliation and arrangement

of parts in the present fossil form bear an exceedingly close resemblance

to this living form, the closest I know. But, on the other hand,

Ceratozamia terrestris, with a strong development of hypodermal ribs of

sclerenchyma on both the xylem and phloem side of the pinnule bundles

is rather more like Cordaites (?) anguloso-striatus Gr. Eurj^, as figured by

a Twentieth Ann. Rep. U. S. Geol. Surv., Pt. II, 1900, pi. cxxxviii, fig. 2.

b These leaves are once pinnate, but since we have bipinnate cycad leaves (Bowenia), I shall use the term

pinnuh rather than pinna. This is the usage in some of our most recent and best publications on ferns, and the

terminology of both must obvioush' be homological. Moreover, this is the more convenient usage, since in the

case of many fossil forms the order of the laminss is not ahvaj's readily determinable.
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Renault (Cour. Bot. Foss., I, pi. xii, fig. 3)," than like either Cycadeoidea

ingens or Cycadella ramantosa. That is to say, the differences between

these various forms are not such as in themselves may be very readily

used for other than specific separations. The fact is also emphasized

that we are here deahng with a very generalized type of leaf structure.

Bundle pattern of the petiole.—Tlils Is iudlcated lu the youug leavcs of Cyca-

della ramentosa and differs markedly from that of the living cycads.

It is much more fern-like in being arranged like a V with a quite

continuous xylem and phloem region. It is desired to cut some

further sections before giving detailed figures. In PI. LXIII, Fig. 1,

there is probably shown some distortion both of the bundle region

and of the transverse section of the petiole, due perhaps to desiccation

before the process of silicification began. The leaf represented in Fig. 1

of the same plate shows, in the uniform contraction between the veins

of the pinnules, what is quite likely an abnormality due to the same

cause. The bundle pattern of the petiole is not to be confused with

that of the leaf base. The latter, of course, merges into the former.

Number of pinnules.—Thls has uot beeu determined, since it has not

been thought desirable to sacrifice any of these leaves by cutting

them in longitudinal section, especially since number is scarcely of

specific value, varying often in the case of fronds from the same plant

and very greatly as a plant grows older and the relative size of its fronds

increases. The number in the present species may have been as low

as 30 or doubtless as high as 60.

Form of the full-grown pinnule.—Thls may be surmlsed with no small degree

of confidence. The fact that in the case of the frond shown in PL

LXIII, Fig. 1, the number of bundles increases as successive pinnules

are cut, and then becomes constant, proves that the venation is

dichotomous after the manner of Zamia angustifolia Jacq., and shows

that the pinnules, though elongate, can not have had a broad base with

numerous veins like Dion, nor yet like Williamsonia gigas. (See PI.

LXII, Figs. 1 and 4.) The degree to which the tip may have been

acuminate and the relative width are of course not possible to deter-

mine from transverse sections alone. But undoubtedly the pinnules

of the present species presented an appearance quite like that of such

« This figure is reproduced in Scott's Studies in Fossil Botany, p. 423, fig. 139A.
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forms as Podozamites lanceolatus (L. & H.) Fr. Br. from the Jurassic

of Oroville, California; P. lanceolatus latifalius (Fr. Br.) Heer, or

P. Emmonsii Newb., from the Trias of North Carolina."

PL LXII, Figs. 1-3, PL LXIII, Fig. 1, Cycadella ramentosa Ward;

PL LXII, Fig. 4, Williamsonia gigas (L. & H.) Carr.

PL LXII, Fig. I. Hypothetical form of portion of mature frond,

based on transverse sections shown in Figs. 2 and 4. From the sec-

tions of the young fronds we learn that the frond was once pinnate and

the bundle system strongly dichotomous. Further, while the exact

form is somewhat conjectural the successive increase or decrease in the

width of the several pinnules, as cut transversely, permits a nearly correct

interpretation. (See Fig. 5, showing the best known related form.)

PL LXII, Fig. 2. Transverse section of a very young frond embedded

in ramentum, only partly shown. The position of the petiole is shown

in dotted line. The closely folded pinnules show a series of ridges cor-

responding to the venation and bundle system, the bundles being indi-

cated in the drawing l^y small circles. The ridges are probably due to

some condition attendant upon silicification. X 25. (See PL LXIII,

Fig. 1.)

PL LXII, Fig. 3. Camera lucida drawing of transverse section of

the ramental chaff or flattened hairs enveloping the still folded young

fronds shown in PL LXII, Fig. 2, and PL LXIII, Fig. 1. These hairs

were several inches in length and a single cell in thickness at their origin.

Well out toward their tips they are three and four cells in thickness, as

here shown. X 65.

PL LXIII, Fig. 1. Transverse section of an emerging young frond

1 cm. distant from that shown in PL LXII, Fig. 2, but larger and better

preserved. The pinnules with their bundles indicated are folded back

to face, in two ranks, this indicating a once pinnate frond with the pre-

foliation of Cycadeoidea (see Wieland, loc. cit.) and the living Dion.

The somewhat furrowed (or dried?) rachis is seen at the lower right-

hand corner, the interior stippled area marking the fern-like bundle

system. The arrow points toward the central axis of the trunk, the

rachis being distal. X 25.

3 Professor Fontaine's figures of these forms may be consulted. They are respectively given on pi. Ixiv,

figs. 1 and 2, and pi. xlii, fig. 1, of the first paper on the Mesozoic Floras of the United States, Twentieth

Ann. Rep. U. S. Geol. Survey, Pt. 11, 1900.
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PI. LXII, Fig. 4. Seward's figure of a fine frond of Williamsonia

gigas ( L. & H.) Carr., pi. v of the Jurassic Flora of Yorkshire, Part I.

Natural size, cf. PL LXII, Fig. 1.

Note.—PL LXII, Figs. 1-3, and PL LXIII, Fig. 1, are from the

University of Wyoming cycads No. 500.39, figured on pi. cxxxviii, fig.

2, of the first paper on the Mesozoic Flora.

JURASSIC CTCADS FROM THE BLACK HIt,I>S.

On all sides of the Black Hills the Jurassic always immediately

overlies the Red Beds and underlies the Lower Cretaceous (Lakota

formation of Darton). This last is the source of the great numbers

of cycadean trunks that I have described from the Black Hills. These

occur about midway of that formation, and below the cycad horizon

are various plant beds containing impressions of cycadaceous vegeta-

tion. Until i-ecentl}^ no plants except fossil wood had been found in

the underlying Jurassic beds, the upper member of which is the Beulah

formation (Beulah clays of Jenney), in which occur the Atlantosaurus

beds of Marsh. When I made my fourth and last visit to the Yale

Museum, in May, 1900, to complete the elaboration of the great collec-

tions of cycads that Professor Marsh had so munificently accumulated

there, I found one very anomalous specimen that had been purchased

for Professor Marsh by Mr. H. F. Wells from a dealer in Hot Springs

who had obtained it from a stranger and had no record further than

that the man who sold it to him had told him that he obtained it "50

miles west of Hot Springs in Wyoming." I named the new species,

which it clearly constituted, Cycadeoidea utopietisis, but in the descrip-

tion I stated that on the surface there was "an area near the summit

covered by what appears to be an outer coating of ramentum, as in

the genus Cycadella, more or less obscuring the organs." At the end

of the discussion I said: "The patch of ramentum, if such it be, near

the summit of the specimen, raises the suspicion that it may belong

to the genus Cycadella, and, as all the specimens of that genus thus far

known have come from the Jurassic, it is possible that the horizon of

the bed holding this specimen may be lower than that of the other Black

Hills cycads." I also discussed the probable locality and regarded it

as "more probable that the direction was northwest from Hot Springs,
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and this might locate it in the Lakota formation some distance north

of Cambria and in the general region of the Newcastle coal field.""

Mr. George R. Wieland, who has taken a deep interest in all matters

relating to fossil cycads, whose internal structure he is so successfully

working out, spent a good part of the field season of 1900 in the Black

Hills making collections for the American Museum of Natural History.

He paid special attention to questions of sti-atigraphj-, and made many
valuable sections, which, through the kindness of Prof. H. F. Osborn,

I have the permission to use in this paper, together with other informa-

tion which Mr. Wieland, at my request, has contributed. He studied

the Jurassic and Lower Cretaceous beds of the Black Hills on nearly

all sides, but especially on the northeast and southwest sides. In the

course of his investigation of the Jurassic beds northwest of Cambria

he discovered fragments of cycads in the Beulah clays, occupying a

stratigraphical position similar to or identical with that of the cycad

bed of the Freezeout Hills in Carbon County. This locahty is between

50 and 60 miles northwest of Hot Springs, and therefore corresponds,

in distance, at least, to the source of the Cycadeoidea utopiensis. He
says that the specimens obtained there b}^ him resemble that .speci-

men. He has also carefully examined the patch of ramentum on that

specimen described by me and has no doubt that it belongs to the genus

Cycadella. There is scarcely any doubt that all this is true, that he

has virtually found the locality, and that the specimen really came

from Jurassic beds. The species is therefore transferred to that genus

and will henceforth bear the name Cycadella utopiensis (Ward) Wieland.

It is figured in this paper on PI. LXIII, Fig. 2.

Mr. Wieland has furnished the following notes and sections relating

to the geotogj^ and paleontology^ of the southwest side of the Black

Hills in Crook County, Wyo., which are of special interest in this

comiection

:

"Elaboration of the fossil cycads in the Yale Museum: Am. Jour. Sci., 4th ser., Vol. X, November, 1900,

pp. 327-34.5, pis. ii-iv. Cycadeoidea utopiensis is described on pp. 338-340 and figured on pi. iii, upper figure

(No. 727 of the Yale Museum).
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FIELD NOTES.

By G. R. WiELAND.

A comparison of the beds on the southwest side of the Black Hills

with those on the east and northeast sides shows that in the former

the beds lie nearly horizontal and are deeply cut by streams, so that

the linear exposure of the Jurassic is immensely increased. The most
marked change is in the diminution of the sandstone bed beneath the

main Atlantosaurus beds, or Beulah shale, if, indeed, the 25 feet of

yellowish sandstone here intervening between this bed and the marine

Jurassic may be considered equivalent to the "Unkpapa" of the east-

ern hills. And, conversely, there is an increased thickness of the over-

lying Beulah shales. Thickest on the northwestern side of the hills,

and absent from nearly opposite Hermosa to Minnekahta, this bed,

teeming at its base with the remains of huge dinosaurs, incloses the

Black HiUs like a long-armed crescent or horseshoe.

Most unfortunately these saurian bones are seldom well preserved

and the collector is always baffled by one long stretch of talus after

another. It will prove possible, however, in the course of time, to deter-

mine the extensive fauna represented, and in part its silicified flora

of cycads and conifers. This being, of course, an easterly extension

of the Jurassic so well marked farther west, most of the forms are doubt-

less already known. The section is of especial interest in connection

with the stratigraphic relations of Cycadeoidea and Cycadella.

Section 4 miles west ofHuleit, Crook County, Wyo.

Feet
7. Various clays or shales and sandstones containing some silicified wood, and doubtless in their lower por-

tions the equivalent of the Blackhawk and Minnekahta cj'cad beds (overlain unconformably by the
Fort Benton Cretaceous) _ 200

S. Black S'hales containing more or less distinct remains of dinosaurs 50
5. Bluish shale weathering white. Contains remains of large dinosaurs, seldom well preserved, silicified

wood, and probably cycads J2
4. Yellowish to red shale _ g
3. Clay containing three or four thin nodular layers with remains of large dinosaurs, and ending rather

sharply below as light sandy or nodular material ^g
2. Sharply defined stratum of yellowish sandrock, barren, so far as observed 25
1. Marine Jurassic, ending above in limestone weathering whitish and containing remains of Baptanodon

(and Megalosaurus?) 200

Total (approximate). 535
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This is a much less complex section than obtains southward from

Hulett in the direction of Newcastle, in which direction the Beulah

shale series especially is more highly developed than elsewhere about

the hills. But it is representative. That somewhere near bed No. 5

in the Beulah shales cycads are found is proved by several specimens

which occur in connection with numerous remains of large saurians on

the Anderson ranch, near the head of Skull Creek, 4 miles south of

Inyankara Mountain. Both the fossil bones and the cycads, as well

as much silicified wood, plainly belong near the base of the best marked

shale seen at this point.

These cycads belong to the genus Cycadella, and are the first to

be definitely located in the lower fresh-water Jurassic of the Black

Hills. The fine trunk No. 727 of the Yale collection, named by Professor

Ward Cycadella utopiensis, and originally labeled as having come from

"50 miles west of Hot Springs," a very unlikely locality, doubtless

came from the Inyankara Mountain country. These specimens have

precisely the type of preservation seen in thjC Cycadellas from the Freeze-

out Hills of Carbon County, Wyo. Both weather white and fracture

black, with the same characteristic surface and shades, as do also the

segments of silicified tree trunks not only common to both these cycad

localities, but plentiful also on the eastern side of the hills. Not alone,

therefore, from the general character of the Beulah shales of the east-

ern hills, but from the testimony of the most striking forms of animals

and plants as well, must we consider them the easterly extension of

the cycad horizon of the Freezeout Hills. A few feet over this horizon

I believe Professor Marsh's Jurassic mammal quarries to have been

located, and the cycads of the Blackhawk and Minnekahta localities

in South Dakota must occur from 75 to 125 feet higher. The preser-

vation and character of Professor Ward's Cycadeoidea heliochorea from

9 miles northwest of Sundance prove that it is a species belonging in

the group of cycads obtained in the Minnekahta region, and that it has

doubtless come from the same general position, though the specimens

thus far obtained, like the great majority of the cycad trunks, were not

found actually in place.

The free development of ramentum and the uniformly small size of

the older or Cycadella series, as compared with the younger and larger
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Cycadeoideas, is a point that at once suggests either a change in climate in

the interval between the fossilization of the two groups or, if they con-

tinued to exist near each other in time, the presence about the Jurassic

fresh-water lake of areas with diverse climatic conditions. In the Black

Hills country, at least so far as I have noticed, there is likewise a corre-

sponding difference in the size of the accompanying silicified tree trunks.

Many of the Araucarioxylons of the upper cycad bed were of immense

height and size, rivaling the Norfolk Island pines of the present, while, on

the contrarj^, I have never found markedly large trunks in connection

with the Cycadella horizon, although they may occur farther west in

Wyoming. That any great change took place is not argued. The Cyca-

dellas may have grown in dry or arid situations, or in a climate like that of

Florida, where the dwarf Zamias thrive while the Cycadeoideas bespeak

moister and more distinctly tropical conditions. I first pointed out, in

a review in the American Journal of Science for May, 1900, page 386,

the fact that Cj'^cadella might have grown under less favorable conditions.

Seward likewise considers that t«hey may afford suggestions of value con-

cerning climatic conditions."

The microscopic study of the Cj^cadella series which I have under-

taken in conjunction with the study of the Cycadeoidea has not been

completed, so that later it will perhaps be possible to discuss such ques-

tions as this with more safety.

In connection with the relative position of Cycadeoidea and Cyca-

della, I should here mention that, under the direction of Professor Osborn,

Dr. F. B. Loomis has prepared especially satisfactory sections of the

better exposed Jurassic beds as seen farther west in Wyoming.'' While

this paper gives more exact information concerning the successive hori-

zons and their vertebrate fossils, no mention is made of plant remains. I

conclude that the bed Doctor Loomis numbers 22 is the cycad horizon

of the Freezeout Hills.

NOTE ON FREMONT'S COLLECTION.

In concluding this account of the known Jurassic floras of the United

States, it is well to call attention to the collection made by Fremont on

a See Nature, October 24, 1901, p. 633.

!'0n Jurassic stratigraphy in southeastern Wyoming: Bull. Am. Mus. Nat. Hist., Vol. XIV, Article XII,

pp. 189-197.
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August 19, 1843, which was elaborated by James Hall and the age pro-

nounced Oolite by him. Part of this collection is in the National Museum,

including the principal types figured by Hall, and I long ago sent it to

Professor Lesquereux, who examined it and gave his reasons for agreeing

with Hall, notwithstanding Heer's opinion to the contrary. Hall admitted

the existence of one dicotyledonous leaf, which should have sufficed to

prove his error as to age. A single glance at the leaves called Glossopteris

Phillipsii by Hall is sufficient to show that they are dicotyledons. I have

already given references to all the papers dealing with these plants," but

should have referred to the page of Fremont's report on which the itinerary

occurs, viz, page 131. The locality is near Evanston, Wyo., and the

plants probably occurred in the Bear River beds, which are certainly

Cretaceous and even Upper Cretaceous, but not Laramie, as was once sup-

posed. Dr. C. A. AVhite and Dr. T. W. Stanton place the Bear River beds

between the Dakota and Colorado formations.*

a Eighth Ann. Rep. U. S. Geol. Survey, Pt. II, 1S89, p. 870.

6 On the Bear River formation, a series of strata hitherto known as Bear River Laramie, by Charles A.

White: Am. Jour. Sci., 3d ser.. Vol. XLIII, February, 1S92, pp. 91-97. The stratigraphic position of the Bear

River formation, bj' T. W. Stanton: Op. cit., pp. 98-115.
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THE CRETACEOUS FLORA.

In continuation of the plan of this series as outUned in the introduc-

tory remarks to the first paper, the treatment of the Triassic flora (Part I)

and the Jurassic flora (Part II) having been completed and ah available

information with regard to them having been brought down to date (close

of the year 1903), the Cretaceous flora (Part III) may now be taken up.

In endeavoring to treat the Cretaceous in strict geological sequence,

beginning with the lowest, one is troubled by the fact that at least five of

the Lower Cretaceous floras begin so near the base of that system that they

practically constitute a transition from the Jurassic to the Cretaceous.

These are the Shasta group (Knoxville beds), the Kootanie group, the

Lakota group, the Trinity group, and the Older Potomac (James River

beds). In view of this practical stratigraphical synchrony it becomes

necessary to adopt some geographical order, and as the only Jurassic flora

thus far known occurs on the Pacific slope, and especially as the Francis-

can or Golden Gate formation last considered seems to form a passage bed

in that region from the true Jurassic to the true Cretaceous, it seems most

logical to begin with the Shasta group. It wiU then be most natural to

work eastward and consider the Kootanie of Montana, the Lakota of the

Black Hills, and the Trinity of Texas, closing with the Potomac of Virginia

and Maryland.

LOWER CRETACEOUS FLORA OF QUEEN CHARLOTTE ISLANDS.

It is perhaps worth while to mention that certain beds in the Queen

Charlotte Islands which have yielded fossil plants seem to occupy practi-

cally the same horizon as those mentioned above and have been correlated

with both the Shasta group and the Kootanie. These beds were dis-

covered by Mr. James Richardson in 1872 and he made extensive collec-

tions of both the fauna and the flora. His report is to be found in the

nc 1 1 209MON XLVIII—05 14
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Report of Progress of the Geological Survey of Canada for the year 1872-73,

page 56ff. It is followed (pp. 66-71) by a description of the fossil plants

by Sir William Dawson. They consisted of coniferous wood, referred to

the genera Cupressinoxylon and Taxoxylon, and one cycadaceous fruit

which was named Cycadeocarpus {Dioonites) columbianus Dn., the last of

which was illustrated by a number of magnified sections.

In 1880 Dr. G. M. Dawson published an elaborate report on the

Geology of the Queen Charlotte Islands." Considerable collections of

fossil plants had been made at that date and continued to be made
thereafter. In 1902 Prof. D. P. Penhallow'' described and figured in great

detail a fossil fern, Osmundites skidegatensis Penh. n. sp., collected by Dr.

C. F. Newcombe on Skidegate Inlet, Alliford Bay, Queen Charlotte Islands,

and in the same volume " he published a somewhat full account of the fossil-

plant material brought together by Sir William Dawson, including the

following species from the Queen Charlotte Islands

:

Osmundites skidegatensis Penh.

Neuropteris heterophylla Brongn.

Tseniopteris plumosa Dn.

Sagenopteris Nilsoniana (Brongn.) Ward.

Sagenopteris oblongifolia Penh. n. sp.

Sagenopteris elhptica Font.

Zamites crassinervis Font.

Zamites tenuinervis Font.

Nilsonia polymorpha cretacea Penh. n.

var.

Ginkgo pusilla Dn.

Sequoia Langsdorfii (Brongn.) Heer.

His only figures are of internal structure, vvhich does not usually give

specific characters, and only three of the species are even thus illustrated.

Some of the names are prima facie doubtful, e. g., Neuropteris heterophylla

and Sagenopteris Nilsoniana, the first a Carboniferous species, and the

other Older Mesozoic. These at least should be figured, that one may
judge better of the age of the formation. His Nilsonia polymorpha

cretacea, which he calls a new combination, but which seems to be a new

variety of his own, is also doubtful. He cites the figure in Schimper's

Atlas, pi. xlv, fig. 6 (copied from Schenk's Flora d. Grenzschichten, pi.

xxix, fig. 11), from the Rhetic of Franconia. If he has such a leaf it is

strong evidence of at least Jurassic age.

a Geological Survey of Canada, Report of Progress for 1878-79, Montreal, 1880, pp. 1-239B.

6 Trans. Roy. Soc. Canada, Sect. IV, Vol. VIII, pp. 3-29, pi. i-vi (=pp. 19-29).

c Pages 31-91, pi. vii-xvi (=pp. 73-91).
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FLORA OF THE SHASTA FORMATION.

Fossil plants have been found in the Shasta beds in both Cahfornia

and Oregon. Until recently there was great confusion in the plant-

bearing beds of Oregon, as it was not supposed that the Jurassic was
found there. As shown in this paper, however, all the specimens from

the Buck Mountain region, as well as those from the Cow Creek Valley,

near Nichols station, came from the Jurassic. Those, however, from

localities farther east, especially from near the town of Puddles, are of

Shasta age and will be treated under this head.

During the progress of the topographic survey of the Red Bluff

quadrangle, in Shasta and Tehama counties, Cal., in charge of Mr. Gilbert

Thompson, which was made in the years 1882-1884, Mr. Thompson found

a plant-bearing bed near Pettyjohn's ranch, on the Cold Fork of Cotton-

wood Creek, Tehama County, and collected and sent in a number of

specimens. Only one of these, however, seems to have been saved, and
this was sent to Prof. Leo Lesquereux, who determined it as a Pecopteris,

without assigning to it a specific name. As such it was duly recorded

in the catalogue of the National Museum as No. 2193. It was in two
parts, completing each other, and these have been glued together. These

parts bear Professor' Lesquereux' s numbers 254 and 255. Owing to the

obscure chirography of the label, the name of the locality was misspelled

in the Catalogue and the attention of the geologists who subsequently

studied the beds of this region was not called to it. As soon as the correct

name, Pettyjohn's ranch, was known, the specimen, which had long lain

in a drawer waiting for data to fix its position in the collections, assumed

a special- interest and steps were taken to learn more of its history. It

was shown to Mr. Gilbert Thompson, who recognized it at once and
chstinctly remembered coUecting it. He indicated the exact locality on

the map, which would certainly place it in the Shasta formation and well

up in the Horsetown beds near the base of the Chico. The character of

the rock agrees well with this and there is nothing remarkable except

the fact that the plant seems to represent the chiefly Paleozoic genus

Pecopteris. It is a large, distinct fern, wholly unlike any of the others

that were collected in that region. It may well have been a tree fern.

As Professor Fontaine says, the finer nervation is not shown, and it is

still possible that it may belong to some of the Mesozoic genera to which
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many of the ferns of that age, first regarded as belonging to Pecopteris,

have recently been referred.

In the spring of 1887 Dr. C. A. White showed me a specimen from

the Shasta formation of California that had come into his possession

without any more definite indication of its exact source. I sent tlie

specimen, on April 4, to Professor Fontaine, who replied: "The specimen

* * * is a Sagenopteris. I can not distinguish it from Sagenopteris

elliptica sp. nov., the most abundant species found in the Lower Potomac

group of Virginia."

This species, as will be seen, occurred in later collections, but is not

very common.

The next earliest record we have of the discovery of fossil plants in

the Shasta formation is that of a few specimens turned over to the

division of paleobotanj^ of the United States Geological Survey by Dr.

T. W. Stanton on March 17, 1890. They appear to have been collected

the previous season by Mr. Will Q. Brown, and were found in the Horse-

town beds, in the vicinity of Riddles, Oreg. Two other specimens were

received in February, 1892, from Mr. J. S. Diller, collected also by Mr.

Brown, in 1891, from the same locality, viz, "on Cow Creek, close to the

town of Riddles." Mr. Diller sent two other specimens direct from the

field in June, 1892, also from near Riddles.

In 1893 Doctor Stanton and Mr. Diller, assisted by Mr. James

Storrs, made extensive collections from the Knoxville and Horsetown

beds of California on the eastern slopes of the Coast Range, drainage of

the Sacramento River, below the latitude of Mount Shasta. They found

an abundant fauna, but the flora was meager. StiU, their collections of

fossil plants were rather large and came into my hands before the end of

that 3'ear. I made a preliminary report upon them, but was obliged, for

want of time, to send them to Prof. Wm. M. Fontaine for more thorough

examination. He reported upon them somewhat fully under date of

February 23, 1894, and his identifications were published by Diller and

Stanton in their paper read before the Geological Society of America,

which, though read on December 27, 1893, or before the report was com-

pleted, was not published until April 12, 1894."

" The Shasta-Chico series, by J. S. Diller and T.W. Stanton: Bull. Geol. Soc. America, Vol. V, Rochester,

April, 1894, pp. 435-464. See pp. 450, 451.
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In 1894 Doctor Stanton collected two specimens in the vicinity of

Riddles, on the left bank of Cow Creek, which was practically the same

locality' as that of most of Mr. Brown's collections, though a few came

from the low ridge a mile or more southeast of the town and some distance

from the river. These also were sent to Professor Fontaine, who reported

on them to Doctor Stanton under date of March 12, 1895, and the iden-

tifications were pubhshed soon after."

The fragmentary character of the material from all these beds,

which rendered most of the determinations more or less doubtful, made

it desirable to have a more special search made for vegetable remains,

and at the urgent request of Mr. DiUer I decided to spend some time in

California with this object in view. I secured as accurate information

respecting the localities as possible and joined Mr. Diller's party at

Roseburg, Oreg., on September 6, 1895, after having made the collection

of Kootanie plants at Great Falls, Mont., to be described later. It

was arranged that Mr. Storrs should accompany me to the localities

in California. I did not stop at Riddles, as the importance of the fossil

flora of that region had not yet been emphasized, but proceeded to Ono,

Shasta County, Cal., where Mr. Storrs soon joined me, and we spent

sixteen days in the general region where fossil plants had been previously

obtained.

Ono was made the base of operations from September 9 to September

15, and the principal localities in that vicinity were very carefully exam-

ined. Fossil plants were found in Byron Gulch, northwest of Ono and

close to the town; on Cottonwood Creek, below the mouth of Eagle

Creek and above that of Hulen Creek ; southeast of Ono ; and in Aldersons

Gulch, 2 miles southwest of Ono. We also spent a day in the vicinity of

Horsetown, which is 8 miles east-northeast from Ono.

Two miles northeast of Horsetown, on the road to Centerville, at

the southern base of a nearly east-west ridge, the Cretaceous is exposed,

overlain by a mass of tufa. In the fine-grained concretionary rocks

that occur among the shales, much as they do in the region around Ono,

we made a fairly good collection of plants, mostly conifers.

The localities near Ono yielded comparatively httle. A few fern

fragments were found in Byron Gulch. Coal was reported on Cotton-

a Contributions to the Cretaceous paleontology of the Pacific coast ; the fauna of the Knoxville beds, by

T. W. Stanton: Bull. U. S. Geol. Survey No. 133, 1895 (issued February 3, 1896). See p. 22.
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wood Creek, and a man who had seen it guided us to the locahty, which

is on Cottonwood Creek, a quarter of a mile below the mouth of Eagle

Creek. As I expected, the coal proved to be lignite, and there are many
lignitized as well as silicified logs and quantities of blocks of fossil wood.

The trunks are frequently silicified in the center and lignitized near the

surface. The wood usually shows the grain well. Many of the rocks in

which the trunks are embedded contain vegetable matter, mostly in the

form of coaly stems. A few recognizable plant impressions were, how-

ever, found, chiefly fragments of ferns and leaf-bearing coniferous twigs.

As the strike of these beds is here northeast-southwest and the dip

to the southeast is very steep even here, though much less so than farther

south, the strata rise rapidly in descending Cottonwood Creek, and

there is a correspondingly rapid change in the character of the flora.

The strata could not be traced continuously, but at the mouth of Hulen

Creek, 100 yards above the junction of the two streams, in coarse, dark-

colored sandstone shales, dicotyledonous leaves were found. Owing to

the coarse matrix, the nervation is obscure and the material obtained is

rather poor. This bed belongs to the Chico, according to Doctor Stan-

ton's determinations, and these dicotyledonous leaves are not included

in the descriptions given in this paper, but the material is reserved for a

later paper which will treat exclusively of the upper leaf-bearing beds

of the Lower Cretaceous.

In Aldersons Gulch plants were exceedingly scarce, but in two

places we found them in the hard, fine-grained concretionary rocks that

everywhere form seams among the shales. Several coniferous twigs

were found, a few showing the leaves. Cycadaceous vegetation was

also detected. Fossil wood is abundant.

On the 16th we left Ono and proceeded southward to Stephenson's

ranch, on the Cold Fork of Cottonwood Creek, a mile above Pettyjohn's,

in Tehama County. A few fossil plants were found on this stream at

two localities above the ranch, chiefly ferns and conifers. Vegetable

remains are here very rare.

From here we continued our journey southward and arrived on the

18th at Lowry, on Elder Creek, which was made the base of operations

during the remainder of the expedition. Four miles west of Lowry, on

the North Fork of Elder Creek, plant remains were found at several
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localities and horizons, but usually in very small fragments, consisting

of the tips of the pinnules of ferns, cycads, etc. On the South Fork of

Elder Creek, from IJ to 2 miles above Lowry, at and below the dam,

plants also occur in much the same condition as at the last-mentioned

localities. Farther up the South Fork, below Coopers, 5 miles south-

west of Lowrys, near the gorge where the South Fork cuts through a

heavy bed of conglomerate, we found a bed that yielded ferns, cycadaceous

leaves, etc., and made a considerable collection.

The most southern point visited was Wilcox's ranch, 6 miles south

of Lowry, and over the divide between Elder Creek and Thome Creek,

on the road to Paskenta. Mr. Storrs had found one specimen here on a

former occasion, but we were unable to find any more at the original

locahty. At another place, half a mile east of Wilcox's, we found some

very imperfect fragments. Just on the crest of the divide, about midway

between Lowry and Wilcox's, a bed was discovered by the roadside

containing delicate fern impressions and detached cycadaceous leaflets.

They occur i,n a rather fine sandstone shale, slightly concretionary, and

were found on both sides of the road, but chiefly on the east side, at

two horizons 30 feet apart. A large number of specimens were obtained.

A single dicotyledonous leaf had been collected by Doctor Stanton

in 1893 from a locality 2-i- miles below, or to the east of Lowry, on Elder

Creek, and Mr. Storrs and I tried to find the spot, but probably failed.

At least we found no fossil plants in that general region. Half a mile

above, however, on the left bank of Elder Creek, a few fragments were

broken out of a coarse sandstone ledge, one of which was a small fern,

and the rest seemed to be pine needles. A much better locality, and one

that had not been previously discovered, was at the eroded end of a low

ridge running north from Elder Creek, only half a mile below Lowry.

In a light-brown sandstone ledge at this point there occur well-preserved

dicotyledonous leaves and some other vegetable impressions, of which we

made a considerable collection. As in the case of
.
the dicotyledons

found at the mouth of Hulen Creek, these leaves are reserved for a

future paper.

The last-named locahty belongs to the upper Horsetown beds

according to the sections that have been made, but the specimen collected

by Doctor Stanton 2 miles below comes well up in the Chico. It was on
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Elder Creek that Mr. Diller made his well-known section/ which so

staggered the geologists who are studying the age of the earth. Accord-

ing to this section the Knoxville beds have a thickness on Elder Creek

of 20,000 feet, the Horsetown beds of about 6,000 feet, and the Chico

beds of 4,000 feet, making 30,000 feet measured. And yet it seems that

"the complete series of the Shasta-Chico beds is not exposed in this

section."* The strata here often approach a vertical position and the

section stretches across theh upturned edges for a distance of nearh' 8

miles. They consist of shales, sandstones, and conglomerates with

calcareous bands in the Knoxville beds. There are no indications of

the existence of heavj' deposits of eruptive material or other forms of

rapid deposition, and the faulting and folding is slight and local. Doctor

Stanton, who has made later and more special examinations, thinks,

however, that certain facts observed by him may ultimately somewhat

modify these extreme results. There can be no doubt that these beds

embrace practicallj^ the whole of the Lower Cretaceous, and Doctor

Stanton would place the Chico beds in the Upper Cretaceous,with their

lower portion on about the horizon of the Cenomanian.

These collections reached Washington in the autumn of 1895. I

made a preliminary study of them during the winter, comparing them

carefully with those previously received from substantially the same

localities. In many cases they proved much fuller and greatly increased

our knowledge of the flora of those beds, but in others, as alreadj^ stated,

Mr. Storrs and I were unable to find any additional material, and in still

others what we obtained was inferior in quantity and quality to that

previously collected.

Professor Fontaine was at that time engaged on other work and

could not undertake the determination of these collections. I had

planned the series of papers now in progress and, as stated in the first

paper, deemed it important to begin with the lowest Mesozoic floras

and work up to those of the Lower Cretaceous. This plan has been

adhered to, although it necessitated the postponement of the determina-

tion of collections made earlier than some that have been published.

The histor}^ of this work has all been fully given in its proper place.

"Am. Jour. Sci., 3d ser., Vol. XL, December, 1890, p. 476; Bull. Geol. See. America, Vol. V, 1894, pp.

439-440.

b Bull. Geol. See. America, Vol. V, 1894, p. 438 (footnote).
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No time, however, was lost in liaving the Cretaceous plants determined,

and in July, 1897, all the collections thus far made from the Shasta beds,

including those that had already been once studied and reported upon,

were sent to Professor Fontaine and he made a thorough examination

of it all in the light of the latest collections. His final report was com-

pleted and transmitted on February 21, 1898, and the collections were

returned to Washington. Owing to the necessity of having the Jurassic

floras illustrated first, I did not send the types of the Shasta flora to the

division of illustrations till near the end of May, 1899. They were

promptly taken up and completed in July.

During this time a few small collections of Horsetown plants had

been made from several localities in Oregon. A single specimen was

obtained by Mr. DiUer from Mr. Claude Rice, who gave the locality as

25 miles a little south of east of Buck Mountain. It consisted of a smaU

dicotyledonous leaf on a rock containing shells of Horsetown age, and

was first sent to Doctor Stanton, who turned it over to me on April 25,

1898. Three other specimens came into my hands through Mr. Diller

on May 31, 1898. One of them, in two complementar}'^ parts, was col-

lected by Mr. Rice, but the precise locality is not stated. The other

two, one of which was also in two complementary parts, were coUected

by Mr. Brown on Cow Creek at Riddles. Another specimen, also collected

by Mr. Brown, but from a different locality, viz, on Iron Mountain Creek,

half a mile above its junction with Cow Creek, was sent me on February

9, 1899. This locahty is in the Knoxville beds and is only about 3 miles

below Nichols station, where the collection of Jurassic plants was made.

I visited it in coiipany with Mr. Brown on September 18, 1899, but we

could no find more plant impressions. Aucella is very abundant in the

same rocks that yielded the plant. On September 21-23, 1899, I visited

several of the localities near Riddles where Mr. Brown had found fossil

plants in the shell-bearing shales of the Horsetown beds, but I was

mainly unsuccessful in finding plants, which are very rare.

The interest aroused by bringing to light the specimen collected

near Pettyjohn's ranch by Mr. Gilbert Thompson in 1882 led to a renewed

effort to rediscover the locality. Mr. Thompson furnished Doctor

Stanton with full details, including a sketch map of the region, and on

September 15 and 16, 1892, the latter visited the place and made a very

oareful examination of the beds. He coUected specimens showing
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obscure vegetable impressions at five points, designated on his labels as

follows in then- relation to Pettyjohn's ranch: 1, about 3 miles a little

west of north; 2, about 3^ miles a little west of north; 3, 2 miles below

(southeast?); 4, IJ miles north; 5, IJ miles northeast. Nos. 3 and 4

are on the Cold Fork of Cottonwood Creek, No. 4 being in the canyon;

No. 5 is on the trail. None of the specimens bear any close resemblance

to that obtained by Mr. Thompson, and the presumption is that the

exact locality was not found.

These specimens were sent to Professor Fontaine on February 16,

1903, and his report upon them was received on March 10. It is as

follows

:

I have carefully examined the fossil plants collected by Dr. Stanton from the

vieinity of Pettyjohn's ranch, Tehama County, Cal. The collections unfortunately

show nothing that can be positively determined. Most of the specimens can not be

even generically determined. Many of them are vague imprints of stems or small

scraps of leaves with none of the original form preserved. The best specimens do

not show enough to give any idea of the true character of the plants. The following

are the collections now in question

:

Collection No. i, as designated above.—This was obtained from a locaUty about

3 miles a little west of north from Pettyjohn's ranch. It contains 6 specimens, none

of which are even approximately determinable. The most that can be made out is

that they are fragments of plants.

Collection No. 2.—This comes from about .3i miles northwest of Pettyjohn's

ranch, several hundred feet above No. 1. . It has only 3 specimens. Only 1 of these

can be even approximately determined. It is the basal portion of a dicotyledonous

leaf that resembles Celastrophyllwn hrooTcense Font., from the Aquia Creek beds of

the Lower Potomac of Virginia. It resembles also Ficus atavina Heer, from the

Atane beds of Greenland. There is not enough of the fossil to determine its true

character.

Collection No. 3.—This cohection has 12 specimens. None of these seem to be

dicotyledons. The fossils come from the Gold Fork of Cottonwood Creek, about 2

miles below Pettyjohn's ranch. Seven of the specimens show only vague scraps of

plants. Five of them have each a small portion of an ultimate pinna of some fern

that shows only a few poorly preserved pinnules of the type of TJiyrsopteris rariner-

vis Font, or Asplenium Diclisonianum Heer. They all apparently belong to the

same species. It may be either of the two forms mentioned above, for the mate-

rial does not suffice to determine the question. The former of these occurs in the

Lower Potomac and the latter ranges from the Konie strata of Greenland to the

Atane of the same region.

Collection No. 4.—This comes from the canyon of the Cold Fork of Cottonwood

Creek, li miles north of Pettyjohn's ranch. It is the largest of the collections and
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contains 36 specimens. Nineteen of them show nothing that can be even approxi-

mately determined. Most of these have vague imprints of stems. The remaining

specimens contain fragments of leaves that give some hint of their character, but

none of them can be positively determined.

1. A fragment of a rather large leaf, showing no principal nerve. The nerva-

tion, which is poorly preserved, is all equally strong and shows an anastomosis that

may be either that of Sagenopteris or Protesephyllum. It looks more like a Protefe-

phyllum.

2. Four of the specimens have each a small fragment of an ultimate pinna of

some fern. They may be of the same species, but the pinnules of one are longer and

proportionally narrower than those of the others. No nervation is shown and the

preservation is too imperfect to admit of even generic determmation. They look

like Gleichenia, or a small Dicksonia. Gleichenia gracilis Heer is not unlike these

fossUs. This Gleichenia is found in both the Kome and the Atane beds of Greenland.

3. Four specimens contain each a small fragment of the ultimate pinna of the

type of Tlmjrsopteris rarinervis or Asplenium Dichsonianum Heer. They are too

poorly preserved to make out their true character.

4. Three of the specimens show each a small fragment of the ultimate pinna of a

fern that has the appearance of a small Cladophlebis. None of them show more than

a few poorly preserved pinnules. They agree pretty well with Pteris Albertsii

(Dunk.) Heer of the Atane beds of Greenland, but may equallj' as well be one of the

Cladophlebis of the Lower Potomac.

5. One specimen contains a fragment of a detached leaf that, in form and size,

agrees well with Nageiopsis longifolia Font, of the Lower Potomac. As, however,

the basg, tip, and nervation are not shown, it is impossible to determine its character.

6. Another specimen shows a similarly imperfect fragment of what may be

Nageiopsis heterophylla Font. At least it is a smaller leaf of the same type as the one

last mentioned.

7. Still another fragment of the same type of leaf agrees best with Nageiopsis

angustifolia Font. None of these sufEce to give more than liints.

8. One specimen shows a fragment, about 15 mm. wide, of a larger leaf of the

same general character as the preceding. It may be a large Nageiopsis or Podozam-
ites. Its shape and size are not shown. The nerves are parallel, unbranched,

strong, and apparently double.

9. One specimen shows three detached rigid leaves of some conifer that agrees

weU with Sequoia rigida Heer of. the Greenland Atane beds. The fragments, how-

ever, are not sufficient to permit identification with that plant.

10. Another fragment may be a Nilsonia or Tfeniopteris. It has neither base

nor tip. A pretty strong midrib is present. The lateral nerves are obscure, but

seem to be those of one or the other of these two genera.

If the plant described fii-st is not a Protesephyllum, this collection has no

dicotyledon.
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Collection No. 5.—These come from the trail, about H miles northeast of Petty-

john's ranch. The collection contains 22 specimens. Six of them show scraps of

detached pinnules of a large fern of Cladophlebis type. Only one of these shows a

nearly complete pinnule, and much more and better material is needed to determine

the plant, for it is of a type that ranges from the Jurassic to the Upper Cretaceous.

The margins of this pinniile are finely denticulate and it may be PterisJngida Heer,

from the Atane beds of Greenland.

There are two specimens that contain each a small fragment of an ultimate

pinna with a few poorly preserved pinnules that may be Gleichenia gracilis Heer, or

a small Dicksonia. Two specimens contain, one each, a fragment of an idtimate

pinna of a fern of Cladophlebis type smaller than the possible Pteris frigida Heer.

A number of species of this type also range from the Jurassic to the Upper Cretaceous,

and the material is not sufficient to determine the true place of this plant. It may
very well be a small form of Dryopteris Oerstedi (Heer) Kn., or Pteris Alhertsii

(Dunk.) Heer, both found by Heer in the Atane beds of Greenland.

There are on three rock specimens small fragments of a leaf with anastomosing

nervation. The leaf is a small one and resembles a Sagenopteris. It Ta&j be a new
species.

Several specimens show scraps that are apparently leaves of some dicotjdedon,

but they are not sufficient to indicate even generic position. There is one fragment,

and one nearly complete leaf, of a dicotyledon that strongly resembles Sapindopsis

parvifolia Font., a plant confined to the Aquia Cresk horizon of the Lower Potomac.

There are also two fragments, on different rock fraginents, of a dicotyledon that was

of larger size than the one last described. This looks like a Sapindopsis, but the

specimens are too incomplete to give a hint as to what species it may be.

One fragment has the shape and size of Nageiopsis longifolia. It is a detached

leaf showing neither base nor tip, and no nerves; hence it is not possible to deter-

mine it.

This collection has a larger number of dicotyledons than any of the others.

Collection No. 1 has nothing determinable, and hence the plants give no hint of the

age of the strata containing them. Collection No. 2 is entirely too small to be of

value for determining age, even if all three specimens could be determined. The
only determinable plant is a dicotyledon of rather modern aspect. So far as it goes,

it indicates an age not greater than the Aquia Creek stage of the Lower Potomac.

It, however, may be of the age of the Atane or Upper Cretaceous of Greenland.

Collection No. 3 has no dicotyledons, and if we look to these alone, this would indi-

cate that the formation yielding it is somewhat older than that of collections Nos. 2

and 5. From only 12 specimens, however, it would be unsafe to draw negative con-

clusions. The age of this may be either Lower Potomac or Atane. Collection No. 4

is remarkably free from dicotyledons, and as this is the largest their absence has

more significance. It taken alone would indicate an age somewhat greater than that

of collections Nos. 2 and 5. The plants indicate a Cretaceous age, but do not decide

between the Lower Potomac and Atane, to either of which they metj belong. The
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fossils contained in collection No. 5 indicate that the formation containing them is

not older than the Aquia Creek stage of the Lower Potomac. They may be as young

as the Atane strata.

All the other collections were sent to Professor Fontaine much earlier

and his determinations are embodied in the descriptions of the species

given below.

The accompanying sketch map (PL LXIV) of the general region in

California where collections of Shasta plants were made will assist the

reader in locating the beds geographically in that State. For those in

Oregon, see PL V.

NOTES ON SOME FOSSIL PLANTS FROM THE SHASTA GROUP OF CALIFORNIA
AND OREGON.

By William M. Fontaine.

The object of this paper is chiefly to give the result of the examination

of three parcels of fossil plants collected from the Shasta group of California

and Oregon.

One of the parcels contains fossils collected by Messrs. Diller, Stanton,

and Storrs, in 1893 and 1894, from the following localities in California.

The numbering is my own, and is intended simply to make reference easy.

Locality No. 1."—One and one-half miles northeast of Horsetown, Shasta

County, Cal. Typical Horsetown beds. Collected by T. W. Stanton, 1893.

Locality No. 2.—Nofth Fork of Cottonwood Creek, below the mouth of Eagle

Creek, Shasta County, Cal. Horsetown beds. Collected by T. W. Stanton, 189.3.

Locality No. 3.—Eagle Creek, near Ono, Shasta County, Cal. Lower part of

Horsetown beds. Collected by T. W. Stanton, 1893.

Locality No. 4-—Bjrron Gulch, near Ono, Shasta County, Cal. Horsetown beds,

slightly higher than No. 5. Collected by T. W. Stanton, 1893.

Locality No. 5.—Byron Gulch, near Ono, Shasta County, Cal. The lowest

fossiliferous horizon of the section. Base of the Horsetown beds. Collected by

T. W. Stanton, 1893.

Locality No. 6.—Aldersons Gulch, 2 miles south of Ono, Shasta Countj^, Cal.

Lower part of Horsetown beds. Collected by T. W. Stanton, 1893.

Locality No. 7.—Cold Fork of Cottonwood Creek, Tehama County, Cal. LTpper

KnoxvUle (Aucella) beds. Collected by T. W. Stanton, 1893.

Locality No. 8.—Elder Creek, 2i miles below Lowry, Tehama Countj'', Cal.

Base of the Chico group. Collected by T. W. Stanton, 1893.

Locality No. 9.—Elder Creek section, 3j miles above Lowry, Tehama County,

Cal. Knoxville beds. Collected by Stanton and Storrs, 1893.

<* The numbers on the map (PI. LXIV) correspond to those given in the text.
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Locality No. 10.—South Fork of Elder Creek, near Coopers, and 5 miles south-

west of Lowry, Tehama Countj^ Cal. Knoxville beds. Collected hj T. W. Stanton,

1893.

Locality No. 11.—South Fork of Elder Creek, near the schoolhouse, about a

mile south and a little west of Lowiy, Tehama County, Cal. Knoxville beds. Col-

lected hj Diller, Stanton, and Storrs, 1893.

Locality No. 12.—One-half mile east of Wilcox's and 4 miles south of Lowry,

Tehama County, Cal. Uppermost Knoxville (Aucella) beds. Collected by T. W.
Stanton, 1893.

Locality No. 13.—Five-eighths of a mUe northeast of Wilcox's and 4 miles south

of Lowry, Tehama County, Cal. Base of Horsetown beds, and about 150 feet above

locaHty No. 12. Collected by T. W. Stanton, 1893.

Locality No. I4.—McCarty Creek, about 2 mUes north of Paskenta, Tehama

County, Cal. KnoxvUle beds. Probably 1,000 feet or more below their top. Col-

lected by T. W. Stanton, 1893.

Although the number of locaUties from which these plants were col-

lected is considerable, the amount of material showing plant fossils that

can be identified is smaU and the impressions are ver)^ fragmentary and

obscure. This is to be expected, as the beds containing them are marine

and show the remains of marine moUusks, such as Aucella, etc. They were

probably deposits laid down at some distance from the land and plants

contained in them must have drifted far and suffered much. The recog-

nizable impressions fill only a small box.

In the faU of 1895 Prof. Lester F. Ward visited the region in which

these localities occur, with the hope that persistent search would disclose

better specimens. He was aided by Mr. Storrs, and under his guidance

was enabled to make additional collections from some of the localities

named in the preceding list. In some cases, where the exact locality was

not certainly identified, collections were made from nearly the same spot.

Two new localities were found. Messrs. Ward and Storrs collected from

localities Nos. 1, 4, 9, and 14 of the Stanton-Diller list, and from the foUow-

ing that were not certainly identified as the same with those of that list.

These I will, for convenience of reference, number consecutively with the

Stanton-Diller list. The descriptions are those given by Professor Ward.

Locality No. IB.—Near the same locality as No. 4, only farther up Byron Gulch,

above the cascade, probably about the same as No. 5.

Locality No. 16.—One-fourth of a mile below the mouth of Eagle Creek, left

bank of the North Fork of Cottonwood Creek, near Ono, Shasta County, Cal. Prob-

ably nearly the same as No. 2.
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Locality No. 17.—Aldersons Gulch, 2 miles southwest of Ono, Shasta County,

Cal. Probably about the same as -No. 6.

Locality No. 18.—Cold Fork of Cottonwood Creek, in the first gulch above

Stephenson's ranch, Tehama County, Cal. About the same as No. 7.

Locality No. 19.—South Fork of Elder Creek, U miles south of Lowry, Tehama

Count}^ Cal. Nearlj^ the same as locality No. 11.

Locality No. 20.—South Fork of Elder Creek, 5 miles southwest of Lowry, and

one-fourth of a mile below Coopers, near the conglomerate gorge, Tehama County,

Cal. This is near locality No. 10.

Locality No. 21.—Elder Creek, 2\ miles below Lowry, and one-half mile below

the Gallatin ranch, Tehama County, Cal. This is near locality No. 8, and at the

base of the Chico formation.

The following are the new localities

:

Locality No. 22.—Divide between Elder Ci'eek and Thome Creek, in the road

from Lowrjr to Paskenta, Tehama County, Cal. Knoxville beds.

Locality No. 23.—Elder Creek, one-half mile, or a little less, below (east of)

Lowry, Tehama County, Cal. Probably top of Horsetown beds.

The collection is larger than that made by Messrs. Stanton, Diller, and

Storrs, but does not add many new species. The impressions, like those of

Messrs. Stanton and Diller, are very fragmentary and poorly preserved,

so that it is very difficult to make satisfactory determinations. This is

especially true of some of the ferns. Many of these are represented by

small fragments, and in a numl^er of cases these bits may belong to any

one of several species.

The third parcel contains six specimens collected by Messrs. T. W.

Stanton and Will Q. Brown, in 1890, near Riddles, Oreg., from strata

in Cow Creek Valley that are, in Mr. Diller's opinion, probably of Horse-

town age.

These specimens are much better preserved than most of those from

the California localities. They indicate that the plants furnishing them

grew on some spot near where they are now found, so that they did not

float far before they were buried in sediment."

« Besides these principal collections these notes include the descriptions of the several scattered specimens

from the Shasta formation in Oregon and California that have come in since the large collections were made,

and which have been noted in the historical part of this paper (see pp. 211, 217). The localities are there

fully given and will be recognized without being numbered.

I have included in the synonymy of the species described in this report all the names that had previously

been published by Mr. Diller and Doctor Stanton (see pp. 212, 213), whether subsequently changed by Pro-

fessor Fontaine or not. They will thus be easily identified.—L. F. W.
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DESCRIPTION^ OF THE SPECIES.

Phylum I^TERIDOPHYT^ (Ferns and Fern
A.llies).

Order FILICALES (Ferns).

Family fYATHEACEvE.

Genus DICKSONIA L'Heritier.

DiCKSONiA PACHYPHTLLA Fontaine n. sp.

PI. LXV, Fig. 1.

1894. Aspleniopteris pinnafifida Font.? in Diller & Stanton: Bull. Geol. See. Am.,

Vol. V, p. 450.

1895 [1896]. Aspleniopteris pinnatifi.da Font.? in Stanton: Bull. U. S. Geol. Surv.,

No. 133, p. 15.

A single imprint of a fern in fruit was found at locality No. 9. It

shows the terminal portion of what appears to have been an ultimate pinna.

The amount of material is too small to permit its positive determination.

It is, however, much like a plant from Cascade County, Mont. Professor

Ward and Mr. Weed recently made a considerable collection of fossil plants

in Cascade County, Mont., a few miles from the town of Geyser. These

fossils appear to occur in the same system of beds as those yielding the

fos: Us of Great Falls. They are of Lower Cretaceous age, belonging to the

Kootanie or Lower Potomac phase of that flora. For the sake of descrip-

tion I have named the strata yielding these Cascade plants the Geyser

beds. The description of these plants is published in this paper.

Among the plants from the Geyser beds two small bits of a fruiting

fern were found. They apparently belong to a new species of Dicksonia,

but as the amount of material is very small and the specimens are very

imperfect, I did not venture to do more than describe it as a doubtful new

species, giving it, for the sake of reference, the name Dicksonia pachy-

'phylla. The plant now in question, from the Shasta beds, is much like

the Geyser fossil, and my sole reason for doubtfully identifying it with that

" It happened in the progress of the work that the collections from the Kootanie of Great Falls, Mont.,

were sent to Professor Fontaine before those from the Shasta formation were ready, and he reported on them

first.—L. F. W.
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plant is the scantiness and imperfection of the material. It ma}^ be

described as follows: Frond unknown, sterile form not certainly known.

Only portions of the ultimate fertile pinnae or pinnules have been found.

Pinnules or lobes in the fruiting forms, almost or quite reduced to short

thickened nerves, which bear at their ends large globose or subreniform

sori. The leaf substance is very thick and diu'able, so that the plant

leaves a thick film of carbonaceous matter on the rock.

Genus THYRSOPTERIS Kuntze.

Thyrsopteeis rarinervis Fontaine?

PI. LXV, Figs. 2-1.

1889. Thyrsopteris rarinervis Font.: Potomac Flora (Monogr. U. S. Geol. Surv., Vol.

XV), p. 123, pi. xxvi, figs. 6, 7; pi. xliii, figs. 4, 4a, 6, 6a; pi. xliv, figs. 1,

la, 2, 5, 5a; pi. xlix, figs. 2, 2a, 2b; pi. clxix, figs. 6, 7.

1894. Thyrsopteris rarinervis Font.? in Diller & Stanton: Bull. Geol. Soc. Am., Vol.

V, p. 450. (PI. LXV, Figs. 3, 4).

1895 [1896]. Thyrsopteris rarinervis Font.? in Stanton: Bull. U. S. Geol. Surv., No.

133, p. 15. (PI. LXV, Figs. 3, 4).

Several specimens of what seems to be the widely diffused fern

Thyrsopteris rarinervis were found. The}^ were obtained at localities Nos.

9 and 18. They consist of small portions of penultimate pinnae, carrying

pinnules not distinguishable from those of T. rarinervis Font., which was

first found in the Lower Potomac of Virginia, in which it is one of the most

common ferns. It has since been found in most of the regions of the

United States that yield plants of Lower Cretaceous age. The amount of

material is not sufficient to justify a positive determination of this plant as

Thyrso2)teris rarinervis, and for this reason it is marked as doubtful.

Family POLYPODIACEiE.

Genus CLADOPHLEBIS Brongniart.

Cladophlebis parva Fontaine.

PI. LXV, Figs. 5-8.

1889. Cladophlebis parva Font.: Potomac Flora (Monogr. U. S. Geol. Surv., Vol.

XV), p. 73, pi. iv, figs. 7, 7a; pi. vi, figs. 1, la, 2, 2a, 3, 3a.

1894. Cladophlehis inclinata Font.? in Diller & Stanton: Bull. Geol. Soc. Am.,

Vol. V, p. 450. (PI. LXV, Fig. 8.)

MON XLVIII—05 15
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1894. Aspidiu7n TideropliyUum Font, (part, quoad Cat. U. S. Nat. M\is., No. 3992)

in DUler & Stanton: Loc. cit. (PL LXV, Fig. 7.)

1895 [1896]. CladopMeUs indinata Font.? in Stanton: Bull. U. S. Geol. Surv., No.

133, p. 15. (PI. LXV, Fig. 8.)

1895 [1896]. Aspidium Jieteropliyllum Font, (part, quoad Cat. U. S. Nat. Mus., No.

3992) in Stanton: Loc. cit. (PI. LXV, Fig. 7.)

Several specimens of a small fern that seems to be CJado-phlehis j^ai va

were found. This fern of the Lower Potomac beds of Virginia appears

to be rare in the collections now being described.

The most complete specimen is that figured on PL LXV, Fig. 5. It

is the terminal portion of a penultimate pinna, which shows several

ultimate pinnae that pass into pinnules toward the tip of the principal

pinna. The ultimate pinnae in the lower portion of this fragment carry

small, triangular, falcate pinnules which, altthough they are for the most

part poorly preserved, show the character of C. jmrva. Fig. 6 represents

a fragment of an ultimate pinna from low down on the frond, where the

pinnules are of larger size than those repi'esented in Fig. 5. These are

exactly like the pinnules of the Lower Potomac formation.

The plant occurs at localities Nos. 9, 18, and 22.

Cladophlebis Browniana (Duiiker) Seward.

PL LXV, Figs. 9-11.

1846. Pecopteris Browniana Dunk.: Monogr; d. Norddeutsch. Wealdenbildung, p. 5,

pi. viii, fig. 7.

1874. Alethopteris f Browniana (Dunk.) ScKimp.: Pal. Veg., Vol. Ill, p. 502.

1894. Cladophlebis Browniana (Dunk.) Sew.; Wealden Flora, Pt. I, p. 99, pi. vii,

fig. 4.

1S94. Cladophlehis iiiclinata Font. ? in Diller & vStanton : Bull. Geol. Soc. Am., Vol. V,

p. 450, quoad Cat. U. S. Nat. Mus., No. 3996. (PL LXV, Fig. 9.)

1895 [1896]. OladopMehis indinata Font.? in Stanton: Bull. U. S. Geol. Surv., No.

133, p. 15, quoad Cat. U. S. Nat. Mus., No. 3996. (PL LXV, Fig. 9.)

From the number of specimens found, and the localities yielding

them, a small fern identical with Cladophlebis Broumiana must have

l3een one of the most characteristic plants in the flora of the time of

deposition of the Shasta formation. The fossils of this species are,

however, quite imperfect, being found only in the form of small fragments

of ultimate pinnae. They are numerous enough to show the character
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of the plant pretty well, and there is little doubt that it is the widely

diffused Cladophlebis Browniana of the Lower Cretaceous. Some of the

pinnules, as those depicted in Fig. 10, show traces of sori too obscure

for their character to be made out with certainty. Yokoyama" had
already noticed sori like those of Aspidium on pinnules of this fern.

The sori of the Shasta fossil also appear similar to those of Aspidium.

I have selected three specimens to be figured, out of the many
yielded by this plant. PL LXV, Fig. 10 represents a fragment of an
ultimate pinna, with pinnules of the largest size seen. This shows traces

of sori. Fig. 11 represents the terminal portion of an ultimate pinna

with normal pinnules. Fig. 9 represents the specimen originally referred

with doubt to Cladophlebis indinata.

The plant occurs most abundantly at localities Nos. 1, 17, 19, 20, 21,

22, and 23.

Cladophlebis falcata Fontaine.

PI. LXV, Figs. 12-14.

1889. Cladophlehis falcata Font.: Potomac Flora (Monogr. U. S. Geol. Surv., Vol.

XV), p. 72, pi. iv, figs. 8, 8a; pi. v, figs. 1, la, 2, 3, 4, 4a, 5, 5a, 6, 6a, 7, 7a;

pi. vii, figs. 1, la, 2, 2a.

1894. Thinnfeldia variabilis Font, [non Vel.]? in Diller & Stanton: Bull. Geol. Soc.

Am., Vol. V, p. 450. (PL LXV, Fig. 14.)

1895 [1896]. Thinnfeldia variaUlis Font, [non Vel.]? in Stanton: Bull. U. S. Geol.

Surv., No. 1.33, p. 15. (PL LXV, Fig. 14.)

A number of specimens of a large Cladophlebis were found, which

can not be distinguished from C. falcata Font, of the Lower Potomac
beds of Virginia. Pinnules of both large and small size, such as were

seen in the Virginia specimens, were obtained. The large pinnules

seem to come from lower down on the frond and the smaller from

higher up on it. From the number of specimens found at some of the

localities yielding the plant, it must have been common at those places.

It does not, however, seem to have been abundant at many places,

for most of the localities show but few specimens. The specimens are

all in the form of fragments of ultimate pinnae, which show only a few

pinnules, or of single detached fragments of pinnules. The parts shown,

however, are well preserved, for the plant seems to have had a thick

leathery texture.

"Jour. Coll. Soi., Imp. Univ. -Japan, Vol. VII, Pt. Ill, p. 21S, pi. xxiv, figs. 2, 3; pi. xxvii, figs. 1-4, .5c, .5d.
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PI. LXV, Fig. 12 gives the greater portion of one of the larger pinnules,

all that is preserved, and Fig. 13 represents a fragment of an ultimate

pinna. This is the largest fragment that was found. Fig. 14 shows the

small fragment formerly referred with doubt to Thinnfeldia variabilis.

This fossil is found at localities Nos. 9, 14, 18, 19, 20, and 22. It

is most abundant at locality No. 22.

Cladophlebis Ungeri (Dimker) Ward n. comb.'^'

PI. LXV, Figs. 15, 16.

1846. Pecoj^feris Ungeri Dunk. : Monogr. d. Norddeutsch. Wealdenbildung, p. 6,

pi. ix, fig. 10.

1846. Pecopieris folymorjylia Dunk, [non Brongn.]: Op. cit., p. 6, pi. vii, fig. 5.

1869. Pecopteris Dunkeri Schimp.: Pal. Veg., Vol. I, p. 539.

1877. Pecopieris exiliformis Geyler: Palaeontographica, Vol. XXIV, p. 226, pi. xxx,

fig. 1.

1890. Asjndimn Dunkeri (Schimp.) Font.: Potomac Flora (Monogr. U. S. Geol.

Surv., Vol. XV), p. 101, pi. xxii, figs. 9, 9a, 9bj pi. xxv, figs. 11, 11a,. 12;

pi. xx\d, figs. 2, 2a, 8, 8a, 9, 9a, 18, 18a; pi. liv, figs. 3, 3a, 9, 9a.

1894. GladofMelns Dunleri (Schimp.) Sew.: Wealden Flora, Pt. I, p. 100. pi. vii,

fig. 3.

1894. Aspidium DunJceri (Schimp.) Font.? Fontaine in Diller & Stanton: Bull.

Geol. Soc. Am., Vol. V, p. 450. (PL LXV, Fig. 16.)

1895 [1896]. Aspidium Dunkeri (Schimp.) Font.? Fontaine in Stanton: BuU. U. S.

Geol. Surv., No. 133, p. 15. (PI. LXV, Fig. 16.)

Two small bits of a fern were found at locality No. 9 which can not

be distinguished from the plant named Pecojderis Dunkeri by Schimper.

This, from the finding on it, in the Lower Potomac of Virginia, of sori

like Aspidium, *" I regard as an Aspidium." The California specimens

« Schenk, who had seen Dunker's specimens says (Palaeontographica, Vol. XIX, p. 215) that he is unable to

distinguish his Pecopieris Ungeri from his P. polymorpha, and treats them as synonyms, as did Schimper (Pal.

Veg., Vol. Ill, p. 499) and as does also Mr. Seward (Wealden Flora, Pt. I, p. 100). As the P. polymorpha was

preoccupied b}' the well-known Carboniferous species so named by Brongniart in 1S28, Schimper (Pal. Vi5g.,

• Vol. I, p. 539) renamed it P. Dunlcen. before Schenk had pointed out its identity with P. Ungeri. That specific

name must be restored to it, and as there is a pretty general agreement that it belongs to Cladophlebis the

above combination necessarily results.—L. F. W.
t> Monogr. U. S. Geol. Surv., Vol. XV, pp. 101-102, pi. xxii, figs. 9, 9a.

''Apropos ef this Mr. Seward saj'S (Wealden Flora, Pt. I, p. 102): "Fontaine's examples of Aspidium

Dunkeri undoubtedly belong to that species, but the fertile pinnule, pi. xxii, fig. 9a, on which apparently the

reference to Aspidium is based, seems hardly sufficient evidence for assuming identity with the recent genus."

If, however, this species is thus demonstrated to have the indusia of Dryopteris, that seems to establish the

reproductive characters of the genus Cladophlebis, hitherto unknown.—L. F. W.
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are small fragments of ultimate pinnse that have a few very characteristic

pinnules. This plant has such decided features that even small fragments

suffice to identify it.

Cladophlebis alata Fontaine?

PL LXV, Figs. 17-21.

18S9. CJadopMeUs alata Font. : Potomac Flora (Monogr. U. S. Geol. Surv., Vol. XV),

p. 77, pi. xix, figs. 5, .5a.

1889. Pecofteris strictinervis Font.: Op. cit., p. 84, pi. xiii, figs. 6, 6a, 7, 7a, 8, 8a;

pi. xix, figs. 9, 9a; pi. xx, figs. .3, 3a; pi. xxii, figs. 13, 13a; pi. clxx, figs. .5,

.5a, 6, 6a.

1894. Cladophle'bis inclinata Font.? in DUler & Stanton: Bull. Geol. Soc. Ain.,

Vol. V, p. 4.50, quoad Cat. U. S. Nat. Mus., No. 3996. (PI. LXV, Fig. 21.)

1895 [18961. CladophleUs inclinata Font.? in Stanton: Bull. U. S. Geol. Surv., No.

133, p. 15, quoad Cat. U. S. Nat. Mus., No. 3996. (PI. LXV, Fig. 21.)

In the collections from the Shasta formation of California there are

many specimens that shoAV only small bits of ferns. They are small

fragments of the ultimate pinnse of ferns that have pinnules of small

size, of the type of Pecopteris or Cladophlebis. They are not found

attached to a rachis and are too imperfect to admit of positive determi-

nation. They clearl}^ belong to several different species. All that can be

done in these cases is to name the plants with which they show most affinity.

Larger and better specimens are required to describe or to identify them.

Numerous specimens of a small fern were found that have much
resemblance to Cladophlebis alata Font. (Pecopteris strictinervis Font.)/'

of the Lower Potomac beds of Virginia. The fragments show only bits

of detached ultimate pinnse, carrying a few, and mostly imperfect, pinnules.

These can not be easily distinguished from those of P. strictinervis, but

where the material is so imperfect positive identification can not be made.

PL LXV, Fig. 17, gives the termination of an ultimate pinna and

is the most perfect specimen found. Fig. 18 represents a small bit of

an ultimate pinna, with a few imperfect pinnules of the largest size seen.

Fig. 19 gives a fragment from a similar portion of the frond, with pinnules

of intermediate size. Fig. 20 represents the specimen formerly referred

with doubt to Pecopteris strictinervis.

The plant occurs in numerous specimens at locality No. 22, and in

only one or two at localities Nos. 9, 18, and 19.

a See pp. 158-160.
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Family MATONIACEyE.

Genus MATONIDIUM Schenk.

Matonidium Althausii (Dunker) Ward.''

PI. LXV, Figs. 22, 23.

1844. Cycadites Althausii Dunk.: Progranam d. hoheren Gewerbschule in Cassel,

1843-1844, p. 7.

1846. Pecofteris Althausii Dunk.: Monogr. d. Norddeutsch. Wealdenbildung, p. 5,

pi. ii, fig. 2.

1846. Pfcopteris polydactyla Gopp. in Dunker: Op. cit., p. 5, pi. vii, fig. 4.

1846. Pecofteris Conyheari Dunk.: Op. cit., p. 7, pi. ix, figs. 8, 8a.

1846. AlethopteHs elegans Gopp. in Dunker: Op. cit., p. 8, pi. vii, figs. 7, 7a.

1849. Pecofteris elegans (G"pp.) Brongn. [non (Gopp.) Germ nee Sternb.] :* Tableau,

p. 107.

1852. Ahthoi)teris Gcepferti Ett.: Abh. d. k. k. Geol. Reichsanst., Vol. I, Abth. Ill,

No. 2, p. 16, pi. V.

186.5. Laccopteris Phillipsii Zign. : Osserv. suUe Felci Foss. dell' Oolite, p. 37.

1869. Laccopteris Ompperti (Ett.) Schimp. [non Schenk'']: Pal. Veg., Vol. I, p. 582,

Atlas, pi. xxxi, figs. 5-8.

1871. Matonidium Gmpperti (Ett.) Schenk: Palaeontographica, Vol. XIX, p. 220

[18], pi. xxvu [vi], fig. 5; pi. xxviii [vii]; pi. xxx [ix], fig. 3.

1888. Matonidiwm. polydactylum (Gopp.) Schenk: Die fossilen Pflanzenreste, p. 39.

1891. Laccopteris polydactyla (Gopp.) Sap.: Plantes Jurassiques, Vol. IV, p. 384.

1894. Osmunda diclcsonioides Font.? in Diller & Stanton: Bull. Geol. Soc. Am.,

Vol. V, p. 450, quoad Cat. U. S. Nat. Mus., No. 4004. (PL LXV, Fig. 23.)

1895 [1896]. Osmunda diclcsonioides Font.? in Stanton: Bull. U. S. Geol. Surv., No.

133, p. 15, quoad Cat. U. S. Nat. Mus., No. 4004. (PI. LXV, Fig. 23.)

1899. Matonidium Althausii (Dunk.) Ward: Nineteenth Ann. Rep. U. S. Geol.

Surv., 1897-98, Pt. II, p. 653, pi. clx, figs. .5-8.

Among the fragmental fossils in the collections that are insufficient

for positive determination, two imprints, strikingly like Matonidmm

Althausii, were found. Although they can not be determined positively

as that plant, they are certainly different from the other ferns found.

« I repeat the sj'nonymy of this species as given in my paper on the Black Hills (Nineteenth Ann. Rep. U.S.

Geol. Suit., Pt. II, p. 653), with a few changes. Laccopteris Phillipsii Zign. was there omitted by inadvertence,

and Pecopieris explanata Trautsch. should have been marked as doubtful, or omitted . The latter course is now

pursued. No explanation was then made as to why this combination must be adopted, as it was sufficient!}'

clear from the synonymy, since the Oycadiies Althausii Dunk, was described in 1844 and figured as Pecopteris

Althausii Dunk, in 1846, and no one questions its being this species.—L. F. W.
i Two Carboniferous species have been given this name.—L. F. W.
'Schenk (Foss. Fl. d. Grenzsch., 1867, p. 94) gave this name to a Rhetic species.
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and may be doubtfulh' referred to the Wealden species. The impressions

are of fragments of ultimate pinnae, which show a few pinnules without

sori. PI. LXV, Fig. 22, gives a representation of the best specimen found.

Fig. 23 represents the specimen formerlj^ referred with doubt to Osmu7ida

dicksonioides.

It occurs at localities Nos. 9 and 21.

Family GLEICHENIACEiE.

Genus GLEICHENIA Smith.

Gleichenia NoRDBNSKioLDi Heer?

PI. LXV, Figs. 34-29.

1874. Gleichenia NordensJcicMi Heer: Fl. Foss. Arct., Vol. HI, Pt. II (Kreide-Flora

der Arctischen Zone), p. 50, pi. ix, figs. 6-12 (excl. figs, lie, llf).

1894:. Pecopteris strietinervis Font.? in Diller & Stanton: Loc. cit. (PI. LXV,
Fig. 28.)

1894. Aspidimn JieterophyUwm Font., part, quoad Cat. U. S. Nat. Mus., Nos. .399.3

and 3997 in Diller & Stanton: Loc. cit. (PI. LXV, Figs. 26, 27.)

1894. Osmunda diaksonioides Font.? in Diller & Stanton: Bull. Geol. Soc. Am.,

Vol. V, p. 450, quoad Cat. U. S. Nat. Mus., No. 4004. (PI. LXV, Fig. 29.)

1895 [1896]. Pecopteris strietinervis Font.? in Stanton: Bull. U. S. Geol. Surv., No.

133, p. 15. (PI. LXV, Fig. 28.)

1895 [1896]. Aspidium heterophyllum Font., part, quoad Cat. U. S. Nat. Mus., Nos.

3992 and 3997, in Stanton: Loc. cit. (PI. LXV, Figs. 26, 27.)

1895 [1896]. Osmunda dicTcsonioides Font.? in Stanton: Loc. cit., quoad Cat. U. S.

Nat. Mus., No. 4004. (PL LXV, Fig. 29.)

Small fragments of ultimate pinnae of a fern with pinnules iden-

tical in character with Heer's Gleichenia Nordenskioldi were found at

a number of localities. The specimens occur only in such small frag-

ments that positive determination of them can not be made. All that

can be said of them is that the plant is, so far as its character can be

made out, identical with Heer's fossil. The specimens are quite numer-

ous, showing that the plant was rather common.

PI. LXV, Fig. 24, represents a fragment possessing the largest

pinnules seen, which belongs to the middle portion of some ultimate

pinna. Fig. 25 gives the terminal portion of an ultimate pinna with

small pinnules. None of the specimens seen were more complete than

these small fragments. Fig. 26 represents the specimen No. 3992 of
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the Catalogue of the United States National Museum, and Fig. 27 that

numbered 3997, both of which were formerly referred to Aspidiuni

heterophyllwn. Figs. 28 and 29 show, respectively, the specimens

originally referred with doubt to Pecopteris strictinervis and Osmunda

dicksonioides.

These fossils occur at localities Nos. 9, 18, 19, 20, and 22.

Most of the fossils occur at the localities Nos. 9 and 22, being most

numerous at No. 9.

Gleichenia ? Gilbert-Thompsoni Fontaine n. sp."

PI. LXVI, Fig. 11.

The plant here regarded as a new species was found by Mr. Gilbert

Thompson in the Shasta formation of the Lower Cretaceous of California.

The locality is Pettyjohn's ranch, 12 miles west of Red Bluff, Tehama

County, Cal. It was long ago submitted to Leo Lesquereux and by

him determined as a Pecopteris, but without fixation of the species.

The specific name here assigned to it is derived from its discoverer.

The plant, although in a fragmentary condition, is Avell preserved

in the parts obtained and very distinct. It is of a well-marked char-

acter or facies, which is not very common in a formation so late as the

Shasta formation, but which is more characteristic of the Carboniferous

formation. It is not unlike Pecopteris arhorescens (Schloth.) Brongn.

of that formation. It is obviously a new species. The fossil is preserved

in a fine-grained gray sandstone, which does not show any of the nerves

of the pinnules except the midnerves. A portion of the penultimate

rachis is preserved and to this are attached a number of ultimate pinnae.

The penultimate rachis is strong, straight, and rigid. The ultimate

pinnae have none of their tips preserved. Thej^ are linear and pecu-

liarly rigid in aspect and must have had strong rachises and been quite

long. Some of those that are preserved show a length of 6 cm., with

no diminution in the size of the pinnules. The pinnules are closelj^

crowded, oblong in form, attached by the entire base and have very

obtuse tips. From the base to the end of the pinnule the same width

is maintained, so that the margins are parallel. The texture of the

pinnules seems to have been thick and coriaceous. In each pinnule

« See pp. 217-218.
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there is a strong midnerve, which, after the fashion of Pecopteris, is

maintained with full strength to near its end. The lateral nerves could

not be made out.

This plant is probably a Gleichenia, a genus that, as Heer has made
known, is common in the Kome or Lower Cretaceous of Greenland.

Heer has shown that this genus passes up into the Atane or Upper Ci'e-

taceous of Greenland. This plant does not seem to be identical with

any of the Greenland species. It is more robust and has larger pinnules

than any of them. In the absence of fructification it can not be deter-

mined with certainty as a Gleichenia, and the generic designation must

be left in doubt. Of course, it can not be of much value in determining

the age of the strata that contain it. All that can be said of it is that

its age might be either Lower or Upper Cretaceous.

Family MARSILEACEiE.

Genus SAGENOPTERIS Presl.

Sagenopteris Mantelli (Dunker) Schenk.

PI. LXV, Figs. 30-35.

1846. Cijclojyteris 2fanteUiT)unk.: Monogr. d. Norddeutsch. Wealdenbildung, p. 10,

pi. ix, figs. 4, 5.

1849. Adiantites Mantelli (Dunk.) Brongn.: Tableau, p. 107.

1S69. Aneimidium Mantelli (Dunk.) Schimp.: Pal. Veg., Vol. I, p. 486; Atlas,

pi. xxxi, fig. 13.

1871. Sagenopteris Mantelli (Dunk.) Sclienk: Palaeontographica, Vol. XIX, p. 222

[20], pi. xxxi [x], fig. 5.

1894. Glossozamites Klifsteini (Dunk.) Font, in Diller & Stanton: Bull. Geol. Soc.

Am., Vol. V, p. 4.50. (PI. LXV, Figs. 32, 33.)

1894. Sagenopteris Mantelli (Dunk.) Schenk. Font, in Diller & Stanton: Loc. cit.

1895 [1896]. Glossozamites Klipsteini (Dunk.) Font, in Stanton: Bull. U. S. Geol.

Surv., No. 133, p. 15. (PL LXV, Figs. 32, 33.)

1895 [1896]. Sagenopteris Mantelli (Dunk.) Schenk. Font, in Stanton: Loc. cit.

Three imprints of single detached pinnules of a fern were found

at locality No. 12." They occur on a fine-grained rock, which pre-

serves them well and shows the nervation beautifully. The nervation

and shape of the pinnules show that the plant is a Sagenopteris. An

a One of the specimens from locality No. 9, originally referred by him to Glossozamites Klipsteini, is now
placed in this species. It is represented on PI. LXV, Figs. 30-3.5.—L. F. W.
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entire lateral pinnule, PL LXV, Fig. 30, and the greater portion of a

terminal one, Fig. 31, occur among the impressions. These fossils can

not well be distinguished from Schenk's Sagenopteris Mantelli,'' which

occurs in the Wealden formation of North Germany. The only differ-

ence between this and Schenk's fossil is the fact that in the California

plant the pinnules are somewhat smaller than the German ones and

the midrib in the terminal pinnule more prolonged. The pinnules of

this Sagenopteris must hav^been easil}^ detached, for in both the Cali-

fornia and the North German specimens they have been found only in

a detached condition. This type of Sagenopteris is smaller than the

characteristic form of the Rhetic S. Nilsoniana (Brongn.) Ward {S.

rhoifolia Presl).

One small specimen of a Sagenopteris, represented in PL LXV,

Fig. 34, was found by Mr. Will Q. Brown "beneath the bridge at Riddles,

Oreg." The specimen now in question shows portions of three leaf-

lets, so arranged as to indicate that the^^ belonged to the same indi-

vidual plant. The most complete leaflet, which was probably the

central one of the group, has its basal part nearlj^ complete. It was

probably elliptical in form, narrowing wedge-shaped to the base. The

end is not preserved. It was probably 3 cm. long. Its greatest width

is 13 mm. The best preserved lateral leaflet occurs on the right side.

It is unsymmetrical, with the base and end not shown. The midril)

disappears about one-thii'd of the distance from the base to the end

of the leaflet. The secondarj^ nervation is strong and the anastomosis

occurs at short intervals, forming small elliptical meshes. This plant,

like the original S. Mantelli, is smaller than the Sagenopterids of the

Trias and Jura. It is especially distinguished by the closeness of its

anastomosis and its regular meshes.''

« Die Foss. Flor. d. Nordwest. Wealdenform., p. 20, pi. x, fig. 5 (Palaeontographica, Vol. XIX, p. 222,

pi. xxxi, fig. 5).

!> The small specimen collected by Mr. Brown on Iron Mountain Creek most probably belongs to this

species. In a letter returning it on October 21, 1901, Fontaine says;

" It is far from being an unrecognizable plant fragment. It seems to hare a pronounced midnerve, running

nearly to the end of the leaf, but that, I think, is due mainly to a pucker in the leaf. I think the leaflet is a

Sagenopteris, most likely S. Mantelli." It is figured on PI. LXV, Fig. 35.—L. F. W.
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Sagenopteris OREGOJfENSis Fontaiiie nT comb.

PI. LXV, Figs. 36-38.

1894. Sagenopteris latifolia Font, in Diller & Stanton: Bull. Geol. Soc. Am., Vol. V,

p. 450. (PL LXV, Fig. 38.)

1895 [1896]. An^iopieridium oregonense Font, in Stanton: Bull. U. S. Geol. Surv.,

No. 133, p. 22 (nomea). (PL LXV, Figs. 36, 37.)

Pinnules probably grouped in a digitate manner at the summit of

a principal stipe, number not known. Central pinnule broadly ellip-

tical, narrowing to the base, 6 cm. long, 3 cm. wide in the widest por-

tion, symmetrical and equilateral in form. Lateral pinnules inequi-

lateral and unsymmetrical, oblong-elliptical, narrowing gradually to

the base, 55 mm. long, 22 mm. wide in the widest portion. Both kinds

of pinnules are probably supported on short stipes. The nervation

is fine and closely placed. The anastomosis is formed on the same

plan as in S. nervosa, viz, by the junction of two adjacent nerves, or

by the junction of a branch with an adjacent nerve soon after forking.

It is, however, more frequent than in S. nervosa. The midnerve in

all pinnules is very strong in their basal portions and splits up into

nerves before reaching the middle portion. These latter, where the

midnerve is present, leave it at a small angle and proceed to the margin

of the pinnule with a very slight outward curvature. The midnerve,

unlike that of S. nervosa, is flat, and it is proportionally stronger in the

basal portion of the pinnule, although less woody in appearance.

This plant differs from S. nervosa in a numl^er of points. It is

smaller in size. The midnerve differs in the points previously men-

tioned. The lateral and secondary nerves are closer and finer, and

they anastomose more frequently. The form of the pinnules in this

plant much resembles that of those of S. Nilsoniana (Brongn.) Ward

{S. rhoifolia Presl) of the Rhetic formation, but the nervation is closer

and finer, while the midnerve is not prolonged so far in the pinnule.

While the number of features by which this plant differs from

S. nervosa is sufficient to justify its separation, provisionally, as a dis-

tinct species, still, as the amount of material is small, it is possible that

they ma}^ be the same, and in a larger number of specimens connecting

links might be found.
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This plant was formerly determined by me as a new species of

x4ngiopteridium, for which the specific name oregonense was suggested.

With this name it was quoted by Mr. Stanton in Bulletin No. 133 of

the United States Geological Survey. A careful reexamination of it

shows anastomosis of the nerves, which indicates that it is not Angiop-

teridium, but a new species of Sagenopteris.

This fern was found in three specimens, two at the localit}^ near

Riddles, Oreg., and one at locality No. 3. One of the specimens found

near Riddles has an excellently preserved imprint of an entire lateral

pinnule. The other shows a nearly entire middle pinnule. The former

is represented in PL LXV, Fig. 36, and the latter in Fig. 37. Fig. 38

represents the .specimen originally referred to S. latifolia.

Sagenopteris elliptica Fontaine.

PI. LXV, Figs. 39, 40.

1889. Sagenopteris eUiptica Font. : Potomac Flora (Monogr. U. S. Geol. Siirv.,

Vol. XV), p. 149, pi. xxviii, figs. 9, 11-1.5, 1.5a, 16, 16a.

Several specimens of a fern were found that seem to be Sagenopteris

elliptica Font., of the Lower Potomac formation of Virginia. The fossils

are in the form of detached pinnules, which are, in most cases, entire.

These have a close resemblance to the Potomac fossil and can hardly be a

different species from it. The pinnules var}'- a good deal in size. The

smallest are rather smaller than any seen of the Potomac plant, and the

largest are of the same size with the largest of that plant. Two or three of

the smaller-sized pinnules have a more obtuse tip than any of the Potomac

fossils. One of these, given in PI. LXV, Fig. 40, is almost spatulate in

form. Possibly these may belong to a different species of Sagenopteris.

The imprints as a rule show the elongate elliptical form of the Virginia

plant, with the midrib prolonged beyond the middle of the pinnule. PI.

LXV, Fig. 39, gives a pinnule of the largest size, which shows well these

features. It is at the base somewhat unsymmetrical, the lamina on one

side being broader than on the other, owing probably to the fact that this

is a lateral pinnule.

The plant seems to be more common than the other species of Sage-

nopteris, but still is not ver}^ common. It occurs at localities Nos. 1, 18, 19,

and 21.
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Sagenopteeis nervosa Fontaine n. sp.

PI. LXV, Figs. 41-4.5.

A number of fragments of detached pinnules of a fern with anastomos-

ing nerves which seems to be a new species of Sagentopteris were found at

several locahties. None of the specimens show the pinnules entire, and

the nervation is not very distinct, but by taking imprints of different

pinnules, and different portions of these, a pretty good description can be

made out. This, however, owing to the imperfection of the material, can

not be regarded as certainly accurate.

Pinnules very large, probably grouped in a digitate manner at the

summit of a principal stipe. The central pinnule is elliptical and sym-

metrical in form, narrowing gradually to the base. It is at least 8 cm. long

and 3 cm. wide. The size of the other, or lateral pinnules, could not be

made out, but they appear to be somewhat smaller, inequilateral, and

unsymmetrical in form. The nerves are unusually strong and they are

rather remote. The midnerve is rounded and very strong in the middle

pinnule toward its base, and it ends in a short stipe. Toward the middle

of the pinnule it splits up into nerves. The nerves in the lower portion of

the pinnule go off very obliquely from the midnerve, and curve gradually

away from it to the margin of the pinnule, forking repeatedly. In the

upper portion the branches into which the midnerve splits up by their

repeated forking fill the lamina of the pinnule. The anastomosis is most

commonly formed by a branch of a nerve joining an adjacent nerve, but

sometimes by two adjacent branches coalescing.

PL LXV, Fig. 41, represents the basal portion of a middle pinnule.

Fig. 42 the upper portion of a large pinnule, probably a middle one, and

Fig. 43 the tip of a lateral pinnule. Fig. 44 gives an enlargement of a

portion of a pinnule to represent the character of the nerves. Fig. 45

represents the specimen from Riddles, Oreg.

This plant occurs at localities Nos. 16 and 18, in the California dis-

trict, and in the Horsetown beds near Riddles, Oreg. At least a smaU

fragment was found there, showing the characteristic nervation. The

plant seems to have been rather rare at all the localities.
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Sagenopteeis ? sp. Fontaine.

PL LXV, Fig. 46.

1894. Sageno'pteris sp. ? Font, in Diller & Stanton: Bull. Geol. Soc. Am., Vol. V,

p. 450 (nomen.).

189.5 [1896]. Sagenojyteris sp. Font, in Stanton: Bull. U. S. Geol. Surv., No. 133,

p. 1.5 (nomen.).

At locality No. 9 occur several impressions of a fern which is appar-

ently a Sagenopteris, but the leaflets are too imperfect and the ner-\^ation

is too poorly shown to permit its specific character to be made out. The

character of the anastomosis of the nerves is similar to that of S. eUiptica,

of the Lower Potomac of Virginia, but the nerves are stronger. This

plant may be identical with some of the ferns with reticulated nervation

in the Great Falls flora that Doctor Newberry placed with great hesitation

in the genus Chiropteris. He seems to have separated them from Sage-

nopteris, with which genus, as it seems to me, they best agree, solely on

account of the sparing anastomosis. But this, in the Great Falls fossils, is

hardly less frequent than in S. eUiptica of the Lower Potomac, and Doctor

Newberry's Chiropteris spatulata is much like Sagenopteris eUiptica.

Genus HAUSMANNIA Dunker.

Hatjsmannia ? CALiroENiCA Fontaine n. sp.

PL LXV, Fig. 47.

A single specimen of a plant of doubtful character was found at

locality No. 18 in the Knoxville beds. It is a portion of the lower part of a

leaf that seems to have narrowed to its base. As the full width of the leaf

is not preserved and the margin is apparently not entire in any portion, it

is not possible to determine its original form. The plan of the nervation

indicates a flabellate and digitatel}^ lobed leaf, but if it were lobed after the

fashion of Hausmannia it was not cut into such narrow lacinise as Dunker's

Hausmannia cKchotoma," for the fragment obtained, although not so broad

as it was originally, shows no subdivision, and it is wider than any of the

segments of Dunker's plant. The nervation shows several nerves of equal

strength and not diminishing in size by division. These nerves converge

toward the base of the leaf so as apparently to unite, while in the opposite

n Monogr. d. Norddeutsch. Wealdenbildung, p. 12, pi. v, fig. 1 ;
pi. vi, fig. 12.
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direction tliey diverge and fork dichotomously at long intervals, this fork-

ing not diminishing their size. This nervation is much like that of Haus-

mannia, but the forking takes place at shorter intervals than in Bunker's

species. The secondary nervation is very obscure, and all nervation of

lesser rank is not shown. The secondary nerves, which are occasionall}^

vaguely shown, appear to stand nearl}' at right angles with the primary

ones. The surface of the fragment of the leaf is granulated as if from sori

scattered over it. The details of these could not be made out. This

granulation, if caused by sori, together with the primary nerves, suggests

an affinity Avith Hausmannia, but the true place of the plant is very

problematic.

Family MARATTIACE.E.

Genus ANGIOPTERIDIUM Schimper.

Angioptekidium canmorense Dawson.?

PI. LXVI, Figs. 1-4.

1892. Angiopteridium canmorense Dn.: Trans. Roy. Soc. Canada, Sect. IV, Vol. X,

p. S3, fig. 2 on p. 83.

1894. Angiofteridimn nervosum Font.? in Diller & Stanton: Bull. Geol. Soc. Ain.,

Vol. V, p. 450. (PL LXVI, Fig. 4.)

1894. Angiofteridium canmorense Dn. ? Font, in Diller & -Stanton: Loc. cit.

(PI. LXVI, Fig. 1.)

1895 [1896]. Angiopteridium nervosum Font.? in Stanton: Bull. U. S. Geol. Surv.,

No. 133, p. 15. (PL LXVI, Fig. 4.)

1895 [1896]. Angiopteridium canmorense Dn.? Font, in Stanton: Loc. cit. (PL

LXVI, Fig. 1.)

Sir William Dawson" has described from Canmore, in the Cascade

coal basin of the Rocky Mountains, a fern that is much like a plant found

in several specimens at some of the California localities. As, however,

the specimens from California are all in the form of detached pinnules,

which in every case are in fragments, the material does not suffice for

positive identification. The California plant, however, shows several of

the characteristic features of Angiopteridium canmorense. The pinnules

have the same narrow form, rigid aspect, and comparatively very stout

midrib prolonged to the ends of the pinnules. The lateral nervation is

" Correlation of Early Cretaceous Species, p. 8.3, fig. 2.
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close, apparently unbranched, and at right angles with the midrib. It

seems to have been rather abundant.

This plant, in the narrow rigid pinnules, looks a good deal like

Angiopteridium auriculatum Font., of the Lower Potomac of Virginia,"

but the nervation is entirely different, while the base of the pinnules nar-

rows and is not auriculate.

PL LXVI, Fig. 1, gives the terminal portion of one of the narrowest

pinnules. Fig. 2 represents a portion, apparently the middle part, of a

pinnule. Fig. 3 gives the basal portion, but not the exact base, of a

pinnule. Fig. 4 represents the specimen that was formerly referred to

A. nervosum with doubt.

The plant now in question occurs at localities Nos. 7, 9, 13, 19, and 22.

Angiopteridium strictinerve Fontaine.

PL LXVI, Figs. 5-7.

1889. Angiopteridiu7n strictinerve Font.: Potomac Flora (Monogr. U. S. Geol. Surv.,

Vol. XV), p. 116, pi. xxix, figs. 8, 8a, 9.

Numerous specimens of fragments of pinnules occur at several locali-

ties that seem to belong to Angiopteridium strictinerve Font., of the Lower

Potomac formation of Virginia. Some of the specimens are well enough

preserved to show their character fairly well, l^ut many are too imperfect

to permit positive identification. Those showing recognizable characters

are too near the Potomac plant to allow their separation into a species

distinct from it. The specimens figured will give a good idea of the best

preserved of these forms. The impressions occur only in the form of frag-

ments of detached pinnules, none of which are well enough preserved to

show the dimensions of the pinnules. It is possible that these various

forms, which, in this paper, I have regarded as Angiopteridium, may

belong to Nilsonia. They show, however, more of the character of

Angiopteridium than of Nilsonia, and no trace of the division of the

laminae of the pinnules into lacinite was ever seen. The specimens from

the Shasta group are not better preserved than those of the Potomac, and

do not add anything to our knowledge of this plant. The nervation is

rarely visible, as the leaf substance of the pinnules seems- to have been

thick and coriaceous. The lateral nerves, in the only specimen which

« Monogr. U. S. Geol. Surv., Vol. XV, p. 113, pi. vii, figs. 8-11; pi. xxviii, fig. 1.
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shows them, seem somewhat different from those of the Potomac plants,

for they go off more nearly at a right angle from the midrib and are

mostly unbranched.

The pinnules were evidently quite long and narrow, as is shown in

the specimen given in Fig. 5, which represents a fragment of the middle

portion of a pinnule. Fig. 6 gives the terminal portion of a pinnule,

which must have been larger than that represented by Fig. 5. Fig. 7

shows the lateral nervation.

The undoubted specimens of this plant are not very numerous. They

occur at localities Nos. 9, 19, 20, and 22. The doubtful specimens are

numerous, and thej^ occur at localities Nos. 9, 14, 19, and 23. They are

mostly found at the last locality.

Angiopteeidium strictinerve latifolium Fontaine.

PI. LXVI, Figs. 8-10.

1889. Angiopteridiuin strictinerve latifolium Font.: Potomac Flora (Monogr. U. S.

Geol. Surv., Vol. XV), p. 116, pi. xxx, figs. 1, 5.

1895 [1896]. Angiopteridium nervosum Font, in Stanton: Bull. U. S. Geol. Surv.,

No. 1.33, p. 22. (PI. LXVI, Figs. 9, 10.)

A number of fragments of a fern were found that appears to be

Angiopteridium strictinerve latifolium Font., of the Lower Potomac of

Virginia. The largest and best preserved of these fragments is repre-

sented in PL LXVI, Fig. 8. This is a portion of a pinnule, probably

its middle part. It shows some of the midrib and of the lamina on one

side of the midrib. It must have been a pinnule at least 5 cm. wide.

There is no way to estimate its length, or indeed that of any of the

pinnules, since they are found only as small fragments. The midrib is

quite strong. The lateral nerves are also strong and have the character

shown in the Potomac plant.

This form occurs at localities Nos. 16, 19, and 23, and near Riddles,

Oreg. A considerable number of fragments of pinnules are found at

No. 23, as well as fragments of pinnules of a smaller Angiopteridium,

which seems to be the typical A. strictinerve.

This plant was formerly determined by me as A. nervosum, and it

is quoted as such by Dr. T. W. Stanton in Bulletin No. 133 of the United

States Geological Survey, page 22, but it proves, on further examination,

MON XLVIII—05 16
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to l:)elong to this species. The specimens on which the former determi-

nation was based are represented in PI. LXVI, Figs. 9, 10, and were

collected in the Horsetown beds near Riddles, Oreg.

Family ODONTOPTEPJDE^.

Genus CTENOPTEEIS Brongniart.

Ctenopteris integrifolia Fontaine. ?

PL LXYI, Figs. 12, 13.

1889. Ctenopteris integrifolia Font.: Potomac Flora (Monogr. U. S. Geol. Surv.,

Vol. XV), p. 158, pi. Ixii, fig. 2; pi. Ixv, figs. 3, 3a.

Among the fossils of the Shasta formation two imprints were found

that have a problematic nature. They consist of small fragments of

leaves that show only the bases of segments, which have the appearance

of a cycad in some points. Although the fragments are small, the)^ are

very distinct. The segments are 4 mm. in width, and as the basal

portions only are shown their length is not disclosed. They are attached

b}^ their entire base to the side of the midrib, are separate to the base,

and slightly decurrent on the lower side. The nerves are slender but

distinct. They go off obliquely from the midrib in a parallel .manner

throughout the entire width of the segment, and in this respect resemble

Ctenophyllum and Dioonites. But, unlike these genera, the nerves are

forked one or more times at varying distances from their insertion on

the midrib. The amount of material is entirely too small to permit

a positive determination of this plant, but from its resemblance to the

peculiar genus Ctenopteris found in the Lower Potomac of Virginia, and

more especially C. integrifolia Font., I have referred the plant to that

species. This, however, can be done only with doubt and for the sake

of reference. It is to be noted that the Virginia plant was not fully

made out, owing to the insufficiencj^ of the material.

PI. LXVI, Fig. 12, gives a small l^it of the leaf, with the bases of

two segments, and Fig. 13 a portion enlarged, to show nervation.

This plant occurs at localities Nos. 1 and 4.
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Order EQUISETALES.

Family EQUISETACE.E.

Genus EQUISETLM Linna?us.

Equisetum texense Fontaine. ?

PI. LXVI, Fig. 14.

1893. EquisetumtexenseFont.: Proc.U.S. Nat.Mus.,Vol.XVI,p.26.3,pl.xxxvi,fig. 1.

1894. Equisetum texense Font. 1 in Diller& Stanton : Bull. Geol. Soc. Am. , Vol. V, p. 450.

One of the rock specimens collected by Messrs. Stanton, Diller, and

Storrs at locality No. 11 shows a rather obscure impression of what was

evidently a stem. It contains what appears to be an imperfectly

preserved sheath, indicating that it is the stem of some smaU Equisetum.

Besides this, there are on the same piece of rock several other imprints

still more obscure of what seems to be the same kind of stem. The

stems seem to have originally been woody and straight, but are now much

macerated and mostly decorticated. The sheath, which is still partly

preserved, is swollen and reminds one of the plant from the Trinity

formation of the Comanche series of Texas," nanied by the writer

Equisetum texense. The size of the stem also agrees weU with the Texas

plant. As, however, the material is scanty and poorly preserved, the

identification can not be positive.

Phylum sper:m:^tofhyt_a..
Class GYMNOSPERM^.

Order CYCADALES.

Family CYCADACE.E.

Genus DIOONITES ]VIiquel.

DiooNiTES DuNKERiANUS (Goppcrt) Miquel.*

PL LXVI, Fig. 15.

1843. Nilssonia peden Dunk.: Programm d. hoheren Gewerbschule in Cassel,

1843-44, p. 7.

a Notes on some fossil plants from the Trinity division of the Comanche series of Texas: Proc. U. S. Nat.

Mus., Vol. XVI, p. 263, pi. xxxvi, fig. 1.

i Dunker sent specimens of this plant to Gijppert, who referred it to Pterophyllum and named it P. Dunker-

ianum after Dunker had named it Nilsonia pecten. Seward and others now place it in Dioonites, and Bunker's
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1844. Pteropliyllum DunJcerianum Gopp. : Uebersiclit d. Ai'beiten d. Schles. Ges. f.

Vaterl. Kultur, 1843, p. 134.

1846. Pterofhyllum. Dwrikerianum. Gopp. Dunker: Monogr. d. Norddeutsch.

Wealdenbildung, p. 14, pi. ii, figs. 3, 3a, b; pi. vi, fig. 4.

1846. Cycadites Morrisianus Dunk.: Op. cit., p. 16, pi. vii, fig. 1.

1849. Zamites DunJcerianus (Gopp.) Brongn.: Tableau, pp. 62, 107.

1851. Dioonites Dunkerianus (Gopp.) Miq. : Tijdschr. v. d. Wis-en Naturk. Wetensch.,

Deel IV, p. 212 [8].

1894. Dioonites DunJcerianus (Gopp.) Miq. Font, in Diller & Stanton: Bull. Geol.

Soc. Am., Vol. V, p. 450.

Several specimens of a plant were found at locality No. 1 that agree

exactl}^ with the plant from the Glen Rose beds of Texas," which the

writer identified with Dioonites Dunkerianus (Gopp.) Miq. of the Wealden

of Hanover. The specimens show fragments of leaves, with portions of

leaflets attached to the midrib, and also fragmentary detached leaflets.

The midrili, as is shown in the fragment depicted in Fig. 15, is, as in the

Glen Rose plant, quite strong and rigid. The leaflets, as is the case with

the Texas fossil, are thick and rigid, with dense epidermis, and show no

nerves distinctly. From crumpling longitudinal^ they sometimes exhibit

what resembles a strong nerve, which on casual inspection might be taken

for the single nerve of a Cycadites. There can be no question that this

plant belongs to the same species as that from Texas, whether that is

D. Dunkerianus or not.

Dioonites Buchianus (Ettingshausen) Bornemann.*

PI. LXVI, Figs. 16, 17.

1852. Pterophyllum BucTiianum Ett.: Abh. d. k. k. Geol. Reichsanst., Vol. I, Abth.

Ill, No. 2, p. 21, pi. i, fig. 1.

1856. ? Dioonites Buchianus (Ett.) Born. : Org. Rest. d. Lettenkohlengruppe

Thiiringens, p. 57.

specific name would have to be restored had not Miquel in 1861 (Prodroraus systematic Cycadearum, p. 31

)

referred the Oolitic species called Cycadites pecten by Phillips to the genus Dioonites, making the combination

Dioonites pecten (Phill.) Miq. The next oldest name is that of Goppert, 1844, and it happens that Miquel is

also responsible for this combination.—L. F. W.
"Notes on some fossil plants from the Trinity division of the Comanche series of Texas: Proc. U.S.

Nat. Mus., Vol. XVI, p. 265, pi. xxxvi, fig. 12; pi. xxxvii, fig. 1.

ti I have hesitated long before deciding to retain this combination in view of all that Nathorst (Denkschr.

Wien Akad., Vol. LVII, p. 46) and vSeward (Wealden Flora, Pt. II, pp. 7.5S') have said against placing this

species in Miquel's genus Dioonites, the former creating for it the genus Zamioph3'llum, and the latter referring

it to Zamites. But Professor Fontaine argues the case for himself. It is true that Bornemann referred Ettings-
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1870. Dioonites Buchianus (Ett.) Born. Schimper: Pal. Veg., Vol. II, p. 149.

1889. Dioonites Buchianus (Ett.) Born. Fontaine: Potomac Flora (Monogr. U. S.

Geol. Surv., Vol. XV), p. 182, pi. Ixviii, fig. 1; pi. Ixix, figs. 1, .3; pi. Ixx,

"figs. 2, 3; pi. Ixxi, fig. 1 ;
pi. Ixxii, figs. 1, la, 2, 2a; pi. Ixxni, figs. 1-3, 3a, 3b;

pi. Ixxiv.

1890. Zamiofhxjllum Buchianum (Ett.) Nath.: Denkschr. Wien Akad., Vol. LVII,

p. 46 [6], pi. ii, figs. 1, 2; pi. iii; pi. v, fig. 2.

1896. Zamites Buchianus (Ett.) Sew.: Wealden Flora, Pt. II, p. 79, pi. iii, figs. 1-5;

pi. iv; pi. viii, fig. 1.

Specimens of probable Dioonites Buchianus, of rather doubtful

character, occur at localities Nos. I, 15, 20, and 22. They are doubtful

because they are composed of fragments of detached leaflets. But at

locality No. 17, in the lower part of the Horsetown beds, Messrs. Ward
and Storrs found seven specimens of this plant which admit of no doubt.

They show portions of the midrib with leaflets attached. These have

all the characteristic features of Dioonites ,Buchianus. Man}'- of these

features are so well marked and characteristic of this plant that there is

no occasion for confounding it with any other, provided they are dis-

tinctly displayed. This makes the plant especially valuable in the

comparison of the geological age of strata. It is to be noted that it

occurs here in the Horsetown beds, whose age has been determined

from the marine invertebrates which they contain to be Lower Cretaceous.

Figs. 16 and 17 give representations of two of these specimens.

Dioonites. Buchianus seems to have had a world-wide distribution,

and it has always been found onl^^ in Lower Cretaceous strata. It was

first found in the Urgonian beds of Grodischt. Later the writer discov-

hausen's plant to Dioonites with doubt and in an obscure manner, but Schimper (Pal. V^g., Vol. II, p. 149)

did the same thing independently, and evidently without any knowledge that Bornemann had already done so.

Mr. Seward includes in this species the Cenonianian Pterophyllum saxonicum Reich , so named by Reich in the

Freiberg Museum, apparently only an the label, first mentioned in print by Geinitz in Gaea vonSachsen (1843),

p. 134, without description, and first described and figured by Goppert in 1848 (Nov. Act. Acad. Caes. Leop.

Carol. Nat. Cur., Vol. XXII, p. 362, pi. xxxviii, fig. 13) from specimens sent to him by Reich. Schimper

referred this also to Dioonites (Pal. Veg., Vol. II, p. 211), but did not identify it with Ettingshausen's plant-

Professor Fontaine in his Potomac Flora, pp. 182, 184, also puts the Dioonites saxonicus (Reich) Schimp. in

the synonymy of this species, but apparentlj' on the strength of two figures of Ettingshausen (Sitzb. Wien.

Akad., Vol. LV, Abth. I, pi. i, figs. 11, 12, p. 245) and the very imperfect fragment figured by Hosiusand von

der Marck from the Neocomian of Westphalia (Palaeontographica, Vol. XXVI, pi. xhv, fig. 198). He does not

seem to have seen Goppert's figures of Reich's Cenomanian plant. There is no certainty that the Westphalian

fragment belongs to that species. In view of this uncertainty and of the general improbability that the

species persisted into the Cenomanian, I shall not follow this course. IT future investigation ever makes it

necessary the species must of course bear Reich's name, which has priority over that of Ettingshausen by nine

years.—L. F. W.
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ered it in great abundance in the basal l^eds of the lower Potomac of

Virginia, in that portion of the formation which Professor Ward has named
the "James River series." In the Virginia strata it is confined to the

lowest beds, and when found the cr_ystalline floor is but a few feet beneath.

It occurs in clay lenses in sand. It is so abundant in some places that

the clay is filled with the remains of the plant. These clays have in

many cases so well preserved the plant that the epidermal tissue is

intact, as also much of the rest of the plant, so that it can be peeled off

from the stone. It has been found also in the Glen Rose beds of the

Comanche series of Texas. The plant occurs in great abundance at

numerous localities in strata of Neocomian age in Japan. These fossils

were first described by Nathorst, and later by Yokoyama. Seward, in

his account of the Wealden flora in the British Museum, states that he

finds numerous fine impressions of this plant in that flora. It is quite

probable that the plant does occur in the British Wealden flora, but in

m}^ opinion the forms on which he lays much stress are not Dioonites

Buchianus. The reasons for this opinion will be given further on.

The finding of this plant and similar forms of late in different

regions has led to a difference of opinion as to the proper naming of this

interesting and important genus. I have had exceptional opportunities

to study this plant. There is no doubt that, with the possible exception

of Japan, it exists in the Virginia beds in greater abundance and better

preserved than anj^where else. I have seen hundreds of specimens in all

conditions of preservation. Often the fossil, as disclosed b}^ careful

stripping of the rock, was much more perfect than any portion that could

be obtained for preservation. This is a great advantage that the collector

has over one who depends on specimens preserved in collections. I

have observed that this plant is much l^etter and ofteuer preserved in

the middle upper and terminal portions of the leaves than in any other

part. The result is that nearly all the specimens figured by myself and

those given by others come from such parts. The specimens shown in

the thin clay layers found, forming numerous interstratifications with

sand layers, in the banks of Dutch Gap Canal were sometimes 18 inches

long. They could be obtained only in smaller fragments. The leaves

must originally have been 2 or 3 feet long. Xot much importance is to

be attached to the amount of obliquity in the position of the leaflets
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with reference to the midrib. Those lowest down stand at a large angle;

it may be a right angle. The nearer you approach the end of the leaf

the more oblique are the leaflets, and at the end they stand in the pro-

longation of the midrib. I regard the mode of attachment of the leaflets

to the midrib as the most important, and it certainly is the most
unvarying, feature of this plant. The leaflets are attached, not on the

face of the midrib, but to the side in the plane of its upper face. The
epidermis of the leaflet is continuous with that of the midrib. So far

are the leaflets from being articulated with the midrib that they are

remarkably persistent. They are narrowed toivard their bases, but not

at them, and there is no abrupt rounding off at the base as in Zamites,

but they are decurrent along the midrib. The terminal leaflets ai'e

always decidedly narrower than those lower down on the midrib and,

as before stated, are much more obliquel^y placed.

Nathorst, in describing specimens of this species obtained from

Japan, has proposed Zamiophyllum as the generic name for it." He
objects to the name Dioonites for this plant because it is unlike Dion in

having its leaflets narrowed toward the base and in having them obliquely

placed. He states further that he thinks it not impossible that the

plant now in question may belong to the living genus Zamia. The first

objection is the only one that holds good, for, as has been stated, the

second is not applicable to the leaflets in the lower portion of the leaf,

and, in any case, such a feature can have no great value. Perhaps it

would have been better in the original determination of the plant to have

placed it in a new genus, but it does not seem fitting to rename it with

such a generic appellation as Zamiophyllum. This suggests an affinity

with Zamia, of which there is no evidence. It differs from Zamia in the

absence of articulation of the leaflets and in their marked persistence on

the midrib. Besides, the basal portions of the leaflets differ in form

from those of Zamia. Seward, as before stated, describes a number of

fine forms that he identifies with Dioonites Buchianus." He includes

these plants in the genus Zamites, modifying the generic description

somewhat. His figures and descriptions make it plain that his fossils

are different from the Potomac forms described bj^ me as Dioonites

« Beitriige zur Mesozoischen Flora Japans, pp. 6, 7 (see synonymy, p. 245).
b Fossil Plants of the Wealden, Part II, pp. 75-86.
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Buchianus and equally plain that they are the same with the Potomac

fossil which I described as D. Buchianus obtusifolius." In my examination

of the numerous fossil specimens of D. Buchianus found in the Lower

Potomac beds they were found to exhibit great constancy in the mode
of insertion of the leaflets, when this could be made out. The only

rather common variation that occurred with sufficient definiteness to

give a basis for varietal distinction was in the narrowness of the leaflets

of certain forms, which did not arise from the leaflets belonging to the

summit of the leaves, and which did not graduate by intermediate forms

into the normal Buchianus type. This led me to regard these as a

variety (angustifolius) of the species. The separation was not based

upon any particular mode of narrowing of the parts of the leaflets, but

upon the constant recurrence of unusually narrow leaflets in the whole

leaf. It is quite possible that they may be young leaves of the normal

species. I did, however, find a single fine specimen of a plant resembling

D. Buchianus which presented obvious and important differences from

the normal forms. This is the specimen that I named D. Buchianus

obtusifolius. It has the leaflets inserted 07i the upper face of the midrib

by an articulation, and when the leaflets are separated from the midrib

they leave an elliptical scar. The points of difference from the normal

Buchianus type were so important that I hesitated long to put it in the

same species with this latter. As, however, I had found but a single

specimen with these characters, and as that occurred associated with

numerous normal forms, I did not feel justified in regarding it as more

than a variety of the species now in question. Had I found the numerous

specimens showing these features that Seward has seen I should have felt

compelled to separate it from D. Buchianus not only specifically but

generically.

The objection to giving D. Buchianus a generic name implying

affinity with the living genus Zamia—such names as Zamiophyllum of

Nathorst, and Zamites, as proposed by Seward—do not apply in the

case of my D. Buchianus obtusifolius and of Seward's plants. The name
Zamites, however, has already been applied to too many different types

of fossil cycads. Such different forms as Z. Feneonis (Brongn.) Ung.

and Z. arcticus Gopp., it would seem, ought to be separated as at least

a Monogr. U. S. Geol. Surv., Vol. XV, pp. 184-185, pi. clxviii, fig. 3.
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different subgenera. Sewai'd's plants are evidently a quite different

t^ype from these. Nathorst's Zamiophyllum Naumanni, found in the

same Japanese formation as the specimens of Dioonites Buchianus,

which he names Zamiophyllum Buchianum, is a species of the same type

as Seward's forms. It is probably specifically different from the latter.

Nathorst's Zamiophyllum Buchianum and the original Pterophyllum

Buchianum of Ettingshausen are, in my opinion, the same species as the

Potomac plant. For these I prefer to retain the name Dioonites Buchi-

anus. That name is established, and the genus is as near Dion as Zamia.

Perhaps it would be well to make a new genus for the plants with leaflets

inserted on the upper face of the midrib, like those of Seward, in order

not further to extend the application of Zamites. This new genus

might be called Zamiophyllum, as Nathorst proposed.

I think that some of the confusion that has arisen in the classifi-

cation of cycads, based partly on the mode of insertion of the leaflets,

comes from the fact that authorities have not used the descriptions

"attached to the upper face of the midrib" and "attached on the upper

face" always in the same sense. It ma}^ be meant, in the case of the

former, that the leaflets are attached, not on the upper face and within

its margin, as in the case of Seward's plants, but to the sides of it, so as

to be in the same plane with the upper face of the midrib, as is true of

Dioonites Buchianus. Certainly it is verj^ desirable that there should be

a thorough revision of the classification of the fossil cycads that are

known only by their leaves. In Monograph XV of the United States

Geological Survey, page 181, speaking of Bornemann's genus Dioonites,"

as characterized by Schimper, I made the latter say that the leaflets

are "sometimes expanded at base so as to extend up and down the rachis."

This was a translation of Schimper's words "basique leniter pro- et

decurrentibus," which he used in his synopsis of the character of Dioonites-,

given on page 128, Vol. II, of his Traite. It escaped my notice that on

page 147 of the same volume, in giving again the character of this genus,

he uses different words, viz, "e basi anguste decurrente, hand angustata.'"'

" The genus Dioonites was named and described by Miquel in 1851 (Over de Rangschikking der fossiele

Cycadese; Tijdschr. v. d. Wis-en Naturk. Wetensch., Deel IV, Amsterdam, 1851, p. 211 [7]), and is so

credited by Bornemann. Miquel did not refer Ettingshausen 's Pterophyllum Buchianum to this genus. It

was named from its resemblance to Lindle3''s living genus Dion, wrongty spelled Dioon by many authors.

—

L. F. W.
^Miquel's language for this character is as follows: "inferne retrorsum subdecurrentia."—L. F. W.
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DiooNiTES BucHiANUs ABiETiNus (Goppert) Ward n. comb/'

PL LXVII, Figs. 1-.3.

1846. PterophyUum ahetinum Gopp. in Dunker:

Monogr. d. Norddeutsch. Wealdenbildung, p. 15, pi. vii, fig. 2.

1851. Dioonites abietinus (Gopp.) Miquel: Tijdschr. v. d. Wis-en Naturk. Wetensch.

V. h. Kon.-Ned.Inst. Amsterdam, Deel IV, p. 212 [8].

1889. Dioonites Buchianus angustifolius Font.: Potomac Flora (Monogr. U. S. Geol.

Surv., Vol. XV), p. 185, pi. Ixvii, fig. 6; pi. Ixviii, fig.' 4; pi. Ixxi, fig. 2

1894. Dioonites BucTiianus angustifolius Font, in Diller & Stanton: Bull. Geol. Soc.

Am., Vol. V, p. 450.

1894. Zamiophyllum BucManus angustifolia (Font.) Yok. : Jour. CoU. Sci. Imp.

Univ. Japan, p. 224, pi. xxii, fig. 4; pi. xxv, fig. 5: pi. xxviu, figs. 8, 9.

Detached fragments of leaflets similar to Dioonites BucManus

abietinus Font., a plant occurring in the Lower Potomac of Virginia,

were found sparingly at localities Nos. 1, 9, 17, 19, and 20. Like

the similarly detached fragments resembling leaflets of D. Buchianus,

these are of doubtful character. But at locality No. 5, in the base of

the Horsetown beds, undoubted specimens, 5 in number, were found

of this plant. It is to be noted that the undoubted specimens of both

forms of D. Buchianus occur in the lower portion of the Horsetown beds.

The specimens have the leaflets attached to the midrib, and they are

uniformly narrow, even when attached, as in PI. LXVII, Fig. 1, low

down on the midrib.

One specimen of this plant was collected in Oregon. This specimen

is a fragment of a leaf that shows 7 cm. of its length, with several leaflets

on the left side of the midrib. The leaflets go off very obliquely and

onlj" their basal portions are preserved. They are 2 mm. wide, and the

nerves are not visible. This plant resembles the Potomac form depicted

in Monograph XV of the United States Geological Survey, pi. Ixvii, fig. 6.

It was collected by Mr. Will Q. Brown from a locality about one-fourth

of a mile above the town of Riddles in Oregon. It occurs in a fine-grained

n Professor Fontaine in liis Potomac Flora, p. 185, identified the Virginia plant with the form from the

Wealden of north Germany, which Dunker submitted to Goppert and which the latter in a letter to Dunker

named PterophyUum ahieiinum. Miquel five years later referred it to Dioonites. Although Professor Fontaine

reduced it to a subspecies of Dioonites Buchianus (Ett. ) Born., still under the rules of nomenclature the original

name of Goppert can not on that account be taken from it , but must remain as the name of the subspecies. The

above combination must therefore be substituted for the name that Professor Fontaine gave it {Dioonites

Buchianus angustifolius.—L. F. W.
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gray sandstone in the creek bank. This sandstone is much like that

containing the Populus'f Ricei (see p. 266), and it is probably hke

that of Horsetown age.

The size of the midrib in the specimen in PL LXVII, Fig. 1, shows

that the leaf was probably full grown, and not a young one. Fig. 2

gives leaflets attached higher up on the midrib. Fig. 3 represents the

Oregon specimen.

DiooNiTES BucHiANUS RARiNERVis Fontaine?

PI. LXVII, Fig. 4.

1893. Dioonites Buchianus rarinervis Font. : Proc. U. S. Nat. Mus., Vol. XVI, p. 264,

pi. xxxvi, figs. 3, 4.

1894. Dioonites Buchianus rarinerins Font, in Diller & Stanton: Bull. Geol. Soc.

Am., Vol. V, p. 450.

This is the terminal portion of a leaflet that in other respects, and

especially in its remote, spare nerves, agrees well with the variety rarinervis

of Dioonites Buchianus. The amount of material and the imperfect

preservation do not permit a positive identification with that variety.

It is, however, certainly D. Buchianus. This variety has been found

only in the Glen Rose flora of Texas. The specimen was found at locality

No. 11 and occurs on the same fragment of rock with the immature cone

of Abietites described on page 262.

Genus NILSONIA Brongniart.

NiLSONiA Stantoni Ward n. sp."

PI. LXVII, Figs. 5, 6.

Leaf unknown. Leaf segments mostly equal. Occasionally some

are slightly wider than the average. The segments stand generally at

right angles with the midrib, but in some cases are directed slightly

forward, so as to be somewhat falcate. They are separate to the midrib

and of the same width from base to summit. On an average they are

1 cm. wide and 15 mm. long. Their tips are rounded, truncate, or else

elliptically narrowed. The nerves are not well disclosed, but are fine,

" The name given to this species by Professor Fontaine in his manuscript was preoccupied. I therefore

name it for Dr. T. W. Stanton, who collected the specimens.—L. F. W.
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single, and close, being two to a millimeter. They stand at right angles

to the midrib. As usual in Nilsonia, the bases of the segments pass over

the margin of the midrib and meet in a raised line. This lies in the

middle of the midrib and is straight.

This is a pretty distinctly characterized Nilsonia, although the

amount of material is small and the imprints are imperfect. It is not

ver)'- near anj- hitherto described plant unless it be N. comtula Heer " from

the Brown Jura of Ajikit and Bulun in SilDeria. It is, however, more

uniform in the character of its segments than this plant, and the nerves

are not so close.

PL LXVII, Fig. 5, represents a portion of a leaf with several segments

more or less complete, which indicate the slight inequality sometimes

existing in them. Fig. 6 gives another small fragment which shows the

greater portion of a segment with its base and insertion very well pre-

served. Only the extreme tip of the segment is wanting, and it shows

well the character of the average segments. On this segment is shoAvn

a feature not uncommon in the segments of the leaves found here. This

is a slight narrowing of the segment just above the base. It is due to

distortion from pressure.

Six specimens of the plant were found. It occurs at locality No. 9,

only in small fragments of leaves, which have several segments.

Nilsonia calitornica Fontaine.

PL LXVII, Fig. 7.

1894. Pterophylluin californicum Font, in DiUer & Stanton: Bull. Geol. Soc. Am.,

Vol. V, p. 450 (nomen).*

" Flor. Foss. Arct., Vol. V, Pt. II (Beitriige zur Foss. FI. Sibiriens und d. Amurkndes), pp. 19-20, pi. iv

figs. 10-16.

''The list of species given in this paper contains the names without descriptions of all the plants that had

been collected in the Shasta group at that time, which as I have stated (pp. 140-141) were sent to Professor

Fontaine and determined by him. In his report which was sent to me on the 23d of February, 1894, and imme-

diately placed in Mr. Diller's hands, this new species was fully described as follows:

" Pter-ophyllum califor-nicum n. sp., one specimen. This is a new species of that type of Pterophyllum which

is very characteristic of the Lower Cretaceous, and is illustrated by P. Brongniarti Morris, of the Wealden of

northern Germany, and by P. concinnum Heer, of the Kome beds of Greenland. The single specimen, although

but a small fragment of a leaf, shows several leaflets, with all their character distinctly displayed. It maybe

described as follows: Ptero-phyllutn californicum. Leaf unknown: leaflets attached by a widened base to the

side of the midrib, going off at a large angle, appro.ximating a right angle, falcately curved, varying irregularly

in width. The average leaflet is 3 mm. in width and 15 mm. in length. The ends of the leaflets are very obtuse
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1894. Nilsonia pterophylloides Yok. [non Nath."]: Jour. Coll. Sci. Imp. Univ. Japan,

Vol. VII, Pt. Ill, p. 228, pi. xxii, figs. 8-10; pi. xxv, fig. 7.

1895 [1896.] Pterophyllum californicum Font, in Stanton: Bull. U. S. Geol. Surv.,

No. 133, p. 17.

A single specimen of a cycad was found at localitj^ No. 14, which

appears identical with the plant named Nilsonia pterophylloides by

Yokoyama, from strata of Neocomian age in Japan. The California

specimen, depicted in Fig. 44, is a fragment of a leaf 45 mm. long, which

bears a number of segments, some of which are entire and which are

pretty well preserved. The segments have approximately the same

shape as those of Yokoyama's plant. The nerves are about 10 in number,

single and parallel. The specimen looks a good deal like a PterophyUum,

as it has suffered somewhat from maceration, which has removed the

epidermis of the midrib, but careful inspection shows that the bases of

some of the segments are still preserved and that they pass over the

margin of the midrib to meet in its center, as in Nilsonia. The segments

are not quite so uniform in width as those of the Japanese plant, some

being slightly wider than others, but not markedly so. The length of the

segments is 15 mm. and their average width is about 6 mm. The form

is clearly one not hitherto found in the Lower Cretaceous of North America

and it is so near that of Yokoyama's plant that it seems identical. Besides

this, the Japanese beds have yielded a number of others identical with

forms from the Lower Cretaceous of North America.

and rounded. The nerves are distinct, closely placed, and in the average leaflets 8 in number, but are more

numerous in the wider leaflets, which may be half as wide again as the average ones.

" This Pterophyllum resembles in some points both of the species with which I have compared it, and appar-

ently it is a connecting link between them. Probably all three of these plants are varieties of one species. Its

general appearance is much like that of P. concinnum, so far as the shape and size of the leaflets go, but they

are somewhat wider in proportion to their length. The main difference is in the varying width of the leaflets

and the greater number of nerves. Heer's plant has commonly only 4 nerves, and at most only 6, and the

leaflets are very uniform in width. It is very near to P. Brongniarti, differing from it only in the shorter leaflets.

P. Brongniarti shows the same nervation and variability in the width of the leaflets. The plant now in question,

in the form of its leaflets, looks something like Zamites montansnsis , which I described from the Great Falls

flora, but is clearly quite different from that."—L. F. W.
" See footnote to p. 96. Professor Fontaine in his final report identified this plant with that of

Yokoyama, but as Yokoyama's name was preoccupied that of Professor Fontaine becomes the name of the

species. Though published the same year it must have antedated Yokoyama's name by several months, but

as Diller and Stanton did not publish Professor Fontaine's description, which they had before them, his name

would have had to give way to Yokoyama's if that had not been preoccupied.. As it is, Fontaine's name may

remain, and as he now refers the plant to the genus Nilsonia, the above combination is virtually his.—L. F. W.
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NiLSONiA? sAMBXJCENsis Ward n. sp."

PL LXVII, Fig. 8.

In the collections from the Shasta group of California several imprints

of a plant were found whose character is doubtful. It seems to be most

like a Nilsonia. The imprints are in the form of segments that are

detached from the midrib. Fragments detached in a similar manner

were common in the case of N. schaumhurgensis (Dunk.) Nath., which is

an abundant plant in the Geyser beds (see p. 308). The specimen

represented in PL LXVII, Fig. 8, is one of these segments. It is wider

and longer than the segments of A^. schaumhurgensis, being 2 cm. wide

and 15 mm. long. The nerves are fine, numerous, and closely placed.

They are, as in Nilsonia, single and parallel. The material is too scanty

and imperfect to permit the positive determination of this fossil. It may
be a large form of N . schaimiburgensis, for the specimens of this plant

from the Gej^ser strata show some forms that are larger than any

hitherto described. It is, except in size, exactly like some of the detached

segments of the Geyser fossils.

The plant occurs at localities Nos. 9, 18, and 19.

Genus PTEROPHYLLUM Biongniart.

Pterophyllum ? LOWRYANUM Ward n. sp.*

PL LXVII, Fig. 9.

A fragment of a detached leaflet of what seems to have been a very

large Pterophjdlum was found at locality No. 19. As the base of the

leaflet was not seen the determination of this fossil can not be positive.

As, however, it agrees well with Pterophyllum, I place it provisionally

in that genus. The terminal portion is well preserved and has the

character given in Fig. 38. The portion obtained is 4 cm. wide in its

widest part and 115 mm. long, and this is clearly only a portion of the

original leaflet. It is ensiform in shape, -with the anterior margin nearly

straight and the posterior rounded off in an elliptical manner so that the

tip is subacute. The nerves are very slender, parallel, and unbranched

« Professor Fontaine assigned no specific name to this species. It seems best to have it bear one, and the one

chosen relates to Elder Creek, on which the specimen figured and several others were found.—L. F. W.
I' The specific name given bj' Professor Fontaine to this plant had been twice used by others for different

species. I name it for Lowry, at which place it was found.—L. F. W.
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in all the portions seen. They are remote, being 1 mm. apart. Most

of them terminate in the posterior margin of the' leaflet. Although this

may not be a Pterophyllum, it is clearly a species distinct from the other

plants found in the Shasta group, and different from any Pterophyllum

hitherto found in the Lower Cretaceous or Neocomian formations. It

reminds one strongly of the great Pterophylla of the Rajmahal group of

India. Among previously described plants of the Lower Cretaceous,

it is most like Podozamites grandij'olius Font., of the Lower Potomac of

Virginia," which is itself a plant not positively determined. The nerves,

however, of the Shasta fossil are much more slender than those of the

Virginia plant and do not run so far parallel to the margin of the leaflet.

In this plant they run, with the exception of those near the anterior

margin, straight to the posterior margin, and terminate in it. It is to

be regretted that more of this fine plant was not obtained.

Genus CTENOPHYLLUM Schimper.

Ctenophyllum latifolium Fontaine?

PL LXVII, Fig. 10.

1889. Ctenophyllum latifolium Font.: Potomac Flora (Monogr. U. S. Geol. Surv.,

Vol. XV), p. 175, pi. Ixviii, figs. 2, 2a, 3.

One specimen was found at locahty No. 17 that resembles Cteno-

phyllum latifolium. of the Lower Potomac of Viriginia. The specimen

consists of fragments of three leaflets, with their bases and terminal

portions not shown. The largest portion preserved of one of these has

a length of 11 cm., but it was originally much longer. Judging from

the parts preserved the leaflets were 27 mm. wide. They are strap

shaped. The nerves are parallel and unbranched. They are strong

and rather more than 1 mm. apart. As the attachment of these leaflets

was not seen the plant may really be a large Pterophyllum of the type

of those characteristic of the Rajmahal group of India. However, as

the specimen now stands it strongly reminds one of the fine plant C.

latifolium. Font., of the Lower Potomac of Virginia. If several leaflets

of that plant had been preserved in their middle parts only and placed

in a parallel position they would have left imprints on the stone just

like those shown in the California fossil.

a Monogr. U. S. Geol. Surv., Vol. XV, p. ISO, pi. Ixxxii, fig. 2; pi. Ixxxiii, fig. 5.
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Genus ZAIMITES Brongniart.

Zamites AKCTicrs Goppert.

PI. LXVIII, Fig. 1.

1864. Zamites arcticus Gopp.: Jahresber. d. Scliles. Ges. f. Vaterl. Cult., 1863, p. 84

(nomen)

.

1866. Zamites arcticus Gopp. : Neues Jahrb. f. Min., etc., 1866, p. 134, pi. ii, figs. 9, 10.

1885. Zamites sp. Dn.: Trans. Ro.y. Soc. Canada, Sect. IV, Vol. Ill, p. 7, pi. i, fig. 4.

One specimen, which appears to be identical with the widely dis-

tributed Zamites arcticus Gopp., of the Lower Cretaceous, was found

at locality No. 19. This is a fragment of the lower part of a leaf show-

ing several leaflets. Although the fragment is small, and only a single

specimen was found, there can be no doubt as to the character of the

plant, as this type of fossil has so strongly marked features. It is clearly

a Zamites, of the type of Z. arcticus. The only question is to which

of the several species of this type it belongs. Among the Geyser fossils

(see pp. 306-310) are a number of imprints of a Zamites of the arcticus

type, belonging apparently all to one species, which shows some varia-

bility, indicating that several forms hitherto described as different

species are really slightly different aspects of Z. arcticus Gopp. Dunker

has described from the north German Wealden formation" a Zamites

of this type, which he calls Pterophyllum LyeUianum. This seems to

be a large form of Zamites arcticus. Besides the forms that he recog-

nizes as Z. arcticus, Heer has described a small Zamites of this type as

Z. brevipennis.'' Sir William Dawson has given, from the Kootanie beds

of Canada/' two forms of the arcticus type. One of these he names

Z. montana, and the other, depicted in fig. 4, pi. i, he leaves undeter-

mined. Both of these plants, as weU as Heer's Z. brevipennis, are prob-

ably Z. arcticus. This is indicated by the varying forms found in the

Geyser beds, which yield speciniens that agree well with the typical

Z. arcticus and with Dawson's plants, as well as with Z. brevipennis.

The specimen from Cahfornia, now being described, is exactly like

the plant left undescribed by Dawson, but delineated in fig. 4. The

" Monogr. d. Norddeutsch. Wealdenbildung, p. 14, pi. vi, figs. 1, la, 2.

b Flor. Foss. Arct., Vol. Ill, Pt. II, (Kreide-Flora der Arctischen Zone) p. 67, pi. xv, figs. S, 9, 10.

< On the Mesozoic Floras of the Rocky Mountain Region of Canada : Trans. Roy. Soc. Canada, Sect
.
r\', Vol.

Ill, p. 7, pi. i, figs. 6, 6a, and fig. 4.
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Geyser specimens show that these shorter and broader leaflets may be

found on the lower portions of leaves which, higher up, have longer and
narrower leaflets that are of the typical form of Z. arcticus.

Zamites tenuineevis Fontaine.

PI. LXVIII, Figs. 2, 3.

1889. Zamites tenuinervis Font.: Potomac Flora (Monogr. U. S. Geol. Surv., Vol.

XV), p. 171, pi. Ixvii, fig. 1; pi. Ixix, fig. 2; pi. Ixx, fig. 1; pi. Ixxv, fig. 3;

pi. Ixxvi, fig. 7; pi. Ixxviii, fig. 6; pi. Ixxxiv, fig. 7.

At locahties Nos. 1, 9, 12, 18, 19, 20, and 22 a number of fragments

occur that strongly suggest identity with Zamites tenuinervis Font.,

one of the most common cycads of the Lower Potomac of Virginia.

At locality No. 23 a good specimen was found, that given in PI. LXVIII,
Fig. 2. This shows the basal portion of a detached leaflet, with a good

deal of the remainder, but the tip is wanting. All the characteristics

of Z. tenuinervis except the auriculate base are shown in this specimen,

and there is no doubt that it is identical with the Potomac fossil. Some
of the supposed fragments of this plant, found elsewhere, have a decep-

tive appearance of strong nerves, which is caused by stripes of car-

bonaceous matter that adhere to some of the nerves throughout their

length. The specimen shown in PI. LXVIII, Fig. 3, is from localitv

No. 12.

Genus CYCADEOSPERMITM Saporta.

CYCADEOSPEEMtTM CALiFORNicuM Fontaine n. sp.

PI. LXVIII, Fig. 4.

A single specimen of a nut-like seed was found at locahty No. 19.

It seems to have been of a hard consistency, with a smooth surface.

It stands out prominently from the rock. It is ovate-elliptical in form,

2 mm. wide in the widest portion, and 7 mm. long. It tapers to an
acute point and has obscure striae on its surface, which can be seen

only with a lens. It seems to be a new species, but this may not be the

case, as seeds of this nature do not usually have points of character

sufficient positively to determine their true position. This is the only

seed thus far found in these collections of fossils from the Shasta group.

MON XLTUI—05 17
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Order FINALES.

Family TAXACE^.

Genus CEPHALOTAXOPSIS Fontaine.

Cephalotaxopsis ramosa Fontaine. ?

PL LXVIII, Figs. .5-7.

1889. Cephalotaxopsis ramosa Font.: Potomac Flora (Monogr. U. S. Geol. Surv.,

Vol. XV), p. 237, pi. civ, figs. 2, .3; pi. cvi, figs. 2, 4, 4a; pi. cvii, fig. 3; pi.

cviii, fig. 2.

1894. Cephalotaxopsis magnifolia Font.? in DUler & Stanton: Bull.Geol. Soc. Am.,

Vol. V, p. 4.50. (PI. LXVIII, Fig. 7.)

Some very imperfect specimens of a plant with narrow, rigid, and

short leaves, which narrow gradually toward their bases and tips, were

found at localities Nos. 13, 14, and 17. With one exception all the

specimens show only portions of detached leaves. The exception is

the form depicted in PL LXVIII, Fig. 5. This specimen is a portion

of a stout twig, with the remains of several leaves that are still attached

to it. The narrowness of these leaves and their gradual tapering toward

their bases strongly indicate that this fossil is identical with Cephalo-

taxopsis ramosa Font., a plant of the lower Potomac of Virginia. The

amount of material is, however, too small and too imperfect to permit

a positive determination of the specific character of the plant. It

clearly has the character of Cephalotaxopsis and is different from the

other plants yielded by the Shasta group.

PL LXVIII, Fig. 6, represents the terminal portion of a leaf, which

is the widest one found, and Fig. 7 is the small leaf formerh' referred

with doubt to C. magnifolia.

Cephalotaxopsis ? rhytidodes Ward n. sp.

PI. LXVIII, Fig. 8.

1894. Cephalotaxopsis sp.? Font, in Dfiler & Stanton: Bull. Geol. Soc. Am., VoL V,

p. 450.

1895 [1896]. Cephalotaxopsis sp. Font, in Stanton: Bull. U. S. Geol. Surv., No. 133,

p. 15.

There are several imprints of a Cephalotaxopsis quite different from

that identified doubtfully with C. magnifolia. The leaflets are seen

only in fragments, but enough is shown to make certain that they were
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narrower in proportion to their length and longer than those of C. 7nag-

nifolia, and the nerve is decidedly more slender. The most perfect

specimen shows a length of the part above the base to the termination

of the leaflet that equals 21 mm. The base is not shown, but the leaflet

was evidently considerably longer than the portion shown. The width
is greatest at the lower end of the leaflets, where they equal li mm. It

tapers very gradually to the end, near which it is less than 1 mm. in

width, and it ends in an acute tip. It is then certainly not Abietites.

The tapering shows that it is not Pinus and not Leptostrobus. It is

most probably a new species of Cephalotaxopsis."

Genus NAGEIOPSIS Fontaine.

Nageiopsis longifolia Fontaine?

PI. LXVIII, Figs. 9-12.

1889. Nageiopsis longifolia Font.: Potomac Flora (Monogr. U. S. Geol. Surv., VoL
XV), p. 195, pi. Ixxv, figs. 1, la, lb; pi. Ixxvi, figs. 2-6; pi. Ixxvii, figs. 1, 2;

pi. Ixxviii, figs. 1-5; pl. Ixxix, fig. 7; pi. Ixxxv, figs. 1, 2, 8, 9.

1894. Angiopteridiu?n strictinerve Font.? in Diller & Stanton: Bull. Geol. Soc. Am.,
Vol. V, p. 450. (PI. LXVIII, Fig. 12.)

1894. Nageiopsis longifolia Font. ? in Diller & Stanton: Bull. Geol. Soc. Am., Vol. V,
p. 450. (PI. LXVIII, Figs. 9, 10, 11.)

1896. Angiopteridium strictinerve Font. ? 'n Stanton: Bull. U. S. Geol. Surv., No. 133,

p. 15. (PI. LXVIII, Fig. 12.)

1895 [1896]. Nageiopsis longifolia Font. ? in Stanton: Bull. Geol. Surv., No. 133, p. 15.

(PI. LXVIII, Figs. 9, 10, 11.)

The presence of Nageiopsis longifolia Font, in the flora of the Shasta
formation can not be positively determined from the specimens found.

« The above is P.rofessor Fontaine's original description given in his first report, dated February 23, 1894,
which was sent to Mr. Diller and Dr. Stanton at that time. The species was named Cephalotaxopsis spJ and
only this name was published in their paper. In his final report on the combined collections this specimen was
returned among those referred to Cephalotaxopsis ramosa Font.? and was drawn as such, but the drawino-
brought out the fact, which seems to have been overlooked, that, unlike the other specimens, fine transverse
wrinkles or strise pass from the midrib to the margin the whole length of the leaf. I therefore hesitated to
include it among the figures of C. ramosa ?, and took the pains to return the specimen, accompanied by the draw-
ing, to Professor Fontaine and ask him how he would interpret this feature. In his reply dated July .31, 1902
he says:

' I have examined the specimen carefully with a lens. The transverse lines are distinct under the lens, but
are of unequal strength and have no definite plan. I think they are shrinkage wrinkles formed on a thick leaf,

and that the plant is most probably a Cephalotaxopsis, possibly a new species."

It seems best to regard it as a new species and consider the generic attribution doubtfu .. The specific name
chosen is intended to refer to the wrinkled appearance, while not positively implying that the appearance is due
to wrinkling. The specimen was collected at locality No. 9.—L. F. W.
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This plant was first found bj^ me in the Lower Potomac beds of Virginia,

where it is quite widely diffused. In the Shasta formation a considerable

number of fragments of narrow strap-shaped leaflets have been found that

strongly resemble those of the Potomac plant. As no entire leaflets were

found, and none of the fragments were attached, there is some doubt as to

their true place. In no point do they differ from corresponding detached

fragments of Nageiopsis longifolia. The nerves agree with those of this

fossil in being few in number and rather remote. Some of the fragments

show the basal part- of the leaflet, and this narrows very gradually, in

lancet fashion, as is the case with the leaflets of A^. longi-folia.

The specimens occur at localities Nos. 1, 9, 14, 18, 20, and 22, but

are nowhere abundant.

Nageiopsis latifolia Fontaine.?

PL LXVIII, Fig. 1.3.

1889. Nageiopsis latifolia Font., Potomac Flora (Monogr. U. S. Geol. Surv., Vol.

XV), p. 198, pi. Ixxxii, fig. .3.

189.5 [1896]. Nageiopsis latifolia Font., in Stanton: Bull. U. S. Geol. Surv., No. 133,

p. 22.

One specimen of a fragment of a large leaflet was found near Riddles,

Oreg. This is given in PL LXVIII, Fig. 13. The fragment shows a con-

siderable portion of the leaflet, with a good deal of one margin pre-

served. The leaflet seems to have been elliptical in form and of large

dimensions, for the base, extremity, and one margin are gone, and yet the

width of the part preserved is 35 mm., while its length is 85 mm. It is

much like Nageiopsis lati-folia, a plant of the Lower Potomac of Virginia.

Of course with so small an amount of imperfect material it is not possible

to positively determine the true position of this plant. The same may be

said of the Potomac plant, for the fossils found were not sufficient to fix its

place with certainty.

Family PINACEiE.

Genus ABIETITES Hisinger.

Abietites ellipticxjs Fontaine.

PI. LXVIII, Fig. 14.

1889. Abietites ellipticus Font., Potomac Flora (Monogr. U. S. Geol. Surv., Vol. XV),

p. 263, pi. cxxxii, figs. 8, 9; pi. cxxxiii, figs. 2-4; pi. clxviii, fig. 8.

1894. Abietites californicus Font, in Diller & Stanton: BuU. Geol. Soc. Am., Vol. V,

p. 450 (nomen).
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Several impressions of cones were found at locality No. 1. The}- are

ovate-elliptical in form, with thin scales, the terminal ones being apparently

spatulate in shape. The fossils are so much like Abietites ellipticus Font.,

from the Lower Potomac of Virginia, that there can be hardly any doubt
that it is the same species.

PI. LXVIII, Fig. 14, represents a fragment of a stout twig with a cone
attached that now, owing to the fracture of the rock matter occurring

through it, is shown in section. This occurs attached on the right side of

the twig. There is on the left or opposite side of the same twig a portion of

another cone which was evidently originally attached opposite to the cone
first mentioned. In the same plane with the attachment of these two
cones there is visible on the twig a prominence indicating that a third cone
was once present. This, from analogy with the opposite cones first men-
tioned, probably had one opposite to it, so that the twig bore originally a

whorl of four cones.

Abietites macrocarpus Fontaine.

PI. LXVin, Figs. 15, 16.

1889. Abietites macrocarpus Font. Potomac Flora (Monogr. U. S. Geol. Surv. Vol.

XV), p. 262, pi. cxxxii, fig. 7.

1894. Abietites angusticarpus Font, in Diller & Stanton: Bull. Geol. Soc. Am., Vol. V
p. 4.50. (PI. LXVni, Fig. 15.)

Several specimens of cones were found in the Horsetown beds which
appear to be identical with the fossil cone Abietites macrocarpus, first

described by me from the Lower Potomac beds of Virginia. They appear
to have been long and cylindrical in form and to have had numerous thin

and closely appressed scales.

The cone represented by PL LXVIII, Fig. 15, was found at locality

No. 2. It shows a stout axis with only the basal portions of some of the

scales preserved. The lower part of the cone is wanting and only the axis

of a portion of the upper part is present. The seeds, in part at least, seem
to be still present under the bases of the cone scales. They are well shown
on the left side of the axis. Thej^ are ovate-elliptical in form, narrowing to

the apex. The largest, probably because less compressed, is the lowest in

position. It is 2.5 mm. wide in its widest portion and 6 mm. long.

Another cone found at locality No. 1 and represented in Fig. 16 of the

same plate shows more of the original cone. In this the overlapping,
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closely appressed scales hide the axis. The upper portion and termina-

tion of this cone are preserved, but the basal part is wanting. The part

preserved is a little over 2 cm. wide and 52 mm. long. As this is a mere

fragment, the original cone must have had a very considerable length.

Abietites ? sp. Fontaine (immature cone).

PI. LXVIII, Fig. 17.

1894. AUetites f sp. Font, in Diller & Stanton: Bull. Geol. Soc. Am., Vol. V, p. 450

(nomen)

.

A single imprint of what seems to be an immature cone, or partially

developed fertile catkin, was found at locality No. 11. It is elongate-

elliptical in form and shows the axis with several thin scales attached. It

has a length of over 1 cm., with the tip not preserved. This fossil has

more of the character of a cone of Abietites than any other conifer, but

with so small an amount of imperfect material the precise character can

not be determined.

Genus PINUS Linnteus.

PiNUS shaste:nsis Fontaine n. sp.

PI. LXIX, Figs. 1-.3.

A considerable number of specimens of what seems to be a new
species of Pinus were found at locality No. 1. This occurs in Shasta

County, Cal., IJ miles north-northeast of Horsetown, and the plants are

obtained from t5'-pical Horsetown beds, occurring mostly in loose bowlders.

Many of the specimens show that the leaves were attached to the stems.

Most of the stems that are indicated are bits of twigs that are very stout

as compared with the leafy twigs of fossil conifers that are usually found.

The stem shown in PL LXIX, Fig. 1, is somewhat compressed by
pressure, but still retains nearly its original cylindrical form and is 1 cm.

wide. It shows projections more or less cylindrical in shape scattered

over the surface. These correspond to the insertions of the leaf bundles.

They seem to be a characteristic feature of the stems, for other specimens

that are imprints of stems show pittings that correspond to them. The
number of leaves in a bundle could not be determined. The}' show in the

best-preserved specimens a single pretty strong nerve, but most of the

imprints had evidently been more or less macerated before their entomb-

ment in rock material, and some of these give vague indications of there
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having Ijeen several nerves. There was, however, only one nerve. Most

of the impressions of leaves are unusually wide for fossil leaves of Pinus,

being not uncommonly 2 mm. wide.

PL LXIX, Fig. 1, represents a portion of a somewhat flattened stem,

with the projections mentioned before. Fig. 2 depicts a portion of a

stem that was larger than that given in Fig. 1. This fragment shows

more or less rounded pits, corresponding to the projections of Fig. 1. It

also has some fragments of leaves in the position they had when attached

to the stem. Fig. 3 represents a fragment of another stout stem. It

shows the basal portions of a number of leaves radiating from the stem,

some of them being attached to it.

Genus SEQUOIA Endlicher.

Sequoia Reichenbachi (Geinitz) Heer.'^

PI. LXIX, Figs. 4, .5.

1842. Araucarites Beiclienhachi Geiu. : Charakteristik d. Scliicht. u. Petref. d. Sachs.

Kreidebirges, Heft II, p. 98, pi. xxiv, fig. 4.

1846. Cryptomeria prim.aeva Corda in Reuss: Versteinerungen d. bohm. Kreidefor-

mation, Abth. II, p. 89, pi. xlviii, figs. 1-11.

1846. Pinus exogyra Corda in Reuss: Op. cit., p. 91, pi. xlviii, figs. 16-18.

1847. Geinitzia cretacea Endl.: Synopsis Coniferarum, p. 281.

1847. Pinites exogyrus (Corda) Endl.: Op. cit., p. 284.

1849. Araucaria Reichenhachi (Gein.) Debey: Entwurf z. e. Geogn.-Geogenst. Dar-

stellung d. Gegend v. Aachen (Nachtrage)
, p. 63.

1849. Oryptomerites primaevus (Corda) Brongn. : Tableau, p. 74.

1850. Piceites exogyrus (Corda) Gopp.: Monogr. Foss. Conif., p. 208.

1853. Cycadopsis cryptomerioides Miq.: Verh. d. Geol. Kaart v. Nederl., I. Deel,

p. 42 [10], pi. iii.

1863. Araucarites adpressus Marck: Palaeontographica, Vol. XI, p. SO, pi. xiii,

figs. 10, 11.

1867. Cunninghamites Sternbergii Ett. (excl. syn.) : Sitzb. Wien Akad., Vol. LIV,

Abth. I, p. 246, pi. i, figs. 4-6.

1868. Sequoia Reichenbachi (Gein.) Heer: Fl. Foss. Arct., Vol. I, p. 83, pi. xliii, figs.

Id, 2b, 5a, 8, 8b.

« I omit from the synonymy of this species the Conites familiaris Sternb, a Cenomanian cone from Bohemia,

the Bergeria minuta Presl, which is perhaps not the same as the Cunninghamites Sternhergii Ett., but probably

belongs to Sequoia, and the Sedites? RabenTiorsiii Gein., a twig of doubtful affinity, all of which have been

referred by different authors to Sequoia Reichenbachi, but none of which certainly belong there, and the

names of which all antedate the Araucarites Reichenbachi of Geinitz, so that their positive acceptance would

involve a change in the name of this well-known species. Such a change should be made only upon a cer-

tainty.—L. F. W.
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A considerable number of specimens of a conifer that is probably

Sequoia Reichenbachi were found at localities Nos. 1, 16, and 17. They are

most numerous at locality No. 1. They are all imperfectly preserved and

consist of small fragments of branches. Some of them show a diameter

of 5 mm. The leaves have the character of those of S. Reichenbachi.

They are comparatively long and are widest at base and decurrent. They
have a midrib and narrow gradually to their tips. They are also curved

inward toward the stem.

PI. LXIX, Figs. 4 and 5, represent portions of such leafy branches.

Fig. 5 delineates a very slender twig.

Sequoia ambigua Heer.

PL LXIX, Fig. 6.

1874. Sequoia ambigua Heer: Fl. Foss. Arct., Vol. Ill, Pt. II (Kreide-Flora der

Arctischen Zone), p. 78, pi. xxi, figs. 1, 2a, 3-8, 9a, 10a, b,c.

Sequoia ambigua Heer was found in a considerable number of speci-

mens. It occurs at localities Nos. 1, 16, and 17. It is most abundant at

locality No. 1. All the specimens consist of fragments of ultimate twigs,

containing some leaves. One of the imprints shows at the summit of the

twig traces of a cone. The specimens are not verj^ well preserved, but

show the characteristic features of S. ambigua with sufficient clearness to

render it certain that this conifer exists in the Horsetown beds.

PL LXIX, Fig. 6, represents a fragment of a stout twig, with some of'

the leaves well preserved.

Genus SPHENOLEPIDIUM Heer.

Sphenolepidium Sternbergianum (Dunker) Heer.

Pi. LXIX, Fig. 7.

1846. Muscites Sternhergianus Dunk.: Monogr. d. Norddeutsch. Wealdenbildung,

p. 20, pi. vii, fig. 10.

1849. Juniperites Sterniergianus (Dunk.) Brongn. : Tableau, p. 108.

1852. Araucarites Dunkeri Ett. in pt. : Abh. d. k. k. Geol. Reichsanst., Vol. I, Abth.

Ill, No. 2, p. 27, pi. ii, figs. 2, 3, 7, 8.

1870. Widdringtonites Dunkeri (Ett.) Schimp.: Pal. Veg., Vol. II, p. 329.

1871. Sphenolepis Sternhergiana (Dunk.) Schenk: Palaeontographica, Vol. XIX, p.

243 [41], pi. xxxvii [xvi], figs. 3, 4; pi. xxxviii [xvii], figs. 3-13.

1881. SpTienolepidium Sternbergianum (Dunk.) Heer: Fl. Foss. du Portugal, p. 19,

pi. xiii, figs, la, 2-7, 8b, pi. xiv.
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Four specimens of a conifer that agrees exactly with Sphenolepidium

Sternbergianum (Dunk.) Heer were found at locality No. 17, which is

probably in the lower part of the Horsetown beds.

The most complete specimen is that given in PI. LXIX, Fig. 7.

It represents a small portion of a penultimate branch, with a part of an

ultimate twig attached. The ultimate twig is pretty well preserved

and, with the help of a lens, shows quite distinctly the characteristic

leaves of S. Sternbergianum. It seems to have been rare.

Class ANGIOSPERM.E.

Subclass D I C O T Y L E D N E S .

Order SALICALES.

Family SALICACE^.

Genus SALICIPHYLLIIM Conwentz.«

Saliciphyllum pachyphyllum Fontaine n. sp.

PL LXIX, Fig. 8.

A single specimen of a leaf resembling a Salix was found at locality

No. 23 in the same beds with the Menispermites described below. The
specimen shows a nearly entire leaf. It is of small size and broadly

elliptical in shape, narrowing gradually to the base and apex. The
midnerve is distinct and strong, but no other nerves are visible. The
texture of this seems to have been leathery and remarkably thick. It

is probably owing to this dense consistency that no subordinate nerva-

tion is shown. The plant seems to be a new species. In some points

« It is necessary to credit this name—itcannot be called agenus—to Conwentz, who.in 1886, described it as

follows: "Novum genus omnia folia fossilia salicibus recentibus siraillima amplectens" (Die Flora des Bern-
steins, etc., von H. R. Goppert und A. Menge, nach deren Hinscheiden selbstiindig bearbeitet and fortgesetzt

von H. Conwentz, zweiter Band, Danzig, 1886, p. 43), and fully treated one species, S. succinenum Convv.

Three years later appeared Professor Fontaine's Potomac Flora, in which, p. 302, he describes Saliciphyllum as

a new genus. Although he gives it a definite character as "leaves . . . elongate-elliptical in outline, with
midnerves strong at base and much attenuated toward the summit: lateral nerves slender, the primaries

going off very obliquely and curving strongly toward the summit of the leaf, continuing approximately parallel

with the margin, but gradually approaching it;" still he says that "in the nervation, so far as it could be made
out, and in the shape of the leaves, they appear to be nearer Salix than any other genus," and it is evident that

his idea was practically the same as that of Conwentz, viz, to group together all the leaves that closely resembled
those of the living willows. If it were necessary to regard Fontaine's genus as distinct from that of Conwentz
it would also be necessary to rename it, and rather than do this it seems better to retain the name and credit it

to the author who first used it.^L. F. W.
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it is much like SaUciphyllum ellipticum Font." of the Lower Potomac

of Virginia. It may be the same species, but it widens more suddenly

and decidedly in its widest portion than do any of the Potomac leaves.

Saliciphtllum californicum Fontaine n. sp.

PI. LXIX, Fig. 9.

Another Salix-like leaf was found associated with Saliciphyllum

pachyphyllum at locality No. 23, which, however, is obviously different

from it. This, too, shows onlj' one imprint, but the reverse was

obtained in this case. Nearly the whole leaf is preserved. It is oblong

in form, with the base and summit not preserved, so that the exact

shape of the entire leaf can not be made out. It shows a slender but

distinct midrib and no other nerves. It is apparently a new species,

and, like S. pachyphyllum, hsiS a recent aspect. The texture indicates

a leaf decidedly thinner than S. pachyphyllum.

Genus POPULUS Linnajus.

PopuLTJS ? RiCEi Fontaine n. sp.

PL LXIX, Fig. 10.

This is shown in only one specimen. It is the lower part of a

dicotjdedonous leaf of small size with a thick texture. Its exact place

can not be determined from this small amount of material. As its

facies is that of Populus it is placed doubtfully in that genus. The
specific name is derived from Mr. Claude Rice, its discoverer.

The texture of the leaf is so thick that the secondary nervation

is not visible. Only the midrib and petiole can be seen. The basal

portion of the leaf is well preserved, showing distinctly its shape, with

the midrib and a portion of the petiole. The latter is curved, prob-

ably as an accident in preservation. The midrib is strong, but fiat.

The leaf narrows to a wedge, shape at its base.

This specimen was found by Mr. Claude Rice in the Cow Creek

Valley, on Wilson Creek, 25 miles southeast of Buck Mountain in Ore-

gon. It occurs in a fine-grained gray sandstone, which is of Horsetown

age, as is shown by the shells that the rock contains.

a Monogr. U.S.Geol. Surv., Vol. XV, p. 303, pi. cxivi.figs. 2, 4; pi. cl,fig. 8; pi. clxiii, fig. 5; f>\.
clxvii,fig. 2.
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Order PROTEALES.

Family PROTEACEiE.

Gemis PROTE.EPIIYI.LUM Fontaine.

Prote^phyllum californicum Fontaine n. sp.

Pl.LXIX, Fig. 11.

Two specimens of what seems to be an archaic form of dicotyledon

were found at locality No. 18, in the upper part of the Knoxville or

Aucella beds. The specimens are small fragments which are not suffi-

cient to give any idea of the form, size, and shape of the leaf of which

they are a part.

The fragment shown in PI. LXIX, Fig. 11, seems to have come

from the margin of the leaf. It shows a principal nerve, probably not

principal of the leaf, which seems to have run, in the part displayed,

parallel with the margin of the leaf. This nerve sends off branches

nearly or quite at right angles with itself, and bends sharply at the

point where the branch is given off, so that it is flexuous in its course.

In the specimen figured these nerves in most cases make angles some-

what greater than right angles with the principal, but this seems due

to a slight distortion, for in the other specimen they go off at right angles.

The nerves of the second order on the specimen seem to have united

to form loose or stragghng and irregularly shaped quadratic meshes.

This sort of nervation is similar to that of the old types of dicotyledons

found by me in the lowest Potomac beds of Virginia," which were

grouped under the generic name Protesephyllum. At the same time

it should be stated that this type of leaf is much like the forms called

Dictyophyllum by some authorities. These are, in my opinion, archaic

and synthetic types of dicotyledons. Schenk has described a leaf of

this tj^pe " from the Wealden of Hanover with the name Dictyophyllum

Roemeri.

There is not enough material to determine positively whether or

not this California plant is a new species. It is quite possible that it

may be identical with some of the Potomac forms.

« Monogr. U. S. Geol. Surv., Vol. XV, pp. 281-282.

6 Die Foss. Flor. der Nordwestdeutsch. Wealdenform., p. 22, pi. x, fig. 3 (Palaeontographica, Vol. XIX,

p. 224, pi. xxxi, fig. 3).
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Order RANALES.

Familj^ MENISPERMACEiE.

Genus MENISPERMITES Lesquereux.

Menispeemites calitornicus Fontaine n. sp.

PI. LXIX, Figs. 12-14.

Several specimens of what appears to be a new species of Menis-

permites were found at locality No. 23 in what is probably the top of

the Horsetown l^eds. The specimens are all small fragments of leaves

that do not suffice to show the shape and size of the leaves to which

they belonged. They evidently came from leaves of different sizes and

possibly from two different species of Menispermites. The nervation,

however, is so markedly like that of the genus that there can be little

doubt that it is present.

PL LXIX, Fig. 12, represents what appears to oe the basal portion

of a small leaf. This shows a main nerve from which, near its base,

two subordinate nerves go off opposite each other. From these last

minor nerves go off nearly at right angles and unite to form irregular

quadrangular meshes. Fig. 13 gives a fragment of what must have

been a rather large leaf, possiblj^ of a different species from that repre-

sented by Fig. 12. There is in this fragment a principal nerve from

which subordinate nerves go off, and these send off minor nerves, as

in Fig. 12. But the ultimate nerves in the fragment depicted in Fig. 13

are much slenderer than those of that shown in Fig. 12. Probably

the reason is the fact that the latter fragment comes from the basal

portion of a leaf. Fig. 14 depicts a fragment of a leaf showing the char-

acteristic dichotomous forking of the terminal portion of one of the

principal nerves.

Order SAPINDALES.

Family SAPINDACEiE.

Genus SAPINDOPSIS Fontaine.

Sapindopsis okegonensis Fontaine n. sp.

PI. LXIX, Figs. 15-17.

Two specimens of what seems to be the same species of dicotyledon

were obtained from Oregon.
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The one represented in PL LXIX, Figs. 15 and 16 (counterparts),,

shows the basal portion and petiole, while the specimen Fig. 17 gives

the upper part of the same kind of leaf. The leaf shown ii>Figs. 15 and

16 was collected by Will Q. Brown at the locality that yielded the

Dioonites Buchianus abietinus and in the same sandstone. The speci-

men shown in Fig. 17 was collected by Mr. Claude Rice from a locality

given as "near Riddles, Oreg., Horsetown beds." The rock material

containing both imprints is exactly alike, and it is probably the same

stratum, although this is not stated on the labels. The specimens are

evidently parts of the leaves of Sapindopsis, and it may be one of the

forms of that genus found in the Lower Potomac of Virginia and Mary-

land. I am, however, induced to regard it as a new species on account

of the length of the petioles, which much surpasses that of any of the

previously described , species. The species of the Lower Potomac have

the uppermost leaflets of the compound leaf consolidated. Lower

down they are sessile, and in the lowest ones a very short petiole is shown.

It may be that in leaflets lower than any found in the Potomac species

the petiole becomes as long as that of the Oregon plant. It is note-

worthy that the Potomac compound leaves preserved in the fossil state

show only the leaflets toward the end of the compound leaf. The leaf

texture of Sapindopsis oregonensis is so thick and coriaceous that the

surface is smooth and shining, while the secondary nervation is hidden.

The midrib, however, is strong. The leaflet was narrowly elliptical in

form and probably 6 cm. long, with a width in the widest part of 12 mm.

Order ROSALES.

Family CESALPINIACE^.

Genus ACACI^PHYLLUM Fontaine.

AcAci^PHYLLUM ELLiPTicuM Fontaine n. sp.

PI. LXIX,' Fig. IS.

Two leaves were found in the Shasta formation that strongly

resemble those from the Lower Potomac strata of Viriginia which have

been described by me " under the generic name Acacisephyllum. One

n Monogr. U. S. Geol. Surv., Vol. XV, p. 279.
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of these, for which the specific name ellipticum is proposed, was found

in a single specimen at locahty No. 4 in the Horsetown beds. This

shows the entire leaf, with the exception of the extreme tip. It is

small and elliptical in form. It is inequilateral at base, the midrib

being there closer to the margin on one side than on the other. The
texture of the leaf is thick and firm. A slender midnerve is shown,

but the other nervation is indistinct. There are traces of slender nerves

that are sent off under a very acute angle and are directed toward the

tip of the leaf, as in the Potomac Acacigephyllum.

AcaciaPHYLLUM pachyphyllum Fontaine n. sp.

PL LXIX, Fig. 19.

The impression, with its reverse, of a small leaf was found at locality

No. 19, in the Knoxville beds. This leaf is remarkably thick and leathery,

so as to obscure all its nervation, even the midrib. This thick character,

its shape, and its small size make the imprint left by it resemble some-

what that of a nut. It is broadly elliptical in form, with the full width

maintained nearly to its tip, where it is verj^ obtusely rounded off. It is

narrowed gradually to its base, so that it tends to a spatulate form. The

midrib is apparently very slender and is not distinctly shown. No
other nervation is visible. In form this leaf very much resembles Acacice-

phyllum spatulatum Font., of the Potomac beds," but although the

texture of that plant is thick, as is characteristic of the Acacisephylla,

that of the plant now in question is decidedly thicker.

GENERAL REMARKS AND CONCLUSIONS.

This completes the description of all the identifiable plants found

in the collections made in the Shasta formation of California and Oregon.

The following lists give these plants arranged according to the divisions

of the Shasta and Chico formations in which they occur. This grouping

will serve to show the distribution of the plants in the formations, and

will indicate any changes that took place in ascending from the Knoxville

through the Horsetown beds to the base of the Chico, the lower member
of the Upper Cretaceous. A reference to the list of localities, with their

geological horizons, will show that Nos. 2, 8, and 21 are given as belonging

a Monogr. U. S. Geol. Surv., Vol. XV, p. 280, pi. cxxxviii, figs. 4, 6-9.
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to the base of the Chico. Very few plants come from them. The plants

described in this paper, or rather the different specimens, ascribed to

various genera and species, have very different values for throwing light

on the character of the flora. Some of the specimens can be positively

determined, others are of very doubtful character, and their assignment

to this or that species or genus means simply that the specimen is more

like the form with which it is identified than any other. I will try to

indicate in the lists the degree of positiveness with which the determina-

tion of a given plant, assigned to this or that horizon, has been made."

Plants occurring in the Shasta or Lower Cretaceous beds.

I. In the Knoxville or lower member only

:

1. Dicksonia pachyphylla Font. n. sp. Only one doubtful specimen.

2. Thyrsopteris rarinervis Font. ? Few and very doubtful fragments.

3. Cladophlebis parva Font. Imperfect specimens.

4. Cladophlebis falcata Font. Numerous, and some fine specimens.

5. Cladophlebis Ungeri (Dunk.) Ward n. comb. Two very small fragments.

6. Gleichenia Nordenskioldi Heer ? Doubtful specimens.

7. Sagenopteris ManteUi (Dunk.) Schenk. Good specimens.

8. Hausmannia? californica Font. n. sp. Only one very doubtful specimen.

9. Cladophlebis alata Font.? Doubtful specimens.

10. Equisetum texense Font. ? Very doubtful specimen.

11. Nilsonia Stantoni Font. n. sp. Fairly good specimen.

12. NUsonia californica Font. A single but very good specimen.

13. Nilsonia? sambucensis Ward n. sp. A few doubtful fragments.

14. Pterophyllum ? lowryanum Ward n. sp. One very doubtful specimen.

15. Zamites arcticus Gopp. Only one, but a distinct specimen.

16. Cycadeospernuni californicum Font. n. sp. A single but very distmct

specimen.

17. Cephalotaxopsis?rhytidodes Wardn. sp. Several specimens.

18. Abietites? sp. Font, immature cone. A single specimen of doubtful char-

acter.

19. Protesephyllum californicum Font. n. sp. A single and doubtful specimen.

20. Acaciasphyllum pachyphyllum Font. n. sp. A single but distinct specimen.

a The following four species are not included in Professor Fontaine's discussion, having, except in one

. case, been sent to him since his report was received:

1. Gleichenia Gilbert-Thompsoni Font. n. sp. (see p. 232). It comes apparently from the extreme upper

Horsetown beds; perhaps from the base of the Chico.

2. Dioonites Buchianus rariiierms Font. ? This was included in his first report, from which the description

is taken, and the name published by Diller and Stanton. It is a small piece of a leaf on the same stone with

the immature cone of Abietites, and was overlooked in the final report. It comes from the Knoxville beds.

3. Populus'i Bicei Font. n. sp. This certainly comes from the Horsetown beds.

4. Sapindopsis oregonensu Font. n. sp. This is also from the Horsetown beds.—L. F. M .
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II. In the Horsetown or upper member only:

1. Sagenopteris oregonensis Font. n. comb. Two good specimens and one

doubtful one.

2. Ctenopteris integrifolia Font. ? Two very imperfect specimens.

3. Dioonites Dunkerianus (Gopp.) Miq. Several fair specimens.

4. Ctenophjdlum latifolium Font.? One imperfect specimen.

5. Nageiopsis latifolia Font. ? A single doubtful specimen.

6. Abietites ellipticus Font. SeTsral very distinct specimens.

7. Abietites macrocarpus Font. Several imperfect specimens.

S. Pinus shastensis Font. n. sp. A considerable number of specimens, some

quite good.

9. Sequoia Reichenbachi (Gein.) Heer. Several distinct specimens and a large

number of doubtful ones.

10. Sequoia ambigua Heer. A considerable number of undoubted specimens.

11. Sphenolepidium Sternbergianum (Dunk.) Heer. Four quite distinct speci-

mens.

12. Saliciphyllum pachyphyllum Font. n. sp. Only one, but a good specimen.

1.3. Saliciphyllum californicum Font. n. sp. Only one, but a very good speci-

men.

14. Menispermites californicus Font. n. sp. Several very imperfect specimens.

1.5. Acaciseph^dlum ellipticum Font. n. sp. Only one, but a good specimen.

III. In both Knoxville and Horsetown beds:

1. Sagenopteris nervosa Font. n. sp. A considerable number of specimens,

several quite good.

2. Angiopteridium canmorense Dn. ? A good many specimens, but all imperfect.

3. Angiopteridium strictinerve Font. Numerous fragments, some quite dis-

tinct.

4. Angiopteridium strictinerve latifolium Font. A number of small fragments,

mostlj' quite poor.

5. Dioonites Buchianus (Ett.) Born. Good and undoubted specimens occur

only in basal Horsetown beds. Doubtful fragments occur on other horizons of

the Horsetown and in the Knoxville beds.

6. Dioonites Buchianus abietinus (Font.) Ward. Several undoubted speci-

mens were found only in the basal Horsetown beds. Doubtful fragments only were

found in the Knoxville beds.

7. Zamites tenuinervis Font. Doubtful fragments occur in the KnoxvUle and

Horsetown strata, and one good leaf in the upper Horsetown beds.

8. Cephalotaxopsis ramosa Font. ? A few quite perfect fragments.

9. Nageiopsis longifolia Font.? All are doubtful fragments, which, in the

Knoxville beds, are not rare. Onlj^ one in the Horsetown beds.

IV. In Knoxville, Horsetown, and base of the Chico:

1. Cladophlebis Browniana (Dunk.) Sew. Numerous imperfect fragment^

which are most common in the Knoxville beds.



FLORA OF THE SHASTA FORMATION. 273

2. Sagenopteris elliptica Font. Several fair specimens. Those in the Knoxville

occur in the upper beds.

Y. In the Knoxville and the base of the Chico

:

Matonidium Althausii (Dunk.) Ward. Two very imperfect fragments, one in

each formation.

It will be noticed that these plants indicate decidedly a Lower

Cretaceous age for the Shasta formation. The plants that have been

hithei'to recognized in other regions occur in widely separated formations

of that age, such as the Wealden of northern Europe, the Neocomian of

Japan, the Lower Potomac, the Comanche, and the Great Falls beds.

In the Knoxville the flora has an older character than that of the Horse-

town, at least in the greater deficiency of younger elements, such as the

dicotyledons. All the dicotyledons of modern aspect occur in the upper

part of the Horsetown beds. These are, it is true, very few in number,

and imperfectly made known b}' the specimens obtained, but they suggest

the idea that the upper Horsetown beds are of about the same age as

the Aquia Creek beds of the Lower Potomac of Virginia and Maryland,

as limited by Professor Ward. The Knoxville and the lower portion

of the Horsetown strata have a flora more like that of the James River

or lowest member of the Potomac of Virginia. The few plants from the

base of the Chico do not indicate any marked change from the Shasta

flora, but they do not suffice to give the character of the flora of the

basal Chico beds.

CYCADEAN TRUNKS FROM THE SHASTA FORMATION.

Fossil cycadean trunks have been found in the Mesozoic beds of the

United States at many points east of the Rocky Mountains and on their

eastern slopes, viz, in the States of Maryland, Kansas, Colorado, South

Dakota, and Wyoming, but until lately their occurrence on the Pacific

slope had not been reported. On September 19, 1900, Dr. T. W. Stanton

obtained a fine and nearly perfect trunk in California. The conditions

under which this trunk was secured are set forth in the following note

which Doctor Stanton kindly furnished me at the time he turned over

the specimen, on November 14 of that year:

The cycad from Colusa County, Cal., was found on the ranch of Mr. B. P. Pryor,

in the valley of Grapevine Creek, about 6 miles west of Sites, on the road to Stony

Ford. The specimen was in the front yard at the ranch house and Mr. Pryor says

MON XLTIII—05 18



274 MESOZOIC FLORAS OF UNITED STATES.

it was there when he moved to the place several years ago, the previous occupant
of the house having been his uncle. He is confident that it was picked up in the

field near by, and he showed me another cj^cad fragment, badly weathered, that

had evidently formed part of a large specimen, stating that he himself had found
this specimen in his plowed field. There were also fragments of rock with lower

Chico invertebrates that had been picked up in the same field, and he directed me
to a locality near by, on beds whose strike would carry them up the valley through

this field, where Chico fossils were found in place.

The valley of Grapevine Creek is here not more than one-fourth to one-half

mile wide and nearly parallel with the north-south strike of the strata exposed in

high ridges on either side. A short distance up the creek (south), however, its

course changes so that its source is some miles to the westward, and it probably

crosses both Knoxville and Horsetown beds, though no direct paleontologic proof of

this was found. Assuming that the cycad was brought to Pryor's field a greater or

less distance by Grapevine Creek, the possible sources of the specimen seem to be

limited to the Knoxville, the Horsetown, and the lower Chico, with the probabilities

in favor of one of the two last named.

From the above there seems to be some doubt whether the specimen

really came from the Shasta formation or from the overhdng Chico, but

the probabilities are so largely in favor of the Horsetown age of the beds

containing it that it is tolerably safe to treat it under this head.

The trunk certainly belongs to the genus Cycadeoidea as this genus

has been delimited in my previous papers." It is of about the average

size of those found in the Potomac formation of Maryland and the Lakota

formation of the Black Hills. Although much compressed laterally, the

shape is ovate or subconical, tapering uniformly from base to near the

summit, where it is rounded off. It is much more flattened above than

below, and the compression has been chiefly on one side, where the scars

are distorted, and above the middle there is a deep and large circular

depression, as if a stone had lain upon that part and forced the surface

inward. This pressure seems also to have come more from above, so as

to make the scars downwardly appressed. The upper edge is thin and

a small triangular piece has been broken out of it a little one side of

where the axis comes through. There is no distinct terminal bud, but

neither is there any depression caused by the loss of the apical leaves.

The base is very even and smooth, looking almost as if it had been ground.

« Proc. Biol. Soc. Washington, Vol. IX, April 9, 1894, p. 79; Vol. XI, March 31, 1897, pp. 6-9; Proc. U. S
Nat. Mus., Vol. XXI, 1898, pp. 196-229; Nineteenth Ann. Rep. U. S. Geol. Surv., Pt. II, 1899, pp. 598-602
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The central part of the medulla has decayed out, leaving a deep cavity
or hollow 7 cm. deep and 6 by 10 cm. in diameter. The whole interior

seems to be pure silica, and strong hydrochloric acid produced no reaction
when applied to the fracture at the summit or to the smooth base, but
over the rest of the surface there was a calcareous wash without appre-
ciable thickness, and when immersed in an acid bath it was removed
without materially altering the tissues or changing the color.

The trunk stands 23 cm. high, and the diameters at the base are

17 cm. and 34 cm., respectively, giving a girth of 86 cm. About midway
of the trunk the girth is reduced to 78 cm., and near the summit to 60 cm.
Here it is much more flattened, the minor diameter being only 5 cm.
It weighs 58.47 kg. The remaining characters are specific and will be
described as such.

The genus Cycadeoidea has been referred to an order distinct from
the Cycadales and called the Bennettitales, and to a family distinct

from the Cycadacea?, called the Bennettitacese. The reproductive
organs, according to Solms-Laubach, indicate a less advanced type of

vegetation than the living Cycadacese," and they should therefore precede
the latter in the ascending order according to the classification of Engler
and Prantl adopted in this paper. It should, however, be remarked
that the reference of, the leaf impressions of cycadaceous fossil plants to

the Cycadacese is made on account of our ignorance of their true system-
atic position, as no reproductive organs are found attached to them. It

is altogether probable that the trunk here described bore the leaves of

some of the genera found in the same beds, but it is impossible to deter-

mine which one of them. It will probably prove, should the connection
ever be made, that nearly all Mesozoic genera of cycads really belong to

the Bennettitales.

I am unable to refer .the present trunk to any of the species of

Cycadeoidea hitherto described, and am therefore obliged to regard it

as forming a new species. I name the species after its discoverer, Dr.
T. W. Stanton.

eMr.Worsdell has come to the contrary conclusion, but upon evidence which, so far as I am capable of
weighing it, is not satisfactory. The affinities of the Mesozoic fossil Bennetiites Oibsonianus Carr., by W. C.
Worsdell. Annals of Botany, Vol. XIV, No. 50, December, 1900, pp. 717-721.
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Genus CYCADEOIDEA Buckland.

Ctcadeoidea Stantoni Ward n. sp.

PI. LXX.

Trunk of medium size (23 cm. high, 17 by 34 cm. in cUameter),

conical, much compressed laterally, unbranched, of a light-gray or ash

color, firmly silicified, fine grained, rather hard, and of a medium specific

gravity; organs of the armor horizontal, except near the summit, where

they are increasingly ascending, becoming vertical at the apex; leaf

scars forming two distinct series of spiral rows around the trunk, those

from left to right forming an angle of 30° and those from right to left an

angle of 45° with the axis; scars subrhoml^ic, large, and well developed,

3 cm. wide, 5-15 mm. high; leaf bases hard, firm, and fine grained, not

porous, their summits sometimes 15 mm. below the surface, sometimes

rising 1 cm. above it, but in most cases nearly on a level with it, usually

rounded and convex, occasionally broken across, showing a smooth

fracture, but more frequently scaled away so as to show an outer layer

and a circle of protuberances, which consists of the scars of the vascular

bundles, a second circle of bundles occurring farther inward, and scattered

ones near the center; ramentaceous walls 5 mm. to 1 cm. thick, hard

and firm, presenting a creased and plaited appearance with sharp ridges

and Interrupted grooves, the middle groove representing the union of

the contiguous plates; reproductive organs not prominent, very anom-

alous, perhaps mostly abortive, very numerous, occupying all the inter-

spaces among the leaf scars, very small and indefinite in shape, and only

represented by clusters of large and deep pits which fill the angles and

occur between the walls of the leaf scars ; most of these pits apparently

scars of the involucral scales which have disappeared, subtriangular,

subrhombic, or somewhat crescent-shaped, 4 mm. by 8 mm. in diameter,

other more central and circular ones probably representing the essential

organs; armor 3 cm. thick on the sides and 7 cm. thick at the ends of

the elliptical base, where alone it can be seen, averaging about 5 cm.;

woody axis undifferentiated, 6-15 cm. thick, hard and firm; medulla

8 cm. by 12 cm. in diameter, somewhat distinctly separated from the
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wood, having a very hard and fine-grained sheath 1-2 cm. thick sur-

rounding the large, coarse-grained, reddish, sandy-appearing interior,

which is much decayed and hollowed out in the only specimen known.

PI. LXX represents the best preserved side of the specimen.

FXiORA OF THK KOOTAIS^IE FORMATION.

The name "Kootanie series" was first used l)y Dr. George M. Dawson
in some notes furnished by him to his father. Sir William Dawson, in

1885, based on field explorations made in 1884 in the Rocky Mountain

region of Alberta, north of the forty-ninth parallel, in the course of which

collections were made from various horizons, but then for the first time

from beds in the Lower Cretaceous, and it was to these beds that the

name was applied. The only fossils found in the beds were remains of

plants, of which a considerable collection was made. These plants were

determined by Sir William Dawson, and descriptions and figures were

embodied in a paper presented by him to the Royal Society of Canada

on May 27, 1885, in which were also contained the notes furnished by
Doctor Dawson." The principal localities for the plants were Martin

Brook, or Martin Creek; North Fork of Old Man River; near Canmore;

North Kootanie Pass; entrance to Kootanie Pass; Coal Creek; and

Crows Nest Pass. Twenty-two forms are described. Eight of these

were new and the other 14 were identified with Lower Cretaceous and

Jurassic species previously known, a few of them occurring also in Upper
Cretaceous beds.

About the same time. Dr. J. S. Newberry made an exammation of

the Great Falls coal basin in Montana, but did not succeed in finding

any fossils by which its age could be determined. A little later, however,

Mr. R. S. Williams, a botanist living at Great Falls, discovered impres-

sions of plants in a railroad cutting 5 miles above the mouth of Sun River,

which he sent to Doctor Newberry, who determined them and found

among them one of the new species described by. Dawson in the paper

last mentioned, viz, the Zamites montana Dn., also the Sequoia Smittiana

Heer, a Lower Cretaceous species from Greenland (Kome beds), which

was also found in the Kootanie and figured by Dawson.

a On the Mesozoic floras of the Rocky Mountain region of Canada, by Sir William Dawson : Trans. Roy. Soc.

Canada, Vol. Ill, Sect. IV, 1885, pp. 1-22, pi. i-iv. The Kootanie is named and described on p. 2 of this paper.



278 MESOZOIC FLORAS OB^ UNITED STATES.

In announcing these results in 1887 Doctor Newberrj^ says:

These plants prove beyond question that the Great Falls coal basin is of the

same age with those that have been described north of the boundary line by Dr.

George M. Dawson, in what he has designated as the Kootanie series. Judging

from the absence of dicotyledonous leaves, this formation, like that of Kome,
Greenland, belongs to the lower half of the Cretaceous system, and is older than

the Dakota group."

In a paper by Sir William Dawson published in 1888* and containing

a section designed to show the successive floras and subfloras of the

Cretaceous in Canada, he sa^'^s:

The Kootanie series should probably be placed at the base of the table as a

representative of the Urgonian or Neocomian, or, at the very least, should be held

as not newer than the Shasta group of the United States geologists, and the Lower

Sandstones and Shales of the Queen Charlotte Islands. It would seem to corre-

spond in the character of its fossil plants wdth the oldest Cretaceous floras recognized

in Ein-ope and Asia, and with that of the Kome formation in Greenland, as described

hj Heer. No similar flora seems j^et to have been distinctly recognized in the

UTnited States, except, perhaps, that of the beds in Maryland, holding cycads,

wliich were referred many years ago by Tyson to the Wealden. .

When the railroad then in construction from Helena to Great Falls

reached the latter town, some of the cuttings passed through shales con-

taining lenticular nodules of iron ore which had formed around vegetable

matter, and these nodules when broken open often revealed impressions

of plants, some of them very clear. Mr. Williams collected some of these

and sent them to Professor Dana, who submitted them to Doctor New-

berry for determination. The latter gave the results of his examination

in a paper published in 1891.'' In this paper 8 new species are described

and figured, but the collection contained in addition 11 species that

Professor Fontaine had described from the Potomac formation in Virginia.

These were identified by Professor Fontaine himself, to whom Doctor

Newberry had sent the specimens. It also contained a considerable

numioer of species occurring in the Lower Cretaceous deposits, especially

from the Kome beds of Greenland. Three of the species were among

those found in the Kootanie of Alberta.

« School of Mines Quarterly, Vol. VIII, July, 1887, p. 329.

b Cretaceous floras of the Northwest Territories of Canada, by Sir William Dawson: Am. Naturalist, Vol.

XXII, November, 1888, pp. 953-959.

<-' Flora of the Great Falls coal field, Montana, by J. S. Newberry ; Am. Journ. Sci., 3d ser., Vol. XLI, March

,

1891, pp. 191-201, pi. xiv.
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Other collections were made not only by Mr. Williams but also by
Mr. 0. C. Mortson, Dr. A. C. Peale, Dr. F. H. Knowlton, and Mr. W. H.

Weed.' Several of these collections found their way to Washington and

were sent to Professor Fontaine for determination. His report upon them
was published in 1892." In this paper 15 species and varieties are

enumerated, 6 of which were new. Of the others 1, Pecopteris Browniana

Dunk, (now referred to Cladophlebis), had been previous^ reported from

the Great Falls coal field, 5 were Potomac plants, and 3 were Lower

Cretaceous or Wealden plants of Ai-ctic or European beds. The new
species, Zamites montanensis, is a iDeautiful frond with a decidedly Jurassic

aspect. It is not to be confounded with the Zamites montana of Dawson
from the Kootanie of Alberta, a much smaller plant.

In 1891 Mr. H. M. Ami and Dr. Hayden made collections of fossil

plants from the Kootanie in the Cascade coal basin of the Rocky Moun-

tains, which were worked up by Sir William Dawson and reported upon

the following year.'' The material must have been poor, as many oi the

forms were not specifically determined, but the new species Angiopteridium

canmorense, which has now been found in the Shasta formation of Cali-

fornia, was among them. Beyond this these collections added little to

what had previously been obtained. At the close of the paper all the

species known from the Kootanie are enumerated, and the Queen Charlotte

Islands beds are correlated with these, although there are no species com-

mon to both regions. As to the probable age of the Kootanie he saj^s

(p. 93):

With reference to the age of the above flora, it is to be observed that the species

are almost entirely different from those of the Middle and Upper Creteceous, that

they include some forms usually regarded as Jurassic, but that the greater number
have the facies of the Lower Cretaceous. It is also observable that no angiosper-

mous exogens are included, though had these been present at least in any consid-

erable numbers they could scarcely have escaped detection. In the next succeed-

ing or Mill Creek Group plants of this type occur, though not in large numbers.

In the Potomac Formation of Fontaine there are, however, considerable numbers

of true exogens.

These facts seem to indicate that the Kootanie flora belongs to the lowest

portion of the Cretpaceous, and may be a little older than that of the main part of

" Description of some fossil plants from the Great Falls coal field of Montana, by William M. Fontaine: Pioc.

U. 8. Nat. Mus., Vol. XV, Washington, 1892, pp. 487-495, pi. Ixxxii-lxxxiv.

'' Correlation of early Cretaceous floras in Canada and the United States, by Sir William Dawson: Trans.

Roy. Soc. Canada, Vol. X, Sect. IV, 1892, pp. 79-93.
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the Potomac Formation. It will be observed that while individuals of some species

are abundant in the collection, they are in a condition so imperfect that some doubts

must rest on their identification, and further investigation may throw mucli light

on their age and affinities. There can, however, be scarcely any doubt as to their

general reference to the Neocomian group of the Lower Cretaceous, and to the

lower part of the earlier or Lower Cretaceous as held by the Canadian Geological

Survey, and as recently fully illustrated for the United States in the Bulletin of the

United States Geological Survey.

The following list embraces all the Kootanie plants that had been

reported prior to the year 1895, when I visited the Great Falls coal basin

and made my collection

:

Angiopteridium canmorense Dn Canada.

Anomozamites acutiloba Heer ? Canada.

Anomozamites sp. Dn Canada.

Anthohthes horridus Dn Canada.

Asplenium Dicksonianum Heer Canada.

Asplenium distans Heer Canada.

Asplenium martinianum Dn Canada.

Baiera brevifolia Newb Great Falls.

Baiera longifolia (Pom.) Heer Canada.

Baieropsis sp. Dn Canada.

Carpolithus virginensis Font Great Falls.

Carpolithus sp. Dn Canada.

Cephalotaxopsis sp. Dn Canada.

Chiropteris spatulata Newb Great Falls.

Chiropteris Williamsii Newb Great Falls.

Cladophlebis angustifolia Newb Great Falls.

Cladophlebis Browniana (Dunk) Sew Canada and Great Falls.

Cladophlebis constricta Font. ? Great Falls.

Cladophlebis distans Font. « Great Falls.

Cladophlebis falcata Font Canada.

Cladophlebis heterophylla Font Great Falls.

Cladophlebis parva Font Great Falls.

Cladophlebis sp. Dn Canada.

Cycadeospermum rotundatum Font. ? Great Falls.

Cyperites sp. Dn Canada.

Dicksonia sp. Dn - Canada.

Dioonites borealis Dn Canada.

Dryopteris angustipinnata montanensis (Font.) Kn Great Falls.

Dryopteris fredericksburgensis (Font.) Kn Great Falls.

Dryopteris monocarpa (Font.) Kn Great Falls.

Dryopteris montanensis (Font.) Kn Great Falls.
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Equisetiim Lyellii Mant Canada and Great Falls.

Ginkgo lepida Heer Canada.

Ginkgo nana Dn Canada.

Ginkgo sibirica Heer_ _ .
Canada.

Gingkosp. Dn. (nuts) Canada.

Glyptosti'obus grcenlandicus Heer Canada.

Glyptostrobus ramosiis Font Great Falls.

Leptostrobus longifolius Font Canada.

Oleandra arctica Heer Great Falls.

Osmunda dicksonioides Font Great Falls.

Pagiophyllum sp. Dn Canada.

Pecopteris microdonta Font Great Falls.

Pecopteris montanensis Font Great Falls.

Pinus anthraciticus Dn Canada.

Pinus Nordenskioldi Heer Canada.

Pinus susquaensis Dn Canada.

Podozamites distantinervis Font. ? - Great Falls.

Podozamites lanceolatus (L. & H.) Fr. Br_'_ Canada.

Podozamites latipennis Heer Great Falls.

Podozamites latipennis Heer Great Falls.

Podozamites nervosa Newb Great Falls.

Sequoia acutifolia Newb Great Falls.

Sequoia ambigua Heer? Great Falls.

Sequoia fastigiata Heer ? Great Falls.

Sequoia gracilis Heer Great Falls.

Sequoia Reichenbachi (Gein.) Heer Great Falls.

Sequoia rigida Heer Great Falls.

Sequoia Smittiana Heer Canada and Great Falls.

Sphenolepidium pachyphyllum Font. ? Canada.

Sphenolepidium virginicum Font Great Falls.

Spenolepidium sp. Dn • Canada.

Sphenopteris latiloba Font Canada.

Sphenopteris sp. Dn Canada.

Taonurus incertus Dn Canada.

Taxodium cuneatum Newb Canada.

Thyrsopteris brevifolia Font. ? Great Falls.

Thyrsopteris brevipennis Font Great Falls.

Thyrsopteris insignis Font . Great Falls.

Thyrsopteris microloba alata Font - - Great Falls.

Thyrsopteris rarinervis Font Great Falls.

Williamsonia ? sp. Dn Canada.

Zamites acutipennis Heer Canada.

Zamites apertus Newb Great Falls.
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Zamites borealis Heer Great Falls.

Zamites montana Dn _, Canada and Great Falls.

Zamites montanensis Font Great Falls.

Zamites sp. Dn Canada.

Of these 77 forms only 4 are common to the Kootanie of Canada and

the Great Falls coal field, and the number found in Canada and in Montana

is nearly the same: Canada, 36; Great Falls, 37; common to both, 4. A
large number are common to these beds and to the Potomac formation,

while the flora that comes next in point of resemblance is that of the Kome
beds of Greenland. This is not the place to discuss these relations, which

can be better done after all the Lower Cretaceous floras have been treated,

but the above list is of interest as showing what had been accomplished in

making known the flora of the Kootanie formation down to the year 1892.

In October, 1894, Mr. Walter H. Weed discovered fossil plants in coal

openings some 40 miles east-southeast of Great Falls, a little over the

divide between the Missouri and Judith rivers, among small coulees that

drain into the Dry Fork of Arrow Creek, about 6 miles south of Grafton.

He made a small collection, or rather several small collections, from

different points in the same coal field. One of his localities is said to be

on Trout Creek and another on Shonkin Creek, in the Highwood Mountains,

but the largest and best of the collections bears the label ' 'foothills of the

Little Belt Mountains about 5 miles south of Grafton, Mont." The

next best collection was labeled
'

' Gilt Edge Coal Mine, Montana. '

'

Mr. Weed turned these collections over to Dr. F. H. Knowlton, and by

him they were sent to Professor Fontaine for examination. His report

was submitted on April 23, 1895, and was ultimately published by Mr_

Weed, to whom I sent it, in the Eighteenth Annual Report of the United

States Geological Survey, Part lU, page 481, which did not appear until

the end of 1898.

All these circumstances increased the desire I had long felt to visit the

Great Falls coal field, and if possible to make a large collection that would

be adequate to settle the question as to the true position of the plant-bear-

ing beds, and particularly of those from which Mr. Weed had made these

collections. Accordingly, on my way to the Pacific coast that season I

stopped at Helena and proceeded to Great Falls, which place I reached on

August 24. On the following clay Mr. O. C. Mortson accompanied me to
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several of the plant beds in and near the town, from which he and others

had made collections. They seem to represent three horizons, and collec-

tions which he showed me at his house indicated as many somewhat
different floras. We were unsuccessful in finding plants except at one
locality, viz, that on the left bank of the river a short distance above the
smelter. We did not have the proper tools for making the necessary

excavations, and as I was anxious to see the beds that Mr. Weed had
described, I did not make any collections there. Mr. Mortson promised to
make a collection and send to me, but I have not received it.

On the 26th I proceeded l^y rail to Belt, and thence by private con-
veyance up Belt and Otter creeks to the stage station called Geyser.
This place is on Hay Creek, directly north of the mines where Mr. Weed
obtained his best collections, and I made it my base of operations. On
the 27th I went to the mines about 6 miles south of Geyser. The first

day was chiefly spent in a vain search, and several coal openings visited

proved barren. I had some notes from Mr. Weed as to the localities, but
they were not suflSciently definite to render it certain that I found the
precise spot where he obtained the plants. In fact, I am satisfied from
his description, and from the indications he gave me on a map, that I did
not find his locality, as the map was inaccurate, and nothing correspond-
mg to his indications was found. But it was not necessary to find his
locahty, as fossil plants occur at many of the abandoned coal openings,
and a small collection was made from one of these late in the day. Here
the plants occur in dark clay 2 feet above the top of the mine. The clay
tended to break into cubes, so that only small pieces could be obtained.
The following day a much better locality was found in another mine only
a few hundred yards from, the first. Here the plants occurred in the roof
of the mine, which was simply an opening in the side of a ravine. Large
pieces of the dry and fine-grained drab-colored clay could be detached,
brought out, and worked up. Fine specimens of large impressions were
obtained by splitting the slabs, which was easily done, the plants forming
natural planes of cleavage. Two days were spent in this work, and a large
collection was made, filhng six boxes. In the bed of Hay Creek north and
east of Geyser I found considerable silicified wood, which probably belongs
to the same formation as the coal, but thus far none of this has been
studied.
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After my return from the field, viz, during the month of November,

I unpacked the specimens, labeled them, and made a preliminary study

of them.

As Professor Fontaine was engaged the entire winter of 1895-96

in determining the collections from the Black Hills, the Kootanie collec-

tion was not sent to him till the end of March, 1896. Mr. Weed's collec-

tions were still in his hands, and he worked them up all together. After

a preliminary examination he wrote me, under date of April 20, 1896,

as follows:

I have gone carefully over all the Montana material. The flora is distinctly

Neocomian, but in the grouping of species quite unique. It has very little in

common with the Potomac, and not much with the plants of the Great Falls district.

Many of the species are new, and most of those that may be identified with described

species belong to the Wealden of Hanover or to the Neocomian of Japan. Bunker's

plant, now called Nilsonia schaumburgensis, is conspicuous for its abundance.

It was about this time that the present series of papers was planned,

and it then became necessary to take up the older Mesozoic material

in advance of the Cretaceous. The Jurassic flora of Oroville, Cal., of

which the principal collections were made by me the same season as those

from Montana, was put through and the work on the Kootanie plants

delayed. It was not until June 14, 1897, that Professor Fontaine's final

report on all the collections was completed and forwarded to me by him.

The following is Professor Fontaine's final report on the collections

made by Mr. Weed and myself in the vicinity of Grafton and Geyser:

NOTES ON SOME LOWER CRETACEOUS (KOOTANIE) PLANTS FROM MONTANA.

By Wm. M. Fontaine.

In April, 1895, I received from Dr. F. H. Knowlton 10 specimens

of fossil plants, with the request that I should examine them, as Doctor

Knowlton recognized them as indicating a Kootanie age for the strata

yielding them. They had been collected by Mr. AV. H. Weed in the

summer of 1894, near Grafton, Mont., on the flanks of the Little Belt

Mountains. Somewhat later Doctor Knowlton sent me 5 additional

specimens from the same locality, collected by Mr. Weed."

" These are the collections mentioaed above, upon which Professor Fontaine reported in April, 1895,

which report was published by Mr. Weed in the paper of Weed and Pirsson, on the Geology and Mineral

Resources of the Judith Mountains of Montana: Eighteenth Ann. Rep. U. S. Geol. Survey, Pt. Ill,
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As these fossils showed some forms not previously found in the

Kootanie flora, and as the new field promised to be of unusual interest,

Professor Ward was induced to visit it in the summer of 1895, for the

purpose of making larger collections. In this he was very successful,

making a considerable collection of selected specimens. The rock

material of the specimens collected by Professor Ward and Mr. Weed
is identical and the plants are the same, indicating that although Professor

Ward did not succeed in finding the precise spot from which Mr. Weed
collected his specimens, the two collections were made from essentially

the same JDeds. It is the object of this paper to describe the plants

found in both collections.

The spot from which these specimens were collected is situated in

Cascade County, Mont., 5 or 6 miles south of the stage station of Geyser

and 40 miles east-southeast of Great Falls. The plants occur in a fine-

grained, very fissile shale, that has a lead-gray color. The shale is

connected with a coal seam, and Weed's specimens come from the roof

shales of a coal seam. From the nearness of this locality to Great Falls,

where plants had been previously collected, we might infer that the

Geyser plants occur in the same formation. This their general character

confirms. In speaking of the strata which yield the fossils I shall desig-

nate them the Geyser beds.

The shale in which the fossils are found is well fitted to preserve

them in great perfection, but unfortunately they seem before entombment

to have been long immersed in water. Hence they are found in small

fragments, but some of these show even the most delicate parts and

impressions.

Besides this a considerable number of the species are represented

bj' numerous specimens, selected to show as much detail as possible,

so that a good deal of the character of the plants may be made out JDy

putting them together. Owing to the fine-grain and paper-like cleavage

of the shale a number of details are shown with uncommon distinctness.

Considering the large amount of material the number of species is

189S. (See pp. 481-482.) Professor Fontaine was not aware that his previous report had been puMished,

and in the final elaboration treated all the collections together, not preserving any of the memoranda made in

determining Mr. Weed's collections. As a consequence it has proved impossible in most cases to identify the

types of his first report. Nearly all those selected for illustration were from my own collections. Mr. Weed's

specimens are generally very imperfect, and I have not attempted to have any drawn that were not selected for

this purposely by Professor Fontaine.—L. F. W.



286 MESOZOIC FLORAS OF UNITED STATES.

surprisingly small. From the collections made in the Great Falls coal

field that I have examined I get the impression that this feature is char-

acteristic of the flora of that field also, for apparently even large collections

yield only a few species, these having many specimens. I find here

again illustrated a fact observed before: I have noticed that any layer

that contains a large amount of Equisetum shows very little of other

identifiable plants. Equisetum, in some of the laj^ers of shale from the

Geyser locality, is exceedingly abundant, and in the same layer other

species that can be made out are rare.

DESCRIPTION OF THE SPECIES.

PhyKim PTERIDOPHYT^ (Ferns and Fern
^^llies).

Order FILICALES (Ferns).

Family CYATHEACEiE.

Genus DICKSONIA L'Heritier.

DiCKSONiA MONTANENSis Fontaine n. sp.

PI. LXXI, Figs. 1-4.

Of this plant only fructified forms were found. The frond was

probably tripinnatifid at least, as the largest portions found seem to

be pinnae belonging to larger parts of the frond. The rachis of the

principal pinnae seen is comparatively stout and rigid, and in the less

modified forms, such as are depicted in PI. LXXI, Fig. 1 (of which an

enlarged pinnule is shown in Fig. 2), is almost winged by the decurrent

leaves of the ultimate pinnae.' The pinnae of the ultimate order vary

somewhat in the degree of their modification to assume the fertile form.

Some, as the specimen figured in PI. LXXI, Fig. 1, seem to l^e more

foliaceous and less metamorphosed. , These are the broadest forms that

were found. They are decurrent on their lower side so as almost to

form a wing on the principal rachis. The lower laciniae next to the

principal rachis are more united and more foliaceous than the upper ones

and appear to have the sori less well developed. These pinnae go off from

the main rachis at an angle of about 4.5° and then turn strongly away

from it, so as to stand nearly at right angles to it. They are oblong-
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linear in shape and are cut down nearly to the midrilj into strap-shaped

lacinise that bear sori at their ends, where they are slightly broader than

in their other portions. The width of these pinnse near their base is

about 3 mm., and they narrow slightly toward their tips. None of them

were seen entire, but they were apparently a little over 2 cm. in length.

Both the midnerve and the lateral nerves seem to have been slender and

could not be distinctly seen. The sori at the ends of the lacinise are

comparatively large and appear to be opened by the pressure of the rock

matter so as to expose their upper surface. They are more or less

rounded in form and slightly depressed in their central portions, so as to

appear saucer shaped. No central column, as in Thyrsopteris, was seen

in the sori, but the sporangia appear to have been scattered over the

whole of their upper surface. The sporangia were proportionally quite

large, as the pits left by them are to be distinctly seen with the help of a

good lens. The pitting caused by the falling out of the sori produces a

sort of granulation on the upper surface of the sori. The appearance

presented now l^y the sori on these forms suggests the idea that they are

compressed so as to open the valves of the involucre, if this existed, and

expose the parts contained within them.

In some specimens, such as that shown in PL LXXI, Fig. 3, of which

an enlarged pinnule is shown in Fig. 4, the metamorphosis of the pinnse

seems to be carried farther and little appearance of a foliaceous nature

is shown. These pinnse are cut down rather more deeply and no differ-

ence is shown l^etween the lacinise toward their bases and those higher

up. The lacinise are more narrowed and thickened than in Fig. 1 and

look like pedicels. They are slightly broader at their summits, where

they carry the sori. The narrowed lacinise with the sori look like clubs.

These pinnse, so far as seen, are a little less than 3 mm. wide. They are

about 2 cm. long and are linear in foi'm. They are inserted on the main
rachis as are those shown in PI. LXXI, Fig. 1, and like them are slightly

decurrent. The sori borne at the summits of the lacinise are, in these

pinnules, rounded or sometimes slightly reniform. They present a smooth

surface and show more of the indications of sporangia than are to be seen

in the forms depicted in PL LXXI, Fig. L If, as is probable, the sori

are furnished with a 2-valved involucre, as in Dicksonia, the forms

represented in Fig. 2 show them with the valves closed and exposing

only the outer surface of one of the valves.
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The plant to which these forms belong was evidently a fern of small

size and apparently herbaceous in habit. It seems to have had finely

cut sterile leaves, of thin but firm and durable texture. The structure of

the sori could not with positiveness be made out in detail, but agrees best

with Dicksonia among living ferns. The different forms agree best with

the supposition that the involucre was bivalved, with the sporangia

sessile and covering the inner surface of the sorus. While the bivalve

nature of the involucre is not certainly shown the sori are evidently

large, single, orbicular to reniform, and borne at the summit of a nerve

included in a thickened and much narrowed lobe of the pinna. The

form given in PI. LXXI, Fig. 3, bears a striking likeness to Thyrsopteris,

but that given in Fig. 1 shows that, unlike Thyrsopteris, the subdivisions

of the pinna are not whoU}'^ metamorphosed, but still retain something

of their foliaceous character. In Dicksonia the lacinia^ are narrowed

and thickened, it is true, but not nearly so much so as in this plant. I

have with hesitation placed this Montana fossil with this latter genus.

It is very near the Jurassic plant Heer has described as Dicksonia clavipes,"

but is ol^viously a different species. It is possible that both of these

plants are not true Dicksonia, but a new genus intermediate between

Dicksonia and Thyrsopteris. It is highly probable that in this early

period there were such connecting links between these two genera that

are so near together.

Dicksonia pachyphylla Fontaine.^

PL LXXI, Figs. 5-n.

Several small and imperfect specimens of a fern were found that

seem to l^e a Dicksonia different from D. montanensis. Several of them

are fruiting, and one is a portion of a sterile pinnule (PL LXXI, Fig. 5).

I am not sure that this form belongs to the same plant with that show-

ing the specimens in fruit, and am equally in doubt whether or not the

fmiting forms belong together. All of them, however, have a similar

facies and have characters in common that justify placing them provi-

sionally in the same species until more and better specimens are obtained.

All of them have a rather broad, fiat midrib, with strong lateral nerves

«F1. Foss. Arct., Vol. TV, Ft. II: Beitriige zur Jura-Fl. Ostsibiriens und d. Amurlandes, p. 33, pi. ii,

fig. 7.

b See p. 224.
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and a thick, apparently coriaceous leaf substance that leaves a film

of carbon on the rock. The fertile specimens are such as we should

expect to be found if the sterile pinnule depicted in PL LXXI, Fig. 5,

underwent such modifications as are found in the fertile pinnules of a

Dicksonia. The two fertile portions of pinnules given in PI. LXXI,

Figs. 7 and 9, differ decidedly from the fertile pinnules of D. monta-

nensis, and this fact has induced me to make, but 'with doubt, a new

species of these forms. The material is much too imperfect and scanty

to permit their proper place to be determined with any degree of

positiveness."

The form given in PL LXXI, Fig. 7, differs somewhat from that

shown in Fig. 9, but the difference is of the same nature as that shown

in the two fertile forms of Dicksonia montanensis; that is, the form

shown in Fig. 7 is more modified and less foliaceous than that given

in Fig. 9.

The sterile form depicted in PL LXXI, Fig. 5, is the fragmental

terminal portion of what must have been a rather large pinnule. It

reminds one somewhat, in size and nervation, of the sterile pinnules

of the living Dicksonia sorbifolia Smith; only the terminal portion of

the pinnule is preserved to such an extent as to give some idea of its

shape. The lamina on the left side of the lower part of it is wholly

wanting, and on the corresponding right-hand portion the margin is

gone, so that we can not determine whether or not the lower portion

of the pinnule had dentate margins like the upper portion. It prob-

ably had.

The lateral nerves are strong and in all parts of the pinnule fork

near their departure from the midrib. In the lower part of the pin-

nule not enough is shown to disclose certainly the entire course of these

nerves, but one, on both of the branches, apparently forks again. In

the terminal toothed portion there is no second forking and each branch

tex'minates in a tooth, as is shown in the magnified portion, PL LXXI,
Fig. 6.

The fragment represented in PL LXXI, Figs. 7 and 8, is a small

bit of a fertile pinnule with relatively laree sori, placed close to the

" Better material was obtained from the Shasta formation described later by Professor Fontaine, but inserted

earlier in this paper.—L. F. W.

MON XLVIII—0.5 19
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midrib and supported on short laminee that are so much modified that

the_v are reduced to thickened veins. This form, in the large sori and

short stout pedicels carrying them, is even more like Heer's Dicksonia

clavipes than the fertile forms of D. inontanensis. PI. LXXI, Fig. 8,

gives a portion of this magnified to show the sori, which, belonging

to a Dicksonia, have their valves closed and showing their outer sur-

face. PI. LXXI, Fig. 9, represents a somewhat different fragment of

a fertile pinnule, which has also large sori on short supports. But

these latter are more foliaceous than those shown in Fig. 7, and have

on each side of the nerve which bears the sori at its summit a wing

formed by a remnant of the lamina of the pinnule, giving a form appar-

ently not so much altered from the sterile pinnule as is that figured

in Fig. 7. This wing, however, is thickened and gives with the sorus

a club-shaped or spatulate form. Fig. 10 gives a portion of this mag-

nified. Fig. 11 represents the small specimen collected by Mr. Weed
at the Gilt Edge coal mine in the Judith Mountains, about 50 miles

east of the place where most of the other specimens were obtained. Its

chief importance is due to the fact that it was upon this specimen that

the author founded the species.

The plant occurs in both Professor Ward's and Mr. Weed's

collections.

Genus THYRSOPTERIS Kuntze.

TiiYRSOPTERis ELLIPTICA Fontaine.

PI. LXXI, Figs. 12, 13.

1889. TJiyrsopteris elliptica Font.: Potomac Flora (Monogr. U. S. Geol. Surv.,

Vol. XV), p. 133, pi. xxiv, figs. 3, 3a; pi. xlvi, figs. 1, la; pi. 1, figs. 6, 6a, 9;

pi. li, figs. 4, 6a, 6b; pi. liv, fig. 6; pi. Iv, fig. 4; pi. Ivi, figs. 6, 6a, 7; pi. Ivii,

figs. 6, 6a; pi. Iviii, figs. 2, 2a.

1898. TJiyrsopteris elliptica Font.? in Weed & Pirsson: Eighteenth Ann. Rep. U. S.

Geol. Surv., 1896-97, Pt. Ill, p. 482. (Pi. LXXI, Fig. 13.)

Two specimens of a fern apparently identical with Thyrsopteris

elliptica, a characterisic plant of the Lower Potomac of Virginia, were

found, one by Mr. Weed at the Grafton locality and the other by Pro-

fessor Ward near Geyser. The latter is figured in PL LXXI, Fig. 12,

and the former in Fig. 13. They are fragments of ultimate pinnae,

but contain pinnules sufficiently M^ell preserved to leave little doubt

that they belong to the Potomac plant.
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Family POLYPODIACE.E.

Genus CLADOPHLEBIS Brongniart.

Cladophlebis falcata montanensis Fontaine n. comb.

PL LXXI, Figs. 14-20.

1S98. Thinnfeldia montanensis Font, in Weed & Pirsson: Eighteenth Ann. Rep.

U. S. Geol. Surv., 1896-97, Pt. Ill, p. 481.

Plant probably arborescent; so far as seen, tripinnatifid. Only

fragments of pinnaj have been found. These contain a varied number

of portions of pinnae, showing pinnules on different parts of the pinnse,

and as the specimens are numerous a pretty good idea of different parts

of the plant can be formed. The rachises of the pinna? are strong and

rigid. The pinnules vary in character with their position on the pinnse

and fronds. Low down on the pinnae and frond they are long, linear,

and narrow, narrowing very gradually from their bases to their tips.

Fragments have been 45 mm. long and 5 mm. wide, indicating an entire

pinnule considerably longer. These have not been found attached,

although several occur together on some of the specimens, as if coming

from the same rachis. ' These pinnules have their margins more or less

incised, as represented in PI. LXXI, Fig. 15, the incisions varying in

depth from crenulations to rounded lobes cut halfway down to the

midnerve. These forms indicate that lower down on the frond the

lobes will pass into pinnules of the normal kind. Higher up on the

pinnae and frond the crenulate pinnules become entire, giving what we

may call normal pinnules. Toward the ends of the pinnae and through-

out those of higher parts of the frond the pinnules become smaller and

more and more united. The normal pinnules from the middle of the

pinnae are about 3 cm. long, as shown in PI. LXXI, Fig. 17. They

are widest at base and separate, but are very closely placed. They are

strongly falcate, alternately placed, and narrow gradually to a sub-

acute tip. The pinnules had apparently a coriaceous texture, so that

the fossils have a rigid aspect. They are united to the rachis by their

entire base, which is expanded and has the midnerve eccentrically

placed, so that the width of the lamina of the pinnule in front of or

above it is greater than that of the portion below.
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The nervation varies with the pinnules. It is very distinct and

sharply defined. In this respect it surpasses that of the forms of this

species found in the Potomac formation of Virginia. As stated, the

long crenate pinnules were not seen attached, but in the normal pin-

nules with entire margins the midnerve leaves the rachis at an acute

angle and enters the pinnule near its lower basal margin, so as to divide

the lamina into unequal parts. It becomes very gradually attenuated,

and, as is the case with Cladophlebis, splits up at its end into several

branches. The lateral nerves of the normal pinnules, although dis-

tinct, are rather slender. They go off very obliquely from the midrilD

and curve outward toward the margin of the pinnules. They fork

near their insertion, and each branch forks again at about the middle

of the lamina, while the branches continue nearly parallel to one another

until they meet the margin. This nervation reminds one of that of

the small-pinnuled neuropterids of the Paleozoic. The basal nerve

bundle on -each side of the midnerve is inserted, not on the midnerve,

but at the point of its attachment to the rachis of the pinna.

The lateral nerves of the long crenate and of the lobed pinnules

form nerve bundles that go off obliquely from a common point of inser-

tion and are composed of several branches, which in turn split up into

others, the whole group diverging flabellately and curving away from

the midrib to meet the margin at a large angle. These nerves are rather

coarse. The nerve bundles fill the lobes and crenate incisions. All

the lateral nerves, in every part of the plant, are noteworthy for the

length of the l^ranches into which they split up. In the pinnules toward

the ends of the pinnae and in the upper part of the frond the lateral

nerves are forked only once.

This fine fern is one of the most abundant fossils in the Geyser

group of strata and it is the best preserved. A large number of impres-

sions of good size and belonging to different portions of the plant have

been found. In these we find some features different from the character

of C.falcata, as made out from the fossils of the Potomac beds of Virginia."

It may be questioned whether or not these forms show enough

difference from the species of the Virginia Potomac to justify their

a Potomac Flora (Monogr. U. S. Geol. Surv., Vol. XV), pp. 72, 73, pi. iv, fig. 8; pi. Vjfigs. 1-6; pi. vi^

fig. 7; pi. vii, figs. 1, 2.
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separation as even a variety. These pinnules are commonly longer

and narrower, especially toward their tips, which narrow more gradually

than those of the Virginia plant. They are also more acute. No forms
were found in the Virginia specimens that showed any indication of

undulation or lobing. Although these differences are slight, and hence

of no great weight, it seems to be the better usage, in the case of plants

that grew in widely separated locaUties, to allow them more weight

in separating than in uniting forms. The presumption is that the plants

are different, and the burden of proof is with the person who would
unite them. Nonessential features that are not admitted as justifying

the formation of new species certainly can not be taken as establishing

the identity of plants that grew in situations separated by thousands

of miles. Still less can such features be admitted as indicating iden-

tity, when the plants grew in different times. Then, too, if the new
species or variety turns out to be identical with some known form it

is easier to drop its name than to restore it to independence when it is

shown to have been improperly merged with some previously described

plant.

PI. LXXI, Fig. 14, represents a portion of a pinna carrying parts

of a number of pinnules with undulate margins. It will give a good

idea of the size that the rachis of the pinnae attained, but unfortunately

the pinnules are not well enough preserved to give their full dimensions

and shape. Fig. 15 gives a portion of a crenatel)^ incised pinnule, which,

when entire, was evidently considerably longer than the specimen.

Some of the crenate pinnules found are wider than this bj^ a half. Fig.

16 represents one of the lobes enlarged to show the nervation. Fig. 17

gives a fragment of one of the pinnse containing a number of normal

entire pinnules from the middle portion of a pinna and frond. Fig. 18

represents a pinnule of this magnified to show the nervation. A num-
ber of the pinnules of this specimen show on their surface markings

that look strikingly like elliptical sori. They are, however, not placed

according to any definite plan, but occur on any part of the pinnule,

sometimes on different nerves and on different parts of them and some-

times between the nerves. They are probably clue to some fungoid

disease. Fig. 19 shows the terminal portion of a pinna, with the dimi-

nution in that part of the size of the pinnules and their increasing con-

solidation toward the ends of the pinnse.
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In Mr. Weed's collection there was an imperfecth^ preserved frag-

ment of a fern which, from its Neuropteris-like nervation, was supposed to

be probably a new Thinnfeldia. In the previously mentioned preliminary

report the provisional name T. vionta7\ensis was proposed for it. In

Professor Ward's collection the number of larger and much better pre-

served specimens of this plant obtained show that this is a variety of

Cladophlebisfalcata. This specimen is represented on PL LXXI, Fig. 20.

Cladophlebis heterophylla Fontaine.

PI. LXXI, Figs. 21-2.5.

1892. CladophleUs TiMerojyhyUa Font.: Proc. U. S. Nat. Mus., Vol. XV, p. 49.3,

pi. Ixxxiv, fig. 2.

A considerable number of specimens of a small fern were found in the

Gej'ser beds which appears to be identical with Cladophlebis heterophylla

Font. This was found in two small and rather imperfect specimens in the

strata of the Great Falls coal field of Montana, and was described by me
in a paper entitled

'

' Description of some Fossil Plants from the Great Falls

Coal Field of Montana, '

' published by the National Museum, Vol. XV,

pp. 487-495, with plates Ixxxii-lxxxiv. The description is given on page

493, and the plant, so far as then known, is figured on pi. Ixxxiv, fig. 2.

In the description it was stated that the full character could not be made
out owing to the imperfect and scanty material. In the Geyser beds a

considerable number of specimens were found. Some of these are much
larger than those from Great Falls and better preserved, so that they

show more of the nature of the plant. At the same time, bj' taking

specimens from different parts of the plant its character can be better

made out. The nervation was shown only vaguely in the fossils from

Great Falls, while it is clearlj- exhibited in some of the Geyser specimens.

None of the forms from the Geyser locality show the diminution of the

ultimate pinna toward the base of the primary pinnae which is seen in the

Great Falls fossil, and which was taken as one of the features forming its

specific character. This must accordingly be regarded as a distortion due

to some local cause.

Again, in the more numerous forms from Geyser we are enabled to see

that the fern showed some variability in the normal or common pinnules.

The inferior pinnule, however, at the base of each ultimate pinna, next to



FLORA OF THE KOOTANIE FORMATION. 295

the I'achis of the penultimate pinna, is constantly, in these specimens also,

abnormal in size and shape, being of the same character as in the Great

Falls forms. This is a constant and characteristic feature. The normal

or common pinnules also are essentially the same in character as those

from Great Falls, but are generally somewhat larger. The size of the

normal pinnules on some of the Ge^^ser plants indicates a fern consideral^ly

larger than the form most commonly occurring, and their shape is some-

what different. But these larger pinnules are connected in shape and size

by transition forms with the more common ones in such way as to forbid

a separation even as a variety.

This fern, in the shape of its pinnules and in its nervation, strongly

reminds one of the Acrostichites forms seen in the flora of the Older

Mesozoic of Virginia. As, however, no fructification has been found on

an}^ of the specimens, it must be placed in the group of Cladophlebis,

which is based on nervation. It is true that this type of nervation departs

somewhat from the common types of Cladophlebis, but not enough to

prevent the placing of the plant in that comprehensive genus. In con-

sequence of the more complete and numerous specimens now found, the

character of the species must be corrected to read as follows

:

Fronds at least tripinnate; primary rachis slender; secondary^ pinnse

alternate, very remotely placed, slender and proportionally quite long and

narrow; pinnules, other than the inferior basal ones, of two kinds, those

that occur most commonly, which wejawff^all the normal ones, and those

less common, which, for distijje+i^n7may be called abnormal. The normal

pinnules are very smajif^ostly 2 mm. long and about as wide at their

bases. They are gesrerally remotely placed and are united at base, so as to

form a very narrqw wing on the rachis. In shape they are subrhombic to

suborbicular and very obtuse at their tips, or even rotundate there. The

longer ones are subfalcate, and all are united to the rachis by the whole of

a much widened base. The basal inferior pinnules of the ultimate pinnae

carrying these normal pinnules are much larger than the latter, and are

mostly flabellately 3-lobed, the lobes being shallow, more or less rounded

and obtuse. The nervation of the normal pinnules is strong but not very

sharply defined. It consists of a nerve bundle, which departs from the

rachis of the ultimate pinna much nearer the inferior then the superior

margin of the pinnule, so as to divide it into two very unequal parts.
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Immediately after leaving the rachis the bundle splits up into about three

principal branches, and these branch again several times, the entire group

diverging flabellatel}^ so as to fill the pinnule. The nervation then is much
like that of the Acrostichites of the Older Mesozoic flora of Virginia. It

may l^e compared with that of A. microphyllus Font., a plant which is a

good deal like the one now in question and which was described in Mono-

graph United States Geological Survey, Vol. VI, page 33.

The nervation of the inferior basal and flabellate pinnules is conformed

to the shape of these pinnules. It consists of a nerve bundle which splits

into three main branches, one of which goes into each lobe of the pinnule,

giving off diverging and forking branches which fill each lobe. In the less

commonly occurring abnormal forms there is some variation from the type

shown in both the basal inferior pinnules and in those on the other portions

of the ultimate pinnae. The basal inferior pinnules are less deeply lobed

than those on the pinnae with normal pinnules, more elliptical in shape, and

strongly deflexed along the rachis of the penultimate pinnae. They are

either elliptical or spatulate in form.

The other pinnules of these forms are mostly larger than the normal

ones. They are ovate to elliptical in shape, obtuse to subacute, rounded

off at base on both the lower and the upper side, owing to an abrupt nar-

rowing of the pinnule immediately at its attachment to the rachis of the

pinna. Some of the forms that are subacute are sometimes even acumi-

nate from the gradual narrowing of the pinnules toward their tips. The

nerves in all the pinnules of the abnormal forms are of the same type as

those of the corresponding ones on the normal forms, but the nerves of the

more common pinnules are apparently thicker and more vaguely defined

than those of the corresponding normal ones.

PL LXXI, Fig. 21, represents a penultimate pinna, carrying portions of

several ultimate pinnae, which well show the small pinnules that constitute

the normal forms, and also their accompanying basal pinnules. Fig. 22

gives two of the normal pinnules magnified four diameters, to show the

nervation. Fig. 23 represents a portion of a pinna of the abnormal kind,

containing the largest pinnules found, and Fig. 24 gives a part of a primary

pinna of the abnormal kind, which carries portions of three ultimate

pinnae, showing well the form of the more acute pinnules of this kind, and

also portions of their accompanying basal deflexed pinnules. The nerves
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of the ordinary small pinnules of this specimen appear to be quite coarse

and interrupted in. length, which makes the parts visible look like the linear

sori of an Asplenium; otherwise their plan, and that of the nerves of the

basal pinnules, are the same as tliat of the normal pinnules.

In Mr. Weed's collection from the Grafton beds a specimen of a small

fern resembling Acrostichites was seen and regarded as a new species.

No name was proposed for it in the preliminary report, but it was com-

pared with Dunker's Wealden species Pecopteris Geinitzii. The many
specimens of it occurring in Professor Ward's collection show that this is

CladophleMs heterophyUa. This specimen is represented in PL LXXI,

Fig. 25.

Cladophlebis constricta Fontaine.

PL LXXI, Fig. 26.

1889. Cladophlebis constricta Font.: Potomac Flora (Monogr. U. S. Geol. Surv.,

Vol. XV), p. 68, pi. ii, figs. 11, 11a, lib; pi. iii, fig. 2; vi, figs. 5, 5a, 6, 6a,

8, 8a, 9, 9a, 10, 11, 11a, lib, 12-14; pi. xxi, figs. 9, 13; pi. clxix, figs. 2, 2a.

One imprint of a fern with its reverse was found in the Geyser beds

that is strikingly' like Cladophlebis constricta Font., of the Lower Potomac

strata of Virginia. The identification of this fern with the Potomac form

is made questionable solely because the amount of material is not sufficient

to permit positive conclusions, and not because this specimen is unlike in

any respect that of Cladophlebis. In fact, the imprint is exactly like the

form depicted in Monograph, United States Geological Survey, Vol. XV,

pi. ii, fig. 11 (not 12, as wrongly given in that work). The description of

this species given on page 68 of the same work applies equall}' well to the

specimen now in question. The Geyser specimen corresponds to the

upper pinnae of the Potomac form given in the figure quoted. The pin-

nules, however, are rather smaller.

The Geyser specimen is the imprint of an ultimate pinna, probably

from high up on the frond, which carries several pinnules. These are

remotely placed, mostly with undulate margins, but with some having a

rounded shallow lobe on each side at the base. The pinnules are rounded

off and constricted at base, and in shape are ovate, sometimes elliptical and

even hastate. They are thick and leathery, with obtuse to subacute tips.

The nervation is of Cladophlebis type. The lateral nerves are quite coarse,

but rather vaguely defined. The upper ones are once or twice forked, the
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lowest ones in the basal rounded lobes are several times forked and tend to

form flabellate bundles, which fill the lobes.

There is hardly a doubt that this is a species of Cladophlebis distinct

from the other species of this genus found in the Geyser beds, and so far as

we can judge from so small an amount of material, it is most probably

identical with C. constricta of the Virginia Lower Potomac.

PL LXXI, Fig. 26, gives a representation of this form.

Order EQUISETALES.

Family EQUISETACEiE.

Genus EQUISETUM Linnsus.

Equisetitm Phillipsii (Dunker) Brongniart

.

PL LXXII, Figs. 1-11.

184.3. Equisetites PhiUipsii Dunk.: Programni. d. hoheren Gewerbschule in Cassel,

1843-44, p. 5.

1846. Equisetites PhiUipsii Dunk.: Monogr. d. Norddeutsch. Wealdenbildung, p. 2,

pi. i, fig. 2.

1849. Equisetum Phillifsii (Dunk.) Brongn. : Tableau, p. 107.

1869. Equisetum Phillipsii (Dunk.) Brongn. Schimper: Pal. Veg., Vol. I, p. 265.

1898. Equisetum montanense Font, in Weed & Pirsson: Eighteenth Ann. Rep. U. S.

Geol. Surv., 1896-97, Pt. Ill, p. 481. (PL LXXII, Fig. 11.)

The stems of this Equisetum, when of full size, range in diameter

from about 15 mm. to 2 cm. Only stems without branches were seen.

The dimensions of the sheaths and teeth vary with the size of the stems.

Pv,egarding the sheath, as indicated by the strise, it is, in the larger speci-

mens, from 15 mm. to 2 cm. long. The internodes in the same average

about 3 cm. in length. The teeth in the larger specimens average about

6 mm. in length and are 1 mm. wide at base, their widest portion. In form

the teeth are narrow lancet-shaped, gradually narrowing from their bases

to their tips, where they are acute. Near their margins the teeth are

thickened, so that they appear almost as if furnished with lateral keels.

The portions of the teeth between these margins are depressed. At their

leases on the nodes the teeth are closelj' coherent with the stem, and each

one is separated from its neighbors by a sharpl}^ defined furrow, which is

widest at the bases of the teeth and narrows down the stem to a mere
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line, which is, however, sharply defined. In this way a portion of the

stem beneath each node is strongly striate, the striated portions being

formed by the united teeth, which produce a sheath. This latter is

pressed close to the stem and apparently coalesces with it. The cross

section of the furrows on the sheath is V-shaped, and when casts of them
are taken in the fine shale, as is commonly the case, they appear as sharp-

topped ridges, widening toward the nodes. In this form they simulate

teeth. The teeth are rarel_y found preserved, but commonly break off

at the nodes, where they coalesce with the stem and leave more or less

distinct truncate processes, which correspond with the bases of the

teeth. The most common form preserved by the remains of this Equi-

setum is a strap-shaped portion of the stem, composed mainly of

epidermal tissues, which shows a varying number of nodes with strongly

striate portions beneath each node. Each node carries mostly rather

vague, square-topped processes. In very rare cases a few teeth are

preserved. Judging from the striae and processes, the number of teeth

seems to have been about 30, for as many as 13 processes have been

counted on the upper face of some of the stem imprints. In a few cases

the stem, at a node, has been compressed in the direction of its axis, so

that the mud has been squeezed up through the node, carrying the dia-

phragm away, and in one or two cases it may be seen in place. In this

way we may account for the frequent occurrence of isolated diaphragms.

Diaphragms of varying size, occurring detached from the stems, are

not uncommon on some pieces of the shale. They vary from 5 mm. or

less to about 1 cm. in diameter. They occur anywhere, sometimes on

some portion of the macerated remains of the stem and sometimes on the

shale, without any trace of the stem. They are wheel-shaped, with a

round hole in the center, around which radiate club-shaped convexities

that have their thicker portions at the periphery of the circle. When
the nodes are compressed in an axial direction and some of the teeth are

preserved they sometimes appear unusually long, since the sheath splits

some distance down along the sinuses and thus separates the basal portions

of the teeth that were formerly consolidated to form the sheath. At
least that is the way I account for the unusual length of the teeth in the

sheath compressed in an axial direction, which is shown in PL LXXII,
Fig. 7.
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The teeth average in length about 6 mm. They show the narrow

lancet to linear form which belongs mostly to the Equiseta of late Jurassic

and early Cretaceous times. The size of the stem surpasses that of the

characteristic Equiseta of the Lower Cretaceous, and in this feature the

plant has rather Jurassic than Cretaceous affinities. A Jurassic and

Older Mesozoic character is seen also in the sheaths, which are closely

consolidated with the stem, unlike the loose, baggy sheaths seen in the

small Lower Cretaceous Equiseta, such as Equisetum BurcharcUi Dunk.,

etc. Dunker, in his Monogr. d. Norddeutsch. Wealdenbildung, estab-

lished the species from a single imperfect specimen, calling it Equi-

setites Phillipsii. No other specimen of the plant seems to have JDeen

found, for all writers who notice the species base their remarks on Bun-

ker's specimen. Schenk carefully examined Dunker's specimen and

gives the fullest description of it." He says that the internodes are

2 cm. in diameter and 15 mm. long; the sheaths are short, 2-2.5 mm.

long, and toothed, and the bases of the teeth are persistent and truncate

in form, while the stems are obscurely striate. He remarks that it is

larger than any of the Wealden species.

There is nothing in Schenk' s figures to show the true length of the

sheaths. What he appears to regard as the entire sheath is its upper

portion, where the bases of the teeth are united to the stem.

PI. LXXII, Fig. 1, gives, natural size, a portion of a node of one of

the larger-sized stems, which has been compressed in the direction of the

axis of the stem so as to squeeze out the diaphragm. The upper part

of a portion of the sheath is preserved and the lower portions of some of

the teeth are shown. Fig. 2 shows a node compressed in a manner

similar to Fig. L This is a smaller stem. It shows the diaphragm in

place, the sheath spUt down along the bases of the teeth so that these

appear too long. Fig. 3 shows a much compressed portion of one of the

larger sized stems, which at its upper end carries the greater part of a

sheath with its strise. This is the most common form in which the

remains of this plant are found. Fig. 4 represents one of the smallest

sized detached diaphragms, and Fig. 5 one of the largest size. Fig. 6

shows a portion of a flattened stem with some of the processes that are

left at the node when the teeth are torn off. Fig. 7 shows a portion of a

« Die Foss. Flor. der Nordwestdeutsch. Wealdenformation, p. 4, pi. i, figs. 6-9 (Palaeontographica, Vol.

XIX, p. 206, pi. x.xii, figs. 6-9).
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node belonging to one of the largest sized stems. The stem has been

compressed axially in such a manner as to carry away the diaphragm

and split down the sheath, so as. to separate the lower portions of the

teeth that had been united to form the sheath. The teeth thus appear

abnormally long. Their lancet shape is well shown in the upper portion

of some which are preserved entire. Fig. 8 shows a node bearing several

more or less perfect teeth. One of them is perfectly preserved, showing

the full size and shape. Fig. 9 shows two of these teeth enlarged two

diameters. This shows well also the depressions between the teeth in

the sheath. Fig. 10 gives a restoration of several of the teeth and a

portion of the sheath, much enlarged, to show details visible distinctly

only with the help of a lens.

In my preUminary report on Mr. Weed's collection, mentioned

above, an Equisetum is noticed, and as it was thought to be probably

new, the provisional name E. montanense was suggested for it. The

numerous well-preserved impressions of this plant in the collection made

bv Professor Ward show that this is E. Phillipsii. This specimen is

represented in PL LXXII, Fig. 11.

Equisetum Lyellii Mantell.

PI. LXXII, Figs. 12-14.

1833. Equisetum Lyellii Mant.: Geology of the Southeast of England, pp. 217, 227,

245, fig. 52 (1, 2, 3) on p. 245 (numbered on p. 399).

1843. Equisetites Lyellii (Mant.) Morr.: Catalogue of British Fossils, p. 8.

1898. Equisetum Lyellii Mant. Font, in Weed & Pirsson: Eighteenth Ann. Rep.

U. S. Geol. Surv., 1896-97, Pt. Ill, p. 481.

Along with the numerous imprints of Equisetum Phillipsii there

occur, much more rarely, imprints and fragments of the stems of a

smaller Equisetum. Its character is so constantly different from that

of E. Phillipsii that it can be distinguished at a glance. It agrees so

well with E. Lyellii, as described by Schenk," that it must be considered

as identical with that Wealden species. The larger stems are about 8

mm. in width. They are not well enough preserved to show with cer-

tainty all the character of the plant. The nodes seen are 2 cm. long.

The sheaths are apparently about 1 cm. in length, closely appressed to

« Die Foss. Flor. der Nordwestdeutsch. Wealdenformation, p. 5, pi. i, figs. 10-13 (Palaeontographica, Vol.

XES, p. 207, pi. xxii, figs. 10-13).
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and consolidated with the stem. The teeth are from 5 to 10 mm. long^

narrow, hnear, acute at the tips, with the margins thickened so as to

appear corded. The stems, in the internodes between the sheaths, are

striated with narrow parallel depressed lines, differing markedly in this

respect from the stems of E. Phillipsii, which are smooth. These

furrows, when reversed by a cast being taken in the fine mud, appear as

raised lines. The striation is due to the depressed lines between the

consolidated bases of the teeth, which, unlike those of E. Phillipsii, do

not narrow out, but persist from one sheath to another. The mode of

striation is shown in Fig. 12, which represents two enlarged teeth with

a portion of the stem at their bases.

PI. LXXII, Fig. 12, represents a portion of a medium stem, on

which two sheaths are vaguely shown, one at the top. The teeth and

sheaths in all the specimens of this Equisetum are so closely appressed

to the stem that they are seen with difficulty. Nearly all the specimens

show casts of the true surface of the stems. Fig. 13 shows a small-sized

stem with several teeth well preserved in reverse. Fig. 14 is an enlarge-

ment of a portion of a stem with two teeth and shows the thickened or

corded margins of the teeth, a feature that Schenk gives in pi. i, fig. 13,

of Die Fossile Flora der Nordwestdeutschen Wealdenformation repre-

senting this Equisetum. But in Schenk's figure the cording is more

decided and the teeth are more strictly linear than the}' are in our

specimens. It is possible that these smaller stems may not belong to an

Equisetum different from E. Phillipsii but may be branches of that

plant."*

Order LYCOPODIALES.

Family LYCOPODIACE^.

Gemis LYCOPODITES Brongniart.

Ltcopodites ? MONTANENsis Fontaine n. sp.

PI. LXXII, Figs. 1.5^ 16

Several specimens of a small conifer occur in the Gej^ser strata

whose proper place can not be certainly determined. The amount of

material is too small and the specimens are not well enough preserved

« This species was mentioned by Professor Fontaine as occurring in Mr. Weed's collections, and this state-

ment is made in Weed and Pirsson's paper, p. 481, but a careful examination of the specimens fails to show any

impressions of it sufficiently distinct for illustration.—L. F. W.
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to enable one to make out without doubt the genus. The largest imprint,

the one given in PL LXXII, Fig. 15, is a fragment of an ultimate branch

with a number of leaves, only a few of which are well enough preserved

to show their shape and dimensions. The twigs seem to have been

slender and to have had closely placed leaves, which, in their present

state of preservation, are in two rows. They are only 2 mm. long and

about half a millimeter wide at their bases, their widest portion. They

are so closely placed that their bases overlap. In shape they are elongate-

oblong, widening to the base and at the opposite end narrowing gradually

to an acute tip. Their exact mode of attachment could not be made

out. They appear to be decurrent, with the bases of adjacent leaves

overlapping. No nerves are visible. Fig. 16 gives a fragment enlarged,

showing as much detail as could be made out. The plant resembles

Araucaria obtusii'olia Font.," but the leaves are much smaller, propor-

tionally wider at base, and much more acute. It seems to be nearer

Lycopodifes than any other plant, and I have with doubt placed it in

this genus.

Class GYMNOSPERMiE.

Order CYCADALES.

Family CYCADACEiE.

Genus NILSONIA Brongniart.

NiLSONiA ScHAUMBURGENSis (Duiiker) Nathorst.

PI. LXXII, Figs. 17-2L

1843. PteropJiyllum scJiaumhurgense Dunk.: Programm. d. hoheren Gewerbschule

inCassel, 1843-44, p. 6.

1846. Pterophyllum scJiaumhurgense Dunk.: Monogr. d. Norddeutsch. Weaklen-

bildung, p. 15, pL i, fig. 7; pi. ii, fig. 1 ;
pk vi, figs. 5-10.

1870. Anomozamites schaumburgensis (Dunk.) Sckimp. : Pak Veg., Vok II, p. 141,

Atlas, pk Ixx, figs. 5, 6.

1889. Nilssonia schaumburgensis (Dunk.) Nath.?: Anzeiger d. k. Akad. d. Wiss. in

Wien, Jahrg. XXVI, No. 24, p. 237.

a Potomac Flora (Monogr. U. S. Geol. Surv., Vol. XV), p. 249, pi. Ixxxv, fig. 13.
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1890. Nilssonia cfr. scJiaumhurgensis (Dunk.) Nath.: Denkschr. Wien Akad., Vol.

LVII, p. 45 [5], pi. i, figs. 6-9, 9a.

1898. Angiopteridium strictinerve Font, in Weed & Pirsson: Eighteenth Ann. Rep.

U. S. Geol. Surv., 1896-97, Ft. Ill, p. 481. (PI: LXXII, Fig. 20.)

This plant was described by Dunker from the Wealden of northern

Germany as Pterophyllum schaumburgense, and he illustrated it bj^ a

number of figures showing its variabilit3^ Schimper regarded it as an

Anomozamites. In this determination he was followed by Schenk. "

Schenk's figures show some variations not seen in those of Dunker and

depict some leaves larger than any given by him. Schenk gives as the

maximum length of the segments of the leaf 8 mm.
Nathorst*" gives figures of certain long, narrow cycad leaves from

Japan which he correctly regarded as belonging to Bunker's species, but

as the segments are inserted on the upper surface of the midrib he held

it to be a Nilsonia. Yokoyama*" gives a number of figures of this plant

and confirms Nathorst's conclusion as to its character.

Schenk states that Nilsonia schaumburgensis is the predominant

plant in the Wealden of northern Germany. It is found in such numbers

in the Geyser beds that it may l^e regarded, if not as the predominant

plant there, at least as one of the most important. The specimens

yielded by the Geyser beds fully equal in variability those found in

Germany and Japan, and the same kinds of variation occur. Any of

the forms hitherto figured may be matched in the Geyser fossils. The

variations, however, are in nonessential points, such as the length of the

leaves, the length and width of the segments, and the shape of the ends

of the latter. Notwithstanding this variability the plant is so well

characterized that even small fragments of it may be easily recognized.

The segments go off normally at nearly or quite right angles with the

midrib, but they may curve striately near their ends in a falcate manner

toward the end of the leaf. Owing to distortion from pressure, this falcate

shape is often exaggerated, and the same distortion tends to sharpen the

ends of the segments and to round off in an elliptical form the margin

of their ends. They are of nearly or quite the same width from base to

" Foss. Flor. der Nordwestdeutsch. Wealdenformation, p. 29, pi. xii (Palaeontographica, Vol. XEX, p.

231, pi. xxxiii).

6 Beitriige zur Mesozoiscfaen Flor. .Japans (Denkschr. Wien Akad., Vol. LVII, p. 45), p. 5, pi. i, figs. 6-9a.

''Mesozoic Plants from Kozuke,etc. (Jour. Coll. Sci. Imp. Univ. Japan, Vol. VII, Pt. Ill, 1894), p. 227,

pi. XX, figs, 12, 14; pi. xxi, fig. 14; pi. xxii, figs. 5-7.
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tip when undistorted, but often from pressure become narrower at their

ends. Distortion from pressure often causes the segments to incHne

toward the ends of the leaf, and thus they seem to go off at an angle

smaller than the normal one with the midrib. Thej'^ are attached by
the entire width of their bases to the upper face of the midrib of the leaf,

so that the adjacent leases of the opposite segments are separated b}"- a

raised line. There is some indication that with age they become more
loosely attached to the midrib. At any rate the Geyser specimens show
numerous detached segments that have separated from the midrib along

this line. Detached segments are much more common than those borne

on the midrib. This deciduous character is marked in the Geyser fossils,

but is not noted by previous describers of this fossil. The frequent

detachment of the segments does not seem due solely to the accidents

of preservation. The width of the segments varies greatly, for some
leaves have only two segments on a side and others have the lamina on

each side of the midrib divided into numerous segments that are very

uniform in size and shape. Others have numerous segments, but they

varj'- greatly in width. In some cases the apparent segmentation, as

well as the shape, is due to pressure, the lamina splitting on the yielding

of the rock material. The width of the segments can not then be regarded

as a feature of any importance, and the same may be said of the number
of nerves, for that varies with the width of the segments.

The nerves, although slender, are remarkably distinct. They are

always single, and when the segment is not distorted by pressure they

are strictly parallel. The pressure, however, has frequently narrowed

and sharpened the ends of the segments, and then the nerves are crowded

in the distorted portion. The nerves are described b}^ previous observers

as going off at right angles with the midrib, whereas in the Geyser fossils

the}^ rarely do so, but more commonly make an angle somewhat smaller.

In some of the figures given by Schenk they are represented as making

a much smaller angle. The nerves in their course to the ends of the

segments make a slightly sigmoid flexure, so that their tips are directed

slightl}^ forward. In the leaves distorted b}' pressure in the way men-

tioned before, this forward inclination is exaggerated. The' nerves are

thickened at the insertion of the segments on the midrib and the pressure

sometimes causes them to appear as raised lines on the surface of the

MON XLVIII—05 20
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midrib. This appearance is well shown in Nathorst's fig. 9a, pi. i. The

help of a lens is necessary to show this feature. The same figure of

Nathorst shows well the raised line in the middle of the upper face of

the midrib, on each side of which the bases of the segments are attached.

The Geyser specimens show some leaves larger than any previously

described. The largest segments given for plants from other localities

have a length of 8 mm., but some found in the Gej^ser beds detached

from the midrib show a length of 26 mm. Such a segment is shown in

PL LXXII, Fig. 17. These largest segments are always found detached.

Fig. 18 gives a fragment of a leaf of medium size with the segments very

uniform in size and shape. Fig. 19 represents a fragment of the largest

size found with detached segments. Fig. 20 gives a fragment of one of

the smallest leaves. On it the segments are unequal in width and the

nerves are very distinct. Fig. 21 shows a fragment of a small leaf with

the lamina almost entire. Only one division of it is shown on the right

side of the midrib and two on the left side. It is not certain that even

this segmentation is not due to the accidental splitting of the lamina

from pressure.

This plant is found in both Professor Ward's and Mr. Weed's collec-

tions. In the latter there were a few small fragments that were noted

in the preliminary report as agreeing well with Angiopteridium strictinerve

of the Potomac. A comparison of them with the very numerous and

well-preser^^ed specimens of Nilsonia schaumburgensis found in Professor

Ward's collection showed that they are the widely detached segments

of that plant. PI. LXXII, Fig. 20, represents the best specimen collected

by Mr. Weed.
Genus ZAMITES Brongniart.

Zamites arcticus Goppert.

PI. LXXllI, Frgs. 1-6.

1864. Zamites arcticus Gopp. : XLI. Jahresber. d. Schles. Ges. f. vaterl. Cult.,

p. 84 (nomen).

1866. Zamites arcticus Gopp. : Neues Jahrb. f. Min., etc., 1866, p. 1.34, pi. ii, figs. 9, 10.

1886. Zamites sp. Dn.: Trans. Roy. Soc. Canada, Sect. IV, Vol. Ill, p. 7, pi. i, fig. 4.

1898. Zamites Weedii Font, in Weed & Pirsson: Eighteenth Ann. Rep. U. S. Geol.

Surv., 1896-97, Pt. Ill, p. 481. (PI. LXXIII, Figs. 1, 4.)

A large number of imprints of a cycad were found at the Grafton

and Gej' ser localities, which I can not by an^^ essential features distinguish
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from Zamites arcticus Gopp. Heer describes from the Kome beds of

Greenland," a number of specimens of this plant, and from the same beds

a smaller form which he calls Z. brevipennis." The latter, except in size,

seems to be identical with Z. arcticus and has many features found in the

Geyser plant. Indeed, the latter seems to give connecting links between

the two, which make them difficult to separate. The Geyser specimens

are preserved on a fine-grained shale, which gives details not to be seen

on a coarser grained rock. This plant and Nilsonia schaumburgensis

are much the most common fossils in the Geyser strata, and they are

the plants^most characteristic of them. Heer gives no nerves for Zamites

arcticus and Z. brevipennis. The only difference that I can find between

them and the Geyser plant is the greater size of the leaflets on some of

the leaves of the latter, a point which in such cycads is of little importance.

Besides, in the numerous Geyser specimens forms can be found which

are similar in size to both Z. arcticus and Z. brevipennis. The descrip-

tion that Heer gives of these plants agrees closely with the characters

seen in the Geyser plant. Heer himself, in his description of Z. brevipen-

nis, gives as the only difference between it and Z. arcticus the smaller

size of the leaves of the former and its shorter leaflets.

The number of imprints found in the Geyser beds and their good

preservation enable me to add something to the descriptions gi^-en by

Heer. There is some variability in the Geyser forms, some having wider

leaflets and some narrower. Some of the leaflets from the same portion

of the leaf are decidedly smaller than others, and the length of the leaflets

from the middle portion of the leaves is shorter in some specimens than

in others. But there, are intermediate sizes that show that all belong

to the same plant. Only fragments of leaves are seen, but some of these

are 7 cm. long, showing that some at least attained considerable size,

for these portions are from the middle part of the leaf and it does not

change in width throughout the entire length. The midrib is broad and

flat, being mostly hidden by the bases of the leaflets, which are attached

upon its upper face. The leaflets diminish in length toward the base

of the leaf, which indicates that, as is usual in cycadean leaves, they

are supported in this case also by naked petioles. The opposite leaflets

« Flor. Foss. Arct., Vol. I, p. 82, pi. iii, fig. 14 [this is a copy of Goppert's fig. 9, see synonymy abore];

pi. xliv, flg. 5c. Ibid., Vol. Ill, Pt. II (Kreide-Flora der Arctischen Zone), p. 67, pi. xv, figs. 6, 7.

6 Ibid., Vol. Ill, p. 67, pi. XV, figs. 8, 9, 10.
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on each side of the midrib are of equal length, are attached at light angles

to the midrib, and stand at right angles to it. They are so closely placed

as to touch one another, but sometimes, owing to pressure, which has

forced the margins of the leaflets into the rock substance, they are made
to appear narrower and hence farther apart. In shape the leaflets are

of equal width from base to tip, with a linear form. They are rounded

off at the free end so as to have a circular tip, or else are obliquely rounded

on the lower outer margin of the tip, so that this margin has an elliptical

outline. In all cases the extremity is very obtuse. At the end attached

to the midrib the leaflet is truncate, with corners rounded. The leaflet

appears to be placed on the upper surface of the midrib, with its base

not fusing with the midrib, and terminates with a raised line, so that

it appears superposed and adhering, showing the entire length distinct.

The basis of leaflets on opposite sides are so closel}^ placed that the}''

almost touch. The}" are opposite or subopposite. The widest leaflets

have a width of 4 mm. and the narrowest of 2 mm. The longest have

a length of 12 mm. and the shortest of 6 mm. The leaf substance was

thick and leathery, hiding the nerves. The nerves are slender and almost

always invisible. The}^ are seen only in the wider leaflets, where the

leaf substance has been peeled off, leaving imprints of the nerves in the

fine shale. Where seen the}^ are 8 to 10 in numl^er, but may be fewer

in the narrower leaflets. They go ofT at right angles with the midrib

and maintain the same angle, being strictly parallel.

Dunker" gives a description of a plant which he calls Pterophyllum

Lyellianum that is very near to our fossil. Heer, in his description of

Zamites arcticus ,^ says that this plant is so like Z. arcticus that it is

difficult to give any distinction. The leaflets of Bunker's plant are only

somewhat broader and farther apart. Dunker gives four to five very

slender nerves as possessed by it. Heer rightly regards this not as a

Pterophyllum but a Zamites of the type of Z. arcticus. Sir William

Dawson, in his account of Kootanie plants, " describes forms of this type

of C3''cad. One of these, pi. i, fig. 5, he identifies with Heer's Z.acutipemiis.

One he makes a new species, Z. montana, pi. i, figs. 6, 6a, and one he does

« MoDogr. der.Norddeutsch. Wealdenbildung, p. 14, pi. vi, figs. 1, la, 2.

i Fl. Foss. Arct., Vol. I, p. 82.

^' On the Mesozoic floras of the Rocky Mountain region of Canada (Trans. Ro3^ Soc. Canada, Sect. IV, \'ol.

Ill), p. 7.
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not identify or name, pi. i, fig. 4. The unnamed form, fig. 4, is strikingly

like some of the Geyser plants and is probably the same species. Z.

montana also is much like some of the forms from Montana, and the same

ma}^ be said of his Z. acutipennis. Probably all are forms of Z. arcticus.

It should be stated in this connection that in naming a Zamites from

the Great Falls locality, Zamites montanensis, in my paper on "Some
Fossil Plants from the Great Falls of Montana," it had escaped my notice

that Dawson had previously named a Kootanie fossil Z. montana. These

names are too much alike. Dawson states that Z. montana has four

nerves, and he recognizes its closeness to Z. arcticus and to Z. brevipennis.

It is quite possible that Z. horealis Heer and Z. acutipennis are both

forms of Z. arcticus, differing from it only in the somewhat longer leaflets.

Heer gives four nerves for each of these. In all these Lower Cretaceous

forms, Pterophyllum Lyellianurii Dunk., Zamites montana Dn., Z. horealis

Heer, and Z. acutipennis Heer, for which four nerves are given, the

nerves are slender and immersed in the thick parenchyma of the leaflets

;

hence it is quite possible that they may have had more than four. From
wrinkling in thick leaves of this type, owing to shrinkage along certain

nerves, deceptive appearances are often given in the nervation. As it

does not appear from the descriptions how distinctly nerves were seen

in these plants, I hesitate, for those for which four nerves are given, to

maintain their identity with Z. arcticus. Dr. J. S. Newberry, in an

article describing some plants from the Great Falls coal fleld of Mon-
tana," states that he recognized in these fossils Dawson's Z. montana

and Heer's Z. acutipennis, and he describes an additional form, which

he makes a new species, with the name Z. apertus. This he saj^s is a

small species resembling Z. arcticus, but is much more open in structure.

The nerves are invisible, according to his statement. The figure (fig. 4)

which Newberry gives of this plant does not show leaflets more distinct

than those of Z. arcticus, which it closely resembles. It is probable

that all of these forms are those of Z. arcticus.

It is to be noted that this type of cycad seems to be quite char-

acteristic of the Kootanie beds of Canada and of the strata of similar

age in Montana, forming a connecting link between the two floras.

Cycads of this type have not been found in the Lower Potomac strata

of Virginia, which have so many other forms that occur in the Mon-

<* Am. Journ. Sci. for March, 1891.
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tana beds. This form of cj^cad, which is so highly characteristic of the

Lower Cretaceous, differs in so many essential points from the Zamites

of the Jurassic, which find their type in Z. Fe7ieonis (Brongn.) Ung.,

that it does not seem proper to unite them in one genus. If ever plants

are to be made generically different from characters of foliage, it would

seem that the Jurassic and Lower Cretaceous types of so-called Zamites

ought to be so considered. As the form of the Lower Cretaceous is

always and markedly pectinate in shape, Pedinizamites would appear

to be a proper generic name.

Mr. Weed's collection contained a few forms of a Zamites that

seemed from the imperfect specimens obtained to be new, and the name

Zamites Weedii was proposed for it in the preliminary report. These

are represented in PL LXXIII, Figs. 1 and 4. This collection showed

also one or two imprints of a smaller Zamites, which, in the same report,

was supposed to be a different species and compared with an unnamed

Zamites of Dawson from the Kootanie of Canada. The numerous speci-

mens of Z. arcticus above described show that both of these forms fall

easily within the limits of variation of that species, and hence the^^

must be regarded as identical with it.

PL LXXIII, Fig. 1, represents the .basal portion of one of the

leaves, with wider leaflets, and shows the shortening of the leaflets

toward the base. No doubt lower down on the leaf the leaflets are

wanting, giving a naked petiole. Fig. 2 shows a fragment of a leaf

from its middle portion, with leaflets of the larger size, but not quite

so large as some that were seen. Fig. 3 represents a small fragment

from the middle portion of a leaf, showing some of the largest leaflets

seen. Fig. 4 gives a small fragment of a leaf from its middle portion,

showing leaflets of the smallest size. Fig. 5 represents a fragment

from the middle portion of a leaf that shows the narrowest tj'^ps of

leaflets that possess an average length. Fig. 6 gives two of the leaflets

of Fig. 5 enlarged four diameters to show details.

Genus CYCADEOSPERMUM Saporta.

Cycadeospermum montanense Fontaine n. sp.

PI. LXXIII, Fig. 7.

A single nut-like seed was found in the Geyser beds, which seems

to be a C,ycadeospermum, probably a new species. But there is not
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enough material to decide this positively. The seed is ovate-elliptical

in form, 5 mm. long, and 3 mm. wide in its broadest portion. It has

the smooth horny-looking epidermis characteristic of Cycadeospermum,

and is wrinkled from shrinkage.

Order FINALES.

Family TAXACE^.

Genus CEPHALOTAXOPSIS Fontaine.

Cephalotaxopsis ramosa Fontaine?''

PI. LXXIII, Fig. 8.

A number of imprints of detached leaflets were found on several

pieces of the Geyser shale that closel}^ resemble leaflets of Cephalotax-

opsis ramosa Font., a plant found rathesr abundantly in the Lower Poto-

mac beds of Virginia. None of these were found attached and they

are all fragments of leaflets. Their texture is leather}^, but rather thin

for a Cephalotaxopsis, and they have a strong single nerve. They
appear to be certainly leaflets of some Cephalotaxopsis, but are not

well enough preserved and sufficiently abundant to disclose clearly

their specific character. They agree best with the narrower form of

leaflets of C. ramosa.

Genus NAGEIOPSIS Fontaine.

Nageiopsis longifolia Fontaine.

PI. LXXIII, Fig. 9.

Five or six fragments of shale from the Geyser strata show imprints

of pieces of strap-shaped leaflets with parallel nerves that have the

character of Nageiopsis longifolia Font., a conifer found first in the

Lower Potomac beds of Virginia. The imprints are all of fragments

of leaflets, the longest being from 5 cm. to 6 cm. in length, with a width

of 5 cm. or 6 cm. None of them are attached, but one specimen shows

the basal portion of a leaflet with the characteristic narrowing seen

in A^ longifolia, which gives the base of the leaflet an elliptical from.

This plant does not seem to be common in the Geyser strata.

« For the s_vnonymy f this species see p. 258.—L. F. W.
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Nageiopsis montanensis Fontaine n. sp.

PI. LXXIII, Fig. 10.

A single imprint of a nearly entire leaf with the reverse was found

in the Geyser l^eds that seems to be a new Nageiopsis. It is 2 cm. long

and 8 mm. wide in its widest portion. Its shape is elliptical with an

olDtuse tip, and it narrows at the base to a pedicel. The nerves at the

base of the leaf are sometimes once forked and sometimes single. They

go nearly parallel to the tip of the leaf, where they are more crowded,

but do not converge as in Podozamites. There is not enough material

to determine certainly whether or not this is a new species of Nageiopsis,

but I provisionally so regard it. It is like some of the leaves of N.

zamioides Font., of the Potomac of Virginia, but is more obtuse and

narrows to the base more gradually and more decidedly than the leaves

of that plant.

Family PINACE.E.

Genus LARICOPSIS Fontaine.

Laricopsis longifolia latifolia Fontaine n. var.

PI. LXXIII, Figs. 11-14.

1898. Laricopsis longifolia Font.? in Weed & Pirsson: Eighteenth Ann. Kept. U. S.

Gedl. Surv., 1896-97. Pt. Ill, p. 482. (Pi. LXXIII, Fig. 14.)

A large number of imprints of a conifer with narrow thread-like

leaves occur in the Geyser specimens collected by Professor Ward and

several in those obtained by Mr. Weed from the Grafton locality. They

have the character of Laricopsis longifolia Font., a plant characteristic

of the Lower Potomac of Virginia. The leaves, however, have on an

average a greater width, being I mm. in width, while in the Virginia

fossil they average only half as much. This greater width may, however,

be clue to the better preservation of the Montana specimens. The shale

which carries these Montana imprints is verj^ fine grained and shows

the entire original width of the leaflets. The Virginia rock material

is coarser, and the leaves whose imprints are shown on it appear to

have suffered somewhat from maceration, which may have dimin-

ished their apparent width. But notwithstanding the shaipness of

outline shown in the Montana specimens, the nerves are very obscure

and not more distinctly shown than in the Virginia forms. There

appears to be one in each leaf. The leaves are attached singly or in
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bundles, scattered around the stem, and on falling off leave marks that

are more or less circular in form. The original number of leaves in a

bundle could not be made out, as in no case could it be determined

whether or not all were preserved. The stems, in proportion to the

size of the leaves, are always quite stout, a feature observed in the

Potomac forms.

PI. LXXIII, Fig. 11, shows a portion of one of the stems with the

basal parts of some of the leaves still attached. The leaves are in all

cases fragmentary, so that their original length could not be made out.

Fig. 12 shows a portion of a principal stem and parts of several branches

that go off as if they had originally formed a whorl, reminding one of

the mode of branching of Cephalotaxopsis. Fig. 13 shows a stem with

many leaves. Fig. 14 represents the specimen collected by Mr. Weed
at the Grafton locality.

This plant seems to have been rather common in the Geyser beds and

it is one of the most characteristic of their fossils. Conifers seem to be

quite rare in these strata and this is decidedly the most common of them.

Besides the undoubted plant fossils found in the Geyser beds there

are two forms of imprints that probabl}' belong to some animal with a

thin bivalve shell. They reseml^le most the imprints of the shells of

Estheria. If they represent this genus, there are probably two species of it

in the Geyser beds. Both are quite small. The larger one has a length

of 11 ram. and a maximum width of 6 mm. This is represented by one

specimen. The other shows three imprints. It is more nearly circular

in form than the larger imprint and has dimensions 4 mm. by 6 mm.

SDMAIAEY AND CONCLUSIONS.

The list of plants found in the Geyser strata contains the following

forms

:

1. Dicksonia montanensis Font. n. sp.
|

10. Nilsonia schaumburgensis (Dunk.)

2. Dicksonia pachyphjdla Font.
! Nath.

.3. Thyrsopteris elliptica Font.
|

11. Zamites arcticus GOpp.

4. Cladophlebis falcata montanensis
i
12. Cj^cadeospermum montanense Font.

Font. n. comb.

5. Cladophlebis heterophylla Font.

6. Cladophlebis constricta Font. ?

7. Equisetum Phillipsii (Dunk.) Brongn.

8. Equisetum Lyellii Mant.

n. sp.

1.3. Cephalotaxopsis ramosa Font. ?

14. Nageiopsis longifolia Font.

1.5. Nageiopsis montanen.sis Font. n. sp.

16. Laricopsis longifolia latifolia Font. n.

9. Lycopodite.s '? montanensis Font. n. sp. ' var.
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In drawing conchisions as to the age of this flora we ma}' omit

Dicksonia montanensis, D. pachyphylla,'' Nageiopsis montanensis, Lycopo-

dites f montanensis, Cycadeospermum montanense as being new species

or too imperfect!}'' characterized. Cladophlebis constricta ? and Ceph-

alotaxopsis ramosa ? also should be omitted as being not determined

with positiveness. The remaining plants are not of equal value in

fixing the age.

Equisetum Phillipsii, from its great abundance, has a high value.

As is known, this is a Wealden form. E. Lyellii also is Wealden, but

from its greater rarity and the possibility that it may be some portion

of E. Phillipsii it has not so much weight. The Cladophlebis falcata

montanensis is near enough to the Potomac form to be regarded as its

representative modified by differences of environment. The Lower

Potomac strata which contain the type form are shown by their flora

to be Wealden in age. Cladophlebis heterophylla is a plant of the Great

Falls beds, which have many forms in common with the Lower Potomac.

Thyrsopteris elliptica occurs in too few specimens to have much value,

as it can not, from the specimens, be regarded as a common and char-

acteristic plant of the Geyser beds, but it strengthens the resemblance

of this flora to that of the Lower Potomac.

Nilsonia schaumburgensis is of high value in determining age. It is

an important and characteristic plant in the European Wealden flora, and

its great abundance in the Geyser strata shows that it is one of the most

characteristic for the Montana locality. Its occurrence there adds another,

and a most important, form to those that Yokoyama had previously made

known as common to the Lower Cretaceous flora of Japan and the United

States. Its presence in the Geyser flora strongly confirms the conclusion

that its age is Wealden. Zamites arcticus " also must be considered as one

of the most characteristic plants of these beds. This type of Zamites not

only indicates the Wealden age of the beds containing it but shows that

they have elements characteristic of the Kootanie and the Great Falls

formations.

Laricopsis longifolia latifolia is so near the type plant of the Lower

Potomac that it may be regarded as its representative, and it gives

« Professor Fontaine was not aware at the time'of preparing this report that this species occurred in the

Shasta formation. It is found only in the lower or Knoxrille member of that formation.—L. F. W.

f> This also occues in the Knoxville beds of the Shasta formation.—L. F. W.
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another Lower Potomac element. The other form, Nageiopsis longifolia,"

from the small amount of material that it shows, does not possess much

value, but so far as its evidence goes it adds to the Lower Potomac a

affinities.

We may conclude then fairly, I think, that these Geyser strata Ijelong

to the same formation with the Great Falls group of beds, and that the

evidence of the Geyser fossils confirms the conclusion previously made by

Doctor Newberry and myself, that the age of this group is Wealden,

being essentially of the same age as the Lower Potomac of Virginia.

FLORA OF THK LAKOTA FORMATIOX OF THE BLACK HILLS.

Passing eastward, the next series of plant-bearing beds of the Lower

Cretaceous that we encounter whose flora has been made known is that of

the Black Hills in Wyoming and South Dakota. Before I began my

investigations in 1893 these beds were regarded by all geologists as belong-

ing to the Dakota formation, and it is therefore doubly unfortunate that

Mr. Darton should have applied to them the name Lakota,'' a name so

closely resembling Dakota that typographical errors are unavoidable.

As I have already published ' an exhaustive report on the Cretaceous

flora of the Black Hills, chiefly on the flora of the Lakota formation, and

as this report is as accessible to all persons interested as are the present

papers, it is hot considered necessary again to go over any of the ground

covered by it. The bibliographical references are very full in that report,

so that even these need not be repeated, and the record may be regarded

as complete down to the end of October, 1898.

I was even able to embody in that paper ( pp. 548-551) an account of

my expedition to the Black Hills in October, 1898, in company with Mr.

H. F. Wells, who had collected so many cycadean trunks for Professor

Marsh, in the course of which we visited all the localities known to him.

In both the Minnekahta and Blackhawk regions there were large numbers

of specimens still lying on the ground, some of them as flne as any sent in,

n This Potomac plant has since been found to occur in the Jurasso-Cretaceous beds of Alaska.—L. F. W
6 Bull. Geol. Soc. Am., Vol. X, December, 1S89, p. 387: Twenty-first Ann. Rep. U. S. Geol. Surv., Pt. IV,

1901, pp. 526-529. On p. 527 of the last-named paper he states that " the name Lakota is derived from one of

the tribal divisions of the Sioux Indians."

c The Cretaceous formation of the Black Hills as indicated by the fossil plants ; Nineteenth Ann. Rep. U. S.

Geol. Surv., Pt. II, 1899, pp. 521-946, pi. liii-clxxii.
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l3ut most of them more or less fragmentar_y. The value of these fragments

to science is, however, very great, and on my return I succeeded in induc-

ing Professor Marsh to authorize Mr. Wells to finish the work he had

begun b}'' gathering them all up and shipping them to New Haven. This

was done and the specimens arrived early in 1899. Meantime, in Novem-

ber, 1898, I went for the fourth time to New Haven and determined a col-

lection of 44 specimens that Mr. Wells had sent since my last visit in June.

It was then that I explained to Professor Marsh what I had seen in Octol^er

and that he instructed Mr. Wells to send him all the cycads he could find.

Knowing that these were coming I purpose^ left the work unfinished,

certain that the new material would not only afford a much broader l^asis

for the stud}^ of the collections, but would complete many of the imperfect

trunks by supplying the missing parts. In this I was not mistaken. The

great collection happil}^ reached New Haven and was unpacked a month or

more before the fatal illness of Professor Marsh, so that he was al^le to

contemplate it in all its magnitude.

As stated in my paper on the flora of the Black Hills (p. 623), Pro-

fessor Marsh had persuaded Mr. George R. Wieland to undertake the

microscopic study of the fossil cycads in the Yale Museum, and he began his

investigations near the beginning of 1899. He commenced publishing in

March of that year, and four of his contributions, all based on the Black

Hills material, have thus far appeared." The series will doubtless be

continued, and a monograph is announced. The work on the internal

structure of American fossil cycads is thus fairly begun, the results are

already highly important, and the possibilities seem practically unlimited.

On May 1, 1900, at the request of Dr. C. E. Beecher, I again visited New
Haven and resumed the work of elaborating the cycad material. The

collections now numbered over 700 specimens, but more than half of these

consisted of the smaller fragments gathered from the field by Mr. Wells,

who had previously neglected to send them, not supposing them worth

preserving. I had emphasized their importance to Professor Marsh, and,

as above stated, he had ordered their shipment. None of them are wholly

without scientific value, especially in the stud)^ of their internal structure,

and many of them were found to be the missing parts of broken trunks

« A study of some American Fossil C3'cads, b}' George R. Wieland. Pt. I. Am. Jur. Sci., 4th ser.,Vol.

Vn,May, 1899, pp. 219-226, pi. ii-iv; Pt. 11, ibid., April, 1S99, pp. 30.5-30S, pi. vii; Pt. Ill, ibid., May, 1899,

pp. 383-391, pi. viii-x; Pt. IV, ibid., Vol. XI, June, 1901, pp. 423-436.
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previously received. I was able to refer the larger part of them to species

already described with greater or less confidence. The residue remain

indeterminable. I completed this work on May 15, and prepared an

article embodying the results and describing the 7 additional new

species, one of which, however, as we have seen (see pp. 203 to 204),

has proved to be probably of Jurassic age and to belong to the genus

Cycadella. The illustrations for this article were prepared by Doctor

Beecher after my departure for Europe from memoranda which I fur-

nished before leaving. The article did not appear until November."

In addition to the matter relating to the Jurassic of the Black Hills

furnished me by Mr. Wieland (see pp. 203-204), he has also sent me his

notes on the Lakota obtained during his investigation of the hills the

same season (1900). As these embody much new information relating

to the flora of the Lower Cretaceous of the Black Hills, I gladly insert them

at this place. They consist of trial sections for the study of the fossil

faunas and floras of the formation, with appropriate discussion, and also

contain the description and illustration of a new species of Nilsonia

collected by Mr. Wieland.

NOTES ON THE STRATIGRAPHY AND PALEONTOLOGY OF THE BLACK HILLS RIM.

B}- G. R. Wieland.

The United States Geological Survey has for several years past engaged

actively in the field investigation of the geology of the Black Hills, a

region which has been recognized by all as of paramount scientific interest.

Hence it might seem superfluous either to add to the various sections

already published by Ward, Darton, and others, or in any way to anticipate

the more extended publications of the Survey on this subject. But as it

has been my good fortune to make extensive saurian and plant collections

in the Black HiUs rim country, and as many of these specimens are types

of the highest interest and come from a series of localities girdling the

Black Hills, my notes on the localities and horizons in which these fossils

were secured may well be recorded.

It is well known that 5 or 10 vertical feet may be just as important

from a biologic as from a stratigraphic standpoint. Far too often

" Elaboration of the fossil cycads in the Yale Museum, by Lester F. Ward: Am. Journ. Sci., 4th ser., Vol. X,

November, 1900, pp. 327-345, pi. ii-iv.
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important forms which may perhaps not be duphcated in a centurj^ are

collected and described with but the most imperfect record of their

locality and horizon. The accurate topographical and geological maps

now being prepared will render this less and less likely to happen. In this

connection I should say that Prof. Henry F. Osborn, of the American

Museum of Natural History, throughout his extensive explorations in the

Rocky Mountain country has insisted upon the value of the vertical

record from the evolutionary point of view, and these notes have been in

large part prepared while engaged in field work for the American Museum.

The general character of the sedimentary rocks of the Black Hills is

well known—the high outer rim of fossil-bearing Jurassic and Cretaceous

horizons, with the intervening eroded red Trias (or, as now seems more

probable, Permian) valley extending entirely around the central mountain

area of eruptive followed by Paleozoic rocks. I shall, then, at once give

certain sections, not only of importance in the correlation of the "rim"

horizons as they extend around the hills, because well marked by char-

acteristic fossils, but also because of the gz'eat biologic interest of thefaunal

and floral relations here seen.

Three miles due north of Piedmont, S. Dak., near the middle of the

eastern side of the Black Hills, there is a characteristic section of primary

interest. The small knoll near which it is taken may serve to name it.

Section at the Saurian Knoll, 3 miles due north of Piedmont, S. Dak.
Peet.

12. Fort BeQtoa shaleg, with perhaps 100 feet of underlying strata not studied 129

11. Massive more or less cross-bedded sand rock, flesh colored, barren (?), and here forming the summit

of the rim 60

10. Deeply iron-stained sandstone with much silicified wood, doubtless equivalent to the cj'cad-bearing

horizon east of Piedmont, and at least in part to that of Minnekahta 20

9. Shale, gray to blue, with siHcified wood. 20

8. White soft sandstone T • ,

.

10

7. Sand rook, dirty white, granular, and containing Camptosaurus and other dinosaurs ' 2

6. An all-shale talus. 60

5. Sand rock with two harder ledges 20

4. Shale and limestone laj'ers containing numerous ostracods and occasionally fish teeth (Hybodus ?).

.

20

3. Prominent shale bed, from base of which Barosaurus, Morosaurus, and other large dinosaurs were

collected, as well as much silicified wood 60

2. Shale with nodular layers, containing more or lesg imperfect remains of numerous large saurians 20

1 . Drab to white sand rock, here much cross-bedded above (the Unkpapa of Darton ) : 75

Total ^ : 506

Marine Jurassic.

I should add that No. 3 is usuall}^ followed bj^ light-colored sandstone

containing indistinct remains of plants. These rarely become distinct.
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Just east of Spearfish, S. Dak., there is such a locahty requiring further

examination, and on the outer rim, 16 miles north of the present section,"

I secured fine specimens of a Nilsonia, which is a new species. It may be

characterized as follows:

Genus NILSONIA Brongniart.

Nilsonia nigracollensis Wieland n. sp.

PI. LXXIII, Fig. 15a-d.

While none of the fronds of the type specimen are complete, the parts

present are numerous, and include bases, middle portions, and tips, show-

ing both upper and lower surfaces, the venation of all being distinct.

From these various portions we may conclude that the entire blades were

probably 25 cm. in length. But they may perhaps have reached a length

of 30 cm., and, as in the case of all characteristic Nilsonias, there is evidence

of considerable variation in size. " As the base is long and tapering, the tip

blunt, and the greatest width not more than 11 mm., the fronds were

gracefully linear. Apparently, they were widest somewhere beyond their

middle point. By placing the base a, the middle portion h, and the tip c, as

shown in the figure, end to end, the general outline of a nearly complete

frond (or pinnule) will be obtained.

As indicated in the figure, the midrib is distinct, but not heavy. The

lateral nerves are normally simple and parallel, but very rarely they fork

close to their origin. They rise only slightly just at their origin on the

slender raised line marking the upper surface of the midrib, but more

sharply at their tips, their general course lying quite uniformly at an

angle of about 75° to the midrib. Both their direction and distance apart

are quite constant from base to tip. There are from 23 to 26 lateral veins

to the centimeter.

Locality and horizon.—Thls Very characteristlc new species receives its

name from the Black Hills, being the first example of the Nilsonia-

Tseniopteris form of frond to be reported from this region.

« Both these plant localities lie at the base of Barton's Lakota sandstone.

b This is one kind of evidence in favor of the once pinnate character of many of the species of this and the

related genera, which is not to be neglected; the differences in size as a varietal character, in the case of speci-

mens from the same locality, is hence of doubtful value. Thus in Nilsonia polymorpha Schenk it seems to me

-the best explanation is that the multiform blades are the pinna; of, not a bipinnate, but rather a bipinnoid

frond of triangular outline.
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The type specimen was collected near the summit of the Black

Hills rim, 5 miles north of Sturgis, S. Dak., and has been presented to

the Yale Museum. It consists of a small slab of fine-grained drab sand-

stone containing numerous imprints of portions of fronds or pinnules,

with some fragmentary, but distinct, specimens of Thyrsopteris dentifolia

Font.," PI. LXXIII, Fig. 15d, and was obtained in situ from the base of

the first sandstone stratum which here overlies the Beulah shale, containing

Jurassic dinosaurs. The horizon of the present new Nilsonia therefore

belongs at the very base of the Lakota formation of Darton.

In considering the relationships of the present species I will explain

that I at first referred it to the genus Tseniopteris of Brongniart, but on

the reference of my manuscript by Professor Ward to Professor Fontaine

the latter replied that he considered it a Nilsonia. This reply Professor

Ward was so kind as to send me, and as it deals with the distinction

between these very important genera, as well as with the only known

American species of Nilsonia with which the Black Hills specimens may

be directly compared, I give it in full. Professor Fontaine says:

The supposed "Tseniopteris" of Mr. Wieland is an interesting plant. His fig-

ures and description indicate that it is a Nilsonia rather than a Taniopteris. It

seems that we can not insist on segmentation of the lamina of the leaf as a diagnostic

character of Nilsonia, although the laminse are generally segmented. This would

leave as the only important difference between the two genera the fact that in Nil-

sonia the lamina of the leaf is attached to the upper surface of the midnerve, while

in Tseniopteris it is attached to the sides. Hence in Nilsonia, on the upper surface

of the leaf, the bases of the lateral nerves are inserted on a raised line or cord, running

about the middle of the midnerve, which latter is inconspicuous. In Tseniopteris

the lateral nerves are inserted on the sides of the midnerve, which is conspicuous.

These Nilsonia features are very evident in Mr. Wieland 's plant. This plant is strik-

ingly like Nilsonia parvula (Heer) Font, of the Jurassic of Oregon. As, however,

it is constantly larger and more robust than the predominant forms of that fossil, it

is probably specifically different. It looks much like a modified descendant of N.

parvula, the larger forms of which are fully as large as the smaller ones of N. nigra-

collensis. Heer made N. parvula a Tseniopteris, but the numerous Oregon forms

show that it is a Nilsonia. As this plant was exceedinglj- abundant in the Oregon

a Described in Ward's Cretaceous Formation of the Black Hills (Nineteenth Ann. Rep. U. S. Geol. Surv.

Pt. II, 1899, p. 660, pi. clxvi, figs. 6-9), from the Haj- Creek region, W.voming, as. coming from "over coal 50

feet above the Jurassic." The main Aladdin Wyoming coal seam lies immediately over the shale numbered 3

in rav section taken north of Piedmont, and hence in the same relative position.
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Jurassic flora, it is to be expected that it would survive with modifications in the

Lower Cretaceous. As the description of the Oregon Jurassic plants is unpublished,

of course Mr. Wieland did not have an opportunity to compare the two. * * *

Among foreign specimens presenting analogies, that figured by
Seward as Tmiiopteris Beyrichii (Schenk) Sew.," from the Wealden of

Ecclesbourne, bears quite as strong a resemblance to the Black Hills

specimens as any form known to me. It is broader, and the veins are

not so closely set. I suspect that this plant is a Nilsonia.

Also, in his memoir on La Flore Wealdienne de Bernissart,'' Mr.

Seward figures bases of fronds which agree in size and form with our

specimens. Unfortunately, their venation is lacking. Seward compares
this form with Treniopteris (Oleandridium) Beyrichii (Schenk) Sew/
This species is smaller and its veins sometimes fork, but the general

resemblance to N. nigracoUensis is marked. From Schenk's figures I

should say that the insertion of the lamina is intermediate between the

condition seen in characteristic Nilsonias where the laminae extend to

the center of the upper surface of the midrib and forms like Tmiiopteris

vittata Brongn., where the lamimie are inserted well down on the sides of

the prominent midrib.

Lastly, I may mention Nilsonia polymorpha Schenk, so well and
fully illustrated by Nathorst in four plates, comprising many figures of

the beautifully preserved specimens from the Rhetic of Palsjo, Sweden."*

The smaller forms of these with whole margins bear a close resemblance

to the Black Hill fronds, and we can not doubt their generic relationship.

As regards the generic distinction between Nilsonia and Tseniopteris,

after again examining all the evidence now available to me, I agree with

Professor Fontaine's view. It is to be borne in mind that the genera

Nilsonia, Tgeniopteris, and Oleandridium have now come to comprise

numerous species of a very generalized and cosmopolitan t^-pe of leaf.

As a consequence, it has become difficult, as always in such a case, to

say definitely, in the absence of extended revision, whei^e the one genus

« Fossil Plants of the Wealden, Pt. I, p. 127, pi. ix, figs. 3, 3a.

6 M^m. Mus. Roy. d. Hist. Nat., Vol. I, Bruxelles, 1900.

c Palaeontographica, Vol. XIX, p. 221, pi. xxix, figs. 6, 7.

<< Nathorst, Bidrag till Sveriges Foss. Fl. : Kongl. Sv. Vet.-Akad., Handlingar, Vol. XIV, No. 3, Stockholm,

1876, pi. viii-xi.

MON xLvni—05 21
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ends and the other begins." Nevertheless . we have every reason to

beUeve that at the one end of the series there are characteristic ferns

analogous to such living forms as Oleandra and Acrostichum, as well as

marattiaceous forms, and at the other an important list of cycadaceous

forms. The closely related genera Pterophyllum and Anomozamites

may be cited in this connection. Anomozamites minor (Brongn.) Nath.,

as restored by Nathorst from specimens from the Rhetic of Scania, with

its Williamsonia-like fructifications, Xilsonia-like foliage, and branching

habit, is especially to be mentioned in this connection as one of the most

interesting fossil plants known.'' This series is at the same time an

exceedingly important one, covering as it does a period extending over

much of the Paleozoic to the close of the Jurassic at least, a period so

fertile in the evolution of higher forms.

Nilsonia nigracoUensis occurs between the Jurassic beds 3'ielding

the genus Cycadella of Ward and that higher up from which he has

described so many Cycadeoideas. This gives it as a probably allied

plant much additional interest.

Perhaps next in interest to the sections already given is that at the

so-called "Calico Canyon," near Buffalo Gap, South Dakota, so named

from the beautifully banded sandstone there quarried. This section is

as follows:

Rim section on the northern slope of Calico Canyon near Buffalo Gap, South BaTcota, beginning in the banded

sandstone quarry, and extendingfrom the marine Jurassic to the Fort Benton.

Feet.

34. Fort Benton shales.

33. Light-colored sandstone 10

32. Various shaly or sandy layers -10

31. Heavy and prominent bed of flesh-colored sand rock capping the escarpment and containing some

silicified wood 50

• « In this connection the following remark of Nathorst (op. cit., p. 42) is of interest:

" Nilsonia polymorpha Schenk is considered by Saporta, as well as by Schimper, to be so closely related

to N. brevis and N. elongata of Brongniart that both the latter species may perhaps be only varieties of it.

A specimen from the gray shales of Palsjo (Swedish Rhetic) may at first sight give sohie support to this view.

Such as have entire margins have a habitual Tseniopteris form. For this reason Count Saporta verbally

suggested the idea that A', polymorpha possibly included a Taeniopteris. The Palsjii specimens with well-

preserved margins show, however, that this is not the case, a fact which Saporta later admitted in writing.

The nervature as above described is characteristic of Nilsonia, with simple lateral nerves, while these nerves

in Tsmiopteris are dichotomously branched at the base. Nevertheless, there occur, as stated, transitions

from the one form to the others."

I need only remark that as we can not rely on form, and as we now know we can not separate these genera

on the basis of dichotomy of the lateral veins, there is, in the absence of a knowledge of their fructification, no

very positive means of separation.

t Nathorst, Nya Anmarkningar om Williamsonia: (_)fv. Kongl. Svensk. Vet.-Akad. Fi'irh., pp. 359-365.

Stockholm, 1888.
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Feet.

30. Light-colored clayey sand rock .' 15

29. Ledge of grayish to dark mud rock . 8

28. Band of shale.

27. Light-colored sandstone .5

26. Shale ..\ 20

25. Light-colored clayey sand rock a little more indurated than No. 23 6

24. A clayey layer 15

23. Fragile light-colored sand rock 15

22. Dark shale 30

Note.—Nos. 22, 24, and 26 seem to have been due to similar conditions of deeper water alternating

with those forming the sandstone layers Nos. 23, 25, and 27.

21. A layer of rock much like Nos. 17 and 19, but forming a sharper ledge 6

20. A shale talus - 50

19. Grayish sand rock tending to form a ledge 5

18. Shaly sandy material, yellowish and more clayey above 25

17. Much hke No. 19 5

16. Dark-colored shales. 15

15. Heavy ledge of drab sandstone 15

14. Soft rock or shale, followed above by a well-marked shale or clay iO

13. Ledge of sand rock 10

12. Soft rock weathering out rather gray and shalj' 15

11. Light-colored ledge of sand rock with obscure plant impressions and frequent remains of dinosaurs

[Stegosaurus and others] and silicified wood. As noted in the field, i\o. 11 is 80 or 90 feet above

No. 3 8

10. Shaly layer 3

9. Soft flesh-colored sand rock. 8

8. Shale 1

7. Rather soft sand rock forming a ledge 12

6. White sandstone, very soft, or else in places splitting into small and irregular blocks. 12

5. Soft sandstone or shales 15

4. A layer of sand rock sometimes forming a continuous ledge with No. 3 12

3. Cross-bedded sandstone with silicified wood and frequent dinosaurian remains, especially in the lower

part, somewhat conglomeratic. Forms a distinct ledge 12

2. Light-colored to white sandstone with some banding, ochreous in places ,50

1. Highly colored sandstone of the Calico Canyon quarry 60

Total ; 613

Note.—Nos. 1 and 2 constitute Darton's Unkpapa. They are very variable in thickness. No. 2 is some-

times followed by shale instead of sandstone. Whether or not this shale corresponds to that bearing dinosau-

rian remains, as at Piedmont, Sturgis, and other points, is a question, though such may be the fact. I am
unable to place the Piedmont and Minnekahta cycad horizon in this section, though it must be present some-

where above No. 11, the uppermost of the two dinosaur horizons.

With regard to the horizon of the Minnekahta cycads much has

been said, but the following section includes some additional facts. In

it Nos. 3-6 are in the general position of the Beulah shales.

Red Canyon Creek section {South Basin), 4 vales southwest of Minnekahta, taken at a point about one-fourth

mile south of Matties Peal.
Feet.

13. A series of rocks nearly repeating the character of Nos. 6 and 9 of this .section, with some silicified wood,

though too much covered by talus to be readily divided 80

12. Light flesh-colored sandstone, in places reddish, containing silicified wood and probably some cycads. 20

11. Characteristic red to yellowish sandstone, with cycads and large silicified tree trunks, which may in

part be Araucarioxylons, also fragments of saurian bones 20
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Feet.

10. Shale bed (or days) below the cycad level ~ 35

9. A layer of light-colored sandstone 12

8. Sandy shaly material 30

7. Sandstone 60

6. Shale much like No. 3 65

Nos. 3-6 make a somewhat homogeneous series about 125 feet in thickness.

5. Same shale in character as that seen just below (4) 2

4. Sandstone breaking up into large blocks 6

3. Shale with nodular layers followed by very shalj' material 45

2. Marine Jurassic (Belemnite horizon) 125

1. Red beds.

The preceding section may be supplemented b.y the following briefer

one, introduced merely to explain in a general way the continuation of

the thus far barren horizons, save for silicified wood, here forming the

summit of the rim:

Section at Parkers Peak, rising 200 feet atove the cycad horizon and about 100 feet above Matties Peak.

Feet.

4. A highh^ characteristic quartzitic cap, forming, through its peculiar erosion about the head of Hells

Canj'on, 2 miles east of the peak, picturesque pine-clad mesas 80

3. Softer sandstones, mostly talus-covered; basal portions form mesas east of Parkers Peak 50

2. Soft flesh-colored sand rock (pinkish or whitish ), forming cliff 50

1. There should follow closely the red and yellow rock, followed beneath by the blue shale, between

which two horizons are many of the cycads. At the head of the trail, 2 miles east of Arnold's

ranch there is a distinct blue clay contact with the yellow cycad sandstone, and much silicified

wood is present.

There is occasional fossil wood on the tables mentioned in No. 3,

and there is a presumption that they correspond to certain high tables

on the southern side of "Calico Can3^on," which are about 100 feet below

No. 31 of that section and bear large quantities of silicified logs.

In conclusion, I give a section from the extreme northern hills,

obtained at the office of the Aladdin (formerly Barrett) Coal Company,

and called by them the Bore Hole B section. Being the result of a boring,

it is most interesting to compare this section with that given b}^ Mr.

Walter P. Jenney on page 582 of Ward's Cretaceous Formation of the

Black Hills. These sections are from the same point, Jenney's being

the result of a surface examination of the finely exposed rim escarpment,

and this section the record of a boring. Whoever will take the pains to

compare these two sections will realize how difficult it is to correlate and

reconcile the sections of different observers in the case of a highly

developed series of sedimentary rocks like that of the Black Hills rim in

the absence of positively identified fossils collected with care from horizons
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numbered by the collectors. It shows the immense labor which yet

remains to be done in completing and revising the geological history

of the Black Hills rim.

Section from "Bore Hole B" at Aladdin, Wyo., beginning near the base of the Atlantosaurus shales, u'hich may
here he 100 feet thick.

Feet.

8. Gray sand _ . . _ _ 4,5

7. " Black Jack " (carbonaceous or iron-stained clay and sand ) 2
6. Brown sandstone (contains two hard and sharp ledges) _ 30
5. Red sandstones _ _ _ _ _ 7
4. Gray sandstones

_ X22

3. Dark shaly clay, or the coal horizon lying over the Atlantosaurus shales proper 4

2. Green shal}' clay of the Atlantosaurus shale proper _ 67
1. Nodular bed, also saurian-bearing Unkpapa sandstone 20

The latest contribution to the subject now under consideration that

I am able to record is the elaborate paper of Mr. N. H. Darton," published
in 1901 and giving the results of his work in the Black Hills, mainly in

the seasons of 1898 and 1899. The hydrographic part of this paper

does not, of course, concern us here, and in his geological work Mr. Darton
has paid little attention to paleontology, especially to paleobotany, but

there are certain facts relating to fossil plants that he could not wholly

ignore. He has not, however, contributed anything new to this subject,

unless it be a sketch (pi. Ixxvi, facing p. 526) of the large silicified trunk

and stump described on page 552 of my paper on the Black Hills." If the

sketch is correct it would seem that a number of large segments from the

middle portion have been removed since I was there. Mr. Darton has

reproduced my plate Ixxx (op. cit.) illustrating the most beautiful of the

cj^cadean trunks, Cycadeoidea pulcherrima, which forms his plate Ixxvii,

but he does not give the name of the species or state to what genus these

trunks belong.

The only interest, therefore, that this paper possesses for the paleo-

botanist is its geological part. It is here that for the first time he describes

the Lakota formation, named by him in 1899 (see p. 315). This

formation is treated on pages 526-529, but out of the Lower Cretaceous

included in my sections, and extending from the Jurassic to the Dakota,

he makes three formations, viz, the Lakota, the Minnewaste limestone,

a Preliminary description of the geology and water resources of the southern half of the Black Hills and
adjoining regions in South Dakota and Wyoming, by Nelson Horatio Darton: Twenty-first Ann. Rept. U. S.

Geol. Surv., Pt. IV, 1901, pp. 489-599, pi. Iviii-cxii.

i Nineteenth Ann. Rep. U. S. Geol. Surv., Pt. II, 1899.
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and the Fuson formation. This last immediately imderlies the heavy

quarry sandstone which he includes in the Dakota formation.

On page 527 Mr. Darton mentions his discovery of saurian bones "in

the middle of the Lakota formation, or alwut 90 feet above the uncon-

formity of the Unkpapa sandstone, which is approximately the horizon

that has yielded cycads in the region between Edgemont and Minne-

kahta, near Blafckhawk, and elsewhere about the hills." Commenting

on this fact, he says: "If it were not for the evidence of the flora these

bones would be regarded as late Jurassic in age. They will soon be

described by Dr. F. A. Lucas, of the United States National Museum."

They have now been described and the species is named Stegosaurus

Marshi." Mr. Lucas makes no reference to the age except in the title,

but if the dermal spine found by Mr. J. B. Hatcher in the Triceratops

beds belongs to this species it ranges entirely through the Cretaceous.

Mr. Darton's remark, therefore, quoted above, is scarcely justified in

the present state of knowledge.

fIjORa of the trinity formation.

Petrified wood is always the first form in which vegetable remains

are observed in any country where it occurs, the discovery of the impres-

sions of leaves, stems, fruits, and flowers being reserved for the close

observations of the geologist and paleontologist when they chance to

visit the region. It was so in Texas, and the record of the observation

of silicified wood dates back at least to 1841. Mr. William Kennedy, in

his work on Texas '' of that date, mentions this fact in the following terms

:

In the middle, and northern sections of the district lying between the Trinity

and Neches rivers, great numbers of petrified post oak lie imbedded in the soil,

some in a horizontal position, but the larger portion nearly upright, with an inclina-

tion toward the north. They are extremely hard, giving fii-e to steel; generally

of light-gray or reddish-brown color, and present distinctly the form of the trunk

of the post oak, even to the knots.

There is, of course, no certainty that the fossil wood here referred to

belonged to the Trinity formation, as it is found at several horizons in

"A new dinosaur, S^e^osawrus Marshi, horn the Lower Cretaceous of South Dakota, by Frederic A.Lucas:

Proc. U. S. Nat. Mus., Vol. XXIII, 1901, pp. 591-592, pi. xxiii, xxiv.

''Texas: The Rise, Progress, and Prospects of the Republic of Texas, in two volumes, by William Ken-

nedy, esq., London, 1841, Vol. I, pp. 119-120.
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Texas, but the locality seems to correspond to the Upper Cross Timbers,

and the Trinity sands occur through the general region described. The

description of the wood is wholly fanciful and only reflects the prevalent

belief that the petrified wood belongs to the same trees that now grow in

the region where it occurs. Kennedy goes on to say that personally he

believes the wood to be only such living trees incrusted with calcareous

[sic] matter in springs and mineral waters, all of which only emphasizes

the undeveloped state of the science of fossil plants and the progress that

has been made during the six decades that have elapsed since this was

written, at least in this country.

Only a short time after this an eminent German geologist and

paleontologist. Dr. Ferdinand Roemer, came to America and joined the

little German colony that settled at New Braunfels, now the county seat

of Comal County, Tex. He immediately commenced making geological

observations in Texas and published his first paper in 1846." He
describes the fossil wood and admits that it is not that of the oak, but

thinks that it is dicotyledonous and not coniferous, although from Cre-

taceous strata. In his second paper* he says:

When I wrote mj" former paper I was not sure about the formation in which

this fossil wood was originally deposited. I am now perfectly convinced that it is

derived from Cretaceous strata, having afterwards found pieces of it among Creta-

ceous fossils at localities where for hundreds of miles around there are none other

but Cretaceous strata, and no traces of diluvium or drift are met with.

In 1849 Roemer published in German a popular work on Texas, '^ in

which he deals with the fossil wood somewhat more fully, both in the

text (pp. 229, 230) and in the appendix (pp. 369, 370). He had sent

specimens of it to Prof. H. R. Goppert, in Breslau, who had studied its

internal structure and found some of it dicotyledonous and some conif-

erous. The latter he referred to the genus Pinites. A large Cretaceous

fauna is described in the appendix. In his map the Cretaceous is shown

to occupy a wide belt northwest of a line which is nearly a prolongation

in both directions of one drawn through the cities of Avistin and San

Antonio.

« A sketch of the geology of Texas, by Dr. Ferdinand Roemer: Ara. Journ. Sci., 2d ser., Vol. II, November,

1846, pp. 358-36.5.

b Op. cit.. Vol. VI, November, 1848, pp. 21-28.

<^ Texas. Mit Riicksicht auf deutsche Answanderung und die physischen Verhiiltnisse des Landes nach

eigener Beobachtung geschildert, von Dr. Ferdinand Roemer. Mit einem naturwischenschaftlichen Anhange.

Bonn, 1849, 464 pp. 8°. Topographisch-geognostische Karte.
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Three years later appeared his illustrated folio work" on the geology

and paleontology of the Cretaceous of Texas. All the fossils known to

him at that time are here described and figured. Verj^ little attempt is

made to subdivide the Cretaceous or to work out the stratigraphy, and

the fossils are regarded as indicating an Upper Cretaceous age, above

the Gault and corresponding to the Senonian and Turonian of d'Orbigny.

Specimens of fossil wood that he had sent to Dr. Franz linger, in Vienna,

were determined i^y the latter and briefly described without illustration

on pages 94-95. Three genera were represented, two of which were

dicotyledonous and came, as Roemer admits, from the Tertiary, but the

Thuyoxylum americanum Ung. was collected between New Braunfels and

Austin in the Cretaceous. It may have come from the Trinity sands.

The work of the Shumards, done between 1855 and 1860, but not

published till 1886,'' gives very little information relative to the Lower

Cretaceous, and, as Mi\ Hill remarks, thej^ "place the bottom of the

Texas strata on top, the top in the middle, and all the other subdivi-

sions equally out of place." °

In one of B. F. Shumard's articles ** he gives (p. 583) a section of

the Cretaceous, which was made the subject of a critical review by Mr.

Jules Marcou,'' in which (p. 93) he introduces his own section, which

Mr. Hill characterizes as "an approximately correct ideal section.
"'^

Mr. S. B. Buckley devotes a few pages of his report^ to the Creta-

ceous, but, as is usual with geologists, confines himself to the beds in which

abundant molluscan remains occur. The sand rock near Weatherford,

however, described on page 67, undoubtedly belongs to the Trinity, but

he does not mention fossil wood nor any organic remains.

" Die Kreidebildungen Ton Texas und ihre organischen Einschliisse, von Dr. Ferdinand Roemer, Bonn,

1852, 100 pages, 11 plates fol.

6A Partial Report on the Geology ot Western Texas, consisting of a General Geological Report and a Journal

of Geological Observations, etc., by Geo. G. Shumard, Assistant State Geologist of Texas, Austin, 1SS6. Also

several articles by G. G. and B. F. Shumard.
c Am. Journ. Sci., 3d ser.. Vol. XXXIII, January, 1887, p. 75.

''Observations upon the Cretaceous strata of Texas: Trans. Acad. Sci. St. Louis, Vol. I, No. 4, 1860, pp.

582-590.

' Notes on the Cretaceous and Carboniferous rocks of Texas: Proc. Boston Soc. Nat. Hist., Vol. VIII, May,

1861, pp. 86-97.

/ Am. Journ. Sci., 3d ser., Vol. XXXIII, January, 1887, p. 75.

? First Ann. Rep. Geol. and Agric. Surv. Texas, by S. B. Buckley, State geologist, Houston, 1874, pp.

65-69.
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Mr. Robert T. Hill, who had had the advantage of a number of years'

residence in Texas, studied its geology with great care and worked

out the stratigraphical relations of the beds with much greater exact-

ness than any of his predecessors. To him, in fact, we are indebted

for the first correct section. After joining the staff of the United States

Geological Survey as chief assistant to Dr. C. A. White, his work was

verified by the latter, who went personally over the ground.

In February, 1887, Doctor White published a paper" giving the results

arrived at so far as the Cretaceous was concerned. In the section given

on page 40 of that paper the Comanche series is recognized and the

lowest bed is called the "Dinosaur sands." It is described by Mr. Hill,

who, as Doctor White states, wrote "the remarks at the right-hand

side of the column," as "coarse silicious sand, popularly called 'pack-

sand.' Occurs between the base of the fossiliferous Cretaceous and the

Carboniferous series. Contains vertebrate remains."

In April of the same year appeared Mr. Hill's paper * on the Cross

Timbers, with his own much fuller section of the Cretaceous of Texas

(pp. 298-299). It is the same in its more general features as the sec-

tion given in Doctor White's paper, except that Shumard's name "Austin

limestone" is substituted for the name Dallas limestone; but much

fuller historical, stratigraphical, and paleontological data are here given.

The term "Dinosaur sand" is still retained for the basal beds representing

the Upper Cross Timbers. The Lower Cross Timbers are shown to occupy

a belt at the base of the Upper Cretaceous, which, therefore, practically

corresponds to the Dakota formation. In these sections the whole of the

Comanche series is shown to be Lower Cretaceous and the basal sands

to be at the boundary line between the Cretaceous and the Jurassic.

Six months later Mr. Hill published a second paper on the Texas

Cretaceous,'' further discussing the stratigraphical relations. On pages

305-306 of this paper he says

:

The basal or Dinosaur sands of my section, which are interpolated between

the Fredericksburg division and the undoubted Carboniferous, are the shore detritus

a On the Cretaceous formations of Texas and their relation to those of other portions of North America,

by Charles A. White: Proc. Acad. Nat. Sci. of Philadelphia, 1887, pp. 39-47.

6 The topography and geology of the Cross Timbers and surrounding regions in Northern Texas, by Robert

T. Hill: Am. Journ. Sci., 3d ser., Vol. XXXIII, April, 1887, pp. 291-.303, pi. vi (map).

c The Te.\as section of the American Cretaceous, by Robert T.Hill: Am. .Journ. Sci., 3d ser., Vol. XXXIV,

October, 1887, pp. 287-309.
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of the Mesozoic sea when, it bordered upon the Carboniferous continent. The lowest

marine fauna of this division is seen in Parker County and careful study of the same
may prove Jurassic affinities.

Mr. Hill extended his observations into Arkansas and Indian Ter-

ritory, cooperating with the State Survey of Arkansas and contributing

to its reports. He found that the basal sands extended into that State,

and he traced them as far as he could find them. In a short prelimi-

nary paper"^ published in Science, at the beginning of 1888, he first named
the Trinity formation. He briefly describes and locates it in both

Texas and Arkansas, and says: "In Texas I found what are at present

supposed to be dinosaurian remains, and occasional vegetal remains are

met with," and adds: "To the continuous formation the name of 'Trin-

ity' is applied, from the rivers of that name which arise in it. This

includes the strata which I termed 'Dinosaur sands' in my Texas section."

It was, however, principally in his extended paper in the Annual

Report of the Geological Survey of Arkansas for 1888 * that he fully set

forth the relations of these beds. Thej^ are here called the Trinity

division of the Comanche series. He gives them a thickness of over

400 feet and says that in Texas "innumerable contacts between this

formation and the base of the Comanche series have been seen by the

writer and prove that it is below and older than our oldest Cretaceous

(p. 124). * * * Ji^ Texas and Indian Territory the westernmost

beds are beneath the Neocomian. Reviewing the stratigraphic evidence

afforded by the Trinit,y formation it seems to be clearly older than

any Cretaceous rocks hitherto described in this country, a fact which

is verified by the paleontology, as shown in the next chapter" (p. 125).

The paleontology given is almost exclusively molluscan, the sup-

posed vertebrate remains not having been as yet determined, and the

plant remains being for the most part indeterminable, notwithstanding

his reference to them as "abundant." They were referred to Dr. F. H.

Knowlton, who reported briefly upon them in a letter which Mr. Hill

publishes on page 152. The problematical form to which Doctor

Knowlton refers was subsequently described (see p. 340).

" The Trinity formation of Arkansas, Indian Territory, and Texas, by Robert T.Hill: Science, Vol. XI,
January 13, 1888, p. 21.

l> Neozoic geology of southwestern Arkansas, by Robert T. Hill, assistant geologist: Ann.Rep.Geol.Surv
Arkansas for 1888, Vol. II, 1888, pp. 1-354. See pp. 116-152.
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In the section which occupies pages 188 and 189 he places the

Trinity division in the Upper Jurassic, although in Chapters XI and

XII he had called it Lower Cretaceous and included it in the Comanche

series.

This latter view seems to have been his maturer judgment, for in

the section which he introduces into his Annotated Check List," pub-

lished a year later, he does this systematically and has since consistently

adhered to this classification.

Very little additional information relative to the Trinit}' formation

is given in Mr. Hill's contribution to the First Annual Report of the

Geological Survey of Texas, ** which bears date 1890, and the section

on pages 132-133 conforms to the one last mentioned.

In a paper read by Mr. Hill before the Geological Society of America

on December 30, 1890,'' and published in its bulletin, several important

new features are introduced. The one which most concerns the present

discussion is the recognition by Mr. Hill of an upper subdivision of

the Trinity overlying the basal sands and consisting of alternating beds

which he calls the Glen Rose beds. These are quite full^y described

and appear to have been previously included in his Fredericksburg

division. In concluding his account of them he says:

The different lithologic and stratigraphic features of the Glen Rose alternating

beds, their position beneath the Fredericksburg division (separated in the north by

a sandy, httoral terrane), and the entire absence of the great characteristic fauna

of the hitherto recognized Fredericksburg division, entitle these beds to a distinct

position, although they are separated by no structural unconformity.

Another new feature added in this paper is the Paluxy sands, which

he here places at the base of the Fredericksburg division and describes

on pages 510-511, and remarks that "no fossils have -been found in

the Paluxy sands save silicified wood, which occurs in great abundance

and has been mistakenly considered Quaternary in age."

"A preliminary annotated check list of the Cretaceous invertebrate fossils of Texas, etc., by Robert T.

Hill: Bulletin Geol. Survey, Texas, No. 4, Austin, 1889, p. xiv.

''A brief description of the Cretaceous rocks of Texas and their economic uses, by Robert T. Hill;

First Ann. Rep. Geol. Surv., Texas, Austin, 1890, pp. 10.5-141.

'The Comanche series of the Texas-Arkansas region, by Robert T. Hill; Bull. Geol. Soc. Am., Vol. II,

May 5, 1891, pp. 503-528.
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Doctor White's Cretaceous correlation paper" appeared in 1891,

in which the Texan region is treated at some length. He recognizes

the Trinity division, but does not subdivide it. He makes it coordi-

nate with and not a part of the Comanche series, and considers that the

latter is separated from the former by a hiatus. Both Doctor White

and Mr. Hill continued erroneously to correlate the Trinity with the

Tuscaloosa.

It was in 1891 that, on my return from Mexico, I visited the Lower

Cretaceous areas of Texas and Arkansas, guided at first by Mr. Hill,

who, however, was obliged to return to Washington before I had com-

pleted my investigation. We examined the Arkansas beds first, arriv-

ing on October 5 at Centerpoint, in Howard County, and working three

days in the Trinity belt that stretches across that part of the State

from east to west. Near the old Fort Towson road north of Centerpoint

is a lignite bed belonging to the Trinity. The lignite is identical with

that of the Potomac formation in general appearance, mode of preser-

vation, and character of fracture. With it occur jointed stems of

Frenelopsis varians subsequently described from Texas by Professor

Fontaine. B}' far the best exposure found was that of Plaster Bluff,

a great gypsum cliff on the right bank of the Little Missouri Pv,iver, 3

miles south of Murfreesboro, Pike County. About 80 feet of the Trinity

are here exposed, overlain by 30 feet of superficial deposits. Vast

quantities of lignite occur above heavy beds of variegated clays greatly

resembling those of the Potomac formation in Virginia. Above the

lignite beds are the alternating marine shell-bearing beds, which are

also gypsiferous. The lignite bed contains considerable vegetable mat-

ter, chiefly black fragments of stems, similar in all respects to those

found farther west. Frenelopsis varians Font, was the most common
form and most of the impressions were indeterminable.

The principal collection was made at Plaster Bluff, and this was

sent to Professor Fontaine, but not at the same time as the collection

from Glenrose, Tex., presently to be mentioned. I did not suppose

there was anything determinable in the Plaster Bluff material, and

placed it in a drawer. Several years later it was sent to him along with

« Correlation papers, Cretaceous, by Charles A.White: Bull. U. S.Geol. Surv. No. 82, 1891. See pp.

114-130.
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a large amount of other Lower Cretaceous, chiefly Potomac, miscellaneous

material, and he reported upon it at the time that he sent on his report

on the Potomac flora of Virginia and Maryland, in November, 1902.

In this report he says:

About 50 rock specimens occurred in the collection from Plaster Bluff. The
material is a fine-grained, lumpj^ shale, light ash-gray to nearly white in color, which
has no cleavage. The shale, or rather the indurated clay, is full of small bits of

vegetable matter, most of which are much comminuted and not identifiable. The
only fossil that can be certainly identified is Frenelopsis varians Font., a plant charac-

teristic of the Glen Rose beds of the Trinity group in Texas. This plant here shows
only the internodes of the twigs, rarely more than the length of one internode being

found m any one bit. The twigs seem to have been broken at the joints. Hundreds
of these fragments are embedded in the clay. The firm, durable epidermis seems
to have preserved very well the fragments, some of which are verj^ distinct, showing
the rows of minute tubercles on the surface, and the peculiar teeth-hke leaves at

the nodes. There is no doubt whatever that the twigs are jointed. A few bits in

the clay suggest the presence of PagiophyUwm dubium Font., another character-

istic plant of tke Glen Rose beds. The fragments are, however, too obscure to be
positively determined.

We next proceeded to the typical localities in western Texas, arriving

at Glenrose, in Somervell County, on October 9. We had secured an
outfit the previous day at Granbury, Hood County, and were thus enabled

to study the formations passed over in traveling south to Glenrose.

After passing Comanche Peak we entered the Paluxy sands, in which
quantities of silicified wood occur. A citizen of Glenrose, Mr. J. W.
Harvey, formerly of Cincinnati, where he had made collections from the

Cincinnati group, had been active in collecting the shells of the country
and had made a museum of his house. Besides the rich local fauna, he
had a few vegetable impressions that interested me much. The locahty

at which they were obtained was on the Paluxy River 2 miles above
Glemose, and on the following day Mr. Harvey guided the party to the

place and the day was spent in collecting the plants and associated

animal remains. The bed lies in the Glen Rose limestone, and character-

istic marine fossils of that group occur immediately above and below
the plant layer. It is a white argillaceous limestone, cleaving in smooth
layers which are rather thick. The plants occur throughout these layers.

The matrix is fine grained and well adapted to preserve them, but tends

to break across with a somewhat conchoidal fracture. It was obvious
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at a glance that the plant remains had been floated some distance and

become considerably macerated, so that only the thicker parts were

preserved—stems, twigs, cones, etc. The more delicate organs and

parts had disappeared entirely. Still, from the nature of the flora these

thicker parts proved sufficiently characteristic to afford a fair idea of

the principal types. Conifers predominated and the same jointed stems

observed in the Arkansas Trinity were here much better preserved.

These, as stated, represented the genus Frenelopsis. Tolerably well-

preserved cones also occurred. Cycadaceous leaves were common, and

a small WilUamsonia, also a slender Equisetum. We did not have

faciUties for quarrying farther into the rock, and as Mr. Harvey had

done a good deal of this kind of work, and as certain seams inaccessible

to us promised better specimens, I engaged him to work the beds thor-

oughly, make as large a collection as possible, and ship it to Washington.

Just above the plant-yielding stratum is one of rougher material

containing sheUs, .and covered with stems resembling fucoids, some of

which, however, may be the larger branches of coniferous plants. Con-

siderable lignite also occurs in connection with these.

Three miles farther up the Paluxy occur extensive beds of a remark-

able fossil, also common elsewhere at this horizon, which Mr. Hill had

called Goniohna," a genus that Saporta and Marian had referred to the

vegetable kingdom.'' Mr. Hill in his Prehminary Check List, cited

above (p. XVIH), had referred to this fossil as "the peculiar globular

foraminifera-like form, which has been called Gadolina by d'Orbigny,"

the word "Gadolina" being a misprint for Goniohna.

I spent considerable time in collecting representative specimens of

this form, and especially in studying its relation to the fucoid-like objects

with which it seemed to be always associated. Long, sinuous, and

branching stems lying in relief on the rocks, but containing no trace of

vegetable matter, have these spherical bodies lying beside them at irregu-

lar intervals, strongly suggesting an original organic attachment ; but no

actual attachment could be made out, though specimens were collected

in which the two cohere. This, however, may be accidental. These

a Occurrence of Goniolina in the Comanche series of the Texas Cretaceous, by Robert T. Hill : Am. Journ.

Sci., 3d. ser., Vol. XL, July, 1890, pp. 64-65.

b L'Evolution du Regne Vegetal. Les Phanerogames, Vol. I, Paris, 1883, pp. 247-249.
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fucoidal stems seem to be different from the larger and shorter branching

objects which I was at the time inchned to refer to some coniferous plant.

While on the subject of this problematical form, the vegetable nature

of which is, to say the least, still very doubtful, it may be well to review

its history. Mr. Hill was under the impression that he was the first to

discover it in the Cretaceous of Texas, and his first published mention of

it was that above quoted in his Check List in 1889. This occurs in his

geological introduction, and it is not included among the fossils of the

Annotated Check List, which is confined to recognized animal forms that

admit of systematic classification. In his paper, also above cited, on

the Occurrence of Goniolina in the Comanche Series (1890), he gives its

range as beginning "in the Colorado River section at the first (lowest)

fossiliferous horizon in the basal Fredericksburg bed above the Trinity

sands, and ranging upward through 450 feet of sediments into the base

of the Comanche Peak chalk." He had sent specimens to "various

paleontological friends in the scientific centers of the East, all of whom

pronounced them an undetermined species of the genus Goniolina, of

D'Orbigny."

He again mentions it in his Comanche series of the Texas-Arkansas

region (1891), as "the large, strawberry-shaped Goniolina or Parkeria"

(p. 508).

In a paper read before the Biological Society of Washington on

January 28, 1893," Mr. Hill discusses this form in the light of his latest

observations, and especially of those made in the Glen Rose beds on the

occasion of our visit above described, and on p. 39 he describes it,

classing it under "Plantse" and calling it an "undetermined species

('Goniolina'? of author's previous writings)." In the discussion, how-

ever, he says:

A careful study in situ of the surface of a stratum in wliich these seanas were

well exposed showed that they branched very much like coniferous plants. At the

termination of each ramification was found one of the small spherical casts, as if

the limb of a plant laden with cones had been buried in the mud and its cast preserved.

Recently, however, the fruit structure has been determined in the specimens them-

selves as figured on plate i [figs. 1-1 d].

The species should be named for Prof. Lester F. Ward, who has done so much

for American paleobotany and has ever encouraged the writer in his studies.

a Paleontology of the Cretaceous formations of Texas. The invertebrate paleontology of the Trinity

division, by Robert T. Hill: Proc. Biol. Soc. Wash., Vol. VIII, 1893, pp. 9-40, pi. i-viii.
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The form occurs from Glem-ose southward to the Colorado in great quantities

and ranges throughout the Colorado River section.

It could be doubtfully referred to the genus Ai-aucarites, which it more closely

resembles than any other, although this is for the botanists to determine.

On pi. i, figs. 1, la-d, he figures one of the globular objects and a

series of markings designated imbricate scales of cone, seeds, scars, etc.

The same year Prof. F. W. Cragin published in the Fourth Annual

Report of the Geological Survey of Texas" a description of this same

form, making it a new genus of Bryozoa, which he names Porocystis,

and describes on p. 165, giving to the Texan form the specific name

pruniformis. It is figured on pi. xxiv, figs. 2-6. In the discussion he

refers to Mr. Hill's paper on the Occurrence of Goniolina, and says that

"specimens submitted to the late Dr. Ferdinand Roemer, and which,

like most of those that have thus far been collected, were imperfect and

deceptive in surface-characters, were returned marked, ' fParkeria sp.

nov.'" He also speaks of having "discovered the polyzoan nature of

this so-called Goniolina."

Two years later a German paleontologist, Hermann Rauff, having

received from Professor von Koenen five specimens of the fossil organism,

collected at Bull Creek Bluffs, on the Colorado River 6 miles west of

Austin, Tex., made them the subject of a very thorough investigation,

the results of which he published.'' This is by far the most exhaustive

study that has been made of this organism. His figures are very clear,

and he magnified portions of the surface ten diameters, showing the

exact nature of the peculiar pits with which it is covered. He finds

these to consist of polygonal (hexagonal, pentagonal, etc., very irregular

and unequal sided) areas separated by raised lines and crossed by straight,

depressed lines or cracks that divide them into four quadrants. Within

each of these little fra,mes, but rarely in the center, there is a minute

boss or button nearly circular in section, and rising as high as the walls

or higher. By radial sections he was able to prove that these latter

represent the summits of little tubes, now filled with mineral substances.

These tubes penetrate the sphere, but could not be traced far. They

appear, however, not to go to the center, but to take an oblique direction

"Contribution to the invertebrate paleontology of the Texas Cretaceous, by F. W. Cragin: Fourth Aim.

Rep. Geol. Surv. Texas, Austin, June, 1893, pp. 139-246, pi. xxiv-xlvi.

''Ueber Porocystis pruniformis Cragin (= ? Araucarites Wardi Hill) aus der unteren Kreide in Texas, von

Hermann Rauff: N. Jahrb. f. Min., etc., 1895, Bd. I, pp. 1-1.5, pi. i.
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toward one of the poles. At what may be regarded as the proximal

pole or stem end they he on the surface, producing a fluted appearance

in the polar depression or concavity.

Rauff leaves the problem of its true nature unsolved and proposes

no new name, but he regards Mr. Hill's reference of it to Araucarites or

to any conifer as probably erroneous. He does not deny its possible

polyzoan nature, but finds analogies with the protozoan forms Recep-
taculites and Isohadites, which he had been studying. These possess

organs somewhat similar to those that occupied the tubes of Porocystis,

and which he calls radials (rootlets). He admits the possibiHty of these

objects representing calcareous algae. The specimens studied by Rauff

are in the museum of the University of Gottingen.

I know of no study of this organism later than that of Rauff, but a

thorough search into the literature has brought to light a memoir in which
it was treated much earlier than any of the papers here noticed, viz in

1853. Roemer does not mention it in any of his early works on the paleon-

tology of Texas, and seems not to have met with it, but a man named
Meusebach, who was probably one of the New Braunfels colonists

collected fossils in that region and earty sent specimens to the Mineralogical

Museum at Halle. Upon this collection C. G. Giebel published a report,"

saying that it had long been in the museum. On page 375 he describes

Siphonia globularis n. sp., and figures it on plate vii, figs. 3a, 3b. The
description and figures give no reason to doubt that they relate to the

organism in question. His fig. 3a is a view of one of the poles and shows
the radiating tubes, while fig. 3b is a side view ; and although these figures

are not clear like those of Rauff, and not magnified, they fairly represent

the average condition of these objects. He describes them as "spherical

bodies from a few lines to an inch in diameter, with a somewhat depressed

apex (Scheitel), the center of which is sunk to the depth of 2-4 lines into a

large circular basin. From this radiate irregular, close-pressed furrows,

scarcely reaching the margin, and passing into regularly arranged, thickly

crowded, round pores, which are separated by spaces about equal to their

diameters, though in the largest specimens they are smaller than their inter-

spaces." He. had before him 24 specimens, which he says strikingly

«Beitrag zur Palaontologie des Texanischen Kreidebirges, von C. G. Giebel: Jahresbericht des naturw.

Vereines in Halle, Fiinfter Jahrgang, 1852, Berlin, 1853, pp. 358-375, pi. vi, vii.

MON xLvni—0.5 22
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resemble Siphonia excavata and S. pnemorsa of Goldfuss. The markings

of the surface, however, differed so much from these that he seemed

obhged to give them a different specific name. Giebel says that most of

the specimens sent by Meusebach were labeled as coming from "Cibolo,

8 miles from Comanche Springs,
'

' but some were from Henderson, between

New Braunfels and Guadelupe, while still others were simpl}^ labeled

"Texas, '

' and he does not state how the Siphonia specimens were labeled.

As, however, the beds holding these organisms are widely distributed

throughout that general region, this defect in the record is immaterial.

Amid all this variety of opinion and confusion in trying to classify this

form, it is, of course, impossible to decide the question even to which of the

two great kingdoms of nature, vegetable or animal, it really belongs, and

we must be content for the present to leave it as wholly problematical. It

is quite certain that it is not coniferous or a plant of any of the high types

of structure, and if a plant at all, it must belong near the line at which the

two kingdoms blend. I collected over 50 specimens, besides parts of the

vine-like stems that seem to bear them, and at some future time I hope

some competent investigator, in the light of what has thus far l^een done,

will subject them to a more searching analysis and wider comparison with

the living and fossil organisms that they resemble, and will thus discover

and make known their true nature.

The name must also remain doubtful, at least the generic name, but

Giebel's paper seems to be the earliest of all, and therefore the specific

name that he gave it must stand, whatever the genus may be. If he is

right and it is a Siphonia, this leaves it as he placed it. If found to

belong to an}?^ other established genus, Giebel's specific name must be

connected with that genus name. If it is a new genus, whatever its affini-

ties, Cragin's genus Porocystis must be used.

Returning to the itinerarj^, I need only add that after Mr. Hill left the

party at Bluffdale, on October 14, I continued the reconnaissance over

the Trinity beds, following up the Palux}^ to Morgans Mills and some 8

miles farther in a northwesterly direction, to where thej^ were seen to rest

on the brown Carboniferous sandstones holding encrinites and spirifers,

thence to Wolf Creek, where fine exposures occur, some of which hold

poorly preserved vegetable remains, and then to Woodrock Hollow, a dry

canyon on the right bank of the Paluxy, 2 miles l^elow Bluffdale. Along
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the greater part of the length of this canj^on and its several branches, as

well as farther up on its sides, there are vast quantities of silicified wood,

some of it in good condition. Well down in the ravine are some high

bluffs giving fine exposures of Trinity sands with clay seams. In one of

these there is a dark layer containing obscure vegetable remains, among

which a cycadaceous leaf could be made out. From some of these cliffs

vertebrate bones may be seen projecting. They were much decayed, but

a good collection could probably be made by excavation in the soft sands.

After further examination of the beds in the valley of the Paluxy, I

crossed the divide to the Bosque, which also traverses Trinit}' strata, the

Glexa Rose beds capping the hills. This valley was examined from Steph-

ensville to Hico, and I returned from the latter place to Granbury by way

of Glenrose, having seen all the principal phases of the Trinity formation,

and collected such specimens of vegetable nature as they yield.

Mr. Harvey made a good collection of the plants from the Glen Rose

beds in the Paluxy Valley and shipped them in eight boxes to Washington,

where they arrived on January 22, 1892. As it was desirable to have a

report upon them as early as possible, they were sent to Professor Fontaine

at once for determination. In preliminary reports dated January 30 and

March 10, 1892, he was able to correlate the flora in its leading aspects

with that of the James River beds of the Older Potomac. His final report

was rendered in August and was published in the Proceedings of the United

States National Museum." The flora as thus made known consisted of 23

distinct forms, 7 of which occur in the Potomac formation, 4 in the Weal-

den, and 2 in the Urgonian. The 10 new species and varieties were near

to species from these formations, especially the Potomac. No dicotyle-

dons were found in the Trinity.

The collections that I made in the Trinity of Arkansas were not sent to

Professor Fontaine at the same time as those from the Glen Rose beds of

Texas, but on October 28 they were sent him along with a number of

other small collections. In a letter from him dated January 23, 1894, he

says of these plants

:

The specimens that you sent me from near Murfreesboro, Ai-k., make it certain

that the plants of the Glenrose, Tex., region which belong to the lower nonmarine

« Notes on some fossil plants from the Trinity division of the Comanche series of Texas, b}' William Morris

Fontaine: Proc. U. S. Nat, Mus., Vol. XVI, 1893, pp. 261-282, pi. xxxvi-xliii.
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member occiir there also. The plant, Frenelopsis varians, found in both the Arkan-

sas and the Texas beds, is a peculiar one, and is so strongly characterized that it

can not be mistaken.

Dr. Johannes Felix collected from Neocomian strata of Tlaxiaco,

Mexico, certain apparently jointed stems closely resembling those found

in the Trinit}^ and Glen Ptose beds, which were described and figured in 1893

by Dr. A. G. Nathorst," who considered them a new genus which he named

Pseudofrenelopsis, the species being named P. Felixi. Nathorst, how-

ever, had not seen Professor Fontaine's paper on the Glen Rose flora,

which appeared about the same time as the work of Felix and Lenk, but he

regarded the form as generically the same as the Frenelopsis parceramosa

of Fontaine from the Potomac formation. A comparison of his figures,

however, indicates that the Mexican plant is different from either the

Virginia or the Texas-Arkansas form, and the last named is certainly

jointed, and therefore, according to Nathorst, a true Frenelopsis.

I have not included the Tlaxiaco flora in this paper, although belong-

ing to the Lower Cretaceous of North America; I will therefore add that

besides the Pseudofrenelopsis Felixi, Nathorst describes coniferous twigs

which he compares with Sequoia ambigua Heer and S. Reichenbachi (Gein.)

Heer.

The Trinity l^eds of Arkansas have yielded one other vegetable form

that has not yet been mentioned, because, although collected by Mr. Hill

in 1888, it was not described till 1895. The material in which it occurs

was placed in Doctor Knowlton's hands, and this form is mentioned in

a letter from the latter to Mr. Hill, which was appended as a footnote

to the chapter on the paleontology of the Trinity division (Chap. XIII,

p. 152) of the Annual Report of the Geological Survey of Arkansas, Vol.

II, in which Doctor Knowlton says:

There was a very interesting thing in some of the clayey material. It was

thickly filled with stems, as you may remember. I selected a few of them, boiled

them out in nitric acid, and mounted them in Canada balsam, when the structure

was brought out most clearly. It is something new, evidently, and so far as I could

find in the time I was able to give the subject, is undescribed. I have not decided

what to call it, and indeed a mere description, without accompanying plates, would

be of very little scientific value.

" Pflanzenreste aus dem Neocom von Tlaxiaco, by A. G. Nathoi-st in Beitrage zur Geologie und Paliion-

tologie der Republik Mexico, von J. Felix und H. Lenk, II. Theil, Leipzig, 1893, pp. 51-54. See p. 52, figs. 6-9.
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In his paper describing this organism Doctor Knowlton says that the

specimens in which it occurs "came from a gulch on one of the smaller

branches of the Muddy Fork of Little River, about 6 miles northeast of

Centerpoint, Howard County. The deposits containing these fossils were

referred by Professor Hill to the Trinity division of the Lower Cretaceous. '

'

He was unable to fix its systematic position, and treated it as a new genus,

which he named for Mr. Hill and called the form Paleohillia arkansana.'^

Mr. Theo. Holm published a criticism of Doctor Knowlton's conclusions

relative to this form,** but as he did not himself see the specimens his

conclusions are entitled to little weight.

I have now enumerated all the vegetable remains (with the exception

of "an undescribed endogenous plant resembling Equisetum '

'

" from the

Arietina beds of the Washita division) that have thus far been reported as

having been found in the Comanche series of Texas and Arkansas, and have
given a somewhat full account of the history of the discovery of fossil

plants in the Trinity formation. Although the flora has thus far proved

meager, it is sufficient to show, even if the fauna and the stratigraphy

failed to do so, that the Trinity formation is of Lower Cretaceous age. The
absence of dicotyledons, however, seems to place it at the very base and
give it homotactic rank with the Knoxville and the Kootanie.

The Twenty-first Annual Report of the United States Geological

Survey, Part VII,'' which bears date 1901, but really did not see the light

until May, 1902, constitutes Mr. Hill's final contribution to the geology of

Texas, and would seem to exhaust the subject. The Black and Grand
prairies occupy most or all of the Cretaceous terranes within the State,

although they are not confined to them, and their description afforded Mr.

Hill an opportunity to deal at length with the beds that have chiefly

occupied us thus far. He has, however, made scarcely any change in the

classification of the rocks, and adheres to the conclusions last announced
= \_

« Description of a new problematical plant from the Lower Cretaceous of Arkansas, by F. H. Knowlton:
Bull. Torr. Bot. Club, Vol. XXII, September, 1895, pp. 387-390, figs. 1-3 on p. 388.

!> Remarks upon Paleohillia, a problematic fossil plant, by Theo. Holm: Botanical Gazette, Vol. XXI
April, 1896, pp. 207-209, pi. xvii.

' Bull. Geol. Soc. Am., Vol. V March 22, 1894, p. 322, in Geology of parts of Texas, Indian Territory, and
Arkansas adjacent to Red River, by Robert T. Hill: Ibid., pp. 297-338, pi. xii, xiii.

'' Geography and Geology of the Black and Grand Prairies, Texas, with Detailed Descriptions of the Creta-

ceous Formations and Special Reference to Artesian Waters. By Robert T. Hill, Washington, 1901, 666 pp.,
71 pis. (6 of which are maps), 80 text figs.
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Neithei' does he seem to have found any additional material of a vegetable

nature, and contents himself with enumerating the species described by

Professor Fontaine (pp. 165-166) and reproducing his figures of the most

striking of these (pi. xxvi). It therefore only remains to embody this work

in the literature of our subject, and to draw attention to it as by far the

most complete account thus far given of the geology of Texas.

FLORA OF THE OIjDER POTOMAC FORMATION^.

I shall use the term Older Potomac in this paper in the same sense as

that in which it was used in my earlier paper on The Potomac Formation,"

especially as given in the classification at the bottom of page 375, and in all

the subsequent tables and discussions. This is in the main the Potomac

formation as it occurs in Virginia, but also includes all beds of the same age

occurring in other States. It excludes from the Potomac formation, as I

have used the term, only those higher beds in which the flora is mainly

dicotyledonous, which are also very extensive and have yielded a rich

flora, and which, together with all other beds of practically the same age

(Tuscaloosa, Cheyenne sandstone, etc.), will form the subject of the next

or third paper of this series.

HISTORICAL REVIEW.

Although the object of this series of papers is primarily to treat the

floras of the several formations considered, there is always a long period

during which the geological and lithological relations chiefly attract

attention, with only occasional reference to the moi'e striking paleonto-

logical phenomena. These early groupings are of especial interest from

the historical point of view, and an account of them is essential to a full

understanding of the nature of the formation. This is practically true

of the Older Potomac, and the account will be made as complete as the

data will permit.

The earliest reference that I find to rocks of this age is contained in

two papers by Mr. B. H. Latrobe, one of which dates back to the year

1799.^ On page 442 of this paper he states in a footnote that the light-

house at Cape Henry "is a good solid building of Rappahannoc freestone."

a Fifteenth Ann. Rep. U. S. Geol. Survey, 1895, pp. 307-397.

6 Memoir on the sand-hills of Cape Henry in Virginia, by B. Henry Latrobe: Trans. Am. Phil. Soc, Vol.

IV, Philadelphia, 1799, pp. 439-443.
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This shows that the freestone quarries on and near the Rappahannock

River had long been worked at that time. The other paper, pubhshed

ten years later," is devoted to "the freestone quarries on the Potomac

and Rappahannoc, from the former of which the freestone employed in

the public buildings of the United States at Washington is obtained"

(p. 284). He gives a good description of the freestone rock, including

that of the clay nodules so characteristic of it. On page 287 he says:

Wood, from trunks and branches of trees of large size to small twigs, either

entii-ely carbonated or the wood carbonated and the bark in a fibrous state, so as to

have the appearance of a net, and a considerable degree of tenacity; or the bark

fibrous and the wood in a state quite friable; or the wood replaced by pyrites which

effloresce in the air; or in cavities the sides of which have the impression of branches

in minute ramification and are lined with a pellucid crust, probably calcareotis spar.

Tins latter evidence of the admixture of wood is to be found chiefly near Fredericks-

burg.

On July 15, 1823, Mr. John Finch read a paper before the Academy

of Natural Sciences of Philadelphia " in which he, classed all the beds of

the coastal plain as Tertiary and compared them with those of Europe.

On page 39 of this paper he says: "At Washington, under the mass of

diluvian gravel of which the higher part of the Capitol hiU is composed,

there is a stratum of clay which contains many organic remains. Trunks

and branches of trees are found at a distance of fifty-four feet from the

surface." It is probable that these remains were in the Potomac forma-

tion, although they may have been in the overlying Columbia formation,

in which such objects have been found within the city of Washington.

In 1829 Messrs. Morton and Vanuxem published a paper of a very

general character,^ but their "Secondary formation" evidently includes

the whole of the Potomac formation and also the marls of New Jersey.

In the following statement they exactly describe the conditions under

which the wood and lignite of the Potomac formation occur:

In many of the States there is a bed of clay (No. 2 of the diagram) containing

lignite or charred wood, with pyrites, amber, etc., which is no doubt represented in

n An account of the freestone quarries on the Potomac and Rappahannoc rivers, by B. H. Latrolje: Trans.

Am. Phil. Soc, Vol. VI, Pt. II, 1809, pp. 283-293.

b Geological essay on the Tertiary formations in America, by John Finch
:
Am. Journ. Sci., ongmal series,

Vol VII, 1824, pp. 31-43.

c Geolo.'ical observations on the Secondary, Tertiary, and alluvial formations of the Atlantic coast of the

United States of America, arranged from the notes of Lardner Vanuxem, by S. G. Morton, M. D.
:

Journ. Acad.

Nat. Sci. Philadelphia, Vol. VI, Pt. I, 1829, pp. 59-71.
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many places by beds of sand containing woody fiber replaced by siliceous matter,

for in all cases where wood is enveloped by clay, which admits with difficulty the

percolation of water, the mass is found in a black, charred state; but, on the con-

trary, when deposited La a matrix which admits the infiltration of water, such as

sand, soil, or loam, the wood appears in the replaced or petrified state.

Dr. Edward Hitchcock, in his early report, pubhshed in 1833, had

of course only to deal with the northern extension of the Potomac forma-

tion, which contains none of the older beds, but he was aware of the great

extent of this formation, as evidenced by the following remark:

The patches of this formation that have been described in Massachusetts are

doubtless only the remnants of a vast extent of these strata, extending at least from

Cape Cod to the borders of the Gulf of Mexico, and how far eastward, where the

Atlantic now rolls, we can form no probable opinion, though there is some reason for

supposing that they once even reached Europe, along whose shores similar strata are

found at present/'

Messrs. Clemson and Taylor commenced their extended investiga-

tions into the geology and mineral resources of Virginia at about this

time and published their first papers in 1835." Mr. Clemson concludes

his paper with a fairly full description of the Potomac beds in the vicinity

of Fredericksburg, including that of "Alum Rock," a mile south of that

place. He also refers to the lignites and fossil wood found in that region,

and speaks of "a blue argillaceous bed six inches to a foot in thickness,

which divides easily and displays to view fine impressions of plants"

(pp. 312-313). This appears to be the earliest mention of plant impres-

sions in the Older Potomac formation, and may allude to the same locality

where Professors Uhler and Fontaine later obtained so large an amount

of material of this class.

Mr. Taylor, in the paper"' that immediately follows this, devotes six

pages (320-325) and one folded plate (pi. xix) to the description and

illustration of the plants from this locality. He states that his "attention

was first directed to these plants by Mr. F. Shepherd, who at our request

« Report on the Geology, Mineralogy, Botany, and Zoology of Massachusetts, by Edward Hitchcock,

Amherst, 1833, pp. 201-202.

b Notice of a geological examination of the country between Fredericksburg and Winchester, in Virginia,

including the gold region, by Thomas G. Clemson: Trans. Geol. Soc. Penna., Vol. I, Pt. II, Philadelphia, 183.5,

pp. 298-313, pi. xvii.

c Review of geological phenomena, and the deductions derivable therefrom, in two hundred and fifty miles

of sections in parts of Virginia and Maryland; also notice of certain fossil acotyledonous plants in the Secondary

strata of Fredericksburg, by Richard C. Taylor: Ibid., pp. 314-325, pis. xviii-xix.
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furnished the Geological Society with specimens" (p. 321). The seven

figures given on the plate are clear and show the true nature of the plants,

but the nomenclature employed is of course antiquated. As will be seen

on page 373, Professor Fontaine was able from the figures to deter-

mine most of the forms. Mr. Taylor saw that these beds had nothing

to do with those of the Richmond coal field, and his remarks on their

stratigraphical position are somewhat important:

As relates, therefore, to the evidence which these fossil plants furnish as to the

relative age of the formation wherein they are deposited, we are led to the conclu-

sion that it is of secondary origin, perhaps coeval with the oolites. They have no

resemblance to any of the plants of the Richmond coal field that have come to our

knowledge, and decidedly bear the impress of a more modern character.

In this view we are confirmed by the lignites and silicified wood in some of these

beds, which indicate a geological age much less remote than the coal fields of the

Alleghanies, for instance, and still further removed fi-om that of Richmond.

The large broken masses of silicified wood are unquestionablj^ remains of vascu-

lares or dicotyledonous plants or trees, no member of which series has yet been

observed in our coal vegetation. They resemble in some respects the silicified wood

of the Portland oolite of England, and like them exhibit no marks of perforation by

the Teredo.

The silicified fragments found by Mr. Nuttall near the James River are described

as " penetrated with quartz of an opaque white color, destitute of the resinous fracture,

and easily crumbling into an almost impalpable sand.'' The latter character pre-

vails in the Fredericksburg lignites, and some of them are coated with small quartz

crj^stals.

Again we have other lignites which are broken up and abundantly intermixed

with the grits, and even in the finer argillaceous seams, winch fragments occur only

in the form of burnt or charred wood, not bituminous, but having their ligneous

fibers preserved.

We have, moreover, a distinguishing evidence of the more recent character of

these deposits than those of the Richmond coal field, in the friable open texture of

the grits, which are no more crystalline than ordinary oolites, whereas the rocks of

Richmond are compact, frequently subcrystalline and porphyritic.

It must be observed that all the genera to which we have assigned the fossil

plants of Fredericksburg occur in the oolitic group of Europe. For this fact we

have the testimony of M. A. Brongniart, Saussure, Phillips, Murchison, De la Beche,

and many others. These genera have also been found, according to M. Elie de Beau-

mont, to a certain degree associated with belemnites and other fossils of the has,

masmuch as those fossils are embedded both above and beneath them. But we

have seen no traces of algai, cycadese, or of conifera, all of wliich orders occur spar-

ingly in the oolitic series of Europe (pp. 324, 325).
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The paper by Nuttall from which Mr. Taylor takes the above state-

ment appeared in the Journal of the Academy of Natural Sciences of

Philadelphia, Vol II, Pt. I, 1821, and the statement occurs on page 37.

"On examining the context I am satisfied that the fossil wood described

came from the Older Mesozoic and is of the same age as the Richmond

coals and not of Potomac age."

In this same year (1835) was begun the important series of reports

by Prof. W. B. Rogers, State geologist of Virginia, on the geology of that

State. In the first of these, which was only a reconnaissance, he devotes

a section to the "sandstones overlying the Primary rocks along their

eastern boundary,"" in which he describes the Older Potomac beds in

the vicinitjr of Fredericksburg and below Richmond and Petersburg,

mentioning the Aquia Creek quarries. He says that "in the superior

portion of these beds lignites, silicified wood, and vegetable impressions

are frequently to be seen—all of which contribute to render the exam-

ination of these deposits a subject of much curious interest to science."

Professor Rogers did not again discuss the beds of this age until 1840.

In his report for 1839* he characterizes it as the "Sandstone foi'mation"

(p. 20), and traces it as far south as Boilings Bridge on the Nottaway

River (p. 17). In his next report" he devotes most of Chapter III to

this formation, which he first describes as "The narrow belt extending

along the eastern margin of the primary from Petersburg to the Potomac

River (p. 26), and afterwards designates the "Upper Secondary" (p. 29).

He devotes a section (Sec. II) to bounding the formation and another

(Sec. Ill) to describing its characters and contents. He sometimes

speaks of the freestone as "loose-grained feldspathic sandstone" and

accurately describes its mineralogical character, but does not make use

of the term " arkose." On page 36 he takes some pains to show that these

beds are not the same as, and are younger than, the coal basins of Henrico,

Chesterfield, etc., counties, now known as the Richmond coal field, but

« Eeport of the Geological Reconnaissance of the State of Virginia, made under the appointment of the

board of public works, by William B. Rogei-s, Philadelphia, 1836, p. 61.

It should be stated that this and all the subsequent reports of Professor Rogers are literally reprinted in a

much more accessible form in the volume entitled, A Reprint of Annual Reports and other Papers, on the

Geology of the Virginias, by the late William Barton Rogers, New York, 1884.

^ Report of the Progress of the Geological Survey of the State of Virginia for the year 1839, by William B.

Rogers, Richmond, 1840.

< Ibid,, 1840, Richmond, 1841.
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the description occupying the remainder of the section clearly relates to

the Potomac beds.

In his paper "On the Age of the Coal Rocks of Eastern Virginia,""

devoted chiefly to the older of these formations, he refers to the younger

beds as follows:

The coarser rocks, lying above the carbonaceous strata, and forming the greater

part of the thickness of the series, contain very few organic remains, and those in so

imperfect a condition as to have Uttle or no value for purposes of comparison.

There are, however, strong reasons for behevmg that these strata, by a gradual

transition, pass upward into the series of felspathic sandstones, described in my
report of the Geological Survey of Virginia for 1840, under the title of Upper Second-

ary Strata. The latter, considered by Messrs. Taylor and Clemson, as
'

'of secondary

origin, perhaps coeval with the Oolites," have since been referred hj myself and Prof.

H. D. Rogers to the upper part of the Oolite series, so that this great division of the

geological column, though still perhaps very imperfectly represented in the United

States, comprises a thickness of considerably more than one thousand feet of strata

(seep. 301).

Mr. Richard C. Taylor, in his work on the Statistics of Coal, published

in 1848, returns to this subject ^ in the treatment of the coals of Virginia.

Relative to the lignites, silicified wood, and fossil plants he says

:

In 1834 the Geological Society of Pennsylvania published in their fii-st volume

a paper communicated by the author of this work on the lignites of the secondary hori-

zontal strata of Fredericksburg, accompanied by six lithographed figures of plants.

These lignites are in no place in sufficient abundance to constitute a seam or bed,

much less a workable bed, but as interesting specimens of silicified masses of wood

and fragments even of large trees, which reminded us of those of the Portland rock

of the south of England ; besides an infinite number of impressions and carbonized

remains of more delicate varieties of plants, that are not undeserving of a passing

notice.

On looking over the imperfectly defined series of tliese plants, it will be seen

that they are all cryptogamous, cellulares, or acotyledones, with the exception of

Thuytes, and that they belong to genera some of whose species are distributed

abundantly amongst the coal vegetation of all parts of the world. These species,

however, appear to be new—that is, they do not belong to the Carboniferous period.

One approaches to the Oolite period, and the consideration given to this group of

plants led to the conclusion that they were "perhaps coeval with the Oolites."

« Trans. Assoc. Am. Geol. and Nat., Boston meeting, 1842, Philadelphia, 1843, pp. 298-301.

'' Page .54. Second edition, revised and brought down to 1854 by S. S. Haldeman, Philadelphia, 18.55,

p. 299.
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The large, broken masses of silicified wood are, unquestionably, remains of

vasculares or dicotyledonous plants or trees, no member of which, we believe, has

yet been observed in our ancient coal vegetation. These resemble, somewhat, the

silicified wood of the Portland Oolite, and like them, exhibit no marks of perfora-

tion by the teredo.

It must be observed that all the genera to which we assigned the fossil plants of

Fredericksburg occur in the Oolitic group of Europe. For tlris fact we have the testi-

mony of M. A. Brongniart, of Saussure, Pliillips, Murchison, De la Beche, and many
others.

It is undoubtedly to what is now known as the Potomac formation,

but not wholly to the Older Potomac, that the following description of

Messrs. Meek and Haj^den, made on May 26, 1857, refers:

There is at the base of the Cretaceous system, at distantly separated localities

in Nebraska, Kansas, Texas, New Mexico, Alabama, and New Jersey, if not, indeed,

everywhere in North America where that system is well developed (at any rate east

of the Rockj^ Mountains) a series of various colored clays and sandstones and beds

of sand often of great thickness in which organic remains, excepting leaves of appa-

rently dicotyledonous plants, fossil wood, and obscure casts of shells, are very rarely

found, but which everj^vhere preserves a uniformity of lithological and other charac-

ters, pointing immistakably to a similarity of physical conditions during their deposi-

tion, over immense areas.

"

'

Mr. Philip T. Tyson commenced his official operations as State

agricultural chemist of Maryland in May, 1858. He recognized the

necessity of a geological survey of the State and devoted two seasons

exclusively to field work. The map accompanying his first report ''

shows how far he was successful in working out the general geology of

Maryland. He enumerates twenty-four formations, of which the "Cre-

taceous group or chalk period" includes Nos. 21 and 22 in an ascending

scale, and thus describes them:

1. A tliick group of sands and clays of various colors, but prmcipally white, red,

and bluish gray, with some thin beds of ferruginous sandstone resting immediately

upon No. 5. In some localities it abounds in lignite derived from coniferous plants.

The bluish-gray varieties derive their color from the carbonaceous remains of plants

;

but we have not yet met with fragments of sufficient size for determination.

o Descriptions of new species and genera of fossils, collected by Dr. F. V. Hayden in Nebraska Territory,

under the direction of Lieut. G. K. Warren, U. S. topographical engineer; with some remarks on the Tertiary

and Cretaceous formations of the north-west, and the parallellism of the latter ivith those of otjier portions of

the United States and Territories, by F. B. Meek and F. V. Hayden: Proc. Acad. Nat. Sci. Philadelphia, 1857,

Vol. rX, 1858, pp. 117-148 (see p. 133).

b First Report of Philip T. Tyson, State Agricultural Chemist , to the House of Delegates of Maryland,

January, 1860
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2. Iron-ore clays (No. 22 in the illustrations) . Tliis subdivision consists of a series

of beds of fine gray and lead-colored clays containing several courses of carbonate

of iron in flattened masses and nodules, varying in size from a pound or two to half

a ton or more in weight. The color of these clays is due to carbonaceous matter

(pp. 41,42).

He very early found a portion of a tooth of a saurian reptile in

an iron-ore bed near Bladensburg. This he sent to Dr. Christopher

Johnston, who regarded it as indicating a new genus and named this

genus Astrodon." This tooth was more fully described later by Prof.

Joseph Leidy and the species named for Doctor Johnston, Astrodon

Johyistoni. '' It is barely referred to in Mr. Tyson's report on page 42

as coming from his No. 22, which is the older bed and includes the iron-

ore cla^^s. From this bed were also obtained the only plant remains,

consisting of "a new genus of Cycas of large dimensions," "silicified

coniferous wood," and "lignites (coniferous)."

In his second report, published in 1862, Mr. Tyson discusses these

iron ores in Chapter VI, and on page 54 says

:

On page 42 of the first report I took occasion to refer briefly to what I called

iron-ore clays, numbered 22 in the table of formations. At that period it was believed

that this formation should be placed with the formations of the Cretaceous 'period in

geolog3^ Since then, however, I am disposed to place it at least as low as the oolitic

period. M. Agassiz, to whom I exliibited a photograph of the fossil Cycas (noticed

in the first report, and of which I have discovered several specimens in this forma-

tion) ,
fully agrees with me in this regard.

These clays possess an especial interest to us from the existence therein of large

deposits of iron ores, from which it is believed the first pig iron was made in this

State. The quality of the metal is very superior.

This ore, which is known as carhonate of iron, has a local name of Jione ore, from

its resembling a hone in its texture and color. It usually contains from 32 to 40 per

cent of iron. It exists in flattened nodules, varying in size from the weight of a

few pounds to one hundred or more, which are embedded in the iron-ore clays of

formation No. 22.

These clays range nearly parallel with the lines of railroad from Washington,

via Baltimore and Havre de Grace, nearly to Elkton, and do not extend either into

Virginia or into Delaware. They constitute a formation peculiar to Maryland.

« Am. Journ. Dental Science, New Series, Vol. EX, Philadelphia, July, 1859, p. 341.

i Smithsonian Contributions to Knowledge, No. 192, Vol. XIV, Article VI, 1865, p. 102, pi. xiii, figs. 20-23;

pi. XX, fig. 10.
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He found a considerable number of these cycadean trunks and

sent some to geologists in different parts of the country. He had pho-

tographs made of some of the finest specimens and distributed the prints

far and wide, seeking to obtain the opinion of all as to their true nature.

The specimen sent to Sir William Dawson will be mentioned later on

(see p. 409)'. One seems to have found its way to South Carolina Col-

lege, Columbia, S. C, an account of which will also be given (see p. 411).

Some of the photographs have also come into my hands and will be

considered at the proper time (pp. 409-410), as also the fine series

that remained in the Marydand Academy of Sciences and were ulti-

mately turned over to the Johns Hopkins University, where they

still are. These fossils are mentioned in the first edition of Dana's

Geology-, 1863, page 472, as follows: "Large stumps of Cycads have

been found in Maryland near Baltimore; one is 12 inches in diameter

and 15 high. (P. T. Tyson observes that they may be Upper Jurassic)."

This reference is mentioned by Carruthers in his principal memoir

on cycadean trunks," and he states in a "postscript" to the memoir

that Dawson had shown him a photograph of one of Tyson's specimens,

and adds:

The specimen from which it was taken was fifteen inches in height. It is obvi-

ously a species of Bennettites, with smaller leaf-scars than those in B. Saxhyanus.

Numerous axillary branches are seen, some of which are hollow in the center from

the fruits having perished. Doctor Dawson informs me that Mr. Tyson regards the

beds in which he obtained the specimens as most probabty of Wealden age. [See

p. 409.]

The short paper read by Prof. E. D. Cope before the Academy of

Sciences of Philadelphia on June 2, 1868,* although chiefly relating to

the beds that I class as "Newer Potomac," evinces such a comprehensive

grasp of the general geological relations of the then Uttle-known Lower

Cretaceous brackish or fresh-water beds of the Atlantic slope that it is

refreshing reading even to-daj^, and I reproduce here those parts of it

that have a general bearing on the history of our knowledge of the Older

Potomac

:

These deposits belong to Meek and Hayden's Earlier Cretaceous, No. 1, which

contains abundant remains of leaves on the Raritan River, but no animal fossils.

« On fossil cycadean stems from the Secondary rocks of Britain, by Wm. Carruthers: Trans. Linn. Soc,

Vol. XXVI, 1870, pp. 675-708, pi. liv-lxiii (see p. 679).

ij Proceedings, Vol. XX, 1868, pp. 1.57-158.
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Their age has been hitherto quite uncertain; they have been stated by Meek and

Hayden to be the eariier division of tlie later Cretaceous of the general geologic

series. They extend across the States of Delaware, Maryland, and Virginia. In

Marj^land they are stated by Ducatel to contain the important deposits of carbonate

of iron; and Philip Tyson, State geologist, informs me that these beds lie upon the

red and blue clays, forming hills, which have been produced by erosion of the valleys

to the beds below. These iron clays contain several species of cycadaceous plants,

whence Tyson infers the age of the clays to be Jurassic and not Cretaceous.

There are in the museum of the Smithsonian Institution, Washington, several

specimens of fossil Unios, from a ferruginous clay which crops out at some elevation

on the banks of the Potomac. These species are identical with those which have

been found in the New Jersey clays, and the deposit is doubtless the same as that

which traverses the State of Marjdand.

Indurated grey clays on the Rappahannock River have been examined by my
friend Philip R. Uhler, of Baltimore, who has obtained from them leaves and stems

of some six species of plants, in beautiful preservation, of the orders Cycadacese,?

Gnetaceae and Filices. The position and character of this bed render it excedingly

probable that it is a contmuation of those of Maryland and Alexandria.

The whole formation indicates the existence of an extended body of fresh water,

having a direction and outline similar to that in which were deposited the red

sandstones and shales of the Triassic belt, which extends parallel to its northwest

margin throughout the States in which it occurs, separated, except in New Jersey,

by a broad band of gneiss and Potsdam rocks. The carbonate of iron was no

doubt deposited in a bog or bogs along its margin or in its shallows, as the bottom

became elevated, as suggested by Tyson, though not in a salt-water swamp, as

supposed by him. The Cycads and dicotyledonous trees grew in the swamps and

on the shores, while terrestrial reptiles of large size no doubt haunted their shades.

These beds appear to dip conformably beneath the Lower Cretaceous marine

beds in New Jersey, in which, at a distance of a few miles from their border, occurred

the remains of the Hadrosaurus; and it is therefore not probable that they were

cotemporary with these, as is the case with the Wealden of Kent and the Creta-

ceous at Maidstone, England. The Hadrosaurus clays, belonging to the Upper
Cretaceous, as indicated by the presence of many molluscs of the Ripley group of

Mississippi, appear to be separated from the clays in question by a great lapse of

time. The age is therefore probably truly Wealden or Neocomian.

These facts indicate the existence of a barrier to the eastward of their present

position, which for a long period prevented the access of salt water. This barrier

was no doubt an anticlinal of the Appalachian series, outside of that which walled in

the Triassic fresh-water area, and, like it, parallel with the general series of anti-

clinals of the present Allegheny range. That it was, like the latter, at one time

submarme, and, gradually rising, finally enclosed the area in question, the waters

of which soon became fresh, from the numerous rivers which flowed into it.
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On the gradual elevation of this fresh-water valley, with its included beds of

clays, etc., the Delaware River cut its way tlu-ough the latter nearly to the south-

eastern rise, and was then deflected along the base of these first elevations of the

bounding anticlmal, in a southwest direction. Thus is accounted for the apparently

singular phenomenon of the great bend of the Delaware River near Bordentown.

For after penetrating the liigh ranges of the Blue Mountains, it remains to be turned,

apparently, in a level country of sands and clays.

We must suppose the coast line to have been not far from the southeastern

base of this anticlinal, and that a subsequent submergence brought the marine

deposits near to the margin of the fresh, and gave the latter the southeast dip

visible at the section of the Pea shore. I have not yet been able to ascertain the

relative position of the margins of these beds, nor the nature of those that conceal

the supposed anticlinal. A system of borings at a distance of two or three miles

from and parallel to the Delaware would do much toward explaining this point.

It is to be hoped that this may be undertaken by the present State Survey, under

Professor Cook.

At the present time the cities of Alexandria, Washington, and Baltimore stand

upon its deposits, and Philadelphia is probably underlain by its margin, as well as

the adjoining margin of the gneiss. Indeed, the location of the prominent cities

of the Atlantic States appears to have been determined by the fine sites and water-

powers offered by the junction of the high rolling country of the gneiss formation^

and the lower and more level regions of the supposed Neocomian, Cretaceous, and

Tertiary. Where the gneiss strikes the ocean is situated our greatest seaport.

New York. Trenton, Philadelphia, Wilmington Baltimore, Washington, Alexan-

dria, Richmond, Raleigh, Columbia; and Milledgeville, Georgia, are all on this line

of juncture. The elevated gneiss hills furnish healthy and beautiful residences, the

fall furnishes water power, and the lower level, water communication, and a light

soil most suitable for gardening and the production of provisions for these centers

of population.

At the meeting of the Boston Society of Natural History of May 19,

1875, Prof. W. B. Rogers presented some "Geological Notes," one of

which was "On the Gravel and Cobblestone Deposits of Virginia and

the Middle States,"" which is remarkable from the fact that Professor

Rogers here clearly distinguishes the more superficial gravels belonging

to the Pleistocene beds, now called the Columbia formation, and the

Pliocene beds, known to modern geologists as the Lafayette formation,

from the Cretaceous gravels belonging to the Older Potomac. Toward

the close of the paper he enters somewhat into the general discussion of

Proc. Boston Soc. Nat. Hist., Vol. XVIII, May 19, 1875, pp. 101-106; Geology of the Virginias, pp.

707-713.
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the relations of these beds in the States of Virginia, Maryland, Delaware,

and New Jersey, and although it was not then known that the more

northeasterly outcrops represent a higher phase of the formation, with an

entirely different flora, the views here expressed represent the common
opinion prior to the investigations of Professor Fontaine, Doctor New-

berry, and myself of the floras yielded by these beds. He says:

In the be]t partially occupied by the surface deposit here referred to there is

exposed another group of strata with which, at first view, the sandy and argillaceous

layers of this formation might readily be confounded. These are the silicious,

argillaceous, and pebbly beds, which, underlj^ing the Tertiary in Virginia, and the

well-marked Cretaceous formation farther north, have, in the latter region, been

regarded as belonging to the base of the Cretaceous series of the Altantic States.

In Virginia the formation consists typically of a rather coarse and sometimes pebbly

sandstone, in which the grains of quartz and feldspar are feebly cemented by kaolin,

derived from the decomposition of the latter, and of argillaceous and silicious clays

variousl}^ colored and more or less charged with vegetable remains, either silicified

or in the condition of lignite. These constitute the group of beds designated in

the Virginia geological reports as the LTpper Secondary Sandstone, and referred

by me long since (1842) to the upper part of the Jurassic series, correspondmg

probably to the Purbeck beds of British geologists. From the Potomac northward

this group of deposits, as exposed in the deep railroad cuts between Washington and

Baltimore and on to Wilmington, is made up of variegated, soft, argillaceous, and

silicious beds, which, from the preponderance of ferruginous coloring toward the

Delaware, has been called by Professor Booth the red clay formation. At a few points

only toward the bottom of the deposit it brings to view a bed of the felspathic sand,

or crumbling sandstone, above referred to. Traced transversely, it is seen to dip

beneath the Cretaceous greensand at various points in New Jersey, Delaware, and

Marjdand, but in Virginia disappears in its eastward dip beneath the Eocene

Tertiary.

How far we may consider this group of sediments in Maryland, Delaware, and

New Jersey as merely a continuation of the Vu'ginia formation above described

can be determined only by further investigation. But the discovery in them at

Baltimore, by Professor Tyson, of stumps of cycads would seem to bring them

into near relation with the formation at Fredericksburg containing similar remains,

and to favor then* being referred, at least in part, to the horizon of the upper Jurassic

rocks. Possibly we may find here a passage group analo ;ou' to the Wealden oi

British geology. Whatever may be the result of further ( If Jvery, it would seem

to be premature at this time to assume the whole of these deposits from the Potomac

northward as belonging to the Cretaceous series.

Where the Tertiary or Cretaceous rocks are present in this belt there is, of

course, no danger of confounding the superficial gravel and cobblestone deposit ^\^th

MON XLVIII—05 23
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the formation just described, but in their absence, which is usual m the river valleys,

this deposit rests immediately on the broken and denuded surface of the Secondary,

and by the intermixture of materials makes it more difficult to discriminate between

them.

Excellent opportunities for observing the contact of the superficial deposit with

the denuded and much older formation below are presented in the neighborhood

of Washington, among which may be specially mentioned the vertical cut at the

extremity of Sixteenth street, at the base of the hill occupied by Columbian College,

and also the continuation of Fourteenth street, ascending the same hill. At the

former locality the crumbling felspathic sandstone, or slightly adhering sand, is

exposed to a height of about 35 feet, with a very gentle eastern dip, and having

the color, composition, and diagonal bedding characteristic of the Fredericksburg

and Aquia Creek sandstone. The gravel and cobblestone deposit lying upon it

descends with the slope of the hill to the general plain below, resting at a somewhat

steep angle against the denuded edges of the underlying beds. From this and other

localities it becomes obvious that the latter formation has been deeply and exten-

sively denuded before and during the deposition of the surface strata, which form

the chief subject of this communication. (See pp. 104-105.)

Professor Fontaine must have commenced his investigations in the

Mesozoic of Virginia at about this time, for in his first important series

of papers'" on the subject he says:

In this paper I present a summary of the results attained b}^ a series of examina-

tions made in the Mesozoic strata of Virginia. These examinations have occupied

the larger portion of my summer vacations for several years. (See p. 25.)

In this paper he deals with both the Older and the Younger Mesozoic.

In the first paper of this series'* brief mention is made of the discussion

of the former of these beds and its relation to the author's monograph

on the flora of that epoch, which appeared four years later. It bore a

similar relation to his Younger Mesozoic Flora, except that his materials

were not yet so fully in hand, and much was done by him before that

work was begun. But the general relations of these two epochs to each

other were set forth in this paper and the differences not only in their

geographical position but also in their lithological character were clearly

pointed out. Considerable was also said of the flora. He divided the

beds into two "b ts," the "Fredericksburg belt" and the "Petersburg

belt," the former corresponding stratigraphically as well as geographically

« Notes on the Mesozoic of Virginia, by Wm. M. Fontai-ne: Am. .Journ. Sci., 3d ser., Vol. XVII, January,

1879, pp. 25-39; February, 1879, pp. 151-157; March, 1879, pp. 229-239. Reprint, pp. 25-55.

b Twentieth Ann. Rep. U. S. Geol. Surv., Pt. II, 1900, p. 260.
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with what he afterwards called the Fredericksburg beds, and the latter

with the James River beds. To the whole he gave the name of the
"Border belt." He recognized an "upper series," which inclifded not
only what he afterwards called the "Brooke" beds, but also most of the

formation as it exists in Mar^dand. As this has an important bearing
upon the Potomac of Maryland as now understood, it will be well to

bring it especially to the reader's attention:

The lower series passes up into a higher system of beds, constituting the upper
series, which is marked by a smaller proportion of the white incoherent beds, so

characteristic of the lower, and by a predominance of clays of reddish, yellowish,

and bluish colors, and of reddish and yellowish sands. These clays and sands
increase in amount as we fohow the belt northward. Near Alexandria, between
Washington and Baltimore, and near the latter city, they constitute the whole of

the upper series. The material of these beds comes from the decay of the Azoic
on the west. These clays and sands also are very irregularly bedded. The sands
especially, are much affected by cross bedding. From Alexandria northward the

lower series is rarely seen, being too deeply buried. At Baltimore it appears in

the lowest white clays and sands dug in the base of the hills (see pp. 1.54-155;

Reprint, p. 42.)

This paper contains the first mention of the "archaic dicotyledons"

of the Potomac formation, the discovery of which has thrown so great

light upon the origin of that subclass of plants and has caused such an
extensive readjustment in the geological classification of plants. On
this subject he says:

With the plants above named, I find certain netted veined leaves, which by
their nervation can not be distinguished from Angiosperms. Had they been found
with Cretaceous or Tertiary plants I think no one would hesitate to consider them
as such. As; however, they occur with a well-marked upper Jurassic flora, I

hesitate to pronounce them to be Angiospermous plants without a more careful

study and extended comparison than I have as yet been able to make. They
are certainly not " Dictyophyllum " which is the genus of fossil ferns that stands

nearest to them. But when we find such a development of undoubted Angiosperms
in the lowest Cretaceous beds of New Jersey and of the west, we should expect to

find at least their ancestors in the Jurassic flora (see p. 156; Reprint, p. 44.)

In speaking further of the Maryland beds he says:

Great quantities of lignite occur in the clays of the upper series, especially the

clays which Mr. Tyson calls "u-on-ore clays," which are found between Washington

and Baltimore. In these clays, stumps of Cycads, belonging to at least two new
species of the genus Cycadoidea, are found. The blue clays at Baltimore yield some
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beautiful ferns of Wealden type. All the attainable evidence points stronglj^ to

the conclusion that the age of these upper beds is Wealden. Professor Rogers

mentions that they yield at Fredericksburg two or three species of ferns and stumps

of Cycads of the genus Cycadeoidea. None of these have been seen b}^ me (see

.

p. 157; Reprint, pp. 44-45)."

This is, SO far as I am aware, the first time that the Maryland cycads

were referred to the genus Cycadeoidea.

Why the Older Potomac beds are not to be found in. New Jersey

underlying the Amboy clays or Raritan formation has been a difficult

question. This latter formation rests unconformably upon the Triassic

sandstones in most parts of that State with no indication of the Older

Cretaceous beds at their base. The prevailing theory is that the later

beds transgressed far to the landward beyond the margin of the older

ones. This could be demonstrated only by borings far enough to the

eastward to strike the older beds. The only such boring that has been

made in which this theory received partial confirmation is that of the

Jamesburg well. Jamesburg is about 9 miles from the Triassic border,

in the direction of the dip. The well was bored by Mr. H. F. Walling

in 1880 to a depth of 481 feet. The lower 26 feet were through coarse

sand, white clay, and gravel, but it is not stated whether the clay was

feldspathic. These materials may or may not belong to the Older

Potomac.'' This case can not therefore be said to solve the problem.

Another problem is to account for the absence of the Newer Poto-

mac in Virginia, where in many places the Eocene (Pamunkey) and

other later beds rest imconformably upon the Older Potomac. It has

been supposed that they may have been eroded away before the date

of the deposit of these last-mentioned beds. The artesian well bored

by Gen. A. A. Humphreys, at Fort Monroe, from 1864 to 1869, to a depth

of 907 feet," lends some support to this view, as the lower 7 feet went

through "reddish mottled clays," which are wanting in the Older

Potomac and are characteristic of the Newer Potomac.

« Relative to this last statement I wrote to Professor Fontaine to inquire when and where Professor Rogers

published it. He investigated the matter and replied that he must have been mistaken in attributing it to

him, as he now knows of no evidence of cycads having been seen in Virginia. He doubtless naturally drew

this inference from Professor Rogers's statement quoted above (see p. 347).

6 See Ann. Rep. State Geologist of New Jersey for 1880, Ti-enton, 1880, pp. 166-167.

c The Virginias, Vol. Ill, October, 1SS2, pp. 151-152; Geology of the Virginias, pp. 733-735.
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On January 7, 1883, Prof. P. R. Uhler delivered a lecture before

the Naturalists' Field Club of Baltimore, an abstract of which was pub-
lished the same year," in which he discussed the "Geology of the Surface

Features of the Baltimore Area." A considerable part of this abstract

is devoted to what is now called the Potomac formation and which
he characterizes as Upper Jurassic or Wealden. He gives the forma-
tion a thickness of 500 feet, refers in a general way to its fauna (then

consisting only of the Astrodon Johnstoni of Leidy) and flora and offers

the following description of the beds:

The whole series of the beds having been derived from the comminuted or

chemically altered elements of the Archean rocks, we find accordingljr at the very
bottom of the formation a stratum of micaceous sand mixed with finely ground
mica and aluminous matter. This is arranged in superposed layers, the fine white
clay alternating with the white sand until a thickness of 140 feet has been accumu-
lated. Next above this is a layer of pale clay, 20 feet in thickness, followed by 6

feet or more of fine white sand. And so sands, clays, gravel layers, and three differ-

ent strata of cobblestone drift, overlain by other coarse drift and bowlders set in

red and pale claj^s, complete the series up to near the surface. Above these the

gravel beds of the Glacial period, with perhaps still others from the Cliamplain
epoch, rise in hills, or spread over the Wealden domes in deposits of varying thick-

ness. To the Susquehanna River we must look for the broad avenue through which
the general drift reached this area, charged with bowlders of fossil-bearing rocks

torn from the mountains more than 70 miles distant.

The Wealden formations were built in comparative quiet as sediments at the

bottom of shallow water, and near the upper part of the series a thick stratum of

white sandstone and conglomerate spread from the present shores of Chesapeake
Bay away back to the Belair road near the Gunpowder River.

The scattered remnants of this great sheet of stone may still be seen sticking

out of the water in Rock Creek, at the mouth of the Patapsco River, and also in

the soil of the region beyond White Marsh Run. The other end of this stratum
passes across Magothy River, outcrops on the Severn, and reappears in a ravine

near Collinwood, on the Popes Creek Railroad.

Professor Fontaine had now (1883) commenced making extensive

collections of fossil plants from the Older Potomac of Virginia. My
correspondence with him on the subject began with the beginning of

1883, and he kept me well informed as to his results from that time.

On June 16 he visited Washington and brought a few of the archaic

a .John Hopkins University Circulars, February, 1SS3, Baltimore, 188:3, pp. .52-.5.3.
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dicotyledons, about which he had written me, for my inspection. In

the fall of the same year I prepared a paper on Mesozoic Dicotyledons."

Having seen these forms from the Older Potomac, which I fully believed

to represent ancestral dicotyledons, I inserted in this paper the following

paragraph

:

It is to be hoped that we aje at last approacliing the beginning, at least, of a

solution of this truly great problem of the origin of the dicotyledons. I have myself

seen at least one slight, it may be, but very interesting sign of possible progress in

this direction. Certam quite defective, but very instructive, specimens collected

in the upper Jurassic of Virginia by Prof. William M. Fontaine, which he kindly

brought to Washington for my inspection, certainly possess all the essential ele-

ments of dicotyledonous leaves, although at the same time bearing a certain recog-

nizable stamp of the cryptogamic and gymnospermous vegetation that character-

izes that earlier age. What is to be the final verdict of science upon these forms

can not now be told, but it is to be hoped that the Mesozoic strata, not only in

Virginia, but in all parts of the world, may be diligentlj^ searched and the mate-

rials carefully studied with a view to discovering these certainly merely "missing

hnks " of a chain that can but have been once complete (see pp. .302-30.3).

In order that Professor Fontaine might more advantageously

prosecute his researches and that the results might be published by

the United States Geological Survey, arrangements were made by which

he was attached to the staff of the Survey, and from that time forward

his work was regularly reported by him. His first administrative report

appeared in the Sixth Annual Report of the Survey (pp. 85-86), which

bears date 1885, and gives an account of his manner of collecting these

fossils. In this report he refers to one already submitted giving a

detailed account of the geological relations worked out by him. The

publication of this report was long delayed, but appeared in 1896, and

will be treated under that date (see p. 393).

On June 9, 1885, I received instructions from the Director of the

Survey to make investigations in the Younger Mesozoic of Virginia,

and soon commenced field operations. About the same date Professor

Fontaine submitted the manuscript and drawings of his work on the

formation, for publication by the Survey, and it devolved upon me to

edit the same.

On July 27, 1885, a reconnaissance of the formation was com-

menced, the party consisting of Mr. McGee, Professor Fontaine, and

a Am. Journ. Sci., 3d Ser., Vol. XXVII, April, 1884, pp. 292-303.
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myself. After two days spent in the immediate vicinity of Washington

we commenced the journey southward into Virginia. The plan was to

follow the Younger Mesozoic belt, zigzagging frequentl}* across it to

examine its landward and coastward margins and the contact with

both the underlying crystalline and Paleozoic rocks and the overlying

Tertiary deposits. Thus by easy stages Fredericksburg was reached

on August 4 and Richmond on the 8th. From Richmond an excursion

was made in a rowboat down the James and up the Appomattox to

Petersburg. Eight days were spent in this region, and on the 18th the

southward journey was resumed in the attempt to trace the formation

in that direction. The locality mentioned by Rogers on the Nottoway

River at Boilings Bridge" as the most southerly point at which he had

been able to find an exposure of the formation was visited, and it was

found with characteristic clay balls in the bed of the river underlying

the Eocene. The best exposure was close to Boilings Bridge, but it

was also found at Fields Bridge, 4 miles above, which is undoubtedly

Rogers's localit3^ The reconnaissance was continued to the Roanoke

at Weldon, opposite which, near the railroad bridge, beds were found

closely resembling those of the Older Potomac, but the exposures were

not decisive on this point. The expedition then returned to Peters-

burg, Richmond, Fredericksburg, and Washington, varying the route

as much as possible and examining many additional localities and

exposures. The party reached Washington on the 25th, but resumed

operations on the 27th and traversed the State of Maryland, following

the Potomac outcrop as before. The iron-ore region was carefully

examined, the only plant remains found being pyritized lignite and

silicified wood. The cycadean trunks collected by Tyson, and then

at the Maryland Academy of Sciences, were shown us by Prof. P. R.

Uhler, president of the academy, and permission was given us to have

photographs made of them, which was done a little later. Professor

Uhler accompanied us to many localities with which he was familiar.

Considerable time was spent on the coastward margin on the forma-

tion, where its relations to the overlying marine beds were studied.

The reconnaissance was concluded on the 31st, a clear conception hav-

ing been acquired by all the members of the party of the general nature

of the Potomac formation.

<i Report for 1839, p. 17.
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During this reconnaissance the formation was constantly looked upon

as a single geological unit with no presumed difference between its land-

ward and its coastward margin, and it was often spoken of as a "trough"

and compared to the Triassic beds farther inland. But before the

expedition ended I suspected that this was not the case, and that the

formation consisted of a series of beds of different age, those of the coast-

ward side being younger than those of the landward side, and that these

beds regularly ran under the overlying marine deposits. Among the facts

pointing to this conclusion was the occurrence at Deep Bottom (called

"Deep Hole" by Rogers"), the most easterly point on James River, of

dicotyledons of higher and more modern types than the archaic ones of

other beds. Also in the railroad cutting below Aquia Creek, and especially

in a bank near this place, discovered by me, large numbers of leaves of

unquestionable dicotjdedonous type, afterwards mostly referred to the

genus Sapindopsis Font., as perhaps related to the soapberry, were col-

lected, and these beds are immediately overlain by the Eocene. More than

this, our investigations on the Severn River revealed other and still

higher types, resembling those of the Amboj' clays.

Correspondence with Professor Fontaine was kept up during the fall

and winter, and in one of his letters, dated February 12, 1886, he remarks:

I do not think that I have ever told you about the collection I made at Brooke

station after we parted. I am working up that material, and having looked care-

fully over all of it I can now give the results. This is the last of the material that

I have on hand to study, and when I finish it I could take up Doctor Newberry's

plants and bring the work to a close.

I collected both in the railroad cut and from the bank first discovered by you.

I was disappointed in not tinding a number of new species of angiosperms, for nearly

all of the impressions are of the pinnatelj' compound leaf previous^ found. A
multitude of these impressions were found, and among them a number of depar-

tures from the normal form. I found several new species of conifers and ferns, and

several of the forms common at other localities in the Potomac terrane. Before I

made this last collection I was troubled by the fact that at this locality, yielding

unquestionable angiosperms, the other plants were in the main peculiar to tliis spot,

and no forms like those" occurring elsewhere and having a Jurassic type were seen.

Although the stratigraphy and lithology indicated that the Brooke beds are of the

same age as those of Fredericksburg and Dutch Gap, the possibility would obtrude

itself that the flora here is younger than that found elsewhere.

« Report for 1840, p. 31.
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He was then describing and drawing his Potomac plants, and as Dop-

tor Newberry was at the same time engaged on his Flora of the Amboy Clays,

it was thought desirable that we should all meet in consultation relative to

these floras. Accordingly, on March 27, 1886, both Doctor Newberry and

Professor Fontaine came to Washington, bringing numerous drawings

of critical forms, and met me in council at the National Museum. The

result was satisfactory, and there was no longer any doubt as to the much

later age of the northern than of the southern beds.

Doctor Newberry had at the time under his charge at the Columbia

University a coUection of plants previously made l^y Mr. F. B. Meek at

Federal Hill, in Baltimore, and it was arranged to lend the same to Pro-

fessor Fontaine for determination, the results to be included in his forth-

coming monograph. They were sent to him, and after a preliminary

examination of them he wrote me under date of April 26, 1886, as follows:

On examining the plants sent by Doctor Newberry I find that they are all of

species that ,1 already possessed, possibly one excepted, and which were collected by me

at Dutch Gap and Fredericksburg. There are some 7 or S species, and they leave no

doubt in my mind that the flora of the Baltimore clays is the same as that of the

Potomac formation in Virginia. They certainly are quite difl'erent from the plants

Doctor Newberry is studying from the Amboy clay of New Jersey.

A second reconnaissance and to some extent a collecting trip, was

begun on June 8, 1886, the party consisting of Professor Fontaine, Dr.

F. H. Knowlton, and myself, the means of transport being a steam launch.

The object was to descend the Potomac River and visit all the important

beds yielding plant remains that had been discovered in its bluffs or near

the river, making collections at each point. It was further purposed to go

up the James River as far as the Dutch Gap Canal, and points above, where

Professor Fontaine had found promising localities, and to continue the

work in this region. The programme was substantially carried out, the

principal locahties visited being Fort Washington, White House Bluff,

Masons Neck, Quantico, and Aquia Creek, on the Potomac, and Trents

Reach, the Dutch Gap Canal, and localities above, on the James. The

extensive collections that were made were sent to the University of

Virginia to be incorporated in the earlier ones of Professor Fontaine and

worked up in his monograph, then far advanced. He spent the greater

part of August, however, in Washington in order to make use of the larger

facilities in the way of books and specimens in completing his work.
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During October, 1886, I made some further collections of fossil

plants from the Potomac beds at Federal Hill, in Baltimore. Professor

Uhler also made collections there and all the new material was sent to

Professor Fontaine.

The large amount of silicified wood and lignite occurring in the

Potomac formation made it desirable to have it studied and determined so

far as its structure would permit. Dr. F. H. Knowlton undertook this

work in the fall of 1886, but was prevented by imperfect facilities from

making as rapid progress as was desirable.

Mr. McGee, having been called upon by the health officer of the

District of Columbia for some notes on the geology with reference to the

quality of the subterranean waters, contributed a short paper, which was

embodied in the report of that officer for the year 1884-85." It was in

this paper (p. 20) that the name "Potomac formation," which had been

in general use by the geologists of the Survey, was first published.

Dr. F. H. Knowlton, who had been at work for nearly a year on the

fossil wood and the lignites of the Potomac formation, completed his

paper on that subject in June, 1887, and it was forwarded for publication

by the Geological Survey on the 18th of that month. The publication was

delayed and it did not appear till 1889.'' Four new species of Cupressinoxy-

lon (:= Sequoia) and one of Araucarioxylon were systematically treated.

The last named, however, was afterwards found to have come from the

Trias.
^'

During the year 1886 and the first half of 1887 Professor Fontaine was

engaged all the time he could find outside of his professional duties in

describing and figuring the plants of the Potomac formation, of- which he

now had in hand an immense number. During all this time we kept up

a correspondence, with interchange of specimens, books, etc., and he sent

on lists of the names proposed for new species to be compared with the

literature, which I had at that time so organized that it was easy to prevent

the duphcation of names. On July 1, 1887, the manuscript and drawings

for the monograph were forwarded by him to the U. S. Geological Survey

Report of the Health Officer of the District of Columbia for the .year ending June 30. 1885, Washington,

1886, pp. 19-21.

''Fossil wood and lignite of the Potomac formation, bv Frank Hall Knowlton: Bull. U. S. Geol. Surv.

No. 56, 1889, 8°, 72 pp., 7 plates.

< See Twentieth Ann. Rep. U. S. Geol. Surv., Pt. H, 1900, pp. 264, 273.
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for publication. At my request and in compliance with the general wish,

Professor Fontaine prepared a summary of the most general conclusions

growing out of his prolonged studies and submitted it to the biological

section of the American Association for the Advancement of Science at its

New York meeting in 1887. Only a brief abstract of it was published."

As this paper accurately reflects the views that prevailed at that time

relative to the general character and probable age of the Potomac forma-

tion, I reproduce the parts bearing on these points

:

The name Potomac formation has been apphed to a series of newer Mesozoic

sands -ravels, and clays, sometimes cemented into sandstones and conglomerates,

which Appear along the inner margin of the coastal plain, forming the basal member

of the undisturbed Mesozoic and Cenozoic formations of the eastern United States,

in Viro-inia, Maryland, Delaware, and perhaps other States. It comprises two mem-

bers-an upper, consisting generally of variegated clays which are well exposed

about Baltimore, and a lower, consisting predominantly of sands and gravels, well

exposed in the bluffs of the Potomac River below Washington. The upper mem-

ber is known only north of Fredericksburg, and the lower is best developed from

Washington to Richmond (see p. 275).

The ao-e of the formation, as indicated by its flora, appears to comcide approxi-

mately with that of the Lower and Middle Neocomian [misprinted Neuroman] of

Greenland and Europe (see p. 276)

.

It was in December, 1887, that Mr. J. B. Hatcher, under instructions

from Prof C Marsh, collected a considerable number of vertebrate

bones from an iron mine near Muirkirk, Md. He also found in the same

beds some small cones representing the genus Sequoia, and much sihcified

wood and lignite. The bones were described by Professor Marsh and the

results published at once.^ As to the geological significance of these

forms, Professor Marsh says

:

The fossils here described, and others from tne same horizon, seem to prove

conclusively that the Potomac formation in its typical localities in Maryland is of

Jurassic age, and lacustrine origin. There is evidence that some of the supposed

northern extensions of this formation, even if of the same age, are of marine or

estuary origin (see p. 94).

At about this same time Prof. P. R. Uhler, who had long been actively

studying this formation in Maiyland^F^blis^^ extended

a Proc Am Assn. Adv. Sci., 36th meeting, New York, 1887, Salem, 1888, pp. 275-276.

. Netted a new genus of Sauropoda and other dinosaurs from the Potomac formation, by O. C. Marsh.

•

. Am. Journ. Sci., 3d ser., Vol. XXXV, January, 1888, pp. 89-94, 9 text figs.
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paper on the general subject, which he first read loefore the American

Philosophical Societ}^ in Philadelphia on January 6, 1888." In this

paper he not only proposed the name Albirupean for the upper beds, but

he also proposed the name Baltimorean for the lower ones, i. e., to quote

his words, "for the conspicuous clay formation which lies near the bottom

of the alluvial column on the Archean rocks of Maryland" (see pp. 47-48).

It must be remembered that all who had up to that date studied the

formation supposed that nearly or quite all the beds in Maryland were

higher than anj^ in Virginia, and the term "iron-ore clays," used by

Tyson, was used for the greater part of all this, although Professor Fon-

taine had observed that there were also gravels and coarse sands at

places in that State. Whether Professor Uhler intended his Baltimore

formation to extend into Virginia or not he does not say, and in this

paper he says that the Rappahannock freestone is lithologically different

from the white rocks of the Albirupean, which in fact is certainly the case.

He represents the iron ore as occurring in the Baltimorean across the

State in the form of pockets. His general description of the Baltimorean

may profitably be reproduced here:

The formation is made up of numerous strata, constituting altogether a column of

alluvial matter more than five hundred feet deep. That part which we can examine

at or near the level of the lower streets in South Baltimore exhibits a dark lead-

colored compact clay, well stratified, and resting immediately upon a layer of dense

iron clay-stone only a few inches in thickness. Often the clay which comes in direct

contact with this stone is stained a bright red color, is of a very fine texture, and is

known as "pudding-claj-." On this the distinctly stratified layers of dark clay,

ranging usually from seven to nine feet in thickness, are built, and consist of strata

varying from three inches to fully two feet in thickness. Between the finely ground

layers, in contact with the smoothest surfaces, we meet with the remains of trees,

slu-ubs, vines, ferns, equisetas, and, perhaps, algte. These fossU remains occur in

the greatest profusion, accompanied by finely reduced lignite in the upper strata.

At least five such intervening plant-beds are present in the base of Federal Hill and

its extension eastwards, in each of which some peculiar form of fern, vine, or leaf

serves to distinguish it from the others. It has been my good fortune to discover

these beds in this region, and to secure ample collections of all the remains at present

found in them, and these are now being figured and described by Professor Fontaine,

of Virginia.

» The Albirupean formation and its nearest relatives in Maryland, by P. R. Uhler: Proc. Am. Phil. Soc,

Vol, XXV, pp. 42-.53.
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From the lowest hdjev I have taken out plants only of a low tj'pe of structure

resembling algas and nitellas; from the next laj^er above, equisetffi and fei'ns with

strange vine-like structure; from the layer a few feet higher, buds and twigs of

trees allied to the cypress and redwoods of California, as also leaves of ferns having

the form of those of the Gingko; from the fourth layer other ferns, coniferous stems,

buds, and scales, with some leaves of dicotyledons resembling sassafras; and from

the upper layer leaves which resemble those of the hawthorn, magnolia, willow, and

hemlock.

The less distinctly stratified clay overlying these is rich in lignite, often con-

taining the- trunks and limbs of nearlj^ entire trees, some of which have been found

with spruce-like cones and needle-shaped leaves.

The continuation of this bed upwards is composed of the iron ore clays which

form such conspicuous hills and ridges along the road leading to Washington. In

this member of the series lie the extensive layers of carbonate of iron, the richest

of which occuj" near the base, while the nodules and oxidized lumps are found nearer

the surface. The extension of this bed still higher, at various levels, displays the

red and white variegated clays, such as we see in large areas in crossing the country

south and east of the iron ore hills (see pp. 48, 49).

It was remarked that the cycadean trunks collected b}^ Tj^son in

Maryland were deposited in the museum of the Maryland Academ}' of

Sciences. It was there that our party saw them in 1885 and had photo-

graphs of them made, to illustrate Professor Fontaine's monograph of

the Potomac flora. After the organization of the museum of the Johns

Hopkins University the Maryland Academy, being obliged to contract

its quarters, donated its paleontological collections to the universit3^

The cycads were transferred among the rest, and are still there. Prof.

Wm. B. Clark gave an account of the transfer in 1888," with appropriate

acknowledgments

.

The first of Mr. McGee's papers describing "Three Formations of the

Middle Atlantic Slope," published early in ISSS,*" is chiefly devoted to the

Potomac formation. From it we learn that he had extended his investi-

gations much farther to the northeast than had been reached b}' the

expedition of 1885, and had studied the contact of the coastal plain

with the underlying older rocks through Delaware and Pennsylvania into

New Jersey. He referred the "Bryn Mawr gravel" (p. 130), the "ferru-

Johns Hopkins University Circulars, Vol. VII, No. 65, April, 188S, p. 67.

b Three Formations of the Middle Atlantic Slope, by W J McGee: Am. Jour. Sci., 3d ser., Vol. XXXV,
February, 1888, pp. 120-143; April, 1888, pp. 328-388; May, 1888, pp. 367-388; June, 1888, pp. 448-466,

pis. ii and vi.
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ginous conglomerate" of C. E. Hall (p. 131), the "yellow rocks" above

Trenton (p. 132), and the "sand hills" east of Princeton (p. 132), all to

the Older Potomac. That the Older Potomac does occm' in Pennsyl-

vania, however, there is no doubt, and some of Mr. McGee's identifications

were correct.

The discoveries of vertebrate remains in the Potomac of Maryland

by Mr. Hatcher greatly interested Professor Marsh, and he was anxious

to know what the vegetable remains indicated. He was aware that large

collections of plants had been made and were being worked up, and he

came to Washington in January, 1888, to consult with those who were

acquainted with the subject. It chanced that Professor Fontaine was

here at the time and there was a general conference on matters relating

to the Potomac formation. I had sent the cones collected by Mr. Hatcher

to Professor Fontaine and received from him an interesting letter about

them, dated January 5, 1888, which contains much that had not then

and has not since been made public. I therefore quote somewhat fully

from that letter:

I am glad that you sent the cones for my inspection. I should say that they

are certainly cones of Sequoia. I think that the more elongate and smaller cones

are identical with cones of Sequoia that I found at Brooke station. You will find

some of these figured in the Potomac Flora. Most of those that I found were

imprints that were formed of cones that retained only a few scales, and the cones

were more or less flattened by pressure. Your cones are much more perfectly

shaped, although probably somewhat elongated by pressure. I did not give mine

specific names because they were not attached to leafy branches, and I had named

a number of species that had been determined by very perfectly preserved leafy

twigs. I thought it probable that these cones belonged to some of the species

named from the branches. The larger, rounded, brownish-colored cone among

those you sent may be of the same species with the rest, but it is exactly like cones

that I found at Dutch Gap attached to leafy branches of Sequoia ambigua Heer,

which is the most common Sequoia at that place. I remember also that among

the specimens collected by Mr. McGee at the head of Chesapeake Bay, those that you

showed me, and which contained hardly anything but angiosperms, I saw a fragment

of S. ambigua. My new genus Athrotaxopsis has on branches closely resembling

Cyparissidium, cones strikingly like those of Sequoia, but the scales have only one

comparatively large seed under each. Then, too, Sphenolepidium has cones in out-

ward form much like these. Sequoia, Athrotaxopsis, and Sphenolepidium are abun-

dant in the Potomac of Virginia, and I find some of these Sequoias in the Tuscaloosa

formation. They appear to be persistent and widely diffused forms.
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It is not strange that Mr. Knowlton finds Cupressinoxylon, for I find at least

six abundant and widely diffused species of Sequoia, determined, without taking

the cones into consideration. I think it highly probable that the genera Sequoia,

Athrotaxopsis, and Sphenolepidium had wood closely alike, and that the trees grew

in forests and furnislxed most of the vast quantity of lignite that occurs in the

Potomac.

After Professor Fontaine had left Washington it occurred to Pro-

fessor Marsh that a paper on the flora of the Potomac formation and its

geological significance ought to be presented to the National Academy

of Sciences at its April meeting in Washington, and, as president of

the academy, he invited me to present it. I assured him that Professor

Fontaine was the proper person to do this, and I made every effort to

induce him to do so, but he declined on several grounds, and the duty

devolved on me. He authorized me to make any use I thought best of

his manuscript, which was then in my hands, and it was from this that

most of the facts used by me were drawn. I could do this the better,

as, at Professor Fontaine's request, I had prepared the three tables of

distribution which form the concluding part of the published monograph.

From the data thus before me I prepared the paper which I read before

the National Academy of Sciences on April 20, 1888."

Professor Marsh in describing the vertel^rate remains had expressed

himself so emphatically on the Jurassic affinities of the fauna that it

was natural that I should inquire particularly into the question whether

the flora could be regarded as confirming, or as not distinctly negativing,

that view. The dicotyledons presented the chief obstacle, this subclass

never having thus far been found below the Urgonian, and only one species

as early as this. But the Cretaceous dicotyledons thus far known are fully

developed, often belonging to genera still living, and it was clear to me

that this proved an extensive break in the record. It was this point

that I strove chiefly to bring out in this paper, and after fully discussing

it I gave my conclusions in the following form

:

On numerous occasions, dating as far back as 1878, 1 have expressed the opinion

that the dicotyledons could not have had their origin later than the middle Jura,

and it will not surprise me if the final verdict of science shall place the Potomac

formation, at least the lower member in which the plants occur, within that geologic

« Evidence of the fossil plants as to the age of the Potomac formation : Am. .Journ. Sci., 3d ser., Vol. XXXVI,

August, 1888, pp. 119-131.
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sj-stem. While the remaining types point stronglj- in this direction, I do not regard

the dicotyledons as at all negativing, but even more strongly suggesting, this view.

Still, it may be admitted that, according to the ordinary modes of arguing

from similar statistics, the sum of all the facts here presented would make the

Potomac, considexed from the pouit of view of the ilora alone, homotaxially equiva-

lent to the Wealden of England and north Germany, now usually included in the

Cretaceous system. If the vertebrate remains are Jurassic and the flora Creta-

ceous we only have here another confu-mation of a law exemplified in so many other

American deposits, that, taking European faunas and their correlated floras as the

standard of comparison, the plant life of this country is in advance of the animal

life. This law has been chiefly observed in our Laramie and Tertiary deposits,

but is now known to apply even to Carboniferous and Devonian floras. It is there-

fore to be expected that we shall find it to prevail during the Mesozoic era. If,

therefore, it be really settled that the fauna of the Potomac series is homotaxially

Jurassic, and we take our starting point from the Old World geology, there will be

no more objection to regarding the Potomac flora as Jurassic than there is now in

contemplating the Laramie flora as Cretaceous. In fact, so far as the character

of the flora is concerned, there is much less difficulty in the case of the Potomac

than in that of the Laramie, since, as I have showTi, the Potomac flora, viewed in

all its bearings, can not be said positively to negative the reference of the forma-

tion to the Jurassic upon the evidence of the plants alone.

I do not, however, desire to be understood as arguing for the Jurassic age of

the Potomac formation. The most that it is intended to claim is that, if the strati-

graphical relations and the animal remains shall finally require its reference to the

Jurassic, the plants do not present any serious obstacle to such reference (see pp.

130-131).

As it has since been made clear that the vertebrate remains are not

conclusive as to the Jurassic age of the beds in Maryland and agree quite

as well with the assumption of a Lower Cretaceous, or at least a Wealden

age, there is even less difference between the evidence of the flora and

that of the fauna than was then supposed. Nevertheless I see no reason

to qualify the statements then made. There was some discussion of my
paper, Doctor Newberry denying the possibility of the formation being

Jurassic, and Professor Cope concurring in this view. I sent a copy of

my manuscript to Professor Fontaine, sajdng in my letter accompanying

it," dated May 21, 1888:

I do not think that a proper understanding of my remarks commits me at all

to the Jurassic theory. It is true I say more about that than the other, but it is

because it had been assumed that a flora with so many dicotyledons must of necessity

be Cretaceous. All I aimed to prove was that tliis was not a necessary conclusion,
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and I intended to leave it so that if the stratigraphy and the animal remains required

its reference to the Jurassic the plants would not present anj^ serious obstacles to

such a reference.

In his reply, under date of May 24, 1888, he makes a substantial

contribution to the discussion, which should be published. He says:

I did not attempt to express the evidence in the form of percentages, because

I thought that this form might give undue weight to those types that are represented

by a considerable number of species which are, however, found at but few places,

and have very few individuals. I was disposed to give more weight to such a

species as Dioonites Buchianus than would appear from its single species, for this

form is widely diffused and immense in the number of individuals. The same is

true of others of the species identical with known Neocomian forms.

You might have made out the case for antiquity even stronger, if you had called

attention to the large number of peculiar types, such as the broad-leaved conifers,

and others, which are so largely developed in the Potomac, but show no trace in

the Cenomanian. I think your exposition of the evidence is a very just one, and I

do not understand you as committed to a Jurassic age.

In another letter, dated June 14, 1888, he further says:

I received a letter from Doctor Newberry not long since about the Potomac flora

and its age. He seemed to think that you argued for the Jurassic age of the Potomac,

and this seems to,be Mr. McGee's notion also. I do not understand your paper so

to argue. It is plain that it goes to show that the sum of the evidence from the

plants, as it now stands, points to the Wealden or Lower Neocomian age of the beds,

but that there is no evidence incompatible with an Upper Jurassic age.

This in my opinion is the correct view, with the modification that I would make

the age range through the Urgonian.

I do not think that Professor Marsh's dinosaurs mean anything more than

Wealden. The Wealden vertebrate fauna is in part dinosaurian. Professor Marsh

said that a number of the species were allied to those of his Atlantosaurus beds,

and these he called Wealden. Doctor Newberry says that all of Professor Marsh's

Potomac species are new, and hence do not necessarily prove Jurassic age. He

(Newberry) maintains either that the Maryland and Virginia beds are different or

that they are not older than Lower Cretaceous [Neocomian I suppose he means].

Prof. P. R. Uhler, who is the best informed person now living in rela-

tion to the early geological work of Maryland,-and especially as to the locali-

ties at which the cycadean trunks cohected by Tyson were found, made in

1888 the following statement on this subject, which may be reUed upon:

Rarest, of great value, and still unrepresented in any other collection, are the

stumps of Cycads presented to the Academy by Mr. P. T. Tyson. All of these were

taken from the Upper Jurassic clays of Maryland. One specimen came from the

MON XLVIII—05 24
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iron-ore beds of Mr. J. D. Latchford, near Muirkirk, a second from the vicinity of

Hyattsville, and a third from simihir claj's next tire shore of the Patapsco River

at the Spring Gardens, south of Baltimore."

The statements that had thus far been pubhcly made relative to the

Potomac flora aroused a lively interest among European paleobotanists.

There was more or less correspondence with Saporta, Schenk, Nathorst,

and Feistmantel, and the last-named author wrote to request further

particulars. His letter was referred to Professor Fontaine, who, under

date of March 12, 1889, prepared a somewhat full statement of his views

relative to the significance of the dicotyledons. A copy of this was sent

to Feistmantel, who made it the subject of a paper read before the Roj^al

Bohemian Society on April 12, 1889, and published in its proceedings."

He had already published " a letter on the subject which he wrote

to Dr. Ernst Weiss after receiving Professor Fontaine's notes, but in

this he does not enter so fully into the discussion.

Proofs of Professor Fontaine's monograph were corrected in the

spring and summer of 1889, and the work, although it bears date 1889,''

did not appear until 1900.

In this work was laid a solid foundation for the subsequent study of

the Potomac formation. In it are described and thoroughly illustrated

365 species of fossil plants. If we exclude the dicotyledons, of which

only 75 species were found, every class represented greatly exceeds in

number of species the same class in the present living flora of the same

territorial area. That is to say, there are many more Potomac than

present living ferns and conifers, while the large cycadaceous flora of

that age is wholly wanting at the same latitudes to-day. But undoubt-

edly the most interesting fact is the occurrence at this remote epoch of

the first sketches of nature of that great race of plants, the dicotyledons,

which now form 75 per cent or more of all vascular plants.

The work contains three tables of distribution, prepared by myself,

« Sketch of the history of the Maryland Academy of Sciences, by P. R. Uhler: Trans. Maryland Acad-

Sci., Vol. I, Dec. 19, 1888, pp. 1-10. See pp. 7-8.

'' Ueber die bis jetzt iiltesten dikotyledonen Pflanzen der Potomac-Formation in N. Amerika, mit brief-

lichen Mittheilungen von Prof. Wra. M. Fontaine, von Ottokar Feistmantel: Sitzb. d. k. bohm. Ges. d. Wiss.,

Jahrg, 1889, Vol. I, pp. 2.57-268.

'Ueber die bis jetzt geologisch iiltesten Dikotyledonen, von Herrn O. Feistmantel: Zeitsch. d. deutsch.

geolog. Ges. Berlin, Vol. XLI, 1889, pp. 27-34.

''The Potomac or Younger Mesozoic flora, by William Morris Fontaine: Men. U.S. Geol. Survey, V- !.

XV, 1889; text, xiv, X 377 pages; atlas, 180 plates.
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at Pi'ofessor Fontaine's request, from his manuscript, the first giving the

locahties in the formation from which each species was collected; the

second giving the distribution of all the species hitherto known from

other beds in all countries, and also of those species most closely allied

to Potomac forms; and the third showing the formations in their

ascending geological sequence from which Potomac species and species

allied to them have been obtained. Professor Fontaine discussed the

age and general character of the Potomac flora in the concluding portion

of the work. He thinks that much of the confusion that exists relative

to age arises from the use of terms in different senses, and especialh^ from

that of the term Wealden. On this point he says:

Before the examination of the geological relations of the Potomac flora is under-

taken it will be well to define in what sense the names of certain geological forma-

tions, to which frequent reference must be made, will be taken in this memoir.

The two formations which are capable of misconception are the Wealden and

Neocomian. By some the Wealden formation is regarded as an independent group

forming the uppermost member of the Jurassic. Others regard it as a series of beds

contemporaneous with a portion of the lower Neocomian, formed in estuaries and

marshes at the time when a portion of the typical lower Neocomian, which is marine,

was being deposited in the sea. The latter view is the one assumed in this memoir.

In this work the Neocomian period is taken as including the Urgonian and

Aptian of D'Orbigny, the former being, when present, the middle member and the

latter the upper member of the formation. When, then, reference is made to

Neocomian plants, fossils of the Wealden, Urgonian, and Aptian groups are included

and not distinguished (see pp. 331-.332).

He then takes up the several classes, families, and genera, and con-

siders the bearing of each on the age of the beds. His final conclusion

is as follows:

This being true, we should expect to find in any large collection of Neocomian

plants a great mingling of types. We should find the survivors of the old floras

and the newly arrived precursors of the more recent ones mingled with a number

that attain their development in and are peculiar to the Neocomian. This is exactly

what we find to be ti'ue of the Potomac flora. That so many of these plants are new

is perhaps to be explamed, in part at least, by the fact already mentioned, that the

flora of this epoch is very poorly represented and comparatively but little known.

It is not possible to say positively to what precise epoch of the Neocomian the

Potomac belongs. Its flora ranges from the Wealden through the Urgonian, and

probably includes some Ccnomanian forms (see p. 348).

Doctor Knowlton's bulletin, already mentioned, on the fossil wood

and lignites, appeared in advance of Professor Fontaine's work. Doctor
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Knowlton had read at the Cleveland meetmg of the American Association

for the Advancement of Science, 1888, a summary of his results, an

abstract of which was published in the proceedings," and also in the

American Geologist.*

Professor Uhler published another paper during 1889,'' which,

though chieflj^ devoted to the description of Eocene shells, discusses the

geological relations of the Cretaceous beds and finds the Albirupean in

the bluffs below Fort Foote, on the Potomac, overlying the beds which, a

few hundred yards above, viz, at Rosiers Bluff, have yielded a large flora

belonging to the Aquia Creek series or upper horizon of the Older Potomac.

In a later paper'' he gives a section on Piscataway Creek showing the

same beds (pp. 103-104).

Prof. William B. Clark, in his account of the "Third Annual Geological

Expedition into Southern Maryland and Virginia,'" recognizes Uhler's

Albirupean as distinct from the underlying Potomac.

Mr. N. H. Darton had been for some time engaged on the areal

geology of the District of Columbia and parts of Maryland and Virginia

in which the Potomac formation occurs. He did not cooperate with the

paleontologists, nor, so far as I am aware, consult them, but he accepted

the name Potomac formation, which he did not further subdivide in

coloring his maps. He read a paper before the Geological Society of

America at its meeting in December, 1890, on the general geology of this

region,'' in which he named and described the overlying marine deposits

(Severn, Pamunkey, Chesapeake) and discussed the Potomac, but added

nothing to the knowledge of it that had been gained by others.

At my request, Professor Fontaine undertook the determination of

the plants described by R. C. Taylor in 1835 (see pp. 344-345)

from the figures given on his plate, and he communicated the results to

me in a letter dated May 17, 1891. As this paper was overlooked by

him in preparing his monograph, and no one has attempted to determine

<i Vol. XXXVII, Salem, 1889, pp. 207-208.

"

I' Vol. Ill, No. 2, February, 1889, pp. 99-106.

c Additions to observations on the Cretaceous and Eocene formations of Mar_vland, by P. R. Uhler: Trans.

Maryland Acad. Sci., Vol. I, pp. 4.5-72.

(' Notes and illustrations to "Observations on the Cretaceous and Eocene formations of Maryland:" Ibid.

June 7, 1890, pp. 97-104, pi. A.

f Johns Hopkins University Circulars, Vol. IX, No. 81, May, 1890, pp. 69-71.

./ Mesozoic and Cenozoic formations of eastern Virginia and Maryland, by N. H. Darton: Bull. Geol. Soc.

Am., Vol. II, April 14, 1891. pp. 431-4.50, pi. xvi.
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these forms, which were the earUest obtained from the formation, it is

of interest to see precisely what they were, so far as can be ascertained

without access to the specimens themselves, whqse whereabouts is now
unknown, if, indeed, they were preserved at all. I therefore give the

list with the names used by Taylor, his figures, and Professor Fontaine's

identifications

:

Lycopodiolithes ? sp. Taylor: Trans. 'Geol. Soc. Pennsylvania, Vol. I, Phila-

delphia, 1835, p. 321, pi. xix, fig. 2. Probably a cast or stem of Frenelopsis ramosis-

sima Font.

Lepidodendron sp. Taylor: Ibid., p. 322, fig. 1. Sphenolepidiiim Sternberg-

ianum (Dunk.) Heer.

Sphenopteris sp. Taylor: Ibid., fig. 3. Scleropteris elliptica Font.

Pecopteris ? sp. Taylor: Ibid., p. 323, fig. 4. Cladophlebis constricta Font.

Thuites ? sp. Taylor: Ibid., fig. 5. Sphenolepidiiim dentifolium Font.

Sphenopteris sp. Taylor: Ibid., fig. 6. Cladophlebis constricta Font.

In May, 1891, I resumed the study of the Potomac formation,

assisted to a considerable extent by Mr. David White, and accompanied

on some of the excursions by Mr. Robert T. Hill, Prof. P. R. Uhler, and

others. On June 13 I discovered the important localit}- for fossil plants

in Rosiers Bluff, above Fort Foote, and made the first small collection

from there. The exact locality is 200 yards below Notley Hall wharf,

on the Fort Foote reservation. The clays rise here about 60 feet above

the river and occupy in the highest place all but a few feet of cobble and

surface gravel. They are varied in color, largely variegated red and

white, but often with more or less lenticular layers of blue, brown, and

darker. They are interstratified with sand, gravel, and ferruginous

shales. The plants were found about 30 feet above the water, in a thin

stratum of bluish clay, between two seams of coarse sand.

On June 20 I made the following section of the exposure discovered

by me in 1885 near Aquia Creek, from which so many dicotyledonous

forms were subsequently collected, and which is designated by Professor

Fontaine in his monograph as "Bank near Brooke:"

Section of the banlc near Brooke.
Feet.

4. Fine-grained and laminated white, blue, and buff clays yielding the fossil plants and extending to the

roots of the small trees, shrubs, and herbage covering the hill. ; 12

3. White ferruginous sands, frequently cross-bedded, with very little interstratified clay, covered at the

base, but traceable to near the bottom of the ravine 24

2. Pack sand in gulch at bottom of ravine 2

1 . Whit e clay streaked with pink and red at bottom of gulch 2

Total exposure 40
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This is a much thicker and better section than could be measured

in the railroad cuttings near b}^, rising as high as anj^ of these and reach-

ing far below the raihpad bed. It is all included in what I aftenvards

called the Aquia Creek series (Brooke beds of Fontaine).

Investigations in the District of Columbia, Maryland, and Virginia

were continued through July and August, 1891, and the general rela-

tions of the Potomac beds to one another and to the ones l^elow and

above were somewhat thoroughl,y worked out. A number of localities

for fossil plants were discovered. Much grading of streets was iDeing

done to the northwest of Washington and some fine sections were made
under circumstances that will never occur again. The Potomac, where

it occurs at all, is of course thin in that region, but contacts with the

underhdng Algonkian were often exposed.

On NovemlDer 25, assisted by Mr. David White, I made the prin-

cipal collection of fossil plants from the Hosiers Bluff locality, discovered

on June 13. The bed is limited in range, being al^out 5 feet thick and

less than 150 feet long on the river front. We worked five hours and

obtained a large number of specimens. We found the plant-bearing

stratum to be 4 or 5 feet thick and 30 or 40 j^ards long. A few, how-

ever, were found much higher. The cycads and conifers occurred

mainly in the lower and the dicotyledons in the higher portions-.

During the summer of 1891 the entire collection of fossil plants

used by Professor Fontaine in preparing his monograph was shipped

from the University of Virginia to Washington and installed in the

National Museum.

Dr. C. A. White, in his correlation paper on the Cretaceous," 1891,

treats the Potomac formation under the Atlantic border region of Mary-

land, the District of Columbia, Virginia, and North Carolina. He
seems not to have made personal investigations and confines himself

to a review of the literature. As regards the occurrence of the Older

Potomac in North Carolina, there still remain doubts, most of the Poto-

mac beds thus far discovered in that State belonging to the upper

division and no characteristic fossil plants have been found. There

is, however, reason to suppose from lithological and stratigraphical

considerations that the beds forming the bluffs of the ,Cape Fear River

« Correlation Papers, Cretaceous, by Charles A. AVliite: Bull. U. S. Geol. Surv. No. 82, 1891, pp. 88-92.
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at Fayetteville and for some distance above and below belong to the

lower division (see p. 390).

In Professor Uhler's Albirupean Studies," 1892, he makes the clear-

est distinction thus far drawn between the upper and lower beds of what

is now included in the Potomac formation, and he insists upon their

stratigraphical unconformity. His description of the beds in Maryland

and New Jersey is clear and not open to serious criticism, but his dis-

cussion of the Virginia deposits is somewhat ambiguous and led some

to think that he intended to include the freestone in his All^irupean.

To enable anyone to judge for himself his own^words should be quoted.

They are as follows:

My own studies of the deposits at Fredericksburg, Va., and other places between

that city and Mount Vernon, induce me to take a very different view from Professor

Fontaine of the structure of the region, and of the position held by the fossil plants

in the order of their succession in time.

The following facts have influenced my belief in the theory of succession of the

strata or beds and their contents. The lowest iron-ore clays, at the base of which

the most archaic types of Angiosperms occur, are those beneath Federal Hill and

its connections in Baltimore. The same series of clays is identifiable in many places

all the way from near the North East River, at the head of Chesapeake Bay, to the

District of Columbia. Local.areas of similar clays which have not yet yielded their

characteristic plant fossils occur in Virginia, west of the Potomac River. Near

Falmouth and at at a few points between that place and Fredericksburg, Va., are

clays of the same plastic type and structure as those in Federal Hill.

They do not agree in composition and structure with the hollow or lens in the

streets of Fredericksburg, from which Professor Fontaine and myself excavated

so many fossil leaves, twigs, etc.

The Fredericksburg deposit is, to my view, a structure built at a much later

date than the Falmouth clays, and the series of strata to which it belongs has been

built within an eroded area. The sandstone member of the Aquia Creek region, as

seen below Fredericksburg and everywhere else in Maryland and Virginia, is a whole

formation higher than the aforesaid claj's. * * *

The Albirupean appears, and extends at least from the border of the Triassic

region, north of Raritan Bay, across New Jersey, Delaware, and Maryland to below

Fredericksburg, Va. (see pp. 193-194, 199).

It is true, as already shown, that the Aquia Creek or Brooke plant-

bearing beds are above the Fredericksburg beds, and the freestone,

which occurs at the railroad bridge across Aquia Creek, may be seen

" Albirupean studies, by P. R. Uhler: Trans. Maryland Acad. Sci., Vol. I, June S, 1892, pp. 185-201.
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to run under it to the south, but even this is much older than the beds

on the Severn River in Maryland in which occur his type sections of

the Albirupean.

My own studies in the formation were resumed with the opening

of the field season of 1892. Early in May Mr. David White accorn-

panied me on an excursion to Fredericksburg and the region adjacent.

We first studied the contact of the Potomac with the underlying crys-

tallines on the Rappahannock, on Fall Run above Falmouth, and on

Hazel Run to the south of Fredericksburg, and usually found a bed
of clay underlying the freestone. A number of instructive sections

were made. Above the freestone occur heavy beds of loose sand. We
then followed the Rappahannock down in a rowboat from Fredericks-

burg to the Eocene contact at the Marl Mill, 6 miles below. This affords

a fine section. The dip to the southeast is about 50 feet to the mile

and the distance in a straight line from the crystalline contact to the

Eocene contact is about 6 miles, giving the Potomac a thickness of 300

feet. We were able to measure only a little over 200 feet, JDut there

was evidence of erosion at several points. The 200 feet measured were

as follows:

'Section of the Rappahannock River at and helow Ffederichshurg.
Feet.

3. Loose argillaceous, mostly white or 3'ellowish, sand with thin clay seams, becoming darker and ligni-

ciferous above, and unconformably overlain by the Eocene (Pamunkey) marl .50

2. Coarse, feldspathic, conglomeratic sandstone with lenses, nodules, and pellets of fine white claj', and
with casts and molds of stems, logs, and indeterminable plants i 100

1. Red, pink, and purple to white claj', carrying lignite and (on Fall Run) lignitized logs; resting uncon-

formably upon the crystalline rocks 50

Total exposure 200

The clay disappeared beneath the water of the river opposite Pratts

Rock, the sandstone 3 m.iles below that point, the sand at Travelers

Reach, and the last of the darker lignitic beds half a mile above the

Marl Mill. Back from the river the higher country_ in all directions

from Fredericksburg is covered with a relatively modern deposit, prob-

ably the Lafayette, while the bottom lands usually show a bed of Colum-

bia brick clay. For these reasons the geological map of this region is

colored for these formations only, giving no proper idea of the geology.

Leaving Fredericksburg on the 5th we explored the general region

to the north as far as Stafford Court House along the western margin

and found the elays almost everywhere underlving the sandstone. We
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then examined the eastern margin of the belt all the way to the Poto-

mac River and found the argillaceous sands and white stratified clays

uniformly overlying the sandstone and overlain in turn by the marls.

The conclusion became irresistible that for this entire region this is

the normal order of deposition. This view is abundantly confirmed

by the plant remains found respectively in the lignitic clays on Potomac

Creek west of the Telegraph road and in the upper clays near Aquia

Creek, which differ widely in character and indicate a great time inter-

val between the earlier and the later deposits. The beds in this region

are thicker than in the valley of the Rappahannock, the erosion having

been less. Measuring as carefully as possible, we arrived at the follow-

ing approximate section for any line drawn across the belt perpendicular

to the strike, as, for example, on Potomac Creek or Accokeek Creek:
*

Section of Accokeek Creek.
Feet.

3. Loose sands interstratified with white laminated clays carrying plants of high rank, such as Sapin-

dopsis and other undoubted dicotyledonous genera 100

2. Coarse feldspathic sandstone becoming workable freestone 1.50

1 . Lignitic clays carrying the older types of plants (ferns, cycads, conifers, and archaic dicotyledons ) .50

Total exposure 300

Attention was next turned to the northern extension of the

Potomac beds, and two months were spent in their systematic study.

Following first the landward margin in the District of Columbia and

Maryland, we soon discovered that less difference exists between the

beds here and those of Virginia than had been supposed. The old

idea of an "Upper Clay member" in Maryland, as opposed to a "Lower

Sandstone member" in Virginia, was now whoU}^ dispelled, the Virginia

beds having been found to begin and end as clays and the sandstone

to occupy an intermediate position. It was now found that in Mary-

land also wherever the deposition is normal (i. e., no transgression of

higher beds) the basal member is clay and the succeeding one is, if not

sandstone, at least very arenaceous and often lithified. Moreover, this

second member in Maryland, although usually reddish from iron oxida-

tion that has filtered into it from the overlying iron ores or from iron

constituents of its own, usually contains casts and molds of stems, logs,

and plants wholly similar to those ^f the Rappahannock sandstone,

and these beds must be stratigr'aphically the same in both States. This

condition of things with slight variations extends entirely across the
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State of Maryland and was found at hundreds of exposures from Wash-
ington, 'D. C, to Wilmington, Del. Farther north.the basal clays often

assume a lilac hue, but do not otherwise differ from the purer (non-

lignitic) basal clays of Virginia.

On the opposite or coastward side of the Potomac belt the con-

ditions in Maryland are very different from those of Virginia. Here,

ever^'where northeast of the Potomac River, there are heavy beds more

recent than Siuy of the Potomac beds of Virginia holding the higher

t3'pes of dicotjdedonous plants similar to those of the Amboj^ clays.

These beds alwaj'-s underlie the marine Cretaceous deposits (Severn^

Matawan), or Tertiary (Pamunkey, Chesapeake), and usually rest on

variegated clays. As the consideration of these upper beds, which I

Call the Newer Potomac, and which are probably to be correlated with

the plastic clays or Raritan formation of New Jersey, as well as with

the Tuscaloosa formation of the South, is deferred for the present, I

will confine myself here to the beds that underlie them and certainly

belong to the Older Potomac.

Between the coarse lithified sands alcove described as the probal^le

homologue of the Rappahannock freestone and the higher beds last

mentioned there occur in Marjdand a series of beds which can not be

compared lithologicall}^ with anything found in Virginia, and as at that

time (1892) no fossil plants except silicified wood, lignite, and cycacl

trunks had been found in them it was difficult to correlate them. Thev

contain below iron-stained clays and sands, iron ore, both white and

red, pockets of lignite, and some sand and gravel, and above variegated

clays of all shades and descriptions, interstratified with fine sand, and

have a thickness of some 300 feet. At Federal Hill in Baltimore a more

complete exposure of most of the Potomac beds of Maryland could be

worked out from the various clay pits there than is to be found at any

other point, and the section here was carefully made and has been pub-

lished. Most of the plants taken from this locality were regarded b}'

Professor Fontaine as representing his Brooke flora and coming from

the upper part of the Older Potomac, but after examining the later

collections made there in the light of other collections from Maryland

he has now changed his mind and refers all the Federal Hill l^eds to the

Rappahannock series.
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We paid special attention to the contact of the Potomac with the

crystaUine and Paleozoic rocks in southeastern Pennsylvania and along

the Delaware State line, because it was here that Mr. McGee had

reported basal Potomac gravels and arkose. Near Brandywine Summit

are extensive beds of feldspathic rock which are worked for kaolin.

This occurs both as lithified and as decomposed feldspar, and the latter

might easily be confounded with Potomac arkose, especially when
partly mixed with Bryn Mawr and Chestnut Hill gravels, as it is in

the region above Media, Bryn Mawr, and Conshohocken. Northeast

of Conshohocken at a village called Cedar Grove, there are extensive

gi'avel, sand, and cla}^ pits. The Chestnut Hill gravel is here quite

thick and pure. It usually rests on the crystalline rocks, which are

often decomposed, forming pure kaolinic sands or clays of great thick-

ness. At a few points, however, the gravels rest on mottled clays,

which are probably Potomac and possibty basal Potomac. Sometimes

pure sand extends below these which seems to be basal Potomac sand.

At one place the lowest clays exposed were dark blue-black and full of

small pieces of lignite. The Trenton marble crops out at Cedar Grove

and is quarried there, and mottled clays were found resting on the lime-

stone. That these beds represent the Older Potomac seems tolerably

certain.

We also made a somewhat careful examination of the "yellow rocks"

on the left bank of the Delaware above Trenton in New Jersey. They

are conglomeratic and, except in color, appear to be identical with the

conglomerates of the Trias as exposed in many places from Saltenstall

in Connecticut to Culpeper, Va. In a deep ravine they were found shading

off into regular red Triassic sandstone or brownstone, and there can be

little doubt that they are wholly Triassic and not at all Potomac.

We were equalh^ unsuccessful in our search for Older Potomac

materials at the well-known "Sand Hills" of New Jersey. These hills

consist of a trap ridge overlain by a superficial deposit of varied character,

but that it can not be Potomac is proved by the fact that at lower levels,

and especially at Tenmile Run Corners, it was found resting unconform-

ably upon the plastic clay of the Raritan formation.

On September 18, 1892, two plant beds were found in the new reser-

voir at Washington, yielding numerous ferns and conifers. This reservoir
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was excavated chiefly in a heavy bed of Rappahannock sand in which

much silicified wood occurs. Several of the specimens treated by Doctor

Knowlton were obtained from this locahty, and one immense log was

uncovered on the west side near the shaft, which has never been taken

out and is now walled in. At this date the bottom of the reservoir was

mostly dry, except for the stream from what was called^ the Capitol

Spring, which coursed through it. Below this bed of sand is one of

lignite, and this could then be traced all the way round the reservoir.

It was seen to thicken somewhat on the west side. About midway of

the reservoir from north to south, but on the east side, a little north of

opposite the shaft and as much south of opposite the Capitol Spring

tower, therefore only a short distance from the extreme southwest corner

of the Soldier's Home inclosure, a few feet above the lignite bed, I found

in a stratum of sandy clay quite abundant remains of plants, chiefly

ferns, and, as it proved, nearly all belonging to one species (see p.

516). The vegetable matter was black, but tended to peel off.

Crossing to the west side, near the shaft I found another plant-

bearing vein consisting of buff-colored clay with sand partings, and

very frail. It held remains of conifers, cycads, and Gingkoaceae (see

p. 516).

About two weeks later, on October 2, 1892, I took Doctor Ai'thur

HoUick to this locality and we made a small collection near the spot first

described, but we must have worked in a different vein, for nearly all

the specimens consisted of tubers of Equisetum.

In October, 1892, I spent six days in reexamining the Potomac beds

on the James and Appomattox rivers. I was speciaUy interested to see

if any basal clays could be found, as aU the plants collected by Professor

Fontaine had come from clay lenses in the coarse sands. That these

lenses must have l^een parts of an underlying clay stratum was self-evident,

but the latter seemed to have been entirely eroded away before the depo-

sition of the sands, and only a few remnants left in the form of lenses, the

sand underlying as well as overlying them. These clay lenses become
numerous in descending the James after passing Warvsdcks Park, some

7 or 8 miles below Richmond. At Driuys Bluff they are prolonged into

strata A^ar^dng in color, but clearly included in the coarse sands. They
here rise 15 or 20 feet. Below Kingsland, Proctor Creek, and Red Water



FLORA OF OLDER POTOMAC FORMATION. 381

Creek the coarse sands appear to rest on the granite. Nowhere could I

find the basal clay forming a bed below the sands.

The high bluffs on the left bank of the Appomattox at Point of

Rocks show the sands more thorougly lithified than at any other point

in the Potomac formation. In fact they are very hard and resemble

quartzite, and also resemble the white rocks for which Professor Uhler

named his Albirupean formation, but, unUke these, and agreeing in this

respect with the Rappahannock freestone, they contain small clay inclu-

sions. No signs of the Potomac could be found above Richmond or

Petersburg, but the Tertiary beds extend far up the James and rest on

the crystalline rocks.

On October 16, 1892, I discovered chocolate-colored clays below

Mount Vernon yielding fine impressions of plants, of which I made a

small collection. These lie upon the freestone and underlie the Aquia

Creek beds. I named them the Mount Vernon clays. On November

6 a much larger collection was made from the same locahty. This

entire region, including all the bluffs of the Potomac below Mount

Vernon as far as Masons Neck, was further investigated during the

autumn of 1892, the last excursion being made on the 18th of Decem-

ber. In the work-I was voluntarily assisted by Mr. Victor Mason. The

Mount Vernon clays were found in White House Bluff, and plants were

collected from them there. They were traced up Doag Creek and as

far west as the railroad near Pohick Creek.

Active operations were also carried on in the environs of Washington

on both sides of the Potomac and Anacostia rivers. Owing to extensive

excavations at nearly all points, the conditions were favorable for studying

the relations of the several members of the formation, and making sections

at points which were undergoing rapid change, so that most of them

could never be seen again to the same advantage. I availed myself of

these opportunities, visiting and taking careful notes on all the new

exposures. The most important results were obtained in the northwest

section of Washington City. One of the most instructive of these ex-

posures was that on Ontario avenue, on the south side of Lanier Heights.

At the west end the decomposed crystalline (micaceous schistose) rocks

are seen underlying the white Rappahannock sands. The crystallines

are strongly tilted to the east, and the sands lie on their inclined surface
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and pass below the base of the section, having a thickness of al:)Out 20

feet. They contain cla}^ lenses and nodules, but, as on the James River,

the basal clays have disappeared. An excellent view of this exposure

was taken while it was fresh. This is shown in PL LXXIV.
Views were also taken of the fine exposure on Kansas avenue near

this same place and between the Adams Mill road and Ontario avenue.

One of these is shown on PL LXXV. It was in these sands on this street

that a fine silicified trunk was collected by Mr. Karl Woodward (son of

Prof. R. S. Woodward), and presented to the National Museum, where

it bears the museum No. 8603. It doubtless belongs to the genus Cupres-

sinoxylon (Sequoia), to which Doctor Knowlton referred all the trunks

examined by him, several of which were found in the city of Washington.

Views were also taken of the fine exposures on the east side of Six-

teenth street through Meridian Hill. The contact with the crystalline

rocks was not reached in the excavations here made, but the Potomac

beds were well exposed. The cross-bedded white sands are beautifully

shown, but these are overlain by more argillaceous, irregularly stratified

beds that form the lowest part of the exposures near the top of the hill,

the cross-bedded sands running under them on the southern slope. Four

views were taken, but two of these are so nearly duplicates of the other

two that they add little to them. The view shown in PL LXXVI was

taken from the south side of Crescent street looking northeast, and is

therefore panoramic or diagonal to the exposure. The view may be

better understood by reference to the section (section 10) on page 386, of

these same beds. It covers about 10 feet, beginning very close to the

Columbia cap and a little below the point where the sands disappear

beneath the roadbed, and ending some distance south of the point where

the Potomac clays do the same. The few specimens of poorly pre-

served fossil plants were found in the freshly plowed roadbed opposite

these exposures (see p. 385).

This work was resumed early in the spring of 1893, and on April 16,

accompanied by Messrs. Victor Mason and William F. Willoughby, I dis-

covered an important plant bed near Fairfax Seminary, in a gulch known

as Chinkapin Hollow. It is a short distance south of the Leesburg pike, 2

miles northwest of Alexandria and Ih miles northeast of Fairfax Seminary.
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The gulch or deep ravine, at the bottom of which there is running

water, with a spring near the plant localit}^ makes southward. On the

left or east bank there is a fine exposure consisting chiefly of Rappahan-
nock sand, but with clay seams, and in one of these, a foot above the

stream bed, fossil plants were found in abundance. There is also much
lignite, and this extends below the bottom of the ravine. A short dis-

tance below the principal plant bed is a bluff of typical cross-bedded

Rappahannock sand. Well up in this bluff, about 20 fee,t above the

stream bed, is a thin vein of fine buff-colored clay containing abundant
remains of coniferous twigs with small cones and male aments, seeds, etc.

A bivalve shell was also found here. A rather large collection was
made at both the horizons. These plants are fully treated in a later

part of this paper (see pp. 509-515).

On May 14, assisted by Mr. William Hunter and Mr. Victor Mason,
I made a much larger and better collection than any of the previous

ones from the Mount Vernon clays, both at the original locality discovered

by me on October 16, 1892, and also in White House Bluff, at a locaHty

discovered on December 5, 1892.

Nearly the whole month of July was devoted to a critical reexamina-

tion by Professor Fontaine and myself of the Potomac l^eds of the District

of Columbia, Maryland, and Virginia from Baltimore to Fredericksburg.

We confirmed my previous observation that the conditions to the north-

west and north of Washington closely approaches those of Virginia, the

principal difference being that the Ptappahannock sands are not lithified

and are somewhat less feldspathic, being generally white and cross-bedded.

But in passing eastward on the strike these sands are soon overlain by the

dull-red clays characteristic of the Maryland exposures. This condition

begins at Eckington, within the city, and is well shown in numerous
cuttings on the Metropolitan branch of the Baltimore and Ohio Railroad,

notably at Terra Cotta. Typical basal clays may be seen at Lamond,
also on the railroad. The plant bed at the bottom of the new reservoir

was found to be in lignitiferous clays of the same age underlying the

sands, which here hold large quantities of silicified wood. At many
points northeast of Washington the dull-red clays that overlie the white

(here often yellowish and ferruginous) sands are in turn overlain by a
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more indurated and ferruginous sand or sandstone with iron crusts and

geodic lumps approaching bog ore. At some points, as, for example,

in the region of Bladensburg, there seems to be an imperceptible transition

from the basal clays to the ferruginous shales, which are finally overlain

loy purple clays, but it must be admitted that good exposures are rare.

The lower sand member is often wanting in Maryland, and the dull-red

clays often rest on the basal lilac clays. The san.ds do, however, appear

in places, to some extent in the railroad cutting through the divide

between the Potomac and Chesapeake drainages between Muirkirk and

Contee, but especially near Savage in the Little Patuxent Valley. On

the Patapsco close to the river at Relay there is a bed of typical arkose

sand not distinguishable from that of the James River.

On July 20 we made a careful examination of the Federal Hill JDeds

in Baltimore, and measured the section, working out as far as possible

the homologies with the Virginia exposures and those in the District of

Columbia.

A still further agreement in the conditions in both States is the

occurrence of lignite beds near the base of the series. This is seen in

Jessup's cut through the divide between the Patuxent and the Patapsco

on the Baltimore and Ohio Railroad, and at many points near Hanover

station, especially at the Reynolds mine a mile south of that point. The

close resemblance between the indurated sands and ferruginous shales

with casts and molds of stems and plants and the Rappahannock sand-

stones similarly affected seems to correlate these phases. About the only

difference is the reddish color of the Maryland beds, due to the iron which

colors nearly all the rocks of the Maryland Potomac.

The expedition was continued southward and the banks of the Poto-

mac were thoroughly explored on both sides of the river. In Virginia the

entire belt was restudied to the Rappahannock River. Perhaps the most

important observation was that at many points below Mount Vernon,

notabl}^ at Cockpit Point, the basal clays have a decidedly greenish color,

so much so that they were at first thought to l)e glauconitic. Upon

analysis, however, the green color was found to be due to chlorite, and

this was doubtless derived from the serpentine and talcose schists that lie

to the west of this region. These greenish clays, however, where long

exposed to atmospheric conditions, change to a lively pink color. At
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Cockpit Point, in rocks overlying these clays and representing the Rap-
pahannock freestone, much more distinct plant impressions were found
than had ever been seen elsewhere under the same conditions, and a

considerable collection was made on July 27.

The kodak was in use during this entire expedition. The conditions,

however, were not always favorable, and some of the views were not clear.

A few of them are fairly representative and may be introduced here
(see Pis. LXXVII, LXXVIII).

Two other excursions were macie on August 5 and 8 to Gunstons Cove,
Masons Neck, and White House Bluff, for the purpose of reexamining
these exposures in the light of information gained since they were last seen,

especially relative to the green basal clay which had so greatly puzzled me
on previous occasions. It proved to be the same as at Cockpit Point.

Specimens of the latter had been sent to Prof. J. S. Diller for analysis, and
under date of November 28, 1893, he reported upon them as follows:

To-day I examined carefully the greenish sand you gave me from "Cockpit
Point, green basal clay from under plant bed, July 27, 189.3." When put in water
the sand becomes more clearly green. Under the microscope I found a very con-
siderable amount of green mineral fragments. Some of these were clearly pleochroic
and doubly refracting, like hornblende and chlorite. They were evidently not
glauconite, which is not pleochroic and gives aggregate polarization and could be
quite easily distinguished from such well-marked mineral fragments.

There are plenty of these green particles of hornblende and chlorite, and it

is to these that the specimen owes its color, chiefly if not wholly. There are a few
grains which, on account of their opacity, could not be clearly determined, and
it is possible that they are glauconite, but of this I could get no proof.

I compared the above material with typical greensand of New Jersey, in which
the glauconite is abundant and characteristic, but I could not find any grains in
your specimen that gave the same results to optical tests that the glauconite of
the greensand did.

The work on the Potomac was interrupted by an expedition to the
Black Hills, but was resumed in October, and many other exposures were
examined. It was continued on pleasant days during the open winterof
1893-94. On January 14, 1894, an excursion was made up Back Lick
Run southwest of Alexandria, where some excellent exposures occur. Mr.
Victor Mason accompanied me on this excursion and assisted me in taking
a number of kodak views. The relations of the beds are nearly the same
here as on Sixteenth street in Washington, except that the green chloritic

MON XLVUI—05 25
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clays are present beneath the white cross-bedded sands. These relations

are clearly seen in PI. LXXIX.
In view of the excellent fresh exposure existing that season on

Sixteenth street above Florida avenue, which as was expected, was soon

after obscured and will never be presented again, I made a special effort to

work out the relations of the beds, and on several occasions in May and

June, 1894, I carefully measured the strata, recorded the results, and

drew a diagrammatic section to scale, which, as typical of much of the

Potomac formation, I consider worth introducing here. The strata con-

sist of basal Potomac cross-bedded sands below, overlain by irregularly

stratified clays that hold plants characteristic of the Rappahannock

series. . Upon these latter lies a very definite bed of stratified gravels and

clays which may perhaps be referred to the Lafayette formation, and on

the crest of the hill is a small cap of Columbia bowlder clay. The section

was measured on the east side of the street, beginning about 200 feet north

of Florida avenue and extending to the top of the hill, a distance of 660

feet. The beds all dip slightly to the north, and as a consequence the

several formations appear to plunge into the hill and pass under the road-

bed. This, as then graded, rose 33 feet in the 660 feet measured at the

base, or one foot in 20. At the bottom of the section the basal sands

occupy 360 feet, the clays 200 feet, and the gravel bed 100 feet. But the

clays begin at a point 150 feet north of the origin of the sands, and are thus

exposed for a distance of 310 feet, while the gravels begin 210 feet north of

the origin of the sands, and are exposed for a distance of 450 feet. The

sands have a maximum thickness of 20 feet, the clays of 10 feet, and the

gravels of 20 feet. The cap of Columbia is 5 feet thick. At this maximum
point the exposure measured 45 feet in thickness. The northward dip

gives an additional 20 feet, making the section 65 feet. The clays over-

lap the sands a distance of 210 feet, and the gravels the clays 350 feet.

The following is the section (compare PL LXXVI).

Description of the section shoiim, in fig. 10.
Feet.

1

.

Cross-bedded Rappahannock sands 25

2. Stratified clays (Rappahannock) 15

3. Lafayette ( ?)

:

a Lower gravel bed 5

h Clay and loara - 10

c Upper gravel bed 5

Total - 20

4. Columbia bowlder clay 5

Total exposure 65
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The following literal extract from my notebook, written on the ground

with the exposure before me, on the same days that it

was measured. May 6 and June 3, 1894, contains a

detailed description of the beds and will serve for all

the exposures in that section and in great measure

for the Lower Potomac beds generally:

On the east side of Pixteenth street the exposure begins

about 200 feet north or Florida avenue. It is here 12 feet

high and consists entirely of Rappahannock sand, loose, fine,

white, wi+h yellowish-brown ferruginous streaks, stratified in

numerous somewhat lenticular layers, but generally hori- ^

zontal, the layers themselves strongly cross-bedded, the ?

lines of bedding more or less variable for each layer, usually
j^

dipping strongly northward, often at an angle of 45°. Some- |

times they curve back and form a series of loops. |

The exposure thickens gently northward, becommg 25 |

feet thick 150 feet from its point of origin. At this maximum |

point the clay bed begins at the top, thickens rapidly at the Z

expense of the sand, becoming 15 feet thick where thickest,
|

It is light ash colored, stratified, and cracks across the
|

veins. The stratification is undulating. It passes under =

the roadbed 200 feet north of the pomt where the sand
|

disappears. It also forms the roadbed, and it is this lowest
|

visible horizon that yielded the only plants collected from i

this locality. Near the top for most of its length this bed £

becomes a very irregularly stratified sand, which is more or i

less black from the presence of limonite.
j

The Lafayette extends continuously from its point of s-

origin, 60 feet north of that of the beds last described, to the g

end of the section, having a nearly uniform thickness of about |

20 feet. For most of the distance this is divided into three |

clearly defined strata—a lower gravel bed of about 5 feet, a
^

middle clay-loam bed of about 10 feet, and an upper gravel

bed of about 5 feet. The lower gravel bed is more irregular

than the upper, the stones vary more in size, some of them

being large bowlders, and there is more clay and sand

between them, the clay lumps being sometimes pink.

The intermediate bed is clearly stratified, destitute of

pebbles or cobbles, and varies in color from a bright pink

to a dull yellow or dirt color. It has a very definite upper

boundary. The upper gravel bed is a little thicker than

the lower one. The pebbles are more worn, washed clean

and often shining, the interstices between them filled with mostly red sand.



388 MESOZOIC FLORAS OF UNITED STATES.

It is veiy possible that all except the Potomac beds in this section

may belong to the Pleistocene formation (Columbia).

The specimens collected dming the season of 1893, and other small

collections previously made from Older Potomac beds, were sent to Pro-

fessor Fontaine on October 28, 1893, but he could not determine them at

the time on account of other work in hand, nnd they are treated in this

paper for the first time. In his letter dated January 10, 1894, he remarked

that in the collections from Cockpit Point '

' the grouping is decidedly the

same as that found at Fredericksburg. '

'

In the first biennial report of the Maryland State Weather Service,

which was distributed at the beginning of 1894, its director, Prof. Wm. B.

Clark, devotes a chapter to the geology of the State," thus marking the

beginning of his subsequent active studies in that line and foreshadowing

the organization under his direction of the present State Geological

Survey. He here treats "The Lower Cretaceous (Potomac)" (pp. 37-38)

very briefly, and concludes with the following remark:

The fossils found in the deposits, although not as numerous or distinctive as

might be desired, yet indicate beyond doubt the Cretaceous age of the formation.

They consist chiefly of the bones of dinosaurian reptiles and leaf impressions.

It was during the first half of 1894 that I prepared my paper on the

Potomac formation for the Fifth Armual Report of the United States

Geological Survey, and the manuscript and drawings were submitted for

publication on June 26. This paper embodied the results of the special

field investigations of the previous nine years, a brief account of which

has been given here. It can not be called a final report, but must be

regarded rather as a preliminary one. Nevertheless, I have not been

able to prepare anything more extended, and it represents the state of

our knowledge of the formation at that date. The paleontolog)^ was

used to supplement and confirm the stratigraphical conclusions, but, in

view of the recent appearance of Professor Fontaine's monograph of the

flora, the only sj^stematic matter introduced related to the florula obtained

from the Mount Vernon clays, which was so different from the general

flora that I considered it important to make it known. This paper was

read in part before the Geological Society of Washington on March 28

'I The Climatology and Physical Features of Maryland, First Biennial Report of the Maryland State

Weather Service for the Years 1892 and 1893, by Wm. B. Clark, Director, Baltimore, 1894, pp. 29-44.
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and May 23,^1894, and was fully discussed by all the geologists who had
studied the formation.

Mr. W J McGee read a paper before the International Geological

Congress, at its meeting in Washington in 1891, the publication of which
was delayed until sometime in 1894," in which the Potomac formation
is treated among the rest that make up the geology of Washington. In
this paper (p. 238) he extends the formation to include the later beds of

New Jersey (Raritan formation) and the South (Tuscaloosa formation),

but he does not indicate whether he considers these beds later in depo-
sition than those of Virginia. In saying that Professor Fontaine regards

the Potomac as "probably equivalent to the Cenomanian of Europe,"
the word "Cenomanian" is probably an error for Neocomian.

Field work in the Potomac of Maryland was actively prosecuted by
Mr. Bibbins and myself until the end of July, 1894. There were several

reports of finding impressions of ferns and other plants in the iron-ore

region, especially on the Bannon estate at the Kilbern ore bank. One
of these fern leaves had attracted special attention and was traced to

persons in Towson, where it had been sent, but all efforts to find it failed.

Mr. Bibbins followed up all these indications with great persistence, and
at last, on July 17, he succeeded in finding a spot on the above-mentioned
estate where plant impressions occur in the iron-ore beds. He imme-
diately reported the fact to me, and in his letter, dated July 18, 1894, says:

This ore is very different from any other brown ore I ever saw. It is raised

either as ore or paint, and is obtained near the surface by "gouging." I secured a
dozen of the lumps and upon breaking them open found that they were full of

plant remains, and that some of the leaves were very perfectly preserved. Fern
leaves were among the species found.

He sent me a few specimens, which I examined and reported on to

him as follows, under date of July 20:

I can identify at least one species, viz, Cladophlehis acuta Font., thus far only
found in the Rappahannock series. I think you have also Dryopteris fredericks-

lurgense Font., found in both the Rappahannock and the James River series, and
also in the Kootanie of the West. We begin to know now where to look for plants

in the iron-ore region; they are right among the ore. The little fragment I got at

« Geology of Washington and vicinity, by W .J McGee, with the collaboration of G. H. Williams, Bailey
Willis, and N. H. Darton: Compte-Rendu de la 5'"= Session du Congres Geologique International, Washington
1891, Washington, 1893, pp. 219-251. "

'
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the Reynolds pit doubtless occupies the same position, only in the steel ore, and

this ought to be followed up, its exact horizon found, and further collections made.

Everything seems to confirm my suspicion that there is no great difference

between the brown ore and the white ore from a geological point of view. I am
satisfied now that there is really no such thing as an ' 'iron-ore series," stratigraphic-

ally distinct from the basal Potomac of Virginia, and I am glad I spoke with so

much reservation on this point in my paper.

This was the first light that had been shed on the true age of the

iron-ore beds. It showed that they must be correlated with the Older

Potomac of Virginia and with the Rappahannock series.

The work was interrupted in midsummer by my absence of two

months in Europe, the object of which was twofold: First, to study the

Wealden of England and Lower Cretaceous of Europe generally, and

especially of Italy and Portugal; and second, to see all the cycad trunks

possible in European museums for comparison with those of America.

In both of these objects I was measurably successful, and returned on

the first of October better prepared to resume the study of the Potomac

formation. The results of mj^ European studies were published in a

paper, to which further reference will presently be made (see p. 393).

Early in the spring of 1895 I made a reconnaissance in the South,

most of which was devoted to a study of the Tuscaloosa formation and

will be considered in a later paper, but on my return I stopped at Fay-

etteville, N. C, and descended the Cape Fear River from that place to

the mouth of Harrisons Creek, 32 miles below, devoting two days to

the region and studying the banks at numerous points. These furnish

a section through a great thickness of the Lower Cretaceous, but it is

difficult to correlate the beds with those farther north. The higher beds

farthest down the river yield imperfect specimens of dicotyledonous

leaves having affinities with those of the Newer Potomac and are doubtless

of that age, but those at Lafayette, and for 10 or perhaps 20 miles below,

though apparently barren, closely resemble Older Potomac strata, but

are transgressed by marine deposits which occupy the top of the bluffs

nearly the whole distance. At Fayetteville the Potomac beds rise about

40 feet above the river. At the water's edge there was seen a bed of

greenish clays weathering red, in close imitation of those of the Potomac

at Cockpit Point. These had a thickness of 4 feet. The next 4 feet

consisted of coarse sand holding small vein-quartz pebbles and a few clay
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nodules. Next came a bed of dark-greenish clays 25 feet thick. There

was a stratified layer above this some 3 feet thick, and the uppermost

bed, 6 or 7 feet thick, consisted of coarse, gray or white arkose sand or

gravel, scarcely differing from the one below, but holding silicified wood.

These beds of arkose seemed to represent the Rappahannock freestone

and the interstratified clays to correspond to the clay lenses in the James

River deposits.

I stopped at Weldon on April 6 and reexamined the exposure at

the north end of the railroad bridge, seen by our party in 1885. It was

in better condition and some 30 feet of the sands were visible. The lower

20 feet were especially clear and were cross-bedded. The upper 10 feet

were more regularly stratified and striped with shades of brown, the sand

finer and not cross-bedded. No clay inclusions were seen. It still

remains problematical.

This place was again visited b}^ me in June of the same year, in

company with Prof. J. A. Holmes, State geologist of North Carohna,

and Professor Fontaine, but during the interval since my visit on April 6

there had been floods and the fine bank of sand had been washed and

undermined, covering all the lower part of the exposure with talus.

The same party made a somewhat thorough examination of a large area

in that State coastward of the Triassic outcrops, in the hope of finding

the Older Potomac. There seems no doulDt of its occurrence near

Moncure (Haywood). Rather typical arkose was found there. We
traveled from Sanford to Fayetteville in two hand cars, kindly lent

us by the railroad company, which enabled us to study the geology to

good advantage. All the upper beds are of Tuscaloosa age, but in the

bed of the lower Little River, at the railroad bridge, just above the water

and 20 feet below the tracks, there occur massive, green or bluish sandy

clays, which were believed to represent the Older Potomac. These rest

on the crystalline rocks. At Old Manchester, below an abandoned

factory, the river banks are 50 feet high, most of which consist of this

clay, which weathers red and purple. The upper 12 feet seem to be

Tuscaloosa resting on this clay.

The party descended the Cape Fear from Faj^etteville to Wilmington,

stopping and examining the bluffs at numerous points. The section

seems to be complete from the Older Potomac through the marine

Cretaceous (Matawan), and the Later Tertiary beds overlie this last.
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We saw no reason to question the Older Potomac age of the lower beds

at Fayetteville, as desci'ibed above, and it now seems certain that such

beds occur at many points in that general region, although, unfortunatelj^,

no paleontological evidence has yet been found.

Several papers relating in one way or another to the Older Potomac
appeared during the year 1895.

In a paper in Science" I gave the results of my examination at Aix

and Fonscolombe in Provence, France, in August, 1894, of the material

collected in Portugal b}^ M. Paul Choffat, and sent to the Marquis Saporta

at Aix for determination. It contained archaic dicotyledons from the

Lower Cretaceous, about which the Marquis had written me and which

I greatly desired to see. I found his work nearly ready for distribution

and I received it soon after my return to America. This paper is prac-

tically a review of that work, with special reference to the American

floras that most closely correspond to those of Portugal.

In the same number of Science (p. 362) there is an unsigned note,

which is known to have been contributed by Mr. F. A. Lucas, on the

vertebrate remains that had recentty been discovered by Mr. Bibbins in

the Potomac formation of Maryland. These represented the genera

Allosaurus, Pleurocoelus, and Priconodon, and also contained a tooth of

Astrodon Johnstoni Leicly.

Doctor Knowlton contributed an article on the pi'imitive dicotyledons

of the Potomac ^ to the Popular Science News for April and May, 1895,

calculated to popularize this important branch of the subject.

Mr. Bibbins's paper '' in the Johns Hopkins LTniversity Circular, No.

121, gives a clear summing up of his studies in the formation.

Mr. Benjamin Smith 'Lym&rv'^ reported probable Older Potomac

beds in Pennsylvania, on Neshaminy Creek, near the mouth of Mill Creek,

in the southern edge of Northampton Township, and at Sunny Hill

schoolhouse, near the mouth of Core Creek, in Middletown Township,

thus confirming the observations of Mr. McGee, as well as those of Mr.

« The Mesozoic flora of Portugal compared with that of the United States, b}' Lester F. Ward: Science,

n. s., Vol. I, March 29, 1895, pp. 337-346.

* The oldest dicotyledons, by F. H. Knowlton: Popular Science News, Vol. XXIX, New York, April,

1895, pp. 49-51; May, 1895, pp. 66-68, illustrated by 20 text figures.

<; Notes on the paleontology of the Potomac formation, by Arthur Bibbins: Johns Hopkins University

Circulars, Vol. XV, No. 121, Baltimore, October, 1895, pp. 17-20, one plate.

'' Report on the New Red of Bucks and Montgomery Counties, by Benjamin Smith Lyman: Pennsylvania

State Geological Summary Final Report, Vol. Ill, Part II, 1895, pp. 2634-2635.
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David White and myself, that the Older Potomac actually occurs in

Pennsylvania.

The year 1896 was the most prolific thus far in the public discussion

of the nature and age of the Potomac formation. The Fifteenth Annual

Report of the United States Geological Survey contains my paper on the

Potomac formation," completed and submitted in June, 1894. It was

soon followed by the Sixteenth Annual Report, Part I of which contains

Professor Marsh's elaborate memoir on the dinosaurs of North America,''

in which the Potomac vertebrates are described and figured; and my
paper'' comparing the Lower Cretaceous of America, and especially the

Potomac formation, with the Wealden of England, the Scaly Clays of

Ital}^, and the Mesozoic plant-bearing deposits of Portugal. This volume

was in the hands of the geologists in October. Professor Fontaine's

long-delayed work on the stratigraphical relations of the Potomac

formation'' (see p. 358) appeared in December. It had undergone

extensive revision at Professor Fontaine's hands since the manuscript

was originally prepared in 1883, being designed as a geological introduc-

tion to his monograph of the flora of the Potomac formation, but not

used as such. The geological map was prepared under my supervision

and extends from Petersburg to Baltimore. In it no attempt is made

to subdivide the formation.

These works, in which the age of the Potomac formation was freely

discussed, with wide differences of opinion, led to a controversy in the

form of short articles by geologists who had paid more or less attention to

the subject. The unqualified assertion of Professor Marsh that the Mary-

land dinosaur bed was Jurassic, and his final position that the' entire

Potomac formation, including the Amboy clays and the beds on Long

Island, Block Island,*" Marthas Vineyard, etc., which I had called the

Island series, all belonged to that age, attracted special attention.

a The Potomac formation, by Lester F. Ward: Fifteenth Ann. Rep. U. S. Geol. Survey, 1895, pp. 307-397,

pi. ii-iv.

''The dinosaurs of North America, by Othniel Charles Marsh: Sixteenth Ann. Rep. U. S. Geo]. Survey,

Pt. I, 1896, pp. 133-414, pi. ii-lxxxv.

'^ Some analogies in the Lower Cretaceous of Europe and America, by Lester F. Ward: Op. cit., pp. 463-

542, pi. xcvii-cvii.

''The Potomac formation in Virginia, by William Morris Fontaine: Bull. U. S. Geol. Survey No. 145, 1896,

149 pp., map.
': The geology of Block Island, by O. C. Marsh : Am. Jour. Sci., 4th ser.. Vol. II, October, 1896, pp. 295-298;

November, 1896, pp. 375-377. The Jurassic formation on the Atlantic coast: Ibid., December, 1896, pp.

433-447.
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The first of these papers was promptly rephed to by Dr. Arthur

Holhck," who was probably the best informed person as to the age of the

Block Island beds. In view of m}^ prolonged studies of the whole series of

beds of which those of Block Island constituted only one link in the chain

from Staten Island to Nantucket, the age of which I had so closely worked

down from the vegetable remains, I also felt called upon to reply, and this I

did in November,* before the appearance of the third and more elaborate

paper of Professor Marsh. I did not care to discuss the age of the beds in

Maryland from which the only vertebrate remains had been obtained, and

confined myself to showing that the Block Island deposits, which he classed

along with these as Jurassic, were much higher in the series.

Mr. Gilbert, professing no expert knowledge of paleontology, wrote

wholly in the interest of method, "" and said

:

The number of persons to whom the local question of correlation is important

raeij not be large, but the whole bodj^ of geologists and paleontologists are concerned

with the methods and principles of correlation, and an excellent opportunity seems

to be here afforded for the comparison of vertebrate with botanic evidence. I

therefore write to express the hope that when Prof. Marsh continues the subject,

as he has promised to do, he set forth the grounds for the conclusion he has

announced with so much confidence. His article states, in effect, that through a

comparison of vertebrates from the Potomac formation with vertebrates from other

formations he has iaferred the Jurassic age of the Potomac; but he gives no hint

of the character of his evidence or the course of his reasoning, so that the conclusion

has at present only the authoritj'' of his statement, without opportunity for verifica-

tion.

Mr. Hill'' defended the Cretaceous age of the Wealden, to which

Professor Marsh admitted that the Potomac might belong. It is easy to

see how this was vital to Mr. Hill, because it would certainly place the

Comanche series of Texas, vv'hich is admitted to go down even lower than

the oldest Potomac, in the Jurassic, and Mr. Hill, as we have seen (p. 341),

had long abandoned that position.

Mr. Marcou's contribution' ought scarcely to be included in this

series, as the Potomac is not mentioned, and it is devoted to sustaining

a The geology of Block Island, by Arthur Hollick: Science, N. S., Vol. IV, October 16, 1896, pp. 571-572.

6 Age of the Island series: Science, n. s.. Vol. IV, November 20, 1896, pp. 757-760.

Age of the Potomac formation, by G. K. Gilbert: Ibid., December 11, 1896, pp. 875-877.

rf A question of classification, by Robert T. Hill: Ibid., December 18, 1896, pp 918-920.

« The Jurassic Wealden (Tithonian) of England, b}' Jules Marcou: Ibid., Vol. V, January 22, 1897, pp.

149-152.
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Professor Marsh's general claim that the Wealden should be referred to

down the Jurassic.

In order still further to emphasize the wide difference between the

Older and Newer Potomac, and also to give the views of Professor Fontaine,

who had most full}^ studied the former, and of Doctor Newberry, who was
at the time of his death the first authority on the latter, I made a second

contril:)ution " in the spring of 1897, quoting somewhat extensive^ from

those authors, and endeavoring to show that Doctor Newberry placed

the Amboy clays somewhat too high, while Professor Marsh placed them
much too low and confounded them with the Older Potomac.

Professor Clark and Mr. Bibbins published in August, 1897, '' a some-

what full account of the results at which they had arrived in their studj^

and preliminary survej^ of the Potomac formation in Maryland. They

admit the great difference between the age of the lower and the upper

beds, and sustain the view which I maintained in my paper on the Potomac

formation in 1895, that it consists of a series of beds dipping coastward and

beveled on the surface, so that in crossing the belt from northwest to

southeast one rises in the geological scale from the lowest to the highest

beds ; in other words, that the Potomac formation is not a
'

' trough,
'

' as

was formerly supposed, but an integral part of the sedimentary beds that

make up the coastal plain. They did not, however, accept the nomen-

clature that I proposed, but adopted an entirely different one, making four

instead of six subdivisions, which in ascending order are as follows:

Patuxent, Arundel, Patapsco, Raritan. On page 481 they say:

It is the conclusion of the authors, founded upon a detailed stratigraphic study

of the Potomac group, that all the beds which have afforded dicotyledonous types of

plant life are above those which have jaelded the vertebrate remains, and, moreover,

that a marked unconformity exists between the two series of deposits. The evidence

for this conclusion will be brought out in the succeeding pages.

This was an inference only, and has been disproved by the study of

the plants that had been alread}^ collected. The Patuxent formation is

described as follows:

The deposits of the Patuxent formation consist mainly of sand, at times quite

pure and gritty, but generally containing a considerable amount of kaolinized feld-

« Professor Fontaine and Doctor Newberr_v on the age of the Potomac formation: Ibid., March 12,

1897, pp. 411-423.

'' The stratigraphy of the Potomac group in Maryland, by Wra. Bullock Clark and Arthur Bibbins: Journ.

Geol., Vol. V, No. 5, July^August, 1897, pp. 479-506.
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spar, producing a clearly defined arkose. Clay balls are at times distributed in

considerable numbers through the arenaceous beds, which in places contain lenses

of gravel, sometimes with cobble stones. Frequently the sands pass over into

sandy clays and these in turn into more highly argillaceous materials which are

commonly of light color, but at times become lead-colored, brown, or red, and not

unlike the variegated clays of the Patapsco formation. Those arenaceous materials

which lie adjacent to ferruginous clays are not infrequently indurated by hydrous

oxides of iron, forming ferruginous sandstone. The more arenaceous deposits are

commonly cross-bedded, and the whole formation gives evidence of rapid deposition.

(See pp. 481-482.)

This description would answer well for the James River and Rappa-

hannock series by omitting the reference to the coloring effects of iron.

It leaves out, however, the clay lenses and lignite beds yielding fossil

plants that occur in the regular sedimentary beds in both the James River

and the Fredericksburg regions. They describe the Arundel formation as

follows

:

The deposits consist of a series of large and small lenses of iron ore-bearing clays

which occupy ancient depressions in the surface of the Patuxent formation. These

clays as most typically developed ("blue charcoal clays" of the miners) are drab

colored, tough, and frequently highly carbonaceous, lignitized trunks of trees and

limbs lying horizontally strongly compressed and frequentlj^ charged with or inclosed

by carbonate and sulphide of iron. Sometimes these trunks are encountered in an

upright position, with their larger roots still intact. Scattered through the dark

clays are vast quantities of nodules of iron carbonate, at times reaching many tons

in weight, and known to the miners as "white ore," "hone ore," or "steel ore."

In the upper portions of the formation which have been exposed to atmospheric

influences the carbonate ores have sometimes to considerable depth changed to

hydrous oxides of iron, which the miners recognize under the name of "brown" or

"red" ore. Under these conditions also the originally drab-colored clays containing

the carbonate ores have suffered a like chemical change, resulting in red or variegated

clays. Where these clays chance to contain but little lignite the iron ore may
consist almost entirely of these oxides.

Here again the presence and peculiar influence of large quantities of

iron obscure the resemblance of these beds to the clay lenses and lignite

beds of the Older Potomac in Virginia, with which they are otherwise

identical both in character and in mode of occurrence. But iron is not

wholly wanting in the same clay deposits in Virginia. Professor Fon-

taine has reported its occurrence on Powells Run and near Cockpit Point,

and I have seen a bed near Bush Hill, not far from Alexandria, where the
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owner of the land contemplated working the swamp for nuggets of ore.

If the Potomac River had not cut away the deposits for the space of 10 or

15 miles it would probably have been possible to follow the transition from
the light-colored indurated sands to the ferruginous sands of the same age
and type without any abrupt change from the one to the other. And now
that the Arundel has yielded a considerable flora consisting almost wholly
of Rappahannock species, there is no longer any question of the practical

identity in age of the Virginia and Maryland beds. The Patuxent repre-

sents the regularly stratified sands and clays of the Older Potomac, and the
Arundel consists of the lignite beds that are included in the latter.

The Patapsco formation is thus defined

:

The deposits of the Patapsco formation consist chiefly of highly colored and
variegated clays which grade over into lighter colored sands and clays, while sandy
lenses of coarser materials are sometimes interstratified, which are occasionally

indurated and at times form "pipe ore." The clays are in places dark colored,

massive, and more or less lignitic. At times they are laminated ("slaty") and
bear large numbers of leaf impressions. Fossiliferous flakes and nodules of " white "

and "red ore" also occasionally occur. The sands sometimes contain much decom-
posed feldspar, and rounded lumps of clay are also found. The sands are frequently

cross-bedded and give evidence of rapid deposition. Workable beds of " paint rock,"

as the highly ferruginous clays are termed, are found at many points, usually near
the base of the formation.

It is more difficult to correlate this with Virginia beds than it is to cor-

relate the two formations already considered. I was of course wrong in

supposing that the iron-ore clays extended to the top of these beds,but I

was influenced by the view so long held by nearly everybody that the

Maryland beds in general constituted an "upper clay member" higher
than the "lower sandstone member" of Virginia. I had, however, dis-

covered that the Older Potomac '

' flanks it for its whole length '
' through

the State of Maryland. I stated positively that the white ore, or steel ore,

was found in the Rappahannock series, but I supposed that the brown ore

was higher. As no plants except cycads had been found in either at that

time, the age could not be determined by paleontological evidence.

It now appears from Professor Fontaine's report on the fossil

plants, many of which were found in beds referred to the Patapsco,

that there is scarcely any difference between the flora of the Patapsco
and that of the Arundel, and that both belong to the Rappahannock
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series. Indeed, Professor Fontaine now places the Federal Hill beds

in Baltimore, formerly regarded as representing the Brooke series, in

the Rappahannock, and finds no true Brooke flora anywhere in Mary-

land except at Hosiers Bluff, above Fort Foote, on the Potomac, which

seems to be a simple continuation of the beds at White House Bluff,

across the river.

The Patapsco is therefore not a paleontological division, and the

number of plant-bearing beds of which the position is regarded as doubt-

ful shows that the authors are far from knowing the characteristic marks

by which it can be recognized with certainty. After visiting nearly

all their sections I have arrived at the conclusion that none such exist.

The Raritan formation is synonymous with what I called the

Albirupean of Uhler. I understood him to limit it to the upper clays

and sands yielding a chiefly dicotyledonous flora. Professor Uhler has

since so greatly expanded his conception of the Albirupean that it is

difficult to retain his name, and as the name Raritan was very early

applied to most of the clays of New Jersey, that name may be regarded

as having priority over all other names that admit of use as designations

for a heterogeneous formation.

Influenced by "the distinguished authority of Professor Marsh,"

the authors of this paper provisionally refer the Patuxent and Arundel

formations to the Jurassic, and in their comparative taxonomic table,

on page 505, they place the former of these below any of the Virginia

beds, all of which they include in the Cretaceous.

In Science of August 5, 1898, and in the American Journal of Sci-

ence for August of that year. Professor Marsh published a "Supplement"

to his paper already considered on The Jurassic Formation on the Atlan-

tic Coast, in which he replied to the various articles that had appeared

criticising his position. He had, however, discovered no further evi-

dence. He was then in possession of many trunks of cycads from the

Black Hills, and he also referred the beds from which they came to

the Jurassic, although they were found in the sandstones of the "rim"

which had all along been called "Dakota group," and so regarded even

by himself in various sections that he had made. I had found a flora

below the cycad horizon that proved the whole to be Lower Cretaceous.

But Professor Marsh had also received specimens of cycads from the
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Freezeout Hills of Wyoming, and in a "Postscript" to this paper he

considers these in the same connection and correctly says that they

came from the Jurassic. This he claimed to sustain his view of the

Jurassic age of the cycads of the Black Hills and of the Potomac. I

came into possession a few months later of a much larger collection

of these Jurassic cycads and fully described and illustrated them. It

turned out that they all belonged to a different genus (Cycadella) from

the rest, which seems to be characteristic of the Jurassic trunks.

It remains to mention the second paper of Messrs. Clark and Bib-

bins, read,before the Geological Society of America on December 31,

1901," in which they again go over the same ground in much the same
way, but do not greatly increase our knowledge of the formation and

do not materially change the conclusions reached in the paper last

treated.

Before this paper was read Professor Fontaine had sufficiently

advanced with his work of determining the plants to make it certain

that there was no part of the Potomac of Maryland that does not yield

dicotyledonous plants. The statements made in this paper relative to

the flora do not seem to be based upon data obtained by consultation

with him, but are practically repetitions of the erroneous statements

made in the previous paper. For example, after stating (p. 192) that

"the flora of the Patuxent formation includes equisetse, ferns, cycads,

conifers, monocotyledons, and a very few archaic dicotyledons, the

coniferous and cycadean element being particularly strong," they say

(p. 195) that "the flora of the Arundel formation includes algse, fungi,

lycopods, ferns, cycads (apparently fronds only), many conifers and

monocotyledons, as well as a considerable showing of dicotyledons,

which, though not specially advanced in type, are far beyond those

of the Patuxent formation in grade as well as in variety and numbers.

There is therefore a well-defined contrast between the dicotyledonous

elements of these two formations." These statements are certainly

premature and seem to be purely theoretical, based on the assumption

of the greater age of the Patuxent, which is not borne out by its meager

flora. So far as the trunks of cycads are concerned, they occur^ accord-

« Geology of the Potomac group in the middle Atlantic slope, by W. B. Clark and A. Bibbins: Bull. Geol.

See. America, Vol. XIII, July 29, 1902, pp. 187-214, pi. xxii-xxviii.
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ing to Mr. Bibbins's statements in his contribution to the present paper,

quite as frequently in the Patapsco formation as in the Patuxent.

In discussing the age of the Potomac deposits the authors say:

There has been much discussion as to the age of the Potomac group. Most

geologists, particularly those who have studied the floras, have believed the entire

group to be of Cretaceous age, while a few investigators, notably the late Professor

Marsh, of Yale Universitj^, have regarded it of Jurassic age. The authors of this

paper in an earlier publication pointed out this difference of view, and clearly showed

that the dicotyledonous floras were practically confined to the two upper formations,

while the dinosaurs on which Professor Marsh based the Jurassic age of the Potomac

group were found in the Arundel formation. As the result of these observations, and

without attempting to decide finally regarding the paleontologic evidence, they

placed the two lower foi-mations of the Potomac group questionably in the Jurassic.

Since the publication of the above paper the authors have made a very exhaustive

examination of the several formations and collected large numbers of anim.Tl and

plant remains. As the result of this work a considerable dicotyledonous flora has

been found to exist in the Arundel, although of somewhat primitive type. At the

same time a single dinosaurian bone, somewhat waterworn, and possibly redeposited

from the Ai'undel, has been found in the Patapsco, although its fragmentary char-

acter renders it impossible to determine its systematic relations. The results of

these observations, together with the discovery by the late Professor Cope of a

plesiosaur in the Raritan formation of New Jersey and of a dinosaurian limb bone

by Woolman in the Matawan formation of the same State, although not definitely

settling the age of the deposits, cast further doubts on the Jurassic affinities of the

Arundel and at the same time of the underlj^ing formation—the Patuxent.

The c^uestion as to the age of the Potomac group is therefore narrowed down to

two propositions:

First. Is the Arundel dinosaurian fauna conclusive evidence of the Jurassic age

of that formation, and therefore of the subjacent Patuxent? No less an authority

than Professor Marsh, after a study of its dinosaurian fauna, unquestionably refers

the Potomac group to the Jurassic, although at the time not cognizant of the com-

plexity of its deposits. He regarded the Potomac as a single formation, as has been

the case with many other geologists. In his view regarding the Jurassic age of the

Potomac, Professor Marsh has been supported by a few others, mostly among
English geologists, since the question here presented is recognized to involve the

age of the Wealden as well. Professor Marsh lays much stress on the equivalence

of the Potomac with deposits which he has regarded as Jurassic in the Rocky

Mountain district, but some doubts have been expressed by others whether these

deposits may not be younger. It seems to the authors that further study by verte-

brate paleontologists is required before these questions can be settled and the

Jurassic age even of the two lower formations of the Potomac group can be acepted

on the evidence of the fossil vertebrates.



FLORA OF OLDER POTOMAC FORMATION. 401

Second. Are the floras of the Arundel and .Patuxent formations, with their

primitive dicotyledonous types, of necessity Cretaceous? There is apparently no

question regarding the Cretaceous age of the Raritan and Patapsco formations,

the uppermost beds of the Raritan even containing floras that have been regarded

by Professor Ward as middle Cretaceous. The paleobotanists who have studied

the floras of the earlier formations admit that there are many forms which show

Jurassic affinities. Professor Fontaine, in his study of these floras, states that there

was an "overwhelming percentage of Jurassic types," but unhestitatingly refers the

Potomac flora as a whole to the Cretaceous, correlating the deposits with the Creta-

ceous beds of England. This view is held by nearly all paleobotanists who regard

the presence of dicotjdedons, although of primitive types, as unquestioned evidence

of the Cretaceous age of the Arundel and Patuxent formations. Further investi-

gations of these floras may, to be sure, lead to other conclusions, but large collections

have already been made, and the paleobotanists who have studied them have

registered their decision regarding the Cretaceous age of the deposits in no uncertain

way.

From our present knowledge of the floras and faunas, it is appai'ent that there

is considerable disparitj' between the evidence afforded bj' vertebrate paleontology

and by paleobotany. At least such is the case if equal consideration is given the

conclusions of each group of investigators. It seems essential, however, to suspend

final decision of these questions until more exhaustive investigation of the faunas

and floras has been made throughout the entire coastal region. The authors therefore

temporarily place the boundary line between the Jurassic and Cretaceous at the

base of the Patapsco formation, but with the feeling that much doubt exists regard-

ing it, and that the question is far from settled (pp. 212-214).

The facts here stated would seem sufficient to negative the con-

clusion drawn. The authors do not say that by Jurassic they mean

beds of Wealden age, and we are to infer that they regard the Patuxent

and Arundel formations as older than the Wealden of England and the

Continent and as near the age* of the Coral Rag, the Purbeck, or the

Kimmeridge. That dinosaurs and other saurians are found in the

Raritan, and even in the Matawan, effectually disposes of the claim

formerly made that these types absolutely demonstrate the Jurassic

age of any bed yielding them, and distinctively Jurassic species of sau-

rians have not as yet been found in the Older Potomac beds. The

occurrence of plants of "Jurassic affinities" does not prove their Jurassic

age. It is but natural that the hixuriant Jurassic flora, such as that

of Oroville, Cal., and of the Buck Mountain district in Oregon, should

persist to some extent through the Lower Cretaceous. In l^oth the

flora and fauna the Lower Cretaceous forms, while having "Jurassic

MON xLviii—05 26
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affinities," are greatly modified. A casual comparison of a true Jurassic

flora with the Potomac flora shows how profound the modification has

been. The Shasta and Kootanie floras show an even more marked

Jurassic facies than that of the Potomac, and yet the former of these

is proved to be Cretaceous by its fauna, which is abundant, while no

one has ever thought of referring the Kootanie to the Jurassic. It is

even doubtful whether the oldest Potomac beds are as early as the

Wealden. The Wealden of Europe has yielded a large flora, both in

England and on the Continent, and yet there has never been found in

it anywhere a single even archaic dicotyledonous plant. The evidence

of the Cretaceous age for the entire Potomac formation would therefore

seem to be conclusive.

That the Aquia Creek series, or Brooke formation, in Virginia, is

largelj^ made up of the materials of the older beds eroded out of them

and redeposited has been held by Pi'ofessor Fontaine, and was clearly

set forth in my paper on the Potomac formation (p. 326). If the Patapsco

and Brooke formations are the same, as there is everj^ reason to believe,

the former should have been formed in the same way, and that this was

the case is clearlj^ shown in the paper now under consideration. The
excellent discussion (pp. 482-483) of the origin of the Arundel clays

applies equally to the clay lenses of the James River and Rappahannock

series, which are the true homologue in Virginia of the Arundel formation

in Maryland. The latter also often forms the base of the Potomac.

Returning from this survey of the literature to a consideration of

the work of collecting and determining the plants of the Potomac for-

mation we have to record that on December 11, 1897, all the undeter-

mined Potomac material (exclusive of cycads) that had resulted from

the field explorations of several j^ears was sent to Professor Fontaine for

elaboration, with a view to publication in the series of papers that I was

already planning on the Status of the Mesozoic Floras of the United

States, but owing to the large amount of work that he had to do on the

Triassic and Jurassic floras for the first of these papers slow progress had

been made with the Potomac material. On October 8, 1900, a short

time before my return from Europe, Prof. W. B. Clark wrote me with

regard to the elaboration of the large collections that had then been

made, chiefly by Mr. Bibbins, of fossil plants from the Potomac of Mary-

land. As these collections were much more extensive than those made
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by myself and still in Professor Fontaine's hands, I considered it highly
desirable to have them all brought together and treated in a single general
report. I therefore recommended to the Director that the Maryland
State Survey be permitted to use the electroplates of that part of my paper
relating to the Maryland plants, on condition that the collections belonging
to the State or available for its use be sent to Professor Fontaine for
elaboration along with those already in his hands. The Director approved
the plan and the collections were all shipped direct to the University of
Virginia early in February, 1901.

In my correspondence with Professor Clark, and in several interviews
during the early part of 1901, the question of nomenclature was freely
discussed. It was admitted on my part that the name "Aquia Creek"
was published by him a few months earlier than by me and must apply
to the Eocene beds if used at all, though it is only a portion of Mr. Darton's
Pamunkey. For the Potomac beds, so called by me, Professor Fontaine's
term "Brooke" must be retained. It was also virtually admitted by
Professor Clark, after personally examining the Virginia beds, that the
Patuxent and Arundel were practically of the same age as the James
River and Rappahannock, which I agreed with Professor Fontaine in
regarding as a geographical rather than a stratigraphical distinction. It
had already been conceded by me that my Iron Ore series, which was
founded on stratigraphical evidence before any fossil plants had been
found in it, included part of the Rappahannock beds and also the purple
clays, and was therefore no longer tenable and must be abandoned as a
geological designation. As this and the Brooke beds do not contain the
same species of fossil plants, or only a few identical species, although
they must have been to some extent synchronous, there seems to be no
objection to the use of the term Patapsco for all the beds in Maryland
between the iron ores and the Raritan.

The terms Patuxent, Arundel, and Patapsco, however, must be
regarded as merely local synonyms and can not be applied to beds outside
of Maryland. The older terms, James River, Rappahannock, and
Brooke, of Professor Fontaine and myself are the true ones for the Older
Potomac and may be used wherever that formation exists, as well in
Maryland as in Virginia, and also in North Carolina, Delaware, and
Pennsylvania.
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THE MARYLAND CYCADS.

The important role that the siUcified trunks of Bennettitacese,

popularly known as "cycads," have played in the history of the Potomac

flora in Maryland justifies and almost requires the special and separate

treatment of these. In the above historical review I have, therefore,

contented myself with recording the earlier discoveries of these trunks

as a necessary part of the history of the formation, and have left for such

special treatment the rnore recent operations and renewed activitj^ in

this line.

Nearly twentj^ years had elapsed since any special attention had

been paid to the occurrence of cycads in the iron-ore beds of Maryland,

when, in the autumn of 1893, Mr. W J McGee learned that Mr. Arthur

Bibbins, of the Woman's College of Baltimore, had obtained some addi-

tional specimens and wrote to him concerning them. Mr. Bibbins, in

his reply, dated October 14, said:

* * * The fragments of Tysonia in our possession were purchased from

the owners of the estates on which they were found by President John F. Goucher.

* * * I have made thorough search for additional specimens, but thus far with-

out success. Those occurring in the Baltimore region appear to be about all called

in. None of the fragments were in place, and it can not be said with certainty that

they are from the Potomac beds. Such, however, appears extremely probable from

their position.

I wrote to Doctor Goucher to know whether the Woman's College

would like to exchange anj^ of these cycads for other museum specimens.

Doctor Goucher was absent at the time, but there was sotne correspond-

ence between Mr. Bibbins and Doctor Knowlton relative to cutting

sections of the cycads, in which I also took part. Mr. Bibbins continued

his search for the trunks among the people living in the region where

they were found and succeeded in obtaining a number of others that

had been picked up bj^ miners and farmers on their land. The following

item found its way into the Washington Post of January 9, 1894:

Several fine specimens of fossils were found near Laurel last week by a geologist

from the Woman's College, of Baltimore city. It is said the specimens belong to a

species of the palm tree which existed in tliis countr_y thousands of years ago.

I sent the clipping to Mr. Bibbins and offered to assist him in the

prosecution of his work, especially wishing to ascertain the exact strati-



THE MARYLAND CYCADS. 405

graphical position of the cycad-bearing beds. On February 6 I visited

the Woman's College, had a conference with Doctor Goucher and Mr.

Bibbins, examined the newly discovered trunks, and arranged to have

the whole collection lent to the National Museum, where I could study

it advantageously. It was also decided that I should accompany Mr.

Bibbins to the localities where the specimens were obtained for the

purpose of determining as nearly as possible their stratigraphical position

in the beds. A provisional agreement was arrived at as to the types to

be deposited in the National Museum in case the collection was elaborated

there.

In March a thorough survey of the cycad field as known to Mr.

Bibbins was made under his guidance. We visited all the locaUties at

which the trunks known at that time had been collected. They had all

been obtained from the inhabitants, who had picked them up on their

land, but many of these persons could not give very precise information

with regard to the original localities. In two cases the stratum in which

the trunk was embedded when found was known, and in one of these it

had been seen projecting from a cliff for many years before it finally

weathered out and rolled down to the bottom of the gulch, which was

only a short time before Mr. Bibbins obtained it, and Mr. Frederick Link,

who picked it up and took it to his house, was able to put his hand on the

depression, still visible in the cliff, where the specimen had lain. In May,

1895, I visited this place in company with Mr. Bibbins and Mr. Link,

who had watched it so long and after it dropped out of the cliff rescued

it from the gulch and took it to his house. It is therefore known as the

Link cycad, and is figured on PI. XC. The specimen, which we had

brought with us, was restored to its original position and two photographic

views were taken of the gulch and cliff, showing the cycad (see PI.

LXXXVIII.
This was the only absolutely conclusive evidence that had yet been

obtained of the stratigraphic position of one of the trunks, but the very

large number of trunks, more than one hundred now known, that have

been found in the region leaves no room for reasonable doubt as to the

true position of the cycad horizon. This will be considered later. It

need only be stated now, as I had fully expected from a consideration of

the conditions of silicification in general, that they did not come out of
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ck}^ beds, but always out of a more or less sandj- material, usually from
sand beds or beds of ferruginous arenaceous shale or lithified sand.

The entire collection of cycads in the possession of the Woman's
College was shipped to the National Museum in April, 1894, and work
was begun on them soon after.

Preparatory to mj- general studies in the cycads of the United States

I prepared during the early part of 1894 a revision of the genus Cycadeoi-

dea, to which the American forms thus far found all belonged." This

paper went to press before I felt authorized to make any statement of

Mr. Bibbins's discoveries, and I could only mention those of Tyson and
give the synonymy of the one species thus far named and called Tysonia

marylancUca by Fontaine, which becomes Cycadeoidea marylandica in'

the revision of Capellini and Solms-Laubaeh.

In July, 1894, I commenced to work in earnest on the Maiyland

cycads, describing the material. Photographs were made and sections

cut. Several of the smaller trunks were cut through the center and the

fresh faces polished. This part of the work was directed by Dr. F. H.
Knowlton.

^ Mr. Bibbins's method of collecting the cycads, as has been seen,

was unique and might be regarded by some as unscientific; but it was

effective. I was much struck with his method as pecuharly adapted

to such a case, and I regarded it as from this point of view eminently

scientific. It was to make this method known and to give a brief historical

account of the discovery of cycads in the Maryland beds that I prepared

a paper ^' on the subject, in which I described Mr. Bibbins's method as

follows

:

Instead of undertaking a hopeless and aimless quest, as has been done by
geologists and collectors in the past, he chose to avail himself of the knowledge of

the inhabitants of the districts in which the cycads were believed to occur. Sup-

ported by the Woman's College, which furnished him the means of transportation

and met the small expense of his work, including an occasional four hoire to some

needy farmer or miner who possessed information of great value, and usually gave

it freely, he proceeded to visit the houses of the native population, and placing

himself on a level with their powers of imderstanding, he was able to interrogate a

« Fossil cycadean trunks of North America, with a revision ot the genus Cycadeoidea Buckland: Proc.

Biol. Soc. Washington, Vol. IX, April 9, 1894, pp. 7.5-88.

'j Recent discoveries of cycadean trunks in the Potomac formation of Maryland: Bull. Torr. Bot. Club,

Vol. XXI, New York, July, 1894, pp. 291-299.
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large number of persons in such a way that they could not fail to comprehend his

meaning. Having secured one specimen, he carried it about in his wagon and

showed it to all whom he met. His surprise was great to find that a large propor-

tion of the inhabitants of the iron-ore districts had at some time in their lives seen

similar things and were able to recognize them. In some cases a person to whom
he would show his specimen would reply at once that there was such a stone in

liis barnyard or near his house, and by a very little negotiation he was able easily

to secure it. By far the greater number, in fact nearly all, of the specimens were

thus found in the possession of the people. Many of them could remember having

ploughed them out of their fields, or taken them from their ore pits; others there

were that had lain so long around farmhouses whose occupants had several times

changed that it was impossible to trace them to their original source, but usually

even in such cases there was a tradition lingering in the family with regard to the

peculiar stones. The reason why they were so universally picked up and brought

to the house or the workshop or the barnyard or laid up in some conspicuous place

seems to be that their peculiarity was instantly recognized. A countryman knows

every stone that he has seen about his place, and if there be one which differs

markedly from others, especially if it has a certain symmetry of form or shows

unusual and regular markings, he at once distinguishes it, is impressed by its appear-

ance, and probably, at first at least, couples with the notion of its strangeness some

vague idea of its possible utility or money value. He therefore invariably picks

it up and sequestrates it in some way. After many years, finding that there is no

demand for it, that no one knows any use to which it can be put, he eventually

loses interest in it and it is pushed aside, forgotten, and perhaps covered up in some

obscure corner. So that in addition to the specimens that Mr. Bibbins actually

obtained, there remain quite a number which are known to exist, but which for

the present can not be found.

Mr. Bibbins always frames his questions with skill, taking care not to ask

leading ones, realizing that the desire to please is liable to color the answer and

make it conform to what it is supposed he desires to have said. He therefore

always takes pains to induce these people to tell what they know independently

of any suggestion on his part.

As an illustration of the accuracy with which such persons often observe and

remember facts may be mentioned a case in which one of these traditional lost

specimens was being inquired after from an octogenarian who remembered seeing

it some forty years before, and when asked if the "holes" in the stone were "round"

he replied, "No, they were sort o' three-cornered," a remark which rendered it

certain that the object was really a cycad (pp. 295-296).

Mr. Bibbins continued to secure cycads and send them to me. Many
trunks were found in the iron-ore region and brought to him by the inhab-

itants, who were now thoroughly interested in the subject. Prof. P. R.
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Uhler kindl}^ consented to have the four specimens that he had obtained

at various times, and which were in the museum of the Maryland Academy

of Sciences, included in my report on the cycads of Maryland, and he

invited me to come to the academy and describe them. This I did in

January, 1895, at which time I also described the two trunks and two

fragments that were then in the geological museum of Johns Hopkins

Universit)' (see p. 482). I then supposed that these two fragments were

the same that Professor Fontaine had described.

On this occasion, at Professor Uhler's invitation, I delivered at the

Peabody Institute two lectures on the "Vegetation of the Ancient World.""

Many additional trunks and fragments obtained by Mr. Bibbins in

1895 were sent me in the fall of that year, which I worked up during the

winter. They continued to come during the whole of 1896, and in

February, 1897, I was ready to prepare descriptions of the species. Of

these I was then able to distinguish 7 as the result of a somewhat careful

study of all the Maryland cycads ** known to me at that date. This

paper was not illustrated, and the figures given in the group represented

in my paper in the Sixteenth Annual Report of the United States Geolog-

ical Survey " could not then be named. In my later paper on the Black

Hills, in which the numerous cycads from that region were systematically

dealt with, I introduced a group of Maryland cycads'' for comparison

and appended the names of the species. This group contains 6 of the

7 species. The one species not figured there is Cycadeoidea Tysoniana,

which was included in the group on pi. c of the Sixteenth Annual Report,

being fig. 2 of that plate. They are, however, all described and figured

in the present paper, as well as the two additional species that have been

discovered since that time.

The entire collection of Maryland cycads loaned by the Woman's

College was returned on December 14, 1897.

As the history of Mr. Tyson's early discoveries of cycads in Mary-

land has never been written, I insert the following extracts from letters

« See note in Science, n. s., Vol. I, Feb. 1, 1895, p. 138.

i Descriptions of the species of Cycadeoidea, or fossil cycadean trunks, thus tar discovered in the iron-ore

belt, Potomac formation, of Maryland, by Lester F. Ward: Proc. Biol. See. Washington, Vol. XI, March 13,

1897, pp. 1-17.

t' Part I, pi. c following p. 486.

d Nimteenth Ann. Rep. U. S. Geol. Surv., Pt. II, 1899, pi. Ix
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received from Sir William Dawson in 1897. I sent him my several papers

relating to cycads, and in his letter dated April 19, 1897, he wrote:

I am glad that you are bringing out the discoveries of my old friend Tyson.

When in Baltimore in 1868, now nearly 30 years ago, I went over some of his ground

with him, and saw specimens of his cycads and coniferous wood, collecting some

of the latter on the clays. He asked me to write about them, but I could not

then work at Mesozoic things, being entirely occupied with the Devonian floras.

I knew, however, that Carruthers was cataloguing the British cycads in the British

Museum, so I sent Tyson some manuscript notes on the coniferous wood, and sent

a photograph of one of his cycads to Carruthers, which led to his making the note on

it you have referred to. Tyson also gave me a specimen for our College Museum,

which is still there, and Carruthers returned the photograph, which I still have.

In replying to this letter, on May 14th, I said:

I have seen it stated in one or two places that Tyson referred the cj^cad beds

of Maryland to the Wealden. He does not do this in either of his reports as State

chemist of Maryland, published in 1860 and 1862. One of the statements I have

seen was made by you in your paper ' 'On the Mesozoic Floras of the Rocky Moun-

tain Region of Canada" (Trans. Roy. Soc. Canada, Vol. Ill, Sect. 4, 1885, p. 18).

Can 3^ou inform me whether Tyson ever said this in print; and if so, where?

1 did not know that you had one of the Maryland cj^cads. If j^ou could send

me a photograph of it I presume I could name it from that.

Sir William then sent me not onh^ the trunk but also the photograph

that he mentions in his letter, which is the same that he had sent to

Carruthers, and upon which the latter based the "Postscript" at the

end of his memoir. In his letter dated May 19, 1897, he says:

As to Tyson's cycad, it is a largish trunk, with coarse, large leaf bases, and

split down the middle to show the internal arrangements. I shall send you one-

half by parcel post or express. . . . The one I have a photograph of seems different

from the specimen I am to send. I shall send the photograph also. It is of inter-

est, as being the same I sent to Carruthers.

I fear I can give you no reference as to use of the name Wealden by Tyson.

I only remember that in going over the ground he habitually called the formation

Wealden, and that caused me to say it was supposed to be Wealden in writing to

Carruthers about it and perhaps in mentioning it elsewhere, though I do not recall

this now. If, however, I can refer to anything of Tyson's I shall mention it when I

send the specimen and photographs. At that time we had very little idea of the

successive floras of the Jurassic and Cretaceous, and the reference to the Wealden

on grounds of paleobotany could, therefore, be regarded as only general. But
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Tyson called it so, and not only the flora but the estuarine character of many of

the beds agreed with this.

And in another letter written ten days later announcing the ship-

ment of the trunk he adds

:

As to the supposed Wealden equivalency of the beds, I have found no printed

reference. When I was in Baltimore in 1869 I was delivering some lectures at the

Peabody Institute on the origin of coal, and naturally inquired as to fossil plants.

Tyson, whose acquaintance I had made sometime before, showed me his cycads

and took me to see the excavations for iron ore, in which we found some coniferous

wood. I saw no other fossils, but heard that leaves had been found. The cycads

and the structure of the conifers sufficed to show that the beds were probably Meso-

zoic and newer than the Richmond coal field, at that time, I think, regarded as

Jurassic. Hence it was natural to regard them as equivalent to the Wealden, and

probably older than the marine greensands farther north. That was my conclu-

sion from the little that I saw, and was so entered in my notes at the time; but I

do not think I published anything, though I may have referred to it incidentally

m later publications.

He was quite right in saying that the trunk sent was different from

that shown in the photograph. The latter was a view of one of the t3^pe

specimens of Cycadeoidea niarylandica, while the former belongs to my
C. Bibbinsi. I described the trunk fully in June of the same year and

had two views prepared, which are reproduced in the present paper on

PL LXXXII. (See pp. 416, 456.)

While on the subject of Mr. Tyson's specimens, I will mention two

other cases which are certain and a third doubtful case. Sometime

after Doctor Newberry's death Dr. Arthur HoUick found among his

effects an unmounted photograph of a cycad, and by the side of it three

large pieces of petrified wood. On the back of the print was written in

Doctor Newberry's handwriting: "Cycadeoidea, Trias ? Maryland. From
Professor Tyson." Knowing that I was at the time making a special study

of Maryland cycads, Doctor Holhck kindly sent it to me. It is reproduced

in this paper on PL LXXXI. The trunk can be readily recognized as the

type figured bj^ Professor Fontaine on pi. cbcxx of his Potomac Flora,

but so tilted as to show considerable of the base. It is the Johns Hop-
kins University type No. 1 (Cycadeoidea marylandica) . (See p. 414.)

In one of Mr. F. B. Meek's volumes of " Miscellaneous Papers," bound
together and now in the library of the National Museum, containing Mr.

Tyson's second report inscribed by him to Mr. Meek, there is a photo-
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graph, at the end of the book, of three cycads, a large one in the center and a

small one on each side of it. This was evidently taken by Mr. Tyson and
sent to Mr. Meek. The large central figure is a view of the opposite side

of the trunk last mentioned, turned considerably more to the left than it

was in the view given in pi. clxxix of Professor Fontaine's monograph, so as

not to show the peculiar broad line that runs down one side. The figure on
the left is a view of the Johns Hopkins fragment No. 3, also representing

C. marylandica. (See p. 457.) The figure on the right shows the Johns
Hopkins fragment No. 4, belonging to C. Bibbinsi. This view is

reproduced on PL LXXXIII of this paper.

The third case referred to as doubtful is that of a considerable frag-

ment having every appearance of being a Maryland cycad, found by Prof.

L. C. Glenn, in the department of geology of South Carolina College, at

Columbia, in 1899, and of the existence of which he was so considerate as to

notify me. I expressed a great interest to see it, and he sent it on to Wash-
ington. He said there was no label whatever nor any indication of its

history or source, and we are therefore still left in mystery and can only

conjecture what its presence there might mean. The only hypothesis I

have been able to make is that Mr. Tyson sent the specimen to some one

of his correspondents who was at Columbia at the time he collected the

cycads. It proves to belong to Cycadeoidea Fontaineana, and is fully

treated in this paper. (See PI. LXXXVI.)
Since the publication of my paper in 1897, describing the 7 species of

Maryland cycads, Mr. Bibbins had, by the end of 1901, obtained possession

of 37 additional trunks or fragments, and in January, 1901, at his request, I

visited the Woman's College and elaborated all this new material. The
collection, however, contained two well-marked new species and several

good specimens of species only sparingly represented in previous collec-

tions, and fragments referable to one or other of the species already

described.

STRATIGRAPHICAL POSITION AND GENERAL NATURE OF THE MARYLAND CYCADS.

By Akthuk Bibbins.

The trunks of Cycadeoidea thus far yielded by the Potomac group,"

about 112 in number, appear to have been derived from within the State

« The author, following the nomenclature of the Maryland Geological Survey, treats the Potomac as a

"group " and designates its subdivisions " formations."—L. F. W.
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of Maryland, and nearly all from that section of the Potomac belt which

lies between the city of Baltimore and the District of Columbia.

The width of that zone of the Potomac belt which includes the sup-

posed original sources is about 10 miles, the vertical range being from

tide level up to 300 feet.

The following table shows the taxonomy of the Potomac group, as well

as the relations of its deposits to the subjacent and superjacent terranes,

according to the usage of the Maryland Geological Survey. The accom-

panying map and sections published by this Survey, PL LXXX, shows the

distribution of the formations of the Potomac group in Maryland and their

stratigraphic relations. The principal localities for fossils have been

added. For a full discussion of the taxonomy of the Potomac beds

employed in this paper, together with its correlation with other taxono-

mies, the reader is referred to the paper cited on p. 520 above.

Table shovnng the relations of the formatioixs of the Potomac group to subjacent and superjacent terranes.

Group.
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possible exceptions the trunks appear to have been derived from more or

less arenaceous deposits, referable either to this or to the Patapsco forma-

tion. There is no very definite evidence that the Arundel, which is a

highly argillaceous terrane, has yielded any, unless, possibly, by secondary

deposition from the Patuxent formation. Most of the vegetable tissues

embedded in the Arundel are either carbonized or replaced by iron, silicifica-

tion at times occurring near its contacts with the more arenaceous Patux-

ent and Patapsco terranes or well to the landward, where its deposits tend

to be somewhat arenaceous within the formation itself. Near the Patapsco

contact, for example, a coniferous trunk partly lignitized and partly

silicified was found, and a silicified coniferous trunk was excavated from

an Arundel sand lens near Brookland. The circumstance that lignitized

cycad trunks have never been reported by the Arundel iron miners should

not, however, carry inuch weight, since if occurring they would doubtless

be compressed or otherwise distorted and therefore much less readily

recognized. Besides, unless the trunks occurred more commonly than in

the Patuxent and Patapsco formations, the chances of their being encoun-

tered at all b}^ the iron miners would be very slight, for no one has ever been

known to exhume a silicified cycad trunk from the perhaps equally numer-

ous Patapsco and Patuxent excavations for sands and gravel. One must
not infer, therefore, that the cycadaceous element of the vegetation of

Arundel times was necessaril_y less prominent than that of the Patuxent

and Patapsco epochs. The fact that there was such an element in the

Arundel flora is shown by the occurrence of frond impressions in its clays

and iron ores. The conditions for the entombing of the trunks may at

that time have been less favorable, as the conditions of permanent preser-

vation in such a form as to favor detection certainly were.

There is no very definite evidence that any of the trunks have been

derived from, the Raritan terrane, though several may well have been.

The most probable case is that of the trunk, W. C, B., No. 6346, found

north of Woodwardville, but the point at which that trunk was found is

not positively known. Moreover, its much worn condition suggests

redeposition in the Pleistocene.

That the original beds of the trynks were certainly largely arenaceous

instead of argillaceous is proved by their silicification, hereinafter men-
tioned, though semisilicified coniferous wood is occasionally found in

slightly sandy clays.
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Still further evidence is supplied bj' the fact that in a large number of

cases pebbles and coarse sand are firmly cemented to or lodged in the

alveoli of the trunks. In some instances, however, there is evidence that

these pebbles and sand grains are of later origin. One trunk, for example

(J. H. U., No. 1), exhibits a definite pebbly conglomeratic zone, which

does not lie in the plane of compression (see PL LXXXI). Moreover, the

variety in composition of the pebbles of this zone is suggestive of their

origin from redeposition in the Pleistocene, as is also the somewhat worn

condition of the trunk. The complete or nearly complete trunks range in

size from about 28 by 20 by 15 cm. to 49 by 45 by 25 and 50 by 42 by

13 cm.

The tissues of all the trunks are replaced by silica, and there are

occasional coatings of quartz druse. Mineralogicalh' the fossils are

pseudomorphs after cycadean trunk tissues. The histology" is evidently

not so faithfully preserved as that of the trunks from the Black Hills.

Their megascopic characters, both external (PL XCIX) and internal (PL

XCVI), are, on the contrary, somewhat more satisfactorily shown.

In hardness the trunks show considerable variation, ranging between

5 and 7, apparently due to varjdng porosity. The specific gravity of the

hardest and least porous pseudomorphs is about 2, 1.

The trunks commonly exhibit strong compression like those of silici-

fied coniferous wood with which they ai^e often associated. The flattening

is usually lateral, showing that the trunks were usually embedded in

prostrate position. From this fact and the circumstance that all of the

sands of the Potomac group are current bedded, one may infer that the

trunks were probably transported by water before being entombed. A
few are compressed from above downward (PL XCIV) and a few

obliquely (PL LXXXVII, Fig. ii, 10).

The cross sections of the complete trunks are therefore usually

elliptical in outline (PL LXXXIII, Fig. 4). Their longitudinal sections

range from a well-defined oval (PL XCIX), with the enlargement toward

the base, through subrectangular (PL CI), to an inverted trapezoid (PL

CVI). The outlines of the complete trunks are suggestive of those of such

objects as the pineapple, pine cone, gponge, thatched beehive of the old

pattern, wheat stack, etc., most of which terms, as will later be seen, were

« The internal structure and history of the Maryland cycads will be considered in a subsequent paper.
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emplo3^ed by the residents in describing them. A few of the fragments are
suggestive of considerable elongation not unlike that of the modern
Cycas revoluta or Macrozamia. In these cases, however, the shape of the
trunk appears to be governed to some extent by the food supply— uni-
formity producing a regularly cylindrical trunk, and want of it an irregular

conical one.

The so-called "crow's nest" is in a few cases very well defined. The
best of these occurs in the Turner trunk (PI. XCV), which, as already
stated, was long in use as a watering trough for domestic fowls.

The considerably weathered and etched condition of the fractured
surface of most of the fragments indicates that the fractures are of con-
siderable age. This conclusion receives some confirmation by the fact

already suggested that, save in a single instance (W. C. B. Nos. 1659 and
1659a), a second fragment has never been found near the first. In the

case of the exception the fracture is evidently not recent, as supposed
by the plowman who unearthed it, and this is the only instance in which
two fragments have ever matched together.

The color of the trunks is identical with that of the silicified coniferous

wood which is not unfrequently associated with them. When newly
unearthed they are light and dark buff to reddish brown or brownish red,

dependent upon the amount of hydrous iron oxide present in their original

or secondary beds. After exposure to the weather for some time they
are apt to assume darker tints—light and dark gray being the most
common.

Respecting the frequency of occurrence of the Potomac cycad trunks,

it should be stated that, while the number of specimens which have been
brought to light within a comparatively short time is considerable, this

is due rather to the adoption of a successful method of searching than
to the actual abundance of the fossils. They are really so scarce that there

is little chance of one being secured from the field by direct search-. No
one, in fact, has ever been known to do this, all having thus far been
found by accident. It is rarely that more than one trunk has been noted
in a given locality, but there are a few notable exceptions to this rule.

Though the cycad trunks are of considerably less frequent occurrence

than the silicified trunks of conifers, it may be said that there was a
goodly showing of the cycadaceous vegetation in the forests of Potomac
times.
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When it is remembered that the chances of preservation for siUfica-

tion of the less woody and more pulpy tissue of the cycads were probably

much less favorable than that of the conifers, one is permitted to suppose

that the preponderance of the latter, as suggested by the more common

occurrence of their remains, may not, after all, have been very considerable.

DESCRIPTION OF THE SPECIES OF MARYLAND POTOMAC CYCADS.

The whole number of specimens that have come into my hands for

description to the present date (September, 1902) is 105. A final study

of this material results in the separation of them into nine specific groups

;

in other words, nine distinct species. I refer them all to the genus

Cycadeoidea of Buckland, which has been fully described in earlier papers

audits systematic position discussed (seep. 216). It may be illustrated

by two groups representing the finest specimens of the Maryland cycads.

Genus CYGADEOIDEA Buckland.

Cycadeoidea marylandica (Fontaine) Capellini & Solms-Laubach.

PL LXXXI; PI. LXXXII; PL LXXXIII, Figs. 1, 2, 4; PL LXXXIV, Figs. 1, 2

PL LXXXVII, Figs. II, 3, 5, 6, 7; in, 1, 4; iv, 4, 5, 12, 1.3, 14; v, 2, 3, 5, 6, 7, 17

PL LXXXVIII; PL LXXXIX, Figs, ii, 3, 4, 7; in, 2, 5, 8; PL XC; PL XCI

PL XCII.

1860. Cycas sp. Tyson: First Report State Agric. Chem. Maryland, p. 42.

1870. Bennettites sp. Carr.: Trans. Linn. Soc. London, VoL XXVI, p. 708.

1879. Cycadoidea sp. Font. : Am. Journ. Sci., 3d Ser., VoL XVII, p. 157.

1889. Tysonia Marylandica Font.: Potomac Flora (Monogr. U. S. Geol. Surr.,

VoL XV), p. 193, pi. clxxiv-clxxx.

1892. Cycadeoidea Marylandica (Font.) Cap. and Solms. : Mem. ReaL Accad. Sci.

1st. Bologna, Ser. V, VoL II, pp. 179, ISO, 186.

1897. Cycadeoidea Marylandica (Font.) Cap. & Solms. Ward: Proc. Biol. Soc.

Washington, Vol. XI, p. 9.

Trunks of medium or rather large size, almost always more or less

laterally compressed so as to be elliptical in cross section, conical in shape

or shghtly narrowed near the base with a terminal bud set in a slight

depression at the summit, simple, or in one specimen, apparently having

one branch; mineral constitution very variable according to mode of

preservation, but usually not hard, flinty, nor heavy and compact ; reddish,

pinkish, drab, or ash colored; 25 to 45 cm. high, 24 to 40 cm. in longer

and 12 to 26 cm. in shorter diameter, with a girth of from 70 cm. to one
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meter ; organs constituting the armor proceeding at a right angle to the axis

except above, where they are ascending, and near the base, where the^^ are

sometimes shghtly descending; leaf scars arranged in two series of spiral

rows crossing each other usually at a different angle to the axis of the

trunk, the angle varying from 30° to 75°; scars usually subrhombic, i. e.,

with the lateral angles nearly equal and the vertical ones unequal, the

lower more acute than the upper, the latter often reduced to a mere groove
or wanting entirely, and the two upper sides together forming an arch,

the whole scar simulating a drawn bow and bowstring, but sometimes
triangular, the upper sides joined along a horizontal line or more irregular

in shape, occasionally with four curved sides and four acute angles; the

width as represented by a line joining the two lateral angles varying
from 15 to 25 mm., and the height as represented by a line joining the two
vertical angles (which would rarely be parallel to the axis of the trunk)

varying from 6 to 15 mm.; remains of the petioles usually present in the
scars at different cUstances from the summit, often bearing evidence of

having been disarticulated at a natural joint, sometimes indicating the
existence of two such joints at different depths in the scars, and showing
that these joints consist of a diaphi^agm across the petiole which may
remain after the substance of the petiole has partly decayed below it,

leaving a hollow space, portions of the outermost diaphragms also some-
times adhering to the sides of the scars in the form of a ridge surrounding
them; vascular bundles rarely visible under an ordinary lens, but occa-
sionally seen in the form of a row near the outer margin all round the
leaf base with a few near the center; ramentum walls usually rather
thick, but varying from less than 1 mm. to 9 mm., ordinarily with a
more or less distinct line marking the junction of the parts belonging to

adjacent petioles (commissure), sometimes with a cUstinct plate or layer

of less compact tissue between these, occasionally but rarely affected

with pits or small bract scars, especially in the angles; reproductive
organs usually abundant, often soHd and protruding, generally more or
less distinctly marked in the center by the remains of the essential

organs and surrounded by bract scars in several concentric rows, but
often decayed in various degrees, leaving corresponding funnel-shaped
cavities, commonly elliptical in cross section, wider than high, very vari-

able in size, the major axis 15 to 40 mm. and the minor 10 to 30 mm.;
MON XLVIII—05 27
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armor thin, 2 to 5 cm., usually joined to the internal parts by a clear

line, but without measurable thickness, but sometimes ver}^ irregularly

so joined and occasionally showing a thin libro-cambium layer; woody
zone 3 to 10 cm. thick, usually with two or three more or less distinct

rings, the outer or parenchymatous zone thicker and firmer than the

inner or fibrovascular zone; medulla usually homogeneous in structure,

elliptical, the major axis 8 to 17 cm., the minor 3 to 9 cm.

This is historically the most important species of Maryland Potomac
cycads, most of the original types found by Tyson belonging to it. It

is also the most abundant species, the whole number of trunks and frag-

ments now known amounting to 28, an increase of 10 since 1897, when
I was able to record 18 specimens. To this species also belongs the Link

trunk, the only one that has been actually seen in place.

The following is the list of these 28 specimens, chiefly in the order of

their discovery, as denoted by the numl^ers assigned to them in the

different institutions to which they belong, and accompanied by their

vernacular and folklore names, so far as they have received such, and by
their weights expressed in kilograms and decimals of kilograms, with the

abbreviations described on page 751a:
Weight in
kilograms.

J. H. U. Cycads, No. 1 _ 40. 37

J. H. U. Cycads, No. 2 24.94

J. H. U. Cycads, No. .3 3. 18

J. H. U. Cycads, No. 5 10. 89

Md. Acad. Cycads, No. 1 18. 14

W. C.,B., No. 1192, the Tubbs fragment 3.74

W. C, B., No. 1428, the Crook fragment. No. 1 8.39

W. C, B., No. 1481, the Link trunk 18. 14

W. C, B., No. 1486, the Harrison fragment ("wasp's nest") .47

W. C.,B., No. 1656, theR.T. Donaldson fragment, No. 2 .79

W. C.,B.,No. 1657, theD. O. Donaldson fragment . .45

W. C.,B., No. .3050, the Harwood trunk 7.03

W. C.,B.,No. 3051, the Morgan trunk 2.72

W. C, B., No. 3056, the Lester trunk 7.03

W. C, B., No. 3057, the Owens fragment . : 4.20

W. C.,B.,No. 3324, theR.T. Donaldson fragment, No. 3 9.74

W. C, B., No. 3328, the Helwig trunk 11.79

W. C, B.,No. 3.341, theR.T. Donaldson fragment, No. 6 _. _. 2.72

W. C.,B.,No. 6.343, the R. P. Disney trunk, _.. , _• 4.55
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Weight i

kilogn

W. C, B., No. 6344, the Reinsnyder trunk . 4.56
W. C, B., No. 6349, the R. T. Donaldson fragment, No. 7 1. 25
W. C, B., No. 6350, the R. P. Disney fragment. No. 3 .. __ . 70
W. C, B., No. 6358, the R. P. Disney fragment. No. 5 1. 81
W. C, B., No. 6359, the R. P. Disney fragment. No. 6 2.89
M. G. S.-W. C, B., No. 8319, the R. T. Donaldson fragment, No. 8 .72
M. G. S.-W. C.,B., No. 9046, the Allen fragment, No. 1 2.72
M. G. S.-W. C, B., No. 9058, the R. T. Donaldson fragment, No. 14 1. 13

M. G. S.-W. C, B., No. 9065, the R. T. Donaldson fragment. No. 17 .72

In Mr. Bibbin's contribution to the Original Sources of the Maryland
Cycads, and in the chapter on their Folklore compiled by Miss Hopkins
from the data collected by him, it was found advantageous to introduce
illustrations of most of these historic specimens. These illustrations

will be enumerated here, along with such additional ones as it has seemed
necessary to introduce.

PL LXXXI represents the Johns Hopkins cycad No. 1, as photo-
graphed by Tyson along with a quantity of silicified wood, and is a repro-
duction of the view sent by him to Doctor Newberry and found among his

effects by Doctor HoUick. The circumstances, so far as known to me,
are described in the historical part of this paper (p. 414). The speci-

men was inclined away from the camera so as to show the base. It is a
fine and nearly perfect trunk, more or less conical in shape, but somewhat
elhptical in cross section, perhaps from lateral compression. It tapers

both ways, but only slightly downward. At the summit it is much,
smaller, rounding off more rapidly on one side than on the other, as shown
in Professor Fontaine's pi. clxxix, Monogr. U. S. Geol. Surv., Vol. XV.
The axis is seen to fairly good advantage from the base. At the summit
there is a cavity or "crow's nest" 14 cm. across, with a somewhat definite

rim, succeeded by a nearly flat depression marked very clearly by small

scars of polygonal shape or nearly circular. These average about 6 mm.
in diameter. Some of those at the outer margin are subrhombic, and
evidently represent small leaves or bracts. The inner polygonal ones
may represent floral organs. The material with which they are filled

is marked at the summit by somewhat definite pits or scars, as of special

organs. The center of this apical depression is occupied by a terminal

bud 5 cm. in diameter and 13 mm. high. It is irregularly covered with
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scars of varying sizes, but all smaller than those last described. Onlj-

one-half of this crow's nest is preserved, the other half, including a very

little of the terminal bud, being eroded away, leaving a deep cavity, the

sides of which show no structure. The specimen is of a dark-reddish

color, well silicified, and heavy. It stands 43 cm. high, is 35 cm. in the

major axis of a cross section at the largest part, some 15 cm. above the

base, and 26 cm. in its minor axis. The girth at the same point is 98

cm., while at the summit just below the break it is 86 cm.

The peculiar vertical seam or broad mark seen on the side of this view,

and still better in the views published in Professor Fontaine's monograph,

pi. clxxix, clxxx, deserve special notice. It was described by Professor

Fontaine on p. 191 of the text of his monograph as "a projecting seam

of ferruginous silica. This is shown on the narrower side of the trunk

on pi. clxxx, and less distinctly on the front left-hand side on pi. clxxix.

This seam appears to he due to a crack in the trunk, which was filled with

infiltrated silica in the form of a vein. This silica in the projecting plate

or vein seems to be in part at least clue to a partial filling of the crack by

sand, for grains of sand are mixed with the silica deposited from solution."

On January 9 and 10, 1895, I described all the specirhens then known

to be at the Johns Hopkins University geological museum, including this

one, and wrote out my descriptions in full. In dealing with this feature

I found myself unable to agree with the interpretation of Professor

Fontaine. The following are my description and conclusions, as then

and there recorded, from which I have not since seen any reason to recede

:

The peculiar and conspicuous line that encii'cles this specimen from top to

bottom and is seen in all the photographs is not due, as Professor Fontaine supposed,

"to a crack in the trunk, which was filled with infiltrated silica in the form of a vein,"

but is wholly superficial. It consists of a mainly dark ferruginous coarse sand

approaching gravel and thickly studded with larger white grains, mainly of worn

vein quartz, often small pebbles, and all firmly cemented. It has a width of a

little over half an inch and can be traced continuously around the specimen, very

distinct on both sides, less so where it traverses the base and summit. It fills all

the leaf scars and other depressions and appears in the form of a vein or dike uniform

with the extreme outer surface. But in most cases where it is crossed by the ramen-

tum walls these are seen perfectly intact passing through it. It does not pass round

the center of the specimen but much to one side, like a milky way, so that should

the trunk be split along that plane most of the axis would be in one of the parts.
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My theory of its origin is that the trunk lay for a long period on its side in just

such a way that this plane would be horizontal; that wliile so lying it was buried

in a deposit of the sand, gravel, and pebbles described; and that it so happened

that one of the well-known seams of iron incrustation was formed at that level and

to that thickness. This penetrated the openings in the stone and probably adhered

to it, forming a wmg all round it until some agency wore it off to the level of the

general surface of the specimen. (Locality: PI. LXXX, No. 97.)

PI. LXXXII represents the most perfect side of Johns Hopkins

University Cycad No. 2, and is a reproduction of the photograph made

by Mr. Tyson and sent by him to Sir WiUiam Dawson, of which a full

account is given in the historical part of this paper (pp. 409-416).

This is a fine trunk, with one side complete from base to summit. It is

considerably compressed laterally. The base is broken across obliquely

in the direction of the major axis, but so as to leave one-half intact. On
the same side that is broken at the base there is a large cavity eroded out

of the summit, as shown in Professor Fontaine's pi. clxxvi. The summit

itself is occupied by a normal depression or crow's nest, with a terminal

bud in the center much lower than the surrounding rim. The eroded

cavity is at one side of the terminal bud. I do not think that it repre-

sents another bud or axis of growth, as suggested by Professor Fontaine.

The specimen is of a rather hght-reddish color, well silicified, but not

hard or heavy. It stands 35 cm. high. The major axis of a cross section

just above the base where thickest is 35 cm. and the minor axis 24 cm.

The latter rapidly diminishes upward to 15 cm. at the summit (see

Professor Fontaine's pi. clxxv), but the major axis decreases much less

to near the summit, where it rounds off abruptly, as shown in pi. clxxiv

and pi. clxxvi. The maximum girth is 85 cm., but this is above the

middle, below which point the basal fracture prevents measurement. It

was probabl}^ nearly 1 meter near the base. The specimen is remarkable

for the number and conspicuousness of the floral axes. Some of these

are 3 cm. or 4 cm. in diameter. Sometimes the center is gone, but in

most cases it is present and either solid or pitted all over with the scars

of the involucral or seminal organs arranged concentrically. A number

of these large axes protrude in a marked manner, and one which occurs

at the margin of the fracture resembles Bennettites Morierei. Professor

Fontaine fancied he detected two classes of these organs, but I am unable

to see any generic difference in the lateral flower buds. Some protrude
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and others not; some have the center decaj^ed and some seem to consist

more of bracts than essential organs; but I think that difference of age

would account for all these differences. Some are probably quite young

and immature, others fully ripe, and still others old and ready to decay.

(Locality: PI. LXXX, No. 91.)

PI. LXXXIII, Fig. 1, the central figure of the group shown in the

photograph sent by Mr. Tyson to Mr. F. B. Meek, of which an account

was given in the historical part of this paper (p. 414), is another and

quite different view of the Johns Hopkins University Cycad No. 1. It

is nearly in the same position as that of Professor Fontaine's pi. clxxix,

but the trunk was inclined toward the camera so as to show the summit.

The ferruginous band is seen running the whole length of the trunk on

the left.

PL LXXXIII, Fig. 2, on the left of the figure last consideicd, is a

view of the Johns Hopkins University Cycad No. 3, described by Professor

'Fontaine on p. 192 of his monograph as "Fragment No. 2," but not

figured by him. It is not shown here to the best advantage and will be

mentioned again in the description of the next plate.

PL LXXXIII, Fig. 4, is a view of the base of the Link trunk (W. C,

B., No. 1481.)

PL LXXXIV, Fig. 1, is a side vicvv of the Johns Hopkins University

cycad No. 5, described by Professor Fontaine as "Fragment No. 2."

At the time I described the specimens, in January, 1895, it was not

with the other specimens and I did not treat it. It was discovered soon

after in the basement and I was notified of the fact. On May 11 of

that year I described it and had the photograph made which constitutes

PL LXXXIV, of which it occupies the center (Fig. 1), the fragments

Nos. 2 and 4, not previously figured, occupying the left and right (Figs.

2 and 3), respectively. The specimen seems to consist of a little over half

of a trunk of medium size of conical shape and elliptical cross section.

It is truncated at the summit and oblique at the base. As stated by

Professor Fontaine on p. 191 of his monograph, it has a circle of cemented

ferruginous sand similar to that of No. 1, which, like that, is v/hoUy super-

ficial. In this case, however, the plane at which the formation of this

ferruginous cement took place was much below (or possibly above) the

center of the trunk.
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It is of a dark iron-red color, well silicified, moderately hard, and

heav.y. The height along the longest edge is 32 cm., but along the shortest

edge it is only 22 cm. At the middle above the oblique base where

widest it has a breadth of 23 cm., indicating a major axis for the trunk

of 30 or 35 cm. The minor axis at the base, one side of the center to

miss the fracture, is 18 cm. Measured over the circumference, 43 cm.

are found to be preserved here. The radial thickness below is 12 cm., and

9 cm. at the summit. (Locality: PL LXXX, near No. 34.)

PI. LXXXIV, Fig. 2, represents the Johns Hopkins University

cycad No. 3 in a much better position than it was shown in the view

sent by Tyson to Mr. Meek (see PI. LXXXIII, Fig. 2). This specimen

was described by Professor Fontaine on pp. 190-191 of his monograph

as "Fragment No. 1," but not figured. It is a segment from the side of

a trunk that has suffered from vertical compression. Its only remarkable

feature is what seems to be a true branch or secondary axis near the upper

edge which rises about 3 cm. above the general surface. It is surrounded

by leaf scars and shows at the center a well-defined axis, apparently

vascular, with very small tubes irregularly scattered through it. The

branch is elliptical in cross section, the longer diameter being horizontal

and 8 cm. and the shorter vertical and 5 cm., while the axis, also elliptical,

is 20 mm. by 10 mm. thick. The fragment is soft and friable and of a

hght-ash color, pure white within, as shown where freshly broken or

bruised, appearing as if calcareous. (Locality: PI. LXXX, near No. 129.)

Most of the specimens at the Woman's College were arranged in a

large group and photographed in 1900. This group includes, besides all

the principal types, a large number of less important specimens and

small fragments that are not otherwise illustrated. The view is intro-

duced here as PI. LXXXVII, and the specimens included in it are treated

as figures of that plate. Being arranged in tiers it has been found con-

venient in finding the figures to number the tiers in Roman from below

upward, I-V, and the figures from left to right on each tier in Arabic.

Seventeen of the figures of this group represent specimens referred to

C. marylandica. These will be taken up in the order of the figures, and

those not elsewhere figured will be described.

PL LXXXVII, Fig. 11, 3 represents the Link trunk, W. C, B., No.

1481, whose history has already been given and which will be fully

described below.
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PL LXXXVII, Fig. II, 5 shows the Reinsnyder trunk, W. C, B., No.

6344, which is a large piece from the flattened edge of a taU, compressed

trunk, of low specific gravity and soft structure, stained reddish pink. It

probably reaches nearly from base to summit and is 38 cm. high. It is

only 14 cm. thick at the lower end, and thins out upward, becoming only

8 cm. near the top, where one of the sides disappears. It is 15 cm. wide,

but this does not reach the middle of what was the broad side. The

armor and wood are pressed close together, leaving onlj^ a thin slab of

medulla between. The scars, though distorted, show well on the surface

and resemble those of the Helwig trunk, W. C, B., No. 3328. (Locality:

PL LXXX, No. 54.)

PL LXXXVII, Fig. II, 6 gives a side view of the Helwig trunk,

W. C, B., No. 3328, one of the leading types of the species, already

mentioned and to be treated at length.

PL LXXXVII, Fig. II, 7 shows, partiallj'' obscured by overlapping,

the R. T. Donaldson fragment. No. 3, W. C, B., No. 3324. This is a

large piece from one side of a laterality much compressed large trunk,

the fracture passing nearly parallel to the short axis. The outer portion

is preserved well all round to the fracture on both sides. The fragment

extends from the base to very near the summit, toward which it regularly

tapers, as if the complete trunk before compression had been dome-

shaped. It is of a light-ash color and the rock is fine grained, hard, and

heaw. It stands 38 cm. high, has a maximum radial width of 19 cm.,

and varies in thickness from 15 cm. at the base to 6 cm. at the thinnest

place near the summit. The partial girth over the outer surface measures

40 cm., and the height as measured along the curving edge is the same.

(Locality: PL LXXX, No. 106.)

PL LXXXVII, Fig. Ill, 1 is a view, also partially hidden by the

specimen on the shelf below it, of the Lester trunk, W. C, B., No. 3056.

It is a small trunk, nearly complete, but lacking portions near the summit.

It is elliptical or oblong in cross section, nearly uniform in size all the way.

The base is probably the same as when growing. There is a cavity at

the summit showing the top of the medulla, and on one side a large piece

has decayed. Smaller pieces have been broken at the two ends of the

ellipse. The external surface has suffered somewhat from wear at various

points. The rock is moderately firm and of a dull-orange color, with
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dark parts. Its specific gravity is about that of the average cycad.

The trunk is 16 cm. high, 25 cm. in its major and 17 cm. in its minor

diameter, and it has a girth of 71 cm. (Locahty: PI. LXXX, No. 132.)

PL LXXXVII, Fig. Ill, 4 represents part of one side of the Crook

fragment. No. 1, W. C, B., No. 1428. This is a segment of the basal

portion of a smallish trunk, divided somewhat evenly by a plane pass-

ing vertically a little to one side of the center, preserving the larger

half. The specimen is somewhat compressed laterally, and this plane

passes through at an angle of about 40° to the major axis of the ellipse.

The fracture across the upper end is also nearly even and horizontal,

presenting a cross section of the trunk, while that through the center

affords a radial section. The base is oblique and indicates a deep depres-

sion in the center, but these irregularities are not due to fracture nor

to decay in the process of silicification. This latter process has pro-

ceeded very far, and there is much crystallization, with a tendency to

chalcedony, especially in the interior portion. The rock is therefore

firm and heavy. The color is a dark gray, lighter within, and slightly

reddish about the base. The maximum height is slightly more than

20 cm. This is reduced to 12 cm. on the inner side, owing to the oblique

base. The greatest diameter is 24 cm., the distance across the fracture

being 23 cm. The half girth is 43 cm., which indicates a total girth of

about 80 cm. (Locality: PL LXXX, No. 53.)

PL LXXXVII, Fig. IV, 4 is a side view of the R. P. Disney trunk.

No. 1, W. C, B., No. 6343. It is a large, imperfectly preserved piece

of a much flattened trunk, the armor and wood inclosing a slab of

medulla 4 cm. thick, which projects 3 cm. farther inward. The trunk

is of a dull-gray color and heavy texture, and the large scars are greatly

distorted and present a rough, harsh exterior. It probably extends to

near the base. The length is 32 cm., the width 21 cm., and the thick-

ness 12 cm. This specimen is anomalous, and is doubtfully referred to

C. marylandica, its nearest affinities being to W. C, B., Nos. 1481 and

3324. (Locahty: PL LXXX, near No. 50.)

PL LXXXVII, Fig. IV, 5 gives a good view of the best side of the

Harwood trunk, W. C, B., No. 3050. This is a portion of a large

trunk, much compressed laterally and also vertically, and greatly dis-

torted. It shows considerable of the outer surface, including the imme-
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diate summit, which is mostly flat, with the exception of a^small round

depression at the center. The longitudinal fracture passes near this

depression. This apical portion adheres to one side of the flattened

fragment, but is connected with the outer portion shown on the oppo-

site side by a continuation of the armor over the thin edge. Below it

all has disappeared and the internal parts are exposed. There is a

longitudinal fracture and a horizontal fracture at right angles to each

other, so that, seen from the broad side, it has somewhat the shape of

a quadrantal sector, though longer, and a triangular piece is wanting

at the summit.

The extreme height is thus about 27 cm., but this projects 8 cm.

beyond the- true physiological apex. The maximum width is 18 cm.,

but the radial fracture is only 15 cm. The thickness, which is mainly

at right angles to the leaves, but is nearly parallel to those of the apical

portion, varies from 5 cm. at the lowest part to 13 cm. opposite the

terminal portion. The partial circumference formed by the thin edge

is 38 cm., while that measured over the broad side is 33 cm. The
specimen is of a light-ash color, varying to yellowish within. The sub-

stance is fine grained and firm, but of medium specific gravity. (Locality

:

PL LXXX, No. 44.)

PL LXXXVII, Fig. IV, 12 shows standing on its edge (i. e., lying

down), the outer surface of the R. T. Donaldson fi'agment, No. 6, W. C,

B., No. 3341. This fragment came from the side of a medium sized

trunk, apparently remote from both base and summit, consisting of

the armor and at least one ring of the woody zone. It is convexo-

concave, so as to make the cross section crescent-shaped. The inner

concavity is exaggerated so as to form a central depression or trough.

Nearh' the whole inner surface is thus eaten away, the softer much
deeper than the harder parts. The effect is to leave projections of the

latter and to give the surface a studded appearance. The outer parts

are imperfectly preserved, the armor being quite absent over the lower

fourth of the specimen. It seems also to have suffered somewhat from

vertical compression. The fragment is of a uniform light-ash color,

rather fine grained, but soft, and apparently somewhat argillaceous.

The specific gravity is low. The length (height) preserved in the frag-

ment is about 14 cm., the tangential length 23 cm., and the radial thick-
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ness 10 cm., more or less. The arc of the outer surface measures 25

cm.; that of the inner surface about 16 cm. (Locahty: PL LXXX,

No. 106.)

PL LXXXVII, Fig. IV, 13 shows most of one side of the Tubbs

fragment, W. C, B., No. 1192, the first specimen obtained by Mr. Bib-

bins. It is a small segment from the side of what seems to have been

a large trunk. A surface view of the fragment is somewhat wedge

shaped, the smaller end downward and truncated. This surface is very

much worn, so much so on one side as to have nearly obliterated all

the markings. On the inner side it consists of a triangular segment

of the woody zone sloping upward and downward and presenting a

sharp inner edge horizontally across the specimen. The color of the

outer parts is a lively red, such as that of the paint stones and clays

of the iron-ore belt. Internally it is light colored. The substance is

hard and fine grained, giving it a high specific gravity. The height

is 18 cm., the maximum lateral surface shown, including a slight curva-

ture, 19 cm., while below it is only 10 cm. across. The radial distance

from the surface to the sharp ridge above described is 12 cm. (Locahty:

PL LXXX, No. 46.)

PL LXXXVII, Fig. IV, 14, represents the Morgan trunk, or rather

fragment, W. C, B., No. 3051, a somewhat triangular fragment from

the thin side of a vertically compressed trunk, the tangential and radial

fractures being at right angles and passing through the armor into the

woody zone. The color is whitish pink, very delicate, unhke that of

any other specimen in the collection. The substance is rather soft and

friable. The maximum length in a tangential direction is 21 cm., the

radial thickness 13 cm., and the third dimension or vertical thickness is

12 cm. The fracture in this last direction is triangular, being parallel

to the leaf bases on each side, forming a sharp ridge of wood within.

Twenty-four centimeters of the circumference is preserved and the dis-

tance from bottom to top over the curved surface is the same. (Locality

:

"Anne Arundel County.")

PL LXXXVII, Fig. V, 2, shows the Harrison fragment, W. C, B.,

No. 1486. It is a small fragment consisting entirely of the armor or

bark from the side of a trunk of unknown dimensions. It is very well

preserved, is of a brown color without and much lighter within, soft,



428 MESOZOIC FLORAS OF UNITED STATES.

sandj^, and light in weight relatively to its size. It is nearly square,

three of the sides straight, the fourth iDroadly triangular. The straight

sides measure, respectively, 80 mm., 85 mm., and 90 mm., and the

length to the point of the triangle is 105 mm. The average thickness

is about 4 cm. (Locality: PI. LXXX, No. 74.)

PL LXXXVII, Fig. V, 3, is a view of the side and top of the R. T.

Donaldson fragment. No. 2, W. C, B., No. 1656. It is a small frag-

ment of a yellowish-brown color, 16 cm.- long and 9 cm. wide by 8 cm.

thick, from the interior of a trunk, showing on one edge a little of the

medulla and wood, poorly preserved, and on the other some perfora-

tions and irregularities that evidently came from the surface but afford

no idea of the shape of the leaf scars or nature of the buds. The holes

may belong to the latter, being round, and at the bottom of some of

them there is a partition dividing them into two. (Localit}': PL LXXX,
near No. 106.)

PL LXXXVII, Fig. V, 5, shows the Owens fragment, W. C, B.,

No. 3057, which is a small piece from the greatl}^ compressed edge of

a trunk, and consists almost entirely of the armor. It is of a light-

brown color and rather soft, sand}^ consistency. It is 13 cm. long in a

tangential direction and 5 cm. thick at the summit, but wedge shaped,

so as to be only 3 cm. across the inner edge. The width is 9 cm., one

face representing the exterior and the other a broken side parallel to

the leaf bases. The scars are reduced b}^ pressure and distortion to

mere slits or angular perforations and can not be described or measured.

(Locality: PL LXXX, No. 82.)

PL LXXXVII, Fig. v,'6, is a view of the R. P. Disne.y fragment,

No. 3, W. C, B., No. 6350, one of the least important specimens, showing

scarcely any structure. The exterior consists of a matted mass of dis-

torted organs unevenly broken to form a harsh rough surface. One

seems to be a large fruiting organ. It extends some distance inter-

nally, but the different zones do not show on the fractures which bound

three sides. The dimensions are: Length, 11 cm.; width, 8 cm.; thick-

ness, 8 cm. (Locality: PL LXXX, near No. 50.)

PL LXXXVII, Fig. V, 7, represents the R. T. Donaldson fragment,

No. 7, W. C, B., No. 6349, which consists of a small piece of a vertically

compressed trunk, perhaps coming from near the base, showing the
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surface on one side and the cortical parenchyma with leaf strands on

the other. A few of the scars are normal. The tangential length is

18 cm. and the vertical width 9 cm. The radial thickness is 6 cm. It

is stained red by contact with paint clay. (Locality: PL LXXX, near

No. 106.)

PL LXXXVII, Fig. V, 17, shows the D. O. Donaldson fragment,

W. C, B., No. 1657, which has been broken from the outer portion of

a small trunk showing a little of the armor and woody zone. It is a

porous sandstone of a yellowish-brown color so much like that of the

R. T. Donaldson fragment. No. 2, W. C, B., No. 1656, found at the

same place, that there is a strong presumption that it belonged to

the same trunk, although the two fragments do not fit each other in

any way. The outside is stained pink, as if in contact with the paint

clays. The specimen has a length in the direction of a cord of the cir-

cumference of 13 cm., a radial width of 8 cm., and a thickness of from

3 cm. to 6 cm., being somewhat wedge shaped. (Locahty: PL LXXX,
No. 107.)

PL LXXXVIII is the view taken on May 11, 1895, of the exposure

on the east side of Deep Ditch, or the Link gorge, with the Link cycad,

W. C, B,, No. 1481, restored by Mr. Link himself to the place where

he had seen it still projecting from the wall, before it fell to the bottom

of the gorge where he found it and took it to his house.

PL LXXXIX, from a photograph made by the Woman's College

of Baltimore, represents a group of cycads acquired by the college after

the group shown on PL LXXXVII had been taken. Six of the specimens

of this group belong to this species:

PL LXXXIX, Fig. II, 3, represents the Allen fragment. No. 1,

M. G. S.-W. C, B., No. 9046, which comes from the side of a large trunk,

near the base, extending inward to the medulla. It has two converg-

ing longitudinal radial fractures and a transverse fracture above. The
inner side is bounded by a somewhat hollowed-out trough, lined with

a thin layer of the coarse substance of the medulla. It is 20 cm. long,

9 cm. wide (tangentially), and 10 cm. thick (radially). The scars are

pretty distinct and large for this species, but normal. The long curv-

ing leaf strands are well shown on the radial fractures. (Locality:

PL LXXX, No. 101.)
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PL LXXXIX, Fig. II, 4, shows most of one side of the R. T. Don-

aldson fragment, No. 14, M. G. S.-W. C, B., No. 9058, a small specimen,

so covered with coarse sand firmly cemented to it that scarcely any-

thing can be seen. It shows the external surface on one side and the

medulla on the other, with two radial fractures through which the

strands can be seen to pass. There are also two transverse fractures,

on the upper one of which the division into armor, wood, and pith can

be seen. The rock is hard and heavy. (Locality: PI. LXXX, No. 106.)

PI. LXXXIX, Fig. II, 7, shows considerable of the outer surface

of the R. P. Disney fragment, No. 6, W. C, B., No. 6359, a good-sized,

deeply pink-stained fragment, very poorly preserved, having a mashed

mudlike appearance, but showing some very much distorted and exag-

gerated scars on the rounded surface. The inside is concave and shows

distorted medullary rays. It is 24 cm. long (vertically), 15 cm. wide

(tangentially), and 10 cm. thick (radially). (Locality: PL LXXX,
No. 60.)

PL LXXXIX, Fig. Ill, 2, is a view of the broader side of the R. P.

Disney fragment. No. 5, W. C, B., No. 6358, an almost shapeless frag-

ment, showing just enough to make sure that it is a cycad. There is

considerable surface, but no scars can be distinguished, the leaf bases

and walls being all irregularly and unevenly broken and massed into

a rough, harsh surface without structure. The inside is almost as obscure,

and it is not certain what zone it represents. It may come from near

the summit of a trunk. The measurements are 15 cm., 12 cm., and 10

cm., the last being from without inward. (Locality: PL LXXX, near

No. 50.)

PL LXXXIX, Fig. Ill, 5, shows a little of one of the fracture planes

of the R. T. Donaldson fragment, No. 17, M. G. S.-W. C, B., No. 9065,

a small orange-stained fragment showing scarcely any structure, being

mostly bounded by fracture surfaces. Over one small area a few much-

worn scars are visible. It extends to the inner wall of the woody zone,

where faint markings occur on the concave siu'face. The fractures

show no structure. It is 12 cm. long, 10 cm. wide, and 7 cm. thick.

(Locality: PL LXXX, No. 106.)

PL LXXXIX, Fig, in, 8, is a clear view of the outer side of the

R. T. Donaldson fragment, No. 8, M. G. S.-W. C, B., No. 8319, which
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is a small fragment, showing some poorly preserved scars on one side

and the distinct striations of the medullary rays on the inner wall of

the concave woody zone on the other. It has a transverse and a radial

fracture. It is 13 cm. long, 8 cm. wide, and 6 cm. thick. (Locality:

PL LXXX, No. 106.)

PI. XC is from an excellent platinum print, made by Mr. T. W.
Smillie, photographer of the National Museum, of the best preserved

side of the Link trunk, W. C, B., No. 1481, and is by far the finest illus-

tration we have of that important specimen.

The Link trunk consists of the upper poi-tion, or perhaps nearly

the whole, of a medium sized trunk considerably compressed laterally.

There are some indications that the somewhat even cross section seen

from below may have been near the true base. The summit is not

depressed, neither is there a conical leaf bud, and the contour is nearly

regular. Seen from the side the trunk presents a nearly semicircular

outline. Viewed in the direction of its longer diameter it is somewhat
conical, but there are depressions of different depths on both sides. The
color is a light brown, drab, or fawn, the substance is soft and friable,

and the specific gravity is low. The maximum height in an erect posi-

tion is 25 cm., the major axis measured across the lower end is 39 cm.,

and the minor 22 cm. The compression, however, is least at this point,

and the minimum would not exceed 12 cm., which is slightly increased

just below the summit. The girth at the base is 97 cm., while at about
the middle part it is 86 cm. (Locality: PI. LXXX, No. 62a.)

PL XCI is a view from another of Mr. Smillie's platinum prints of

one of the broad sides of the type specimen called the Helwig trunk,

W. C, B., No. 3328. This is a nearly perfect trunk, which before com-
pression was probably a true cone rounded off at the apex. The exterior

is generally well preserved, but on one side all the partitions have been

broken or worn off to the depth of 1 cm. or more, and the lower portion

of the other side is still more deeply worn, so as to give a somewhat even
surface flush with the remains of the leaf bases. The trunk is of a lively

pinkish red color, rather soft and sandy in its composition, and of medium
specific gravity.

The trunk stands 33 cm. high. The long diameter at the base is 31

cm. and this diminishes gradually to 23 cm. just below the abrupt contrac-
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tion at the summit. The short diameter is nowhere more than 12 cm. and

averages less than 10 cm. The maximum girth near the base is 73 cm.

At the extreme summit it is only 41 cm. (Locahty : PI. LXXX, No. 62a.)

PI. XCII gives two views of opposite sides of the Maryland Academy

cycad No. 1, Fig. 2 showing also the summit, from a platinum print by

Mr. Smillie.

This is the largest of the four cycads at the museum of the Maryland

Academy of Sciences. It stands 35 cm. high, but l^eing oblique at the

base the shorter side measures onl}^ 25 cm. It is much flattened longi-

tudinally, the longer axis at the base being 30 cm. and at the summit

22 cm. The minor axis is 19 cm. at the thickest part, near the middle,

but the sides are irregular and the average is not over 15 cm. The girth

is about 71 cm., except near the top, where it is 63 cm. The base is

oblique in the direction of the major axis and the summit in that of the

minor. It is thoroughly silicified and of a light color, reddish or pinkish

and even dark in some places, much worn on all sides, rough and irregu-

lar on the surface. The leaf scars penetrate the armor at about a right

angle to the axis of the trunk. (Localit}^: PI. LXXX, No. 46.)

Cycadeoidea Tysoniana Ward.

PI. LXXXVII, Figs. I, 5; v, 4; PI. XCIII.

1897. Cycadeoidea Tysoniana Ward: Proc. Biol. Soc. Washington, Vol. XI, p. 11.

Trunk medium sized or large, more or less compressed laterally;

leaves slightly ascending; leaf scars arranged in spiral rows, 9 mm. high,

22 mm. wide, subrhombic, empty to some depth, petioles persistent at

base, the vascular bundles arranged in one row near the exterior and a

group near the center, often persisting after the decay of the remaining

substance; ramentum walls thin, often with a layer of spongy substance

in the middle, wrinkled on the edges; reproductive organs few and small;

armor 5 cm. thick; libro-cambium zone sometimes distinct, 3 mm. thick;

woody zone 6 cm. to 8 cm. thick; consisting of a broad, parenchym-

atous layer 4 to 6 cm. thick, and a narrow inner vascular zone 1 cm.

thick, the latter usually between open tissue without and within, its

inner wall strongl}^ marked with longitudinal grooves; medulla distinct

and homogeneous, light and porous.
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This species differs from C. marylandica in the larger leaf scars,

thinner walls, thicker armor, and the great paucity of reproductive

organs, and from C. McGeeana in the normal shape of the trunk and its

greater size. Since it was r)riginally described from the type specimen,

W. C, B., No. 1472, the onlj^ one then known, only one other, and this

a mere fragment, W. C, B., No. 3352, the Giles fragment, has been found

that could be referred to it.

A photograph of the type specimen, W. C, B., No. 1472, the R. T.

Donaldson trunk, No. 1, called by him the "beef maw stone," was early

made, showing the best preserved side and the hoUowed-out apex (crow's

nest), and this has appeared in two of the groups of Maryland Potomac
cycads that have been published in the Annual Reports of the United

States Geological Survey."

It also occurs in the group photographed by the Woman's College,

PI. LXXXVII, Fig. I, 5. These views are aU too small to do it justice

and it is shown less reduced on PI. XCIII.

This is one of the largest and most perfect specimens in the collection,

though obliquely truncated at both base and apex and deeply cavitous

at both ends. It presents the general appearance of having been originally

a leaning trunk, the angle of inclination having been nearly 40°.

The degree of mineralization is about normal, the color a dark gray-

brown, and the specific gravity that of the average trunk. Its extreme

length is nearly 45 cm., but only 30 cm. of the exterior is shown on one

side and 22 cm. on the other. It is considerably compressed laterally, its

major axis measuring 38 cm. and its minor axis 27 cm. It has a girth

of 109 cm.

If the trunk is made to stand vertical, the leaves on the better pre-

served side are strongly deflexed, while those on the opposite side are

acutely ascending, but placed at an angle of 40° ; those on both sides are

slightly and equally ascending. (Locality: PL LXXX, No. 81.)

PI. LXXXVII, Fig. V, 4, shows the Giles fragment, W. C, B., No.

3352. This is a small fragment of quadrangular shape showing the

external surface on one side and extending to the wood. The interior

shows no structure, but the organs of the armor are very perfect and

a Sixteenth Ann. Rep., Pt. I, pi. c, fig. 2; and Nineteenth Ann. Rep., Ft. II, pi. Ix, fig. 12.

MON XLvm—0:5 28
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agree in all respects with those of the large type specimen, W. C, B., No.

1472. This agreement extends to the phyllotaxy. The specimen is 11

cm. wide (tangentially) , 10 cm. high (vertically), and 6 cm. thick (radiallj^).

(Locality: PL LXXX, No. 83.)

Ctcadeoidea McGeeana Ward.

PL LXXXVII, Figs. Ill, .3, 10; iv, 1.5; v, 8, 9, 19, 20; PL LXXXIX, Figs, n, 1, 8;

m, 4, 9, 10; PL XCIV.

1897. Cycadeoidea McGeeana Ward: Proc. BioL Soc. Washington, VoL XI, p. 12.

Trunks low and fiat, with ample diameter, sometimes three times

as thick as high, yellowish, brown, or nearly black, more or less porous

and spongy, and of low specific gravity; leaves and spadices set nearly

at right angles to the axis; leaf scars arranged somewhat definitely in

quincunx order and disposed in spiral rows around the trunk, small and

uniform in shape, subrhombic with the vertical angles obtuse, the lateral

ones acute, narrow-elongate, 6 cm. to 10 cm. in vertical by 16 mm. to

20 mm. in lateral dimensions, averaging 8 mm. by 20 mm., usualty empty

by the disappearance of the leaf bases, at least to a considerable depth;

ramentum walls thin, often less than 1 m.m., with or without evident

commissure, and with occasional punctations; axes of inflorescence few

and scattering, sometimes projecting and filled with the substance of the

spadix, sometimes cavitous from the decay of the essential organs, sur-

rounded by obtusely triangular or somewhat crescent-shaped bract scars;

armor 4 cm. to 5 cm. thick; liber and cambium sometimes distinguishable;

woody zone usually divided into two or three rings; medulla large,

porous.

A very distinct species of low and squat trunks, some of them having

almost the form of a car wheel, only a very small part of which can be

due to vertical compression. The external organs, however, closely

resemble those of C. Tysoniana. It now embraces 13 specimens, ah

increase of 6 since 1897. They bear the numbers of the museum of the

Woman's College of Baltimore, except a few of the last ones, which were

obtained through the joint action of that college and the State Geological

Survey of Maryland.
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The following is the list, with numbei's, local names, and weights

:

Weight in
kilograms.

W. C, B., No. 1471, theM. A. Donaldson trunk ("basket stone") 4.65

W. C, B., Nos. 1659, 1659a, the Clark trunk ("insect nest") 6.01

W. C, B., No. .3055, the Deakins fragment ("barnacles") 1. 92

W. C, B., No. 3068, the White fragment _ . ^ 1 . 25

W. C, B., No. 3323, the Luther Welsh fragment ._._._ 1 . SO

W. C.,B., No. 3325, the Inglehart fragment. No. 1 1.86

W. C.,B.,No. 3349, the W. P. Disney fragment ,_ .94

M. G. S.-W. C, B., No. 9047, the R. T. Donaldson fragment. No. 9 .35

M. G. S.-W. C, B., No. 9054, the R. T. Donaldson fragment, No. 11 1. 13

M. G. S.-W. C, B., No. 9055, the Marlowe fragment. No. 1 2. 04

M. G. S.-W. C, B., No. 9057, the R. T. Donaldson fragment. No. 13 1.59

M. G. S.-W. C, B., No. 9060, the Travers fragment, No. 2 .62

All of the specimens are illustrated, though the less important frag-

ments only appear in the large groups. Seven specimens are shown in

the earlier and six in the later of the groups taken by the Woman's
College.

PL LXXXVII, Fig. Ill, 3 represents the side of the Clark trunk, Nos.

1659 and 1659a, more fully illustrated and described below.

PL LXXXVII, Fig. Ill, 10 shows the flat top of the M. A. Donaldson

trunk or "basket stone," W. C, B., No. 1471.

This is a nearly perfect, vertically much flattened trunk of nearly

circular outline, but from one side of which a segment has been broken

along a vertical plane, but quite irregularly. There is a depression at the

base 13 cm. in diameter and 5 cm. deep. It is nearly flat across the top

but very irregular and rough, caused by numerous depressions and pro-

tuberances. Considerably to one side of the center is a terminal bud,

but it has suffered much from decay and now presents a jagged and

fluted appearance. It is perforated with numerous tubes, some of which

are cylindrical. They are the scars of the small leaves or perulse of which

the bud mainly consisted. Around its base in a circular depression are

other larger ones. The specimen has been cut through the center by a

vertical section at right angles to the fracture, and the surfaces polished.

The section falls entirely on one side of the terminal bud.

The specimen is of a reddish color, well silicified and moderately

hard and heavy. The diameter measured through the terminal bud and
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parallel to the fracture is 27 cm. The partial diameter represented by
the section is 20 cm. Its maximum height is 11 cm., but the vertical

thickness in places is reduced to less than 5 cm. The girth is 76 cm.,

indicating a circumference for the whole trunk of about 85 cm. The
polished section affords a clear view of the internal structure.

PI. LXXXVII, Fig. IV, 15, gives a side view of the Inglehart frag-

ment. No. 1, W. C, B., No. 3325. This specimen consists of a semicircular

section of a small trunk, taken probably from above the middle. The
vertical fracture is a nearly even plane through about the center of the

axis, but leaving a hollow trough below, formerly occupied by the medulla.

The lower transverse fracture is also even and horizontal. The upper

fracture has carried away a small part of the apex, and there is l^esides an

eroded cavity. The trunk was 12 cm. high and 16 cm. in diameter.

(Locality: PL LXXX, No. 96.)

PL LXXXVII, Fig. V, 8, called the Deakins fragment, W. C, B.,

No. 3055, is a small piece from one of the thin edges of a greatly laterally

compressed trunk, probably of small size and perhaps representing most

of its length, but showing neither base nor summit. The fracture runs

out above where the summit began to round off. At the lower end it

is very irregular, reaching farther down at the outer edge and on one side.

The vertical fracture is moderately even and mostly parallel to the axis.

The specimen is reduced to a mere slab, and probably includes much less

than half of the trunk, but the organs are all present over the surface on

both sides. There is a sort of crook or bend near the middle, and in the

angle thus made on one side there is a nearly circular depression 2 cm.

deep, the result of decay. The color is very dark, almost black, on one

side. The rock is moderatel};' firm and hard, but not heavy. The

length is 25 cm., the width 12 cm., and the thickness 7 cm. (Locality:

PL LXXX, No. 128.)

PL LXXXVII, Fig. V, 9, shows a little of the surface of the Luther

Welsh fragment, W. C, B., No. 3323, which is a small slab broken from

the side of a small trunk near the top. The trunk was flattened laterally,

and the main fracture is a tangential plane starting from the narrow side

or edge, which v/ould have come out on the broad side but for a second

minor fracture at right angles to it which removed a portion of the thinner

edge. Both fractures are even and straight, the principal one parallel to
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the axis, the other sloping outward from above. The rock is of a dark-

ash color, lighter within. It is rather hard and heavy and quite compact.

The length (height) is 16 cm. and the width about 15 cm., while the

maximum thickness is 6 cm. (Locahty: PL LXXX, near No. 80.)

PL LXXXVII, Fig. V, 19, is a side view of the W. P. Disney fragment,

W. C, B., No. 3349, which is so much worn that it is difficult to make
out its relations. It is certainly cycadean and belongs mostly to the

armor. It is irregularly circular in shape, 11 cm. to 13 cm. in diameter

and 5 cm. to 6 cm. thick. The inner surface is spong}^ and probably

reaches some distance into the wood. The edges show the leaf bases

and spadices. Faint scars of the petioles are visible on the worn interior.

Those of the flowering axes are much more distinct and exhibit the usual

characters. (Locality: PL LXXX, near No. 50.)

PL LXXXVII, Fig. V, 20, represents the White fragment, W. C,

B., No. 3068. It consists of a small piece, probably from from a nearly

circular trunk of moderate size that was much vertically compressed, but

doubtless originally very low and squat. It extends from base to summit,

but only represents one side, being an imperfectly wedge-shaped segment

formed by two irregularly vertical fracture planes somewhat as a cake is

cut. The outer parts are dark brown, while the inner ones are light

colored, reddish-white with bright streaks of white. The substance is

light and porous or soft sandy and more or less friable, but in places it

becomes hard and partially opahzed. Its longest measurement, which

is in a transverse direction, is 14 cm. Measured tangentially it is 8 cm.,

while its vertical thickness is 10 cm. (Locality: PL LXXX, No. 71.)

PL LXXXIX, Fig. II, 1, shows the thin outer edge of the R. T.

Donaldson fragment, No. 9, M. G. S.-W. C, B., No. 9047, which consists

of a thin wedge from the side of a trunk, penetrating from the surface to

the center of the medulla. It has a surface of only 4 cm. (vertical) by

13 cm. (arc), but over this surface the leaf scars are beautifully shown,

and they are the smallest thus far observed, being only 10 mm. to 15

mm. wide by 4 mm. to 7 mm. high and very regularly arranged. The

walls are rather too thick for C. McGeeana and it is very probable that

if the entire trunk had been found it would have proved to be a new

species. (Locality: PL LXXX, No. 106.)

PL LXXXIX, Fig. II, 8, representing the R. T. Donaldson fragment,

No. 13, M. G. S.-W. C, B., No. 9057, is a flat, vertically compressed frag-
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merit resembling W. C, B., No. 1659, and stained the same color as that,

but in a bad state of preservation. The form of the scars can not be

determined. There is also a transverse fracture, which renders the

vertical thickness uncertain. A little over half of the trunk is present,

the irregular longitudinal tangential fracture passing one side of the

middle. The diameter is 19 cm., the radial distance at right angles to

this 11 cm., and the present vertical thickness 7 cm. (Locality: PI.

LXXX, No. 106.)

PI. LXXXIX, Fig. in, 4, shows the outer surface of the Travers

fragment. No. 2, M. G. S.-W. C, B., No. 9060, a small, much worn piece

of the armor of a trunk of unknown size, of dark color and low specific

gravity. This small area, however, 9 cm. by 11 cm., shows very clearly

both leaf scars and reproductive organs. It is simply a piece of bark,

convex on the outer and concave on the inner surface, and 3 cm. to 4 cm.

thick. (LocaUty : PL LXXX, No. 69.)

PI. LXXXIX, Fig. Ill, 9, gives a view of the outer surface of the

Marlowe fragment, No.l, M. G. S.-W. C, B., No. 9055, which is a rather

large piece from the side of a trunk, probabl}^ at the base, bounded by

two longitudinal radial fractures and one transverse fracture, and extend-

ing to the middle of the medulla. The surface is well preserved, and the

fractures show the internal structure. It is 15 cm. long, 12 cm. wide

above, and 8 cm. below, and 9 cm. thick. (Locahty: PI. LXXX,
No. 100.)

PI. LXXXIX, Fig. Ill, 10, shows the broad side of the R. T. Don-

aldson fragment. No. 11, M. G. S.-W. C, B., No. 9054, a light-reddish

stained fragment, probably from near the base of a trunk, showing

much worn scars on the convex outer surface and the bases of the strands

on the concave inner surface. It is 16 cm. long (high), 12 cm. wide

(tangentially), and 6 cm. thick, probably including the outer ring of

wood. (Locality: PI. LXXX, No. 106.)

PI. XCIV, from a fine platinum print made by Mr. Smillie, shows

as clearly as a picture can show the leading characters of the species as

embodied in the next most perfect specimen, W.C., B., Nos. 1659 and 1659a,

which were simply broken apart but fit each other perfectly. The view

is from the base, but, as in the specimen last described, the leaf scars

are shown only below the equatorial zone. The two pieces constitute
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about two-thirds of a very low, flat trunk, complete at both base and

summit, which, although it has doubtless suffered much from vertical

compression, must have been originally exceedingly short in proportion

to its diameter. There is a large and rather deep depression at the base,

with a central elevation, all of which seems to have existed before fossil-

ization. There is also a broad, shallow depression at the summit and

the smaller piece has lost something here from fracture. These two

depressions reduce the specimen to the shape of a car wheel. The whole

surface is stained a light ocher by the red-paint clay in which it had lain,

but it is white within. The rock is rather soft and light. The maximum
vertical thickness is only 12 cm., but at the thinnest place in the interior

it is less than 4 cm. The diameter is 36 cm. and the specimen is nearly

circular in cross section. This would give the trunk a girth of 113 cm.,

and the actual girth of the parts preserved is about 1 meter. (Locality:

PL LXXX, near No. 75).

Cycadeoidea Fontaineana Ward.

PI. LXXXVI; PL LXXXVII, Figs, i, 1; m, 2, 6, S; iv, 1, 7, 9; v, 1, 10, 11, 13,

14, 16, 18, 21; PL LXXXIX, Figs, i, 1; ra, 1, 3, 6, 7, 11; PL XCV;
PL XCVI; PL XCVII; PL XCVIII.

1897. Cycadeoidea Fontaineana Ward: Proc. BioL Soc. Washington, VoL XI, p. 13.

Trunks small and low, usually much compressed or flattened verti-*

cally, light brown to whitish in color, often spongy or porous, and of low

specific gravity; leaves and spadices set nearly at right angles to the

axis; leaf scars not obviously arranged in spiral rows or imperfectly so

arranged, variable and irregular in shape, usually with four angles and

four curved sides, often in the form of a cross, rarely subrhombic, small,

8 mm. to 12 mm. in vertical and 14 mm. to 25 mm. in lateral measure-

ment, averaging 10 mm. by 19 mm; ramentum walls thick, 4 mm. to

10 mm., usuallj^ without commissure or punctations; leaf bases rarely

present ; when so, spongy or porous, without visible bundles ; terminal bud

6 cm. high, 65 mm. broad at the downwardly convex base, definitely

bounded below, symmetrically conical above, consisting of a mass of

densely matted bracts imbricated along a central axis; reproductive

organs few and imperfectly defined, usually cavitous in the center and

sometimes surrounded by irregular-shaped bract scars; armor rather
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thin, 2 cm. to 4 cm.; liber and cambium obscure; wood}' axis divided

into several rings, sometimes consisting of a loose, open structure sep-

arated by thin, firm plates, the inner face next the medulla definitely

marked by the remains of vessels and medullary ra^^s; medulla large,

marked on the external surface by thin longitudinal ridges or lamellae

varying from 1 cm. to 3 cm. in length, the ends overlapping adjacent

ones (Cycadeomyelon saporta), internal parts coarse and porous or

somewhat chambered.

This species resembles Cycadeoidea McGeeana in the general form

of the trunks, but the external organs are very different, the most striking

distinction being the very thick walls. It now embraces 27 specimens,

12 of which have come to light since it was originally described in 1897.

The two smaller specimens in the museum of the Maryland Academy

of Sciences have been somewhat doubtfully referred to this species.

They are fragments and show so few characters that their specific relations

are obscure.

These are not figured and may therefore be briefly described here.

The first of these, called the Maryland Academy cycad No. 3, is the third

in size of the four specimens in the museum of the Maryland Academy

of Sciences and is a fragment from one side of a small trunk. It includes

nearly or quite half of tlie external surface, unless it should represent the

thin side or edge of an elliptical trunk—which can not be certainly ascer-

tained, but seems probable, the specimen including one of the narrow

sides and part of one of the broad ones. It is of a dark reddish-brown

color, lighter within, rather soft and porous, and of low specific gravity.

It is 21 cm. in length (height) and 14 cm. in diameter, and is 6 cm. to

9 cm. in radial thickness.

The other, called the Maryland Academy cycad No. 4, is the vsmallest

of the four specimens in the museum of the Maryland Academy. It is

a mere cap, broken by a nearly horizontal cleavage from the top of a

large trunk, and this is in turn broken along a vertical plane a little to

one side of the center. There is a distinct terminal bud, and this is

wholly included in the specimen. The upper surface is badly worn and

shows nothing but a warty, uneven structure, but the boss representing

the terminal bud is set in a slight depression. The bud is decayed at

the base so as to be visible from below. The broken surfaces all show
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the leaf bases, ramentum walls, fibers, etc. The rock is of a red color,

as if stained with the paint in which it was doubtless long embedded.

It is dark and heavy and highly mineralized, especially on the interior

parts, which have a ci;ystalline surface with numerous frost-like projec-

tions. The specimen is 17 cm. in diameter. The partial diameter

measured from the circumference through the center to the vertical frac-

ture is 14 cm., which shows that this would have been the major axis of

a somewhat elliptical cross section. The vertical thickness is between

6 cm. and 7 cm.

Two other specimens referred to this species are not figured and

may be mentioned here. One of these is the R. T. Donaldson fragment.

No. 5, W. C, B., No. 3327, a very small piece, measuring 8 cm. in tan-

gential, 8 cm. in radial, and 6 cm. in vertical direction. It consists

chiefiy of a piece of the wood, and could not have been recognized as a

cycad but for a small portion of the armor attached to one side containing

one leaf scar and one fruiting axis.

The other is the R. W. Clark fragment, W. C, B., No. 3350, a very

small piece of a trunk of unknown size, showing a httle of the external

surface and extending in a wedge-shaped manner a short distance into

the axis. It is rather light colored, with rust streaks, and soft sandy in

structui'e. It is 8 cm. in a tangential direction and 4 cm. in a direction

parallel to the axis of the trunk. Its radial thickness is a little over

6 cm. The surface shows a few imperfect leaf scars. Two projecting

reproductive organs are present on the small area exposed.

The reference of all these fragments to Cycadeoidea Fontaijieana is,

of course, more or less doubtful. The South Carolina College cycad

clearly belongs to this species.

The following is a list of the numbers, with the names assigned

and the weights:
Weight in
kilograms.

Maryland Academy Cycad, No. 3 2. 53

Maryland Academy Cycad, No. 4 ^ 1 . 72

South Carolina College Cycad 5. 56

W. C.,B., No. 1467, the Griffith trunk 8.00

W. C, B., No. 1470, the Noah Donaldson trunk 3. 18

W. C, B., No. 1473, theR. T. Donaldson fragment, No. 1 . .45

W. C, B., No. 1485, the Cronmiller fragment 1.42



442 MESOZOIC FLORAS OF UNITED STATES.

Weight in
kilograms.

W. C.,B., No. 1488, the Eiddle fragment 7.83

W. C, B., No. 1489, the Magmder fragment 3.41

W. C, B., No. 1658, the Comegys fragment 1.92

W. C, B., No. 3046, the Turner trunk ("chicken trough") 9.64

W. C.,B.,No. 3122, the Cole fragment .23

W. C.,B., No. 3326, the E.T. Donaldson fragment, No. 4 .61

W. C.,B., No. 3327, the R. T. Donaldson fragment. No. 5 .31

W. C, B., No. 3346, the Emmons fragment 3.20

W. C, B., No. 3347, the Odensoss fragments 1.80

W. C.,B., No. 3350, the R. W. Clark fragment . 17

W. C, B., No. 6346, the Anderson fragment 1. 59

W. C, B., No. 6347, the Inglehart fragment. No. 2 3.06

W. C.,B., No. 6348, the R. P. Disney fragment, No. 2 1.08

W. C, B., No. 6352, the R. P. Disney trunk. No. 2 3. 57

M. G. S.-W. C, B., No. 9051, the Whitehead trunk. No. 2 9. 30

M. G. S.-W. C, B., No. 9053, the R. T. Donaldson fragment. No. 10 .51

M. G. S.-W. C, B., No. 9056, the R. T. Donaldson fragment No. 12 15

M. G. S.-W. C, B., No. 9061, the Marlowe fragment, No. 3 .14

M. G. S.-W. C, B., No. 9062, the R. T. Donaldson fragment. No 15 .58

M. G. S.-W. C, B., No. 9064, the R. T. Donaldson fragment, No. 16 .45

PL LXXXVI shows the outer surface of the South Carohna College

cycad sent me by Mr. Glenn, an account of which was given in the

historical part of this paper (see p. 414.) It is a triangular frag-

ment from one side of a rather large, short, subcorneal, laterally and

perhaps- vertically compressed trunk. It evidently comes from near

the base, but no part of the true base is preserved. It extends inward

to the inner wall of the woody zone. The small end of the wedge is

downward and the specimen broadens upward. The radial fractures

are nearly even; the upper fracture passes obliquely upward and out-

ward, becoming horizontal near the surface; the basal fracture is a

small, irregular area. The specimen is in a fair state of preservation,

of a reddish-brown color, rather soft, and nearly uniform consistency

and low specific gravity. The length or height parallel to .the axis is

22 cm. The maximum tangential width (near the upper end) is 25

cm. and the minimum at the lower end 6 cm. These measurements

are on the outer siu'face. The greatest distance across the concave

inner surface is 12 cm. The thickness measured on the radial frac-
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tures is about 9 cm. One of these is oblique and shows over 10 cm.

The greatest arc of the circumference is 25 cm. The specimen is also

very convex vertically, and this arc measures 26 cm.

The leaf scars of C. Fontainemia are always very irregular, and
this specimen presents the anomaly of having the sharper vertical angle

as often above as below. This at first made it doubtful what was the

true position of the trunk. But the vascular strands, clearly seen on

both the radial fractures, is conclusive as to the true position. These

strands rise at a sharp angle from the fibrous zone, pass at a much wider

angle nearly straight through the cortical parenchyma, and then curve

gracefully outward into the leaf bases, sometimes bending somewhat
downward where these are slightly descending. The inner wall of the

wood, which was in contact with the medulla, shows over a concave

area of 10 cm. by 14 cm. alternating rows of elliptical scars, 5 mm. by

15 mm. in diameter, of the medullary rays, the upward inclination of

which is distinct.
"

PL LXXXVII, Fig. I, 1 is an end and top view of the Turner trunk,

W. C, B., No. 3046, more fully shown on other plates.

PL LXXXVII, Fig. Ill, 2, is a side and top view of the Griffith

trunk, W. C, B., No. 1467, another principal type of the species. The
terminal bud can be seen in this view, but the specimen had been sec-

tioned through the center of the bud before this group was photographed.

PL LXXXVII, Fig. in, 6, shows the Noah Donaldson trunk, W. C,

B., No. 1470, but not to good advantage.

PL LXXXVII, Fig. Ill, 8, is a very good side view of the Riddle

fragment, W. C, B., No. 1488. This specimen probably contains

three-quarters of the entire trunk. It seems to extend from at or very

near the true base to within a very short distance of the summit. It

is flattened laterally to a thin slab, and a piece of considerable size is

broken away along an even vertical plane from one of the edges. A
large irregular piece has also disappeared from one side, reaching inward

to the middle and extending from the top downward to below the middle

on one edge but much less on the other. It is of a light-drab or fawn

color, with rust stains at some places, firmly silicified and moderately

hard and heavy. It is 24 cm. high and has a maximum width of 26

cm. The missing piece added to this would probably give a width
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(major axis) of 30 cm. It rounds off rapidly upward from near the

base, so that the width at the summit is onl}^ 15 cm. The thickness

(minor axis) is about 10 cm. on the outer edge and 9 cm. across the

fractured one. On the broken side the surface parts rise only 5 cm.

on the lower side, which is increased to 15 cm. at the opposite side of

the oblique fracture. (Locality: PL LXXX, near No. 102.)

PL LXXXVII, Fig. IV, 1, is a side view of the Comegys fragment,

W. C, B., No. 1658, which probably came from near the summit of a

laterally compressed trunk of small size embracing part of one of the

broad sides and one of the narrow ones, the hollow interior correspond-

ing to the curved external surface. The color is drab on the outside

and buff within. The rock is light and rather sandy, but not friable.

The maximum height is 20 cm., but one side is broken vevy obliquely,

so as to make the basal portion narrow. The greatest width is 17 cm.,

which is reduced below to 7 cm., and rounded off at the top. The radial

thickness is about 5 cm. (Locality: PL LXXX, near No. 75.)

PL LXXXVII, Fig. IV, 7, shows the summit, with terminal bud,

of the R. P. Disney trunk, No. 2, W. C, B., No. 6352, more fully illus-

trated below.

PL LXXXVII, Fig. IV, 9, shows a side and fractured surface of the

R. P. Disney fragment. No. 2, W. C, B., No. 6348, which is only a small

piece of medulla, 6 cm. square and 1 cm. thick, rounded at one end

and forming a little slab, but showing the medullary ray scars very

prettily on the convex surface. It looks as though it might have formed

a part of the trunk No. 1470. (Locality: PL LXXX, near No. 50.)

PL LXXXVII, Fig. V, 1, represents the Cole fragment, W. C, B.,

No. 3122, a very small piece from the side of a trunk of unknown size.

It is of a light color, sandy texture, and low specific gravity, and is

about 8 cm. square and 6 cm. thick, of which the part belonging to

the armor is slightly more than 4 cm. thick, the rest consisting of a

conical piece of the wood, which is perforated by the tubes of decayed

vessels. (Locahty: PL LXXX, No. 54.)

PL LXXXVII, Fig. V, 10, shows only some fractured surfaces of

the Inglehart fragment. No. 2, W. C, B., No. 6347. This specimen

seems to represent more than half of a small, dark-colored trunk of the

type of W. C, B., No. 1658. It is somewhat laterally compressed and
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the vertical tangential fracture was parallel to the minor axis. It is

18 cm. high and the small diameter is 13 cm. In the direction of the

long diameter it now measures the same, indicating that it was 20 cm.

Neither the base nor the summit is perfect. The medulla is wanting

for the lower half of its length, leaving a hollow cavity. (Locality:

PL LXXX, No. 99.)

PI. LXXXVII, Fig. V, 11, shows the exterior of the Magruder frag-

ment, W. C, B., No. 1489, to be treated more fully further on.

PI. LXXXVII, Fig. V, 13, is a fairly good view of the Emmons
fragment, W. C, B., No. 3346. It comes from a trunk that was prob-

ably large, apparently broken from one side near the base, and having

a concave interior corresponding to the convex surface. It is broader

at the irregularly broken upper end, the contracted base appearing to

be nearly normal. One side is thicker than the other and probably

represents the narrow side of an elliptical trunk. It is of a very light

color, almost white in places, and chalky white where freshly bruised.

It is also very light and spongy in structure, resembling bone, and

friable. It is 18 cm. high and has a maximum tangential width of 21

cm. (Locality: PL LXXX, No. 62b.)

PL LXXXVII, Fig. V, 14, shows the Odensoss fragment, W. C,

B., No. 3347. This fragment seems to belong to a small trunk which

was considerably compressed laterally, and to represent the upper part

of one of the narrow sides. It is nearly half of a cone, broken irregu-

larly at the top and somewhat obliquely at the bottom. The missing

central parts have left a hollow for the entire length. It is of a very

light color and ashy appearance, rather soft, and of low specific gravity.

Its maximum height is 16 cm., but on one side it is only 11 cm. It

is 14 cm. in diameter below and 8 cm. at the top. The radial thickness

varies from less than 5 cm. to over 7 cm. (Locality: PL LXXX, No. 31.)

PL LXXXVII, Fig. V, 16, is a somewhat unsatisfactory view of

the Anderson fragment, W. C, B., No. 6346, which will be fully trea|:ed

below.

PL LXXXVII, Fig. V, 18, is the only illustration we have of the

R. T. Donaldson fragment, No. 4, W. C, B., No. 3326. It is a very

small fragment, probably from a small trunk. It has the appearance

of a piece of a trunk only 9 cm. in diameter, but is more probably from

the thin edge of a laterally much compressed trunk.
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The specimen is much ligliter colored than most of those from

the iron-ore beds. It is thoroughly silicified and moderately hard and

heavy. It is 15 cm. long (high) and 5 cm. in radial direction. (Local-

ity: PL LXXX, No. 106.)

PL LXXXVII, Fig. V, 21, represents the R. T. Donaldson frag-

ment, No. 1, W. C, B., No. 1473. This is a small fragment of what

may properly be called bark—that is, liber and armor. It is 16 cm.

long, 65 mm. wide, and 4 cm. thick, and triangular in shape. The

markings on the inner surface are distinct and consist of elevated and

somewhat rhombic scars terminating in a prolonged ridge tapering to

a point. (Locality: PL LXXX, near No. 106.)

PL LXXXIX, Fig. I, 1, shows the Whitehead trunk, No. 2, M. G. S.-

W. C, B., No. 9051, lying on its side and exhibiting the exposed medulla

and adherent armor, the base being at the right. It embraces con-

siderable of the lower part of a fair-sized trunk of doubtful affinity,

somewhat resembhng W. C, B., No. 1488, but harder and heavier. One

side is eroded or decayed to the medulla, and both the base and sum-

mit are wanting, but the former could not have been far away. It is

23 cm. high, oblique in the same direction below and above, 23 cm. in

larger and 15 cm. in smaller diameter, this latter not complete. It has

a girth of 64 cm. (Locality: PL LXXX, near No. 105.)

PL LXXXIX, Fig. Ill, 1, is a view of the R. T. Donaldson frag-

ment, No. 10, M. G. S.-W. C, B., No. 9053. It is 10 cm. long, 8 cm.

wide, and 5 cm. thick, and shows a few scars and reproductive organs.

(Locality: PL LXXX, No. 106.)

PL LXXXIX, Fig. Ill, 3, is a surface view of the Marlowe frag-

ment. No.. 3, M. G. S.-W. C, B., No. 9061. It has an area of surface

6 cm. by 10 cm., showing scars of leaves and fruits, and extends 6 cm.

inward to the woody zone. (Locality: PL LXXX, No. 100.)

PL LXXXIX, Fig. Ill, 6 shows faintly, because somewhat out of

focus, the side of the R. T. Donaldson fragment, No. 15, M. G. S.-W. C,

B., No. 9062. It consists of a small piece, chiefly of armor, 11 cm. high,

12 cm. wide, and 4 cm. thick, and having the same kind of matted and

obscured surface as W. C, B., No. 3347, which it also resembles in other

respects. (Locality: PL LXXX, No. 106.)

PL LXXXIX, Fig. Ill, 7 represents the R. T. Donaldson fragment,

No. 16, M. G. S.-W. C, B., No. 9064, a pecuUar spongy-looking fragment,
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17 cm. long, 6 cm. wide, and 4 cm. thick, somewhat resembling W. C, B.,

No. 3347, but with the abnormal features of that specimen exaggerated.
(Locality: PI. LXXX, No. 106.)

PI. LXXXIX, Fig. in, 11 is a view of the R. T. Donaldson fragment.
No. 12, M. G. S.-W. C, B., No. 9056, a very small fragment of the type
of W. C, B., No. 1470. It is 7 cm. long, 6 cm. wide, and 3 cm. thick.

(Locality: PL LXXX, No. 106.)

PL XCV is a view from above of the Turner trunk, W. C, B., No.
3046, showing the deep partitioned cavity ("crow's nest") at the summit,
which constituted the "chicken trough." This is one of the principal

tj'-pes of C. Fontaineana. It is a practically complete trunk of low
stature and narrow ovate cross section, much wider above than below,

with the whole upper part hollowed out deeply, so that it was used by
its owner as a chicken trough. The rapid diminution downward gives

it somewhat the shape of a boat. There is also a hollow depression at

the base, but of much smaller size than that of the summit. It is of a
dull-brown color, lighter in places, or shading to reddish rust color. It

is well silicified and moderately hard. The maximum height is 20 cm.,

but the lowest side is only 16 cm. The long diameter is 32 cm. and the
short one 17 cm. at the largest part. At the base these measurements
are reduced to 28 cm. and 12 cm., respectively. The average girth is

80 cm. The cavity at the summit is 9 cm. deep, with an irregular bottom
showing small openings several centimeters deep. It is 19 cm. long and
12 cm. wide. The hollow at the base is 3 cm. deep, 17 cm. long, and 8 cm.
wide. The cortex rounds in at the summit, and the organs of the armor
are here massed together. There may have been some vertical pressure.

(Locality: PL LXXX, No. 93.)

PL XCVI shows in great detail the polished section of the Griffith

trunk, W. C, B., No. 1467, that was cut through the center of the terminal
bud and short axis, exposing the internal organs and tissues. This was
the original type of the species, and the general form, the characters of

the exterior, the setting of the terminal bud, etc., are shown in Fig. 3 of

PL XCVII and in the still further reduced group figures above enumerated.
The specimen consists of considerably over half of a small trunk

which is low and squat, as if greatly compressed vertically. The upper
portion is entire and elliptical in outline. The longer diameter is 28 cm.
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taken through the axis, but on account of eccentricity it is 33 cm. where

greatest. The shorter diameter is 20 cm. The greatest vertical measure-

ment obtainable is 13 cm., but the general vertical thickness is about

11 cm. It is impossible to say how much the missing portion would

have added to these measurements. The shape is extremely irregular,

and what is to all appearances the true summit containing a perfect

terminal bud has an axis which is nearly at right angles to the axis

indicated by the medulla. The specimen is of a reddish-brown color,

lighter than the average. The terminal bud is 6 cm. high, definitelj^

bounded at its base, which is 65 mm. in diameter and regularly convex

downward, so that if removed a perfect "crow's nest" would remain.

The terminal bud seems to consist of a mass of densely matted bracts

imbricated over one another along a central axis, i. e., growing shorter

and shorter from without inward. The specimen has been cut through

the center of the axis of the terminal bud, the section passing through

the armor and general axis, thus exposing the internal structure. The

cut faces have been polished and a photograph made. From this cut

face the thickness of the armor is seen to be about 4 cm. The leaf scars

are much compressed and pass down through the armor in the form of

fine lines. The armor rests upon a loose heterogeneous layer 15 mm.
thick. This layer does not occur beneath the terminal bud, which rests

on a triangular mass of fine homogeneous tissue 35 mm. thick and extend-

ing to the medulla, which is much flattened, about 32 mm. thick, and

porous. (Localit}^: PL LXXX, near No. 68.)

PI. XCVII, Fig. 1 represents the Noah Donaldson trunk, W. C, B.,

No. 1470. It is a portion of the medulla of a large, much laterally com-

pressed trunk with a small piece of the external part attached to the

narrow edge. The medulla itself is decayed in the middle and irregularl}^

broken or eroded away above and below with an opening on one side.

The whole is very light colored, porous, and sandy, but rather firm. The
total length is 31 cm. and the maximum width 18 cm. The thickness

is 9 cm.

The armor is about 2 cm. thick, and no definite line can be drawn

between it and the mass of fibers that mostl_y makes up the woody cylinder

which it incloses, and which is also about 2 cm. thick. This latter so

clasps one of the edges of the pith for a length of 21 cm. as to leave it
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exposed along both sides and for 10 cm. at the lower end. This makes it

possible to look along the junction and see just how the medullary rays

pass into the outer parts. Thin longitudinal ridges or lamellae varying

from 1 cm. to 3 cm. in length rise from the surface of the medulla and

penetrate the woody zone. These ridges are not exactly parallel, but

are slightly' oblique, so that their ends pass one another, giving the general

surface a somewhat reticulate appearance. They are coarser and sharper

than those represented in Saporta's figure of Cycadeoniyelon hettangensis

Sap. (PL Jur., pi. cxix, fig. 5). The portion of Bucklandia Milleri Carr,

(loc. cit., pi. Iv., fig. 1), from which the outer parts are removed, approach

it more closely, but the nearest figure to it known to me is that of Omphal-

omela scabra Germar (Palaeontographica, Vol. I, pi. iii). The bundles

can also be seen passing out very obliquely and becoming nearly vertical

at the summit. They are chiefly represented by large cylindrical tubes.

(Locality: PL LXXX, near No. 106.)

PL XCVII, Fig. 2 shows the Cronmiller fragment, W. C, B., No. 1485.

This is a piece of the ai^mor, only 26 cm. long, of one edge of a very much
laterally compressed trunk, and may be compared with similar parts of

W. C, B., No. 1470, as Mr. Bibbins has done. It would seem to have

undergone some compression after the axis had disappeared, as it is

narrower next the axis than farther out. (Locality : PL LXXX, No. 69a.)

PL XCVII, Fig. 3 is the best view made of the Griffith trunk, W. C.,

B., No. 1467, already described, prior to sectioning, and shows one side

and the summit with its terminal bud.

PL XCVII, Fig. 4 is an interior view of the Magruder fragment,

W. C, B., No. 1489, of which the outer surface is represented on PL
LXXXVII, Fig. V, 11. This is a segment from the outer portion of a

small trunk extending less than halfway round, so preserved that a cross

section would be crescent shaped. It extends to the extreme base, and

the central portion, which is higher than the rest, probably reaches nearly

to the summit. It is of a light-reddish color, soft sandy consistency,

and low specific gravity. The maximum height is 17 cm., which is

reduced to 9 cm. at both ends of the segment. The diameter of the

trunk, which seems to have been nearly cylindrical, was 21 cm. The
partial girth is 40 cm. The diameter of the hollow interior is 11 cm.

The radial thickness of this segment varies from 6 cm. to 8 cm. The
MON XLVIII—05 29
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woody zone, or portion of it here preserved, consisting of one homogeneous

ring of a very porous structure, the cortical parenchyma, is nearly 6 cm.

thick, as clearly shown at the base. The hollow interior representing

the inner wall of this ring of wood is studded with the projecting tips of

definite fluted bodies representing the sheaths of the fibrovascular bundles.

These are somewhat pointed below, pass upward, and plunge outward

into the substance of the wood, broadening as they advance. In some

places these maj' be traced nearly 5 cm. The layer into which they pass

is of a very spongy consistence. Near the base, where only the ends are

exposed, these tubes appear as semilunar, crescent-shaped, or horseshoe-

shaped scars, all of which have an .inner curved line in intaglio parallel

to the outer contour.

This small fragment shows most of the characteristics of fossil cycads,

and being light and easily transported it was made by Mr. Bibbins to

serve an important purpose. He placed it in his carriage when going

about the country in search of cycads and showed it to the inhabitants

as illustrating what he meant. Often on seeing it a miner or farmer would

recognize it as similar to something he had, and this would lead to the

discovery of additional specimens. (Locality: PL LXXX, near No. 102.)

PL XCVII, Fig. 5 shows the interior of the Anderson fragment,

W. C, B., No. 6346. It is a small, much-worn fragment, so closely

resembling W. C, B., No. 1470 as to suggest that thej^ ma}' be parts of

the same trunk. It is 18 cm. long, 12 cm. wide, and 9 cm. thick, but

very irregular in shape, showing a little surface with the scars worn

down, and large areas over Avhich the erosion has penetrated to the cortical

parenchyma, exposing the course of the large leaf strands. Considerable

of the medulla remains attached to the upper end. (Locality: PL
LXXX, No. 108.)

PL XCVIII, Figs. 1 and 2 are views of the top and base, respectively,

of the R. P. Disney trunk. No. 2, W. C, B., No. 6352. This specimen

strongly recalls the type, W. C, B., No. 1467, and has a terminal bud

equal to that in its perfection. It shows much better the apical leaves

forming the bud. The specimen, however, is smaller, being 17 cm. by

23 cm. in diameter, 60 cm.' in girth, and 11 cm. high, including the terminal

bud, which is 3 cm. high. The leaf scars are not well shown, being

completely massed together by vertical pressure. The base shows the

different zones fairly well. (Locality: PL LXXX, No. 59a.)
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Cycadeoidea Goucheriana Ward.

PI. LXXXVII, Fig. I, 3; PL LXXXIX, Fig. i, 3; PI. XCIX.

1897. Cycadeoidea Goucheriana Ward: Proc. Biol. Soc. Washington, Vol. XI, p. 14.

Trunks large, cylindrico-conical with elliptical cross section, 30 cm.

to 50 cm. high, 25 cm. to 50 cm. in diameter, light colored and of low

specific gravity, somewhat chalky and friable; lower leaves somewhat

deflexed, upper ones ascending the line between the two definite and

encirchng the trunk near the middle; leaf scars arranged in two sets of

spiral rows, both having nearly the same angle to the axis, 45° or greater

;

scars variable in size and shape, chiefiy subrhom])ic to nearly triangular

with curved or fluted sides, inner wall of the tubes marked by a raised

line around it; scars averaging 11 mm. in vertical and 23 mm. in lateral

measurement; leaf bases usually absent or only adhering to the bottom

of the scars; ramentum walls thick, more or less divided into irregular

laminse or scales with fissures between them, their outer edges ragged;

reproductive organs numerous, well marked, irregular!}^ scattered over

the surface, most abundant at the narrower sides, usually cavitous in the

center, sometimes sohd and protruding, surrounded by concentrically

arranged, crescent-shaped bract scars, sometimes well exposed and clearly

distinguishable into spadix and involucre, the scales of the latter iml^ri-

cated, the entire organ conical with the apex toward the axis of the trunk;

armor 3 cm. to 5 cm. thick, separated from the wood by a definite line;

woody zone 4 cm. thick, consisting of an outer parenchymatous ring

3 cm. thick, a thin ring of loose open structure, and two thin plates sepa-

rated by another ring of coarse cells divided by radial partitions, the

inner walls of both plates marked with scars of the medullary rays, the

pattern different in the two cases, the scars on the inner plate 13 mm.
long, those on the outer longer and tapering upward; medulla large,

elliptical, tapering upward, of a coarse homogeneous structure.

The original type, the Wilson trunk, W. C, B., No. 1479, with the

small piece that became detached from its interior after its discovery and

was numbered 1479a, remained unique until 1901, when Mr. Charles

Dearstine contributed the fine fragment, M. G. S.-W. C, B., No. 9049,

described below. This specimen adds considerable to our knowledge of

the species, especially of the base, which is decayed away in the other.
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Views of both the specimens appear in the different groups and show

their relative size and character, and the type is shown in Pi. XCIX.
PI. LXXXVII, Fig. I, 3 represents the same side of the Wilson

trunk, W. C, B., No. 1479, that is shown in PI. XCIX, but here the

specimen is more inclined from the camera, so that the apical cavity is

not seen. The equatorial zone is very distinct.

PI. LXXXIX, Fig. I, 3 gives an excellent view of the base and a

portion of the external surface of the Dearstine trunk, M. G. S.-W. C,

B., Xo. 9049. This is part of the base of a very large trunk, probably

larger than W. C, B., No. 1479, but as that specimen was decayed at

the base, this one supplies that deficiency. It has the same light-colored

sandy character, and the specific characters all agree. This specimen

is very unequall}^ and obliquely broken across near the base, so that

"while one side actuall}^ reaches the base the other rises 20 cm. above it,

but the rapid rounding off 'on that side indicates that the trunk was

either much inclined or else greatly compressed vertically. There is

little lateral compression and the diameter either way is about 36 cm.

It weighs 17.24 kg. (Locality: PL LXXX, No. 103.)

PL XCIX shows the perfect side and the apex, with its depression,

of the original type or Wilson trunk, W. C, B., No. 1479.

This is perhaps the most interesting of all the Maryland cycads,

not only because its precise stratigraphical position is so well known,

but also from its large size, its completeness, and the number of fea-

tures it presents that are not possessed by any other specimen. It is

unbranched and somewhat elliptical in cross section. The longer diam-

eter is 47 cm. and the shorter 25 cm., measured at about the middle

part. It does not vary greatly until near the summit, whei'e it is quite

rapidly contracted. Its maximum girth is 122 cm.; that near the top

is 110 cm. It is obliquely truncated at the summit, but no great por-

tion is wanting. The longer side shows a height of 47 cm. and the

shorter of 35 cm. The fracture across the top is sunk in the middle

and the average measurement does not exceed 39 cm. One side is

complete except the loss of a small piece at the summit. The other

side has lost a large irregular portion at the base, making an opening

into the hollow interior 27 cm. high and varying in width from 10 cm.

to 23 cm. A small piece was purposely broken out of this opening
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and bears the number 1479a. This piece weighs 0.45 kg. and measures

5 by 8 by 13 cm. The specimen is somewhat hollow at both ends, but
the depression at the summit is Uttle more than a "crow's nest" and
does not exceed 10 cm. deep. It is elliptical, 6 cm. by 17 cm. in diam-
eter. The base presents a great cavity in the loss of nearly the entire

medulla and part of the woody zone. It is 17 cm. deep, elliptical, and
13 cm. by 20 cm. in diameter at the lower end, tapering to half those

dimensions above. There are several lesser cavities leading out of this

into the wood and armor, like so many chambers, and there is one small

cavity adjacent to the broken side which penetrates to the wood. These
various losses afford excellent facilities for examining the interior of

the trunk.

The color is light ash verging on white, the rock is soft and brittle,

and would have been utterly destroyed if it had l^een exposed to con-

ditions of erosion. It is also light in weight, the whole weighing only
45.8 kg.

One of the most remarkable features, possessed by this specimen
alone, is a sort of girdle that passes entirely around the trunk near the

middle. This is produced by the change in the angle that the leaves

made to the axis all around on this line, those below it being somewhat
deflexed, while those above it were decidedly ascending. The result

is a V-shaped groove between the lower and upper leaf scars. This
condition strikingly recalls the foliage of the tree yuccas of Mexico, in

which a similar encircling line divides the erect and still green and
growing upper leaves from the older, more or less dry, reflexed lower
ones at the summit of the leafless trunks. In this specimen the encir-

chng line passes just at the summit of the large opening on one side,

and the upward tendency of the leaves on that side is much less marked
than on the other, where, indeed, there are some indications that it

may have been partially due to pressure, but it is difficult to believe

that any conditions of compression could have caused the regular change
that exists in the angle of the leaves to the axis. (Locahty: PL LXXX
No. 43.)



454 MESOZOIC FLORAS OF UNITED STATES.

Ctcadeoedea Uhleri Ward.

PI. LXXXVII, Fig. IV, 10; PI. C.

1897. Cycadeoidea Uhleri Ward: Proc. Bioli Soc. Washington, Vol. XI, p. 14.

Trunks small, 28 cm. high, 20 cm. in diameter, 50 cm. to 60 cm.

in girth at the thickest part, circular, or onl}^ slightly elliptical in cross

section, conical or somewhat cylindrical-conical in shape, contracted

at the base, silicified but porous and light, reddish or gray in color;

leaf scars definitely arranged in quincunx order and spiral rows around

the trunk, one of these sets of rows ascending at an angle of 45° to the

axis, the other at a much greater angle; subtriangular, the upper side

arched and sometimes slighth' grooved, lateral angles acute, inferior

angle obtuse or rounded; scars uniform in size, 18 mm. wide and 9 nam.

high; ramentum walls 4 mm. to 5 mm. thick, commissure distinct, the

whole punctured with minute rhombic, triangular, or elliptical bract

scars deeply penetrating the structures; leaf bases usually wanting,

but sometimes nearly filling the cavities; vascular bundles few, arranged

in a row near the upper side of the petiole and others scattered over

other parts; petioles all reflexed or pointing downward at a strong

angle; reproductive organs numerous, situated directly over the leaf

scars—i. e., axillary—elliptical in outline, 15 mm. wide, 10 mm. high,

the center occupied by the remains of the essential organs or by a cir-

cular cavity where these have disappeared ; bract scars small and numer-

ous, somewhat curved and arranged concentrically around the spadix,

also passing out into the ramentum walls; armor 3 cm. to 5 cm. thick;

woody zone 15 mm. to 35 mm. thick, divided into two or three rings;

medulla about 5 cm. in diameter, cylindrical or elliptical according to

the shape of the trunk, heterogeneous in composition, being traversed

by dikelike plates of a hard substance dividing it into chambers, often

wanting, leaving a hollow center to the trunk.

Xo additional specimens of this species have come to light since

it was described in 1897 from the two types then known. One of these

is as perfect a specimen as any in the collections, and the species is one

of the most distinct and well characterized of all of the fossil cycads.

PI. LXXXVII, Fig. IV, 10, shows the external surface of the Crook

fragment, Xo. 2, W. C, B., Xo. 1429. The trunk from which it was
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broken must have been much longer. It was small and somewhat
elliptical in cross section. The fracture at the upper end is nearly even,

that at the lower end is irregular, the lowest point coinciding with the

end of the ellipse, thence sloping upward in both directions, so that

the shortest side is 6 cm. less than the longest. The specimen includes

nearly all of the medulla. The color is a pinkish red throughout. The
specific gravity is much less than that of most trunks, chiefly on account

of the number of empty cavities, large and small. It weighs 3.42 kg.

The total height is about 18 cm. The longer diameter is about 16 cm.,

but this falls a little on one side of the center. It was probably nearly

17 cm. The radial thickness is 11 cm., which includes about the whole

of the medulla. (Locality: PI. LXXX, near No. 53.)

PL C represents the perfect trunk No. 2 of the museum of the

Maryland Academy of Sciences, otherwise known as the Lee trunk,

being from a platinum print made by Mr. Smillie. It is a view of the

side that shows the largest amount of surface and affords a clear idea

of the specimen. It is a small, simple trunk, strictly conical in shape

and nearly perfect both in the absence of fracture and in the state of

preservation. It has suffered no compression or erosion and is nearly

circular in cross section at all points. The maximum height is 28 cm.,

but the base is oblique (not due to fracture) and the shortest side meas-

ures only 23 cm. The diameter at the base varies from 17 cm. to 20

cm., and diminishes regularly to the apex, where it is 9 cm. at the point

where it begins to narrow abruptly. The maximum girth is 58 cm.

It is oblique at the summit and has suffered slightly from decay on

one side. There is no terminal bud or true crow's nest, but an irreg-

ular cavity 2 cm. deep at one side of the center is partly occupied by

the remnant of scale-like matter that may have belonged to the bud.

The trunk is also rapidly contracted at the immediate base and seems

to have grown on a steep slope, so that one side was naturally much
lower than the other. The trunk is of a grayish-brown color through-

out, silicified, but having a low specific gravity in consequence of its

porosity. The weight is 7.66 kg. (Locality: PI. LXXX, near No. 54.)
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Ctcadeoidea Bibbinsi Ward.

PI. LXXXIII, Fig. 3; PI. LXXXIV, Fig. .3; PL LXXXV; PI. LXXXVII, Figs.

I, 2, 4, 6, 7; 11, 1, 2, 4, 8, 9, 10, 11; in, 5, 7; iv, 2, 3, 6, 8, 11; v, 12, 15; PI.

LXXXIX, Figs. I, 5; ii, 2, 5, 6; PI. CI-CIV.

1897. Cycadeoidea Bihbinsi Ward: Proc. Biol. Soc. Washington, Vol. XI, p. 1.5.

Trunks large, 40 cm. to 60 cm. high, laterally compressed, girth of

largest specimen 1 meter, of next in size 88 cm., shorter axis of cross

section one-half to two-thirds of longer axis, contracted toward the

summit, terminating in a conical bud 30 cm. high, or, where this is want-

ing, in a concave depression, thoroughly silicified throughout, heavy

and solid, of a dark color; all the organs of the armor nearly at right

angles to the axis of the trunk; leaf scars arranged spirally around the

trunk in imperfect quincuncial order, subrhombic, the lower angle much
sharper than the upper, the latter sometimes reduced to a curve, 14

mm. high, 26 mm. wide; ramentum walls moderately thick, usually

solid ; vascular bundles of the petioles arranged in a row entirely around

them and near the margin of a cross section, also sometimes a few near

the center; spadices abundant, irregularly scattered over all parts of

the surface, usually showing the marks left by the essential floral organs

or a central cavity occupying their place, surrounded by curved or

crescent-shaped pits concentricallj' arranged in several rows and set

concave to the axis of the spadix, representing the involucral bracts;

armor varying from 25 mm. to 75 mm. in thickness, this variation often

great in different parts of the same specimen; cambium layer indistinct;

liber zone not generally distinguishable from the wood; the latter in

two or three zones, medullary rays faint; medulla well marked, homo-

geneous, usually spongy in appearance.

This species represents a type quite distinct from all the others,

and the cycadean trunks of the iron-ore deposits of Maryland might

be divided into two classes, one of which should embrace all the forms

included in the six species above described, and the other those that

have been referred to this species. The fact that the rock in the latter

is always firm, hard, and heavy and usually dark colored is not merely

an accident of preservation, but results in some obscure way from the

nature of the vegetable tissues. The trunks are generally larger and

the leaf scars much larger, though they have nearly the same form and
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arrangement. The reproductive organs are more abundant and usually

very regular and definite in their character.

This species now includes 27 specimens, the same number as C.

Fontaineana and only one less than C. marylandica, these three species

being by far the most abundant of all the Maryland Potomac cycads.

The number of specimens belonging to this species has been increased

by 9 since 1897, when it was first described.

The following is the list of the specimens, with their numbers,

names, and weights:
' Weight in

kilograms.

Johns Hopkins University cycad, No. 4 3.18

Johns Hopkins University cycad, No. 6 -15

Dawson cycad 3. .50

W. C, B., No. 1426, the Harman trunk 3. 63

W. C, B., No. 1427, the Polly Jones trunk ("growing stone") .58.62

W. C, B., No. 1462, the Butler trunk '-^0.18

W. C, B.,No. 1463, the Carr trunk 9-52

W. C, B., No. 1464, the Welsh trunk 8. 55

W. C.,B.,No. 1465, theTubbs trunk 28.58

W. C, B., No. 1466, the All Saints trunk 1 17.24

W. C.,B., No. 1468, the Weston trunk 28.81

W. C, B., No. 1478, the Travers fragment (" petrified fish'') 6. 58

W. C.,B., No. 1480, the Ring fragment 8. .35

W. C.,B., No. 1482, the Smith trunk 10.55

W. C.,B., No. 1483, the Smith fragment " 8.28

W. C, B., No. 1484, the Linthicum fragment 11.23

W. C, B., No. 1487, the Robinson trunk 4.99

W. C, B., No. 3047, the Simmons fragment 2. 50

W. C, B., No. 3054, the Snowden fragment 4. 99

W. C.,B., No. .3348, the R. P. Disney fragment. No. 1 3.63

W. C, B., No. 6351, theR. P. Disney fragment. No. 4 .37

W. C, B., No. 6353, the Dorsey trunk . 10.66

W. C.,B., No. 63.54, the Gray trunk 14.29

W. C.,B., No. 6356, the Travers trunk 5.26

W. C, B., No. 6357, the David Ring trunk 6. 29

M. G. S.-W. C, B., No. 9048, the Allen fragment. No. 2 3.86

M. G. S.-W. C.,B., No. 9059, the Marlowe fragment, No. 2 2.72

The only one of these specimens that has entirely escaped illustra-

tion is the Johns Hopkins University cycad No. 6, a small fragment

recently found in the collections of the Johns Hopkins University with
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a nearly illegilDle label indicating that it had been taken for a coral. It

is somewhat triangular in shape, but shows four faces. Two of these

are fresh breaks. A third is an old radial fracture and show^s one fruit

very clearl,y. The fourth side is external and, thovigh deeph' worn,

shows scars characteristic of C. Bibbinsi of the type of W. C, B., No.

1480. One of the fresh fractures shows the lower end of a reproductive

organ with radiate structure. The measurements of the fragment are:

Tangential length, 9 cm. ; width (probably nearty vertical) 6 cm. ; radial

thickness, 5 cm. The remainder will be described under the principal

figures.

PL LXXXIII, Fig. 3, and PL LXXXIV, Fig. 3, are two views of

the external surface of the Johns Hopkins University cycad No. 4, the

first in the group photographed b.y Mr. Tyson of which he sent a print

to Mr. Meek, the history of whose discovery is given in the historical

part of this paper (p. 414), and the second in the group photographed

by the United States Geological Survey on May 11, 1895. When I

described this specimen on January 9, 1895, there were in the geological

museum of Johns Hopkins University two large trunks (Nos. 1 and 2)

and two fragments. As Professor Fontaine had treated two trunks and

two fragments before they left the museum of the Maryland Academy

of Sciences, and as these had since been donated to Johns Hopkins

University, I naturally supposed that the ones I found there were the

same. As Professor Fontaine had figured the trunks, there was no diffi-

culty in identifying them. I also correctly identified one of the fragments

I found with his description of the one he called "Fragment No. 2" on

p. 192 of his monograph (see p. 457). As this was much the larger

of the two I found, I called it and still call it "Johns Hopkins cycads,

No. 3."" The other one, which is the one now under consideration,

I called "No. 4," and supposed that it was the one that Professor

Fontaine had called "Fragment No. 1." I could not make it agree with

his description and passed it over without comment. When the third

fragment came to light, a few months later, I also described that and

had the three photographed in this group (PL LXXXIV), but I did not

then compare them with Professor Fontaine's descriptions, and still

supposed in 1897, when my descriptive paper was written, that this third

«See Proc. Biol. Soc. Washington, Vol. XI, p. 11.
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fragment was unknown to Professor Fontaine. Such a comparison,

however, shows beyond a doubt that the newly found specimen was

his "Fragment No. 1," and that he did not mention and probabl.y did

not see this small fragment (No. 4).

It is a nearly square but somewhat rhombic slab from the side of a

trunk of unknown size. To assume an erect position it must stand on

one of the more acute angles, so that the longer diagonal would be parallel

with the axis or nearly so. The trunk had evidentl}^ suffered from lateral

compression, as shown by the great difference in the angle made by the

leaf scars on the two fractured edges. It includes the armor and a portion

of the woody zone. The substance is hard and heavy and the color is

dark brown outside and light yellowish on the inner face. The sides of

the rhomb measure 19 cm. and 20 cm., while the long and short diagonals

are, respectively, 23 cm. and 20 cm. The thickness is 8 cm. In the

view taken by Tyson (PL LXXXIII, Fig. 3) the specimen stood on

one of its straight edges, which was not horizontal or perpendicular to

the axis. In the one taken under my supervision (PI. LXXXIV, Fig. 3)

it was placed on one of its corners, so as to be in its normal position,

the sharp angle of the alveoli representing the keel of the petioles being

downward.

PL LXXXV is a view from a platinum print by Mr. Smilhe of the

outer surface of the Dawson cycad (see p. 409), which proved to belong

to this species. This is a slab from the side of a moderate-sized trunk,

not reaching either base or summit. The fracture is along a very even

plane, exactly vertical, and passing out on the flattened side at one

edge and the thin side at the other of the considerably laterally com-

pressed trunk. In the first case it does not reach the surface, but there

is an irregular radial fracture that meets at right angles. The top is

also broken across at nearly right angles to the axis. All the fractures

except a small part of the upper one are fresh, as if recently made inten-

tionally. The surface is considerabl}^ worn and rather evenly so. The

specimen is well silicified and minute quartz crystals sparkle on the

broken surfaces. The outer parts and old fractures are of a light-drab

to fawn color, but the freshly broken surfaces are pink, with white or

rust-colored streaks and spots. The specific gravity is about medium.

The maximum height is nearly 22 cm., but the base is oblique, reducing
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the shorter side to 17 cm. The greatest width measured across the

iDroken side is nearly 18 cm., but the radial fracture makes a triangular

projection near the lower end and the width above this is only 14 cm.

The greatest thickness of the slab is 6 cm.

PL LXXXVII, Fig. I, 2 gives a view of one of the narrow sides of

the Tubbs trunk, W. C, B., No. 1465.

PL LXXXVII, Fig. I, 4 is an excellent view of the Polly Jones

trunk, W. C, B., Xo. 1427, standing on its base. As the principal type

of the species, it here compares well with those of C. Goucheriana and

C. Tysoniana, between which it stands.

PL LXXXVII, Fig. I, 6 shows the Weston trunk, W. C, B., No.

1468, but the terminal bud does not come out into relief as well as in

the other figures.

With the exception of the worn condition of the exterior, this is one

of the most perfect specimens in the collection. It is a whole trunk, from

base to summit, including the terminal bud. It has evidently long stood

on its base, perhaps under the dripping eaves of a house, and all definite

markings have disappeared from the apex. The terminal bud is sur-

rounded by a slight moat-like depression. A small piece has been

broken from its extreme apex. For want of fractures anywhere, only

surface characters can be seen. The trunk is much compressed laterally

and has large concave depressions on its sides, so as to be thinnest in its

central portions. Before compression it doubtless was nearly conical,

but narrowed a little toward the base, especialh' on one side. It is of a

light-brown color, lighter in some parts than in others, of a rough sandy

consistency, but well silicified, and of medium specific gravity. It

stands 37 cm. high. The long diameter is 34 cm. and the short one about

14 cm., but quite variable at different points. The average girth is 88 cm.

The best view of this trunk that has been published is that on PL Ix,

fig. 9, of the Nineteenth Annual Report of the United States Geological

Survey, Pt. II, published in 1899, which shows the best preserved side

and the terminal bud in fine relief.

PL LXXXVII, Fig. I, 7 presents one of the thinner edges or sides

of the Dennis Butler trunk, W. C, B., No. 1462, better shown elsewhere.

PL LXXXVII, Fig. II, 1 is the onh^ view offered of the Robinson

trunk, W. C, B., No. 1487, standing on its edge in such a manner that to



THE MARYLAND CYCAD8. 461

see it in its natural position it is necessary to place the right side of the

plate downward. This is a short piece of the base of a trunk of unknown
height, much flattened longitudinally and laterally, so as to form a narrow,

elongated object. The axis is largely decayed, so as to leave a cavity

at each end. It is more even across the base than across the summit.

The material is fine grained, as if argillaceous, of a light-slate color

except superficial rust-colored patches, and not hard or heavy. The
maximum height is 11 cm. and the minimum about 8 cm. It is 34 cm.

in longer diameter and only 13 cm. in shorter diameter. The girth is

76 cm. (Locality: PL LXXX, near No. 74.)

PL LXXXVII, Fig. II, 2 is a fairly good view of the Linthicum frag-

ment, W. C, B., No. 1484. It is a segment of a large trunk, broken trans-

versely at both ends and radially on both sides, showing the outer surface

about one-third of the way round, extending inward to the inner wall of

the woody zone, which presents a concave surface corresponding to the

convex outer one. The fracture at the lower end is very irregular, a

sharp central portion projecting 9 cm. below the adjacent parts. The
upper fracture is more even, but is also raised in the middle. The radial

fractures are very regular and follow the leaf scars, thus rapidly converg-

ing. The specimen is thoroughly siUcified, and a thin film on the outside

of most of the broken surfaces has turned yellowish white and is covered

with fine crystals (druse). The external surface is dark, the rest light

and yellowish. The specific gravity is high. The maximum height is

29 cm. and the minimum 18 cm. The circumferential width (measured

on the arc) is 35 cm. The corresponding measurement across the concave

interior (measured on the arc) is 14 cm. The last two dimensions, taken

on the chord instead of the arc, are, respectively, 24 cm. and 12 cm. The
radial thickness is about 12 cm. and nearly uniform. The leaf scars

are very large, averaging 16 mm. high and 28 mm. wide. (Locality:

PL LXXX, No. 62c.)

PL LXXXVII, Fig. II, 4 is a view of the Dorsey trunk, W. C, B.,

No. 6353. It is a very large fragment, probably representing a third

of the trunk, very irregularly broken. . One side seems to reach near

the summit, where there is a depression which ma.y represent a crow's

nest. The lower part is wholly wanting from a very irregular diagonal

fracture. The interior seems to have been hollow. The surface is
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much worn and whitened and shows man}'- large, sohd fruits, similar to

W. C, B., No. 1484. It is 29 cm. high and 28 cm. in maximum diameter.

The rock is lighter and more porous than most of the specimens of this

species. (Locality: PL LXXX, No. 45.)

PL LXXXVII, Fig. II, 9, shows one of the narrower sides of the Gray

trunk, W. C, B., No. 6354, fully illustrated on PL CIV.

PL LXXXVII, Fig. II, 10, is a good group view of the Smith trunk,

W. C, B., No. 1482, and shows the terminal bud clearly. This is a much
worn and laterally compressed trunk, but apparently almost complete. It

is exceedingly oblique at the base, and presents the appearance of having

leaned 40° to 45° from the perpendicular. There is a well-defined conical

bud at the apex, which, however, looks as if it grew from one side, but

standing the trunk on its olDlique base renders this bud vertical, as it

doubtless was when growing. It is set in a slight depression and sur-

rounded by much worn scars of leaves and bracts. The material of this

specimen is a light-colored sandstone, quite soft, but except where worn

off it is covered with a black pigment, probably due to vegetable growth.

The height in the direction of the axis and terminal bud is 17 cm., but the

broad face on the side of which the bud stands is 25 cm. from base to highest

point. This face is 28 cm. wide. The maximum thickness is 12 cm.,

but at some points this is reduced to 9 cm. It has a girth of 67 cm.

(Locality: PL LXXX, near No. 49.)

PL LXXXVII, Fig. II, 11, shows the outer surface of the Smith

fragment, W. C, B., No. 1483.

This is a very irregular fragment from the side of a trunk that was

probably of large size. The position it occupied on the trunk can not be

ascertained, but it may have been near the base. It includes a consider-

able portion of the axis, one of the main fractures being a vertical radial

one, and the other at right angles to it also radial, but very oblique to the

axis, running out to the surface on one side. The third fracture is trans-

verse, and the whole fragment has a sort of triquetrous shape, the outer

surface forming the broader side and having the rounded form of the

trunk. Over most of the surface the upper parts of the leaf scars have

been systematical!}^, and as it seems artificially, broken off to a depth of

2 cm. or 3 cm., usually to near the bottom of the depressions. The por-

tions left, however, afford a fairly correct idea of the whole. The rock is
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hard and more or less crystalline, generally of a dark-reddish color, but

lighter where freshly broken, and rather heavy. In its longest dimen-

sion, which is nearly along the oblique radial fracture, it is 30 cm. The
width at right angles to this is 16 cm. The length of the axis running

obliquely across this face is 15 cm. The maximum measurements over

the curved outer surface are 21 cm. by 36 cm. A polished section is

shown on PL CIII. (Locality: PI. LXXX, No. 59a.)

PL LXXXVII, Fig. Ill, 5, is a view of the best preserved broad side

of the Carr trunk, W. C, B., No. 1463. It shows the terminal bud, but

not so well as it is shown on pi. Ix, fig. 8, of the Nineteenth Annual Report

of the United States Geological Survey, Pt. II.

This specimen consists of the upper portion, probably more than half,

of a verj^ much laterally compressed cycad. The compression is greatest

in the central portions, but the thinnest place is not opposite the medulla,

but on one side of it. The specimen is much worn on all sides, but enough

is left to show that it was originally covered with the usual appendicular

organs. The fracture is oblique, so as to make both the sides and ends

unequal. The most important feature of the specimen is the smooth-worn

but still well-preserved terminal bud, which rises nearly 3 cm. above the

otherwise fiat general surface of the trunk in the form of a small cone about

5 cm. in diameter at the base. It is slightly flattened at the apex, which

may have been due to injury. Bract scars occur around its base, but not

on the rest of the summit of the trunk. This indicates greater wear at a

short distance from the bud, and shows that the latter was originally set in

a depression or crow's-nest.

The.trunk is of a light color and firm consistence and of high specific

gravity. The height, including the terminal bud, is 21 cm. measured on

the median line, but one of the lower sides extends 4 cm. lower, making a

total of preserved substance of 25 cm. This is also about the length of the

longer edge, while the shorter edge is only half as great. The total length

of the oblique fracture is nearly 32 cm., but the major axis at the lowest

point at which it can be measured is 25 cm. Judging from the rate of

contraction, that of the lowest point repi'esented would have been 33 cm.,

and the maximum might have been somewhat greater than this. The
minor axis varies from 7 cm. at the thinnest place to 13 cm. at the summit,

where it is thickest. The girth at the lowest place attainable is 74 cm.
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Its maximum must have been 80 cm. or 85 cm. (Locality: PI. LXXX,
No. 67.)

PI. LXXXVII, Fig. in, 7, is a good side view of the Welsh trunk,

W. C, B., No. 1464.

This is a much laterally compressed fragment lacking base and sum-

mit and also a considerable part of one side, which is now one of the edges

of what is little more than a slab. The fractures at the ends are oblique,

especially the upper one, so that the height, which is 26 cm. on the longest

side, is only 16 cm. on the shortest. The basal fracture is also very

oblique in the short direction, so that one of the fiat sides is 7 cm. to 8 cm.

longer than the other. The missing part from the side (edge) included

the whole of the armor and extended to the medulla. One side of the

specimen is very much worn, the other much less so ; the edge that remains

is also in a fair state of preservation. The rock is rather light colored, but

heavy and solid. (Locahty: PL LXXX, No. 67.)'

PL LXXXVII, Fig. IV, 2, represents the Harman trunk, W. C, B.,

No. 1426.

This is a fragment apparently from near or at the base of a moderate-

sized trunk which was very much laterally compressed. It includes part

of both of the flat sides, but more of one than of the other, and the whole

of one of the narrow sides or edges. The vertical fracture is oblique to the

major axis of a cross section, and falls considerably on one side of the

center, preserving the smaller piece. The lateral fracture is oblique to the

axis, so as to make the broader side longer than the narrower one. Viewed

from above, all the parts are seen to be about equally affected by the

flattening. The specimen is thoroughly silicified, hard, fine grained, and

rather heavj^, of a dark-brown color. It is 18 cm. high measured on the

longer side. Its maximum width is 19 cm., which is that of the broader

side. Its thickness is 10 cm., which is probably somewhat less than the

minor axis of a cross section. The major axis can of course only be con-

jectured, but it was prol^ably 25 cm. or 30 cm., the portion of it that

remains being 14 cm. The whole amount of surface preserved, or partial

girth, is 33 cm. (Locahty : PL LXXX, No. 52a.)

PL LXXXVII, Fig. IV, 3 is a view of the R. P. Disney fragment. No. 1,

W. C, B., No. 3348. This is shown to somewhat better advantage in the

Nineteenth Annual Report of the United States Geological Survey, Pt. II,

pi. Ix, fig. 7.
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It is a small fragment from the side of a large trunk, convex without

and concave within, like a segment of the wall of a cylinder. There are

some indications that it may have belonged near the base, but this is not

certain. The fracture on the lower side is irregular, the inner part pro-

jecting below the outer; it is also oblique on both sides, but unequally so,

one side rising almost to the line of the upper fracture. The latter is

nearly horizontal, but lower in the middle. The specimen is well pre-

served, thoroughly silicified, firm, and moderately heavy. It is of a light-

brown color. The maximum length preserved is 14 cm., but this is on the

inside. Of the external surface it is nowhere more than 10 cm. Its

greatest dimension is tangential and slightly exceeds 24 cm., but an arc on

the external surface between the same points measures 27 cm., and on the

internal 20 cm. The radial thickness varies from 8 cm. to 11 cm. (Local-

ity: PI. LXXX, No. 50.)

PI. LXXXVII, Fig. IV, 6 shows very well the outer surface of the

Ring fragment, W. C, B., No. 1480. It is a much worn fragment from

the side of a large trunk, perhaps near the base, showing the armor and

woody zone only. It is moderately silicified, and a fresh fracture shows a

somewhat sandy appearance. The color of the outside varies from a light

brown to reddish, and at one end black, but this latter is only a stain. The
exposed outer surface is 23 cm. in vertical and 27 cm. in circumferential

measurement, but there is very little curvature to the latter. The frac-

tures Avedge in toward the interior so that the corresponding dimensions of

the inner surface are 17 cm. vertical and 14 cm. lateral. The thickness is

about 10 cm., and the concavity somewhat exceeds the convexity. The
thickness was doubtless considerably greater before the surface was

eroded. (Locality: PL LXXX, No. 62.)

PI. LXXXVII, Fig. IV, 8 is a view, somewhat obscured by the speci-

men standing before it, of the outer surface of the Snowdon fragment,

W. C, B., No. 3054, lying on its side. It is a compact fragment, of a

somewhat circular form, broken out of one side of a large trunk, the frac-

tures on all sides following the direction of the organs of the armor. This is

always at a greater or less angle to the nearly flat outer and inner surfaces,

but on one side the angle is slight, while on the other it is about 45°,

which shows that it must have been near the narrower side or edge of an

elliptical trunk, while the opposite side of the fragment represents its

MON xLvm—05 30
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broad side. The specimen thus has the shape of a saucepan, the inner

face being much reduced by the convergence of the edges on all sides. It

has, superficially at least, a lurid red color from the paint clay in which

it was embedded and which, when it was found, filled all the cavities, but

was not cemented and was readily washed out, but the stain is permanent.

The specimen is hard, firm, and heavy, and slightly crystallized in places,

while the inner face is somewhat chalcedonized, as are also some of the

walls of exposed vessels. In an erect position it has a height of 23 cm.

and precisely the same width. The same measurements on the inner

face give 19 cm. and 10 cm., respectively. The maximum thickness

is 11 cm. (Locality: PL LXXX, No. 104.)

PI. LXXXVII, Fig. IV, 11 shows very clearly the well-marked alveoli

on the surface of the Travers fragment, W. C, B., No. 1478.

This is a well-preserved fragment from the side of a large trunk,

apparently beginning at the base and including a considerable area of the

exterior and extending inward to include the whole of the medulla. The
fractures are all clean and clearly show the internal structure. The cross

section above is perfecth' square. The rock is very hard and heavy, some

portions somewhat cherty and crystallized. It is dark or brownish red

near the outer surface, lighter colored within. The height on the longest

side is 16 cm.,,elsewhere reduced by irregularities to 11 cm. or 12 cm. The
part of the surface preserved measures 25 cm. in arc. The radial thick-

ness is 14 cm. at the base and 11 cm. at the top. A line drawn through

the center of the medulla measures 25 cm., but this only reaches the sur-

face at one end. The medulla was considerably on one side of the center.

(Locality: PL LXXX, No. 77.)

PL LXXXVII, Fig. V, 12 presents one of the broken surfaces of the

R. P. Disney fragment. No. 4, W. C, B., No. 6351. This is a very

small fragment, having a narrow elongated form and showing much dis-

torted and much worn scars on one side and the outwardly curving strands,

tubes, and scars passing into the leaf bases on the inner side. It is 14 cm.

long, 6 cm. wide in tangential direction, and 3 cm. thick in radial direction.

(Locality: PL LXXX, near No. 50.)

PL LXXXVII, Fig. V, 15 is a chiefly interior view of the Simms frag-

ment, W. C, B., No. 3047. It is a fragment from one side and edge of a

much flattened trunk probably of small size and not much longer than the
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specimen. The compression was greatest in the middle, so that the inner

edge is thinner than the outer. The lower end may represent the true base.

It consists almost entirely of armor, the axis having mainly disappeared

before compression. It extends more than halfway around. It is oblique

at the base and also at the summit in such a manner as to make the two

cross sections parallel. There is a kind of groove or hollow trough on the

inner edge, but one side of the armor projects farther in that direction than

the other. It is of a light-brown color, darker where freshly broken,

rather hard and firm, but not heavy. Its maximum length from point to

point is 27 cm., but measured along either edge it is only 19 cm. The
wider side is 13 cm. and the narrower 10 cm. The greatest thickness is

less than 8 cm., while at the inner edge it is not over 5 cm. The surface is

covered with the organs of the armor, which on one side are completely

appressed to the rock and merely point outward or toward the edge of the

specimen. On the other, which is the broader, side they are fairly well

preserved, seem to stand at right angles to the trunk, and were probably

arranged in spiral rows, but these can not now be traced. (Locality:

PL LXXX, No. 102.)

PL LXXXIX, Fig. I, 5 shows one side of the Travers trunk, W. C, B.,

No. 6356.

This is a small, nearly complete, probably immature trunk of com-

pressed cylindrical shape, much worn over the whole surface, so as to

show none of the leaf scars to advantage, the erosion penetrating the

inner wood and even to the medulla on one side. The base is hollowed

out to a depth of 6 cm. The summit is entire, but from one side of it

a piece 8 cm. long is broken out, exposing the upper end of the axis con-

verging to the terminal bud, which is not present. The trunk stands

30 cm. high, is 17 cm. in greater and 9 cm. in lesser diameter, slightly

contracted at base and summit. The maximum girth around the middle

is 42 cm. (Locality: PL LXXX, No. 69.)

PL LXXXIX, Fig. II, 2 represents the Marlowe fragment. No. 2,

M. G. S.-W. C, B., No. 9059, which is a piece out of one side of a moderate-

sized trunk, and has a maximum length of 13 cm. It includes only the

armor and wood and is concave on the inner side, showing obscure mark-

ings of the medullary rays. The radial thickness is 9 cm. and the tangen-

tial length 22 cm. (Locality: PL LXXX, No. 100.)
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PL LXXXIX, Fig. II, 5 shows well the perfect side of the David

Ring trunk, W. C, B., No. 6357. This is neaiij^ half of a small trunk

with small scars, type of W. C, B., Xo. 1478, but still smaller. Besides

the longitudinal fracture which has carried away most of the axis, leaving

a hollow trough showing markings of the inner wall of the woody zone,

there is a transverse fracture at each end, probably near the base and

summit. It is 25 cm. high and 21 cm. in diameter, which was nearly

that of the trunk. (Locahty: PL LXXX, No. 55.)

PL LXXXIX, Fig. II, 6 shows, lying on its side, the worn outer

surface of the Allen fragment. No. 2, M. G. S.-W. C, B., No. 9048.

This is a trough-shaped fragment showing probably almost the whole

length of one side of a small cylindrical trunk, the hollow interior barely

reaching the medulla, and showing the markings of the inner wall of the

woody zone. The external surface is badly worn, and the whole specimen

is stained reddish brown by contact with paint stone. Neither base nor

summit is preserved. The height is 34 cm. and the tangential diameter

is 15 cm. The true diameter could scarcelj^ have exceeded 16 cm. (Lo-

cality: PL LXXX, near No. 101.)

PL CI represents the Polly Jones trunk, W. C, B., No. 1427, in its

proper position, or standing on its base.' It is from a photograph taken

b}^ the Woman's College. This specimen has been taken as the principal

type of the species. It probably constitutes the greater part of the

original trunk, but portions of both base and summit are wanting. It

stands 50 cm. high on the longest side. The base being somewhat

oblique the vertical length of the shorter side is only 40 cm. The size

is nearly uniform for all points and the girth is approximately 1 meter.

It is very much flattened longitudinalh^, and more so at the top than at

the bottom, so that, looked at from the broad side, it seems to expand

slightly upward. The long diameter is at the base about 40 cm. and at

the summit 43 cm. The short axis is about 16 cm. at the base. At the

summit the compression is greatest in the middle, forming a sort of

groove on both sides, but deeper on one side than on the other. A cross

section of the trunk would therefore be somewhat irregularly fiddle

shaped, and the minor axis would measure 12 cm. in the middle and 14

cm. at either end.

The specimen is thoroughly silicified and very heavy. It is of a

brownish-gray color, darker below. The external surface is very little
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worn and the leaf scars and reproductive axes are distinctly shown. The

former are arranged in irregular quincunx order, and spiral rows ascend

from left to right at an angle of about 35° from the horizontal. One of

these spirals, if it could be traced the entire distance, would nearly com-

plete a circuit of the trunk in passing from base to summit. (Locality:

PI. LXXX, No. 59.)

PL CII, Fig. 1 is an excellent side view of the Dennis Butler trunk,

W. C, B., No. 1462. It is a medium-sized trunk with a very eccentric

axis, lacking the armor on the thin side, nearly complete at the base,

truncated at the summit, with a large piece missing from one side, other-

wise entire. Its maximum height is 36 cm., and the longer diameter

of a cross section would be 30 cm. The shorter diameter is 16 cm., but

it was probably 18 cm. The girth is 74 cm. The surface has been

much worn, most on the otherwise defective side. The trunk is of a

light-brown color, thoroughly silicified, portions of the internal parts

being covered with fine quartz crystals or druse. (Locality : PL LXXX,
No. 52a.)

PL CII, Fig. 2 shows the Tubbs trunk, W. C, B., No. 1465, at its

best. This is a large, fine trunk, somewhat elliptical in cross section,

nearly complete at the naturally hollow base, deeply concave at the

summit, where an unknown portion is wanting. It is of a dark color,

"well silicified, and in an excellent state of preservation. The maximum
height is 32 cm., but measured on the short side it is 28 cm., and at the

lowest place 26 cm. The girth is 95 cm. The long diameter at the base

is 34 cm., and the short one 25 cm. At the summit the diameters of

the cross section are, respectively, 33 cm. and 21 cm. (Locality: PL
LXXX, No. 46.)

PL cm shows, natural size, the internal structure of the Smith

fragment, W. C, B., No. 1483, as brought out on the polished surface

of a longitudinal radial section. It extends through the thick armor,

the cortical parenchyma, and the fibrous zone into the medulla, and the

course of the vascular bundles can be clearly traced. This specimen is

also described on page 868. (Locality: PL LXXX, No. 59a.)

PL CIV is a view of the side of the Gray trunk, W. C, B., No. 6354,

from a photograph made by the Woman's College.

This is the upper part, probably more than half, of a fine trunk

which looks as though it might be the complement of W. C, B., No. 1464,
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but does not exactly match that trunk. It is 21 cm. high, 34 cm. in

greater and 17 cm. in lesser diameter at the top, where it is thickest,

the sides being deeply pressed in below, so that it is only 11 cm. thick

at the, transverse fracture. The maximum girth is 81 cm. The fracture

is even and the summit is perfect, showing a depression with a low

prominence in the center surrounded by polygonal scars concentrically

arranged. (Locality: PL LXXX, No. 57.)

Ctcadeoidea FisHEEiE Ward n. sp.

PI. LXXXVII, Fig. in, 9; PI. CV.

Trunks rather small (about 30 cm. high and 20 cm. in diameter),

conical, unbranched; rock soft, light buff colored, of low specific gravity;

leaf stalks strongly inclined, making an angle with the axis bf the trunk

of nearly 45°; rows of scars very distinct, spirally arranged around the

trunk, those from left to right making an angle with the vertical axis of

about 45°, those from right to left of about 30°, the latter much the more

obvi®us and curving upward, so that the angle varies from 45° below to

25° above; leaf scars subrhombic, the two upper ones often forming a

gentle arch, sometimes nearly a horizontal line, making the alveoh true

triangles, the lower 2 cm., the upper 12 mm. wide, about 1 cm. high,

diminishing toward the summit; leaf bases usually present, soft, sandy,

and fine grained; rarely reaching the surface, generally sunk to a depth

of 5 mm., sometimes of 2 cm.; vascular bundles often visible either as

;slight protuberances on the ends of those leaf bases that rise highest in

the scars, or as small dots on those that lie deeper, or as a series of ridges

running down into the scars where the central portion is deeper than the

outer portion, the rows 0.5 mm. from the outer margin, with occasional

faint traces of more central bundles ; ramentum walls when normal about

5 mm. thick, of a rather firm consistency, presenting a continuous sharp

ridge in the direction of the rows of scars from right to left, without visible

commissure; reproductive organs abundant, one in the axil of each leaf,

small and doubtless mostly abortive, occupying wide triangular spaces

between the leaf scars, causing the walls to appear abnormally thick;

spadices always present and flush with the walls, elliptical or circular in

cross section, the larger ones 2 cm. wide and 1 cm. high, often much
smaller; involucral scales abundant, occupying most of the space between
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the walls, concentrically arranged in groups of thin, crescent-shaped scars,

which are always somewhat depressed and contain the bases of the scales;

essential organs visible at the center of the best preserved spadices, but

often wanting and represented by a cavity; armor 3 cm. thick; woody
cylinder consisting of two layers or rings, the outer, or cortical parenchyma

2 cm. thick, open and loose in structure, the large vascular strands passing

upward and outward through it to enter the leaf bases, where they sud-

denly arch over and assume the downward course of the leaves, the

inner or fibrous zone, 5 mm. thick, very distinct from the outer, the

strands rising from its outer surface and not penetrating it, its fibers

being longitudinal, its inner walls showing the longitudinal rows of the

alternating ovate scales of the medullary rays; medulla represented in

the only specimen known b}^ a narrow band 5 mm. thick of rough, dark,

crystalline rock substance with peculiar plates of a finer white rock cross-

ing it in the form of dikes.

This species is thus far known only by the thin slab, W. C, B., No.

6345, called the Hegeman trunk from Stemmers Run, being almost the

only cj^cad from anj^ point east of the meridian of Baltimore. Although

so incomplete a part of the entire trunk, still it contains the greater part

of the specific characters, and constitutes one of the most distinct species

of the genus known. It is also one of the most beautiful of cycads, and

it gives me great pleasure to name the species in honor of the late Mrs.

Mary Fisher Goucher, nee Mar}^ Fisher, who was largely instrumental in

the establishment and development of the Woman's College, and thereby

to help perpetuate one of the finest names in the history of the city of

Baltimore.

PL LXXXVII, Fig. Ill, 9 shows well the relative size and general

appearance of the specimen.

PL CV presents the outer surfaces. It is fi'om a photograph made
by the Woman's College of Baltimore, and clearly brings out most of the

characters of the species. This specimen consists of a slab from the flat

side of a trunk of conical shape. It is convex on the outer and concave

on the inner surface, with indications that the trunk was hollow before

entombment. It extends from the base to near the summit, and is 28 cm.

high, 19 cm. wide below, and 14 cm. above. The specimen weighs 2.83 kg.

(Locality: PL LXXX, No. 42.)



472 MESOZOIC FLORAS OF UNITED STATES.

Ctcadeoidea Clarkiana Ward n. sp.

PI. LXXXIX, Figs. I, 2, 4; PI. CVI.

Trunks rather large, tall and subcylindrical or barrel-shaped, laterally

compressed, unbranched; rock rather hard, of a light-ash color and

average specific gravity; organs of the armor horizontal or somewhat

descending; rows of scars from left to right making an angle with the

axis of 45°, thosefrom right to left an angle of 80°; leaf scars subrhombic or

irregular in shape and variable in size, 15 mm. to 18 mm. wide, 10 mm. to

15 mm . high ; leaf bases present, sunk about 1 cm. below the surface, porous

;

vascular bundles not visible on the cross sections, but distinct on the eroded

surfaces ; ramentum walls very thin and sharp edged, thickening below to 3

mm. to 5 mm. hard, destitute of markings or division line between the

plates; reproductive organs obscure and reduced to pitted areas on the

eroded surface; armor 3 cm. thick, the leaf bases passing insensibly into

the woody axis ; wood 2 cm. thick, in four layers or rings ; outer layer 1 cm.

thick, chiefly composed of the elements of vascular tissues passing upward

and outward through it and curving over at the outer margin to enter

the deflexed leaf bases; fibx'ous zone of three rings, the outer and inner

consisting of loose, open tissue, largely decayed in the only specimen that

shows them, leaving a fissure, the middle ring hard and firm, forming a

plate surrounding the medulla, 5 mm. thick, its inner surface regularly

marked with the scars of the medullary rays, which are elliptical in shape

and disposed in alternating rows; medulla very large and prominent,

elliptical in cross section, thickest in the middle of the trunk to conform

to its shape, which it chiefly determines, the shorter diameter varying

from 9 cm. to 15 cm. and the longer from 14 cm. to 18 cm., coarse grained

and homogeneous in structure, its surface where exposed handsomely

marked by the ridges and flutings of the bases of the medullary rays

rising out of it.

This species is known by two of the later acquired specimens, the

Whitehead trunk. No. 1, M." G. S.-W. C, B., No. 9050, and the R. T.

Donaldson trunk. No. 2, M. G. S.-W. C, B., No. 9052, both found in

the Patuxent Valley south of Laurel, but probably not at the same

spot, so as to warrant the conclusion that might be drawn from their

appearance that the latter forms a part of the missing upper portion
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of the former. It is a very distinct species and the only one of the

Maryland Potomac species that has the tall subcylindrical form.

These specimens were collected under the joint operation of the

Woman's College and the Maryland Geological Surve,y, and it therefore

seems appropriate to name the species in honor of the energetic and

efficient head of that survey, Prof. William Bullock Clark.

PI. LXXXIX, Fig. I, 2, shows the eroded side of the Whitehead

trunk, No. 1, M. G. S.-W. C, B., No. 9050, by the side of other trunks.

It is fully illustrated on PL CVI.

PI. LXXXVII, Fig. I, 4, represents the R. T. Donaldson trunk,

No. 2, M. G. S.-W. C, B., No. 9052, which is not a trunk at all, but a

piece of the upper end of the medulla of some large trunk, and from

comparison it might well have l^elonged to the type specimen. No. 9050,

found near the same place, but this is not proved. It msij be the whole

of the pith of a small conical trunk. It is subconical in shape, sweUing

out rapidly near the lower end and hollow within at that part. There

is a curious partition across this cavity, dividing it into two unequal

parts. It is 20 cm. high, 11 cm. by 17 cm. in diameter at the base,

with a girth of 44 cm. Above the swelling the girth is reduced to 36

cm. and near the top to 25 cm. It weighs 2.55 kg. (Locality: PL

LXXX, No. 106.)

PL CVI represents the best-preserved side of the Whitehead trunk,

No. 1, M. G. S.-W. C, B., No. 9050. It is from a photograph made

by the Woman's College. This specimen has furnished all the specific

characters known. It represents a large, handsome, barrel-shaped

trunk of which all above about the middle is wanting, and the part

that remains has suffered much from erosion and decay. The figures

show it so fully that special description is scarcely necessary. It has

a maximum height of 34 cm. The longer and shorter diameters at

the lower fracture are 25 cm. and 13 cm., respectively, and at the upper

end 29 cm. and 18 cm. The girth at the corresponding points is 65 cm.

and 78 cm. It weighs 17.24 kg. On the two flat sides the erosion

reaches the cortical parenchyma and clearly displays the structure

caused by the bundles of strands running out into the leaf bases.

(Locality: PL LXXX, No. 105.)
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RECENT COLLECTIONS OF FOSSIL PLANTS FROM THE OLDER POTOMAC OF
VIRGINIA AND MARYLAND.

Professor Fontaine's report on all the Potomac material that had

been sent to him was received on November 12, 1902. The type speci-

mens designated b.y him to be drawn arrived in advance of the report

and work upon them was begun in the division of illustrations in

December. The report is not a systematic paper like most of those

of Professor Fontaine, but simply gives the results of his examination

of the numerous collections in his hands. These he treats separately,

so that each collection forms a special report. It therefore amounts

practically to a series of reports on material from different localities,

which are susceptible to an}^ arrangement that may l^e considered most

advantageous. As, however, in a number of cases specimens had been

collected more than once from the same locality, and sometimes by

different collectors who did not always designate it by the same name,

and as these also are treated separately, it has been thought best to

combine them and to treat all the forms coming from the same locality

and formation under one head, irrespective of the date of collection

as well as of the particular person who obtained them. As all the speci-

mens bear careful labels and marks showing these details, including the

proprietorships of the fossils, this will lead to no confusion in the final

disposition of the collections. All those representing new species or

deserving special treatment or illustration are accompanied by full

descriptions of their sources, and due credit is given to the collector and

to the institution to which they l^elong.

As nearly all the specimens in these numerous collections belong

to species that have been described and figured in earlier works, chiefly

in Professor Fontaine's Potomac or Younger Mesozoic Flora," he usually

contents himself with their identification accompanied by references to

the original source. Some of the material, however, add somewhat to

the knowledge of the rarer species, and where this is the case the speci-

mens best showing character^ are figured in this paper. The most

important result is the correlation on this the principal paleontological

evidence of the new plant-bearing beds, especially of those in Maryland,

from which no fossil plants had previousl}^ been reported, with the

« Monogr. U. S. Geol. Surv., Vol. XV, 1889.
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known plant beds in Virginia. This evidence is put in more available

form in the table of distribution which I append to the report.

Several years ago I was informed that the United States National

Museum was to undertake the publication of a revised edition of m}?^

Guide to the Flora of Washington and Vicinity," bringing it down to

date and rearranging the matter to conform to modern ideas of classi-

fication and nomenclature. The different departments were to be

elaborated by specialists in each. I offered to revise the introductory

matter and to contribute a chapter on the fossil plants from all locali-

ties falling within the area covered by the original work. This, in brief

terms, extended from Great Falls on the north to Mount Vernon on

the south, and back from the river to the Piedmont Plateau on the

west and to the divide between the Potomac and Patuxent drainages

on the east. Of the localities treated in Professor Fontaine's report

now to be considered it would therefore have included the following:

Langdon, D. C.

Queens Chapel road, D. C.

Rosiers Bluff (Fort Foote), Md.

Riverdale, Md.

Berwyn, Md.

Bewley estate, Md.

Muirkirk, Md.

Contee, Md.

Mount Vernon.

Hell Hole.

Moutli of Hell Hole.

Chinkapin Hollow.

Sixteenth street, Washington,

New reServoii-, Washington.

Terra Cotta, D. C.

Ivy City, D. C.

Some of these localities were unknown at that time, but I had

in my hands the collections from Mount Vernon, Chinkapin Hollow,

Sixteenth street, the new reservoir. Terra Cotta, Rosiers Bluff, and

Muirkirk, nearly as they are known at the present time.

I set about, as time would permit, the determination of these col-

lections, and studied many of the specimens, giving names to several

new species and preparing a list of all the fossil plants that would belong

to the flora of Washington and vicinity. I intended to describe the

new species and to write the chapter, but learned that the publication

of the revised edition had been somewhat indefinitely postponed. I

therefore suspended work on these collections, and when the time came

for the general treatment of the Potomac flora for the present paper I

oBuIl. U. S. Nat. Mus. No. 22, 1881.
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sent them all to Professor Fontaine with my notes and labels, embody-
ing the results of my studies. He has accepted my names for the new
species, except in the cases where his wider experience showed that

I was in error, and this accounts for a considerable number of the new
species having been named by me. The descriptions, however, are in

most cases those of Professor Fontaine.

Professor Fontaine's mode of treatment above referred to enables

me to arrange the localities in a definite order, and I have thought best

to make the arrangement chiefl.y geographical, beginning with the most

southerly localities in Virginia and proceeding northward. This arrange-

ment has the advantage of practically separating the States of Virginia

and Maryland. As it is understood that the State Geological Survey

of Maryland is to reproduce as much of this paper as is considered desir-

able in illustrating the geology and paleontology of that State, it may
now, if it prefers, confine itself to that portion of the report relating to

Maryland only. The localities faUing within the limits of the District

of Columbia are also placed together, although it is understood that the

Maryland State Survey includes the District. In treating the locali-

ties in the State of Maryland I begin with Rosiers Bluff, on the Potomac
River at Fort Foote, and pass from this in a general northeasterly

course, following as nearly as practicable the direction of the strike. A
number of the Maryland beds yield nothing but vague, indeterminable

impressions of plants, but Professor Fontaine has examined the mate-

rial, and I leave his remarks upon such localities for whatever the_y may
be worth. Those localities which occur on the map (PI. LXXX) are

there numbered, and in all such cases the number is given.

As the paper is not in any sense a systematic one, but whoU}^ geo-

graphical and stratigraphical, an alphabetical arrangement of the species

enumerated from each of the numerous localities seems upon the whole

the most practical and convenient method of treatment.

REPORT ON VARIOUS COLLECTIONS OF FOSSIL PLANTS FROM TRh uLbtH PolvMAV OF
VIRGINIA AND MARYLAND.

By Wm. M. Fontaine.

INTRODUCTION.

A number of years ago I made a large collection of fossil plants from

the Lower Potomac of Virginia and Maryland. The results of the study

of these fossils were published in 1889 as Monograph XV of the United
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States Geological Survey. Since that time a large amount of material

has.been obtained from these beds. Most of the plants furnishing the

basis for the results given in that work were secured from localities in

Virginia. In the collections made later a very large proportion of the

fossils come from Maryland, being secured for the most part by Mr.

Arthur Bibbins, of the Woman's College of Baltimore, and by the Mary-

land Geological Survey. A good many specimens have been secured by

Professor Ward from a new horizon, not known at the time of the publi-

cation of Monograph XV. The strata yielding these plants have been

named by Professor Ward the Mount Vernon series. Professor Ward

and others have also made considerable collections from Fort Foote, on

the Maryland side of the Potomac River, from the excavation for the

new reservoir at Washington, and from various other localities in Mary-

land, the District of Columbia, and Virginia.

All of these collections have been turned over to me for study and

description, in order that the publication of data relating to the fossil

flora of the Lower Potomac of the Atlantic States raay be brought up to

date. The object of the present paper is to give the result of such study.

By far the greater part of this material, obtained since the publication

of Monograph XV, is composed of species described in that work. Some

of the collections were made from new horizons or from those whose

relations to the horizons yielding the plants there described are unknown.

Many of them are from localities remote from one another, so that the

territory occupied by the Lower Potomac flora of the Atlantic States is

now much more full}' represented by fossil plants than it was at the time

of the publication of Monograph XV. It is surprising to find so few new

species represented in this large additional supply of material.

In dealing with this more recenth' obtained matter, in order that it

may serve to determine the geological horizons from which the plants were

obtained, it seems best to take up the collections separately and compare

the plants in them with those from the horizons and localities described

in Monograph XV. The few new forms that have been found will be

described and figured in their proper places. Where good specimens of

previously described species are obtained they will be figured in some

cases, for the sake of comparison.

The collections have very unequal value, owing to difference in their

size and in the perfection of preservation of the impressions. In
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some localities where the plants seem to have been abundant the rock

matter was not adapted to preserve them. In other cases the material

seems to have floated for a long time in water and hence it is much

macerated and comminuted.

The abundance of plant impressions at a given locality can not

always be determined from the size of the collections made there. In

some cases the collection is the result of a single visit, in which only a

short time was spent in collecting, with no facilities for securing the

plants. In other cases repeated visits were made for the express purpose

of collecting.

In the various collections some species are much more abundant

than others. This is not always due to the greater actual abundance

of these plants, for the accidents of preservation have had much to do

with the proportion of the different forms. But notwithstanding this,

the only way in which an idea of the importance of given plants in the

flora can be obtained is by noting the proportion of the fossils they have

left. For this reason, in giving an account of the different collections,

the number of specimens of the various species will be indicated by actual

count.

LOCALITIES IN VIRGINIA.

Professor Ward has made the following divisions of the Lower

Potomac of that State, taken in ascending order: (1) James River;

(2) Rappahannock; (3) Mount Vernon; (4) Aquia Creek. In the

writer's opinion the James River and Rappahannock are essentially the

same. Professor Ward's investigations show that the Aquia Creek beds

are only a few feet above the Mount Vernon strata and that there is

much in common in their flora. The Aquia Creek beds may be taken to

represent both. The principal difference in the flora is found in passing

from the Rappahannock into the Aquia Creek.

These two horizons differ in some important points. The Rappa-

hannock horizon contains a large proportion of still surviving Jurassic

types. The dicot^dedons are very few in species and ver}^ rare in speci-

mens. They are, with hardly an exception, archaic in type, having a

vague, straggling nervation, with no marked differentiation in the devel-

opment of the nerves subordinate to the midrib. On the other hand, in

the Aquia Creek beds that occur at the Brooke locality we find compar-
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atively few Jurassic elements, they having apparently died out. A
number of forms not found in the basal beds appear. The number of

dicotyledons is so much increased that they form the predominant

plants. The most abundant ones are of more modern aspect than those

of the basal beds and the characteristic archaic forms of the latter have

mostly disappeared.
FOSSIL PLANTS PROM THE JAMES EITER. "

The following species occur in the collections from the banks of the

James River, the only localities represented being those at Dutch Gap

(see Monograph XV, p. 12) and Sailors Tavern (see ibid., p. 14)

:

Baieropsis pluripartita Font 1 specimen.

Dioonites Buchianus (Ett.) Born 3 specimens.

Podozamites distantinervis Font. ? ^ 1 specimen.

Sphenopteris latiloba Font 1 specimen.

Zamites tenuinervis Font. ? _ 1 specimen.

Baieropsis pluripartita Fontaine. "^^

PI. CVII, Fig. 1.

1889. Baieropsis pluripartita Font.: Potomac Flora (Monogr. U. S. Geol. Surv.,

Vol. XV), p. 208, pi. IxxxLx, fig. 4; pi. xc, figs. 2, 2a, 3, 4, 4a, 5; pi. xci,

figs. 1, 3, 3a, 4, 7; pi. xcii, figs. 1, 2, 6.

Dioonites Buchianus (Ettingshausen) Bornemann.*

Pi. CVII, Fig. 2; PI. CVIII, Fig. 1.

In 1895 Mr. Bibbins obtained from Sailors Tavern, for the Woman's

College of Baltimore, two good specimens of Dioonites Buchianus, which

are represented on PL CVII, Fig. 2, and PL CVIII, Fig. 1. This is a

« Professor Fontaine does not mention this plant in his report, although he returned the specimen so

labeled. It was collected by himself at the entrance to Trents Reach below the Dutch Gap Canal in 1892.

In a letter from him dated October 17, 1892, he says:

" I send you a small piece of shale containing a seeming drupaceous fruit, apparently attached by a short

pedicel to the summit of the petiole of a leaf of Baieropsis, where the lamina of the leaf begins to divide. I

should be glad if you would carefully examine and see if this is a real attachment and not an accidental loca-

tion of the seed. If it is a real attachment, then we have for the first time found the fruit of Baieropsis, which

in some points would resemble that of Ginkgo. The leaf is that of Baieropsis pluripartita, and comes from

the entrance to Trents Reach. Please put the specimen in your collection. I found it since writing the

description of the .James River plants."

I do not find any reply to this letter, but I remember examining the specimen and concluding that the

seed was not probably attached to the leaf by the side of which it occurs. It may, however, belong to this

plant. Both the seed and the leaf are figured in PI. CVII, Fig. l.—L. F.W.
6 For the synonymy of this species see pp. 244-245.
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plant which is common at that locality and which was already known
from that region, being described in Monograph XV, p. 182. The plant

is characteristic of the lowest portion of the Lower Potomac of Virginia,

the James River and Rappahannock series in the subdivisions of Pro-

fessor Ward. The specimen represented on PL CVII, Fig. 2, is not

numbered; that shown on PL CVIII, Fig. 1, is No. 5716 of the museum
of the Woman's College of Baltimore.

One other leaflet of this plant occurs in a collection made by Mr.

Ira Sayles from the Sailors Tavern locality on September 22, 1886.

FOSSIL PLANTS FROM ALUM ROCK.

The locality called Alum Rock is about 2 miles southwest of Fred-

ericksburg. The material here that yields the fossils is a sandy shale,

with very imperfect cleavage. It is near the base of the Lower Potomac,

belonging to the lower portion of the Rappahannock or Fredericksburg

series of strata. The fossils are few and poorly preserved, being mostly

small fragments which can not be identified. The following species

occur in the collection made by Messrs. Ward and White on May 3, 1892:

Carpolithus virginiensis Font 1 specimen.

Cladophlebis alata Font 1 specimen.

Cycadeospermum acutum Font 1 specimen.

Pecopteris virginiensis Font 3 specimens.

Sphenolepidium Sternbergianum densifolium Font 1 specimen.

Mr. Bibbins also collected some specimens for the Maryland Survey

from Alum Rock, but none of them are determinable.

FOSSIL PLANTS FROM THE 72D SIILEPOST.

The locality designated "72d Milepost,"' on the Richmond, Fred-

ericksburg and Potomac Railroad, which is a link in the Atlantic Coast

Line system, is described in Monograph XV, pp. 19-20. The fossils

found there were mostly in redeposited material, composed of clay lumps

embedded in the sand in a short cut. The clay contained nearly all the

plants. It must have been torn up and redeposited soon after its original

deposition, so that both events belong to the same geological time. It

belongs to the Aquia Creek series of Professor Ward's grouping of the

Lower Potomac.

There are in the Maryland Survey collections a number of fossils

credited to a locality given on the labels as "Railroad cut south of Aquia
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Creek." The locality is not more precisely given, but it is probably that

described in Monograph XV as "72d Milepost." The following plants

occur in that collection: .

Baieropsis pluripartita Font 16 specimens.

Sapindopsis brevifolia Font 5 specimens.

Sapindopsis magnifolia Font 1 specimen.

Sapindopsis variabilis Font 10 specimens.

No new forms not described in Monograph XV as found at this

locality occur in the collection, and hence there is no reason for changing

the conclusion drawn in that work for the age of the formation. The

age was determined as Aquia Creek.

FOSSIL PLAM'S FliOJI >EA1! THK ;->!> JULEPOST.

On May 4, 1892, Professor Ward discovered a new plant locality, a

short distance north of that of the 72d Milepost, at the end of the railroad

cutting and below the tracks, on the west side. On July 28, 1893, I

visited the place in company with Professor Ward and we made a col-

lection larger than that made by him. The clay containing the plants

shows its top in a drain below the level of the roadbed. It forms an

undisturbed lens in the partially indurated sands. This clay no doubt

represents a lens similar to that which was torn up to form the redepos-

ited clay particles at the 72d Milepost. No plants were found here which

had not previously been found in the same general region. The following

is the list of species found here:

Aristolochisephyllum crassinerve Font 8 specimens.

Baieropsis foliosa Font 3 specimens.

Glyptostrobus (Taxodium) brookensis (Font.) Ward 1 specimen.

Leptostrobus longifolius Font - - .. 1 specimen.

Sapindopsis magnifolia Font . 1 specimen.

Sphenolepidium Sternbergianum densifolium Font 1 specimen.

Sphenolepidium virginicum Font 1 specimen.

Aeistolochi^phyllum crassinerve Fontaine.

PI. CIX, Fig. 1.

1889. Aristolocliisep'hyUum crassinerve Font.: Potomac Flora (IMonogr. LI. S. Geol.

Surv., Vol. XV), p. 322, pi. clx, figs; 3, 3a, 4-6.

The large coarse leaves of Aristolochia'phyllum crassinerve occur in

a considerable number of fragments. Some of them are larger and better

MON xLvm—05 31
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than those figured in Monograph XV, and one of these is figured in PL

CIX, Fig. 1, to iUustrate more fully the character of the plant. It is

probable that an excavation in this clay and a more thorough collection

would give more good specimens of this plant, which as yet is known only

by portions of its leaves.

B'OSSIL PLANTS FKOM THE BANK NEAK BKOOKE.

The locality designated ''Bank near Brooke" (see Monograph XV,

p. 21) represents strata of the Aquia Creek horizon or Brooke beds of the

Lower Potomac, that have been fully described.

The following collections have been made from this locality since the

appearance of Monograph XV

:

1. A small collection hj Lester F. Ward on June 20, 1891.

2. Another small collection by Lester F. Ward and David White on May 4, 1892.

3. Two slabs of considerable size containing numerous impressions of leaves

and some well-preserved Unio shells were found so labeled without indication of

collector or date. There is a memorandum in the register suggesting that they

may have been collected by Fontaine, Knowlton, and Ward on the occasion of their

visit to this place Jime 12-14, 1886.

4. A collection made for the Maryland State Geological Sui'vey, not dated, but

bearing the numbers 8.304-8.313 of that survej^

5. Thi'ee specimens collected for the same survey, bearing its number 8314 and

the words: "Aquia Creek Bridge, Va., Loc. from L. F. Ward," which appear to be

from the same locality, the ' rock material being the same and the same species

occurmg in it.

From all these sources the following species, with the number of

specimens of each, are found:

Baieropsis foliosa Font : 1 specimen.

Baieropsis pluripartita Font . 6 specimens.

Leptostrobus foliosus Font ._._.:.... 1 specimen.

Leptostrobus longifolius Font_ 4 specimens.

Menispermites virgmiensis Font. . _ 3 specimens.

Sapindopsis brevifolia Font 2 specimens.

Sapindopsis magnifolia Font - 1 specimen.

Sapmdopsis variabilis Font 2 specimens.

As all of these species were previously known from this locality, and

none of the specimens add anything to our knowledge of them, no special

description of them seems necessary.
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FOSSIL PLAXTS FROM COCKPIT POIXT.

Cockpit Point was not known to yield fossil plants until after the pub-

lication of Monograph XV. This locality is on the Potomac River. The

Coast Line Railroad passes through a cut of considerable depth, situated

immediately on the river. This cut has exposed an irregular clay lens

inclosed in the Potomac sands and lying about 30 feet above the water.

This lens is quite limited in extent, and where it is thickest is only about

2 feet thick. The material is a sandy clay, now hardened to a rough shale,

with poor cleavage. It is not well adapted for the preservation of por-

tions of plants of large size. As it is embedded in coarse sand and gravel,

the water making the deposit was exposed to strong movements which

tended to break up the fossils. This shale is full of plant remains and, if

care is exercised, many identifiable forms may be obtained, although in

small fragments.

In April, 1891, Mr. David White collected here two specimens showing

traces of Glyptostrobus (Taxodium) brookensis. Some of the material from

the cut was thrown on the bank of the river, and in this most of the fossils

were obtained. The principal collections from this point was made l^y

Professor Ward and myself in a single visit on July 27, 1893, lasting

only an hour or so, with no expectation of finding fossils, hence it can

not be taken as exhaustive. Indeed, under the circumstances, it is sur-

prising that so many species, in such distinct forms, were found. Most

of the fossils were collected from the dumped material, but some from

the strata in place. As stated, the material is very unfavorable for the

preservation of good specimens; still, a considerable number of plants,

as may be judged from the following list, was obtained in the short

time devoted to collecting them. Four specimens occur in the collections

made by Mr. Bibbins for the Maryland State Geological Survey in May,

1897. The following is the list of species collected here. With the

exception of Feistmantelia, none of them are new, having been described

in Monograph XV.

Dioonites Bucliianus (Ett.) Born 4 specimens.

Diyopteris heterophylla (Font.) Kn 3 specimens.

Equisetum virginicum Font. ? 2 specimens.

Feistmantelia vii-ginica Font. n. sp 4 specimens.

Glyptostrobus (Taxodium) brookensis (Font.) Ward 2 specimens.

Nageiopsis heterophylla Font 1 specimen.
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Nageiopsis longifolia Font 1 specimen.

Nageiopsis micropliylla Font -1 specimens.

Nageiopsis obtusifolia Font 1 specimen.

Scleropteris virginica Font. ? 1 specimen.

Sphenolepidium dentifolium Font 21 specimens.

Sphenolepidium Kurrianum (Dunk.) Heer ? 2 specimens.

Splienolepiduim parceramosum Font. ? 1 specimen.

Sphenolepidium Sternbergianum densifolium Font 1 specimen.

Sphenolepidium virginicum Font . 1 specimen.

Thyrsopteris decurrens Font. ? 1 specimen.

Thyi'sdpteris densifolia Font 1 specimen.

ThjTsopteris elliptica Font 2 specimens.

Tliiysopteris rarinervis Font. ? 1 specimen.

Williamsonia ? gallinacea Ward n. sp 1 specimen.

Feistmantelia " VIRGINICA Fontaine n. sp.

PI. CVII, Fig. .3.

This plant occurs in four well-marked specimens. The character-

istic cigar-shaped convexities are very distinct. There is no verj' good

feature which may serve to determine, as distinct species, the specimens

of this peculiar fossil, which have been found at widely separated locaUties.

The specific name virginica is given to the plant from this locality to

indicate the place of occurrence rather than its necessary specific indepen-

dence.

PL CVII, Fig. 3, gives one of the most distinct of the specimens found.

The four specimens in the collection are not to be taken as a measure of

the abundance of the fossil at Cockpit Point, for a number of others could

have been obtained.

« The genus Feistmantelia was named by me in my paper on tlie Cretaceous formation of the Black

Hills (Nineteenth Ann. Rep. U. S. Geol. Surv., Pt. II, 1899, p. 693 ), founded on specimens collected by Professor

Jenney in the Hay Creek coal field. In an extended note on pages 694-696 I set forth the grounds for thus

treating it. Professor Fontaine was with me when I collected the specimens at Cockpit Point on Juh' 27,

1894, and we discussed these objects together. In his description of the Hay Creek specimens, to which he gave

no systematic name, he mentions those from Cockpit Point, but neither of us at that time ventured to assign

to them a specific name. I did, however, name the Hay Creek form Feistmantelia ohlonga, and the form

figured by Feistmantel in the flora of Koch, F. fusiformis. We now have a third species, and the form from

the Cheyenne sandstone of Kansas, mentioned in my note, will probably be a fourth, when the time arrives

for treating it.—L. F. W.
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WiLLIAMSONIA ? GALLINACEA Ward 11. Sp."

PL CVII, Fig. 4.

The supposed Williamsonia is a fragment, showing what seems to he

the summit of the peduncle of the inflorescence, with portions of the bases

of the bracts. It is not distinct enough to make the generic identification

positive.

The hst given above of the plants obtained from Cockpit Point shows

that the horizon is that of the Rappahannock or Fredericksburg beds;

that is, near the base of the lower Potomac, corresponding to Professor

Ward's Rappahannock series. This is confirmed by the character of the

strata, for the fossiliferous stratum is, in lithological character, much hke

the basal material of the lower Potom.ac found at Alum Rock, near the

town of Fredericksburg. It rests on unlaminated, greenish, sandy

material which weathers bright red. This rock matter is characteristic of

the bottom beds of the lower Potomac in the northern portion of the

formation in Virginia.

FOSSIL PLASTS FKOJI >EAK WOODBEIDliE.

Cycadeospermum obovatum .Fontaine.

PI. CVII, Fig. 5.

1889. Cycadeospermum ohovatum Font.: Potomac Flora (Monogr. U. S. Geol. Surv.,

Vol. XV), p. 270, pi. cxxxv, fig. 13.

Mr. Victor Louis Mason obtained on October 5, 1893, a complete

seed of Cycadeospermum obovatum Font, from a cut on the Atlantic^

Coast Line Railroad below (south of) Woodbridge, Va., near the north'

end of the cut. This is from the same horizon as the plants from near

Lorton, next to be considered. It occurs near the contact with the

Cambrian slates. In Monograph XV these slates were spoken of as

Azoic, but later investigations show them to be probably Lower

Cambrian.
FOSSIL PLANTS FROM NEAR LOKTON STATION.

This is the locality formerly known as "Telegraph Station." It

was designated by this latter name in Monograph XV, p. 22. The

railroad station is at Springman post-office. The spot from which the

« Professor Fontaine assigned no specific name to this form. The name adopted alludes to the locality.—

L. F. W.
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plants were obtained is a cutting on the Coast Line Railroad about 1

mile south of the station. The rock material yielding the plants is at

the base of the Potomac, for the Cambrian slates may be seen out-

cropping a few feet beneath the stratum carrying the plants. The

fossiliferous material is a buff to yellow shale, with good cleavage, which

preserves the plants veiy well. It is nearly on the horizon of the Cock-

pit Point pl'ants, but perhaps someAvhat below that; both, however,

belong to essentially the same geological horizon.

Two small collections have been made from this locality since the

appearance of Monograph XV, one by Professor Ward and mj'self on

July 26, 1893, and one by Professor Ward and Mr. Victor Mason on

October 5, 1893. No new species occur in these collections, but they

contain the following plants:

Acacijephyllum inicropliyllum Font l .3 specimens.

Dioonites Buchianus (Ett.) Born 9 specimens.

Dioonites Buchianus abietinus (Gopp.) Ward 1 specimen.

Dryopteris parvifolia (Font.) Kn 1 specimen.

Equisetum virginicum Font. ? 1 specimen.

Glyptostrobus (Taxodium) brookensis (Font.) Ward 3 specimens.

Sequoia subulata Heer 3 specimens.

Sphenolepidium pachyphyllum Font 3 specimens.

Sphenolepidium Sternbergianum densifolium Font •_ 2 specimens.

Zamites tenuinervis Font 1 specimen.

It will be seen from the enumeration of the specimens that the

collection is a small one. The number of specimens, however,^ as in the

case of the Cockpit Point fossils, is no measure of the abundance of

the plants. After considerable search it was seen that, at both these

localities nearly all the forms had been previously described, and hence

no attempt was made to secure all the specimens. Only the best and

most characteristic were collected. Still, the numbers given for the

several species named in the list fairly represent their relatiye abundance

in the flora.

Dioonites Buchianus abietinus (Goppert) Ward."

PI. CVIII, Fig. 2.

A very distinct specimen of Dioonites Buchianus abietinus is shown

in PL CVIII, Fig. 2.

"For synonymy, etc., see p. 2.50.
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FOSSIL PLAATS FKOM THE COLCHESTER UOAD.

On August 5, 1893, Professor Ward obtained from the Colchester

road in Virginia eight fragments of shale with traces of fossil plants.

They are imprints of small portions of the ultimate pinnse of a fern

that resembles Thyrsopteris pachyrachis Font.," a plant previously

described from Virginia. There is not enough material sufficiently well

preserved to positively determine the species. This is a species charac-

teristic of the lower portion of the Lower Potomac, the part embraced

in Professor Ward's two subdivisions, the James River series and the

Rappahannock series. The exact locality from which these specimens

were obtained is the right bank of Pohick Creek, on the west side of

the Colchester road. This is a locality which at the time of the prepa-

ration of Monograph XV was not known to yield fossil plants.

FOSSIL PLANTS FROM WHITE HOCSE BLUFF AND MOUNT VERNOX (BROOKE BEDSl.

In the banks of the Potomac River called White House Bluff, and

up the river to near the Mount Vernon Mansion, there are two different

horizons containing fossil plants. The lower one is that of the Mount

Vernon series of strata, on which Professor Ward found Mount Vernon

plants at two localities. These will be noticed farther on (see p. 490).

The upper one belongs to the Aquia Creek series or Brooke beds,

and will be treated first because first discovered by me (see Monograph

XV, pp. 22-23). Later Professor Ward discovered a locality of this

age above the mouth of Doag Creek on the Mount Vernon estate.

It will be convenient to treat both these localities under one head. Mr.

William Hunter discovered in White House Bluff, near my original

locality, a new localit}^ for Aquia Creek plants. This is at the lower

or south end of the large exposure next below the original locality and

at nearly the same elevation above the water. These three localities

for Aquia Creek plants may for distinction in this paper be called "Fon-

taine's locality," "Hunter's known locality," and "Ward's locality."

In 1895 Mr. Hunter collected a few specimens in this bluff from

another locality, whose position was not given. These plants show

"Monograph XV, pp. 132, 133, pi. xlvi, figs. 3, 5; pi. xlvii, figs. 1, 2: pi. xlix, fig. 1.
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that the horizon is that of the Aquia Creek series, but the matrix carry-

ing the plants is somewhat different from that of the two localities given

above. As it is on the same horizon its fossils may be noticed in this

place and the locality be denoted as "Hunter's unknown localitj^"

The following collections have been made at these localities:

1. On November 6, 1892, a dozen or more small specimens of fossils belonging

to the Aquia Creek or Brooke beds were collected by Lester F. Ward and Victor

Mason on the Mount Vernon estate, in the bluff in which the Mount Vernon chocolate

clays were fii'st discovered and immediately over the principal plant bed in these

clays.

2. On November 20, 1892, the same jDarty collected half a dozen specimens from

the original locality of Fontaine. It had suffered considerable alteration from

caving and sloughing, and the specimens were taken from the extreme left (south

end), under the roots of a tree.

.3. On May 14, 1893, Mr. William Hunter, who had pi'eviously discovered the

locality, guided the party above mentioned to what has been designated "Hunter's

known locality," where between 30 and 40 specimens were obtained.

4. The same party visited on the same day the Mount Vernon bluff, where

besides the Mount Vernon plants, of which a large collection was made, they

obtained one fine specimen from the immediately overlying Brooke beds. This

locality is the same as No. 1, above.

5. A second smaller collection was made from the last-mentioned locality by

WiUiam Hunter and Lester F. Ward on August 8, 1893.

6. Mr. Hunter made a collection of more than a dozen specimens from White

House Bluff' in 1895, the exact location of which was not stated on the labels. This

is the one designated "Hunter's unknown locality."

The size of the collections made at the different localities varies

much. This difference is due to the greater effort made to collect at

some than at others. But little effort apparently was made to get

additional specimens from Fontaine's locality, as a considerable amount

of material had been obtained from it previously. Hence the number

of specimens from this spot now to be noticed is very small. The

specimens from Hunter's unknown locality are very few, probably

because but a short time was devoted to securing them. A good many
more were obtained from Ward's locality and from Hunter's known

locality. From these facts the absence of specimens found at the two

localities last named from the localities yielding the small collections

does not necessarily imply their actual absence.
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The following species were found at these localities:

Araucarites aquiensis Font 1 specimen.

Baieropsis foliosa Font 1 specimen.

Carpolithus brookensis Font 2 specimens.

Celastrophyllum albfedomus Ward n. sp 1 specimen.

Ficophyllum eucalj^ptoides Font_ . ^ .3 specimens.

Glyptostrobus (Taxodium) brookensis (Font.) Ward. 13 specimens.

Glyptostrobus brookensis angustifolius (Font.) Kn_ _ 5 specimens.

Glyptostrobus ramosus Font. n. comb. [Taxodium (Glyptostrobus)

ramosum Font.] 1 specimen.

Sapindopsis magnifolia Font 3 specimens.

Sapindopsis tenuinervis Font 1 specimen.

Sapindopsis variabilis Font 28 specimens.

Sequoia cycadopsis Font 1 specimen.

Sphenolepidium Kurrianum (Dunk.) Heer 1 specimen.

Splienolepidium Sternbergianum densifolium Font 3 specimens.

Celastrophyllum alb.edomus Ward n. sp."

PI. CVIII, Fig. 3.

Glyptostrobus brookensis angustifolius (Fontaine) Knowlton.

PI. CVIII, Fig. 4.

1SS9. Taxodium (Glyptostrohus) hrookense angustifolium Font.: Potomac Flora

(Monogr. U. S. Geol. Surv., Vol. XV), p. 256, pi. clxvii, figs. 1, la.

1898. Glyptostrohus hroolcense angustifolium (Font.) Kn.: Bull. U. S. Geol. Surv.,

No. 152, p. 112.

Five specimens of this plant were collected by Professor Ward and

Mr. Mason in the light-colored clays that immediately overlie the orig-

inal Mount Vernon plant bed and that belong to the Brooke horizon.

The best of these is shown in PL CVIII, Fig. 4.

"In my study of these collections mentioned above (p. 493) I provisionally identified this leaf with

Celastrophyllum Brittonianum Hollick (Newberry, Flora of the Amboy Clays: Monogr. U. S. Geol. Surv., Vol.

XXVI, p. 105, pi. xlii, figs. 37, 38, 46, 47), but did not describe it. Professor Fontaine returned it with the

request that I treat it, as he was not- acquainted with that species. A closer examination shows that it is

not that species, but a new one. It may be described as follows:

Leaf ovate-lanceolate, rounded at the base and apex, unequal-sided, crenate-toothed, 4 em. long exclusive

of the petiole, which is wanting, 16 mm. wide at the middle; midrib strong and straight, secondary nerves

camptodrome, delicate, curving forward, forking and anastomosing midway between the midrib and the mar-

gin, the branches forming festoons along the margins.

This pretty little leaf, perfect except the petiole, was collected on May 14, 1893 (see p. 494), at the

locality previously discovered by Mr. William Hunter in the White House Bluff. The name alludes to

the locality. The foundations of the former "White House" may still be seen on the bank of the Potomac

at the foot of the bluff not (ar from the plant locality. This house was once a favorite resting place for fisher-

men and river men, and later a resort for excursionists from Alexandria and Washington, and the pavilion

erected for dancing had not yet fallen in at the time of my first visit to the place.—L. F. W
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It is somewhat remarkable that these should prove to be the only

specimens occurring in the later collections treated in this paper. None
were found at White House Bluff, where the original t^-pes were obtained

and where the plant was the most common conifer.

FOSSIL PLAMS FROM THE MO^NT TEENOX BEDS.

As intimated in the preceding account of the Aquia Creek plants of

White House and Mount Vernon bluffs, the horizon of the Mount Vernon

series of beds is below that of the Aquia Creek series. Prof. Lester F.

Ward, who discovered this horizon, has given an account of it and of

some of its plants in a paper entitled "The Potomac Foi^mation."" This

paper may be consulted for descriptions of the localities from which the

collections of plants were made and of certain of the plants.

Collections were made from two localities on the Mount Vernon

horizon. One of these is the White House Bluff, while the locality first

discovered is higher up the river, above the mouth of Doag Creek. The

latter locality, for distinction, may be called "Ward's first locality,"

while the other ma}^ be designated "Ward's second locality." The two

localities are on exactly the same horizon. It should be stated that the

first locality has ^delded much the larger variety and quantity of plants.

The following is the histor_y of the collections from these localities:

1. On October 16, 1S92, Prof. Lester F. Ward discovered the principal localitj^,

viz, that above the niouth of Doag Creek, on the Mount Vernon estate. The exact

spot is opposite the site of the old Fairfax mansion and directly under the high point

once known as Roses Delight.'' Only a small collection was made on that day.

2. Professor Ward visited the locality on November 6, 1892, accompanied hj

Mr. Victor Louis Mason, prepared to make a much larger collection, in which they

were successful.

.3. The party last mentioned discovered the Mount Vernon chocolate claj^s in

the White House Bluff on December 5, 1892. Only one specimen, however, was

collected on this occasion.

4. On May, 14, 1893, Messrs. Ward, Mason, and Hunter made an excursion

to both of these localities and brought back a large collection.

5. I accompanied Professor Ward to the original Mount Vernon locality on

July 25, 1893. It was then much altered, the overhanging clay beds having fallen

and buried it under talus. Only two specimens were obtained, as we had no facilities

for uncovering the bed.

"Fifteenth Ann. Rept. U. S. Geol. Sure., 1895 (see pp. 324-325, 348-366, pi. ii-iv).

6 See Fifteenth Ann. Rep. U. S. Geol. Surv., 1895, p. 325.
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6. Two specimens were collected on June 23, 1896, from the Wliite House Bluff

locality by Lester F. Ward and Charles Louis Pollard.

From all these collections the following species have been determined

:

Antholithes Gaudium-RosEe Ward . 3 specimens.

Ai-alia ? vernonensis Font. n. sp 1 specimen.

Aiistolochiffiphyllum ? cellulare Ward n. sp _ _ 2 specimens.

Baieropsis denticulata angustifolia Font 2 specimens.

Casuarina Covillei Ward 1 specimen.

Celastrophyllum Brittonianum HoUick . _ 1 specimen.

Celastrophyllum Hunteri Ward 2 specimens.

Celastrophyllum ? saliciforme Ward n. sp 1 specimen.

Cladophlebis rotundata Font 1 specimen.

Dryopteris virginica (Font.) Kn 4 specimens.

Ephedrites ? vernonensis Font. n. sp : 1 specimen.

Ficophyllum crassinerve Font. ? 1 specimen.

Glyptostrobus (Taxodium) brookensis (Font.) Ward 9 specimens.

Leptostrobus longifolius Font 3 specimens.

Menispermites tenuinervis Font 31 specimens.

Menispermites virginiensis Font 27 specimens.

Nageiopsis angustifolia Font 1 specimen.

Nageiopsis longifoha Font. ? 1 specimen.

Pinus vernonensis Ward n. sp 3 specimens.

Populophyllum menispermoides Ward 24 specimens.

Populophyllum minutum Ward n. sp_ _ _ 1 specimen.

Populus auriculata Ward 9 specimens.

Populus potomacensis Ward _" 22 specimens.

Potamogetophyllum vernonense Font. n. sp 1 specimen.

Protesephyllum reniforme Font 20 specimens.

Rogersia angustifolia Font 4 specimens.

Sagittaria Victor-Masoni Ward 1 specimen.

Scleropteris vernonensis Ward 15 specimens.

Sphenolepidium Sternbergianum densifolium Font 6 specimens.

Sphenopteris grevillioides Heer 7 specimens.

Sphenopteris latiloba Font 1 specimen.

Sterculia elegans Font. ? 1 specimen.

Thinnfeldia variabilis Font : _ 2 specimens.

Thyrsopteris bella Font 2 specimens.

ThjTSopteris decurrens Font. 1 _ . 2 specimens.

ThjTsopteris rarinervis Font G specimens.

Zamia Washingtoniana Ward 11 specimens.
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Antholithes" Gaxjdium-Ros^ Ward.

Professor Ward has fully noticed'' this peculiar plant, which is con-

fined to the Mount Vernon locality, one specimen being found on the

date of its discovery, October 16, 1892. Better specimens, including the

form figured by Professor Ward, were obtained at the next visit to the

locality, on November 6 of that j'-ear. The plant is rare, as only three

specimens occur in the collections. He was fortunate in finding so good

an imprint as that figured.

Aralia ? YERNONENSis Fontaine n. sp.

PI. CVII, Fig. 6.

The Mount Vernon locality has jdelded a single small leaf that seems

to be a new species of Aralia. It is digitately divided into three lobes,

which, measured across their summit, do not exceed 12 mm. The leaf is

entire with the exception of the extreme base and petiole, which are

missing. The length of the portion preserved is onty 15 mm. It is

hence a very small form. Of the nervation nothing can l^e made out

except the midnerve, which divides as in Aralia into three l^ranches, one

for each lobe. The plant must have been extremely rare in this flora

and its true position can not be positively made out. The specimen

was collected November 6, 1892.

Aristolochlephyllum 'i CELLULARE Ward n. sp.

PI. CVIII, Fig. .5.

A very peculiar leaf was obtained on November 6, 1892, from the

Mount Vernon locality, consisting of two specimens broken up into

numerous small fragments. The largest is that depicted in PL CVIII,

Fig. 5. None of the fragments suffice to give any idea of the size and

shape of the leaf. It was apparently a large leaf of thick, fleshy texture.

It was probably rounded in form. The impressions show on their surface

" At the time (1894) my paper on the Potomac formation was written I supposed that the proper orthog-

raphy of this genus was AnthoUthus, but thorough investigations since made have not been successful (as

they were in the case of Carpolithus) in finding its use by anj' of the old authors. So far as at present

known its first use was that of Brongniart in his "Classification" (Mem. Mus. Hist. Nat. de Paris, Vol.

VIII, 1S22, pp. 210, 320), where he writes it Antkolithes. It is true that Brongniart here credits the name

to Schlotheira, but the latter employed the longer name Anthotvpolithes, and only for a form that he does

not really describe and does not figure. It is also true that on p. 210 Brongniart treats his Antholithes as

an order; still, on p. 238, he calls it a genus, and he names one species {A. liliacea), which he figures on pi.

xiv [iii], fig. 7, and which must remain as the t3-pe of the genus.—L. F. W.
b Op. cit., pp.' 354, 3.5.5, pi. iii, fig. 7.
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a series of cell-like meshes, separated by narrow, raised, flat borders,

which appear to be the nerves of the leaf. The specific name of the plant

is founded on the cell-like character of the spaces between these nerves.

The meshes cover the entire surface of the leaves. They are polygons

made by the meeting, under large angles, of several sides. The number
of the sides varies. They are mostly 5-8, but may occasionally be fewer.

Their size also varies, some being twice as large as others. Within the

meshes and grouped, radiating from a central point, are ridges or depres-

sions, according to the relation of the fossil to the original leaf. Depres-

sions seem to have existed originally in the leaf and these leave elevations

in the clay embedding the leaf. The number of these radiating inequal-

ities varies. They are mostly 5 or under. The concavities existing on

the leaf seem to be puckers in its thick texture. There is apparently

nothing like a differentiation of the nerves into grades, such as primary,

secondary, etc. The flat, strong, cord-like margins or sides of the cells

form the whole of the nervation. But some of the margins of the cells,

corresponding in position and placed in the central line of the leaf, are

so located as to seem to be continuations of one another and to form an

irregular flexuous midrib. This, however, is accidental, and the margins

of the meshes are the only nerves possessed bj^ the leaf. The true posi-

tion of this peculiar leaf is very problematical. It is placed with doubt

in the genus Aristolochisephyllum.

As indicated by Professor Ward, on the labels accompanying this

plant, it has some resemblance to Heer's Kaidacarpum cretaceum, " but it

is clearly not a fruit, as Heer considers that plant to be.

Celastrophyllum Brittonianum Hollick.*

PI. CVII, Fig. 7.

1895. CelastropJiyllum Brittonianum HoUick in 'NewherrJ : Flora of the Amboy Clays

(Monogr. U. S. Geol. Surv., Vol. XXVI), p. 105, pi. xlii, figs. 37, 38, 46, 47.

1895. CelastropliyUum Brittonianum Hollick. Ward: The Potomac Formation

(Fifteenth Ann. Rep. U. S. Geol. Surv., 1893-94), pp. 349, 358, 377, 378, 379.

« Fl. Foss. Arct., Vol. VII (Flora der Patootschichten), p. 19, pi. Ixiv, fig. 9b.

^ One of the specimens collected by me on my first visit to the Mount Vernon plant bed, October 16, 1892,

seems certainly to be Celastrophyllum Brittonianum of Hollick, and agrees ver}' closely with his figs. 38 and

47. The dentation extends somewhat farther down than that of any of the leaves figured by him, but this

is scarcely a specific distinction. The exact shape of the base is not known, as it is unfortunately wanting,

but the contraction begins at the same point and probably proceeded in the same way. From the very close

resemblance I do not feel justified in separating it from that species, notwithstanding the difference in age,

and this form ma}- therefore be regarded as constituting one more of the few cases in which Older Potomac
species persist into the Newer Potomac or Raritan formation.—L. F. W.
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There is in the Mount Vernon collections a dicotyledonous leaf which

Professor Ward on the lal^el identifies with Celastrophyllum Brittonianum,

a plant of the flora of the Amboy clays not known to me.

Celastrophyllum Hunteri Ward. '-'•

PL CVIII, Fig. 6.

1S9.5. CelastrofTiyUum Hunteri Ward: The Potomac Formation (Fifteenth Ann.

Rep. U. S. Geol. Sm-v., 1893-94), p. 358, pi. iv, fig. 9.

Celastrophyllum ? saliciforme Ward n. sp.*

PI. CVIII, Fig. 7.

A single specimen of what is apparently a leaf of a dicotyledon

different from all the rest was collected November 6, 1892, at the Mount

Vernon locality. It is the imprint of the entire form, with, however,

the margins not preserved in all places. It is linear ol^long in form,

with a great length in proportion to its width. The general shape is

that of a willow. It resembles also Rogersia angustifolia, but the margins

of the middle and terminal portions have small acute teeth. The mid-

nerve is distinct and maintained to near the end of the leaf. The lateral

nerves can hardlj^ be made out and must have been slender. They

seem to leave the midrib at an angle of about 45° and, about the middle

of the lamina, to l^end sharply toward the tip of the leaf. The precise

position of this form is doubtful, and it is placed with hesitation in the

genus Celastrophyllum.

"On May 14, 1893, our party collected two lanceolate dicotyledonous leaves in the Mount Vernon

chocolate clays at the White House Bluff locality. One of these I used as the type of the new species

Celastrophyllum Hunteri. The other I then regarded as different and did not name. I compared it with

C. Brittonianum, but it does not very closely resemble that species, being much larger, more elongate, and

difl'erent in nervation. In fact, the nervation is nearly the same as that of the tj'pe of C. Hunteri, but the

shape is somewhat different. Further study of both specimens convinces me that they belong to the same

species. The second leaf is here figured for the first time. It has the following character:

Leaves lanceolate, widest below the middle, narrowing more rapidly near the apex, acute at the tip,

15 mm. to 20 mm. wide, probablj' 7 cm. long, but basal portion wanting in both the specimens known, finely

and sharply dentate with shallow teeth; nervation pinnate, craspedodrome, the secondaries nearly straight,

leaving the midrib at a very sharp angle, slender, alternate, usually once forking, often below the middle but

sometimes near the margin, the branches entering the teeth; midrib relatively strong, central, straight, or

somewhat curved.—L. F. W.
''The specific name given by Professor Fontaine was preoccupied. The one substituted here relates to

the elongate willow-like form of the leaf.—L. F. W.



OLDER POTOMAC OF VIRGINIA AND MARYLAND. 495

Ephedrites ? VERNONENSis Fontaine n. sp.

PI. CVII, Fig. 8.

The Mount Vernon locality yielded a pair of small nut-like seeds that

seem to have been closely approximate in growth. On the inner side,

where they touched each other, they have nearly straight margins. On

the outer side the margins are curved. At their bases they are rounded

and obtuse. At their summits they are acute. They seem to have

been covered by a small leaf or scale. They do not stand out convex

on the matrix, and hence were probal^ly thin in texture. They resemble

the paired seeds from the Jurassic of Siberia, described by Heer as Ephe-

drites antiquus." Of course the amount of material is not sufficient to fix

the position of these seeds, but they may provisionally be placed in the

genus Ephedrites.

The specimen was collected on November 6, 1892.

Glyptostrobus (Taxodium) brookensis (Fontaine) Ward.

PL CX, Fig. 1.

1S89. Taxodium {Glyptostrobus) IrooTcense Font.: Potomac Flora (Monogr. U. S.

Geol. Surv., Vol. XV), p. 254, pi. cxxii, figs. 1, la, lb; pi. cxxiv, figs. 3, 3a,

4, 4a, 5-7, 7a, 8, 9; pi. cxxxi, figs. 5, 5a; pi. clxv, figs. 1-3; pi. clxvi, figs. 4,

4a, 7; pi. clxvii, fig. 3.

1895. Glyptostrohus IrooTcensis (Font.) Ward: Fifteenth Ann. Rep. U. S. Geol. Surv.,

189.3-94, p. 359.

There are 9 specimens of this conifer in the Mount Vernon flora.

Some of them are very fine. The specimen given in PI. CX, Fig. 1, is

one of the best of these. The leaves on the ultimate branches are beauti-

fully preserved. This is due to the fineness of texture of the matrix of

the Mount Vernon clay. One of the finely preserved specimens has

associated with it a cone that seems to be an immature female one,

belonging to this plant. It is, however, not certainly attached to a twig.

The cone is oblong in shape, about 7 mm. long, with faintly shown scales

that seem to be chaff)^

The specimens were all found at the Mount Vernon locality, most

of them, including the one figured, on November 6, 1892, but some on

October 16, 1892, and two on May 14, 1893.

«F1. Foss. Arct., Vol. IV (Beitr. z. .Jura-Fl. Ostsibiriens), p. 82, pi. xiv, fig.
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Menispermites tenuinervis Fontaine.

PI. CIX, Figs. 2, 3.

1889. Menispermites tenuinervis Font.: Potomac Flora (Monogr. U. S. Geol. Surv.,

Vol. XV), p. 322, pi. clxxii, fig. S.

1895. Menispermites virginiensis Font. Ward: Fifteenth Ann. Rep. U. S. Geol.

Surv., 189.3-94, p. 360,'^' pi. iv, fig. 7.

No fewer than 31 specimens referable to this species occur in the

collections from the Mount Vernon beds. All but three are from the

Mount Vernon localit_y, but these three were found at White House Bluff.

These specimens represent a plant which appears to be specifieally dif-

ferent from M. virginiensis. This latter is not rare in the collections,

and differs in several important points from the plant now in question.

As given in Monograph XV, a small Menispermites, described as M.
teiiuinervis,^ was found very rarely on Jackson, formerly Belt street,

Baltimore, Md. The specimens found in Baltimore were very rare, and
mostly small fragments. The most complete leaf, given in fig. 8, showed
fully a portion of the three primary nerves. The size of the leaves and

the delicate nervation of the Mount Vernon specimens are points that

agree with the Baltimore plant, and make it probable that the specimens

belong to M. tenuinervis. These leaves differ markedly from those of

M. virginiensis, since they are generally much smaller. The nervation

is also much more delicate. This was probably the case with the Bal-

timore plant, and hence the difficulty of seeing its nervation. . The fine

clay of the Mount Vernon localities is exceptionall}^ well fitted to show
delicate details, otherwise the minor nervation would probably be

inconspicuous in these specimens also. The small leaf given as M. vir-

giniensis in pi. iv., fig. 7," of Professor Ward's Mount Vernon flora'' is

probably this species. The contrast between this leaf and the one rep-

resented in fig. 8 of the same plate illustrates well the difference between

oFrom the statement here made it seems that Professor Fontaine, to whom some of the Mount Vernon

material was submitted at that time, himself referred both these leaves to his M. virginiensis. The difference

may not be specific.—L. F. W.
6 Monograph XV, p. 322, pi. clxxii, fig. S.

«The Potomac formation: Fifteenth Ann. Rep. U. S. Geol. Surv., 1895, pi. iv, fig. 7.

f' Through inadvertence the counterpart of this specimen was drawn for this paper, and is represented

on PL CIX, Fig. 2. In view of the fact that Professor Fontaine refers this specimen to M. tenuinervis it may
be well to retain the figure. It shows the lower side of the leaf, whefe the raised nerves are more distinct than

they are on the upper side.—L. F. W.
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this species and M. virginiensis. The size of the leaves varies somewhat.
An average size is represented in PL CIX, Fig. 2, which gives a nearly

complete leaf with the basal part well preserved. This was probably

a leaf not quite 6 cm. wide and a little more than 5 cm. long. This is

probably a leaf not of normal shape, for the transverse diameter in these

leaves was probably greater than the vertical, giving a subreniform

shape. Professor Ward has written on the label of another specimen

of Menispermites in the Mount Vernon collections the name M. reni-

formis Dn. This too is probably M. tenuinervis, but it was a leaf above

the normal size, as it was probably about 7 cm. in its transverse and

greater diameter. This leaf is represented in PI. CIX, Fig. 3.

The material available for description in Monograph XV did not

permit a full determination of the plant. We may, with the help of

the Mount Vernon specimens, add the following to its description:

The leaves were mostly small, rotundate, or subreniform in shape,

with the transverse diameter the greater, attaining a maximum of 7 cm.

The margin was entire or slightly undulate. The texture was thin.

The nerves of all orders are slender. The divergence of the principal

nerves takes place from a point within the lamina of the leaf, but nearer

the base than in the leaf of M. virginiensis. The general plan of the

nervation and the mode of its division are similar to those points in

M. virginiensis.

PiNUs VERNONENsis Ward n. sp.«

PI. CIX, Figs. 4-6.

A single specimen of a small winged seed was obtained in the Mount
Vernon collections. It was named by Professor Ward, on the label, Pinus

vernonensis, but no description was given. It does not seem to l^e the

same seed as P. schista. It is, in the seed proper, of about the same shape

n Three winged seeds occur in tlie collections, all collected on November 6, 1892, at the Mount Vernon
locality, two of them in counterparts, which I had named as above before sending the collections to Professor

Fontaine. He found only two of these, one of which he was disposed to identify with the species from Hosiers

Bluff (see p. 530), but remarked that the wing was not cleft, which is the leading character of that species.

The other he labeled with the name I had given it. I can not see that these seeds differ specifically and will,

therefore, include them all under this species, which has the following character:

Seeds small, 12 mm. long, the wing 9 mm. long, 5 mm. wide above the middle, rounded at the apex, nar-

rowing toward the point of attachment, the sides unequally curved, finely striate; the seed proper 5 mm.
long by 3 mm. wide.—L. F. W.

MON XLVIII—05 32
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as P. scMsta, but is rather larger. The wing, however, is elliptical in

form, and not divided as in that plant. It may be P. schista, as the amount

of material is not sufficient to determine its true character.

POPULOPHYLLUM MENISPERMOIDES Ward n. Sp.

PI. ex, Figs. 2-4.

ProfessorWard has indicated, on labels accompanying it, a plant of the

Mount Vernon flora as a new species, with the name given alcove. As no

description accompanies it, the description may be given here. The plant

is quite common on the Mount Vernon horizon,- and a number of speci-

mens were obtained. They are chiefly fragments of leaves, mostly small

and imperfect. The specimen shown in PI. CX, Fig. 2, from the White

House Bluff locality, may be taken as the type. It shows the dentation

better than the others. The specimens depicted in Figs. 3 and 4 are the

best obtained. Fig. 3, from the Mount Vernon locality, gives fragments

of leaves, showing the central parts from base to summit, but with the

right and left margins missing. By taking the missing parts from other

specimens a pretty good idea of the complete leaf may be formed. The

length indicated is 4 cm., and the width was probably greater. Its shape

seems to have been subreniform, being wider than long. The margin was

entire, or at most had shallow crenate teeth. The principal nerves radiate

from a common point at the base of the leaf and the summit of the petiole.

The middle nerve is stronger than those on either side. These principal

nerves split up, after the fashion of those of Menispermites, into secondary

ones. These curve to join adjacent ones of the same order, forming

large^ more or less rounded, meshes. The secondary nerves send off

tertiary ones at nearly right angles, and these unite to form rounded

meshes. The minor nervation is a good deal like that of Menispermites.

The most important difference in the nervation from Menispermites is the

fact that the primary nerves radiate from the summit of the petiole at the

base of the leaf and not within the lamina. The plant shown in Fig. 3

gives the nerves distinctly. Fig. 4, also from the Mount Vernon locahty,

shows a nearly complete leaf smaller than the average.

This species seems to be specially characteristic of the White House

Bluff locality, the same number (12) of specimens occurring from there as

in the Mount Vernon collection, notwithstanding the much greater size

of the latter. The first and only specimen brought from the former



OLDER POTOMAC OF VIRGINIA AND MARYLAND. 499

locality at the time of its discovery, on December 5, 1892, is a good
example of this plant and occurs in counterparts. This is the one
shown in PL CX, Fig. 2. The other specimens from this locaUty were
collected on May 14, 1893. Of those from the Mount Vernon locality 1

good specimen was obtained on the occasion of its discovery by Professor

Ward, on October 16, 1892, 8 on the next visit, Noveml^er 6, 1892, includ-

ing the one represented in Fig. 3, and 3 on May 14, 1893, including that

shown in Fig. 4.

POPULOPHYLLUM MINUTUM Ward 11. Sp."'

PI. evil, Fig. 9.

Professor Ward has, on the label accompanying it, compared one
small specimen from the Mount Vernon locahty with Velenovsky's
Cissites crispus. The leaf resembles Populus potomacensis in shape and
size, but the nerves are different. The specimen was collected on Novem-
ber 6, 1892, and occupies the opposite side of the most complete counter-

part of Celastrophyllum Brittonianum treated above.

Populus auriculata Ward.

PL CX, Fig. 5.

189.5. Populus auriculata Ward : The Potomac Formation (Fifteenth Ann. Rep. U. S.

GeoL Surv., 1893-94), p. 356, pL iv, fig. 4.

This species was first found by Professor Ward, and was described

by him. The form given in Fig. 4 of his paper is one of the best

e Professor Fontaine returned this specimen without description with the request that I describe it. It

has the following character:

Leaf nearly circular in outline, veiy small, about 16 mm. in length and breadth, coarsely dentate except
near the base; nervation somewhat palmate, but central nerve much stronger than the four lateral ones that
proceed from the summit of the petiole, these latter forking and anastomosing some distance from the margin
and giving off fine nei-villes that cross the meshes irregularly.

The nervation of this little leaf is in some respects similar to that of the Vitacefe, but there are features
that recall Populus. It may represent a small form of that genus. It can not, however, be referred to either
of the species of Populus from the Mount Vernon clays, and is a new species. I place it for the present in the
extinct genus Populophyllum, its nearest affinities being perhaps with P. reniforme Font.

The note that I made on the label at the time I studied this Collection is as follows: "This leaf is a
Cissites near 0. crispus, probably the same as that figured by Doctor Newberry (Flora of the Amboy Clavs,
pi. xhi, figs. 20-23), but not identical with Velenovsky's species." I have not seen the Amboy clay speci-

mens, much less the specimen figured by Velenovsky, but judging from the figiu-es on second inspection I

would now recede from the statement in my note. The type of 0. crispus from the Cenomanian (Chlomeker
Sandstein) of BOhm-Leipa in Bohemia (see Velenovsky, Die Flora der bohmischen Kreideformation, Pt. IV,

p. 12, pi. iv, fig. 6; Beitriige z. Paliiontologie Osterreich-Ungarns, Vol. V, Heft I, p. 73, pi. xxvii, fig. 6) is a
very different thing from Doctor Newberry's plant. My specimen is nearest to his fig. 20. It also resembles
his fig. 22, but that is much smaller. His figs. 21 and 23 are not only different specifically from these, but
also from each other. I do not think that Doctor Newberry's plant is a Cissites.—L. F. W.
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found, the rest being generally small fragments of leaves. This seems

to be correctly separated from Populus potomacensis b}'^ Professor

Ward. It is rarer than the latter, only 9 specimens having been

found. It is confined to the Mount Vernon locality. PL CX, Fig. 5,

gives a proportionally broader form than that figured by Professor

Ward. This specimen occurs in counterparts, and was collected on-

May 14, 1893, along with two others. Of the 5 specimens obtained on

November 6, 1892, this one is that figured by Professor Ward.

Populus potomacensis Ward ?.

This beautiful little leaf was first found by Professor Ward, and it

was fully described by him." It is very abundant in the Mount Vernon

strata, and in fact seems to be practically confined to them, so that it

may be regarded as their most characteristic fossil. A number of leaves

may be found nearl^^ or quite entire. This is surprising when we

consider their delicate texture, but the fact may be explained by their

very small size.

All but three of the specimens were found at the Mount Vernon

locahty, that represented by fig. 1 of Professor Ward's paper being one of

those coUected by him on his first visit, on October 16, 1892. His fig. 3

represents a specimen that occurs on the reverse of one of the counter-

parts of the type specimen of Antholithes Gaudium^-Rosce, collected on

November 6, 1892, and his fig. 2 represents one of the few specimens that

were taken on the occasion of my visit to the locality, under his guidance,

on July 25, 1893. It shows the maximum size.

Genus POTAJMOGETOPHYLLUIM * Fontaine nov. gen.

The true position of this genus can not be determined from the

material at hand, and the generic name is chosen only to indicate its

resemblance to Potamogeton in points that may not be essential.

PoTAMOGETOPHYLLUM VERNONENSE Fontaine n. sp.

PI. CIX, Fig. 7.

A very rare leaf, resembling Potamogeton, occurs in the Mount

Vernon collections, one specimen only being found in counterparts. It

"Op. cit., pp. 355, 356, pi. iv, figs. 1-3.
'

6 As the second component {yHrwv) of the name Potamogeton is itself derived from yin, yfi, and

its immediate derivative, yijryi, this shortened form, which drops the characteristic n, i* fully justified.

—

L. F. W.
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occurs on the same slab and by the side of the fine specimen of Glypto-

strobus bi-ookensis shown on PL CX, Fig. 1, collected on October 16,

1892, at the Mount Vernon locality. The specimen is a fragment 45 mm.
long, which is depicted in PI. CIX, Fig. 7. Its maximum width, which

is at one end, is 16 mm. This widest portion seems to be the middle

part of the leaf. It narrows toward the opposite end, but the true

termination does not seem to be preserved. When entire, the leaf was

probably narrowly elliptical in form. It looks somewhat like a Rogersia,

but does not have the nervation of that plant. So far as it can be made
out, the nervation is peculiar. At the wider end, and for some distance

toward the narrower, there is an imprint along the central line of the

leaf that ma}^ represent a midrib, but it is ill defined, and seems to be

composed of several slender nerves that wei'e loosely united, and which

now, under the pressure to which the leaf has been subjected, have

become separated in a straggling manner. Before reaching the narrow

end of the leaf the apparent midnerve abruptly ends, seeming to split

up. The other nerves, on each side of the ones just described, are faint

and irregular, and their course can not be certainly made out. They

seem to run approximately parallel with the central nerve and to

anastomose, forming long straggling meshes. The plant is veiy rare.

SCLEROPTERIS VERNONENSIS Ward.

PI. evil, Fig. 10.

1895. Scleropteris vernonensis Ward : The Potomac Formation (Fifteenth Ann. Rep.

U. S. Geol. Surv., 1893-94), p. 349, pi. ii, figs. 1, la, 2, 3.

Professor Ward in his paper on the Potomac formation, page 349,

has described this plant, and on pi. ii, figs. 1, la, 2, 3, has figured some

of the forms. The specimen depicted in fig. 3 is the largest one found.

Thirteen other scattered fragments occur in the Mount Vernon collec-

tions, but they are mostly small bits of ultimate pinnae, showing at most

a few pinnules. The texture of the pinnules is thick and leathery, so as

to hide the nerves. In fig. 1, la, enlarged. Professor Ward has given a

form of this plant which differs from the normal, and which is apparently

its fructified form. One specimen, depicted on PI. CVII, Fig. 10, occurs,

which is larger than the minute specimen given by Professor Ward in

fig. 1, and which indeed is nearly as large as the magnified figure.
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The pinnules are narrowed toward the base and are expanded toward

the apex, mostly into two round lobes. A nerve passes into the base

of the pinnule and splits into two branches, one going into each lobe.

The branch in the upper lobe bears at its summit a club-shaped sorus.

These fructified forms are very rare.

Eight of the specimens of this plant wei'e found at the White House

Bluff locality on May 14, 1893, and these include the largest ones, the

finest one being that represented by Professor Ward's fig. 3. The rest

were collected at the Mount Vernon locality on November 6, 1892, and

those represented by his figs. 1 and 2 are from there. The specimen now
figured (PL CVH,, Fig. 10) is from White House Bluff and occurs in the

same collection as the large one figured in the Fifteenth Annual Report.

Sterculia elegans Fontaine ?.

Pi. CX, Fig. 6.

1889. Sterculia elegans Font.: Potomac Flora (Monogr. U. S. Geol. Surv., Vol. XV),

p. 314, pi. clvii, fig. 2; pi. clviii, figs. 2, 3.

Sterculia elegans is a plant found at Deep Bottom, on James River,

on the horizon of the Aquia Creek group. It maj^ be present at the

Mount Vernon locality, represented bj^ a single specimen collected

November 6, 1892. This is a fragment of a leaf showing its basal por-

tion and a part of the petiole. In the leaf there are two main nerves

diverging from the top of the petiole. No central nerve, if ever present,

is now visible. Possibly the plant maj^ be a Bowenia.

Thinnfeldia variabilis Fontaine."

PL CX, Figs. 7, 8.

1889. Thinnfeldia varialilis Font. : Potomac Flora (Monogr. U. S. Geol. Surv.,

Vol. XV), p. 110, pi. xvii, figs. 3, 3a, 4, 4a, 5-7; pL xviii.

This is a very rare fossil in the Mount Vernon beds. Onlj' two

specimens, showing small bits of ultimate pinnae, were obtained, both

from the White House Bluff locality, on June 23, 1896.

"On the label Professor Fontaine queries the reference of these specimens to T. variabilis, but in his

manuscript he makes the reference positive. They were the only specimens I was able to find at the White

House Bluff locality when I visited it in company with Mr. Charles L. Pollard on June 23, 1896, or nearh'

three yeai-s after the principal collection was made. In my notebook I record that the conditions were much

changed by washing, and it is probable that the spot where the ferns were found was several feet farther in

the bluff than the original bed. As this fern was not found in the much larger collection previously made,

and does not seem to occur at the Mount Vernon locality, the finding of these specimens thus isolated is some-

what singular.—L. F. W.
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Zamia Washingtoniana Ward/'

PL CXI, Figs. 1, 2.

1895. Zamia Washingtoniana Ward: The Potomac Formation (Fifteenth Ann. Rep.

U. S. Geol. Surv., 1893-94), p. 350, pi. ii, %. 6.

Professor Ward, in the work cited, has given an account of this

plant, and in pi. ii, fig. 6, has depicted a leaflet and what he regards as

its fruit. In his description of the leaflet he regards the narrowed por-

tion as the base. In my opinion this is a mistake, it being the termi-

nation of the leaf. Several other fragments of the leaflets of this plant

were obtained. One of them shows the base pretty well preserved.

It narrows like Zamites and seems to have been articulated to the stem.

This is indicated also by the fact that all the leaflets are detached.

Some of the leaflets must have been very large, much surpassing any

leaflet of like form found previously in the Potomac flora. Several

of the fragments show a maximum width of 15 mm. One fragment,

apparently a little more than half of a leaflet, is 16 cm. long. A smaller,

entire leaf, probably from the upper part of the component leaf, was

obtained which is only 11 cm. long. This is much smaller than most

of the leaflets found. This shows the base slightly narrowed and also

thickened. The nerves are not very distinct in the leaflets of this plant.

They appear to be comparatively broad and flat. Eleven specimens

of this plant occur in the collections, all from the Mount Vernon local-

ity. Six of these were collected on November 6, 1892. These are all

small fragments. The remaining five, collected on May 14, 1893, include

ah those figured and two less complete leaves.

The above comprise all the fossils found in the Mount Vernon beds

up to the present time, 39 species in all. There is little doubt that a

good many more might be found in them if sustained search were made.

They are" sufficient to show that this horizon is, as Professor Ward

maintained, an intermediate one between the Rappahannock and the

Aquia Creek beds.

«Two other fine specimens of leaves of this plant, both in counterparts, were found at the same time

and place as the one figured by me, and in view of Professor Fontaine's statements I thought best to figure

them The broad one represented in PI. CLXXVI, Fig. 1, is typical, but shows the complete^ tip drawn out

to a long narrow, curved point. The other, shown in Fig. 2, is a much narrower leaf, and I was m doubt

whether it belonged to the same species. Professor Fontaine returns it without comment with the name on

the label as I had written it, I therefore conclude that he considers it a narrow form of this plant. Ihis

also shows the tip complete. The crooked shape of the leaf must be ascribed to distortion from pressure.-

L. F. W.
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FOSSIL PLANTS FltOM HELL HOLE.

[PI. LXXX, No. 147.]

On April 7, 1896, Mr. Arthur Bibbins collected for the Marjdand

Survey a considerable number of fossil plants from a locality called

Hell Hole, on the Virginia side of the Potomac River. This locality

is between Mount Vernon and White House Bluff,' but some distance

above Professor Ward's locality. Most of the rock matter is grajdsh

chocolate-colored, arenaceous clay, which preserves the plants fairly

well. Some is a chocolate clay. The following is the list of fossils

obtained here:

Aristolochiffipliyllum crassinerve Font 2 specimens.

Athrotaxopsis expansa Font 2 specimens.

Baieropsis foliosa Font 9 specimens.

Baiei'opsis longifolia Font 1 specimen.

Baieropsis pluripartita Font .3 specimens.

Carpolithus virginiensis Font 1 specimen.

Celastrophyllum brookense Font. ? 2 specimens.

Cladophlebis constricta Font. ? ? 2 specimens.

Ficophyllum tenuinerve Font. ? 6 specimens.

Frenelopsis ramosissima Font. ?
,

1 specimen.

Leptostrobus longifolius Font 1 specimen.

Menispermites virginiensis Font. 1 3 specimens.

Onychiopsis psilotoides (Stokes & Webb) Ward 3 specimens.

Sassafras bilobatum Font. ? 1 specimen.

Sequoia ? inferna Ward nom. nov 2 specimens.

Sphenolepidium Sternbergianum densifolium Font 19 specimens.

Thyrsopteris divaricata Font. 1 1 specimen.

Baieropsis foliosa Fontaine.

PL CX, Fig. 9.

1SS9. Baieropsisfoliosa Font. : Potomac Flora (Monogr. U. S. Geol. Surv., Vol. XV),

p. 209, pi. xciii, figs. 4, 4a, o, 6, 6a.

Nine specimens of this species occur at Hell Hole, but even the

best of them contain only a small portion of the plant. This is a spe-

cies highh' characteristic of the Aquia Creek horizon in Virginia. The

specimens from Hell Hole show lacinise even more slender than the

Virginia forms. PI. CX, Fig. 9, gives one of these. It bears the num-

ber M. G. S., 8431.
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Baieropsis longifolia Fontaine.

PI. CXI, Fig. ;^.

1889. Baiewpsis longifolia Font.: Potomac Flora (Monogr. U. S. Geol. Surv., Vol.

XV), p. 210, pi. xci, fig. 6.

This plant, it is true, is represented by only one specimen, but

this is a well-characterized one, showing a segment with several sub-

divisions of such a length as to indicate a leaf of great size. The seg-

ment is 7 cm. long, with a portion of the length wanting. This may
be a form of Baieropsis pluripartita, but it agrees closely with the plant

described as B. longifolia from the Rappahannock beds near Telegraph

station, now Lorton. This latter, however, may be B. pluripartita in

a form longer and with lacinise more slender than usual. The imprint

is on the specimen numbered M. G. S., 8448.

Baieropsis pluripartita."

B. pluripartita shows at least one specimen with two segments

that can not be mistaken. The other two specimens are not so distinct.

It does not seem to have been common at Hell Hole, while it is an

important fossil in the Rappahannock member of the Lower Potomac

of Virginia. It also may be regarded as a survivor.

Celastrophyllum brookense Fontaine?

PI. CX, Fig. 10.

1889. Celastrophyllum broolcense Font.: Potomac Flora (Monogr. U. S. Geol. Surv.,

Vol. XV), p. 305, pi. clviii, fig. 8; pi. clix, fig. 7.

There are in the collection two specimens of a dicotyledon that

is probably C. hrookense, but they can not be positively determined.

PL CX, Fig. 10, gives the best specimen, which is the end of a leaf.

The nerves are not fully shown. It is, in any case, a dicotyledon of

more modern aspect than the archaic ones that characterize the Rap-

pahannock member of the Lower Potomac of Virginia. The specimen

figured is numbered M. G. S., 8466, and the duplicate 8445.

"Monograph XV, p. 208, pi. Ixxxix, fig. 4; pi. xc, figs. 2-5; pi. xci, figs. 1, 3, 4, 7; pi. xcii, figs. 1, 2, 6.
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Leptosteobus longifolius Fontaine.

PI. CX, Fig. 11.

1889. Leptostrolus longifolius Font.: Potomac Flora (Monogr. U. S. Geol. Surv.,

Vol. XV), p. 228, pi. ci, figs. 2, .3: pi. cii, figs. 1-4; pi. ciii, figs. 6, 6a-6e,

7, 8, 8a, 9-12; pi. civ, fig. 6.

In the collection occurs one specimen of Leptostrobus longifolius

which shows leaves attached to a portion of a stem. These show a

peculiar broadening at the base, where attached, which is probably

due to distortion from pressure. PL CX, Fig. 11, is given to show this.

The impression occurs on the rock specimen, No. 8431, with other species.

Onychiopsis PSiLOTOiDES (Stokes & Webb) Ward."

PI. CXI, Fig. 4.

This plant is of much importance in this collection. PL CXI,

Fig. 4, gives the best of the three specimens found. It is a portion

of a penultimate pinna with a number of ultimate ones, carrying well-

characterized pinnules. The imprints are all on a single slab in coun-

terparts, the part bearing the one figured l^eing No. 8428 and the

counterpart No. 8430 of the Maryland Geological vSurvey.

This fern is more characteristic of the Rappahannock than of the

Aquia Creek horizon.

Sassafras bilobatum Fontaine.?

PI. CXI, Fig. 5.

1889. Sassafras bihhatmn Font.: Potomac Flora (Monogr. U. S. Geol. Surv., Vol.

XV), p. 290, pi. clvi, fig. 12; pi. clxiv, fig. 4.

There is in the collection a fragment of a leaf of considerable size

which is of problematic character but which in some points resembles

Sassaf7^as bilobatum from the Aquia Creek horizon of the Virginia Lower

Potomac. It is, however, too poorly preserved to permit its true char-

acter to be made out. It is most like the form given in MonographXV,
pi. clxiv, fig. 4, but the fragment indicates a leaf larger than the one

"For s3'nonymy of this species see pp. 155-156..
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given in that figure. The original margin of the leaf is retained only in

the left-hand upper portion. Here there is an indication of a rather

shallow lobe, in which ends a secondary nerve that is considerably

stronger than any of the others sent off from the midrib. The latter is

rather slender for a leaf of this size and ends in what appears to be a

terminal lobe, which is only partiall,y preserved. The right-hand margin

of the leaf is not preserved, so that if a lobe once existed on that side it is

not visible now. That none such existed is indicated by the fact that

no strong secondary nerve is sent off on that side corresponding to the

one on the left-hand side, which ends in the lateral lobe. The sinus made
by the left lobe' with the terminal lobe is more open than that found in

S. bilobatwm figured on pi. clxiv of Monograph XV, and indeed it is

more like that of a Liriodendron. The specimen is No. 8437 of the

Maryland Geological Survey.

Sequoia ? inferna Ward nom nov."

1889. Sequoia species ? Font. : Potomac Flora (Monogr. U. S. Geol. Surv., Vol. XV),

p. 248, pi. cxvi, fig. 7; pi. cxxxii, figs. 2, 5, 6.

There are in the collection two dissected cones with a few scales

attached that exactly resemble the specimens described in Monograph

XV as "Sequoia species ? " and figured on pi. cxxxii, in figs. 2, 5, 6.

This is a very well characterized cone, easily distinguished from any other.

It is known to occur only in the Aquia Creek beds, and although it can not

be assigned to any species founded on leafy branches, and hence was left

undetermined, it is none the less of value in indicating the age of the

strata containing it. The specimens bear the numbers M. G. S., 8 54,

8465.

Sphenolepidutm Steenbergianum densifolium Fontaine.

PI. CXII, Fig. 1.

1889. Sphenolepidium Sternhergianum densifolium Font.: Potomac Flora (Monogr.

U. S. Geol. Surv., Vol. XV), p. 261, pi. cxviii, fig. 7; pi. cxxi, figs. 5, 5a, 5b,

7, 7a, 9, 9a; pi. cxxv, figs. 2, 2a, pi. cxxix, fig. 3; pi. cxxx, figs. 1, la; pi.

cxxxi, figs. 1, la-lc, 3, 3a; pi. cxxxu, figs. 4, 4a.

« These, as Professor Fontaine says, are well-characterized cones and scales, recognizable wherever found,

and therefore of diagnostic value in determining age. The fact that they can not be identified with species

known by the foliage does not seem to be a sufficient reason for not assigning to them a specific name. The

name adopted relates to the locality now being treated.—L. F. W.
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This furnishes the largest number of specimens, 19 in all. Some of

them are beautifully preserved. PI. CXII, Fig. 1, gives one of these

distinct forms. This fossil belongs to both the Rappahannock and the

Aquia Creek horizons, being most common in the latter. The specimen

figured is No. 8452 of the Maryland Survey, and its counterpart is No.

8444.

FOSSIL PLANTS FROM THK MOUTH OF HELL HOLE.

[PI. LXXX, No. 147.]

Another spot in the same vicinity is called "Mouth of Hell Hole."

On the same day Mr. Bibbins collected here the following plants:

Baieropsis foliosa Font. ? 4 specimens.

Celastrophyllum obovatum Font. ? 1 specimen.

Sphenolepidium Sternbergianum densifolium Font 4 specimens.

All the species found at the Mouth of Hell Hole are also found at

the principal locality with a larger number of specimens, so that they do

not indicate a different horizon.

The plants found at these two localities do not make it entirely clear

whether they belong to the Mount Vernon or the Aquia Creek horizon.

It is true that there is a considerable proportion of the plants occurring

on the Rappahannock horizon found here, but they appear rather to be

survivors than dominant forms. Some, such as the Sequoia f inferna,

the Aristolochicephyllum crassinerve, the dicotyledons of modern aspect,

Baieropsis foliosa, etc., have never been found as low as the Rappahan-

nock horizon. On the other hand, forms of Sapindopsis, which are so

abundant on the Aquia Creek horizon and are so characteristic of it, are

wanting. Again, most of the forms, like Populus, etc., so characteristic

of the Mount Vernon strata, are equally wanting.

As stated before, most of the rock matrix containing these fossils is

a light or grayish chocolate material. This contains the older elements

of the flora and may he Mount Vernon in age. But some of the rock

material is a light-gray, arenaceous shale, exactly like the Aquia Creek

strata at the 72d Milepost. This contains all the younger elements of

the flora and may be Aquia Creek in age. The labels accompanying the

fossils do not state whether or not all of them come from the same stratum.

Professor Ward's collections at the original Mount Vernon locality show
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that the Aquia Creek fossils occur in a stratum only a few feet above

that canying Mount Vernon plants. In any case it is not prol^able that

the Hell Hole beds are as old as the Rappahannock strata.

FOSSIL I'LAMS FKOM OHIXKAPIX HOLLOW.

The locality called Chinkapin Hollow is situated between Alexandria

and the Episcopal high school known as Fairfax Seminary, being near

the latter. It is on the Leesburg pike. The exposures are on a drain

worn into the Lower Potomac beds, and just below a spring that dis-

charges into the drain. There are two exposures of fossiliferous strata

here. One, which is much the richer in fossils, is a stratum of lignitif-

erous sand and clay that is, in its top, about on a level with the stream

bed. This may be called exposure No. 1. The other is a few yards

lower down the stream in a bluff bank made by the cutting down of

the stream l^ed. This may be called exposure No. 2. The plants in the

latter are found in thin clay seams of lenticular form, inclosed in the

predominant partly indurated sand of the lower Potomac. They lie 10

feet or more above the water level, and hence are above the level of

.exposure No. 1. The plants in these clays are much more limited in

kinds than those in exposure No. 1, while the species are few. The

number of individuals of the kinds present is considerable in the case of

some. The fossils are reduced to small bits, but these are often remark-

ably well preserved. They are mostly different species from those of

No. 1. The clay of exposure No. 1 has poor cleavage and is very prone

to break up into small fragments, so that it is difficult to get good spec-

imens from the exposure as now presented. It is possible that if an

excavation were made to reach material not affected by the atmosphere

and water better specimens could be found. • The bed is so rich in varied

forms that it is desirable that it should be explored more fully. As

there is 'a considerable difference in the plants occurring on the two hori-

zons, although they are so near together, they will be distinguished in

speaking of the fossils. There is a good deal of difference in the rock

material also. The lower exposure. No. 1, is composed of a bed contain-

ing layers of poorly indurated sand with much thinner onQS of a dark-

ash-gray highly plastic clay. The clay layers contain the recognizable

fossils. Part of the bed is below the level of the stream. Both the

sand and the clay are full of small fragments of plants and' l^its of lignite,
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some of considerable size. The indurated clay of the higher or second

exposure, No. 2, is yellowish or buff in color and has an entirel)' different

arrangement, being more sharpl}^ distinct from the inclosing sand.

This locality was discovered by Professor Ward on April 16, 1893

(for full details see pp. 382-383), and the principal collection, espe-

cially from the lower lignite bed, was made at that time. On July 17

of the same year Professor Ward took me to the place and we made a

small collection, chiefly from the upper bed, which was then in a good

condition for working out the impressions. The collection made bj^ us

from this bed at that time is larger and better than that made at the

earlier date. Only four specimens were taken on this occasion from the

lower bed, and therefore in the treatment of the flora of that bed it will

be assumed that all the specimens belong to the earlier collection except

where it is stated that they occur in the later one.

The list of fossils found on the lower horizon, or at exposure No. 1,

is as follows:

Angiopteridium strictinerve Font 1 specimen.

Baieropsis adiantifolia Font 1 specimen.

Cladophlebis alata Font ,3 specimens.

Cladophlebis Browniana (Dunk.) Sew 1 specimen.

Cladophlebis falcata Font 3 specimens.

Cladophlebis inajquiloba Font _ _ . 3 specimens.

Cladophlebis parva Font 5 specimens.

Cladophlebis rotimdata Font 1 specimen.

Cladophlebis Ungeri (Dunk.) Ward . 1 specimen.

Cladophlebis virginiensis Font 2 specimens.

Ctenis imbricata Font 3 specimens.

Ctenopteris angustifolia Font 4 specimens.

Dryopteris fredericksburgensis (Font.) Kn 5 specimens.

Encephalartopsis nervosa Font 1 specimen.

Ficophyllum tenuinerve Font 3 specimens.

Frenelopsis rtSnosissima Font 7 specimens.

Myrica brookensis Font . 2 specimens.

Nageiopsis longifolia Font 4 specimens.

Nageiopsis zamioides Font 4 specimens.

Pecopteris brevipennis Font. ? : 1 specimen.

Proteaephyllum ovatum Font. ? 1 specimen.

Quercophyllum chinkapinense Ward n. sp 14 specimens.

Rogersia angustifolia Font 3 specimens.
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Rogersia longifolia Font 4 specimens.

Scleropteris elliptica Font 2 specimens.

Sphenolepidium Sternbergianum densifolium Font 6 specimens.

Sphenopteris latiloba Font. ? 2 specimens.

Thja-soi^teris bella Font . 1 specimen.

Thj^rsopteris crassinervis Font 9 specimens.

Thyrsopteris decurrens Font 12 specimens.

Thyrsopteris densifolia Font 4 specimens.

Thyrsopteris divaricata Font 4 specimens.

Thyi'sopteris nervosa Font 6 specimens.

Thyrsopteris pinnatifida Font. 1 1 specimen.

Zamiopsis insignis Font . 17 specimens.

To obtain this variety of fossils only an imperfect exposure, partly

under water^ was available. No considerable amount of time was

devoted to collecting. No excavation was made and only the outcrop

as exposed was examined.

Angiopteridium strictinerve Fontaine.

PI. CX, Fig. 12.

1889. Angiopteridium strictinerve Font.: Potomac Flora (Monogr. LT. S. Geol. Surv.,

Vol. XV), p. 116, pi. xxix, figs. 8, 8a, 9.

Only a single specimen of this plant was found on April 16, 1893,

consisting of the lower half of a pinnule from which the leaf substance

had disappeared, leaving the nervation distinctly impressed upon the

clay matrix. This is shown in PI. CX, Fig. 12.

Cladophlebis falcata Fontaine.

PI. CXI, Fig. 6.

1889. CladopMehis falcata Font.: Potomac Flora (Monogr. U. S. Geol. Surv., Vol.

XV), p. 72, pi. iv, figs. 8, 8a; pi. v, figs. 1, la, 2-4, 4a, 5, 5a, 6, 6a.

This plant also is rare. The best of the three specimens found is a

portion of an ultimate pinna with several well-preserved pinnules of the

largest size. It is shown in PI. CXI, Fig. 6, of this paper.
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Cladophlebis virginiensis Fontaine.

PI. CXI, Fig. 7.

1889. CladopMehis virginiensis Font. : Potomac Flora (Monogr. U. S. Geol. Surv.,

Vol. XV), p. 70, pi. iii, figs. 3, 4, 4a, 5, 5a, 6, 7, 7a, 8, 8a; pi. iv, figs. 1, la,

.3, 3a, 4, 4a, 4b, 5, 6.

This plant is not common, only 2 specimens occurring. One of these

is a fragment of penultimate pinna with a rachis 5 mm. wide. It shows

the basal portions of two ultimate pinnae which carry very large pinnules.

These show, toward their tips, a slight dentation, a feature not often seen

in the specimens previously found. It is shown on PI. CXI, Fig. 7, of this

paper.

Drtopteris fredericksburgensis (Fontaine) Knowlton.

PI. CXII, Fig. 2.

1889. Aspidium fredericksburgense Font. : Potomac Flora (Monogr. U. S. Geol.

Siu-v., Vol. XV), p. 94, pi. xi, figs. 1, la, 2, 2a, 2b, 3, 3a, 4, 4a, 5, 6, 6a.

1898. Dryofteris fredericksburgense (Font.) Kn. : Bull. U. S. Geol. Surv., No. 152,

p. 92.

Five specimens of this species were collected, 4 on April 16, 1893, and

1 doubtful one on July 17. The best specimen is a well-preserved por-

tion of a penultimate pinna with the basal portions of several ultimate

pinnse. These cany man}^ pinnules. It is the form with entire pinnules,

and is shown in PI. CXII, Fig. 2, of this paper.

Frenelopsis ramosissima Fontaine.

PL CXI, Fig. 8.

1899. Frenelopsis ramosissima Font.: Potomac Flora (Monogr. U. S. Geol. Surv.,

Vol. XV), p. 215, pis. xc-v-xcix; pi. c, figs. 1-3; pi. ci, fig. 1.

This species jdekls 7 specimens, some of them good. The most com-

plete one is composed of several antepenultimate twigs, carrying a numl^er

of penultimate ones. These have a number of ultimate twigs, all prett}'

well preserved. This is shown in PL CXI, Fig. 8. This fossil is highly

characteristic of the Fredericksburg or Eappahannock horizon in the

Potomac flora, being practically confined to it. It is, then, important as

indicating that the Chinkapin Hollow horizon is the same.
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Myrica brookensis Fontaine

PI. CVIII, Fig. 8.

1889. Myrica hrooJcensis Font. : Potomac Flora (Monogr. U. S. Geol. Surv., Vol. XV),

p. .310. pi. cl, fig. 11; pi. clvi, figs. 10, 10a.

This species does not seem to have been abundant, as only 2 speci-

mens were obtained. One of these is a fragment of a leaf and the other a

nearly entire leaf. This latter is a small leaf with serrate margins. It is

given in PI. CVIII, Fig. 8. It has the nervation of Myrica brookensis and

is most like the form described in Monograph XV, but the leaf is somewhat

wider.

QUERCOPHYLLUM CHINKAPINENSE Ward n. Sp.

Pi. CXII, Figs. 3, 4.

Fourteen specimens of what seems to be a new species of Quercophyl-

lum were found at the exposure No. 1. The specific name proposed for

this by Professor Ward, chinkapinense , is derived from the locahty. The

best specimens are the two leaves given in PI. CXII, Figs. 3, 4. Fig. 3

gives a portion of a narrowly elliptical leaf with a very slender midrib . This

sends off, very obhquely, slender secondary nerves that curve forward

toward the tip of the leaf and nearly reach the margin. The tertiary

nerves can not be made out distinctly. They seem to have the indefinite

lax nature that is so characteristic of the dicotyledons of the lowest

Potomac. This leaf has something of the aspect of a Rogersia, but the

secondary nerves are stronger and more definite in their course. Fig. 4

represents an entire leaf well preserved. This has the petiole and all of

the leaf except the extreme tip. The end of the leaf is serrate for a short

distance with teeth similar to the other species of this genus found in the

Lower Potomac. This specimen gives an idea of the shape of the leaf. It

is elliptical in form and is narrowed suddenly near the base.

Thyesopteris crassinervis Fontaine.

PL CXII, Figs. 5, 6.

1889. Thyrsopteris crassinervis Font.: Potomac Flora (Monogr. U. S. Geol. Surv.,

Vol. XV), p. 130, pi. xli, figs. 1, la, lb, 2, 2a, 2b, 3, 3a, 3b.

This plant shows 9 specimens, and some of them are of larger size than

is common in the ferns found at this locality. The best specimen is a con-

MON XLVIII^)5 33
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siderable part of a penultimate pinna with a number of entire ultimate

pinnae and good pinnules. This is shown in PL CXII, Fig. 5. It shows

the character of the fern pretty well. Another specimen gives pretty well

the termination of an ultimate pinna. It is shown in Fig. 6. This fern,

from its firm texture, seems better fitted than most to be preserved.

The following is the list of plants found at the higher exposure. No. 2,

at Chinkapin Hollow

:

Araucarites aquiensis Font. ? 1 specimen.

Athrotaxopsis tenuicaulis Font ' 12 specimens-

Equisetum Lyellii Mant. ? 1 specimen.

Leptostrobus ? ovalis Ward nom nov 1 specimen.

Pinus Nordenskioldi Heer ? 2 specimens.

Sphenolepidium Sternbergianum densifolium Font 49 specimens.

Thyrsopteris elliptica Font -_ 1 specimen.

Thyrsopteris rarinervis Font 1 specimen.

Ament of dicotyledon ? _ _ 1 specimen.

This is a much smaller number of specimens than was found at the

locality No. 1 . Even this small number would have been diminished if the

material containing the fossils had preserved them no better than that of

locality No. 1. The indurated clay of locality No. 2 is very fine grained

and preserves the plants with unusual perfection, even in the smallest

fragments. Indeed, most of the fossils found here are small bits that would

not in other material be determinable.

Leptostrobus ? ovalis Ward nom nov.'''

PI. CVIII, Figs. 9, 10.

1889. Leptostrobus ? (b) sp.« Font.: Potomac Flora (Monogr. U. S. Geol. Surv., Vol.

XV), p. 2.31, pi. cxxxvi, figs. 10, 10a.

At the same locality a seed was found that seems to be the same as

those described as Leptostrobus ? (6) species ? in Monograph XV, p. 231,

pi. cxxxvi, fig. 10. The object is composed of a nucleus surrounded by a

wing. The wing and nucleus together are nearly round. The nucleus,

not very distinctly shown in the specimen figured, is oval in form, 3 mm.
long and 2 mm. wide where widest, near one end. As these seeds are

« Professor Fontaine contents himself with identifying these seeds with those found by him on the James

River and called "Leptostrobus ? (6) sp.?" This is an awkward designation, and as it now appears that such

seeds occur at other localities it is better to give them a name.—L. F. W.
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always detached, it can not be determined with what plant they are con-

nected. This seed is shown natural size in PL CVIII, Fig. 9, and enlarged

two diameters in Fig. 10. It was collected on April 16, 1893.

Sphenolepidium Steenbergianum DENSiFOLiUM Fontaine.

PL CIX, Figs. 8, 9.

1889. Sphenolepidium Sternbergianum densifolium Font.

1889. Ament of conifer (f) sp.? Font.: Potomac Flora (Monogr. U. S. Geol. vSurv.,,

Vol. XV), p. 227, pi. cxxxvi, figs. 8, 8a.

This plant is represented by 49 specimens, being portions of ultimate

twigs, seeds, and fragments of aments. The portions of twigs are all very

small. They belong to ultimate twigs. The small objects described in

Monograph XV, p. 227, pi. cxxxvi, fig. 8, as ament of conifer (/) sp.?,,

exactly resemble a number of fossils found at the second exposure, and they

are pretty certainly the same. One of these is shown in the specimen

figured in PL CIX, Fig. 8, to belong probably to the leafy twig of S.

Sternbergianum densifolium. The unattached aments are not rare. They

are all fragments. One of the most complete of these is about 7 mm. long

and not quite 2 mm. wide. The imprints on it indicate that it was

probably covered with minute, closely imbricated, chaffy scales. In

shape the scales were broadly elliptic and terminated in acute tips. This

is shown in Fig. 9. Both the specimens figured were collected on April

16, 1893. It is to be noted that such objects are abundant at the 72d

Milepost, where the leafy twigs of S. Sternbergianum densifolium are

common.
Ament of a dicotyledon ? Fontaine.

PL CVII, Fig. 11.

A single specimen showing a fragment of what seems to be the ament

of some dicotyledon was found at locality No. 2. It is nearly entire. It

is cylindrical in form, and from the imprint left seems to have been

covered with elliptical scales that were rather thick in texture and imbri-

cated. PL CVII, Fig. 11, shows it. It was collected on April 16, 1893.

The horizon of all the plants from Chinkapin Hollow is clearly that of

the Rappahannock series. There is no difference in age between those from

the two localities except the time required to deposit the intermediate

20 feet of homogeneous materials.
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LOCALITIES IN THE DISTRICT OF COLUMBIA.

FOSSIL PLANTS FROM SIXTEENTH STREET.

[PI. LXXX, No. 122.]

The fossil plants next to be noticed come from Washington, D. C, in

an excavation made on Sixteenth street (see pp. 382-383 and Fig. 10, on

p. 387). They occur on the east side of the cut, 6 feet above its base.

The material belongs to the basal strata of the Lower Potomac, probably

somewhat higher than the fossils from near Lorton. The locality is not

favorable for collecting good specimens, as the plants are contained in

lumps of clay which seem to have been torn up and transported. Hence

it is probable that their original position was at a somewhat lower horizon.

Determinable plants were collected by Professor Ward and Mr. Victor

Mason on May 7, 1893, and by Professor Ward and myself on July 14,

1893. They all occurred in the Rappahannock clays. No. 2 of the section

on p. 386, overlying the cross-bedded sands. The following species were

found

:

Athrotaxopsis tenuicaulis Font 11 specimens.

Nageiopsis angustifolia Font 1 specimen.

Podozamites distantinervis Font. ? 2 specimens.

Thyrsopteris angustifolia Font 2 specimens.

FOSSIL PLANTS FROM THE NEW KESERVOIR.

[PL LXXX, No. 121.]

The locality designated "new reservoir" is situated in the city of

Washington. The excavation made for this reservoir reached and cut into

the basal beds of the Lower Potomac. The plants in the collection come

from two spots near the base. One is on the east side, nearly opposite the

shaft, and above the lignite bed at the bottom of the reservoir. The

other is on the west side near the shaft, 6 feet above the bottom of the

reservoir. These are practically on the same horizon, which is about the

same as that of those from Cockpit Point and Lorton.

The two localities were discovered by Professor Ward on September

18, 1892." The one on the east side near the bottom of the reservoir

yielded most of the plants. Nearly all the specimens collected at that

"The exact positions of both localities are described in the historical part of this paper (see pp. 379-

380).—L. F. W.
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locality on the day named belong to the fern Thyrsopteris rarinervis, but

some tubers of Equisetum marylandicum and some other Thyrsopteris

forms also occur. The plants from the locality on the west side are all

different from these, no ferns having been found there, but a cone probably

of Sphenolepidium virginicum, a leaf of Dioonites Buchianusf, and one of

Baieropsis longvfolia were found.

On October 2, 1892, Professor Ward and Doctor Hollick collected at

the first-named locality a number of specimens, but nearly all of them

belong to Equisetum marylandicum.

On July 7, 1893, I went to this same place with Professor Ward and

we secured a few specimens, but they were mostly different from any

previously collected, including a species of Brachyphyllum. This shows

that the different clay seams hold different plants, and that the flora of

these beds is very rich and varied.

The following species occur in all these collections

:

Baieropsis longifolia Font 1 specimen.

Brachyphyllum parceramosum Font. ? 3 specimens.

Cladophlebis Browniana (Dunk.) Sew 1 specimen.

Dioonites Buchianus (Ett.) Born. ? 1 specimen.

Equisetum marylandicum Font .. 19 specimens.

Onychiopsis psilotoides (Stokes & Webb) Ward 1 specimen.

Sphenolepidium virginicum Font. ? 1 specimen.

Thyrsopteris densifolia Font 1 specimen.

Thyrsopteris divaricata Font. ? 2 specimens.

Thyrsopteris elliptica Font 3 specimens.

Thyrsopteris nervosa Font 3 specimens.

Thyrsopteris rarinervis Font 60 specimens.

Zamiopsis insignis Font. ? 1 specimen.

Most of the specimens from the new reservoir seem to have been

reduced to small fragments, but in many cases they are pretty well pre-

served, for the leaf substance is often retained

Equisetum marylandicum Fontaine.

PI. CIX, Fig. 10.

1889. Equisetum marylandicum Font.: Potomac Flora (Monogr. U. S. Geol. Surv.,

Vol. XV), p. 65, pi. ii, figs. 10, 10a.

This species stands second in abundance at this locality, and a good

many specimens were obtained. It is a peculiar fact that nearly all of
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them are rhizomes, many with tubercles attached. These are globular in

form, proportionally large in size, and they seem to grow in pairs, one on

each side of the rhizome, opposite to each other. PL CIX, Fig. 10, shows

one of these rhizomes. Most of the specimens were collected on October

2, 1892, and all at the locality on the east side. The one figured was col-

lected on July 7, 1893.

Onychiopsis psiLOTomES (Stokes & Webb) Ward."

PL CXIII, Fig. 1.

The only specimen of this plant that was found, a rather poor one,

has been drawn to form Fig. 1 of PL CXIII. It is a portion, 6 cm. long,

of a penultimate pinna with a number of parts of ultimate pinnse attached

to it, and some detached, all carrying fragments of pinnules. Some of

these show distinctl}- the characteristic narrow acute lobes and teeth

of the species. It is similar to the form figured in Monograph XV, pi. 1,

fig. 2. It was collected by Professor Ward and Doctor Hollick on October

2, 1892.

Thyesopteris rarinervis Fontaine.''

PI. CXIII, Figs. 2, 3.

As above stated, Thyrsopteris rarinervis is the most abundant fossil

found here. No fewer than 60 specimens were obtained, and many
more might have been secured had it been desirable. Some of them

are pretty well preserved. One of these is drawn to form PL CXIII,

Fig. 2. It shows considerable portions of several penultimate pinnae

with good ultimate ones, carrying well-preserved pinnules. Most of

the specimens, however, are fragments of ultimate pinnae.

This fern seems to have had very long, slender stipes, which some-

times are shown without any foliage, and then seems to be a fossil quite

different from that in which the foliage is shown. PL CXIII, Fig. 3,

shows an extreme case of this kind. The specimens all come from the

locality on the east side of the reservoir. One was obtained on October

2, 1892, and one on July 7, 1893. The rest, including the ones figured,

occur in the original collection made on September 18, 1892.

"For the synonymy of this species see p. 155.

ii For the synonymy of this species see p. 225.
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FOSSIL PLANTS FROM TKKIU COTTA.

[PI. LXXX, No. 120.]

At Terra Cotta station, on the Metropolitan Branch of the Baltimore

and Ohio Railroad, near Washington, above the bridge over the railroad,

in disturbed clay over the basal Potomac sand, I collected on Juh' 23,

1893, an obscure plant impression that looks like the rhizome of some

Equisetum. It is probably E. virginicum Font.

FOSSIL PLANTS FllOM IVY t'lTY.

[PI. LXXX, No. 130.]

On July 21, 1896, Mr. Arthur Bibbins made a small collection of

fossil plants from this locality, and two days later he and Professor

Ward obtained a few additional specimens from the same place. Both

collections are deposited in the National Museum. The locality is a

sandpit near an iron mine, adjacent to the northwest corner of the Ivy

City race coui'se. The plants occur in ferruginous crusts at the base

of the pit. They are found in a coarse sand cemented by iron oxide

into a sandstone, hence the preservation is very imperfect, on account

both of the comminuted condition of the plants and of the action of

the iron on them. The following species were found there:

Cladophlebis sphenopteroides Font. ? 1 specimen.

Pecopteris constricta Font 1 specimen.

Sphenolepidium Kurrianum (Dunk.) Heei' ? 1 specimen.

Thyrsopteris Meekiana Font. 1 1 specimen.

Thyrsopteris nervosa Font 5 specimens.

Thyrsopteris rarinervis Font. ? 5 specimens.

Most of these fossils are too imperfect to permit a positive identifi-

cation. They are in the form of small bits that are generally macerated

by water action. This collection is not sufficient to prove the age of

the strata, but it strongly indicates that the}^ belong to the horizon of

the Rappahannock or Fredericksburg beds.

FOSSIL PLANTS FROM LANGDON.

[PI. LXXX, No. 131.]

This locality was discovered by Mr. Arthur Bibbins, who, on June

10, 1896, made a considerable collection from it for the State Geological

Survey of Maryland.
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A second collection for the same survej^ was made, as Mr. Bibbins

states, from this locality, but the labels do not give any locality or date.

They simply bear the mark: "M. G. S." and the numbers 5913-5964."

The third collection was made by Professor Ward on May 11, and

the fourth, also by him, on Msij 17, 1897. These are both large collections.

A fifth but smaller collection was made by Professor Ward and Dr.

Arthur HoUick on June 14, 1897. This last was taken entirely from

one impure iron-ore nodule.

The exact localit_y is in the large cut of the Baltimore and Ohio

Railroad between Langdon and Rives stations, but nearer the former

and chiefly toward the Langdon end of the cut. Langdon is the present

name of the station formerlj^ called Mills station, being the place where

Clark Mills, the sculptor, resided and where his foundry was located.

It was here that the Statue of Liberty designed by Crawford was cast

bj^ Clark Mills. The plants occur in true white iron ore or carbonate

of iron, but the slabs holding the vegetable matter consist of impure

iron ore and have a somewhat reddish color. Nearly or quite all the

specimens came from the southeast side of the tracks, and the bed has

a length of over 100 yards and a thickness of about 6 feet. The best

specimens were obtained about 6 feet above the tracks, but some from

as high as 10 feet. These latter occurred nearer the middle of the cut,

viz, 200 yards beyond the whistle post for Langdon.

From all these collections the following species were obtained.

The number of specimens is for all collections, and the date of collection

and the proprietorship are stated only for the figured types and for

cases in which only one specimen was secured:

Athrotaxopsis expansa Font 52 specimens.

Athrotaxopsis tenuicaulis Font 15 specimens.

Ctenopteris insignis Font. ? 2 specimens.

Cycadeospermum ellipticum Font 2 specimens.

Cycadeospermum obovatum Font 1 specimen.

Ficophyllum teniiinerve Font. ? 1 specimen.

Glyptostrobus (Taxodium) brookensis (Font.) Ward 37 specimens.

Nageiopsis heterophylla Font. ? 1 specimens.

« This may be the collection made by Mr. Bibbins and myself on July 28, 1896, when he first guided me

to the locality, but it is scarcely large enough, as we had difficulty in carrying the specimens to the railroad

station. They were left there until Mr. Bibbins had them shipped to Baltimore.—L. F. W.
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Nageiopsis zamioides Font 2 specimens.

Platypterygium densinerve Font. ? 1 specimen.

Quercophyllum tenuinerve Font. ? 1 specimen.

Rogersia angustifolia Font. ? 5 specimens.

Rogersia angustifolia parva Font. n. var 1 5 specimens.

Rogersia longifolia Font 4 specimens.

Saliciphyllum ellipticum Font 2 specimens.

Sphenolepidium Sternbergianum densifolium Font 60 specimens.

Thyrsopteris decurrens Font - . 1 specimen.

Thyi-sopteris divaricata Font. ? 5 specimens.

Thyi'sopteris insignis Font 15 specimens.

Thyrsopteris nervosa Font 19 specimens.

Thyrsopteris rarinervis Font 70 specimens.

Zamiopsis insignis Font 2 specimens.

Ctenopteris insignis Fontaine?

PI. CXII. Fig. 7.

1889. Ctenopteris insignis Font.: Potomac Flora (Monogr. U. S. Geol. Surv., Vol.

XV), p. 156, pi. Ixi, figs. 4, 4a, 5; pi. Ixii, figs. 1, la; pi. Ixiii, figs. 1, 2.

Two specimens were found of a plant that agrees well with C. insignis,

a form that is highly characteristic of the strata of the Lower Potomac

of Virginia, on the horizon of the Fredericksburg beds. Although the

agreement is close, I hesitate to determine this plant positively as

C. insignis, for the amount of material is too small. PI. CXII, Fig. 7,

represents one of these specimens, and it is the terminal portion of an

ultimate pinna with several pinnules. It occurs in the collection made

by Professor Ward on May 11 and 17, 1897, the specimens found at the

two dates not being distinguished.

Platypterygium densinerve Fontaine?

PI. CXII, Fig. 8.

1889. Platypterigiwn densinerve Font.: Potomac Flora (Monogr. U. S. Geol. Surv.,

Vol. XV), p. 169, pi. XXX, fig. 8; pi. xxxi, figs. 1, 4; pi. xxxii; pi. xxxiii,

figs.l, la; pi. xxxiv, fig. 1; pi. xxxv, figs. 1, 2.

A fragment of a large leaf was found at Langdon which is a species

of Platypterygium. It is shown in PI. CXII, Fig. 8. It contains a

portion of one side of the midrib, 4 cm. long. The greater part of the

width of the midrib is missing, so that its true size is not shown. To
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the side that is preserved there is attached a part of the lamina of the

leaf that indicates a width for the lamina on that side of at least 5 cm.

This portion of the lamina is distorted in the upper portions, it being

bent fonvard. The width may have been greater than 5 cm. This

indicates for the entire leaf a width of at least more than 10 cm. The
portion of the lamina preserved is not segmented. The nerves are

parallel, closely placed, and single. They go off from the midrib at a

large angle and are slightly curved forward.

The plant agrees closely with Platypterygium densinerve Font., a

plant highly characteristic of the Fredericksburg locality in the Rap-

pahannock group of the Lower Potomac. This is described in Mono-

graph XV, pp. 169-170. The Fredericksburg plant is very irregularly

segmented and the wider segments in it are broader than the portion

shown in the Langdon specimen. The latter may be compared with

fig. 1 of pi. xxii of the work quoted. The small amount of material

does not permit a positive identification with P. densmerve."

3 One of the specimens that I collected in May, 1897, originally showed a narrow strip, about 2 cm. wide

at one end and only 3 mm. wide at the other, with a length of 5 cm., across which fine nerves could be seen to

run, indicating a cycadaceous leaf. This was returned by Professor Fontaine with the following words on the

label: "Fragment of a large cycad leaf not determinable." In the manuscript of his report this specimen

was described as follows:

" Undetermined large cycad. A fragment of the leaflet of a cycadaceous plant was found which indicates

a leaf of considerable size, larger than that of a Zamites, from which it differs in other respects than size. Not

enough of the plant was obtained to show anything definite, as the specimen is a small fragment of a leaflet."

On a casual examination of the specimen I perceived that the fine nerves ran under the adjacent rock

substance, and a few taps with a hammer caused the rock to cleave on the plane of the leaf and brought out

the amount of surface that is seen in the figure with 4 cm. of attachment to the midnerve, which is on the side

opposite to that originally exposed and was not visible in the specimen as first examined by Professor Fontaine.

I therefore returned it to him on March 12, 1903, and in the letter accompanj-ing it I said:

"I am sending you in a small box b\' mail a specimen from the Langdon localitj", on which you recognized

a small portion of a large cycad leaf, and so labeled it. I have worked out all that existed in the specimen

and it is quite distinctive. It seems to be entirely different from anything else in the Potomac formation.

You can see the large midrib to which a wide blade is attached on one side, and you can follow the fine nerves,

passing entirely across the specimen, with a somewhat upward curve. So far as I can see, there is no areola-

tion or anastomosis. It seems somewhat like a Nilsonia of the nonsegmented group."

He returned the specimen the next day with the description and identification given above.

There should properly be no genus Platypterygium. Schimper, in Zittel's Handbuch, p. 22.5, which was

in the second fascicle, dated ISSO, in treating the genus Anomozamites, created a subgenus Platypterygium

for certain very large-leaved forms, the chief of which are the PterophyUum Braimsii Schenk, P. princeps

Oldh. & Morr., P. Medlicoitianum Oldh. & Morr., and P. Morrisianura Oldh., all of which he had already

referred to Anomozamites in his Traite de Paleontologie V^getale, Vol. II, pp. 142-143, 1870, without placing

them in any subgenus. Feistmantel, in his Fossil Flora of some of the Coal Fields of Western Bengal (Foss.

Fl. Gond. Syst., Vol. IV, Pt. II), p. 37, accepted Schimper's subgenus Platypterygium, calling it such, and

referring to it his Anomozamites {PterophyUum) BaUi, but treating it as Platypterygium BaEi, thereby virtually

raising Platypterygium to generic rank. Professor Fontaine, in his Potomac Flora (see synonymy above),
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RoGERSiA ANGUSTiFOLiA PARVA Fontaine n. var.

PI. CXI, Fig. 9.

At this locality five specimens of a dicotyledon were found that

indicate a smaller and narrower leaf than the normal Rogersia angus-

tifolia. In fact, the leaves are so narrow that they suggest Cephalo-

taxopsis magnifoUa." The nervation, however, although vaguely shown,

is that of a dicotyledon, and the leaf substance is thinner than that

of a Cephalotaxopsis. This may be a new genus, but the amount of

material is too small and the preservation too imperfect to permit the

establishment of its full character. It may provisionally be regarded

as a variety of Rogersia angustifolia, which it resembles in all deter-

minable points except size. The specimen figured was collected by

Professor Ward in May, 1897.

Rogersia longifolia Fontaine.

PL CXII, Fig. 9.

1889. Rogersia longifolia Font.: Potomac Flora (Monogr. U. S. Geol. Surv., Vol.

XV), p. 287, pi. cxxxix, %. 6; pi. cxliv, figs. 2, 2a, 2b; pi. cl, fig. 1; pi. clix,

figs. 1, 2.

This is a plant which in the Virginia Lower Potomac is confined

to the Rappahannock horizon and appears to be represented by 4

fragments of leaves. Some of them are so poorly preserved as to be

followed Feistmantel's method and described two species of Platypterygium (misspelling the name Platypte-

rigium), P. densinerve and P. Rogersianum, to the former of which he doubtfully refers the specimen now

under consideration.

As all the other forms that had prior to that date (1889), or have ever, been referred to the subgenus

Platypterygium come from much older strata (Rhetic or at latest Jurassic), the placing of these Lower Cre-

taceous forms in that category must be prima facie questionable. It is of interest to note that Mr. Seward,

who examined the specimens 'in the United States National Museum in 1897, makes, in his Jurassic Flora of

Yorkshire, p. 224, 1900, the following remark:

"Attention may be drawn to the large leaves figured by Fontaine from the Potomac plant beds under

the name Platypterigium densinerve. An examination of a few specimens. of this species in the Washington

Geological Museum led me to regard the plant as probably a Nilssonia."

It is true that Nilsonia is also a chiefly Jurassic genus, but undoubted forms of it occur in the Lower

Cretaceous even of America (see pp. 252, 253, 254, 271, 284). The conjecture expressed in my letter to

Professor Fontaine when I sent him this specimen may therefore still prove not to have been so very wide of

the mark. At any rate, such forms are calculated to furnish crumbs of comfort to those who regard the

Potomac formation as Jurassic—L. F. W.
a Monograph XV, pp. 236, 237.
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doubtful. PI. CXII, Fig. 9, gives the best specimen. This was col-

lected b}' Mr. Bibbins for the Maryland Geological Survey on June 10,

1896.

Saliciphyllitm ellipticum Fontaine.

PI. CXI. Fig. 10.

1SS9. Saliciphyllum ellipticum Font.: Potomac Flora (Monogr. U. S. Geol. Surv.,

Vol. XV), p. 303, pi. cxlvi, figs. 2, 4; pi. cl, fig. S; pi. clxiii, fig. 5; pi. clxvi,

fig. 2.

This seems to have been one of the rarer plants in the Langdon

strata. In the considerable number of specimens collected by Pro-

fessor Ward and Mr. Bibbins only two are referable to this species.

One of these specimens is nearh^ the whole of the upper part of a leaf,

as given in PL CXI, Fig. 10. The margins are not well preserved.

These leaves are not so well preserved as some of those figured in Mono-

graph XV, but the finer nervation is a little better shown. Both the

specimens were collected by Mr. Bibbins for the Maryland State

Geological Survey on June 10, 1896.

Sphenolepiditjm Sternbergianum dexsifglium Fontaine."

PI. CXII, Figs. 10, 11.

Sixty specimens of this conifer, with short acicular leaves, were

found in the collections. Most of them are poorly preserved and

obscure, but some are distinct enough to be identified without doubt.

This species occurs on all the horizons of the Lower Potomac of Vir-

ginia, but it is most common on the upper one, or that of the Aquia

Creek strata. Some of the specimens show very delicate leaves whose

full character can be made out only with the help of a lens. Although

smaller even than the most slender of the Virginia forms, they do not

othenvise seem different, and hence can hardly be made a new variety.

PL CXII, Fig. 10, represents one of the stoutest forms, being a frag-

ment of an ultimate twig. This was collected by Professor Ward in

May, 1897. Fig. 11 depicts one of the small delicate kind showing

portions of several ultimate twigs. This was obtained from the nodule

of iron ore broken up by Professor Ward and Dr. Hollick on July

14, 1897.

"Seepp 507, .524.
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Thyksopteris decurrens Fontaine.

PI. CXI, Fig. 11.

1889. Thyrsopteris decurrens Font.: Potomac Flora CMonogr. U. S. Geol. Surv.,

Vol. XV), p. 1.30, pi. xliii, figs. 7, 7a; pi. xlvi, figs. 2, 2a, 4; pi. xlix, figs. 5,

5a, 6, 6a, 7.

Only one specimen of this fern was found at the Langdon locaUty.

It occurs in the collection made by Professor Ward in May, 1897. It

consists of the upper part of a compound pinna and may be compared

with the specimen represented by fig. 7 of pi. xlix of Monograph XV.

It is shown on PI. CXI, Fig. 11. This species has a wide range in the

Virginia Potomac.
Zamiopsis insignis Fontaine.

PI. CXIII, Figs. 4, 5.

1889. Zamiofsis insignis Font.: Potomac Flora (Monogr. U. S. Geol. Surv., Vol.

XV), p. 162, pi. Ixii, fig. .3; pi. Ixiv, figs. 1, 3; pi. Ixv, figs. 4-6; pi. Ixvi,

fig. 2; pi. Ixvii, fig. 7.

Two impressions of a plant were found that belong to Zamiopsis

insignis. This remarkable plant is highly characteristic of the lowest

strata of the Lower Potomac of Virginia. At the time of the preparation

of Monograph XV it had been found only at the Fredericksburg locality,

but since that time it has been discovered in abundance near Alexandria,

in the basal beds at Chinkapin Hollow. This is a type that is easily

detected even in small fragments. The specimens show portions of

ultimate pinn«. The form given in PI. CXIII, Fig. 4, comes from lower

down on the plant, where the pinnules are larger. Several of these are

shown. The form given in fig. 5 is the terminal portion of an ultimate

pinna; where the pinnules are narrow and show only the characteristic

toothing of the plant. The distribution of this species is geologically so

well defined that the plant is especially valuable to fix the horizon of

the strata in which it occurs.

Both the specimens were found by Professor Ward in May, 1897.

GENERAL REMARKS.

The account of the plants given above makes it evident that the

locality yielding them is on the horizon of the basal beds of the Potomac
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of Virginia, and not that of the Brooke or Aquia Creek strata. A brief

resume may make this plainer. For the sake of reference in this account

I will refer to the basal part as the Rappahannock beds. The following

plants, being doubtfully determined, will not have so much weight in

determining age:

Quercophyllum tenuinerve 1

Rogersia angustifolia ?

Thyrsopteris divaricata?

Ctenopteris insignis ?

Ficophyllum tenuinerve ?

Nageiopsis heterophylla ?

Platypterygium densinerve ?

All of these are confined to the horizon of the Rappahannock beds.

We may also omit the new variety, Rogersia ayigustifolia parva, as

it does not occur in the Virginia beds.

This leaves, as having considerable value in determining the age of

the Langdon beds, the following species:

Sphenolepidium Sternbergianum densi-

folium.

Thyrsopteris decurrens.

Thyrsopteris insignis.

Thyrsopteris nervosa.

Thyrsopteris rarinervis.

Zamiopsis insignis.

Athrotaxopsis expansa.

Athrotaxopsis tenuicaulis.

Cycadeospermum ellipticum.

Cycadeospermum obovatum.

Glyptostrobus (Taxodium) brookensis.

Nageiopsis zamioides.

Rogersia longifolia.

SaHciphylluni ellipticum.

The two species of Athrotaxopsis and the two of Cycadeospermum,

Nageiopsis zamioides, Thyrsopteris insignis, and T. nervosa are all con-

fined to the Rappahannock horizon. Rogersia longifolia, Saliciphyllum

ellipticum, Sphenolepidium Sternhergianum densifolium, Thyrsopteris

decurrens, and T. rarinervis, though found in the lower beds, occur also

on the Aquia Creek horizon. Glyptostrobus (Taxiodium) brookensis is

the only plant confined to the horizon of the Aquia Creek beds in Virginia.

The absence of all dicotyledons of the more modern aspect and the

presence of only a very few of the archaic type, characteristic of the

basal beds, is strong proof that the strata are older than the Aquia Creek

beds. It is safe to affirm that the latter will, in all cases, contain a large

element of dicotyledons of comparatively modern aspect.
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FOSSIL PLAATS FKOIH THE (JUEENS THAPEL ROAD.

[PI. LXXX, near No. 131.]

On May 11, 1897, Professor Ward collected, in a cutting for the

electric railroad which begins a few steps beyond the crossing of the

Queens Chapel road and extends northeastward for a distance of several

hundred yards, a specimen in counterparts of a small leafy twig belonging

to Sphenolepidium Sternbergianum densifolium. It occurs in typical

iron-ore rock of a dark-reddish color, differing scarcely at all from that

yielding the fossil plants at the Langdon locality, which is only a short

distance from there. The age is evidently the same.

LOCALITIES IN MARYLAND.

FOSSIL PLANTS FKOM KOSIEKS BLUFF, FORT FOOTE, MARYLAND.

[Pi. LXXX, No. 143.]

Rosiers Bluff forms the bank of the Potomac River above Fort

Foote. The fossils are found 200 yards below Notley Hall wharf, and

about 30 feet above the water, on the Fort Foote reservation (see

pp. 373-375). The plant-bearing stratum is 4 or 5 feet thick and is

composed of partly indurated sand interstratified with layers of clay.

The material is lithologically similar to that which yields the fossils at

the 72d IMilepost in Virginia. The fossils occur in a similar manner and

are in the main the same species as those of the Virginia locality, so that

there can be no doubt that the horizon is that of the Aquia Creek series.

The better specimens occur in the clay. This is sandy and has poor

cleavage. It tends to break up into lumps, so that the plants can rarely

be obtained in specimens as large as they are contained in the clay.

They seem, however, to have been in many cases much comminuted

before entombment. The locality was discovered by Professor Ward on

June 13, 1891, but the principal collection was made by him and IMr.

David White on November 25, 1891. As these collections were both

made at the same place, no attempt will be made to distinguish the

specimens obtained at the two dates except in the case of the figured

types. The specimens of Sapindopsis are the largest that are found
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here and the claj' is full of small fragments of the plants of this genus.

The following is the list of plants found at Rosiers Bluff:

Abietites angusticarpus Font 1 specimen.

Araucarites aquiensis Font 10 specimens.

Aristolochiffiphyllum crassinerve Font 2 specimens.

Baieropsis adiantifolia Font. ? 1 specimen.

Baieropsis foliosa Font 5 specimens.

Brachyphyllum crassicaule Font 4 specimens.

Celastrophj^lum acutidens Font 31 specimens.

Cladoplilebis constricta Font. ? 1 specimen.

Cladophlebis parva Font 1 specimen.

Cycadeospermuni obovatum Font 4 specimens.

Eucalyptus rosieriana Ward n. sp 3 specimens.

Ficus myi'icoides Hollick 3 specimens.

Leptostrobus longifolius Font 2 specimens.

Menispermites vii-giniensis Font. ? 2 specimens.

Nageiopsis angustifolia Font 6 specimens.

Nageiopsis longifolia Font 8 specimens.

Nageiopsis zamioides Font 5 specimens.

Onycluopsis psilotoides (Stolves & Webb) Ward 2 specimens.

Pinus schista Ward n. sp 5 specimens.

Podozamites pedicellatus Font 1 specimen.

Populopliyllum minutum Ward. . 1 specimen.

Sapindopsis brevifolia Font 3 specimens.

Sapindopsis elliptica Font 1 specimen.

Sapindopsis magnifolia Font 22 specimens.

Sapindopsis tenuinervis Font 32 specimens.

Sapindopsis variabilis Font 92 specimens.

Sequoia cycadopsis Font 1 specimen.

Sphenolepidium dentifolium Font 6 specimens.

Sphenolepidium Sternbergianum densifolium Font 9 specimens.

Thinnfeldia variabilis Font 1 specimen.

Thyrsopteris crassinervis Font. ? 1 specimen.

Thyrsopteris elliptica Font 1 specimen.

Thyrsopteris nervosa Font 2 specimens.

Thyrsopteris rarinervis Font 6 specimens.

Zamites tenuinervis Font 4 specimens.
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Brachyphyllum crassicaule Fontaine.

PL CXIII, Fig. 6.

1889. Brachyphyllum crassicaule Font. : Potomac Flora (Monogr. U. S. Geol. Surv.,

Vol. XV), p. 221, pi. c, fig. 4; pi. cix, figs. 1, la, lb, 2-4, 4a, 5-7; pi. ex,

figs. 1-.3, 3a; pi. cxi, figs. 6, 7, 7a; pi. cxii, figs. 6-8; pi. clxviii, fig. 9.

Four specimens of B. crassicaule were found at this locality. The

best specimen is a distinctly defined terminal portion of a penultimate

twig, showing a number of entire ultimate branches. It is shown on

PI. CXIII, Fig. 6. It was collected on November 25, 1891.

Celastrophyllum acutidens Fontaine.

PI. CXIII, Figs. 7, 8.

1889. Celastrophyllum acutidens Font.: Potomac Flora (Monogr. U. S. Geol. Surv.,

Vol. XV), p. 305, pi. clvi, figs. 8, 8a.

1889. Celastrophyllum ohtusidens Font.: Ibid., p. 305, pi. clvi, fig. 5.

At the 72d Milepost in Virginia 31 specimens were found of a dico-

tyledon that seems to be the same with C. acutidens of the Aquia Creek

horizon. Nearly all the specimens are fragments of leaves that show

only one margin entire. The part thus presented entire, however,

varies in the different cases, so that an idea of the whole leaf may
be obtained. One specimen is a nearly entire leaf. Two species of

Celastrophyllum were described in Monograph XV, from the locality at

the 72d Milepost, ° as C. ohtusidens and C. acutidens, distinguished by

the greater or less acuteness of their marginal teeth. It was suggested

that they might be varieties of the same species, but the amount of

material then available was not sufficient to indicate the existence of

transitional forms.

The specimens from Hosiers Bluff show gradation from the forms

with acute teeth to those with obtuse ones, indicating that all are varia-

tions of one species. The leaves with more acute teeth seem to be the

normal ones, hence the specific name retained should be acutidens.

As the specimens from Rosiers Bluff are numerous, they show

more of the character of the leaf than could be made out from the few

forms obtained at the 72d Milepost. The toothing is more often subacute

« Op. cit., p. 305, pi. clvi, figs. 5, 8.

MON XLVIII—0.5 34
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to acute than obtuse. The average leaves resemble most that one given

in the Potomac Flora, pi. clvi, fig. 5, but some of them seem to have been

longer. Thej^ seem to have been oblong in form, with a rather strong

midnerve. The secondary nervation is slender, going off pinnately and

very obliquely from the midrib and curving toward the apex of the leaf

with a flexuous course. The secondary nerves send off at a very large

angle tertiary ones, which anastomose with their like, forming irregular,

large polj'gonal meshes. This tertiary nervation is, in proportion to the

secondary, very strong. PL CXIII, Fig. 7, gives a fragment of a leaf

of the largest size with the teeth somewhat blunted by maceration.

Fig. 8 depicts a smaller, nearly entire, leaf. The toothing in this latter

is closer and less deeply cut than in many of the specimens. In general

the teeth of this plant vary a good deal in size, depth, and sharpness.

Both the specimens figured were collected on November 25, 1891.

Eucalyptus rosieriaxa Ward n. sp."

PL CXIII, Figs. 9, 10.

Three specimens of a dicotyledon from Rosiers Bluff were indicated

on the labels by Professor Ward as Eucalyptus Geinitzi Heer. As this

species is unknown to me I have requested Professor Ward to describe

it (see a.ccompanying footnote).

"Three specimens of a dicotyledonous leaf with the form and nervation of Eucalyptus were collected by

Mr. White and myself on November 25, 1891, which upon examination I was inclined to refer to E. Oeinitzi

Heer, and had so labeled them. Professor Fontaine returned them without description with the request that

I treat them, as he was unacquainted with that species. He indicated one of the specimens to be figured, and

I have thought best to figure two of them, to bring out the characters. On further comparison with all the

figures that have been published of E. Oeinitzi, both in Europe and in America, I have decided that the form

from Rosiers Bluff does not belong to that species, but is a new species, and I name it for the locality. It

has the following character:

Leaves small and narrow, about 7 cm. long by 15 mm. wide, widest at about the middle, tapering to both

base and summit, somewhat falcate, especially in the upper part; margins entire, but somewhat undulate;

midrib strong, central through the leaf; lateral nerves distinct, numerous, close together, parallel, proceeding

from the midrib at a large angle so as to be only slightly ascending, curving upward near the margin and

forking at the point where the curvature is greatest, the lower branch abruptly descending and joining the next

nerve below in such a manner as to produce an apparent marginal nerve 1 mm. from the margin, numerous

nervilles crossing the spaces between the secondaries at various angles, forming a network of very irregular

meshes; petiole, base, and tip unknown.

This species is nearest to Eucali/pius ? angustifolia Newb.: Flora of the Amboy Clays (Monogr. U. S.

Geol. Surv., Vol. XXVI), p. Ill, pi. xxxii, figs. 1, 6, 7, especially as seen in fig. 7, but the secondary nerves

are much more nearly horizontal and the form and nervation are different.—L. F. W.
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Ficus MYRicoiDEs Hollick."

PL CXII, Fig. 12.

1895. Ficus myricoides Hollick in Newberry: Flora of the Amboy Clays (Monogr.

U. S. Geol. Surv., Vol. XXVI), p. 71, pi. xxxii, fig. 18; pi. xli, figs. 8, 9.

Three specimens of a dicotyledon were obtained from the Rosiers

Bluff locality, one on June 13 and two (including the one figured) on

November 25, 1891, that are indicated by Professor Ward on the lal^els

as F. myricoides Hollick. As this species is unknown to me I have

requested Professor Ward to describe it (see footnote).

PiNUS. SCHISTA Ward n. sp.

PI. CXII, Figs. 13-1.5.

Five small winged seeds were obtained at Rosiers Bluff that seem to

belong to a new species of Pinus. The seeds proper are elliptical in form,

and average a little more than 2 mm. in length and H mm. in width in

the widest part. The wing is, in proportion to the seed, very large and

projects beyond it at one end. In the lai'gest the length of the wing

is nearly 1 cm. The wing is split into two segments. On most of the

seeds obtained only one of the segments was retained, but its shape

shows that it forms one of an opposing pair. In a few cases both seg-

ments were preserved. ** The seeds are not unlike those of Picea excelsa

(Poir.) Link.

PI. CXII, Fig. 14, gives a seed of normal size and shape, with one

segment of a wing. Fig. 15 shows one with the wing retaining portions

of both segments. Both the specimens figured were collected on No-

vember 25, 1891.

At Rosiers Bluff a few fragments of one-nerved, Pinus-like leaves

were found. These may belong to this species, but they are too vague

and imperfect to show any particular character.

« A more thorough comparison, aided by a good figure, does not change my opinion that these specimens

belong to F. myricoides, but it is true that I have not yet seen Doctor Hollick's types.—L. F. W.
fiMiss Mary Mason Mitchell, who made the drawings, observed that at least in one case (see Fig. 14)

nerves or fibers crossed from one part to the other of the split wing, tending to prove that the splitting is

accidental. I had suspected this, and noted the further tendency of the ends of the wings to split or fray

and become ragged. Nevertheless, all the seeds in the collection are thus divided into two divaricate halves,

which I have never observed in any other seed of Pinus, living or fossil.—L. F. W.
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PoDOZAMiTES PEDiCELLATUs Fontaine.

PI. CXIV, Fig. 1.

1889. Podozamites pedicelJatus Font.: Potomac Flora (Monogr. U. S. Geol. Surv.,

Vol. XV), p. 180, pi. Ixxvi, fig. 1; pi. Ixxviii, fig. 7; pi. Ixxxii, fig. 5.

The single specimen of this plant collected b}^ Professor Ward on

June 13, 1891, is well characterized. It is the lower part of a detached

leaflet that is well preserved and shows a considerable portion of the

pedicel that attaches the leaflets of this plant. It is shown in PI. CXIV,

Fig. 1.

POPULOPHYLLUM MINUTUM Ward."

PL CVIII, Fig. 11.

Sapindopsis variabilis Fontaine.

PL CXW, Fig. 2.

1889. Sapindopsis variabilis Font.: Potomac Flora (Monogr. U. S. Geol. Surv., Vol.

XV), p. 298, pi. cli, figs. 1, la; pL clii, figs. 1, 4, 4a; pi. cliii, fig. 3; pi. cliv,

figs. 2-4, 4a; pi. civ, figs. 2-5.

This is the most common and best-preserved fossil found at

Hosiers Blufl^, 92 specimens occurring in the collections. Most of the

specimens, however, are fragments of leaves. No doubt if excava-

tions had been made and time devoted to the search for fossils a greater

variety as well as more and better specimens might have been secured,

not only of the Sapindopsis forms, but of others.

The terminal leaflets of Sapindopsis show a decided tendency to

union at their leases. This is especially true of the uppermost three.

One specimen of S. variabilis obtained on November 25, 1891, shows

a marked departure from this rule. This is composed of the basal parts

and most of the last three leaflets. They are not attached to a stem,

but stand in their natural position, indicating a former attachment.

These leaflets are not confluent at their bases, as shown in PL CXIV,

Fig. 2.

« See p. 499. One specimen from Rosiers Blufif has an impression of a small dicotyledonous leaf which

Professor Fontaine labeled Populus potomaceiisis without any mark denoting doubt. He did not, however,

include that species in the plants enumerated in his manuscript as found at that locality. Although a

smaller leaf still than that from the Mount Vernon beds, the form and nervation are substantially the same,

and there seems no doubt that this species persisted in the Aquia Creek period. The specimen was collected

on November 2.5, 1891.—L. F. W.
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Sequoia cycadopsis Fontaine.

PI. CIX, Fig. 11.

1889. Sequoia cycadopsis Font.: Potomac Flora (Monogr. U. S. Geol. Siirv., Vol.

XV), p. 24.3, pi. cxii, figs. 9, 9a, 10, 11, 11a; pi. cxiii, figs. 1, la, 2, 2a, 3.

This is a well-marked species that is highly characteristic of the

Aquia Creek horizon. There was obtained from Rosiers Bluff a very-

good specimen that shows the terminal part of an ultimate twig with

a number of well-preserved leaflets. The rock matter containing it is

somewhat different from that showing most of the specimens of Rosiers

Bluff, as it is an ash-gray pure clay."

FOSSIL PLANTS FROM KITEKDALE.

[PI. LXXX, No. 129.]

In the collections there are four clay casts of small cones credited

to the locality Riverdale. This locality is a cut on the electric rail-

road between Hyattsville and Riverdale and about midway between

these two places. The bed is referred to the Arundel formation. The

cones appear to belong to Athrotaxopsis expansa. This small amount

of material is of course not sufficient to determine positively the age

of the beds yielding them, but, so far as their evidence goes, it con-

firms the assumption that it is Rappahannock or Arundel. The speci-

mens were collected by Mr. Arthur Bibbins, three of them on July 1

and the remaining one on July 28, 1896. This last is much larger than

the others. It was obtained by Mr. Bibbins on an excursion in com-

pany with Professor Ward, to whom it was given, and it was deposited

by the latter in the National Museum. The others are the property

of the Maryland State Geological Survej^ and bear its number, 8248.

« There is a shade of doubt as to whether this specinjen actually came from Eosiers Bluff. The locality

number, as often happens, had become detached and was lost before it was sent to Professor Fontaine. I am
sure that I collected it myself in the soft clay, and I had trimmed the sides in the field with a knife that I cany
for the purpose. I had also carefully worked out the impression with the proper tools. Finding it in the

collection made by Mr. White and myself on November 25, 1891, without a number, I wrote the number

plainly with a pencil on one of the smooth-cut surfaces, then dry and well adapted to be written upon. In

this form it went to Professor Fontaine, but the difference in the character of the matrix did not escape him,

and he made the above note on this fact. It is, indeed, wholly different from that of any other specimen from

the Rosiers Bluff locality, and there is no essential difference in the matrix of any of the other specimens from

this locality. I have carefully compared it with all the other collections described in this paper and it does

not exactly agree with any of them, but is much nearer to that from the 72d Milepost and the bank near

Brooke. As this species had previously been found only at the former of these last-named localities, it is

possible that the specimen is from there. The horizon, however, is the same.—L. F. W.
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FOSSIL PLANTS FROM NEAR BEBWVN.

[PI. LXXX, No. 127.]

The locality designated "The Electric R. R. cut, near Berwyn,"
referred on the label to the "base of the Arundel," has yielded a speci-

men of some plant which, however, is not determinable.

FOSSIL PLANTS FROM THE BEWLEY ESTATE.

[PI. LXXX, No. 90.]

Three specimens come from the Bewley estate. The locality is

described on the label accompanying them as "Bewley estate, Branch-
ville, Md., Patuxent?'"" They occur in an arenaceous yellow clay,

which is not cleavable, and they are very obscure. One specimen each

of DioonUes Buchianus (Ett.) Born.'?, Menispenmtes virginiensis Font.?,

and Sphenopteris latiloba Font.? were found here. None of them can

be positively determined, and of course these plants have no value for

the determination of the age of the beds which contain them. Indeed,

correctly detemiined, their evidence would be contradictor}^ as Meni-

spermites virginiensis belongs to the Aquia Creek horizon and Dioonites

Buchianus to the James River and Rappahannock member. The
specimens are all under one label with the number 3838, but the insti-

tution to which they belong is not indicated.

FOSSIL PLANTS FROM MIIKKIRK.

[PI. LXXX, No. 101.]

In January, 1888, IMr. J. B. Hatcher, working under the direction

of Prof. 0. C. IMarsh for the United States Geological Survey, collected

in an iron-ore pit known as Coffin's engine mine, 1 mile south of ]\Iuir-

kirk, ]\Id., 50 mud casts of small cones. He stated that they came

from about 12 feet below the surface and were associated with verte-

brate bones, of which he obtained the well-known collection described

by Professor IMarsh.

On May 19, 1891, another collection was made for the United States

Geological Survey from the same mine, but wholly from the dump, the

o The bed yielding thc^e plants is in the left bank of the Paint Branch above where the Metzerott road

crosses it and near the Baltimore pike just above the bridge. The vertical bluff is 1.5 feet high and consists

of paint clays and shales of lively pink and blue colors and well stratified. They seem to be a transgression

of the Patapsco. The specimens, however, do not come from these clays, but from the coarser beds that

overlie them.—L. F. W.
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shaft being then filled with water. This collection was made by Lester

F. Ward, David White, and Robert T. Hill. They obtained 42 of the

cones, but these are less perfect than the others.

In 1893 Mr. Arthur Bibbins collected 1 specimen. No. 6342 of the

Woman's College of Baltimore, and in June, 1895, he obtained for the

State Geological Survey of Maryland 5 more of these same cones. These

bear the number 5709 of that survey. On still another occasion he

"oUected what seems to be a cycadaceous fruit.

The cones all seem to belong to Athrotaxopsis expansa, and the

cycadaceous fruit is probably Cycadeospermum acutum.

Athrotaxopsis expansa Fontaine.

PI. CIX, Figs. 12, 13.

1889. Athrotaxopsis expansa Font.: Potomac Flora (Monogr. U. S. Geol. Survey,

Vol. XV), p. 241, pi. cxiii, figs. 5, 5a, 5b, 6; pi. cxv, fig. 2; pi. cxvi, fig. 5;

pi. cxvii, fig. 6, pi. cxxxv, figs. 15, 15a, 15b, 18, 22 (cones).

As already remarked, the cones collected by Mr. J. B. Hatcher

came from the clay which yielded the dinosaurian remains described

by Professor Marsh from the Potomac strata of Maryland. These

dinosaurian fossils led Professor' Marsh to maintain that the Potomac

formation of Maryland is of Jurassic age. The cones now in question

are of additional interest on account of their unusual mode of fossili-

zation. They are mud casts, and in most cases retain no trace of the

original vegetable matter. They vary a good deal in size, but all seem

to belong to the one species, Athrotaxopsis expansa. The largest are

18 mm. by 15 mm., and the smallest are not more than half as large.

The difference in size is probably due to a difference in their develop-

ment. They are often somewhat distorted from pressure. The normal

shape seems to have been broadly oblong, but some are nearly spher-

ical. The fossil is composed of indurated mud deeply pitted with

depressions that sometimes take the exact form of the cone scales,

and the whole object retains pretty accurately the shape and size of

the original cone. Sometimes the pits retain a trace of carbonaceous

matter, from the vanished scale, lining the pit. The pits were evidently

caused by the decay of scales which persisted until the cone had been

outlined in mud. These cones are exactly like those of Athrotaxopsis
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expansa given in Monograph XV, pi. cxxxv, figs. 15, 18, 22, but here

the material is clay. The clay retaining the shape of the cone has

undergone some modification and induration not found in that which

embeds it, for the mud cones may be picked out of the matrix retain-

ing their shape. The pits are clearly not so numerous as the scales

of the cones were originally. The precise mode of fossilization is not

evident. It would seem that the ripened cones, retaining a few widely

divergent and persistent scales, fell to the bottom and were buried in

the accumulating mud sediment. Then the surrounding mud was

pressed in between the scales and took the form of the cone. After-

wards the scales decaj'^ed and left pits to represent them. These pits

sometimes give very well the shape of the vanished scale. They indi-

cate that the ends of the scales had broad peltate forms, and that they,

toward their insertion on the axis, were greatly attenuated.

The clay retaining the form of the cones seems to have been indu-

rated, as stated before, so that the fossils can be separated from the

surrounding mud. Probably this was caused b}' silica deposited from

solution. The silica ma}^ have been brought into solution by the action

on the surrounding rock material of the vegetable acids produced in

the decay of the material of the cones. I have often observed indica-

tions of such action in other cases. For example, limbs of trees, once

embedded, have been found now represented only by hollows or molds

which take their form. The walls of the molds were impregnated with

silica deposited from solution and were often so strengthened that the

molds were kept open.

PL CIX, Fig. 12, represents one of the smallest, but not the

smallest, of the cones, and Fig. 13 one of the largest. Both of these

occur in Mr. Hatcher's collection and are deposited in the National

Museum. As will be seen by the above account, there are in all the

collections 98 specimens of these cones.

As above stated. Coffin's old engine bank, Muirkirk, also furnished

Mr. Bibbins a single doubtful specimen of C. acutum. The label is

marked "M. G. S., 9774."

In the collections of the Maryland Survey from the Muirkirk local-

ity are several specimens of so-called white ore—that is, carbonate of

iron—which show rootlets that can be identified with no species.
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These fossils alone would not suffice to fix the age of the rocks

3delding them, but do not oppose the assumption of the Arundel or

Rappahannock age of the material.

FOSSIL PLAMS FROM CON'TEE.

[PL LXXX, Nos. 95, 97.]

Two specimens come from near Contee, which is the next station

northeast of Muirkirk, on the Baltimore and Ohio Railroad. The label

accompanying one of these reads: "Peterson's mine, near Contee,

Prince George Co., Md." (PL LXXX, No. 97), with no formation

named. The fossil is a clay cast of a small cone which probably belongs

to Athrotaxopsis expansa Font. It suggests that the age of the forma-

tion is Arundel, or, what is the same thing, Rappahannock. It is No.

8242 of the Maryland Geological Survey, collected by Mr. Bibbins in 1896.

The other is a specimen of Cycadeospermum rotundatum Font.,

credited on the label accompanying it to "Iron-ore clays, B. & O. R. R.

cut, Contee, Maryland" (PI. LXXX, No. 95). This species in the Vir-

ginia Lower Potomac" was found in only one specimen, in strata of

Rappahannock age. So far as its evidence goes, it indicates that the

clays yielding it belong to the Arundel. The label does not give date

or collector, but it is marked "M. G. S., 8779."

FOSSIL PLAMS FBOM ARLINGTO\.

[PL LXXX, No. 73.]

This locality is half a mile north of the village of Arlington and a

mile and a half east of Jessup station on the Baltimore and Ohio Railroad,

on the high ground, nearly 300 feet above sea level, which forms the

divide l^etween the Patuxent and Patapsco drainages, through which

passes the somewhat famous Jessup Cut. Several large collections were

made by Mr. Bibbins from points only a short distance apart in this

general region (see p. 389). These collections contain more specimens

than were obtained from any other locality. They are, however, mostly

duplicates of a comparatively small number of species. As the species

show that the various localities belong to the same horizon, and as the

rock matter containing them indicates that they come from the same

" Monograph XV, p. 271, pi. cxxxvi, fig. 12.
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bed, or is at least the same material, no attempt will be made to treat

the collections separately. Most of the fossils occur in limonite, and

some in a ferruginous sandstone highly charged with limonite. The

following is the list of species occurring here:

Abietites angusticarpus Font 3 specimens.

Athrotaxopsis expansa Font 57 specimens.

Athrotaxopsis tenuicaulis Font 1 specimen.

Baieropsis adiantifolia Font. ? 1 specimen.

Brachyphj^llum parceramosum Font 29 specimens.

Cephalotaxopsis ramosa Font. ? 3 specimens.

Cladophlebis acuta Font 400 specimens.

Cladophlebis acuta angustifolia Font. n. var 115 specimens.

Cladophlebis alata Font 2 specimens.

Cladophlebis Browniana (Dunk.) Sew. ? 2 specimens.

Cladophlebis parva Font. 1 1 specimen.

Cladophlebis Ungeri (Dunk.) Ward 1 1 specimen.

Dioonites Buchianus (Ett.) Born.? 2 specimens.

Dryopteris angustipinnata (Font.) Kn 13 specimens.

Dryopteris fredericksburgensis (Font.) Kn 1 specimen.

Dryopteris parvifolia (Font.) Kn 70 specimens.

Glyptostrobus (Taxodium) expansus Font. n. comb 2 specimens.

Osmunda dicksonioides Font. ? 1 specimen.

Pecopteris virginiensis Font. ? 1 specimen.

Protesephyllum oblongifolium Font 1 specimen.

Rogersia longifolia Font. ? 3 specimens.

Sequoia ambigua Heer 9 specimens.

Sphenolepidium dentifolium Font. ? 1 specimen.

Sphenolepidium Kurrianum (Dunk.) Heer 1 specimen.

Sphenolepidium parceramosum Font. ? 9 specimens.

Thinnfeldia marylandica Font. n. sp . 16 specimens.

ThjTSopteris pachyrachis Font. ? 3 specimens.

Cladophlebis acuta Fontaine.

PL CXn^, Figs. 3, 4.

1889. Cladophlebis acuta Font.: Potomac Flora (Monogr. U. S. Geol. Surv., Vol.

XV), p. 74, pi. V, figs. 7, 7a; pi. vii, figs. 6, 6a; pi. x, figs. 6, 6a, 7, 7a; pi.

xi, figs. 7, 7a, 8, 8a; pi. clxvi, figs. 5, 5a.

This plant was described in Monograph XV from a comparatively

few specimens obtained from Virginia localities. It is veiy common at

the Arlington localities, being much the most abundant species there.



OLDER POTOMAC OF VIRGINIA AND MARYLAND. 539

In the different collections there are fully 400 determinable specimens.

They are all fragments of pinnse, mostly ultimate ones, with pinnules in

various states of preservation and from different portions of the frond.

In this large amount of material it is to be expected that more variation

would be found than was shown in the Virginia specimens. Still, the

species appears remarkably constant. A very small number of the

specimens show on some of the largest pinnules a slight crenulate toothing.

Some of the pinnules are larger than any in the Virginia forms. Some of

them are narrower than the normal ones and approach in that respect

the variety called in this paper angustifolia. Some of the larger and longer

pinnules resemble C. falcata. This latter, however, quite constantly,

has the lateral nerves of the pinnules deeply bifurcate. In C. acuta they

are simply furcate. Only in a very few of the largest pinnules are they

sometimes bifurcate. The lateral nerves in C. acuta are quite constantly

forked near their insertion on the midnerve. They then diverge strongly

and become subparallel before reaching the margin of the pinnule. PI.

CXIV, Fig. 3, gives some of the larger pinnules, and Fig. 4 some of

unusual length in proportion to their width. The former of these is No.

5375 and the latter No. 5120 of the Woman's College of Baltimore.

Cladophlebis acuta angustifolia Fontaine n. var.

PL CXIV, Fig. 5.

One of the most common plants at the Arlington localities is a fern

with narrow pinnules, which in most respects closely resembles C. acuta.

It differs from the latter only in the form of its pinnules. These are

decidedly narrower in proportion to their length than those of the normal

form. It is true that in some specimens the pinnules of the normal

form, in some portions of the pinnte, approach these in narrowness, but

there are too many of these narrow ones and they are too constant in

character to be regarded as sporadic variations in the normal type.

These forms I'esemble also Dryopteris angustipinnata, presently to be

treated. From this also it differs by constant features, which will there

be pointed out.

In the collections made from the Arlington localities there are 115

specimens of this form. The variety angustifolia differs from the normal

form in having pinnules narrower in proportion to their length and in
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their more strongly falcate form. It is not unusual to find pinnules

more than 2 cm. long with a width not greater than 5 mm. PL CXIV,
Fig. 5, shows a portion of an ultimate pinna with pinnules of average

character. In Maryland this fern and the normal form are confined to

the Arlington localities. The specimen figured bears the number W. C,
B., 5055.

Cladophlebis alata (Pecopteris strictineevis).*

In the Lower Potomac flora of Virginia two types of ferns were found

and described in Monograph XV as distinct species. They are Clado-

phlebis alata and Pecopteris strictinervis. Recently forms have been

found in Alaska (see p. 158) that make it probable that these are

phases of the same species, for which the name Cladophlebis alata is

retained. In the Arlington collections two specimens of the Pecopteris

strictinervis type were obtained. The best of these shows a portion of

an ultimate pinna with good pinnules. The plant was evidently quite

rare here. The specimens are numbered W. C, B., 5045, 5048.

Drtopteris angustipinnata (Fontaine) Knowlton.

PI. CXIV, Fig. 6.

1889. Aspidium angustipinnatum Font.: Potomac Flora (Monogr. U. S. Geol. Surv.,

Vol. XV), p. 98, pi. xvi, figs. 1, 3, 3a, 3b, 8, 8a; pi. xvii, figs. 1, la; pi. xix,

fig. 10.

1895. Dryopteris angustipinnata (Font.) K. : Bull. U. S. Geol. Surv., No. 152, p. 91.

Thirteen specimens of Dryopteris angustipinnata were found among
the plants from the Arlington localities. They are not so good as those

described in Monograph XV, and no fructified forms were seen. The

pinnules of this fern resemble somewhat the narrowest ones of Clado-

phlebis acuta angustifolia, but differ from them in important points.

The pinnules of Dryopteris angustipinnata are narrower than those of

Cladophlebis acuta angustifolia and have nearly the same width from their

base to near their apex. They are less falcate and their lateral nerves

are less commonly furcate. When forked they do not fork so near the

midrib. Very commonly their lateral nerves are simple and parallel.

In C. acuta angustifolia the pinnules are much wider at base and they

"Monograph XV, pp. 77, 78, pi. xix, fig. 5; pp. 84, 85, pi. xiii, figs. 6-8; pi. xix, fig. 9; pi. xx, fig. 3; pi.

xxii, fig. 13: pi. clxx, figs. 5, 6.
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are strongly falcate, with nerves as a rule furcate from near the midrib.

The specimens of Dryopteris a?igustipinnata from the Arhngton localities

are small portions of ultimate pinnse, sometimes showing well-preserved

pinnules. One of the best specimens is shown in PL CXIV, Fig. 6. It

bears the number W. C, B., 5035.

Dryopteris parvifolia (Fontaine) Knowlton.

PI. CXIV, Fig. 7.

1889. Aspidium parvifolium Font.: Potomac Flora (Monogr. IT. S. Geol. Surv., Vol.

XV), p. 100, pi. xxi, figs. 6, 6a, 6b; pi. xxiv, figs. 8, 8a; pi. xxv, fig. 10;

pi. xxvi, figs. 1, la, 14, 16, 16a, 17,

1895. Dryofteris parvifolia (Font.) Kn.: Bull. U. S. Geol. Surv., No. 152, p. 92.

This species was described in Monograph XV, from ver^^ imperfect

small fragments, as coming from the Lower Potomac of Virginia. The
amount of material from the Maryland Potomac is much larger and some
of the fragments of this fern found in it are larger than any of the Virginia

specimens, but still nothing but small portions of the plant were found.

For this reason nothing of importance can be added to the diagnosis of

the species.

This plant, like the two forms of Cladophlebis acuta, is in Maryland
confined to the Arhngton localities, where 70 specimens of it were obtained.

PI. CXIV, Fig. 7, shows the most complete form found. It is a consid-

erable portion of a penultimate pinna with many imperfect ultimate

pinnse, and on many of the latter good pinnules are found. It bears the

number W. C, B., 5059.

Thinnfeldia marylandica Fontaine n. sp.

PL CXIV, Figs. 8, 9.

At the Arlington localities, and nowhere else, a number of fragments
of a fern were found that seems to be a new species. While the portions

of the pinnae of this plant are not very rare, 16 in all, they are so frag-

mentary that it is difficult to make out its character. On the whole, it

agrees best with the genus Thinnfeldia, so far as can be determined from
the imprints. Still, it is quite possible that better specimens would show
that it belongs to some other genus. The most complete specimen,

W. C, B., No. 5450, shows no more than a portion of a detached ultimate
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pinna, or a lobed pinnule. This is represented in PL CXIV, Fig. 8.

Fig. 9 gives two such fragments not so complete as that given in Fig. 8.

These two, however, are so placed as to indicate that they were once

attached to a common rachis, not now preserved. The pinnae or lobed

pinnules partly overlap. The parts that are preserved appear to be the

terminal ones of the pinna or pinnules and they are not sufficiently well

preserved to give their dimensions and shape. The nature of the incisions

of the lamina, which represent either lobes or pinnules, can be made out

and the nervation is remarkably distinct. This specimen is without

number or locality label, but the Arlington material is so distinctive that

there can Ije no doubt that it is from that locality.

The lobes or pinnules are very obliquely incised and are olDlong in

form, with the free ends obtuse lancet shaped. The incisions visible are

not cut down to the midrib, but indicate that lower down on the portions

shown the^^ may be so, constituting pinnules. The midnerve or rachis

of the pinna is distinct and somewhat fiexuous. On each side of this

midnerve parent nerves depart at a very small angle to enter the pinnae

or lobes. The parent nerve forks at long intervals, the principal branch

of each fork keeping near the middle of the pinna or lobe, while the other

branch forks some distance up. These minor nerves are quite remote

from one another and sharply defined, though not very strong.

While this fern can not be fully made out, it is clearly different

from any previously found in the Potomac beds. It is confined to

the Arlington localities.

AGE OF THE ARLINGTON BEDS.

As was stated in the beginning of the account of the Arlington beds,

the plants occur at different localities in a similar kind of rock and are gen-

erally the same, so that the presumption is that the fossiliferous beds at

all of them are essentially the same. To determine their age, as com-
pared with the divisions of the Virginia Lower Potomac, comparison

must be made with the plants described in Monograph XV. The labels

accompanying most of the fossils give the Maryland division as Patapsco.

Those from one of the localities are given as Arundel.
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If we omit from the list of plants found at these localities the new
species and the doubtful forms, we have the following

:

Dryopteris fredericksburgensis.

Diyopteris parvifolia.

Gl^'ptostrobus (Taxodium) expansus.

Proteffiphyllum oblongifolium.

Sequoia ambigua.

Sphenolepidium Kurrianum.

Abietites angusticarpus.

Athrotaxopsis expansa.

Athrotaxopsis tenuicaulis.

Brachyphyllum parceramosum.

Cladophlebis acuta.

Cladophlebis alata.

Dryopteris angustipinnata.

These, with the exception of the last one, as described in Monograph
XV, are all confined to the horizon of the James River and Rappahan-
nock series, which form the lowest portion of the Lower Potomac of

Virginia. Sphenolepidium Kurrianum, though common in the lower

beds, also occurs in the Brooke beds at the 72d Milepost, and at the bank
near Brooke. But it is rare in the Arlington flora. These facts make it

most probable that the Arlington l^eds are of the age of the James River

and Rappahannock series, equivalent to the Arundel.

KOSSIL PLANTS FKO-II HANOVER.

[PI. LXXX, No. 48.]

The collections from Hanover were all made by Mr. Arthur Bibbins,

for the Maryland Geological Survey, and bear labels accordingly. Twelve

specimens having determinable plant impressions were collected in June,

1896, and 1 in August, 1896, while 13 others bear no date. There is one

specimen without a label, the material of which is identical with that of all

but three of the others, and there can be no doubt that it is from the same
bed. This material is an ash-gray clay, filled with small specks of lignite

and other vegetable matter. Two of the specimens obtained in June,

1896, are of a different material, being lighter colored and sandy. These

bear the numbers 8604 and 8607. One other collected at that date is a

heavy ironstone of a bright-red color. This bears the number 8611.

The 13 specimens whose labels are not dated are all from the same clay as

the most of those that are dated. The specimens dated June, 1896,

other than the three already mentioned, bear the following numbers of

the State Survey: 8242, 8597, 8602, 8603, 8609, 8613, 8618, 8619, 8620.

The specimen whose label is dated August, 1896, is numbered: M. G. S,,
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5291. The 13 specimens whose labels bear no date are numbered:

8625, 8626, 8629, 8630, 8631, 8632, 8633, 8634, 8635, 8636, 8640, 8642,

8642 (two specimens bear this number). It is proper to add that a large

proportion of the specimens from Hanover bear indeterminable impres-

sions and are not included in the above enumeration, which accounts

for missing numbers.

Although this collection is rather small, yet, owing to the character

of the rock matrix, which preserves fairly well the plant material, a large

proportion of the fossils can be determined, a feature that unfortunately

is wanting in a good deal of the Maryland material.

The following are the species that occur in these collections

:

Cladophlebis Browniana (Dunk.) Sew 1 specimen.

Dryopteris angustipinnata (Font.) Kn 22 specimens.

Frenelopsis parceramosa Font 1 specimen.

Glyptostrobus (Taxodium) ramosus Font. ? 2 specimens.

Sphenolepidium Sternbergianum densifolium Font 1 specimen.

The evidence of these plants goes to indicate that the strata yielding

them are of Arundel or Rappahannock age.

FOSSIL PLAMS FKOM THE HOWARD BROWN ESTATE.

[PI. LXXX, No. 51.]

Nine of the specimens from this locality show determinable impres-

sions of plants. The rock material, with the exception of one specimen, is

an ash-gray clay, practically identical with that of most of the specimens

from the Hanover locality. The following species occur:

Athrotaxopsis expansa Font. 1 3 specimens.

Cladophlebis alata Font. ? 1 specimen.

Dryopteris angustipinnata (Font.) Kn 7 specimens.

Frenelopsis parceramosa Font. ? 1 specimen.

This material is not sufficient to fix the age, but indicates that it is

Arundel or Rappahannock.

FOSSIL PliANTS FROM REYNOLDS'S ORE PIT.

[PI. LXXX, No. 29 «]

The only specimen from this locality was collected by Lester F.

Ward on June 24, 1894. It was found in a pile of dark-reddish rocks that

had been taken out of the bottom of the mine. The specimen shows

several poorly preserved bits of ultimate twigs of a conifer that is probably

Sequoia Reichenbachi (Gein.) Heer.
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FOSSIL PLANTS FROM tiEKMAN'S IRON MINE.

[PL LXXX, No. 53.]

In 1897 Mr. Arthur Bibbins collected at German's iron mine a speci-

men of light-colored clay which on being broken through revealed a raised

seed on one of the pieces and the depression that it formed on the other.

The form of the seed is obovate, and it is probably Cycadeospermum

obovatuni Font. One side of the piece that contains the depression made

by the seed shows also a small male ament of some conifer, not very

distinctly preserved. The label bears the number: W. C. B., 6304.

These specimens are not sufficient to fix the age of the bed, but

so far as they are concerned it may well be Arundel, as indicated on

the label.
FOSSIL PLANTS FROM HOBBS'S IRON MINE.

[PI. LXXX, No. 58.]

There are three small collections from this locality, all made by

Mr. Arthur Bibbins for the Maryland Geological Survey. One of them

has the date 1897 on the label. It consists of a single rock specimen

broken into three pieces. The rock is a heavy ferruginous sandstone,

reddish brown without and dark within. The label bears the number

:

M. G. S., 8780. Another consists of a single rock specimen of the same

character. There is no date on the label, but it has the number 8317.

The third collection is from the dump opposite Hobbs's mine and

contains two specimens of a somewhat different rock having a lower

specific gravity. There is no date, but the number is 8872.

Only two species, both doubtful, can be recognized among these

specimens. They are

:

Athrotaxopsis expansa Font. ? 4 specimens.

Nageiopsis zamioides Font. ? 1 specimen.

FOSSIL PLANTS FROM TIP TOP.

[PL LXXX, No. 58.]

Three collections were made from this locality. The first consists of

a single specimen obtained by Mr. Arthur Bibbins in 1890. The second

contains a considerable number of specimens and was made by Mr. Bibbins

and Professor Ward on August 31, 1896. This last is deposited in the

HON XLVIII—05 35
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National Museum. The third was made by Mr. Bibbins for the Maryland

Geological Survey in July, 1897. It is somewhat smaller than the one

last mentioned.

The exact locality at which all these collections were made is the

Mount Pleasant mine, near the foot of the hill called Tip Top that lies

between Deep Run and Stony Run and overlooks the Patapsco Valley

above Elkridge Landing. The mine is in a ravine, now thickly wooded,

on the south or Stony Run side of Tip Top, and not far from that stream,

west of a well-known spring. The mine has been long abandoned, and

there is a pile of ferruginous rocks that were taken out of the old shaft.

The original specimen coUected by Mr. Bibbins in 1890, and the whole of

the collection made by Mr. Bibbins and Professor Ward on August 31,

1896, were obtained by breaking up a single one of these rocks, which was

the only one seen at that time in which plant impressions occurred.

The three collections taken together yielded the following species:

Athrotaxopsis expansa Font. ? 4 specimens.

Athrotaxopsis grandis Font. « 1 specimen.

Athrotaxopsis tenuicaulis Font. 1 1 specimen.

Sphenolepidiimi dentifolimn Font. ? 2 specimens.

Sphenolepidium Sternbergianum densifolium Font 16 specimens.

Sphenolepidium Sternbergianum densifolium Fontaine."

PI. CXV, Fig. 1.

Imprints of this species occur on most of the specimens from Tip Top.

The one first obtained by Mr. Bibbins in 1890 (M. G. S., No. 8871)

bears them, as well as those of Athrotaxopsis expansa ? The specimen

figured on PL CXV, Fig. 1, was collected by Professor Ward and Mr.

Bibbins on August 31, 1896. Its counterparts, showing the impression

quite as well, was collected by Mr. Bibbins in July, 1897, and bears the

number: M. G. S., 8283. Besides the ones already mentioned, the

collections contain 14 others, making 16 altogether.

This collection is too small and imperfect to give the evidence from

the plants much value in fixing the precise age, especially when the only

fossil that is positively determined ranges from the base to the top of the

Lower Potomac of Virginia. So far as the evidence goes, it indicates

that the age of the strata is Arundel or Rappahannock.

a See p. .507.
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FOSSIL PLANTS FEOM VINEGAK HILL.

[PI. LXXX, No. 56.]

This locality is a cut on the Baltimore and Ohio Railroad about a

mile east of Relay and immediately west of the bridge where that road

passes over the Baltimore and Potomac Railroad. It is at the foot of

a considerable hill, known as Vinegar Hill, which rises to the north of

that point. The precise spot is nearly midway of the cut, though

somewhat nearer its western end, on the north side of the tracks, begin-

ning about 6 feet above the tracks and having a thickness of 4 feet.

The water has here worn a small gulch, in the sides and bottom of which

the plants occur. It was discovered by Mr. Arthur Bibbins, who, in

October, 1895, made a considerable collection from it for the Woman's
College of Baltimore. One specimen was collected by Mr. Bibbins on

September 1, 1896, and the next day (September 2, 1896) a good col-

lection was made by Mr. Bibbins and Professor Ward. This collection

is deposited in the National Museum.

The fossiliferous rock material from this locality differs from that

of all the others, though some of it closely resembles that of Federal

Hill in Baltimore. It is a friable, fine-grained, sandy clay, with an

imperfect cleavage, which is, however, better than that of the material

from the other localities. Hence the preservation is better. But here

also only small fragments of plants seem to have been preserved, prob-

ably owing to the fact that the place of entombment was remote from

the place of growth. The plants in it are fairly well preserved as a

rule, and some are quite distinct. As, however, the material is soft

and friable, the plant impressions are easily destroyed.

The following is the list of species from this locality, with the number

of specimens of each species:

Abietites angusticarpus Font .3 specimens.

Abietites ellipticus Font 10 specimens.

Abietites macrocarpus Font 18 specimens.

Abietites niarylandicus Font. n. sp 1 specimen.

Athrotaxopsis expansa Font. ? . . 1 specimen.

Celastrophyllum obovatum Font 1 specimen.

Cephalotaxopsis ramosa Font. ? 1 specimen.

Cladophlebis Browniana (Dunk.) Sew. '^ 1 specimen.

Cladophlebis constricta Font . . 3 specimens.

Cladophlebis crenata Font • 2 specimens.
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Cladophlebis falcata Font. ? 2 specimens.

Dryopteris angustipinnata (Font.) Kn. *? 1 specimen.

Dryopteris fredericksburgensis (Font.) Kn 1 specimen.

Dryopteris heterophylla (Font.) Kn .. . 8 specimens.

Ginlvgo 1 acetaria Ward n. sp 1 specimen.

Leptostrobus longifolius Font . 26 specimens.

Nageiopsis heterophylla Font 1 specimen.

Nageiopsis longifolia Font 25 specimens.

Nageiopsis recui'vata Font. ? 1 specimen.

Pecopteris vu-giniensis Font 8 specimens.

Selaginella marylandica Font. n. sp . 1 specimen.

Sphenolepidium parceramosum Font 2 specimens.

ThjTsopteris nervosa Font. ? 4 specimens.

Thyrsopteris rarinervis Font J _- _ _ 2 specimens.

Vitiphyllum multifidum Font 1 specimen.

Williamsonia 1 Bibbinsi Ward n. sp 1 specimen.

Zamites tenuinervis Font. ? _, 1 specimen.

Abietites macrocarpus Fontaine.

PL CXV, Figs. 2, 3.

1889. Abietites macrocarpus Font.: Potomac Flora (Monogr. U. S. Geol. Surv., Vol.

XV), p. 262, pi. cxxxii, fig. 7.

Eighteen cones that were apparently of great size and that seem to

be referable to this species occur among the Vinegar Hill collections. They

are usually very poorly preserved, so as to show only vague indications

of an axis with often detached scales, placed so as to show a former

attachment to the axis. The scales must have been thin and long,

overlapping one another along the axis. These cones are much larger

than those supposed to belong to A. ellipticus, and the proportionally

great number of them would indicate that this was one of the most

important and abundant plants in the flora of the Vinegar Hill locality.

PL CXV, Figs. 2, 3 represent two cones, both of which occur on the

same rock fragment. They may suffice to give an idea, the one of the

length of the cone and the other of the length of the scales. This speci-

men was collected by Mr. Bibbins on September 1, 1896, and is No. 6333

of the Woman's College of Baltimore, but a note on the label states that it

was presented to the Maryland Geological Survey by the Woman's College.

The plant occurs, although rarely, in the lower portion of the lower

Potomac of Virginia.
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Abietites marylandicus Fontaine n. sp.

PL CXV, Figs. 4, 5.

There are in the collection from Vinegar Hill two imprints, counter-

parts of a cone which is of somewhat doubtful character. It seems

to be a cone of some Abietites, and may belong to A. ellipticus, being

preserved in such a way as to give it a different aspect from that pre-

sented by most of the cones of that species. Still, it is so unlike any

species of this genus hitherto described from the lower Potomac that

it is most probable that it 'oelongs to a new species for which the name

marylandicus is proposed. The two impressions thus made of this cone

show different aspects of it, so as to complete each other, and hence it

it has been thought best to figure them both. One of the impressions

is given in PL CXV, Fig. 4. The summit and left-hand margin are

wanting, although apparently not much is missing. This cone is smaller

than any of the Abietites ellipticus, which seems to be the nearest to it

of hitherto described species. It is in form narrowly oblong, about

15 mm. wide, with perhaps the full width not shown. The length, with

a little of the summit wanting, is 3 cm. It is covered with closely

placed rhomboidal scars that are elongated in a direction transverse

to the axis of the cone. A casual inspection would give the impression

that these markings are the imprints of the shield-shaped tips of the

cone scales, but a lens shows that they are probably the closed-up hol-

lows, or molds, left on the decay of the scales which once occupied them.

These compressed molds show striations, apparently made b}^ the surface

of the scales. The scales seem to have been thin and closely imbri-

cated. There are several different kinds of cones that are suggested by

this fossil. In general form it resembles the cone of some Zamia. It

is also not unlike the cones of some Sequoias, and even Brachyphjdlum

is suggested. On the whole, however, it seems more nearly allied to

some Picea. like P. excelsa. This cone is supported on a stem that is

in proportion to its size remarkably stout. Three centimeters of the

length of this is still preserved. The width of the peduncle is a little

more than 5 mm. There are, on the same fragment of shale, a number

of scattered detached leaves of Leptostrobus longifolius. Though the

bases of some of these are hidden under the stem, they do not seem to
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be attached to it, while the cone is quite different from those described

by Heer to Leptostrobus.

The other face of the same cone shows a length of over 4 cm. and

a width of about 12 mm. It has nearly the same shape as the side

depicted in PL CXV, Fig. 4. It is, however, more nearly entire and seems

to narrow slightly at the base and summit. The stout stem retains,

however, something more of its original length. This reverse side shows

no markings of cone scales, but presents simply a formless mass of vege-

table matter, which represents it and gives its shape and dimensions.

This is shown in Fig. 5. Both the specimens were collected by Mr.

Bibbins in October, 1895, for the Woman's College of Baltimore, that

represented in Fig. 4 being A^o. 6086, and that in Fig. 5 No. 6149, of

the museum of that college.

CELASTROPHTiLUM OBOVATUM Fontaine.

PL CXV, Fig. 6.

1SS9. CelastrofhyUum obovatum Font.: Potomac Flora (Monogr. U. S. GeoL Surv.

Vol. XV), p. 307, pi. cls3di, figs. 9, 10, 10a.

This plant is represented at Vinegar Hill bj^ only one specimen.

This, taken in connection with the specimen of Vitiphyllum viultifidum

which occurs on the same piece of shale, seems to connect this flora with

that of Federal Hill in Baltimore. The specimen was collected by Mr.

Bibbins in October, 1895, and bears the number 6154 of the museum
of the Woman's College of Baltimore. The imprint is that of a small,

nearly circular leaf, one side of which is preserved, but the base and

part of the other side are wanting. It is shown in PL CXV, Fig. 6.

Dryopteris heterophylla (Fontaine) Knowlton.

PI. CXV, Figs. 7, 8.

1889. Aspidium, Tietewphyllum. Font.: Potomac Flora (Monogr. U. S. GeoL Surv.,

Vol. XV), p. 96, pi. xiv; pi. xv, figs. 1, la, 2, 3, 3a, 4, 4a, 5, 5a.

1895. Dryopteris heterophylla (Font.) Kn.: BuU. U. S. GeoL Surv., No. 152, p. 92'.

A common fern at this locality is a plant that is identical with

Dryopteris heterophylla, a form that is characteristic of the Fredericks-

burg locality of Virginia. It is preserved here with sufficient distinct-

ness to admit of its certain identification. PI. CXV, Fig. 7, gives a con-
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siderable portion of the termination of a penultimate pinna, with a

number of ultimate pinnse and pinnules. This specimen retains only

the imprint of outlines on pale-pink, friable, sandy shale, the material

which at this locality gives the best fossils. None of the vegetable sub-

stance is retained. PI. CXV, Fig. 8, represents, in the same kind of

rock material, a portion of a principal rachis with several minor pinnse

attached, carrying ultimate pinnae reduced to pinnules. The latter, in

some cases, are verj^ distinctly preserved. Both the specimens fagiu^ed

were collected on September 2, 1896, and are in the National Museum.

Ginkgo ? acetaeia Ward n. sp."

PL CVIII, Fig. 12.

Seed of Ginkgo. ? The only trace of a probable Ginkgo in the flora

of the Lower Potomac of Maryland is shown in a nut-like seed which

may, however, really be a seed of Baieropsis. It is a nutlet, 12 mm. long

and 9 mm. wide. It is smooth on the surface, with traces of the former

fleshy envelope. In shape it is broadly oval, and is narrowed to a short

beak at one end, or rather to an acute point, the point being much like

the tip of the seed of the living Ginkgo biloba. It is smaller than the

seed of G. biloba, but is decidedly larger than the small ones of the Gink-

gos of the Jurassic of Oregon, described in this paper (see p. 126, PI-

XXXIII, Figs. 12-19). The trace of the fleshy envelope is in the

form of a depressed rim around the seed. The specimen was collected

by Mr. Bibbins in October, 1895, and is No. 6084 of the museum of the

Woman's College.

Leptostrobus longifolius Fontaine.

PI. CXVI, Fig. 1.

Twenty-six specimens of a plant which is certainly L. longifolius

were found at this locality. The species ranges from the bottom to the

top of the Lower Potomac strata of Virginia. It is most abundant in

the beds of the Dutch Gap locahty, which are slightly lower than those

showing plants at Fredericksburg. PL CXVI, Fig. 1, represents the

most complete specimen. This shows a number of tufts of linear leaves,

« Professor Fontaine assigns no specific, name to this form. From principles that I have frequently set

forth it should have one, however provisional, and 1 name it in allusion to the locality.—L. F. W.
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which are grouped as if they had gone off from an ultimate twig not

now present, and also, on the right, the end of an ultimate twig, from

which two bundles of linear leaves proceed. It was collected September

2, 1896, and is deposited in the National Museum.

Nageiopsis recttrvata Fontaine?

PL CXVI, Fig. 2.

1S89. Nageiopsis recurvata Font. : Potomac Flora (Monogr. U. S. Geol. Surv.,

Vol. XV), p. 197, pi. Ixxv, fig. 2; pi. Ixxbc, fig. 4; pi. Ixxx, fig. 3.

Several leaves of a Nageiopsis that is much like N. recurvata

occur on the same rock fragment that contains the more imperfect cone

of Abietites marylandicus. (W. C, B., No. 6149, see PI. CXV, Fig. 5.)

One of the leaves is nearly entire. It has the dimensions and the peculiar

curvature of the leaves of N. recurvata, as given in the specimens from

the Lower Potomac of Virginia. It is regarded as doubtful only

because the curved nature of the leaf may be accidental, and it may be

simply a large leaf of A'', zamioides.

Pecopteris virginiensis Fontaine.

Pi. CXVI, Figs. .3, 4.

1889. Pecofteris virginiensis Font.: Potomac Flora (Monogr. U. S. Geol. Surv., Vol_

XV), p. 82, pi. viii, figs. 1, la, 2, 2a, 2b, 3, 3a, 4-7, 7a; pi. Lx, figs. 1, la, 2,

2a, 3-6; pi. xxiv, figs. 2, 2a; pi. cLxix, fig. 3.

Eight specimens of a fern that can be certainly identified with P.

virginiensis of the Lower Potomac of Virginia were found at Vinegar Hill.

This is the most abundant fern found here in these collections and some

of the specimens are well enough preserved to show verj'- distinctly its

character. The most complete forms show only fi-agments of pinnae

carrying a number of serratelj- toothed pinnules. PI. CXVI, Fig. 3,

shows the best of these. It was collected on September 2, 1896, and is

deposited in the National Museum.

In Mr. Bibbins's collection for the Woman's College of Baltimore

P. virginiensis occurs in two specimens formed of portions of penultimate

pinnae with pinnules fairly well preserved. One of these specimens (PL

CXVI, Fig. 4) appears to be fructified, but if so the fructification is too

obscure to be made out. This specimen is No. 6169 of the Museum of
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the Woman's College of Baltimore. This fern is the most abundant

fossil in the collection made by Professor Ward and Mr. Bibbins. P.

virginiensis has a character which, even in small specimens, may be

ea^ly distinguished. It is widely distributed both areally and vertically

in the Lower Potomac formation of Virginia, being found in the highest

and the lowest beds. It is most common at the Virginia locality "Road-

side near Potomac Run," on the Fredericksburg or Rappahannock
horizon.

Selaginella marylandica Fontaine n. sp.

PL CXV, Figs. 9, 10.

The specimen found at the Vinegar Hill locality of this new species

of Selaginella is quite distinctl}' preserved, so as to show its character

well. The parts shown are several small fragments of penultimate twigs.

The penultimate branch forks in a dichotomous manner sympodially,

one branch in the forking being- more developed than the other and con-

tinuing the twig, giving renewed branching. The minor branch in each

case becomes an ultimate one. The longest of the penultimate twigs is

only 12 mm. long, while the width, including the leaves, is only 2 mm.
The leaves shown are minute in size, arranged in two rows, expanded in

the same plane, and lateraUy attached. No leaves show on the upper

surface, perhaps because they were carried away in splitting the shale.

The lateral nerves are leathery in texture and well preserved. They

have a distinct midnerve and are attached by a narrowed portion of the

base. They are slightly cordate at base and are widest near the base.

In general form they are ovate-acuminate and terminate with a well-

preserved awn. The leaves are sometimes slightly falcate. The speci-

men is shown natural size in PI. CXV, Fig. 9, and enlarged three diame-

ters in Fig. 10. It was collected by Mr. Bibbins in October, 1895, and

is No. 6148 of the Woman's College.

ViTiPHYLLUM MULTiFiDUM Fontaine.

PI. CXIX, Fig. 5.

1889. VitifliyThwrn multifidwm Font.: Potomac Flora (Monogr. U. S. Geol. Surv.,

Vol. XV), p. 309, pi. clxxxii, figs. 1-9.

As above remarked, this specimen, the only one found at Vinegar

Hill, occurs on the same piece of shale as the Celastrojyhyllum obovatum.

It is noteworthy as being the only case of the occurrence of this species
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outside of the Baltimore localities. Taken with the specimen of Celas-

trophyllum ohovatum, a noteworthy connecting link with the Baltimore

beds is given. The rock specimen, as stated, was collected by Mr. Bib-

bins in October, 1895, and is No. 6154 of the Woman's College museum.

WiLLiAMSONiA ? BiBBiNSi Ward n. sp."

PL CXV, Fig. 11.

The probable Williamsonia depicted in PI. CXV, Fig. 11, shows a

portion of an apparent axis of inflorescence and the basal parts of what
seem to be a number of bracts surrounding it. It may be a cone of

Abietites compressed vertically so as to shorten the axis. It was col-

lected in October, 1895, and is W. C, B., No. 6087.

The above account of the plants collected by Professor Ward and

Mr. Bibbins from the Vinegar Hill locahty justifies the opinion that the

age of the beds is that of the lower portion of the Lower Potomac as

found in Virginia—that is, that it corresponds to the Fredericksburg

strata, called in Professor Ward's subdivision the Rappahannock seiies.

There are no plants in the list that are opposed to this opinion. As the

Arundel group of the Maryland subdivision of the Lower Potomac,

judging from the plants credited to it on the labels, corresponds with

this Fredericksburg or Rappahannock member, the evidence of the plants

indicates clearly that the Vinegar Hill beds belong to that division.

FOSSIL PLAXTS FKOM SOPEE HALL,

[PI. LXXX, No. 61.]

This locality is an old, abandoned system of iron mines, once exten-

sively worked and covering a large area in a bold prominence on the right

bank of the Patapsco, about 2 miles below Elkridge Landing and 1 mile below

the crossing of the Baltimore and Potomac Railroad at Patapsco station.

The determinable material obtained from this locality represents five

different collections, viz:

1. In June, 1892, Messrs. Arthur Bibbins and H. H. Hindshaw collected 16 cones

for the Woman's College of Baltimore.

2. Two specimens, one a cone, were collected by Mr. Bibbins for the same

institution in June, 1892.

« Professor Fontaine left this form specifically unnamed. It was collected by Mr. Bibbins and may be

named for him.—L. F. W.



OLDER POTOMAC OF VIRGINIA AND MARYLAND. 555

3. In 1895 (the month not stated on the label) Mr. Bibbins collected 4 more

of the cones, also for the Woman's College.

4. Five specimens were collected by Mr. Bibbins for the Maryland State Geologi-

cal Survey, bearing the numbers of that survey, 8870, 887.3-8876. The first of these

bears also the date, 1895. The rest have no date, but are uniform with this in all

other respects, and were probably obtained at the same time.

5. On August 31, 1896, Mr. Bibbins and Professor Ward made collections at

several points in this region, and 3 determinable specimens were collected on the

south side of the hill. It was near here, at a little higher level, that the same

party obtained on March 29, 1894, a nearly erect trunk which was silicified in the

interior above and lignitized on the exterior, while the lower end consisted entirely

of lignite and had been used in part for fuel.

The iron rock at this locahty, hke the ferruginous sand rock of the

Tiptop mines above described, is sand impregnated with hmonite so as

to form a pretty firm rock. The material being coarse and without

cleavage is not suited for the preservation of fossil plants, and at the

same time the plants seem to have been floated for some distance and

roughly used. For these reasons the impressions are those of small

fragments that are in general not distinct. The conditions under which

they have been preserved have probably acted to exclude all forms that

are easily destroyed, and hence the species are fewer than they would

otherwise be and there is a great predominance of such as could endure.

Some of the specimens can not be determined, but there are others

which can be made out. The following are all the species that can be

determined from Soper Hall, with the number of specimens of each

:

Atlii-otaxopsis expansa Font. « 3 specimens.

Sequoia ambigua Heer 21 specimens.

Sphenolepidium dentifolium Font. « 1 specimen.

Sphenolepidium Sternbergianum densifolium Font 5 specimens.

Sequoia ambigua Heer."

PI. CX, Fig. 13.

The most important fossils are cones in the form of mud casts, 21 of

which were found. These include all the cones of the first, second, and

third collections described above. They are more or less distorted, and

the plant matter had evidently in part been removed before the mud

took the casts. These cones are decidedly larger than the cones of

« See p. 264.



556 MESOZOIC FLORAS OF UNITED STATES.

Athrotaxopsis, but agree well with those of Sequoia ambigua, to which

they probably belong. PL CX, Fig. 13, gives one of the best of these.

It belongs to the first collection, all the specimens of Avhich have the

same label and the number W. C. B., 6271.

These forms justify the conclusion that the age of the strata at Soper

Hall is Arundel or Rappahannock.

FOSSIL PLAMS FROM LAXSDOWXE.

[PL LXXX, No. 62.]

Abietites angusticarpus Fontaine.

PL CXIV, Fig. 10.

1889. Ahietites angusticarpus Font.: Potomac Flora (Monogr. U. S. GeoL Siirv., Vol.

XV), p. 263, pi. cxxxiii, fig. 1.

The locality here called Lansdowne is the same as Schoolhouse Hill,

in which the Link trunk occurs (see p. 431), previously referred to as

near Arbutus. In fact it is about midwa^v between Lansdowne, on

the Baltimore and Ohio Pi,ailroad, and Arbutus, on the Baltimore and

Potomac Railroad. The formation is supposed to be Arundel. Here

Mr. Bibbins collected for the Woman's College of Baltimore a cone of

A. angusticarpus Font. This is a dissected cone of poor preservation,

showing the axis of most of the cone and the bases of a number of scales

fairlj^ well. It occurs in a hard ferruginous sandstone. PL CXIV, Fig.

10, gives this cone. The shape and size are well shown in this specimen.

It bears the number W. C. B., 6324.

FOSSIL PLANTS FUOM FEDEKAL HtLL.n

[PL LXXX, No. 36.]

All the plants treated in this paper from the Federal Hill region,

and probably all that had been previously described, were taken from

clay pits and street excavations at the foot of Federal Hill in Baltimore,

south of the basin and east of the park in which Federal Hill is located.

The localities are all on or near Covington, Clement, and Jackson (for-

merly Belt) streets. The collections, mentioned in their chronological

order, are as follows:

1. Three specimens were collected by Professor Ward on Jackson street on

May 27, 1892.

« For the history of discovery at this locality see p. 362, also Monograph XV, pp. 4, 24, 25, 28, 29.
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2. One specimen collected by Prof. P. R. Uliler has his name and the words

"Behmd Federal Hill, Baltimore," pasted on the rock.

3. One specimen collected by Professor Uhler in April, 1894, was donated by
him to the National Museum through Professor Ward on April 11, 1894.

4. Some specimens without date bear numbers of the Woman's College of Balti-

more. They were collected by Mr. Arthur Bibbins.

5. Mr. Bibbins made a collection from Covington and Clement streets in 1895

for the Woman's College.

6. At the Baltimore Terra Cotta Works, the clay for wliich is obtained from

the Federal Hill region, Mr. Bibbins obtained many specimens for the Woman's
College from 1898 to 1900.

7. Mr. Bibbins made a collection from Covington and Clement streets in 1898

for the Maryland Geological Survey.

8. The largest collection is that of Mr. Bibbins, from the streets last named,

for the State Survey, the labels of which bear date February, 1899.

The following species occur in all these collections:

Acrostichopteris longipennis Font 57 specimens.

Acrostichopteris parvifolia Font 19 specimens.

Adiantites parvifolius Font. n. sp 1 specimen.

Brachyph)dlum crassicaule Font .3 specimens.

Celastrophyllum latifolium Font 12 specimens.

Celastrophyllum ? marylandicum Font. n. sp 1 specunen.

Celastrophyllum obovatum Font 17 specimens.

Cladophlebis alata Font 1 specimen.

Cladophlebis Browniana (Dunk.) Sew 2 specimens.

Equisetum marylandicum Font. ? 1 specimen.

Leptostrobus longifolius Font 2 specimens.

Menispermites tenuinervis Font 4 specimens.

Menispermites virginiensis Font 1 specimen.

Nageiopsis angustifolia Font _ 8 specimens.

Nageiopsis heterophylla Font 4 specimens.

Nageiopsis longifolia Font. * 2 specimens.

Plantaginopsis marylandica Font. n. sp , 5 specimens.

Protesephyllum dentatum Font 15 specimens.

Proteaephyllum Uhleri Font. n. sp 1 specimen.

Sphenopteris latiloba Font. ? 1 specimen.

ThjTsopteris elliptica Font. 1 1 specimen.

Thyrsopteris Meekiana Font 1 specimen.

Thyrsopteris Meekiana angustiloba Font 1 specimen.

Thyrsopteris pachyrachis Font 5 specimens.
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Thyrsopteris rarinervis Font 1 specimen.

Vitiphyllum multifidum Font 150 specimens.

Vitiphj^lum parvifolium Font ,7 specimens.

Ament of conifer (b) Font 1 specimen.

AcROSTicHOPTERis PARviFOLiA Fontaine.

PL CXVI, Fig. 5.

1889. Acrostichopteris parvifolia Font. : Potomac Flora (Monogr. U. S. Geol. Surv.,

Vol. XV), p. 108, pi. xciv, figs. 5, 5a, 9, 9a, 10. 10a, 12, 12a; pi. cLxxi, figs.

3, 3a, 4, 4a; pi. clxxii, fig. 14.

This species, although not so common as ^-i. longipennis, is one

of the more abundant fossils, 19 specimens being found. As will be

gathered from the description of it given in Monograph XV, it is most

abundant in the lower strata of the Lower Potomac of Virginia. Like

A. longipennis the specimens are mostly fragmentary. A few of them,

however, are more complete than any in the Virginia specimens. PI.

CXVI, Fig. 5, gives one of the best of these. It occurs in collection

A^o. 5 and bears the number 5959 of the museum of the Women's College

of Baltimore.

Adiantites parvifolius Fontaine n. sp.

PI. CXVII, Fig. 1.

In collection No. 5 is found a single specimen of what seems to be

a species of fern not hitherto described from the Lower Potomac. It

resembles somewhat Thyrsopteris brevipennis Font., from the Lower

Potomac of Virginia. Unfortunately not enough of it has been found

to enable one to make out its full character. It is well known that

the foliage of ferns varies much in the different parts of the same frond,

and the material possessed may give a very incomplete idea of the

plant. It is a fragment of a penultimate pinna. It carries several

ultimate pinnse, which mostly have the tips wanting. These pinnae

are short and indicate that the plant was of small dimensions. The

pinnules are small and rounded in shape or broadly elliptical. They

are narrowed to the base by which they are attached. Each pinnule

has a parent nerve which enters its base and splits up into a number

of forking branches. These diverge flabellatelj^ to fill the lamina. PL
CXVII, Fig. 1, represents the specimen which bears no number.
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Celastrophyllum latifolium Fontaine.

PL CXVI, Fig. 6.

1889. Celastrophyllum latifolium Font.: Potomac Flora (Monogr. U. S. Geol. Surv.,

Vol. XV), p. 306, pi. clxxii, figs. 3, 6; pi. clxxiii, figs. 13, 13a.

This species was described in Monograph XV as quite common

at Belt and Covington streets, Baltimore. In the Covington and Clem-

ent streets collections, made by Mr. Bibbins, it is rather abundant,

being more so than C. obovatum. The specimens are subject to much

distortion, which has disguised their shape. The leaves vary a good

deal in size, some being much larger than others. In shape they are

mostly broadly elliptical. Twelve specimens were obtained from Cov-

ington and Clement streets. PL CXVI, Fig. 6, gives a portion of a

leaf that must have been 4 cm. wide in its widest part. It belongs to

collection No. 8 and bears the number M. G. S., 8569.

Celastrophyllum ? mary'landicum Fontaine n. sp.

PL CXVI, Fig. 7.

Among the fossils from the Terra Cotta Works (collection No. 6)

there is the. imprint of a leaf that seems to be a new species of Celas-

trophyllum. As, however, it is unfortunately shown in only a single

imperfect leaf, its full character can not be made out, and even its

generic position must be left in doubt. The fossil is a fragment of a

leaf that has its left-hand margin preserved to near the original base

and summit of the leaf. The extreme base and summit and most of

the right-hand margin are wanting. The part preserved shows a

length of 7 cm., hence the leaf was much longer than any of the leaves

of Celastrophyllum hitherto described from rocks on this horizon. The

aspect of the leaf indicates that when entire it was elongate-elliptical

in form. The margins have shallow teeth that resemble in form those

of Protemphyllum dentaium. The nervation is obscure. Some thin

secondary nerves may be seen going off very obliquely from the midrib,

and they resemble the nervation of a Celastrophyllum more than that

of Protesephyllum. The specimen bears the number W. C, B., 6096.
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Celastrophtllum obovatum Fontaine."

PI. CXVII, Figs. 2, 3.

Celastrophyllum ohovatum was described in Monograph XV as com-
ing from Belt and Covington streets, Baltimore, and was noted as one

of the common dicotjdedons there. It has not been found in the Poto-

mac outside of Maiyland. Seventeen specimens occur in the later

collections from Federal Hill, some of them quite well preserved. PL
CXVII, Fig. 2, gives a nearly complete leaf of the smaller size. This

belongs to collection No. 8 and bears the number M. G. S., 8569. One
of the specimens in collection No. 6 shows very well the middle and
terminal portion of a leaf, and for this reason it is given in PI. CXVII,
Fig. 3. It gives the nervation also with unusual distinctness. It is

W. C, B., No. 6099.

Nageiopsis angustifolia Fontaine.

PI. CXVII, Figs. 4, 5.

1889. Nageiopsis angustifolia Font.: Potomac Flora (Monogr. U. S. Geol. Surv., Vol.

XV), p. 202, pi. Ixxxvi, figs. S, 9; pi. Lxxxvii, figs. 2, 2a, 3-5, 5a, 6, 6a; pi.

Ixxxviii, figs. 1, 3, 4, 6-8; pi. Ixxxix, figs. 2, 2a.

A fine specimen of the fossil first described in the Lower Potomac
flora of Virginia as Nageiopsis angustifolia, which is one of the most
widely distributed plants of the formation, was obtained b}' Professor

Uhler at Federal Hill, Baltimore, collection No. 3, from the lowest

horizon shown there, which is below that of the beds carrying Acros-

tichopteris longipennis. It is shown in PL CXVII, Figs. 4 and 5. This

horizon at Baltimore, so far as is known to me, has A'ielded very few

plants, hence this fossil is of unusual importance. Unfortunately, its

range, which is throughout the Lower Potomac formation, impairs its

value for fixing precise horizons. The specimen now in question shows

on one side of the rock fragment three considerable portions of ulti-

mate twigs having many leaves, some entire. One twig shows a por-

tion near its termination (see Fig. 5). The opposite side of the rock

has the end of an ultimate twig with a numJDer of well-preserved entire

leaves .(see Fig. 4). The exact locality for this specimen is Jackson

" See p. 550.
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street, near Federal Hill, lowest "vein" in Weaver's clay pit. The
rock matter carrying the imprint is different from that holding the

Acrostichopteris on Jackson street and indicates a different horizon.

It is not the friable sandy clay carrying Acrostichopteris, but a plastic

ash-gray clay, like some of that common in the Lower Potomac of

Virginia on the horizon of the Rappahannock or Fredericksburg strata.

Seven specimens of N. angustifoUa occur in Mr. Bibbins's collec-

tions 7rom Federal Hill. One of these is a good imprint of a bit of a
penultimate twig, and the rest are fragments of ultimate twigs with
poor leaves.

It is a noteworthy fact that this species of Nageiopsis in the Vir-

ginia Potomac shows generally much better preserved and more entire

forms than do the other species of this genus.

Nageiopsis heterophylla Fontaine.

PL CXVII, Fig. 6.

1SS9. Nageiopsis heteroflvyUa Font.: Potomac. Flora (Monogr. U. S. Geol. Surv.,
Vol. XV), p. 201, pi. Ixxxiv, fig. 4; pi. Ixxxvi, figs. 6, 6a, 7; pi. Ixxxviii,

figs. 2, 2a, 5.

This species is represented in the Covington and Clement streets

collections by 4 specimens. One of these, occurring in collection No. 5,

is an imprint with a number of good leaves that are suddenly dimin-
ished in size toward the end of the twig. It is shown in PL CXVII
Fig. 6, and is W. C, B., No. 5987. While N. angustifoUa is more com-
mon in the upper or Aquia Creek portion of the Lower Potomac in

Virginia, this species is there confined to the lower portion of it.

Genus PLANTAGINOPSIS Fontaine n. gen.

Characters of the type species described below.

Plantaginopsis marylandica Fontaine n. sp.

PI. CXVII, Fig. 7; PI. CXVIII, Figs. 1, 2.

Among the specimens in collection No. 8, obtained at Covington
and Clement streets, certain impressions are found, 5 in number, that
seem different from any of the rest occurring here and which indicate

the existence of a new genus and species. They occur sparingly and
HON XLvin—0.5-
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are poorly preserved, so that the true character of the plant can not

perhaps be made out. The basal portions of the leaves are the parts

most commonly shown. Only in rare cases are parts toward the mid-

dle of the leaves found. The most complete leaf is given in PL CXVIII,

Fig. 1. This indicates that the leaves were narrowly elliptical to linear

ill form, narrowing gradually to a clasping base, without petiole. The

margins for some distance above the base seem to have been entire,

but toward the ends of the parts preserved—which are not the termi-

nations of the entire leaves—there are indications of shallow serrate

teeth. The presence of teeth, however, is uncertain, owing to the

imperfect preservation of the leaves. The nerves are not ver}'' well

shown. There was certainly no midrib, and no prominent nerves in

the form of ribs existed. The nerves as shown are few and remote.

They run in a straggling manner through the length of the leaf and

are approximately parallel. They seem to have been immersed in the

cellular tissue. The leaves seem to have grown in a clasping manner,

and in a cluster, from a rootstock. By the side of this leaf is an impres-

sion of an inflorescence which can scarcely be that of any other plant.

This specimen is in counterparts, and the inflorescence is even more

distinct on the other piece. The apparent rootstock is shown in PL
CXVIII, Fig. 2, where a number of leaves are to be seen grouped around

a vaguely defined stem. The leaves appear to have been succulent,

with but little fibro-vascular tissue. The specimen represented in Fig. 1

bears the number M. G. S., 8559, and that in Fig. 2, 8541.

There was obtained from Covington and Clement streets a fragment

of shale that bears the imprint of a plant that has a leaf of the general

character of Plantaginopsis. This may be a more robust form of P.

marylandica, or a different species. It may also belong to a genus diffferent

from Plantaginopsis, although this is not probable. The points in which

it resembles Plantaginopsis are several. The specimen shows several

fragments of leaves, which are grouped as if coming from a common root-

stock. One of these shows preserved a good deal more of its length than

the rest. This indicates that the leaves of this plant were at least twice

as long and wide as the others. The largest fragment is about 15 cm.

long, with much of the original length wanting. The maximum width

shown is alDout 3 cm. The fragment narrows toward the base to about 8
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mm., the true base not being shown. There are indications on the sides

of teeth of the same nature as in P. marylandica. The fragment is some-

what puckered longitudinally, which obscures the nerves. The latter

seem to be more numerous and more closely placed in the central part of

the leaf than they are in P. marylandica, and to be stronger here. This

specimen is shown in PL CXVII, Fig. 7."

The true place of this peculiar plant is doubtful. In a number of

points it resembles some forms of Plantago, and it may be compared with

P. virgmica L. From this resemblance the generic name is formed. The

inflorescence also seems to indicate an affinity with Plantago. Several

specimens show this inflorescence. The most complete form is given in

PI. CXVIII, Fig. 1, which shows an oblong elliptical imprint of a spike-

like form, borne on a peduncle which is only partially preserved. This is

associated with leaves of the plant now in question. In Fig. 2, similar

forms, mounted on long, slender, naked scapes, may be seen attached to

the rootstock from which the leaves arise. Those seen in Fig. 2 are incom-

plete, the tops being broken oft". The one given in Fig. 1 is nearly entire

and is oblong elliptical in form, with a length of 22 mm. and a width of 12

mm. It seems to have been a chaffy spike, but it is not well enough

preserved for the details to be made out. The peduncles, as shown in Fig.

2, are at least 4 cm. long and not more than 1^ mm. wide. In shape this

spike agrees pretty well with an undeveloped spike of Plantago virginica

L. Fig. 2 gives the most complete specimen of the plant, as it shows the

rootstock with leaves and scapes rising from it.

Prote^phyllum dentatum Fontaine.

PL CXVIII, Figs. 3, 4.

1889. Protexfhyllum dentatum Font.: Potomac Flora (Monogr. U. S. GeoL Surv.,

VoL XV), p. 286, pi. clvi, fig. 7; pi. cLxxii, figs. 1,4; pi. clxxiii, figs. 12, 14.

Fifteen specimens of Protecephyllum dentatum occur in the collections

now being described. They are in the form of more or less complete,

detached leaves. Some of these are more complete than those described

in Monograph XV. The leaves of this plant, as there stated, are among

« Professor Fontaine was in doubt as to whether this specimen really belonged to P. marylandica, and
left it undetermined. An examination of the specimens in the light of the drawings leaves no doubt in my
mind on this point, and I take the responsibility of including it.—L. F. W.
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the most abundant at Belt and Covington streets in Baltimore. For

some reason they are better preserved than most of the dicotyledons

occurring at the Baltimore localities. The more perfect specimens found

in the collections made by Mr. Bibbins give a more accurate idea of the

plant than could be obtained from the fossils serving as the basis of th?

description given in Monograph XV. PL CXVIII, Figs. 3, 4, give two of

the leaves that show most character. Fig. 3 represents a portion of a leaf

of the largest size. The basal part is wanting, but the terminal portion is

well preserved, showing most of the teeth. This leaf, in its widest part,

which is below the middle, is at least 5 cm. wide. It narrows very grad-

ually toward its summit, so that a rounded form is indicated for the

entire leaf. Fig. 4 shows more of the base, which is still imperfect, and

in this specimen is somewhat distorted. A portion of the petiole is pre-

served, which indicates that it must have been broad and flat. There

seems to have been no predominant midrib, but several rather slender

primary nerves of nearly equal strength diverge from the summ.it of the

petiole to fill the lamina of the leaf. The ultimate nervation is as

described on page 287 of Monograph XV.

Both the specimens figured occur in collection No. 8, that represented

in Fig. 3 being M. G. S., No. 8593, and that in Fig. 4 No. 8556.

Prote^phyllum Uhleri Fontaine n. rp.

PI. CXVIII, Fig. 5.

This is a complete leaf of what seems to be a new species of Protese-

phyllum. The leaf has entire margins and a rather thick texture. It is

wider than long, with a broadly elliptical form, the elliptic shape being

transverse to the axis of the leaf. In the widest part, which is near the

base, it is a little over 4 cm. wide. Its length is a little more than 3 cm.

At the base there is a slight decurrence of the lamina along the petiole.

The midrib continues about halfwaj^ up the lamina of the leaf and is dis-

solved into the tertiary nerves, which form an irregular, coarse, polygonal

network. The lateral or secondary nerves occur only in the basal part of

the leaf. They are indefinite in form, and quickly dissolve into tertiary

nerves, which, like those at the summit of the leaf, form an irregular net-

work. The tertiary are almost as strong as the secondary nerves. The

latter, indeed, can be distinguished by their size from the former only at
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their insertions on the midrib. The tertiary nervation can not be dis-

tinctly seen.

The specimen on which this imprint occurs constitutes collection

No. 2. The rock matter carrying the plant is identical with that from

Jackson street, which contains Acrostichopteris longipennis, and no doubt

the stratum yielding both the species is the same.

This species is named for its discoverer, Prof. P. R. Uhler. The

specimen is deposited in the National Museum.

Thyrsopteris Meekiana Fontaine.

PI. CXIX, Fig. L

1SS9. Thyrsopteris Meekiana Font.: Potomac Flora (Monogr. U. S. Geol. Surv.,

Vol. XV), p. 125, pi. xxxviii, figs. 2, 2a, 2b, 3, 3a, 4, 4a, 8; pi. 1, figs. 7,

7a, 8; pi. fi, figs. 3, 3a.

This species is shown in one good specimen from the Terra Cotta

Works, collection No. 6. It is described in Monograph XV as one of the

most abundant plants collected by Professor Meek at an unknown
locality in Baltimore. This specimen, shown in PI. CXIX, Fig. 1, is the

terminal part of a penultimate pinna with a good many ultimate ones

bearing pinnules. It gives a part of the fern not shown in any of the

specimens figured in Monograph XV. This fossil shows that in the

fern, toward the summit of the compound pinnae, the pinnules lose their

lobing and become entire, passing finally into teeth, while the ultimate

pinnae become dentate pinnules. The upper portions of the pinnules,

after the loss of their lobing, look somewhat like a small Cladophlebis.

This species, while it is most abundant in the Baltimore strata, is found

also in the beds of the Rappahannock horizon of Virginia. The specimen

bears the number 5358 of the museum of the Woman's College of Balti-

more.

ViTiPHYLLUM MULTiFiDUM Fontaine."

PL CXIX, Figs. 2-4.

Vitiphyllum multiUdum was first described in Monograph XV from

Belt and Covington streets, Baltimore. It is much the most common
plant in the recent collections from Federal Hill, which contain no fewer

a See p. 553.
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than 150 specimens of it, occurring in most of the collections. As in the

case of the leaves which were the basis of the description given in Mono-

graph XV, they are mostly fragmentary and detached. The texture of

the leaves seems to have been, although rather thick, unfavorable for

preservation. At least not a single one of the numerous specimens that

have been found is an entire leaf. The figures of this species given in

Monograph XV show that there is a considerable variation in the size of

the leaves, the shape of the lobes, and in their number. It is possible that

there is more than one species in the leaves assigned to this species, but the

variations appear inconstant, and they graduate into one another in such

a way as to make it impossible to separate them. PL CXIX, Fig. 2,

gives a leaf unusualh^ large. Figs. 3, 4 represent leaves of average size,

which*, taken together, may give a pretty good idea of their shape. The

specimen shown in Fig. 2 occurs in collection No. 5 and is W. C, B.,

No. 5961. The two leaves represented in Figs. 3 and 4 are on the same

side of one large slab, which is W. C, B., No. 6242. It occurs in collection

No. 4, without date.

Ament of conifer (b).

In Monograph XV a number of aments of conifers are described which

could not be connected with any species based upon foliage. These were

designated by the letters of the alphabet, as ament of conifer (a), etc.

The ament designated ament (b)" seems to be present in the collections

from Covington and Clement streets. It is represented by a single

detached form. It must, from this, have been very rare in the flora. The

specimen occurs in collection No. 5 and is W. C, B., No. 5976.

AGE OF THE FEDERAL HILL BEDS.

The plants obtained from the horizon of the strata of Federal Hill

show some features that make it difficult to determine satisfactorily their

age by a comparison with those described in Monograph XV, from the

Lower Potomac of Virginia. This will best be shown by an examination

in some detail of the list of plants obtained at the Baltimore localities.

For the purpose of comparison with the Virginia plants, all those

doubtfully determined and those coming from the Baltimore localities

« Monograph XV, p. 225, pi. cx.xxvi, fig. 3.
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only will be omitted. The plants that are available for this comparison

are the following

:

Acrostichopteris parvifolia, with 19 specimens.

Brachyphyllum crassicaule, with 3 specimens.

Cladophlebis alata (Pecopteris stricfcinervis type) with 1 specimen.

Cladophlebis Browniana, with 2 specimens.

Leptostrobus longifoHus, with 2 specimens.

Menispermites tenuiaervis, with 4 specimens.

Menispermites vu-giniensis, with 1 specimen.

Nageiopsis angustifoha, with 8 specimens.

Nageiopsis heterophylla, with 4 specimens.

Thyrsopteris Meekiana angustiloba, with 1 specimen.

Thyrsopteris pachyrachis, with 5 specimens.

Tliyrsopteris rarinervis, with 1 specimen.

Ament of conifer (b), with 1 specimen.

Menispermites virginiensis, M. tenuinervis, and ament of conifer (b)

are the only plants in this list that have not been found in the Rappahan-

nock series or the lower portion of the Lower Potomac of Virginia. As

only one specimen of the first of these occurs it can not have much impor-

tance in the flora and might be interpreted as an anticipation of a later

flora, and not j^et fully established, for it is more at home in the Aquia

Creek horizon. But Menis'permites tenuinervis, from the number (4) of

its specimens, is of more importance. This is an important form in the

collections from Fort Foote, which is on the Aquia Creek horizon, and it

is abundant in the Mount Vernon group of beds. If, guided by the general

difference in the flora, we divide the Lower Potomac into two horizons,

the lower would contain the James River and Rappahannock series of

Professor Ward, with essentially the same flora. The upper would

embrace the Aquia Creek or Brooke beds and the Mount Vernon group,

the latter being somewhat the older of the two. The upper member, as

before stated, differs from the lower in having a decidedly smaller pro-

portion of survivors of the Jurassic flora, few of the more archaic dicoty-

ledons, and a larger proportion of dicotyledons of modern aspect. So far,

then, as the evidence of Menispermites tenuinervis goes, the Baltimore

beds would be placed on the Aquia Creek horizon. But even in this case,

only four specimens being found in collections embracing hundreds, they
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could not be taken as indicating that the plant was common in the flora.

Nageiopsis angustifolia, Thyrsopteris Meekiana angustiloha, T. rarinervis,

Cladophlebis Browniana, Leptostrobus longifolius, Brachyphyllum crassi-

caule, and Cladophlebis alata, in the Virginia beds, pass from the Rappa-

hannock into the Aquia Creek series, all except the first being much more

characteristic of the Rappahannock than of the Aquia Creek horizon.

Nageiopsis a7igustifolia is probably more common in the upper than in the

lower beds. But the small number of these species impairs their value as

determiners of age. Nageiopsis angustifolia is the only one whose

abundance entitles it to much weight, and it is almost as abundant in the

lower as in the upper member. The plants that are confined to the

Rappahannock series are these:

Acrostichopteris parvifolia.

Nageiopsis heterophylla.

Thyrsopteris pachyrachis. '-

Here we have the plants more abundantly represented in the Balti-

more beds, and this is especially true of Acrostichopteris parvifolia, with

19 specimens. The genus Acrostichopteris is of more value for determin-

ing the age of these beds than any other of those named above. In the

first place we may note that all the occurrences of the species of this

genus, other than those on the horizon of the Baltimore beds, are confined

to the Rappahannock portion of the Lower Potomac. The particular

species now in question is found in the localities on James River men-

tioned in Monograph XV, rarely at the entrance to Trents Reach, and

rather abundantly at the fishing hut above Dutch Gap Canal.

By far the most important plants of the Baltimore beds are not

found in the Virginia Potomac, and can not help the comparison. It

is a noteworthy fact that so many species occur in the Baltimore strata

that are peculiar to them, and that some of these show so many speci-

mens here while they are wholly wanting on other horizons. It might

be taken to mean that the Baltimore horizon is wanting in Virginia and

the District of Columbia, where also they are not found. It is more

probable, however, that it is explained by the very local distribution

of the elements of the Lower Potomac flora. This is indicated by the

local distribution of many forms in the Virginia Potomac.
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The species peculiar to the Baltimore beds are the following

:

Acrostichopteris longipennis, with 57 specimens.

Celastrophjrlhim latifolium, with 11 specimens.

Celastrophylhim obovatum, with 17 specimens.

Protesephylkim dentatum, with 15 specimens.

Vitipliyllum multifidum, witli 150 specimens.

VitiphylKmi parvifohum, witli 7 specimens.

Of less importance are the new species:

Adiantites jjarvifolius, with 1 specimen.

Plantaginopsis marylandica, with 5 specimens.

It should be noted, as indicating a Rappahannock age for the beds,

that the only species of the genus Vitiph^dlum found outside of the

Maryland localities occurs in the Rappahannock beds at the locality

Roadside near Potomac Run, in Virginia. It is very rare here. It

is also noteworthy that the most characteristic plants of the Aquia

Creek beds in Virginia and at Fort Foote, such as the different species

of Sapindopsis, are wholly wanting. Sapindopsis is so abundant in

the Aquia Creek beds that its absence is a strong indication that, where

this occurs, the strata are not of Aquia Creek age. The peculiar species

of Populus, Protesephyllum, etc., so characteristic of the Mount Vernon

strata, are also absent. This gives a presumption that the Baltimore

strata are not of Mount Vernon age.

I was for a time of the opinion that these Baltimore beds are a

peculiar phase of the Aquia Creek series. This conclusion was reached

from the fact that they contain so many dicotyledons having an aspect

different from that of the archaic Ficophyllums, Proteseph3dlums, etc.,

of the Rappahannock, while these are mostly absent. Pointing to the

same conclusion was also the fact that other characteristic types of the

Rappahannock are wanting, or but feebly represented. The dicotyle-

donSj although strongly represented, are still very peculiar and archaic,

and the more modern forms of the Mount Vernon and Aquia Creek

are wholly wanting. On the whole, it may be stated that the balance

of evidence is strongly in favor of the Rappahannock age of the beds.

When we take into consideration the character of the rock material,

it may be concluded that they belong to the Arundel member of the

subdivision made by the Maryland Survey.
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FOSSIL PLASTS FROM IMOX TUNNEL.

PiNiTES Leei Fontaine n. sp.

PI. CXIX, Figs. 6, 7.

A single specimen of an interesting cone was found in excavating

the Union tunnel in Baltimore. It was found by the late Mr. John
W. Lee, embedded in the clay through which the tunnel was being con-

structed. It was so well preserved that it was picked out practically

entire from the embedding material, showing in a striking manner the

preservative action of an air-tight and water-tight clay. This clay is

given on the label as Arundel in age. The cone shows all the scales

present and closed around the axis. It is somewhat distorted by pressure,

owing to the creep of the inclosing clay or shale. The distortion has pro-

duced on one side of the cone a thinning of the cone scales at their tips.

The latter (the tips), owing to the creep of the shale toward the top of

the cone, are not much thicker than other portions of the scales. This

was probably an effect produced on the underside of the cone. On
the opposite side the cone is less compressed, and the creep or move-
ment of the shale seems to have been in the opposite direction—that

is, toward the base of the cone. The scales on this side expand at their

tips into a triangular umbo that is elongated at right angles to the axis

of the cone and is strongly striated. The precise shape of the umbo
depends on the amount of compression and distortion of the scales. If

the cone were seen onh' on the under side, it would agree pretty well

with a cone of Abies, while on the upper side the cone scales would pass

for those of Sequoia. The cylindrical form of the cone and the close

appression of its thin scales make it probable that the plant is nearest

to the Picea section of Pinus. It is 4 cm. long and 2 cm. wide. It is

probably an unripe cone. Its specific name is from the name of its

finder, Mr. Lee. PI. CXIX, Fig. 6, gives the underside and Fig. 7 the

upper side.

The specimen was lent by Mr. Lee to the Woman's College, and

the label accompanying it bears the initials W. C, B., but no number."

a But for the positive statement of Mr. Bibbins that the Union tunnel was cut through beds of Potomac
clay and that this cone was actuality found in such clay, so as to leave no doubt as to its age, I should hold

decidedh' to the opinion that the cone represents a comparativel_T modern type, such as some of the now hving

species of Picea or firs. Even as it is, I can not wholh' divest my mind of the idea that it may have occurred
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FOSSIL PLAKTSFEOM SPUINGFIELD.

[PI. LXXX, No. 26.]

The plants now in question are designated on the labels accompany-

ing them as coming from Springfield, and the formation yielding them

is given as Patuxent. The rock material yielding the fossils is a reddish

brown sandstone, which is highly ferruginous, with a cement of limonite.

Although there is a considerable amount of this material, not many of

the plant impressions can be determined, owing to the fact that it is

not favorable for their preservation. The fragments of plants are much

macerated and seem to have floated long in water. Most of the plant

matter is in the form of decayed bits of stems that can not be determined.

These specimens were collected by Mr. Bibbins in August, 1894, for

the museum of the Woman's College of Baltimore, whose numbers are

on the labels.

The following plants have been found at this locality:

Athrotaxopsis expansa Font. ? 3 specimens.

Athrotaxopsis tenuicaulis Font 1 specimen.

Equisetum Lyellii Mant. ? 2 specimens.

Sequoia subiilataHeer? ^ 2 specimens.

Thyrsopteris nervosa Font. ? 1 specimen.

This hst, as will be seen, is a very small one, and only one specimen,

Athrotaxopsis tenuicaulis, is capable of positive determination.

These plants are not sufficient to determine the age of the strata

containing them, but so far as their evidence goes, it indicates that it

is that of the lowest portion of the Lower Potomac, the Rappahannock,

and the James River series of Professor Ward.

FOSSIL PLANTS FROM STEMMERS BUN.

[PI. LXXX, No. 41.]

Hengmehl's iron mine, Stemmers Run, furnishes one specimen

which can not be determined."

in some small pocket of Pleistocene (Columbia) clay, such as that which is sometimes found in excavating

cellars, etc., in Washington, and which usually contains the remains of so-called cedar wood in a perfect state

of preservation. Such a case occurred at the "Casino" on Connecticut avenue, and similar deposits have

been found in the eastern part of the city, the Potomac clays immediately underlying the Columbia beds.—

L. F. W.
alt is from this general region that the cycad, Cycadeoidea Fisherse, described above (p. 470), was

obtained.—L. F. W. •
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FOSSll PLAXTS FROM BKOAD CKEEK.

[PI. LXXX, No. 2.]

The rock material from Broad Creek is a dark porous muck made

up chiefly of comminuted vegetable matter. On the labels the age is

given as Patuxent. The collection- was made by Mr. Bibbins for the

Maryland Geological Survey in September, 1896. The plants are very

imperfectly preserved, from long exposure. The number of determina-

ble specimens is small. The following species are found here:

Abietites angusticarpus Font. ? -- 1 specimen.

Cladophlebis Browniana (Dunk.) Sew. ? 1 specimen.

Cladophlebis distans Font 1 specimen.

These plants all come in the Virginia Potomac in the Rappahan-

nock and James River series. They are insufficient to prove the age

of the beds containing them, but their evidence, such as it is, indicates

that the strata at Broad Creek are of the same age and hence agree

with those of Springfield.

A specimen of indurated white grit rock, given on the label as com-

ing from "Wanna's Broad Creek clay," "base of the Potomac," shows

nothing determinable.

FOSSIL PLAMS FROM PLUM CREEK.

[PL LXXX, No. 16.]

A massive ferruginous sandstone from Plum Creek, Cecil County,

Patapsco ? foraiation, gives some vegetable remains that are not

determinable.
FOSSIL PLASTS FR03I MIIDDV CREEK.

[PL LXXX, No. 15.]

Araucarites viRGiNicrs Fontaine.

PL CXIX, Fig. 8.

1889. Araucarites virginicus Font.: Potomac Flora (Monogr. U. S. GeoL Surv.,

Vol. XV), p. 263, pi. cxxxiv, fig. 7.

Muddy Creek, Cecil Countj^, yields a single specimen. It is an

imprint made by a portion of a cone that was once embedded in ash-gray

shale but has since fallen out. It is imperfectly preserved and is probably

a cone of Araucarites virginicus. As this fossil, in the Virginia Potomac,
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is confined to the Rappahannock horizon, its presence denotes an

Arundel or Rappahannock age for the beds containing it. This appears

to have been somewhat smaller than the one figured in Monograph XV.
It is given in PL CXIX, Fig. 8. It was collected b}^ Mr. Bibbins for

the Mar^dand Geological Survey in August, 1899, and bears the number
5312 of that survey.

FOSSIL PLAMS FROM LOCUST OK POPLAU POINT.

[PI. LXXX, No. 10.]

Locust or Poplar Point has yielded to the collections five or six

rock fragments with plant matter. The rock material is an ash-gray,

rather arenaceous shale, stated on the labels to be Patapsco in age.

This cla3^ has a good msury bits of carbonized vegetable matter which

are not determinable. Two specimens, however, are small cones that

are most probably cones of Athrotaxopsis ezpansa, but which can not

be determined positively as such. The evidence from these is not

sufficient to locate the horizon of the plants. This Athrotaxopsis is,

in the Virginia localities, most characteristic of the Rappahannock
horizon.

The material containing these impressions was collected by Mr.

Bibbins in July, 1897, for the Maryland Geological Survey. It is all

under one label marked M. G. S., No. 5316. A single specimen col-

lected in August, 1899, and marked M. G. S., No. 5315, shows nothing

determinable.
FOSSIL PLANTS FROM GIUYS HILL.

[PL LXXX, No. 6.]

A few plants are credited on the labels to Grays Hill, Cecil County,

formation Patapsco, collected l:)y Mr. Bibbins for the Maryland Geo-

logical Survey in August, 1899. The rock material is much like that

from Vinegar Hill. The determinable fossils are 1 specimen of Podo-

zamites distantinervis Font, and 2 of Sphenolepidium Sternbergianum

densifolium Font. They probably belong to the former. The plants

do not suffice positively to determine whether the Grays Hill strata

correspond to the Rappahannock or to the Aquia Creek member of

the Virginia Potomac.
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GENERAL REMARKS AND CONCLUSIONS.

The localities described in the preceding pages are all that have

furnished fossil plants from horizons below the Raritan. The size of

the collections coming from the various localities can not be judged

from the number of forms given as found at them, for when determina-

ble forms exist no mention is made of the number of specimens that

are not determinable. The proportion of these, in collections that have

afforded a considerable number of identifiable species, varies much.

For example, many specimens from the Arlington localities can not be

determined, while hardly a rock fragment from Vinegar Hill or from

Covington and Clement streets is without some identifiable imprint.

The study of the fossils in the collections of the Maryland Siu'vey

and the Woman's College of Baltimore makes it plain that the same

flora existed in Maryland and Virginia in Lower Potomac times and

that it underwent the same changes with the lapse of time. It appears

that there is no important difference between the plants that existed

in the times of the deposition of the Patuxent, Arundel, and Patapsco

members. The flora is very poorly represented in the Patuxent, prob-

ably from the conditions of entombment and the unfitness of the rock

to preserve plant remains. Fossil plants are much more abundant in

the Arundel and Patapsco, but they give simpty a continuation, and

perhaps an amplification, of the Patuxent elements. An important

change does not take place until the Raritan is reached. The plants

show that nearly all the localities belong to the Rappahannock or James

River member of the Potomac of Virginia. The Mount Vernon mem-
ber is not shown. This, perhaps, was to be expected, for the Mount

Vernon flora in Virginia seems to exist at but few spots, and to be pre-

served in local clay lenses only a few feet below the Aquia Creek group.

The Aquia Creek member of the Potomac seems to be generally

absent from the Mar3dand localities whose fossil plants have been

described in this paper. The plants collected bj^' Professor Ward at

Fort Foote, on the Potomac River below Washington, show that it is

found there.

The comparison of the Maryland species with those of Virginia

shows the unexpected fact that the large Maryland collections add

very few new forms to the Lower Potomac flora, as made known in

Monograph XV.
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The Potomac of Maryland differs from that of Virginia in the appar-

ent absence of the Mount Vernon member and in the apparent confine-

ment of the Aquia Creek to the Fort Foote locality. It differs in another

respect—the absence in Virginia of the Raritan, which is so conspicuous

in Maryland. It has been stated in preceding pages of this paper that

in Virginia the Lower Potomac has been divided by Professor Ward

into the following members, mentioned in ascending order: (1) James

River, (2) Rappahannock, (3) Mount Vernon, (4) Aquia Creek. The

Rappahannock is identical with the beds I have named Fredericksburg,

and the Aquia Creek with the Brooke beds as given in Monograph XV.

The Maryland Geological Survey divides the formation, in ascending

order, into (1) Patuxent, (2) Arundel, (3) Patapsco, and (4) Raritan.

In neither of these divisions is there any question of a division of the

formation into an upper and a lower member, while I have constantly

referred to the Potomac of Virginia as Lower Potomac. It is, then,

necessarj^ to explain what is meant by Lower Potomac. In my opinion,

the change in the character of the plants, in passing from the base to the

summit of the heterogeneous mass of nonmarine deposits, called by

most writers Potomac, necessitates a subdivision of it into a lower and

an upper member, if the Raritan is regarded as Potomac. Other sub-

divisions ma}^ be made that are based on changes in lithological char-

acter or on want of continuity, etc., but the more the plants are studied

the more clearly it appears that there is only one great break in the

continuity of the flora, and that is in the passing from the underlying

beds into those called Raritan or Amboy clays. Judging from the

plants, the Raritan member forms the Upper Potomac, if it is Potomac,

while all below is included in the Lower Potomac.

The main difference between the Potomac of Virginia and that of

Mar3dand lies in the fact that the Raritan is absent in the former, while

it is in force in the latter State.

It is not contended that there are not considerable changes in the

flora of the Lower Potomac in passing to higher beds. This change

is a gradual one, caused by the diminution of old types and the increase

and introduction of more modern ones, but there is no wholesale change,

and the flora shows essential continuity. Some of the changes have

already been indicated in pointing out the differences between the Rap-

pahannock or James River member and the higher Mount Vernon and
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Aquia Creek groups. While many of the old types, much dimmished

in numbers, pass up into the Mount Vernon and Aquia Creek horizons,

in number of individuals thej^ are to some extent subordinate to more

modern types. The case is very different in passing up into the Rari-

tan or Amboy clays. Here there is a wholesale change. Few, if an}^,

of the older types persist. Even those more modern types that were

introduced in the Mount Vernon and Aquia Creek groups disappear.

A great number of wholly new plants, more recent in character than

were the most modern of the Aquia Creek strata, appear, and dicoty-

ledons overwhelmingly predominate. In a word, in passing into the

Raritan strata we find the flora wholly changed. This being the case,

the question may be asked. Why give the name Potomac to this group?

It has, it is true, in common with the underlying strata, a nonmarine

or estuarine character in the deposits, and this seems to be the reason

for making it a member of the Potomac. Professor Marsh thought

that he had, from the vertebrate fauna found in the Arundel member,

proved that its age is Jurassic. He, with most writers on the subject,

included the Raritan in the Potomac, but, unlike others, he went further,

and maintained that the whole formation is Jurassic. It might with

reason be maintained that Professor Mai^sh's conclusion as to the age

of the whole formation is the logical one. If the continuity of the for-

mation is sufficient to make the Raritan a member of the Potomac,

and if the age of the lower portion of the Potomac is Jurassic, it might

be claimed that the Raritan must be Jurassic. Hardly anyone would

now maintain such an age for it.

As indicated above. Professor Marsh maintained that the whole

of the Potomac is Jurassic in age. This was based on the evidence

of vertebrate fossils found in the Arundel of Maryland. So far as I

am informed, no one is disposed to go as far as Professor Marsh for the

whole formation, but some agree with him in regarding at least the

lower portion of the Potomac as Jurassic, and Professor Clark and Mr.

Bibl^ins regard the age of the Patuxent and Arundel as possibly Juras-

sic. The question of the Jurassic or Lower Cretaceous age of the Lower

Potomac hinges upon the position of the Wealden formation.

After a study of the Lower Potomac plants described in Monograph

XV, I expressed the opinion that they indicated a Lower Cretaceous
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age for the formation," agreeing with the Neocomian. This conclusion

was based on the strong affinity of its flora with that of the Wealden.

It was assumed that the view generally held as to the position of the

Wealden is correct—that is, that it is the nonmarine equivalent of the

Neocomian. There has been no evidence sufficient to cause a change

of this opinion, but, on the contrary, a good many facts have come to

light that confirm its correctness. That is, there is additional reason

to think that the Lower Potomac has a flora that is essentially Wealden,

and also that the Wealden is Lower Cretaceous rather than Jurassic.

Professor Marsh held that the Wealden is Jurassic. If that is cor-

rect the Lower Potomac is Jurassic. Since Monograph XV was written

many discoveries of a flora essentially Wealden or Lower Potomac in

character have been made, which indicate that it existed at a time when

the marine Jurassic conditions, which had previously prevailed, were

followed b}' those under which nonmarine sediments were laid down.

These varied a good deal. Sometimes the sea was advancing over the

land, and shallow water, estuarine, and other similar sediments accumu-

lated. In other cases lakes and marshes were formed, sometimes with

the accumulation of vegetable matter for the formation of coal beds. In

these deposits the Lower Potomac flora is found. This flora is a transi-

tion one from the typical Jurassic of Oolitic type, now known to exist in

Oregon, to the typical Cretaceous of the Dakota and later formations.

The localities furnishing fossils belonging to this flora show that it had

a surprisingly wide distribution. It has been found as far north as the

Kootanie in British Columbia and as far south as Tlaxiaco in Mexico.

On the eastern side of the continent this fossil flora exists in the eastern

portions of Virginia and Maryland. On the western side it is found in

the Shasta group of California. The fact that this flora is found in strata

which are often superposed on Jurassic beds with want of conformity,

and which by their character show that important changes had taken

place since the Jurassic conditions prevailed, and the farther fact that

the flora is transitional, make it a priori probable that it is Lower Creta-

ceous rather than Jurassic. But we are not without direct evidence

that this flora is Neocomian or Lower Cretaceous. This will be given

farther on.

a Monograph XV, p. 348.

HON XLVIII—05 37
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As an instance of the superposition of beds of nonmarine tj^pe con-

taining the Potomac flora on marine Jurassic beds the Hay Creek strata

of Wyoming may be mentioned. In the Hay Creek region of Wyoming
there are fresh-water and marsh deposits that contain a well-marked

Lower Potomac flora. These rest unconformably on Jurassic marine

strata. In the Black Hills, also, we find nonmarine deposits containing

the Lower Potomac flora resting on marine Jurassic beds.

We have direct evidence of the Neocomian age of the Lower Potomac

flora in the following cases:

The Glen Rose beds of the Trinity group in Texas have yielded a

number of fossil plants belonging to the Lower Potomac flora. These

fossils occur in a lens of fine sediment, in a chalky calcareous mass that

abounds in marine Neocomian invertebrates. Professor Marsh, from the

comparison of the Atlantosaurus or Como beds of Colorado and Wyoming
and their contained vertebrate fauna with the Lower Potomac of Mary-

land, was led to think that the}^ are both of Wealden age. It is inter-

esting to find that Mr. Willis T. Lee has traced these deposits, bearing

the name "Morrison formation," southward until they nearly make a

junction with the Trinity beds of Texas, described by R. T. Hill. He
makes this statement :°

According to Mr. Hill's section the Lower Cretaceous, consisting of the Trinity,

Fredericksburg, and Washita, lies between the Red Beds and the Dakota. If Mr.

Hill's section represents correctly the age of the formations in the Canadian Valley,

then the shales and possiblj^ the Exeter sandstone must be of Lower Cretaceous age.

But the shales, as I have alreadj^ shown, are probably the same as the dinosaur-

bearing shales of the Purgatory. There is some probability therefore that the

Morrison formation may be identical \vT.th some part of the Lower Cretaceous of

the Texas region.

In the Shasta group of California the Lower Potomac is well repre-

sented and here a Neocomian invertebrate fauna accompanies it.

Dr. J. Felix found in central Mexico, in the Cerro de la Virgen,

near Tlaxiaco, fossil plants of the Lower Potomac in a formation con-

taining numerous animal fossils, which, in the opinion of Doctor Felix,

fully prove the Neocomian age of the beds. Doctor Felix sent a small

collection of the plants to Doctor Nathorst for determination.* The

a Joum. Geol., Vol. X, No. 1, 1902, p. 57.

6 Nathorst, in Felix & Lenk, Uebersicht iiber die geologischen Verhiiltnisse des mexicanischen Staates

Oaxaco, Beitriige zur Geologie und Palilontologie der Republik Mexico, von .J. Felix und H. Lenk, II. TheU,

I. Heft, Leipzig, 1893, pp. 51-54.
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latter identified three species. Two of them, Sequoia ambigua Heer and

S. Reichenbachi (Gein.) Heer, are important fossils in the Lower Potomac
of Virginia. The third is identical with a fossil described by me from

the Glen Rose beds of the Trinity of Texas, with the name Pagiophyllum

aubium." This latter plant Doctor Nathorst named Pseudofremelopsis

Felixi, and in describing it he made some errors which, as they may lead

to further errors and confusion, are noticed below.

These facts seem to indicate that a Neocomian or Lower Cretaceous

age may be claimed with a good deal of confidence for the Lower Potomac
flora.

So far as I am informed, the only evidence claimed to oppose the

conclusion that these beds are Lower Cretaceous is that presented by
Professor Marsh, which was derived from an examination of the verte-

brate fauna of the Arundel group and the Como beds. This, however,

simply goes to indicate the Wealden age of the strata.

When Doctor Nathorst made his determination of the Mexican
plants for Doctor Felix he had not seen the paper on the Texas Glen

Rose fossils prepared by me, and when his paper was prepared Doctor

Nathorst's article had not been read by him. The result was that the

same species was described under two different names. However, Doctor

Nathorst had before him my description of FreneloiJsis parcera7nosa given

in Monograph XV. From certain similarities in the Virginia and Mexican

fossil Doctor Nathorst concluded that they are the same. From the

study of the Mexican plant he decided that the Virginia fossil had been

incorrectly diagnosed. Hence he formed a new genus, which he calls

Pseudofrenelopsis. Had Doctor Nathorst possessed specimens of Frene-

lopsis parceramosa he would never have fallen into this error. The
plants are quite different and probably are not nearly allied. The Texas

plant, which is that described by Doctor Nathorst, does not have jointed

branches. Doctor Nathorst assumes that I incorrectly diagnosed

Frenelopsis parceramosa as having jointed twigs. There is not the

shadow of a doubt that it has. F. parceramosa has its branches con-

spicuously constricted at the joints, and the latter are so marked that the

branches break up into small fragments by a separation at the joints.

Hence it is difficult to get a twig of any considerable length.

"Fontaine, Notes on some fossil plants from the Trinity division of the Comanche series of Texas: Proc.

U. S. Nat. Mus., Vol. XVI, 1893, pp. 271-273, pi. xxxix, figs. 2-11.
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A stratum at Dutch Gap in Virginia, where this plant was first found,

is full of multitudes of small fragments of it, each representing one or two

joints. I was in great doubt as to the true place of the fossil he named

PagiophyUum dubium, and with much hesitation placed it provisionally

in the genus Pagioph3'llum. He did not think the amount of material

on hand justified the formation of a new genus. As this plant probably

is not a PagiophyUum, it may well continue to bear the name given it

by Doctor Nathorst, and the name PagiophyUum dubium should be

dropped. It should not, however, be identified with Frenelopsis parce-

ramosa. A plant nearly allied to the latter, but probably a different

i>pecies, occurs in the Glen Rose strata.

CORRELATION OF THE POTOMAC FORMATION IN VIRGINIA AND MARYLAND.

The above report of Professor Fontaine on the fossil plants collected

in the Potomac formation since the appearance in 1889 of his Potomac

or Younger Mesozoic Flora furnishes a much better basis for correlating

the Maryland and Virginia beds of that formation than that which existed

at that time or at the later date (1895) when my memoir on the Potomac

formation appeared. In order, however, still more fully to appreciate

the advance thus made in our knowledge of the flora in the two States,

and to furnish a condensed view of the results, I have prepared the fol-

lowing table of distribution of the species enumerated in the report:
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Table of distribution
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of Potomac plants.

Loca lities in the District
oJ Columbia.
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Table of distrihution
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oj Potomac plants—Continued.

Localities in tlie District
of Columbia.
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Table of distribution
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ANALYSIS OF THE TABLE.

It will be seen by this table that the whole number of species and

varieties or plant forms which have been collected since the appearance of

Professor Fontaine's monograph, and which he has treated in the above

paper, is 176. As regards their diagnostic value in determining age and

correlating the beds, he gives great weight to their relative abundance, and

in preparing his report he took pains in most cases to count the specimens

and give the exact number represented for each species. But where there

were many specimens of one species he contented himself by so stating,

without an exact count. After completing and submitting his report he

shipped the entire collection to Washington. In editing his report for this

paper I found it essential to consult the material constantly in order to

make the history of the numerous collections complete and to indicate the

exact source, proprietorship, and destination of every specimen, dupli-

cates as well as figured types. This required me to arrange the specimens

primarily by localities and then by species from each locahty. Having

done this it was comparatively easy to make an exact count of all the

specimens of each species from each locality. As every determinable

specimen was labeled both for the locality and for the species, this could

readily be done, although, on account of the size of the aggregate collec-

tions, the task was laborious and required much time. In most cases the

counting amounted simply to a verification of Professor Fontaine's manu-

script, but in a number of cases, as might naturally be expected, the

two counts differed. In all such cases I have used my own final count

instead of his. The discrepancies were sometimes found to be due to the

accidental mixing of specimens from different localities where the mate-

rial was very similar, as, for example, that of Langdon with that of Tip

Top, where one of the figured types was involved.

In making the count I extended it to all the species, no matter how

numerous the specimens, even including Cladophlebis acuta from the

Arlington beds with exactly 400 specimens. These exact results are sub-

stituted in the descriptions of the localities for the general statements

which Professor Fontaine regarded as sufficient.

The table of distribution now under consideration differs from the

usual form by taking account of the number of specimens as well as the

mere fact of their occurrence at the several localities. Where, from
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the meager data furnished by the specimens, the identity of the species
is questioned, this is also indicated by an interrogation point opposite the
number in the appropriate cokimn and Une of the table. As most of

these are probably correct, I have thought best to treat them so in the
analysis of the table, since the few cases in which they may be incorrect
could not seriously affect the general results.

It thus appears that the 176 species are represented by 2,882 speci-

mens, or a mean of a little over 16 specimens to each species. This of

course is mainly due to a few species that are abundantly represented,
though 47 species occur in only a single specimen. A still larger number
have only two or three specimens. Still, 38 species are represented by
16 specimens or more, and a large number range from 10 to 25 specimens.
The most abundant species are :

Cladophlebis acuta, with 400 specimens.

Athrotaxopsis expansa, with 234 specimens.

Sphenolepidium Sternbergianum densifohum, with 186 specimens.
Thyrsopteris rarinervis, with 152 specimens.

Vitiphyllum multifidum, with 151 specimens.

Sapindopsis variabilis, with 132 specimens.

Cladophlebis acuta angustifolia, with 115 specimens.

All the rest have fewer than 100 specimens, but Dryopteris parvifolia
has 71, Glyptostrobus (Taxodium) brookensis 65, and Acrostichopteris

longipemiis 57, while eleven others have between 30 and 50 specimens.
The collections were made at 42 localities, but the number of both

species and specimens from the different localities differs even more widely
than does the number of specimens of the different species. The localities

yielding the largest number of specimens are: Arlington, with 748;
Federal Hill, with 324; Langdon, with 303; Hosiers Bluff, with 279; the
Mount Vernon beds, with 230; Chinkapin Hollow, with 210; Vinegar
Hill, with 129; Muirkirk, with 99; the new reservoir, with 97; White
House Bluff, with 64; Hell Hole, with 57; and Cockpit Point, with 55.

The rest all yielded fewer than 50 specimens each, and 8 localities are
represented by a single specimen each.

Of the localities in Virginia besides those representing the Mount
Vernon chocolate clays, the following have been discovered since the
appearance of Professor Fontaine's monograph: Alum Rock, the bed at
the north end of the 72d Milepost cut. Cockpit Point, Woodbridge, the
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Colchester road, all but one of the Brooke localities in the White House

Bluff, Hell Hole, Mouth of Hell Hole, and Chinkapin Hollow. None of

the localities in the District of Columbia were known to Professor Fon-

taine at the date of the publication of his monograph, and of those in

Maryland he was acquainted only with that of Federal Hill—(this does not

include the cycads treated by him).

As clearly shown in the treatment of these localities, the beds at

Alum Rock, Cockpit Point, Woodbridge, the Colchester road, and Chinka-

pin Hollow are on the horizon of the Rappahannock series, the two first

named being actually in the typical Rappahannock freestone. Those at

the 72d Milepost cut, at the White House Bluff, including the ones above

Doag Creek overlying the Mount Vernon clays, and those at Hell Hole and

the mouth of Hell Hole, are all on the horizon of the Brooke or Aquia

Creek beds. Professor Fontaine's doul^ts regarding the Hell Hole material

are quickly dispelled by a casual comparison of it with the chocolate clay

of the Mount Vernon beds, while, as the table shows, the species are

mostly those of the Brooke beds and not of the Mount Vernon beds.

The testimony of the species, however, must be admitted to l^e somewhat

conflicting or unsatisfactory, those best represented having a wide range.

The Rosiers Bluff locality also certainly represents the Brooke series, most

of the species being the same as those found in Virginia on that horizon.

This bluff seems to be a simple extension of the White House Bluff across

the Potomac, but lying, as it does, somewhat farther coastward in the

formation, the underlying Mount Vernon clays and Rappahannock free-

stone beds of the Virginia shore are here below the level of the river.

This, however, as Professor Fontaine now thinks, is the only plant-bearing

locality on this horizon known on the left bank of the Potomac.

It remains to consider the other localities in Maryland, and for this

discussion I shall treat those of the District of Columbia as belonging to

the same general group as all the beds across the State of Maryland.

There is no essential difference. It is in the correlation of these Maryland

beds with those of Virginia that the chief interest of this paper centers.

As shown in the historical part. Professor Clark and Mr. Bibbins, influenced,

as they admit, by the views entertained by Professor Marsh, regard their

Patuxent and Arundel formations as lower than any in Virginia, and as

probably Jurassic. I have discussed this point as fully as is necessary,
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and there is nothing left but to examine the evidence of the fossil plants

which is marshaled in Professor Fontaine's report on the collections that

these authors have themselves chiefly made. It is scarcel)^ necessary to

say that the comparison can not be confined to the data of this table alone,

for the collections made from the Virginia beds since the appearance of

Monograph XV are too small. The comparisons must he made with the

entire Potomac flora of Virginia, published and unpublished. The collec-

tions from the Maryland localities may be regarded as fairly representa-

tive. Those from Arhngton, Langdon, Vinegar Hill, Federal Hill, and
the new reservoir are quite as full as those from many of the original

Virginia localities.

Of the 176 species of the table 100 occur in the beds of the District of

Columbia or of Maryland other than Rosiers Bluff, the other 76 being con-

fined to Virginia localities and to Rosiers Bluff. We have therefore at

present to do only with the 100 species. Of these, 76 are also found in the

Rappahannock beds of Virginia. To make up the other 24 we have 12

new species, 9 that were previously known only from Federal Hill and 3

that were formerh^ confined to the Brooke horizon in Virginia. Of the

new species and those that have never been found in Virginia I shall

speak later on. Two species, Glyptostrobus {Taxodium) brookensis and
Sphenolepidiuvi virginicum, which were not known to occur in the Rappa-
hannock beds of Virginia at the date of the appearance of Monograph XV,
have now been found there, the first at Cockpit Point and Lorton and the

second at Cockpit Point. Glyptostrobiis brookensis is also abundant in the

Mount Vernon beds. The three species or forms that were formerly con-

fined to the Brooke beds of Virginia are (1) Glyptostrobus ramosus%, now
found in the dump of the mines at Hanover, (2) Menispermites virginiensis,

found at the Bewley estate and Federal Hill and also common in the Mount
Vernon beds, and (3) the ament of a conifer (b), rediscovered at Federal

Hill. Their diagnostic value can not be said to be great.

It thus appears that practically all except the new species are found

in the Rappahannock and Mount Vernon beds of Virginia. Their occur-

rence in the Brooke beds also only serves to give them a somewhat more
modern aspect. The flora of the Maryland beds referred to the Patuxent,

Arundel, and Patapsco formations of Clark and Bibbins is therefore

practically identical with that of the James River and Rappahannock
MON XLVIII—05 38
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beds of Virginia. It contains absolutely no Jurassic or Older Mesozoic

species.

The importance of the dicotyledons in any flora justifies a glance at

the table from this special point of view. The total number of dicotyle-

dons enumerated in the table is 48, of which 13 are new species. The

following 17 species occur in the District of Columbia and Maryland

exclusive of Hosiers Bluff:

Protesephyllum Uhleri.

Quercophyllum tenuinerve ?

Rogersia angustifolia?

Rogersia angustifolia parva.

Rogersia longifolia.

Saliciphyllum ellipticum.

Vitiphyllum multifidum.

Vitiphyllum parvifolium.

Celastrophyllum latifolium.

Celastropliyllum ? marylaiidicum.

Celastrophj'llum obovatum.

Ficophyllum tenuinerve ?

Menispermites tenuinervis.

Menispermites virginiensis.

Plantaginopsis marylandica.

ProtejEphjdlum dentatum.

Protesephyllum oblongifolium.

Nine of these are found only at the Federal Hill locality and that

of Vinegar Hill, and this fact must be admitted to argue strongly for

the somewhat highei' position of these beds than that of the others in

Maryland exclusive of Rasiers Bluff. For my own part, notwithstanding

Professor Fontaine's reasoning, I am disposed to regard them as inter-

mediate between the Rappahannock and Brooke horizons, correspond-

ing somewhat to the position of the Mount Vernon beds, although for

some unknown reason there is scarcel}^ any resemblance between the

Mount Vernon and Federal Hill floras except that well-defined dico-

tyledons are abundant in both. The difference in the species may be

accounted for on geographical and topographical grounds, as one may
now select two places not widely separated at which quite different plants

are growing.

There remain 8 species of dicotyledons occurring in the typical

Maryland beds. Of these Protece-phyllu7?i oblongifolium, Quei'cophyllum

tenuinerve % the three Rogersias, and Saliciphyllum ellipticum are all

found in the Langdon or Arlington beds. These certainl}' argue for

an age for these beds not lower than the Rappahannock of Virginia.

The onlj' source that remains from which evidence of a lower position

for the Marjdand beds can be looked for is the new species found in them.

If these beds are really Jurassic and the bulk of the flora consists of Rap-
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pahannock species that originated in them and persisted through the
Potomac period in Virginia, the new forms not yet found in the Virginia
Potomac ought to have a distinctly Jurassic facies and be comparable
to those of the other well-known Jurassic floras of the globe. The
following are the 12 new species occurring in the Maryland beds exclusive
of Rosiers Bluff:

Abietites marylandicus, Vinegar Hill, 2 specimens.

Adiantijtes parvifolius. Federal Hill, 1 specimen.

Celastrophyllum ? mar_ylandicum, Federal Hill, 1 specimen.

Cladophlebis acuta angustifolia, Arlington, 11.5 specimens.

Ginkgo ? acetaria, Vinegar Hill, 1 specimen.

Pinites Leei, Union Tunnel, Baltimore, 1 specimen.

Plantaginopsis marylandica, Federal Hill, .5 specimens.

Proteffiphyllum Uhleri, Federal Hill, 1 specimen.

Rogersia angustifolia parva, Langdon, 5 specimens.

Selaginella marylandica. Vinegar Hill, 1 specimen.

Thinnfeldia marylandica, Arlington, 16 specimens.

Williamsonia ? Bibbinsi, Vinegar Hill, 1 specimen.

It will be seen that, of these 12 new species, 4 are dicotyledons, and
1 of these, Rogersia angustifolia parva, comes from typical Arundel
strata. Eight of them are from Vinegar Hill and Federal Hill, which
are probably on a higher horizon and have not been regarded as probably
Jurassic. These, therefore, have really no proper bearing on the question
at issue. The Pinites Leei from Union tunnel may also be excluded
from the discussion; as I have stated, it has so modern an aspect as

to suggest that the clay in which it was found may be of Pleistocene

age. The only plants, therefore, which have any importance for the
claim that the iron-ore beds may 'be Jurassic are Cladophlebis acuta

angustifolia and Thinnfeldia marylandica. Both these are abundant
in the Arlington beds and are confined to them. The first is simply a
narrow-leaved form of the type Cladophlebis acuta, and might denote
a lower or a higher horizon according to whether the leaves were tend-

ing to become wider or narrower, which can no± be known. It can
not, therefore, be said to argue either way. As regards the second, there

are 3 other species of Thinnfeldia in the Older Potomac, one of which,
T. variabilis, runs up into the Brooke beds. The genus Thinnfeldia

is properly Older Mesozoic, but plants have been referred to it from the
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Rhetie to the Middle Cretaceous. Its relations to Sagenopteris on the

one hand and Cladophlebis on the other are imperfectly defined. But

at all events, whatever its occurrence in the Maryland beds may argue

for their age, its occurrence in the Virginia beds must argue the same

for them, so that this can not be regarded as evidence that the former

are older than the latter. In fact the evidence throughout is all in

favor of the practical identity of the age of the Older Potomac in both

States.

One of the unexpected results of this study of the Potomac formation

in ]\Iaryland is the deterntination of most of the abundant cones found

in so many of the beds as belonging to the extinct genus Athrotaxopsis.

This genus was established bj' Professor Fontaine for twigs, leaves, and

cones of the Potomac of Virginia that approach most nearly to those

of the living Tasmanian genus Athrotaxis of Don. This is placed by

Eichler, in the Natiirlichen Pflanzenfamilien of Engler and Prantl, next

to the genus Sequoia and between this and Crj'-ptomeria. The cones

collected by Mr. Hatcher in the iron shaft near Muirkirk associated with

the dinosaurian bones of which so much has been said, are all referred to

this genus, and. similar cones occur at Langdon, Riverdale, Contee, Arling-

ton, the Howard Brown estate, Hobbs's iron mine. Tip Top, Soper Hall,

and Poplar Point, showing that this was the predominant conifer of the

region at the time these beds were laid down. Twigs of the same genus

also occur at a number of localities, and two species, Athrotaxopsis expansa

and A. tenuicaulis are represented.

Associated with these cones at many places, notably in the ]Muirkirk

beds, where the largest number were found, as well as the dinosaurs,

are great quantities of silicified wood. Unfortunately this wood has

been studied only at a few localities and not at any of those where the

cones occur, but wherever it has been studied it has been found to belong

to the genus Cupressinoxylon. The structure of the wood of this genus,

however, is essentially sequoian, and I had long regarded the Potomac

forests as practically those of Sequoia. It is indeed true that Professor

Fontaine recognizes the genus Sequoia in several of the Maryland beds,

and he refers most of the cones found at Soper Hall, which are larger

than those of Muirkirk, l^ut otherwise very similar to them, to S. amhigua

Heer. It would seem, therefore, that the great sequoian forests of
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Potomac time in Maryland, the District of Columbia, and Virginia con-

sisted of several types, perhaps generically distinct, but still practically

sequoian. These forests, as the present work clearly shows, extended

entirely across the continent and probably covered the whole of North

America. But for some reason the sequoian type of structure lacked

the elements necessary to resist the changes taking place in the

environment, especially the competition of the more modern coniferous

vegetation that came on in later Cretaceous and Tertiary time, and it

was gradually crowded out of existence over most of this great area

where it had so long been dominant, and was finally stranded in two

narrow belts in California, along the Coast Range and the Sierra Nevada,

respectively, where the last survivors of the genus Sequoia still persist

in the only two living species, <S. sempervirens (Lambert) Endlicher, the

redwood, and S. Washingtoniana (Winslow) Sudworth, the mammoth
tree.

COLUMNAR SECTION OF THE POTOMAC FORMATION.

Taking into consideration all the facts presented in Professor Fon-

taine's report as condensed in the table, together with all that was known

of the Potomac formation down to the present time, it is possible to

recast the section of the entire formation. This, then, will assume some-

thing like the following form

:

In the geological column published in my paper on the Potomac

formation" I gave the entire formation a thickness of 1,175 feet. If

we now give it a thickness of 1,200 feet, which it probably has, and make

the Raritan, as was done then, 500 feet, we have for the Older Potomac

a total thickness in Maryland of 750 feet, of which the upper 225 feet

are not represented in Virginia. This is the portion to which I then

assigned the iron ore, under the prevailing impression that all the Mary-

land beds were higher than any of the Older Potomac in Virginia. We
now know that practically all the iron ore occurs on the same horizon

as the Rappahannock of Virginia, viz, in the Arundel of Clark and Bibbins.

These beds in Maryland overlying the iron-ore clays and assigned to the

Patapsco consist of alternating clays and sands and form a more or less

gradual transition into the overlying Raritan beds. Except at Rosiers

^Fifteenth Ann. Kept. U. S. Geol. Surv., 1893-94, p. .3.39.
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t represented 675 feet.
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Typical species: Dioonil



POTOMAC FORMATION IN VIRGINIA AND MARYLAND. 599

Bluff none of them j'ield a characteristic Brooke flora, and they are for

the most part, so far as at present Icnown, practically barren. I include

the Federal Hill beds in the Patapsco, making the upper part the homo-

logue of the Mount Vernon beds, but as only 25 feet of the latter have

been measured, while at Federal Hill we have an actual section of 46

feet," it is assumed that these beds extend some 25 feet lower. Giving

the Virginia beds the same thickness as before, the Patuxent with its

included Arundel occupy 325 feet, or 25 feet less than the combined

James River and Rappahannock, assuming the base of the formation

to be the same in both States.

As thus presented, the evidence derived from the stratigraphy of

the Potomac formation harmonizes perfectly with that derived from

the fossil plants, and the correlation of the formation in Virginia and

Maryland is complete.

"See The Potomac formation; Fifteenth Ann. Kept. U. S. Geol. Surv., 1895, p. 331.
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ellipticum Fpnt 269-270, 272; PI. LXIX, Fig. 18

microphyllum Font 486,582

pachyphyllum Font 270,271; PL LXIX, Fig. 19

spatulatura Font 270

Accokeck Creek, Virginia, section "at 377

Acrocarpus ciineatus Schenk 76

Acrostichites microphyllus Font 296

PliUlipsii (Brongn.) Gopp 85

Acrostichopteris longipennis Font 557.

,560, .564, .565, 568, 569, .582-583, 691

parvifolia Font 557,

558, .567-568, 582-583; PL CXVI, Fig. 5

Adamana, Ariz. , record of wel I boring at 18

Adiantites Goppert 76-77

cuneatusGopp 86

digltatas ( Brongn. ) Gopp 121

Huttoni (Sternb.) Gopp 123

Irregularis Gopp 86

il/rtijM;i(D\mk.) Brongn 233

NympharumHeer?.-. 76-77,140,141; PI, XII, Figs. 9-11

parvifolius Font. . 557, 558, 569, 582. 595; PL CXVII, Fig. 1

Agassiz. Mount, fossil woof^ reported from 36

Aladdin, Wyo.,.section at 325

Alaska, fossil plants from 1.52-175; Pis. XXXVIII-XLV
fossil plants from, age of 175

Alberta, fossil plants from 277-2,82

Albipnrean formation, correlation of 398

proposal of name of 364

oecnrrence of 375

Aldersons Giilcli. Cn]., fossil plants from 213-214

Alelhupl.n.' ' /.'...", I ;.ijia (Dunk.) Schimp 226

(lull, nihil', illningn.) Giipp 69

elegaiis Gopp 230

e<e2jpcrtiEtt 230

haiburnensis (L. & H.) .Schimp 71

HiMoni (Dunk.) Schimp 161

insignis (L. & H.) Gopp 69

PhilUpsii (Brongn.) Gopp 69

Page.

Alexandria, Va., fossils from near 383

Allosaurus 392

Alum Rock, fossil plants from 344-345, 480, 582-.589

Amboy clays, fossils of , 361, 576

stratigraphy of 356

Ami, H. M., fossil plants collected by 279

Anderson raiu-h. Wyo., saurian remains on 206

Ancinuiiiiuii M, mil Hi (Dunk.) Schimp 233

Angiopti-lidiuiii Srhiiilper 239-242

auriculatum Fon t 240

canmorense Dn. '? 239-240,

272, 279,280; PL LXVI, Figs. 1-4

nervosum Font. ? 239, 241

oregonensc Font 235-236

strictinerve Font 240-241, 259, 272, 304, 306, 510,

511, .582; PL LXVI, Figs. 5-7; PL CX, Fig. 12

strictinerve latifolium Font 241-242,

272; PL LXVI, Figs. 8-10

Angiospermas 265-270, 355, 375

Anikovik Kiver, fossil plants from 146

Anomozamites .522

acutiloba Heer? 280

(Pterophyllum) Ball! Feistm 522

minor (Brongn.) Nath 322

Nilssoni (Phill.) Sew 104

sehauviburgensis (Dunk.) Schimp 303

Schmidtii Heer 94

sp. Dn 280

Antholithes Gaudium-RosaB Ward 491, 492, 500, 582, .591

horridus Dn 280

, liliacea 492

Antholithus 492

Appomattox, Va., topography at 381

Appomattox River, rocks on 380

Aquia Creek, fossils from 360,478-482

Aquia Creek beds, correlation of 273, 375-376, 403, 478, 575

flora of, general features of 478-482, 508

fossil plants from and from near 480-182, 582-589

occurrence of 4.S7-488, 674-575

See also Brooke beds.

Aralia?vernonensis Font 491,492,582; PLCVII,Fig.6

Araucaria obtusifolia Font 302-303

Reichtnhachi (Gein. ) Debey 263

Araucarian. type of 29,30

Araucarioxylon 207. :323, 362

arizonicum Kn 32

Araucarites Presl 131, 336

adprcssus Marck 263

aquiensis Font :.. 489, 514, ,528, 582

Dunkeri Ett 264

monilifer Ward 35; PL III

601
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Araucarites Reichenbachi Gein 2CtZ

sliinarumpensis Ward 30; Pis. I, II

virginicus Font 572-573,582; PI. CXIX, Fig. 8

?sp. Font 131; PI. XXXV, Fig.9

Arctic coast, fossil plants from 147

Aristolochisephyllum? cellulare Ward 491,

492-493, 582; PI. CVIII, Fig. 6

crassinerve Font 481-482,

504,508,528,582; PI. CIX, Fig. 1

Arizona, investigation in 13-16

marl buttesin 23-24,42

Older Mesozoic of, geological sections of 37-46

geological sections of, figures showing . . 3S, 39, 41^5
paleontological relations of 28-37

stratigraphical relations of 16-28

painted cliffs of 16, 28

Painted Desert of. See Painted Desert,

petrified wood from. See Petrified wood.

Trias of, fos.sils of Pis. I-III

variegated marls of. See Marls, variegated.

vertebrate fossils from 15

Arkansas, Trinity beds of 340

Trinity beds of, collections from 339

Arlington. Va., fossil plants from 537-542, 583-589

Arlington beds, age of 542

fossil plants from 543

Arundel formation, correlation of 543, .598

description of 396

fossils of 399

occurrence of 395, 546

Aspidites Nilsonianus Gopp 85

Txniopieris Gopp 81

Williamsoiils Gopp 79

Aspidiuin anrjitstipinnatum Font 540

Dimkeri (Schimp.) Font 228

heterophyllum Font 226, 231-232, 550

monocarpum Font 57

montanense Font 160

Oersledi Heer 156, 158, 161

parvifolium Font 541

Aspleniopteris pinnatifida Font 224

Nilsoni ? Sternb 104

Asplenites ?? sp. Hartz 69

Asplenium Dieksonianum. Heer 15.5,218-219,280

distansHeer 280

FcerMedi Deh. & Ett 161,165

martinianum Heer 280

Nilsonii Sternb 104

2:i(^tritsrJihtrnse Heer 69

whitbiense tenue Heer 67

Astrodon Johnstoni Leidy 349, 357, 392

Atane beds of Greenland, correlation of 153, 220

fossils of 220

Athrotaxis Don 596

Athrotaxopsis Fontaine 366-367

expansa Font .501, .52D,

526, 533, 535-587, 538, 543, 547, 555, 571,

573, 682, 591, 592, 596, 598; PI. CIX, Figs. 12, 13

grandis Font. ?

tenuicaulis Font .... 516,520,526,538,543,546,571,582,596

Atlantosaurus beds, geological relations of 203

Aubrey, Upper, occurrence of 16, 19

Aucella crassicollis Keyserl 1.52

Back Lick Run, Va.. fossil plants from .

Baiera Friedrich Braun
brevifolia Newb

385; PI. LXXIX

Page.

Baiera digitata (Brongn.) Fr. Br 121

gracilis (Bean) Bunb 168, 173-174; PI. XLIV, Fig.

2

longifolia (Pom.) Heer 110,280

Muensteriana ( Presl. ) Heer 168

palmata Heer 167-168, 171-172

Phillipsi Nath 128

sp. Brongn 168

Baieropsis adiantifoUa Font 510, 528, .538, .580, 583

denticulata angustifolia Font 491, 580, 582

foliosaFont.. 481^82,489,504,508,580,582; PI. CX, Fig. 9

longifolia Font 504,505,517,580,582; PI. CXI, Fig. 3

pluripartita Font 479,

481-482, .504, 505, 580, .582; PI. CVII, Fig. 1

sp. Dn 280

Baltimore, fossils from 362, 556, .570

See aJso Union Tunnel: Federal Hill; Federal Hill

beds.

Baltimorean formation, character and name of 364

Baptanodon 205

Bear River beds, fossils from, age of 208

Belodon beds, vertebrate bones found in 23

Belodont 15, 25

Belt Mountains, Little, foothills of, fossil plants from. 282

Bennettitacea; 118-120, 275

Bennettitales 118-120,275

Bennettites Gibsonianus Carr 275

Saxbyanus Carr 360

sp. Carr 416

Berwyn, fossil plants from 475, 534

Beulah clays, cycads in 203-204

geological relations of 205-206

Bewley estate, fossil plants from the 475, 534, 583-589

Bibbins, Arthur, fossils collected by 389,

404-408, 479-480, 504, 508, 519, 543-547, 549-.557

methods of collection of 406-407

on iron ore fossils 389, 404

on Maryland geology 395-397, 399

on Potomac formation 400-401

on Union Tunnel, Baltimore 570

section by, on stratigraphical position and general

nature of the Maryland cycads 411-416

Bicknell, P. C, fossils found by 36

on Moencopic fossils 29

Black Falls, Ariz., Lerou.x member at and near 24, 26

Black Hills, fossil plants of 203-207, 315-326

fossil plants of, description of 319-322

geology and paleontology of part of 204-207

Jurassic cycads of 203-207

paleontology of 317-326

section of 205,318

stratigraphy of 205-206, 317-326

Blackhawk, Wyo., fossil cycads from 206

Bladensburg, Md. , saurian remains near 349

Boilings Bridge, Va., fossils from 3.59

Bonito Creek, Ari:.., location of 31

Bozeman, Mont., fossils from near 146,177

Brachj-phyllum Brongniart 130-131, 176-177, 549

crassicaule Font 529,

557,567-568,580,582; PI. CXIII, Fig. 6

mamillare Brongn 130-131,

141,143; PI. XXXV, Figs. 4-8

Moreauanum Brongn 177

parceramosum Font.? 517, 638, 543, 557, 667, 680, 582

Pkillipsii Schimp 130

Storrsii Ward 176-177; PI. XLV, Fig. 6

sp. Font 176

Branchville, Md. ,S'ee Bewley estate.

Bridger Range, Mont., fossil plant from 145, 177
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Brigham City, Ariz., section through 40

Broad Creek, Md., fossil plants from 572,683-689

Brookbank, T. W., fossil wood collected by 35-36

Brooke, Va., fossils from near 360,482,682-589

section near 373

Brooke beds, age and correlation of 355, 360, 403, 575, 598

fossils from 360,487-490

See also Aquia Creek beds.

Brown, Barnum, fossils collected by 15, 30, 33

work of 14

Brown, Will Q., fossil plants collected by 49-50,

52,212,217,223,250

Brown, Howard, estate, Md., fossil plants from. 544,583-589

Bryn Mawr gravel, correlation of 365

Buck Mountain, Oreg., Jurassic plants from 48-51,

148, 211, 217

location of 48

section through 47

Buck Mountain region, map of PI. IV
Bucklandia Milleri Carr 449

Buckley, S. B., on Te.xas geology 328

Buffalo Gap, S. Dak., section near 322-323

Bull Creek Bluffs, Tex., fossil organism found at 336

Buntersandstein, Lithodendron member compared
Yith . 26

Bryophyta 53-54

Byron Gulch, Cal., fossil plants from 213, 222

aiacese 269-270

Calico Canyon, S. Dak., section at 322-323

California, Colusa County, cycad from 273-275

fossil plants from 147,

176-179,211-212,229,270, 273-275; Pis. XLV, LXIV-LXX
Cambria, Wyo., cycads from 204

Canada, fossil plants from, list of 280

Cape Beaufort, Alaska, fossil plants from 147

Cape Fear River, N. C, reconnaissance on 390-392

Cape Lisburne, Alaska, fossil plants from and from

near 145,147,153-175; Pis. XXXIX-XLIV
Carboniferous rocks, occurrence of 40, 42

Carpolithes 137

CarpoHthus AUioni 137-139

brookensis Font 489,582

Bucklandii Willn.? 138,141; PI. XXXVII, Fig. 9

douglasensis Font 139,141; PI. XXXVII, Fig. 13

elongatus Font 139,141: PI. XXXVII, Fig.l2

olallensis \Vi?ft 137-138; PI. XXXVII, Figs. 7,

8

oregonensis Font .... 139, 141; PI. XXXVII, Figs. 10, 11

virginiensis Font 280, 480, 504, 582

Carrizo Creek, Ariz. See Lithodendron Creek.

Carruthers, W., on Maryland cycads 350

Castle Butte, Ariz., section through 40

Casuarina Covillei Ward 491, 582

Cataract Wash, Ariz., section through 43

Cedar Grove, Trenton marble at 379

Celastrophyllum acutidens Font 528,

529-530, 582; PI. CXIII, Figs. 7,8

albiKdomus Ward 489, 582; PI. CVIII, Fig. 3

Brittonianum Holl 489,

491,493-494,499,582; PI. CVII, Fig. 7

brookense Font.? 218,504,505,582; PI. CX, Pig. 10

HunteriWard 491,494,582; PI. CVIII, Fig. 6

latifolium Font .. 557,559,569,582,594; PI. CXVI. Fig. 6

? marylandicum Font 547,

557, 559, 582, 594, 695; PI. CXVI, Fig. 7

obovatum Font 608,547,550,

553,557,558,560,669,682,594: PI. CXV, Fig. 6

Page.

Celastrophyllum obtusidens Font 629

? salicitorme Ward 491, 494, 582, 591;

PI. CVIII, Fig. 7

Cenomanian age, fossil plants of 1.63

Cephalotaxopsis Fontaine 258-259, 311

magni/oMa Font.? 258, 523

ramosa Font.? 258-259, 272, 311, 313-314, 647,

582; PI. LXVIII, Figs. 5-7; PI. LXXIII, Fig. 8

? rhytidodes Ward 258-259,271; PI. LXVIII, Fig. ,s

sp. Font 2.68,2.69

Ceratozamia fuscoviridis 200

Mexicana Brongn 200

terrestris 200

Clieiianthites denticulaius Eoem 156

Gxpperti Dunk 76

Jlfa7»teWi (Brongn.) Gopp 155

Cheyenne beds, correlation of 342

Chico formation, character of 216

correlation of 216-216

fossils from 270, 272-274

occurrence of 214

Chimney Butte, Ariz., section through 40

China, comparison of fossil plants from Oregon and . . 143-144

Chinkapin Hollow, Va., fossil plants from 476,

609-515, 582-589

location of 609

Chiropteris spatulata Newb 238

Williamsii Newb 280

Chondrites Sternberg 164

filiciformis Lx 154

Cissites crispus Vel 499

Cladophlebis Brongniart .. 66-74,167-165,220,225-230,291-298

acuta Font 389,538-539,

641, 543, 682, 590-591, 698; PI. CXIV, Figs. 3, 4

acuta angustifolia Font 638,

539-510, 682,591,595; PI. CXIV, Fig. 5

acutiloba(Heer)Font.. 72-73,140,143; PI. XI, Figs. 11, 12

alata Font... 158-161,159,160, 173-17.5,229,271,480,510,

540, 543-544, 557, 567-568, 682; PI. XXXIX, Figs.

9-11; PI. XL, Figs. 1-9; PI. LXV, Figs. 17-21

angustifolia Font 280, .539

breviloba Sap 72

Browniana (Dunk.) Sew 272,

610, 517, 538, 543-544, .547, 667, 667-568, 672, 582

constricta Font 280, 297-298,313-

314, 373, 504, 517, 528, ,547, ,682; PI. LXXI, Fig. 26

crenata Font 647, 582

denstfolia Font 149

denticulata (Brongn.) Nath. . 68-71, 140; PI. XI, Figs. 1-7

denticiilala Tout 69,88,143

distans Font 280, 548, 572, 582

Dunkeri (Schimp.) Sew 228

falcataFont 227-228,271,280,292,294,510,511, 639,

647, 682; PI. LXV, Figs. 12-14; PI. CXI, Fig. 6

falcata montanensis Font 291-294,

313-314; PI. LXXI, Figs. 14-20

haiburnensis (L. & H.) Brongn 71-72,

140, 143; PI. XI, Figs. 8-10

heterophylla Font 280,

294-297, 313-314: PI. LXXI, Figs. 21-25

Huttoni (Dunk.) Font 161-165,

173-175: PI. XLI-XLIII
insequiloba Font 510, .582

OT!d(7!a(a Font.? 225-227,229

insignis (L. & H. ) Schimp 69

ligata (Phill.) Brongn 69

parva Font 225-226,

271, 280, .610, 538, .582; PI. LXV, Figs. 5-8
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Cladophlebis pecopteroides Font 73-J4,

140; PI. XI, Figs. 13-15

rotundata Font 491,610,584

sphenopteroides Font 519, .584

stewartiana Hartz 69

Ungeri (Dunk.) Ward 228-'2'29,

510, 638, 584: PI. LXV, Figs. 15, 16

vaccensis Ward 66-68, 71,140,141,

148, 149, 157-158, 173-174; PI, X, Figs. 8-12;

PI. XXXVIII, Figs. 5, 6; PI. XXXIX, Figs. 7, 8

virginiensis Font 610, 512, 584; PI. CXI, Fig. 7

whitbiensis Brongn 66, 111, 142

var. latifolius 142

ivkitbiensis tenuis var. a Heer 66-67

sp. Dn 219,280

Olarli, Wm. B., on Maryland geology.... 372,388,395-397,399

on Potomac formation 400-^01

Clear Creek, Ariz., canyon of, section through 40-41

Clemson. Thomas G., on Potomac formation 344

Coal Creek, Canada, fossil plants from 277

Cockpit Point, Va., fossil plants from 483-485, 582-589

Coconino Point, stratigraphy of 17

topography of 38

Colchester Road, Va., fossil plants from 487,582-589

Cold Fork of Cottonwood Creek, Cal., fossil plants

from 211, 218

Colorado, cycadean trunks from 273

Colorado Plateau, rocks of 16-17, 71

topography of 38

Colorado Valley, lower, topography of 26

Columbia formation, correlation of 352

occurrence of 386, 388

Comanche formation, fossil plants from 176

Comar Spring, Ariz., section through 40

Cones, petrified, reported occurrence of 3.5-36

Confervitesfissus Dimk 1.56

Conifer, ament of 135, 141, 514-516, 668, 5G6, 567, 588

plates showing Pis. XXXV-
XXXVI, XLV, XLVIII, LXXIII

Coniopteris Brongniart oS-61

hymenophylloides (Brongn.) Sew.? 59-

61, 140; PI. VIII, Figs. 1-3

Mitrrayana Brongn 62

Conites familiaris Sternb ; 263

Contee, Md.. fossil plants from 475, 537, .583-589

Coolidge, Dane, fossil cones reported by 35

Cope, E. D., on Older Potomac formation 360-3.52

Copper Eiver, Alaska, fossil plants from 1.52-153

Cordaites (?) anguloso-striatus Gr. Eury 200

Corwin coal mine, Alaska, fossil plants from 146

Cottonwood Creek, Cal., fossil plants from 213-

214,218,221-223

Cow Creek, Oregon, fossil plants from ... 82, 212-213, 217, 223

rocks on 50

section on, figure showing 47

stratigraphy of 50

valley of, fossil plants from 211

map of PI. IV

Cragin, F. W., on Texas fossils 336

Cretaceous time, ilora of 209-699

flora of, in Kootanie formation 277-315

in Lakota formation 31.5-326

in Older Potomac formation 342-.599

in Sha«ta formation 211-277

in Trinity formation 326-342

on Queen Charlotte Islands 209-2S0

Page.

Crows Nest Pass, Canada, fossil plants from 277

Cryptomeriaprim<eva Corda 263

Cryptomet^es primxvus (Corda) Brongn 263

Ctenis Lindley & Hutton 113-117

auriculata Font.? 111,140,141,143; PI. XXIX,Fig.l
falcata L. & H 113

grandifolia Font. 116-117,140-141; PI. XXVIII, Figs. 2-8

imbricata Font 510, 584

Leckenbyi Bean 89

orovillen.sis Font 115-116, 140-

141; PI. XXVII, Figs. 1-5; PI. XXVIII, Fig. 1

sulcicaulis (Phill.) Ward.... 113-114,140, 143,149; PI.

XXV.Fig. 9; PI. XXVI; PI. XXXVIII, Figs. 7,

8

Cteuophyllum Schimper 105-107, 255

angustifolium Font 105-106,140-141; PI. XXII
densifolium 149

grandifolium Storrsii Ward 106

latifolium Font.? 255, 272; PI. LXVII, Fig. 10

pachynerve Font 106-107,272; PI. XXIII, Figs. 1-4

WardiiFont 107,140-141; PI. XXIII, Figs. .5-12

?sp.Font 149-150; PI. XXXVIII, Figs. 9, 10

Ctenopteris Brongniart 242

angustifolia Font 610, 584

cycadea Sap 89

insignisFont.? 520,521,522,584; Pl.CXII,Fig.7

integrifolia Font.? 242,272; PI. LXVI, Figs. 12, 13

Cunninghamites Sfernbergi Ett 263

Cupressinox.. Ion 362, 367

Cyatheacea; 56-63, 155, 224-225, 286-290

Cycadaceee 89-118, 165-167, 243-257, 275, 303-311, 351

Cycadales 89-118, 165-167, 243-257, 275, 303-311

CycadelUi Ward 182-19S, 198-20S
Beecheriana Ward 183

carbonensis Ward 197

cirrata Ward 188-189; PI. LII. Figs. 2-4; PI. LIII

compressa Ward ....186; PI. XLVII, Fig. 4; PI. XLVIII
concinna Ward 194

contracta Ward 192-193; PI. LVI
crepidaria Ward 195-196,196; Pis. LVIII-LX
exogena Ward 189-190; Pi. LIV
ferruginea Ward 192
gelidaWard 197

gravis Ward 193

jejuna Ward 194; PI. LVII
jurassicaWard 180,186-187; PI. XLIX
KnightiiWard 197-198; PI. LXI
KnowltonlanaWard 185-186; PI. XLVII, Figs. 1,2

ramentosa Ward. 191,198, 200-202; P1.«V; PI. LXII, Fig.l

Reedii Ward 182; PI. XLVII, Fig. 3

nodosa Ward .... 187-188; PI. L; PL LI; PI. LII, Fig. 1

utopiensis (Ward) Wie 204,206

verrucosa Ward 193

wyomingensis Ward 180,183-185; PI. XLVI
Cycadella, foliage and internal structure of 198-204

stratigraphic position of 205-207

Cycadeocarpus (Dioonites) columbianus Dn 210

Cycadeoidea Buckland 275-277, 356, US
Bibbinsi Ward 410, 411, 456-470;

PI. LXXXIII, Fig. 3; PI. LXXXIV, Fig. 3; PI.

LXXXV; PI. LXXXVII, Figs. 1, 2, 4. 6, 7; II,

1, 2, 4, 8-11: III, 6, 7; IV, 2, 3, 6, 8. 11: V. 12, 15;

PI. LXXXIX, Figs. I, 5; II, 2, 5, 6; PI. CI-CIV

Clarkiana Ward 472-

474; PI. LXXXIX, Figs. 1, 2, 4; PI. CVI
Fisherse Ward 470-471,

.571; PI. LXXXVII, Fig. Ill, 9; PI. CV
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Cycadeoidea Fontaineana Ward 411, 439-

450, 457: PI. LXXXVI; PI. LXXXVII, Figs.

I, 1: III, 2, 6, 8; IV, 1, 7, 9; V, 1, 10, 11,13, 14, 16,

18, 21: PI. LXXXIX, Figs. I, 1; III, 1, 3, 6, 7, 11;

Pi. XCV: PI. XCVI; PI. XCVII; PI. XCVUI
Goucheriana Ward 451-453,

460: PI. LXXXVII, Figs. 1, 3: PI. XCIX
heliocliorea Ward 206

ingens Ward 199, 200-201

McGeeana Ward 433, 434-439, 440;

PI. LXXXVII, Figs. Ill, 3, 10; IV, 15; V, 8, 9, 19,20;

PI. LXXXIX, Figs. II, 1, S; III, 4, 9, 10; PI. XCIV
marylandica (Font.) Cap. & Solms 406,410-

411,416-432, 457; PI. LXXXI; PI. LXXXII;
PI. LXXXIII, Figs. 1, 2, 4; PI. LXXXIV,
Figs. 1, 2: PI. LXXXVII, Figs. II, 3, 5, 6.

7: III, 1, 4; IV, -1, --,, 12. 13, 14: V, 2, 3, 5, 6, 7,

17; PI. LXXXVIII: PL LXXXIX, Figs, II,

3, 4, 7; III, 2, 5, 8; PL XC; PL XCI: PL XCII

pulcherrima Ward 325

Stantoni Ward 274-275,276-27;; PL LXX
Tysoniana Ward 408, 432-434, 460;

PL LXXXVII, Figs. I, 6; V, 4: PL XCIII

Uhleri Ward 454-455;

PL LXXXVII, Fig. IV, 10; PL C

utopipnsis Ward 203-204

sp. Font 416

Cycadeoidea, stratigraphic position of 205-207

Cycadeomyelon hettangensis Sap 449

Cycadeospermum Saporta 118, 257, 310-311

acutum Font .'

480, .535-536, 584

californicum Font 257, 271;

) PL LXVIII, Fig. 4

ellipticum Font 520,526,628,584

raontanen.se Font 310-311, 313-314; PL LXXIII
obovatum Font 485, 520, 526, 528, 545, 584;

PL CVII, Fig. 5

oregonense Font 118, 140; PL XXIX, Fig. 5

ovatumFont -. 118, 140; PL XXIX, Fig. 5

rotundatum Font 280, 537, .584

CycacUtes AUIiaiisii Dunk 230

comptu.s Pliill 94

jlfon7.sm/i«.sDnnk 244

pecten PInill .' 244

sibiricns Heer 82

sukicaulis Plull . --. 113

zam ioidcs Leek 129

Ciicadopsis cnjpiomerioides Miq 263

Cycadopteris Leckenbyl (Bean) Schimp 89

Cycads, character of 414-415

collections of 404-411

foliage and internal structure of 198-204

occurrence of 273,412-414

of Black Hills, descriptions of 203-207

plates showing XVI-XXIX, XLIV, XLVI-LXIII,

LXVII-LXVIII, LXX, LXXII-LXIII, LXXXI-CVI
species of, descriptions of 416-473

stratigraphic position of 205-207, 411-416

Cycas revoUita 415

sp. Tyson 416

Cyclopitys Schmalhausen 132-133

jS'ordoiakiijUU ( Heer) Sehmalh 131-133

Oregon ensis Font 132-133, 141;

PL XXXVI, Figs. 1, 2

Cyclopteris cuneata Carr 86

cw7iea(a (L. & H.) Presl - 86

Page.

Cyclopteris digiiala Brongn 121,123

gracilis (Bean) Zign 168

HulLoni Sternb 123

mcisa Eichw 121

i»/n)i(e«j Dunk 233

Cyperites sp. Dn 280

D.

Dana, J. D., on Maryland cycads 350

Danseopsis Heer 70, 87-88

raarantacea Heer 88

Rumpfii Schimp 88

StorrsiiFont 70,87-88,140; PL XV, Figs. 6-9

Darton, N. H.. on Black Hills stratigraphy 325-326

on Potomac formation region geology 372

Dawson, George M., Kootanie series of 277

on Queen Charlotte Island geology 210

Dawson, J. W., fossil plants identified by 175, 210

on Kootanie series 278-280

on Tyson's discoveries of cycads 409-410

Dicksonia L'Heritier 55-58, 155, 224-225, 286-290

aculiloba Heer 72-73

arctica Heer 62

clavipes (Heer) Sew 57, .59, 290

gracilis Heer 57, 75

{Eudicksonia) Heerii Rae 59

kymenophylloides (Brongn.) Ett 59

montanensis Font 286-28S,

289-290,313-314; PL LXXI, Figs. 1-1

nepfirocaj-pa (Bunb.) Yok 59

oregonensis Font 55-59,64-66,140,148; PL
VI, Figs. 3-9; PL VII; PL XXXVIII, Figs. 1,2

pachyphylla Font 224-225, 271, 288-290,

313-314; PL LXV, Fig. 1; PL LXXI, Figs. 5-11

Pingelii (Schouw) Barth 61

Saportana Heer 155, 173-174; PL XXXIX, Figs. 1,2

sorbifolia Smith 289

Zarecznyi Rac 59

sp. Dn 280

Dicotyledon ? Font., ament of 515, 588

Dicotyledones 265-270, 355,357-358, 360; PL LXIX
Dicropteris longifolius Pom 110

Dictyophyllum 355

Roemeri Schenk 267

Diller, J. S., analysis made by 385

fossil plants collected by 48^9, 52, 146, 148, 212

map by 47

section by 216

Dinosaur sand, location and character of 329-330

Dinosaurs, huge, remains of, occurrence of 205

DionLindley 249

Dioonites Miquel 243-251

abietinus (Gopp.) Miq 250

borealisDn 280

Bnchianus (Ett.) Born 244-249, 247-250, 272, 369,

479-480, 483, 486, 517, 534, 648, 684, 698; PL LXVI,
Figs. 16, 17; PI. CVII, Fig. 2; PL CVIIL Fig. 1

Buchianus abietinus (Gopp.) Ward... 250-251,269, 272,

486, 584, PL LXVII, Figs. 1-3: PL CVIII, Fig. 2

Buchianus angusiifolius Font 248, 250

Buchianus obtusifolius 248

Buchianus rarinervis Font.? 251; PL LXVII
Dunkerianus (Gopp.) Miq 243-244,

272; PL LXVI, Fig. 15

Kotoei Yok 96
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Dioonites pecten (Phill) Miq 244

saxonicus (Reich.) Schimp 245

District o£ Columbia, fossil localities in, fossils from . . 516-527

fossil plants in 474-478, 516-527;

Pis. LXXIV-LXXVII, CIX; CXI-CXIII

Potomac formation of, correlation of 580-599

region of, map showing PI. LXXX
Doag Creek. Va., fossils from 487,490

Dog Creek, Cal., fossils from near 147

Drurys Bluff, stratigraphy of 380

Dryopteris ang\istipinnata ( Font. ) Kn 538,

539, 540-541, 543-514, 848, 584; PI. CXIV, Fig. 6

angustipinnata montanensis (Font.) Kn 280

fredericksburgensis ( Font. ) Kn 280,

389, .510, 312, 543, 548, 684; PI. CXII, Fig. 2

heterophylla (Font.) Kn 483,

548, 530-551, 584; PI. CXV, Figs. 7, 8

monocarpa (Font.) Kn .55,57,280

montanensis (Font.) Kn 280

Oerstedi (Heer) Kn 220

parvifolia (Font.) Kn 486,

538, 541, 543, 591, 584; PI. CXIV, Fig. 7

virginica(Font.) Kn 491,584

Dumars, H. D., collections made by 146,161-162,168,170

Dutch Gap, Va., fossils from 361, 479, 580

E.

Echo Cliffs, Ariz 24,39

Elatides Heer 179

talcata Heer 179

Elder Creek, fossil plants on 214-215, 223, 254

section on 216

Elk River, Oreg., fossil plants from 148

Encephalartopsis Fontaine 117-118

nervosa Font 510, 584

? oregonensis Font... 117-118, 140; PI. XXIX, Figs. 2,3

Ephedrites antiquus Heer , 495

? vernonensis Font 491, 495, 584; PI. CVII, Fig. 8

Equisetaceae 88,243,298-302

Equisetales 88,243,298-303

Eriiiiselika Tijellii'Mant 301

Fhmipsii Daak 298

Equisetum Linnseus 88,243,298-302; Pis. XV, LXXII
Burchardti Dunk 300

LyelliiMant 281,301-

30'2, 313-314, 514, 671, 584; PI. LXXII, Figs. 12-14

marylandicum Font.. 517-518, 557,584; PI. CIX, Fig. 10

montanense Font 298,301

Phillipsii (Dunk.) Brongn 298-301,

302,313-314; PI. LXXII, Figs. 1-11

texense Font 248, 271; PI. LXVI, Fig. 14

virginicum Font 483, 486, 519, 584

?sp. Font 88,140; PI. XV, Fig. 10

Eucalyptus ? angustifolia Newb 530

geinitzi Heer 530

rosieriana Ward 528, 530, 584; PI. CXIII, Figs. 9,10

Evanston, Wyo., fossils from , 208

Fairbanks, H. W., fossil plants collected by 178

Federal Hill, Md., fossil plants from 361-362,

375,566-566,583-589

Federal Hill beds, age of 566-570

correlation of .
698

Fields Bridge, Va., fossils from 359

Page.

Feistmantelia fusiformis Koch 484

oblonga 484

virginica Font 483,484,584; PI. CVII, Fig. 3

Felix, Johannes, fossils collected by 340, 678

Ferns, impressions of 216; Pis.

VII-XL, XXXIX-XLIII, XLV-XLVI, LXXI
Ficophyllum crassinerve Font.? 491, 584

euealyptoides Font 489, 584

tenuinerve Font.? 504, 510, 520, 526, 584

Ficus atavina Heer 218

myricoides HoU 528, 531, 584; PI. CXII, Fig. 12

Filieales 54-88, 15.5-165, 224-242, 286-298

Filices 351

Filicites Nilsonianus Brongn 85

Finch, John, on Potomac formation 343

Flagstaff, Ariz., fossil plants reported near 36

Fontaine, W. M., on Alaska fossils 1.62-175

on Black Hills £o.ssils 203-208

on Brooke station fossils 360

on California fossils 176-179

on Cladophebis 69

on Glen Rose fossils 339-340

on Jurassic fossils 47-145, 148-179

on Kootanie plants 284-315

on Pecopteris 211

on Potomac: formation fossils 361,

363, 366-367, 369-371, 476-573

on Montana fossils 177-178

on Nilsonia ; 320

on Oregon fossils 47-146, 148-151

on Plaster Bluff, Ark., fossils 332-333

on Sagenopteris 212

on Shasta formation fossils 212-213, 217-273

on Virginia Mesozoie 354-356

section by, on the Jurassic flora of Douglas County,

Oreg 48-145

on .some Lower Cretaceous (Kootanie) plants

from Montana 284-315

on some fossil plants from the Shasta group of

California and Oregon 221-273

on various collections of fossil plants from the

Older Potomac of Virginia and Maryland. 476-573

work of 47, 147, 216, 361-362, 383, 474

Fontaine's locality, location of 487-488

Fort Foote, Md., fossil plants from 372, 477. 527-533, 574

Fort Monroe, Va., well at, section of 356

Fossil localities, location of 48-53, 145-148, 152-

154, 176-180, 203-223,273-274, 284-286, 315-319, 360-

363, 373-375, 379-386, 390, 475-573, 582-589, 591-596

See also particular States, localities, etc.

Fossil plants, lists of 140-141, 143, 210, 280-282, 313, 418-

419, 436, 441-442, 457, 479^84, 486. 489, 491, 504, 508,

! 510-511, 514, 516-517, 519-521, 526, .528, 538, 543, 548,

555, 657-658, 567-569, 571-572, .582-589, 591 , 594-595

Fossil plants, miscellaneous, plates showing XXXVII-

I

XXXVIII, CVII-CXIX
I Franciscan formation , fossil plants from 147

I

passage bed in 209

Fredericksburg, Va., fossil plants from near 348,361,480

section near 376

i

Fredericksburg beds, correlation of 354-355, 375

I

See also Rappahannock formation.

i
Freestone. Va., fossil plants from PI. LXXVIII

!
Freezeout Hills, Wyoming, Jurassic cycads from 13,

179, 198, 207

Fremont, J. C, fossils collected by 207-208
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Page

Frenelopsis parceramosa Font 340, 544, 579-580, 584

ramosissima Font. . 373,504,510,512,584; PI. CXI, Figs. 8

variaris Font 332-333, 340

Fucoides arcuatus L.& H 53.75

erecius Bean 53,54

Gadolina, misprint of 334

Geinitzia cretacea- Endl 263

German's iron mine, Maryland, fossil plantsfrom. 545,583-589

Geyser, Mont. , fossils from near 2.S3

Geyser beds, age of 315

fossil plants from 224

list of 313

occurrence of 285

Giebel, C. G., on Texas fossils 337-338

Gilbert, K. G., on correlation methods 394

Gilmore, Charles, collection made by 180

Gilt Edge coal mine, Montana, fossil plants from 282

Ginkgo Kaempfer 120-121,

121-128, 170-171; Pis. XXX-XXXIII
acetaria Ward 548, 551, 584, 595; PI. CVIII, Fig. 12

biloba 61, 139, .5.51

dlgitata (Brongn.) Heer 121-122,

123-124, 126, 141, 143, 170, 171, 173-174;

PI. XXX, Figs. 1-7; PI. XLIV, Figs.5,

6

digitata angustiloba Heer 122

digilata biloba Heer 122

digitata forma Huttoni (Sternb. ) Sew 123

digitata integrimcxda (Heer) Kollbr 122

digitata multiloba Heer 122

digitata quadriloba Heer 122

Huttoni (Sternb. ) Heer 122, 123-

124, 141, 143, 170, 173; PI. XXX,
Figs. 8-12; PI. XXXI, Figs. 1-3

Huttoni magnifolia Font 124-125,

141, 170-171, 173-174; PI. XXXI, Figs. 4-8;

PI. XXXII, Figs. 1,2; PI. XLIV, Figs. 8,9

integriuscula Heer 122

leplda Herr 122,

125,126,141,143,175,281; PI. XXXII, Figs. 3-8

multinervis Herr 170

nanaDn 175,281

Schmidtiana Heer 126-127

sibirica Heer.. 122-123,125-127,141,143,281; PI. XXXIII
whitbiensis Nath 128

sp. Dn 281

sp. Font 127-128, 141; PI. XXXIV, Figs. 1-12

Ginkgo Gulch, Jurassic plants from 52

Ginkgoaceae 120-129,168-171,380; Pis. XXXIV, XLIV
Ginkgoales 120-129, 168-171

Ginkgodium Yokoyama 168-169

? alaskense Font. . . 168-169, 173, 174; PI. XLIV, Figs. 3,

4

Gleichenia Smith 231-233

? Gilbert-Thompsoni Font 232-233,

271; PI. LXVI, Fig. 11

gracilis Heer 219

Nordenskioldi Heer?.. 281-232,271; PI. LXV, Figs. 24-29

Gleicheniaceie 231-233

Glenrose, Tex., fossil plantsfrom 332-334

Glen Rose beds, correlation and character of 331, 333

fossils from 333-334,578-579

GUissopteris Phillipsii Brongn 85

Philllpsii Hall 208

Olossozamiles Klipsteini (Dunk. ) Font 233

Page.

Glyptostrobus (Taxodium) brookensis(Font.) Ward... 481,

483, 486, 489, 491, 495, .520, 256, .544, 584, 591, 593

brookensis angustifolius (Font.) Kn 289,

483, 489, 501, 584, .593

expansus Font 543, 6.84

Grcenlandica Heer 281

ramosus Font 281, 489, .544, 584, 693

Gnetaceas 351

Golden Gate formation. See Franciscan formation.

Goniolina d'Orbigny 334-336

Gowan, Miss J., and Seward, A. C, on Ginkgo biloba. . 121

Grapevine Creek, Cal., eycadfrom 273,274

Grand Canyon, geology of 16

Grafton, Mont., fossils from near 282

Grays Hill, Md., fossil plants from 573, .583-689

Great Falls coal basin, Mont., collection from 213

fossil plants from 277-282

list of 280-282

rocks of 57

age of 277-278

Grodischt, Urgonian beds of 245

Gunstons Cove, Va., excursion to 386

Gymnogramme cuneata (L. & H.) Ett 86

Phillipsii (Brongn.) Ett 86

Gymnospermaj 89-139, 165-173, 243-265, 303-313

H.

Hadrosaurus clays, occurrence of 351

Haliseris erectns (Bean) Schimp 63

Hall, James, fossils determined by 208

Hanover, Md., fossil plants from 543-544, 583-689

Harvey, J. W., fo.ssils collected by 333,339

Hatcher, J. B., fossils collected by 363, 366

Hausmannia Dunker 238-239

? californica Font 238-239, 271; PI. LXV, Fig. 47

dichotoma Dunk 238

Hay Creek, Mont. , silicified wood at 283

Hayden, — , fossil plants collected by 279

Hayes, C. W., letter of transmittal by 11

Hegewald, Lieutenant, fossil trunks collected by 20,32

Hell Hole, Va., fossil plants from 475, 504-509, 582-589

Hepaticae 53-54

Herendeen Bay, Alaska, fossils from 162

Heterodontosuchus ganei Lucas 15

Hill, Robert T., on Texas geology 328-331, 334, 335, 394

Hindshaw, H. H., fossil cones collected by 554

Hitchcock, Edward, on Potomac formation 344

Hobbs's iron mine, Maryland, fossils from 545, 683-589

Holbrook, Ariz., rocks at 22

HoUick, Arthur, fossil plants collected by 517, 520

Horsetown, Cal., fossil plants from 213,221

rocks near 213

Horsetown beds, age of 273

collections from 217, 221-222

fossil plants from 212, 237, 250, 272-273

thickness of 2U'

Hot Springs, Wyo., fossil from near 203,206

Hulen Creek, Cal., dicotyledonous leaves found at 214

Hulett, Wyo., section near 205

Hunter, William, fossil plants collected by 383, 487, 490

Hunter Creek, Oreg. See Thompson Creek.

Hunter's localities, location of and fossils from 487-188

HymenophyUites Murrayana (Brongn. ) Zign 62

nephrocarpos Zign .59

Phillipsii Gopp .69

Hymenopteris psilotoidcs S. & W 1.55
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Iliamna Bay, Alaska, fossils from 146-147

Inyankara Mountain country, fossils from 206

IrUe$ alaskana Lx 171

Iron Mountain Creek, fossil plants from 217

Iron-ore beds, age of 390

character of 349, 355, 364, 389-390

correlation of 364

fossils from 351, 370, 389

occurrence of 349, 355, 359, 365, 375

studyof 359

Ives, J. C, on Painted De=ert •. ... 17

Ivy City, D. C, fossil plants from 475, 519, 583-589

James Kiver beds, age and correlation of 355, 403, 598

identity of Rappahannock formation and 478

fossil plants from 479^80, 582-589

rocks on 380

Jamesburg, well at, section of 356

.Tapan, Dioonites Buchianus in 245-246

Jettylo Spring, Arizona, section through 40

Josten's ranch, Oregon, Jurassic plants from 52

Juglaiis liuxtauriticnsis Brongn 37

Juniperitcs Stfi-nbcrgiavus (Dunk. ) Brongn 264

Jurassic rocks, conifers from Pis. XXXV-XXXVI
cycads.. 179-198,203-204; Pis. XVI-XXIX, XLVI-LXIII
equiseta from PI. XV
ferns from Pis. VI-XV
ginkgos from Pis. XXX-XXXIV
liverworts from PI. VI
of Japan, fossil plants from 169

of Siberia, fossil plants from 166

plants, miscellaneous, from PI. XXXVIII
sections of 207

Williamsonia from PI. XXIX
Jurassic time, flora of 47-208

in Alaska 162-175

in Black Hills 203-208

in California 176-177, 178-179

in Montana 177-178

in Oregon 47-145, 148-151

in Wyoming 179-208

Jurasso-Cretaceous rocks, conifers from PI. XLV
cycads from PI. XLIV
ferns from Pis. XXXIX-XLIII
ginkgoaceee from PI. XLIV
plants, miscellaneous, from PI. XXXVIII

Kaibab Plateau, Carboniferous of 16

Kaidacarpum cretaceum Heer 493

Kansas avenue, Washington, D. C, rocks on 382

Keams Canyon, section through 40, 41

Kennedy, William, on Texas fossils 326

Keuper formation. Painted Desert formation com-

pared with 26

Kingsland, Va., stratigraphy of 380

Klokia 74

Knight, W. C, fossil plants collected by 179-180

Knowlton, F. H., fossil plants received from 279, 284

on Trinity beds fossils 340-341

work of 362

Knoxville beds, fo.ssil collections from 178,

212,222,238,271-273

thickness of 216

Kootanie formation, age of 278-280, 314-315

fossil plants from 213,277-315; Pis. LXXI-LXXIII
description of 286-313

list of 280-282, 313

Kootanie Pass, Cal., fossil plants from 277

Labyrinthodon 15

Laccopteru Gosjiperti ( Ett. ) Schimp 230

Phillipui Zign 230

polydacUjla (Gopp.) Sap 230

Lafayette formation, correlation of 352

occurrence of 386-357

Lakota formation, discussion of 315

fossil plants of 203, 315-^326; PI. LXXIII
saurian bones In 326

Langdon, D. C, fossil plants from 475,519-525,583-589

Lansdowne, Md. , fossil plants from 566, 583-589

Laricopsis Fontaine 312-313

(
longlfolia Font. ? 312-313

longifolia latifolia Font 312-S13,

:

31-4; PI. LXXIII, Figs. 11-14

j

Latrobe, B. H., on older Potomac 342-343

Leaves, undetermined 136, 141

Lee, John W., fossil found by 670

Lee, Willis T.. on Morrison formation 578

specimen collected by 180

Leidy, Joseph, saurian tooth described by 349

Lepidodendron sp. Taylor 373

Leptostrobus foliosus Font 282, 584

longifolius Font 281,

481, 482, 491, 504, 506, 528, 548, 549, ,->51-5o2, 557,

567-568,584; PI. CX, Fig. 11; PI. CXVI, Fig. 1

V ovalis Ward 514-515,584

? (6) sp.?Font 514; PI. CVIII, Figs. 9,10

Leroux member, Arizona, development of 25

fossils in 23

occurrence and character of 20, 22-27, 45

erosion of 23-24

Ste also Marls, variegated.

Leroux Wash, Ariz., buttes on, occurrence and char-

acter of 25

fossil logs from 33

Leroux member named from 22

section on ."

42

stratigraphy on 26-27

Leroux's Fork, Ariz., identity of 22

Lesquereux, Leo, fossils determined by 145

Lignite, occurrence of 37, 214, 332, 347, 375

Link cycad, discovery of 405

view of, in place PI. LXXXVIII
Lisburne coal mines, Alaska, fossil plants from 147

See also Cape Lisburne.

Lithoxylon 137

Little Belt Mountains, foothills of, fossil plants from. . 282

Little Colorado River, buttes on, occurrence and
character of 23-24

canyon of, section of 37-3?

fossil plants from 29

lower valley of, section of 39-11

rocks on 16, 21-23, 27, 29, 37-41

valley of, map showing PI. IV
Lithodendron Creek, Ariz., fossil wood from 20,32

Lithodendron member named from 20

location of 31

Lithodendron member, equivalence of Shinarump
conglomerate and 20
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Lithodendron meniber, occurrence and character of. 20-22,

38-40, 42-45

Liverworts, Jurassic, plates sliowing Pi. VI
Loclie, Ernest G. , fossil plants collected by 146, 152

Locust Point, Md., fossil plants from 573,583-589

Loomis, P. B., sections by 207

Lorton station, Va., fossil plants from near.. 485-486,582-689

Lower Potomac. See Older Potomac formation.

Lowry, Cal., fossil plants near 214-215,221-223,254

Lucas, F. A. , mention of 15, 326

Lycopodiacese 302-303

Lycopodiales 302-303

Lyeopodiolithes ? sp. Taylor 373

Lycopodites Brongniart 302-303

? montanensis Font 30'J-

303, 313-314; PI. LXXII, Figs. 15, 16

M.

McCarty Creek, Cal. . fossils from 222

McGee, W J, on Potomac formation 365-366

Potomac formation named by 362

Macrotseniopteris Schimper 82-83

californica Font 82-83, 141; PI. XIV, Figs. 1-4

major (L. & H.) Schimp 79

Maddren, A. 6., fossils donated by 146

Map of Buck Mountain region, Oreg PI. V
of Cow Creek Valley, Oreg Pl.V

of Little Colorado Valley region, Ariz . . : PI. IV
of Potomac terrane, Md PI.LXXX
of Shasta formation region, Cal PI. LXIV

JIarchantiaceee 53-54

Marchantiales 53-54

Marchantites Brongniart 53-.54

erectus (Bean) Sew. ?.... 53-54,75,141; PI. VI,Fig.s.l,2

Marls, variegated, buttes of 2:i-24, 42

fossils of 23,30,33

occurrence and character of 23, 25-26, 39-40, 42-45

Marnes Irishes, correlation of 26

Marratiacese 87-88, 239-242

Marsh, O. C, Atlantosaurus beds of 203

Jurassic mammal quarries of 206

on fossils from Muirkirk, Md 363

on Potomac formation 576, 579

Marsileacese 83-87,233-239

Martin Brook, Canada, fossil plants from 277

Maryland, cycads of, collections of 404-411

eycads of, species of, descriptions of 416-474^

stratigraphic position and character of 411-416

fossil localities in 527-574

Potomac formation of, correlation of 580-599

fossil plants from 474-478, 527-

574; Pis. LXXXI-CVII, CVIII-CX, CXII-CXIX
region of, map showing PI.LXXX
section of, diagram showing 598

Maryland and Virginia, Potomac formation of, com-
parison of 574-575

Mason, Victor, fossil plants collected by 382-383,

486,488,490,516

Masons Neck, Va., excursion made to 385

Matouiaceae 230-231

Matonidium Schenk 230-231

Althausii (Dunk.) Ward 230-

231, 273; PI. LXV,Figs. 22,23

Gapperti {Mt.) Schenk 230

potydactytum (Gopp. ) Schenk 230

Matties Peak, S. Dak., section at 323-324

Meek, F. B., fossils collected by 361

Page.

Meek and Hayden, on Potomac formation 348

Megalosaurus 205

Menispermacese 268

Menispermites Lesquereux 268, 498

californicus Font 268,272; PI. LXIX, Figs. 12-14

reniformis Dn (97

tenuinervis Font 491,

496-497,557,567,584; PI. CIX, Figs.2,3

virgmiensis Font 482,

491, 496-497, 604, .528, 534, 557, 567, .584, 593

Mesozoic, Younger, investigation of 358-360

Mesozoic deposits of Arizona. See Arizona, Older Meso-

zoic of.

}Iicrolepia Mantdli (Brongn. ) Ett 156

Minnekahta, S. Dak., cycads from 206

section near 323-324

Moencopie Bluffs, Ariz., age of 19

section through 41

Moencopie formation, fossil plants from 29-30

geological conditions of 36

name of 17

occurrence and character of 18-19, 22, 3.S-40, 42-45

section of IS

Moencopie Wash, fossil twigs and stems from 28, 29'

stratigraphieal conditions on 25, 28. 36, 39

section on 38-39

Montana, northern, fossils from 177-178,

224, 277-315; Pis. XLV, LXXI-LXXIII
description of 177-178, 286-313

list of 280-282, 313

Moqui Buttes, section through 10

Morrison formation 678

Mortar beds, occurrence of 26

Morton and Vanuxem on Potomac formation 343-344

Mortson, O. C, fossils collected by 279,282-283

Mount Agassiz. Ariz. , fossil wood reported frOin 36

Mount Vernon, Va., fossil plants from .. 381,383,475,487-603

Mount Vernon beds, correlation of 381, 478, 598

fossils of 381, 383, 388, 475, 477, 490-503, 608, 682-589

occurrence of 381, 490, 574-575

Muddy Creek, Md. , fossil plants from 572-573, 583-.589

Muirkirk, Md., fossils from 363, 370, 475, 534-537, 683-689

Muschelkalk, correlation of Leroux member and 26

Muscites Sternbergianus Dunk 264

Myrica brookensis Font 510, 513, .584

Nageiopsis Fontaine 171-173, 259-260, 311-312

angustifolia Font 219, 491 , 516, .519, 528.

.557,560-061, 567-668,584; PI. CXVII, Fig.5. 4,5

heterophylla Font 219, 483, .520, 526

548, 557, 561, 567-568, 584; PI. CXVII, Fig. 6

latifolia Font. ? 260, 272, 584; PI. LXVIII, Fig. 13

longlfolia Font 167,

lJl-174, 219-220, 272, 259-260, 311, 313-315,

484,491,510,528,548,557,584; PI. XLV. Figs. 1-5;

PI. LXVIII, Figs. 9-12; PI. LXXIII, Fig. 9

microphylla Font 484, 584

montanensis Font 312,

313-314,584; PI. LXXIII, Fig. 10

obtusifolia Font 484,684

recurvata Font. '! 548, 552, 584; PI. CXVI, Fig. 2

zamioides Font 312, 510, 521, .526, 528, 545, 552, .586

Nathorst, A. G. , on Anomozamites 322

on Cladophlebis 69

on Dioonites 246

on Mexican fossils 578-679
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Natural Bridge, Arizona, location of iS2,42

Navajo Keservation. section through 40
Neocomian formation, definition of S71

flora of 2S4
Neuropteris heterophylla Brongn 210

Htiltoni Dunk lei

liiiatii (Phill.)L. iH 6S

recentior (Phill.) L. & H 67

Xewberry. J. S., fossdl plants determined by S3, 277

on Great Falls coal basin 27S

ou Painted Desert 17-18

on petrified trunks S3
Newcomb, C. F.. fossil fern collected by 210

New Reservoir, Washington. Set- Reservoir.

Nichol station. Oreg., fossils from AS-oO, 217

Nickel Mountain, Oreg.. section through, figure show-

Nikolai Creek, Alaska, fossil plant from 146, 152

Kilsonia Broivgniart 77-7S.

90-97, IM, 219, 251-254, 803-306, 319-322
'? aViiu/iV Brongn lOO

brCTis Brtmgn 322

califomica Font 96,252-253,271: PI. LXVII, Fig. 7

compta (Phill.) Gopp 94-95,

140. 143; PI. XVII. Figs. 11-14

comtnla Heer 252

elougata Brongn 322

uigracollensis Wieland. S19-S22: PI. LXXin. Figs. 5«-c
nipponensis Yok... 94, 102.140. 143; PI. XVII, Figs.S-10
orieutalis Heer 90-91, 93, 140. 143
orientalis minor Font... 91, 92, 140; PI. XVII, Figs. 1-7

ozoana Yok 93

parvula (Heer) Font 92-9S, 140, 148. 320

polymorpha Schenk 319. 321-322

polymorpha cretacea Penh 210

pterophylloides Nath 96-97,140.144; PI. X^^II
pterophylloides Y'ok %, 253

: sambucensis Ward 254, 271; PI. LXVII, Fig. S

^chanmburgensis (Dunk.) Nath 2,>1,

2S4, 30S-S0G, 307, 313-314, PI. LXXH, Figs. 17-21

Stamoni Ward 251-252, 271; PI. LXVII. Figs. 5, 6

Nilssonia pecteu Dunk 243

pterophylloides Nath 96

schaumburgensis (Dunk.) Nath 303-804

Nomenclature used, system of 53

Nottoway River, Va., fossUs from 359

Nuttall, Thomas, on Virginia geology 346

O.

Oiloiilopto-is LfClenbtii (Bean. ) Zign S9

Odoutopteridea 242

Olalla Creek, Oreg., location of . 48

Old Man River, North Fork of, Canada, fossil plants

from 277

Older Potomac formation, age of 579

character of S4(>-S47

conchtsions concerning 574-5S0

definition of 342. 263

divisions of 47S. ,^75

fossil flora of 342-599, Pis. LXXXI-CXIX
species of. descriptions of. . 416-474, 4T9-4S2. 4S4-4S6,

4S9, 492-50S, 511-515, 517-61S. 521-525. 529-5i!S..53.5-

536, 538-542, 546, 54S-556, 558-566, 570, 572-573

occiurrence of, discussion of 356,363

Oleandra aretica Heer 281

OleandrUiiiim rittaliim (Brongn.) Schimp 81

Omphalomela scabra Germar 449

Ono, Cal.. fossil plants from 213-214, 221, 223

Page.
Ontario avenue, Washington, D. C, rocks on 382
Onychiopsis Yokoyama 155-157

elongata (Geyl.) Yok 157
2fan(rf« (Brongn.) Sew i.=i6

psilotoides (S. iS: W.) Ward loo-loi,
173-174, 504. 506, 517, 51S, 528. 586; PI. XXXIX.
Figs. 3-6; PI. CXI, Pig. 4: PI. CXIII. Fig. 1.

Oolite of France, fossil from 72

Oolite of Italy, fossils from 153

Oolite of Yorkshire, fossils from 60, 151

Oregon, Curry Coimty, fossil flora of 146. 148-151

Doi^las County, fossil flora of, age of 141-145

fossil flora of, list of 140-141

descriptions of 53-139

occurrence of 48-53

fossil plants from Oroville and, comparison of.. 141-142

from Siberia and, comparison of 143-145

from Yorkshire and, comparison of 143-144

fossil plants of, plates sho\ving Pk. VII-XXXVIII,
LXV-LXIX

OroTille, Cal., fossil plants from 103

fossil plants from Oregon and, comparison of... 141-142

Osborn, H. F.. mention of 14,207,318

OmiKiida (iicHonioides Font:: 230-232, 281, 538, 586

Osmundites skidegatensis Penh 210

Otopterif ciineata ( L. & H.) Presl s»i

Otozamites Klipsteini superba Sew 151

oregonensis Font 150-151; PI. XXXVIII. figs. 13.14

P.

Pagiophyllum dubium Font 176,333.579-580

sp. Dn 2S1

Painted cliffs, Arizona, location and character of 16, 2S
Painted Desert, Arizona, location and character of... 16

name of 17

section of, figure showing _ 39,41

Painted Desert formation, fossil wood in 37

occurrence and character of 17,27-28.-^4-15

section of, figure showmg 45

springsat bitse of 28

Paleohillia arkansana Kn $4X

Paleozoic rocks, fossil wood from ." 36

Paluxy sands, correlation of 331

silicifted wood found in 331,333

?Parkeria sp. Roem 335-336

Parkers Peak. Wyoming, section at _ 324

Pjiskenta. Cal.. fossils from 222-^23

Patapsco formation, correlation of 395,403.598

description of 397-398

Patnxent formation, correlation of 395, 403, 69S

description of 395-396

fossils of 399

Peale, .4.C.. fossils collected by 145,177,279

Pecopteris Brongniart 232

.IMniisiiDunk 230

a rhorrscras ( Schloth. ) Brongn 232

brevipeunis Font 510, 586

Broiniiatm Dunk 226.279

constricta Font 519,586

Conijbfari Dunk 230

dentieulata Brongn 68

dcnticidata Heer 69,157

Dunkeri Schimp 228

elegans (Gopp.) Brongn 230

ex-iliformis Geyl 228

fj-iYis Phill 74

GeinitziDunk -297
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Page,

Pecopteris haiburnensis L. & H 71-72

IluUoni (Dunk.) Brongn 161

imignu'L.&B. 68,70

WjaiaVhiVi 68

longifolia Phill 85

microdonta Font 281

' montanensis Font '. ... 281

Murrayana Brongn 61

obtusi/oiia (Murr.) L. & H 74

paucifolia Phill 85

Phillipsii Brongn 68

Pingelii Schouw 61

polydactyla Gopp 230

polymorpha Dunk - - 228

slridinervis Font 158-159, 229, 231-232, 540

tenuis Schouw 68

«MriaKsL. &H 68,70

Ungeri Dunk 228

virginiensis Font 348,

480,538,548,552-553,586; PI. CXVI, Figs. 3, 4

whitbiensis Brongn 67-68

Williamsonis Brongn 68

Pectinizamites Fontaine 310

Penhallow, D. P., fos-sil fern described and figured by. 210

Pennsylvania, fossil plants rrom 169

Potomac formation in 379, 392-393

Permian rocks, fossil plants from 169

Petersburg belt, correlation of 3.54-355

Petrified Forest, Ariz., buttes in, occurrence and char-

acter of 25

conditions in 31

petrified wood from 30-36

rocks in 20, 21, 25, 27, 43

section through 42-43

Petrified wood, occurrence and character of 15,

30-37. 214, 326-327, 343-344

occurrence of, in place 33-34

Pettyjohn's ranch, Cal., fossil plants near 211,

214, 217-220, 232

PlUebopteris i undans (L. &H.) Brongn 68

Phoenicopsis Heer 128-129

speciosa Heer 128

?.sp. Font 128-1-29, 141; PI. XXXIV, Figs. 13, 14

Fhyllites scitamineteformis Sternb 81

Phyllopleris Pit illipsii Brongn 86

Phytolithus 137

Piceaexcelsa (Poir.) Link 531, .549

Piceites exogyms (Corda) Gopp 263

Piedmont, S. Dak., section near 318

Pinacea 131-135,260-205,312-313

Finales 129-13.5, 171-173, 258-265, 31 1-312

Pinites 327

exogyrus (Corda) Endl 203

Leei Font 570, 586, .595; PI. CXIX. Figs. 6. 7

Pink Cliffs, Ariz 42, 43

Hnus Linnaius 131-132, 262-263

anthraciticus Dn 281

exogyra Corda 263

Nordenskioldi Heer 13I-1S2,

141-143, 281, 514, 586; PI. XXXV, Figs. 10-17

schistaWard.. 497^98,528,531,586; PI. CXII, Figs. 13-15

sha.stensis Font 262-263, 272; PI. LXIX, Figs. 1-3

staratsckini Heer 158, 160

susquaensis Dn 281

vemonen.sis Ward.. 491, 497-498, 586: PI. CIX, Fig>^.4-6

Pitch, fossil secretions of '. 34-36

Plantaginopsis Fontaine 561-563

marylandica Font 557, 561-563, .569,586,594,

595; PI. CXVII, Fig. 7; PI. CXVIII, Figs. 1, 2

Plantago virginica L 5C3

Plaster Bluff, Ark., fossil plants from 332-333

Platypterygium Balli Feistm 522

denslnerve Font.? . 521-522, 523, 526, .586; PI. CXII, Fig. 8

Rogersianum Font 523

Pleuroccelus 392

Plum Creek, Md.. fossil plants from 572

Podozamites Friedrich Braun 108-112, 16.5-167

dManalatiJolius (Fr. Br.) Schimp U2
dietansminor (Schenk) Schimp Ill

distantinervis Font 165-166,

17.3-174 , 281 , 479, 516, 573, 586

Emmonsii Newb 202

grandifolius Font 166,

167, 17:*-174, 202, 2.55, 281, .586; PI. XLIV, Fig. 1

lanceolatus (L.&H.) Fr. Br , 110-111,

140, 143, 202; PI. XXIV, Figs. 17-20

lanceolatus Eichwaldi (Schimp.) Heer 143,166

lanceolatus genuinus Heer 110, 142

lanceolatus latifolius (Fr. Br.) Heer 112,

140, 142, 143, 166, 202; PI. XXV, Figs. 5-7

lanceolatus minor (Schenk) Heer Ill,

140, 142, 150; PI. XXV, Figs. 1-1

latipennis Heer 165,172,281

minor (Schenk) Heer?... 1.50; PI. XXXVIII, Figs. 11, 12

nervosa Newb 281

obtiisifolius Heer 110

pachynervis Font 112,140; Pl.XXV,Fig.8

pachyphyllus Font.. 109-110, 140; PI. XXIV, Figs. 11-16

pedicellatus Font 528, .332, 586; Pl.CXIV,Fig.l

pulchellus Heer.. 108-109,140,143; PI. XXIV, Figs. 1-10

Pohick Creek, Va., fossils from 487

Pollard, Charles Louis, fossil plants collected by 491

Polypodiacea; 63-83, 1.5.5-165, 22.5-229, 291-298

Polypodiles undans (L. & H.) Gopp 69

Polypodium Linnaeus 63

oregonense Font 63-66,140;

PI. VIII, Figs. 12-15; PI. IX; PI. X, Figs. 1-7

Polyslichiles ilnrrayana (Brongn.) Presl 62

Poplar Point, Md., fossil plants from 573,583-589

Populophyllum menispermoides Ward 491

,

498-499, 586; PI. CX, Figs. 2-1

minutumWard 491,499,

528, 532, 586; PI. CVII, Fig. 9; PI. CXIV, Fig. 1

reniforme Font 499

Populus Linneeus 266,508,569

auriculata Ward 491,499-500,586; PI. CX, Fig. 5

potomacensis Ward? 491, 499, 500, 532, 586, .598

?PviceiFont 251,266; PI. LXIX, Fig. 10

Porocystis pruniformi;* Crag 336

Port Orford quadrangle, fossils from 146

Potamogetophyllum Fontaine 500-501

yernonense Font 491,500-501,586; PI. CIX,Fig.7

Potomac beds, fossil plants from 167, 361, 362

Potomac Creek, section on 377

Potomac formation, age of .. 357,363,367-369,393,400-401,576

character of 35.5,363,377-379,383-386

columnar section of 597-599

diagram showing 598

correlation of 368,.5S0-599

division of 575

extent of 344

fossils of .342-599; Pis. LXXXI-CXIX
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Potomac formation, naming of 362

occurrence of 356

plates showing LXXIV-LXXIX
region of, map of PI. LXXX
silicified lignite and wood in 362

stratigraphy of 377-379, 478

study of, history of 342-403

See also Potomac group; Older Potomac formatioji.

Potomac formation, Lower. See Older Potomac.
Potomac formation in Maryland and Virginia, com-

parison of 575

Potomac group, taxonomy of . - 412

Potomac River, reconnaissance of 361

Powell, J. W., Shinarump formation named and de-

scribed by 17

Priconodon, 392

Proctor Creek, Va., stratigraphy of 3S0

ProteEephyllum Fontaine 219, 267

callfornicum Font 267,271: PI. LXIX, Fig.ll

dentatum Font 557,

559, 363-564, 569, 594, 586; PI. CXVIII, Figs. 3,

4

oblongifolium Fon t 538, 543, 586, 594

ovatum Font 510, 538, 586

reniforme Fon t 491, 586

Uhleri Font 557,

564-565, 586, 594-595; PI. CXVIIf, Fig. 5

Proteacese 267

Proteales 267

Pryor, B. P., information from 273,274

Pseudofrenelopsis Nathorst 176

Feli.Kl Nath 340,579

Pteridophyta 54-88, 1.53-165, 224-243, 286-303

Pteris Albertsii (Dunk.) Heer 219-220

frigida Heer 69,220

haiburneJisis (L. & H. ) Ett 71

insignis (L. & H.) Ett 69

ligata (Phill.) Ett 69

longipeimis Heer 69

Pterophyllum Brongniart 97-104, 254-255

abietinuvi Gopp 250

eequale (Brongn.) Nath 99,

100-101, 118, 140, 144; PI. XX
Eequale rectangulare Nath 100

alasken.se Font 152; PI. XXXVIII, Figs. 19. 20

Braunsii Schenk 522

Brongniarti Jlorr ; 2.52-253

Buchianimi Ett 244, 249

califomienni Font 252-253

CL.nptum (Phill.) L. & H 94-95

concinnum Heer 252-253

contiguum Schenk 99, 140, 143; PI. XIX, Figs. 7-11

? cteniforme Nath 110

dubiuin Brongn 100

Diinkei'ianuin Gopp 243-244

falcatum (L. & H.) Sandb 113

Helmersenianum Heer 94

Jsegeri Brongn 101

? lowryanum Ward 254-255, 271; PI. LXVII, Fig. 9

Lyellianum Dunk 256, 308

Medlicottianum Oldh. & Slorr 522

minus Brongn.? 104, 140141; PI. XXI, Figs. 8, 9

Morrisianum Oldh. & Morr 522

Nathorsti Schenk 97-99,

100, 104, 140, 143; PI. XIX, Figs. 1-6

Nilsoni L. & H 104

peeten (Phill.) L. & H 98

Page.
Pterophyllum princeps Oldh. .t Morr 522

rajmahal ense Mor 99,

100, 102-104, 140, 142, 144, 152: PI. XXI. Figs. 1-7

rigidum Phill 110

saxonicum Reich 245

schaumburgerise Dunk 303, 304

Sensinovianum Heer 102-103

Williamsonis Brongn 94

Pterozamites comptus CPbill.) Schimp 95

major (L. & H.) Fr. Br 79

I'ittnitis (Brongn.) Fr. Br 81

Plilophyllum sequale (Brongn.) Morr 100

Ptilozamites Nathorst 89-90

Leckenbyi (Bean) Nath 89-90,

140, 143; PI. XVI, Figs. 1,2

Q.

Queen Charlotte Islands, fossil plants from L'l^S-ilO

geology of 210

Queens Chapel road, D. C, fossil plantsfrom. 475, 527, 5s,3-589

Quercophyllum chinkapinense Ward 510,

513, 586; PI. CXII, Figs. 3, 4

tenuinerve Font 521, 526, 5.'6, 594

R.

Ranales 268

Rappahannock formation, age and correlation of. 381, 403, 575

fossils from 380, 478

identity of James River formation and 478

occurrence of 387

Rappahannock River, section of 376

Raritan formation, correlation of 356, 398, 576, .598

occurreuce of 575

Rauff, Hermann, Goniolina discussed by 336-337

Red Butte, Arizona, Mesozoic rocks at 17,22

petrified wood from 36

section of 43, 44

transition beds at 22,29

Red Canyon Creek, section at 323-324

Redwater Creek, stratigraphy of 380

Reservoir, Washington, D. C, fossil plantsfrom 380,

475, 516-519, 583-589

Resin, fossil secretions of 34-36

Reynold's ore pit, fossil plants from 544, 5S3-589

Rhetic of Sweden, fossil plants from 100

Rhodomelacete 154

Rhodymeniales 154

Rice, Claude, Jurassic plants collected by ;)2,217

Richardson, James, fossil beds discovered by 209

Richmond, Fredericksburg & Potomac R. R., 72d mile-

post on, fossil plants from 480^81,582-589

Riddles, Oreg., fossil plants from 212-213,217,223,234,237

Riverdale, Md., fossil plants from 475,533,583-589

Roemer, Ferdinand, on Texas fossils 327-328

Rogers, W. B., on Potomac formation 346-317,352-354

Kogersia angustifolia Font .. 491,494,510,521,523,526,586,594

angustifolia parva Font 521,

523, 526,586,594-595; PI. CXI, Fig. 9

longifolia Font 238,

511,521,523-524,526,538,586; PI. CXII. Fig. 9

RoUand, Mr. and Mrs. J. H., fossil trunk collected by. 146

Resales 269-270

Rosiers Bluff, Maryland, fossil plants from 372-374,

475, 527-533, 583-589

Ruffordia Seward 75-76

Goepperti (Dunker) Sew. 75-76,140,143; Pl.XII, Figs. 4-8
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Sagenopteris Presl 83-87, 220, 233-238

alaskensis Font 152-153; PI. XXXVIII, Fig. 21

Brauniana Zign 83

Brouffuiartiana Zign 83

fameata (L. & H.) Morr 86

elliptica Font. 210,212,236,238,273; PI. LXV, Figs. 39, 40

Gceppertiana Zign 83-87,

1-10,142,153; PI. XIV, Figs. 5-11

grandifolia Font 87, 140; PI. XV, Figs. 4,

5

lati/oUa Font 235-236

Mantelli (Dunk.) Schenk 233-234,

271; PI. LXV, Figs. 30-35

nervosa Font 235,237,272; PI. LXV, Figs. 41-45

yUsoniaim (Brongn.) Ward 83-84,210,234-235

oblongifolia Penh 210

oregonensis Font 235-236, PI. LXV, Figs. 36-38

paucifolia (Phill.) Ward 84, 85-86,

S7, 140, 143, PI. XV, Figs. 1-3

Phillips! (Brongn.) Sew 85

rholfolia Presl 84-85, 235

roUindata Zign S3

?sp. Font 238; PI. LXV, Fig. 46

Sagittaria Victor-Masoni Ward 491 , .586

Sailors Tavern, Va,, fossil plants from 479-480

St. Joseph, Ariz., section opposite 42

Salicacese 265-266

Salicales 265-266

Saliciphyllum Conwentz 265-266

californloum Font 266,

272; PI. LXIX, Fig. 9

ellipticum Font. 266, 521, 524, .526, 586, 594; PI. CXI Fig. 10

pachyphyllum Font 265-266,272; PI. LXIX, Fig. 8

succinenum Conw 265

Sallsburia digitaia (Brongn.) Sap 122

Huttom (Sternb.) Sap 123

(Ginkgo) lepida (Heer) Dn 125

(
Ginkgo) sibirica (Heer) Dn 125

Samaropsis Goppert 134-135

oregonensis Font.. 134-135,141; PI. XXXVI, Figs. 9-12

San Francisco Mountain, Arizona, fossil plants near . . 35

Sand Hills of New Jersey, character of 375

Sandstone formation, the, naming of 346

Sapindaces 268-269

Sapindales 268-269

Sapindopsis Fontaine 268-269, 508, 569

brevifolia Font 481-482, 528, 586

elliptica Font 528,586

magnifolia Font 481-482, 489, 528, 586

oregonensis Font 268-269; PI. LXIX, Figs. 15-17

parvifolia Font 220

tenuinervis Font 489,586

variabilis Font 481-482,

489, 528, 532, 586, 591, 598; PI. CXIV, Fig, 2

Sassafras bilobatum Font.?. 504, 506-507, 586; PI. CXI, Fig, 5

Saurian Knoll, section of 318

Saurian remains, occurrence of 205-206, 326, 349

Sayles, Ira, collection of fossil plants made by 480

Schizeaceas 83

Schizoiiteris digliata Willn 168

gracilis Bean 168

Schrader, F.C., fossil plants collected by. 146-147,154,168,172

Scitaminearum folium? Sternb 80

Scleroyjteris Saporta 74-75

elliptica Font . 373, 511, 586

oregonensis Font 74-75,140; PI. XII, Figs. 1-3

Pomelii Sap 57, 75

vernonensls Ward... 491, 501-502, 586; PI. CVII, Fig. 10

Page.

Scleropteris virginica Font.? 484,586

Scolopendrium soiiiariuni Phill 81

sp. Y. & B SO

Secondary formation, correlation of 343, 353

Sedites? Rabenhorstii Gein 263

Selaginella marylandica Font 548,

553,586,595; PI. CXV, Figs. 9,10

Sequoia Eudlicher 263-264, 362-363, 363, 549

acutifolia Newb 508

ambigua Heer 264,

272, 281 , 340, 366-367, 538, 543, 555-556, 679,

,586,596; PI. LXIX, Fig. 6; PI. CX, Fig. 13

cycadopsis Font 528,533,586; PI. CIX, Fig. 11

Fairbanks! Font 178-179; PI. XLV, Figs. 9-11

fastigiata Heer? 281

gracilis Heer 281

? inferna Ward 504, 507, .508, 586

Lansdorfi! (Brongn. ) Heer 210

Reichenbaehi (Gein. ) Heer 145,

177-178, 263-264, 272,281,340,544,579,686;

PI. XLV, Figs. 7,8; PI. LXIX, Figs. 4, 6

rigida Heer 219-220,281

sempervirens (Lamb.) Endl 597

Smittiana Heer 277, 281

subulata Heer? 486, 571, 586

Washingtoniana (Wins.) Sudw 597

sp 61

Seven Spring Ridge, Jurassic plants from 52

Seventy-second mile post, R., F. and P. R. R., fossil

plants from 480-481

Seward, A. C, on Cladophlebis 60,69

on Coniopteris 60

Seward, A. C. and Gowan, J., on Gingko biloba 121

Shasta formation, age of 273

collections from 211-224, 270

cycadean trunks from 273-277

fossil plants from 211-277; Pis. LXV-LXX
descriptions of 224-270, 276-277

list of 271-273

fossil localities in 213-218,221-224

map showing LXIV
Shasta formation region, mapof LXIV
Shinarump conglomerate. -See Lithodendron member.
Shinarump formation, divisions of 17, 20

fossils from 19,27,30-37

occurrence and character of 17, 19-27, 32

petrified wood in 37

topographical conditions of 36

Shonkin Creek, Mont., fossils from 282

Shumard, B. F., on Te.'ias stratigraphy 328

Siberia, fossil plants from Oregon and, comparison of. 143-146

Jurassic plants from .57, 67, 92

Silicifled wood. See Petrified wood.

Siphonia excavata Goldf 338

globularis Gieb 337

prsemorsa Goldf 338

Sixteenth street, Washington. D. C, fossil plants from. 475,

516,583-589; PI. LXXVI
rocks on 382,386-387

section on, diagram showing , . 386-387

Skull Creek, Wyo., saurian remains on 206

Slate Springs, Cal. . fossil plants from 147, 178-179

Slatonis. Cal., fossil plants from near 147,176

Solms-Laubach, Hermann, on cycads 199

Soper Hall, Md., fossil plants from 5.54-556,583-589

South Dakota, cycadean trunks from 273

fossils from PI. LXXIII



614 INDEX.

Spencer, A. C, fossil plants collected by 146, 152

Spermatophyta 89-139, 165-173, 243-270, 303-313

Sphsenopteris laiifolia Phill 121

SphierococcUes arcuatu? Presl 53

Sphenolepidium Heer 133-134, 264-265, 366-367

dentilolium Ton t 373, 484, 52.S, 538, 546, 555, 586

Kurrianum ( Dunk. ) Heer .. . 133, 484, 489, 519, 538, 543, 588

oregonense Font... 133-134, 141; PI. XXXVI, Figs. 3-8

pachyphyllum Font. ? 281, 486, 548, 588

parceramosum Font 484, .538, 548, 588

Sternbergianum ( Dunk. ) Heer 264-265,

272-373,481,484; PI. LXIX, Fig. 7

Sternbergianum densitolium Font 480-481,

484, 486, 489, 491, .504, 507-508, 511, 514,

ol5,.521, 524,626, 528, 644, 546,5.5.5, 573,588,

,591; PI. CXII, Fig. 1; PI. CIX, Figs. 8, 9;

PI. CXV, Fig. 1; PI. CXII, Figs. 10, 11

virginicum Font 281, 481, 484, 517, 588, 593

sp.Dn 281

Sphenolepis Sternberinana ( Dunk. ) Schenk 264

Sphenopieris adianiifrons Ett 75

afflnisPhm 59

aniipodmn Tate ". 156

argiUa L. & H 59

Auerbachi Trantsch 75

dissocialis Phill 59

Gappei'ti Dunk , 75

grevillioides Heer 491, 588

Harllebcni Dunk 75

hymenophylloides Brongn 59, 61

Jugleri Ett 76-76

latiloba Font.? 281, 479, 491, 511, .534, 557, 588

longifohn Dunk 75

Mantelli Brongn 155

Mtm-ayana (Brongn.) Zign 62

muscoides Phill 59

nephrocarpa Bunb 59

PeUall Sap 59

Phillipsii Mant 75

Rbmeri Dunk 156

stipata Phill 59

ienera Dunk 156

valdensis Heer 75

sp. Dn 281

sp. Taylor 373

sp. Yok 75

Springfield, Md., fossil plants from 571,583-.589

Springman, Va., fossil plants from near 485

Stanton, T. W., collections made by 212,213,21.5,223,273

on Alaskan fossils 152-163

on cycadean trunk 273-274

Stegosaurus Marshl Lucas 326

Stemmers Run, Md., fossil plants from .571

Stephenson's ranch, California, fossil plants from 214

Sterculia elegans Font.? 491, 502, 588; P). CX, Fig. 6

Storrs, James, fossil plants collected by 47,

51-.52, 147, 176, 212, 222

Sunset, Ariz., section through 40, 41

Supai, Ariz., fossil wood near 35, 36

geological conditions at 36-37

Swainson, James, well record by 18

T.

Taeniopteris Brongniart 77-T8, 78-82,219,320,322

Beyrichii (Schenk) Sew 321

latifolia Brongn 112

major L. & H .. 79-80, 81-82,140,143; PI. XIII, Figs. 1-3

Taeniopteris?oregonensisFont.. 82, 140; PI. XII, Figs. 9,10

orovillensisFont.. 78-79, 81,140,141; PI. XII, Figs. 12-17

parvula Heer 92

Phillipsii (Brongn.) Presl 86

plumosa Dn 210

superba .Sap 83

vittata Brongn... 80-82, 140,143,321; PI. XIII, Figs. 4-8

Willifxm&onis (Gopp. ) Zign 79

Tanners Crossing, Ariz., fossils from 14,24,35-36

rocks at 27, 29

topography at 37-38

Taonurus incertus Dn 281

Taxacese 129-132,171-173,258-260,311-312; PI. XXXIV
Taxites Brongniart 129

Zmms Phill 129

zamioides (Leek.) Sew 129,

131-132,141,143,151; PI. XXXIV, Figs. 15-17;

PI. XXXV, Figs. 1-3; PI. XXXVIII, Figs. 15-18

T:a.:iLoim'[n.{Glyptoslrobus)brookenseanguslifolium'Fo-nX. 489

cuneatum Newb 281

Taylor, Richard C, on Potomac formation 344-348

Telegraph station, Va. See Lorton station.

Terra Cotta, D. C, fossil plants from 475,

619, .683-589; PI. CXXVII
Texas, fossil plants from 176,326-342

Thallophyta 151

Thinnjeldia haiburnemis ( L. & H. ) Rac 71

marylandica Font 538,

541-542, 588,595; PI. CXIV, Figs. 8,9

montanensis Font 291

variabilis Font. 227-228, 491, 502, 628, 688; PI. CX, Figs. 7,

8

Thome Creek, Cal., fossils near 216,223

Thompson Creek, Oreg., fossil plants from 48-.52

location of 48

rocks on 49

Thompson, Gilbert, plants found by 211, 217, 232

Viuites expansus f Sternb 130

?sp. Taylor 373

Thuyoxylum americanum Ung 328

Thyrsopteris Kuntze 61-63,226,290

angustifolia Font 157, 516, 688

bella Font 491, 511, .588

brevifolia Font 281

brevipennis Font 157, 2«1, 558

crassinervis Font " 511,

513-514, 528, 588; PI. CXII, Fig.'s. 5,

6

decurrens Font 484,

491,511,521,525,526,688; PI. CXI, Fig. 11

densifolia Font 484, 51],.517, 588

dentifolia Font 320, 484

divaricata Font 504, 611, 517, 521, 526, 588

elegans 61

elliptlca Font 290,

313-314, 484, .514, 517, 538, 688; PI.LXXI. Figs. 12, 13

insignisFont 281, 521, 626, .688

MaakianaHeer: 59,61-62

Jileekiana Font 619, 557, 565, 588; PI. CXIX, Fig. 1

Meekiana angustiloba Font.? 557, 667-568, 588

microloba alata Font 281

Murrayana (Brongn.) Heer .... 61-63, 140, 143, 148-149;

PI. Vm, Hgs. 4-11; PI. XXXVIII, Figs. 3,4

nervosa Font 511, 517, 519, .526, 528, .544, 518, 671, 5«8

pachyrachis Font 487, 538, 557, 567, 66S. 588

pinnatifida Font 511, 588

rarinervis Font 218-219, 225,281, 484, 487,

491, 514, 517, 518, 519, 526, 538, 548, 558, 567, 568,

688, 591; PI. LXV, Figs. 2-4; PI. CXIII. Figs.2,3
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Tip Top, Md., fossils from 54B-546, 583-589

Tlaxiaco, Mex., Lower Potomac fossils from near . . . 340, 578

Todd, Aurelius, fossil locality discovered by 47

fossils collected by 48, 57

Todds Gulch, Oreg., fossil plants from 48, 51-52

location of 48

Todites Williamsoni Brongii 68

Trias, fossils from 13-46; Pis. I-III

section through 40, 42

silicified wood from 15

vertebrate fossils from 14-15

Trinity Center, Cal., fossil plants from 147

Trinity formation, age of 341

flora of the 326-342

Trout Creek, Mont., fossils from 282

Tuba, Ariz., fossil logs from 37

rocks near 28

Tuscaloosa beds, correlation of 342

fossils in 366

occurrence of 391'

Tympanophora racanosa L. & H 59

simplex L & H 59

Tyson, Philip T., cycads collected by 369-370, 408-411

on Maryland paleontology 348-350

Tysonia marylandica Font. 406, 416

U.

Uhler, P. K., fossil plants collected by 557

on Albipurean formation 364, 375, 398

on Maryland cycads 369-370

on Maryland geology 3.57, 364, 372, 375

Union Tunnel, Baltimore, fossil plants from 570, 583-589

Unkpapa sandstone, correlation of 205

cycads collected from 326

Variegated marls, Arizona. .See Marls, variegated.

Variegated sandstones, occurrence and character of.. 28,

39-40, 42, 44-45

Vinegar Hill, Md., fossil plants from 547-554

Virginia, fossil localities in 478-516

lignites and fossil wood from 344

Older Potomac formation of 474-598

correlation of 580-599

fossil plants from 474-516; Pis. CVII-CXII

region of, map showing Pl.LXXX
section of, diagram showing .598

Virginia and Maryland, Older Potomac of, comparison

of 574-576

Vitiphyllum mnltifldum Font . . . 548, 550, ooS-554, 558, 566-

566, 569, 588, 591, 594, 598; PI. CXIX, Figs. 2-5

parvifolium Font 558, .569, .588, 594

W.

Ward's localities, location of 487-488, 490

Washington, D. C, excavations at 354,374,381,382

fossils from 374,

379-382, 616-519, 683-589; Pis. LXXIV-LXXVI
section at 386

figure showing 387

See also Reservoir; Sixteenth street.

Wealden formation, age of 350, 676-677

correlation of 368

definition of 371

occurrence of 367

of Hanover, fossil plants from 161

Page.

Weed, Walter H., fossil plants found by 279,282

Weldon, N. C, rocks at 391

Wells, H. F., fossils collected by 203, 316

West Virginia, fossil plants from 169

Whipple, Lieutenant, creeks named by 20, 22

exploration by 31

fossil wood collected by 31

White, C. A., on Potomac formation 374

on Texas geology 329

White, David, fossil plants collected by 370, 482-483, 483

White House Bluff, Va., fossil plants from 381,

383, 385, 487, 682-689

Widdringtonites Dunkeri (Ett. ) Schimp 264

Wieland, George R. , microscopic study of 316

section by, on foliage of Cycadella 198-203

on Jurassic cycads of Black Hills 204-207

on stratigraphy and paleontology of Black

Hills rim 317-326

Wilcox's ranch, California, fossil from 216

Williams, Ariz., fossil wood found near 35-26

Williams, R. S., fossils discovered by 277-279

Williamsonia Carruthers 118-120; PI. XXIX
?Bibbinsi Ward 648,554,688,596; PI. CXV, Fig. 11

?gallinaceaWard 484,485,588; PI. CVII. rig.4

gigas (L. & H.) Carr 136, 138, 198-199. 201-203

gigas (Willn.) Carr 119

oregonensisFont.... 118-119,138,140; PI. XXIX, Fig. 6

?sp.Font 119,140; No. 1, PI. XXIX, Fig. 7

?.sp. Font., No. 2 (ci, 6, c) 119-liO, 141;

PI. XXIX, Figs. 8-12

Willoughby, W. F., aidof 382

Winslow, Ariz., section through 40-41

Wolf Creek, Tex., fossils at.. 338

Woman's College, cycad collections of 404-408;

Pis. LXXXVII-LXXXIX
Wood, petrified or silicified. See Petrified wood.

Woodbridge, Va. , fossil plants from 485, 582-689

Woodruff Butte, Ariz., section through 42-43

Woodward, Karl, silicified trunk found by 382

Woodworth, J. B., report of 137

Woolfe, Henry D., fossil plants collected by 146,

163, 161, 164, 167, 168

Wyoming, Jurassic cycads from, collections of 179-

182, 203-204, 273

Jurassic cycads from, descriptions of 182-203

geology and paleontology of 204-208

section in 205-206

Yorkshire, comparison of fossil plants from Oregon

and 143-144

Younger Mesozoic, investigation into 368-359

Yuccites Schimper & Mougeot 135-136

hettangensis Sap.? 135- 136,

141; PI. XXXVII, Figs. 1,2

Zamia 207,247,549

angustifolia Jacq 201

gigas L. & H 136

lanceolata L. & H 110

longi/olia Brongn 113

ta.xlnaL. &H 98

Washingtoniana Ward... 491,503,588; PI. CXI, Figs. 1,2

Zamiophyllrun Nathorst 244,249

Buchianum (Ett.) Nath 249
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ZATniophyllum Bttehiamtm angustifolia (Font.) Yok... 250

NaumanBi Nath 249

Zamiopsis insignis Font 511,

517, 521, 525, 526, 588; PI. CXIII, Figs. 4,

5

Zamites Brongniart 244, 256-257, 306-310

acutipennis Dn 281,308-309

sequalis (Brongn. ) Presl 100

alasTiana Lx 165, 166

apertus Newb 281

arcticus Gopp 248, 256-257, 271, 306-310, 313-314;

PL LXVIII, Fig. 1; PI. LXXIII, Figs. 1-6

borealis Heer 2S2, 309

brevipennis Heer 2.%, 307

Buchianus (Ett.) Sew 245

crassinervis Font 210

distans Presl Ill, 112

distans genuina Schenk 110,111

Zamites distans lati/olia Fr. Br 112

distanslongifolia Fr. Br 110

distans minor Schenk Ill

Dunkerianus (Gopp.) Brongn 244

Feneonis (Brongn. ) Ung 248, 310

gigas (L. &H.) Morr Ill

lanceolatus (L. & H.) Fr. Br 110

latifoliaTT. Br 112

longifoUus (Brongn. ) Morr 112, 113

montana Dn 277,279,282,308,309

montanensis Font 2.'i3, 279, 282, 309

tenuinervis Font 210, 257 ,

272, 479, 486, 528, 548, 588; PI. LXVIII, Figs. 2,

3

WeediiFont 306

sp. Dn 256,282,306

sp. Heer 108

o
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