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I.

—

ApjAication of Organic Acids to the Examination of Minerals.

[Second Paper.]

BY H. CAEEINGTON BOLTON, PH. D.

Read January 5th, 1S80.

26. The behavior of minerals Avith organic acids has already

formed the subject-matter of two papers read, before the Academy
in 1877 and 1878, and we now present the results of a continua-

tion of our researches.

In our first paper* we described several new methods of attack-

ing minerals, and their application to ninety-five specimens; in the

following pages we extend the investigation to one hundred and

six additional minerals. These methods of decomposition were

as follows :

—

1st. Treatment with a cold saturated solution of citric acid.

2d. Treatment with a boiling solution of the same.

3d. Heating with a saturated solution of citric acid to

which sodium nitrate is added.

4th. Heating with a saturated solution of citric acid to

which ammonium fluoride is added.

And in a second paper, under another title,! we added a fifth

reaction :

—

5th. Heating with a concentrated solution of citric acid to

which potassium iodide is added.

' Annals N. Y. Acad. Scl., Vol. I, y). 1.

I Behavior of Natural Sulphides with Iodine and other Reagents. Annals N. Y. Acad. Sci.,

Vol. I, p. 153.



2 Organic Acids i.ii the JExainination of Minerals.

Similar renctions with oxalic, tartaric, acetic, and other or-

ganic acids, were described in the first paper, but preference is

given to citric acid on account of its greater solvent power.

Minerals belonging to several groups were submitted to these

}irocesses, and gave phenomena which may be summarized as

follows

:

1st. More or less complete decomposition and solution of

oxides, phosphates, etc., without formation of precipi-

tates or liberation of gases.

2d. Complete solution of carbonates with evolution of car-

bonic anhydride.

3d. Decomposition of sulphides with evolution of sulphuret-

ted hydrogen.

4th. Decomposition of sulphides with oxidation of the sul-

phur.

5th. More or less perfect decomposition of silicates with

separation of either slimy or gelatinous silica.

6tli. Decomposition of certain species by reagents forming

characteristic precipitates.

7th. Wholly negative action.

These facts demonstrated that citric acid has a power of de-

composing minerals little less than that possessed by hydro-

chloric acid, and that this very difference in degree gives the

organic acid an advantage over the mineral acid in the determi-

nation of species.

27. This peculiar selective power of citric acid rendered de-

sirable a further study of its action on a larger number of mine-

rals ; the following list contains the names of the species which

have since been submitted to the process named, together with

their formulse, condition, and locality.

Within the groups,—I, Sulphides, Arsenides, Tellurides, etc.,

—II, Oxides,—III, Silicates, and—IV, Sundries, the minerals

are arranged in the order in which they are given in Dana's

System of Mineralogy.

AVe desire to expi'ess our thanks to Prof. Thomas Egleston,

of the School of Mines, Columbia College, who has again placed

us under obligations by supplying many of the rarer minerals.
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Organic Acids in tlic Exaniinatioii uf Minerals. \)

28. The minenils of tlie foregoing list were submitted to tlie

action of the following retigents successively : (1) A solution of

citric acid saturated at the temperature of the laboratory, say

65° to 70° Fahrenheit; ihis Ave call simjily "citric acid."'

(2) The same solntion to which solid sodium (or potassium)

nitrate is added, which for couvenience we shall call the "nitro-

citric mixture " (8) The same solution to which solid potas-

sium iodide is added at the time of testing, and which for sim-

plicity we shall designate as the "iodo-citric mixture."

The action of these reagents was studied in the simple manner

detailed in our first paper. The mineral to be examined was

carefully freed from its associated gangue and finely pul-

verized in an agate mortar ; a portion was placed in a test-tube,

the solution of the acid was added, and the resulting phenomena,

in the cold, and on boiling, carefully noted. In man}^ instances

the partial decomposition of the mineral was ascertained by filter-

ing from the residue, and testing the solution with an appro-

priate rccigent ; or by examining the disengaged gas with a suit-

able test-paper.

Sulphides, Arsenides, etc.

29. Minerals of this group treated with citric acid alone,

yielded results as follows :

(«) Clausthalite and leucopyrite dissolve in the cold with-

out liberation of gas.

(h) Alabandite is very strongly attacked in the cold, with

evolution of sulphuretted hydrogen. On applying heat

it is wholly soluble. In this respect alabandite appears

to be the most easily decomposed of all the sulphides

yet examined, 37 in number.

(c) Boulangerite, Jamesonite, and kermesite are more or

less attacked by boiling citric acid, yielding sulphuret-

ted hydrogen. The remaining minerals of this group

resist the action of cold or hot citric acid. Sulphur is

absolutely unattacked even when the citric acid solu-

tion is heated to the melting point of the element.

The powerful solvent action of a mixture of citric acid and

sodium nitrate was discussed in our first paper (19), here we



10 Organic Acids in the Examination of Minerals.

need only add that the intensity of action claimed for it is fully

maintained by later researches.

(d) All the minerals of the first group, 25 in number, with

three exceptions, dissolve in the nitro-citric mixture

rapidly and completely, several of them yielding solu-

tions of characteristic color. Even sulphur itself is

decidedly attacked, with formation of sulphuric acid.

The exceptions are realgar, orpiment, and proustite.

(e) Two of these, realgar and orpiment, are partially de-

composed by boiling with the iodo-citric mixture.

Proustite and sulphur resist even on prolonged heating.

All the remaining minerals of this group are quite

readily dissolved, the decomposition of the sulphides

being accomjDanied by liberation of sulphuretted hy-

drogen.

The differentiating power of these solvents is again exhibited

by these reactions. In our first paper we showed, that while

bornite and pyrrhotite are decomposed by citric acid, their kin-

dred compounds, chalcopyrite and pyrite, are not (13). We
now find that proustite resists completely the decomposing solu-

tions named, while pyrargyrite is decidedly attacked by the

nitro-citric mixture as well as by the iodo-citric mixture, even

in the cold.

This difference in behavior of the two closely allied minerals

was established by numerous determinations.

Oxides.

30. The oxides examined include such stable minerals as co-

rundum, spinel, chrysoberyl, cassiterite, rutile, hyalite, and

quartz, which naturally resist these methods of attack.

Gummite is attacked by cold citric acid, and melaconite and

goethite are soluble to a certain extent on heating. Menaccanite

and washingtonite are feebly attacked by the nitro-citric mixture

and strongly by the iodo-citric solution. This latter also

strongly attacks braunite and goethite.
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Silicates.

31. Silicates ai'C very Tuiequally attacked by citric acid as well

as by mineral acids.

{a) Neplielite, lapis lazuli, lanmuntite, hersclielite, thom-

sonite, mcsolite, and proclilorite, are decomposed by

citric acid in the cold, a portion of them with forma-

tion of a jelly.

Tephroire, ilvaite, gieseckite, jefferisite, henlandite, and

genthite, are strongly attacked on boiling with the citric

acid alone. Pargasite, ]'yrope, almandite, colophonite,

phlogo])ite, bastite, masonite, and allanite (?), are feebly

attacked. Some doubt obtains, however, as to the last

named, becanse the specimens examined were partially

decomjoosed on the surface.

(b) The addition of sodinm nitrate to the solution of citric

acid does not notably increase its solvent power as re-

spects silicates, bnt the addition of potassium iodide

aids decidedly in effecting their decomposition. The
iodo-citric mixture strongly attacks the garnets named,

as well as enstatite, liyj)ersthene, pargasite, epidote,

and those named in paragraph 32.

The feldspars resist these reagents, yet orthoclase and labra-

dorite give up iron to them. Petalite, actiuolite, asbestus,

beryl, ziicon, vesuvianite, zoisite, iolite, lejiidolite, leucite, an-

dalnsite, tibrolite, topaz, titanite, staurolite, and kaolin, either

wholly resist or give to the attacking solution only a trace of

iron.

The variety of serpentine known as bowenite resists citric

acid, while serpentine itself, of a normal character, is decom-

posed.

On the whole, citric acid attacks the silicates w^ith a power

nearly apiu'oaching that of hydrochloric acid.

Revision of the Silicates.

32. While carrying on these researches we were continually

compelled to combat the iirmly grounded impression that the

organic acids are weak as respects mineral species. In conse-
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quence of tliis pre-conceived notion, we overlooked in our first

paper the fact, that the decomposition of many silicates takes

place at ordinary temperatures, having in fact applied heat at

once when conducting the examination.

A closer investigation, however, shows that a saturated solu-

tion of citric acid is able to decompose many silicates in the cold,

even to the formation of gelatinous silica. This necessitated a

revision of the silicates named in our first paper (16), with the

following results :

—

{a) Willemite, pectolite, calamine, natrolite, wollastonite,

chrysolite, chondrodite, chrysocolla, apophyllite, rho-

donite, analcite, chabazite, stilbitc, and deweylite, are

more or less strongly attacked by cold citric acid,—the

first four yielding a jelly.

Datolite, 2:)rehnite, serpentine, chrysotile, and retinalite,

are attacked on boiling the solution.

{])) The use of the iodo-citric solution as a solvent having

been discovered subsequent to the examination of the

silicates named in our first paper, a further revision of

this group became necessary. The results are briefly

as follows :

—

Olivine, augite, almandite, and epidote, heated with the

iodo-citric mixtui'e, are strongly attacked. Orthoclase,

labradorite, liornblende, and spodumene, are very feebly

attacked, or yield only iron to the solution.

Wernerite, albite, diopside, kyanite, talc, mnscovite, bio-

tite, ripidolite, and tourmaline, are not attacked.

These changes do not invalidate the accuracy of our published

results, and are introduced simply to exj)lain the change in

position of these minerals in the Tables at the close of this

paper.

Sundry Minerals.

33. Under this head are grouped phosphates, arseniates, tung-

states, sulphates, etc., as stated in the list given in (27).

A large number, chiefly phosphates, dissolve easily in a cold

solution of citric acid ; these embrace the following :

—

Mimetite, triphylite, triplite, libethenite, olivenite, ataca-
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mite, psendomalachite, wavellite, pharmacosiderite, tor-

bernito, autnnite, nlcxite, cryptomorpliite, and broch-

antifce. Wulfenitc and crocoite are strongly attacked

on boiling, the latter yielding a green solution, owing

to the reducing action of the organic acid on the

chromic acid.

Columbite and wolframite are attacked by the iodo-citric

mixture, at least so far as partially to dissolve the iron which

forms one of their constituents.

Iliibnerite is attacked by the nitro-citric mixture; while scheel-

ite, barite, celestite, anhydrite, and graphite, resist completely

these methods of attack.

Native Elements.—In onr first paper we called attention to

the solvent power of the nitro-citric mixture, as shown by the

fact that it dissolves metallic copper, silver, lead, tin, bismuth,

and antimony, besides iron, zinc, and magnesinm, (20); to this

list we now add arsenicnm and mercury.

Tabulation of Eesults.

34. In paragraph (22) Ave gave a table showing the behavior

of ninety minerals with citric acid and other reagents, arranged

nnder eleven heads, viz. :—
A. Minerals which dissolve in cold citric acid withont evo-

lution of gas.

B. Minerals which dissolve in cold citric acid with libera-

tion of carbonic anhydride.

C Minerals which are decomposed by cold citric acid with

evolntion of sulphuretted hydrogen.

D. Minerals which dissolve in hot citric acid withont evo-

lution of gas.

E. Minerals which dissolve in hot citric acid with liberation

of carbonic anhydride.

F. Minerals which are decomposed by hot citric acid with

evolution of sulphuretted hydrogen.

G. Minerals which are decomposed by hot citric acid with

formation of gelatinous silica.

H. Minerals which are decomposed by hot citric acid with

separation of slimy silica.
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I, Minerals decom^)osed by boiling with citric acid and

sodium nitrate.

K. Minerals decomposed by heating with citric acid and

ammoninm flnoride.

L. Minerals which are not attacked by any of these

methods.
To this we added, in a subseqnent paper, a twelfth group.,

A'iz. :

—

M. Minerals decomposed by heating with citric acid and

potassium iodide.

In the Tables accompanying this paper we have combined, on

a similar plan, the results obtained in the present and previous

communications, thus giving a comprehensive view of the be-

havior of two hundred minerals with citric acid. The arrange-

ment differs somewhat from the foregoing ; we have re-adjusted

the silicates to accord with facts stated in (32), and we have

omitted the reaction with ammonium fluoride as of no import-

ance in determining species.

To ascertain the exact position for each mineral has been no

trivial task ; and should errors be discovered, we crave indulg-

ence, and beg our friends to remember the French saying :

" Ceux qui ne se trom^Jent jamais sont ceux qui ne font ritn.'"

Summary.

35. The number of minerals examined, though considerable,

if we ]'egard the labor involved, is but small compared with those

which remain to be treated by these methods, and any attempt

at generalization must be correspondingly weak.

It may, however, be admissible to study the Tables with a view

to determining whether there is any relation, peculiar to the

organic acid, between its solvent power and the chemical consti-

tution of the minerals. This question may be considered from

two standpoints, corresponding to two methods of classifying

minerals, viz., with reference to their acidic and to their basic

constituents.

(«.) The first method of grouping the minerals is the same as

that of the list given (37) ; the question apj^lied to them may be

answered thus :

—
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All carbonates and phosphates are decomposed by citric

acid.

The sulphides are very unequally attacked ;—two resist the

solvents, three yield only to the iodo-citric mixture,

twenty-two only to the nitro-citric mixture, and ten

are attacked by the acid alone. The oxides and anhy-

drous silicates are very unequally attacked.

The hydrous silicates are (with one or two exceptions) de-

composed by citric acid alone.

{b.) An examination of the influence of the basic constituents

Oil the solubility discloses the following points.

All the copper minerals are soluble in one or more of the

solvents.

All the manganese minerals are decomposed,—the sulphide

and the silicates with great facility.

All the lead minerals are decomposed by citric acid alone.

In some cases the presence of lead would seem to ren-

der a mineral easily broken uj) ; this is marked in the

case of the sulphides, which, as we have seen, are very

unequally attacked ;—thus selenide of lead is attacked

and selenide of mercury is not ; sulphide of lead is

attacked, while sulphide of silver is not. The minerals

jamesonite, bournonite, and boulangerite (containing

lead) are attacked, while the closely allied species ste-

phanite, tennantite, polybasite, proustite, berthierite,

etc. (devoid of lead) are not decomposed.

These facts may possibly point to a connection between

chemical constitution and solubility, peculiar to the reagent

employed ; but we offer the suggestion with diffidence, OAving

to the limited number of facts on which to base generalizations.

Moreover we find that the results obtained by theprolonged action

of citric acid on minerals (10 to 30 days), differ greatly from those

here recorded. To this we shall return at a subsequent period.

In conclusion, we beg leave to remind our readers that the

immediate object in v^iew, as was stated at length in our first

paper, is the practical application of these methods to the ex-

amination of minerals in the field.

Trinity College, Hartford, Conn.
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Tables sliowing the Behavior of certain Minerals with Citric

Acid, alone and with Reagents.

I.

Decomposed (in fine powdek) by a saturated solution of

OiTEic Acid.

1.—IN THE COLD.

A. B. C. D.

Without evolution WUh liberation With liberation With separation

of Gas. of VO,.
. of H,S. of HiOq.

Clausthalite, Calcite,

!

Stibnite, Wollastonite,
Leucopyrite, Dolomite,* Galen ite, Rhodonite,

!

Atacamite, Gurhotlte,

!

Alabandite, Chrysolite,

Brucite, Ankerite,* Sphalerite, Willemite, '4

Gummite, Eliodochrosite,* Pyrrhotite. Nephelite,
Pyromorphite,* Smithsonite,* Lapis lazuli,

Mimetite, Aragonite,

!

Chondrodite,
Triphylite, Witherite,

!

Pectolite, It

Triplite, Strontianite,

!

Laumontite, l^

Vivianite,

!

Barytocalcite,

!

Chrysocolla,

!

Libethenite,

!

Cerussite,

!

Calamine, !|

Olivenite,

!

Malachite,

!

Apophyllite,
Pseudomalachite, Azurite.* Thomsonite,

!

Wavellite, Natrolite, IX

Pharmacosiderite ! Mesolite,

!

Torbernite, Analcite,
Autunite, Chabazite,
Ulexite,

!

Herschelite,:}:

Cryptomorphite,

!

Stilbite,

Anglesite, Deweylite,
Brochantite.

!

Prochlorite.
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3.—ON BOILING.

E.

Without evolution

of Gas.

F.

With liberation

qfCO^.

G.

With liberation

ofII,S.

H.

With separation

qfSiO;.

Cuprite,

!

Ziiicite,

Melaconite,
Goetliite,*

Limouite,*
Allaiiite,(V)

Apatite,*
Wolframite,*
Wulfenite,
Crocoite,

Gypsum.

and
those in A.

Hausmannite,f
Pyrolusite, !f

Manganite,f
Psilomelaue, !f

Wad, !t

Magnesite,

!

Siderite.

!

and
those in B.

Bornite,
Jamesonite,*
Bournonite,
Boulangcrite,
Kermesite.

and
those in C.

Tephroite,:]:

Ilvaite,

Phlogopite,*
Datolite, 1%

Prehnite,*
Heulandite,
Serpentine,
Cliiysotile,

Retiualite,

Bastite,

Genthite,
Gieseckite,*

Jefferisite,

Masonite.*

and
those in D.

11.

Decomposed by a boiling soLuxioisr of Citric Acid, mixed

I.—With Sodium Nitrate. K.—With Potassium Iodide.

Silver,

Mercury,
Copper,
Arsenic,
Antimony,
Bismuth,
Sulphur,*
Bismuthinite,
Domeykite,

!

Argentite,

Hessite,

Chalcocite,

!

Tiemannite,

!

Millerite,

!

Niccolite,

!

Pyrite,

!

Chalcopyrite,

!

Linuaeite,

Smaltite,

!

Cobaltite,

!

Ullmannite,

!

Marcasite,

!

Arsenopyrite,

!

Nagyagite,
Covellite,

!

Berthierite,

!

Pyrargyrite,
Tetrahedrite,

!

Tennantite,

!

Stephanite,

Polybasite,

!

Enargite, !

Urauinite,

!

Hlibnerite.

and those in

C and (Jr.

Realgar,*
Orpiment,*
Cinnabar,

!

Hematite,*
Menaccanite,*
Washingtonite,*
Magnetise,*
Franklinite,

Braunite,
Enstatite,

Hypersthene,
Augite,
Spodumene,*
Hornblende,*
Actinolite,*

Pargasite,*
Olivine,

Almandite,
Pyrope,
Colophonite,
Epidote.

and most of
those in

A, B, C D, E, F,

G, II, and I.
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III.

Minerals not decomposed by the above Reagents.

Graphite, lolite. Talc, Labradorite,
Molybdenite, Biotite, Kaolin, Oligoclase,

Proustite, Muscovite, Ripidolite, Albite,

Fluorite, Lepidolite, Columbite, Ortlioclase,

Cryolite, Wernerite, Samarskite, Tourmaline,
Corundum, Leucite, Spinel, Sclieelite,

Diopside, Andalusite, Cliromite, Barite,

Petalite, Fibrolite, Clirjrsoberyl, Celestite,

Asbestus, Kyanite, Cassiterite, Anhydrite.
Beryl, Topaz, Rutile, (Two hundred
Zircon, Titanite, Quartz, species.)

Vesuvianite, Staurolite, Hyalite,

Zoisite, Boweuite, Anorthite,

N. B.—The gases evolved are examined with acetate of lead test-paper

the solutions with appropriate reagents.

The kind and degree of action are uidicated in the above Tables by the

following signs :

—

! Completely decomposed or dissolved.

* Feebly attacked.

t The COo evolved is derived from the Citric Acid.

t Gelatinizes.
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II.

—

Tlie Place of Sadi Carnot in the History of Thermotics.

BY PROF. B. H. THURSTOK.

Read April 5th. 1880.

M. Ilirscli, ill liis Introduction to liis translation of the

writer's History of the Steam Engine,* publishes a new fact

relating to Carnot and the history of the mechanical theory of

heat, as revealed in recently discovered documents, which had

only come to his knowledge at the time of writing.

The documents referred to, were presented to the President

of the Academy of Sciences by M. H. Carnot, November SOtli,

1878. They show clearly, that if the doctrine of the equiva-

lence of heat and mechanical energy was not recognized by

Sadi Carnot when, in 1824, he published his now celebrated

work, ^^ Reflexions sur la Puissance llotive clu Feu," the idea

of the identity of the two forms of energy soon did become

recognized by him and observable in the course of his work.

The following are extracts from the manuscript notes left by

Carnot :

—

''LaChaleur n'est autre que la puissance motive, on plutot,

que le mouvement qui a change de forme. C'est un mouvement
dans les particules des corps. Partout on il y a destruction de

puissance motive, il y a, en meme temps, production de chaleur

en quantite precisemcnt proportionelle a la quantite de puissance

motive detruite. Reciproquement, partout oil il y a destruction

de chaleur, il y a production de puissance motive."

"On pent done poser en these generale que la puissance

motive est en quantite invariable dans la nature, qu'elle n'est

jamais, a proprement parler, detruite. A la verite, elle change

de forme, c'est-a-dire qu'elle produit tantot un genre de mouve-

ment, tantot un autre ; mais jamais elle n'est aneantie."

[Heat is nothing else than motive power (energy), or rather,

a motion which has changed its form. It is a motion of the

molecules of bodies. Whenever motive power is destroyed, there

is, at the same time, a production of heat in quantity precisely

proportional to the quantity of power destroyed. Reciprocally,

* Histoire de la Machine a Vapeur, par R. H. Thurston, Prof, of Mechanical Engineering

at the Stevens Institute cf Technology. Revised, annotated and enlarged by J. Hirsch, Prof,

of the Steam Engine at " Ecole des Ponts et Chaussees de Paris ;"—Vol. I, p. XV, foot note.
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wherever there is destruction of heat, there is production of

poAver of motion,

Wc may then state as a general hxw, that energy is, in nature,

invariable in amount ; that is, is never, properly speaking, either

created or destroyed. In fact, it clianges form ; that is, it causes

sometimes one kind of motion, sometimes another ; but it is

never destroyed.]

Again :

* * * * D'apres quclques idees que je me suis forme sur la

tlieoric de la chaleur, la production d'une unite de puissance

motive necessite la destruction de 2.70 unites de la chaleur

(cluique unite de puissance motive, on dynamic, representant

Ic ])oids de 1 metre cube d'eau eleve a 1 metre de hauteur."

[* * * * According to my ideas of the theory of heat, the

production of a unit of energy demands the destruction of 2.70

units of heat (each unit of energy, or dynamie, representing the

raising of the weight of one cubic meter of water one meter

high.]

This estimate gives for the value of the "mechanical equiva-

lent of heat," j^ = 3T0, roughly approximating 424, the metric

equivalent of 772 foot-pounds, the British unit of heat-equiva-

lence.

M. liirsch remarks upon the precision with whicli Carnot

states t.he laAV of equivalence of heat and work, as well as the

more general law of the "conservation of energy." The con-

siderations which lead him to this last-named law are of the

extremest simplicity.

Still more : Carnot lays out a complete programme of experi-

ments on heat and energy—the very experiments since made by

Joule, Thompson, Hirn, Eegnault, and others.

Hitherto, Carnot has been credited with the invention of the

standard method of examination of the relations between heat

and work, and it has been assumed that he was, to the last, a

believer in the materiality of heat. His idea that we can only

infer this relation after studying processes of such nature as

present a complete cycle of changes resulting in the perfect

restoration of the primitive physical conditions observed in the

working substances, and his proposition that the reversible

engine is the perfect engine, have admittedly formed the basis
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of modern thermodynamic investigation. • Prof. Tait justly

asserts* that, without this basis, the dynamical theory of heat

could never have obtained, in so brief a period, the wonderful

development witnessed during the past half-century. Carnot's

imj)erfect enunciation and demonstration of these points, re-

mained unfruitful until, a quarter of a century later, Thompson
and Rankine commenced their work in this field. The former

then called attention to the work of Carnot, f and adapted his

conception to the dynamical theory and perfected the typical

cycle.

Carnot's original work contains no evidence that he accepted

the dynamical theory of heat, and it has only now become evi-

dent that, if not then aware of the falsity of the material

hypothesis, he soon became conscious of it, and fully accepted

the true theory.

His value (370) for the dynamical equivalent, is not nearly as

close an approximation as that obtained by earlier investigators.

Rumford, especially, not only accej)ted, and in 1798 published

in the Philosophical Transactions, a complete and definite state-

ment of the equivalence of heat and work, but gave data, as

shown by the writer, J giving the value 783.8 foot-pounds, or

within 1-5 per cent, of the now accepted value. This fact,

hoAvever, while creditable to Rumford as the first correct ex-

pounder and the exjoerimental discoverer, does not detract from

the honor due Carnot as the propounder of his method.

It is certainly unfortunate that the manuscript notes left by

Carnot could not have been published by him ; and still more

unfortunate is it that he had not earlier announced his belief

and incorporated the dynamical theory of heat in his great work.

His already great reputation, as it is, will be hightened by their

tardy publication; but had he made the "Reflexions" the

vehicle of their presentation, Carnot would indisputably have

earned the position, which is now sometimes denied him, of the

founder of the modern science of heat-dynamics.

* Recent Advancea in Physical Science.

t See Tail's History of Tliermodynamics :—also, Phil. Mag., 1872.

X Trans. American Society of Civil Engineers, 1873.
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HI.— Upon the Production of Peroxide of Hydrogen, as loell as

of Ozone, by the action of moist Phosphorus iqjon Air.

BY ALBERT R. LEEDS.

Read March 8th, 18S0.

In various preceding ])iipers, and more especially in one enti-

tled "Upon Ammonium Nitrite, and npon the By-products

obtained in the Ozonation of Air by Moist Phosphorus,"

(J. Am. Cbem. Soc, I, p. 145 ; Ann. der Chem., CO, p. 280),

I have strongly insisted upon the fact that Peroxide of Hydro-

gen always accompanies the ozone generated by the aerial oxi-

dation of phos])horus. Moreover, that the amount of peroxide

of hydrog(!n, under definite circumstances of temperature, ex-

posure of surface, etc., stands in a certain ratio to that of the

ozone. So intimate appears to be the connection in the causes

Avhich invariably produce both bodies in this case, that any ex-

])lanation which aims to account for the production of ozone in

the action of air upon moist phosphorus, and ignores the simul-

taneous generation of peroxide of hydrogen, must of necessity

be faulty.

Witbout invalidating any of the experiments above alluded

to, or the inductions therefrom, Mr. 0. T. Kingzett has recently

asserted* that there is no evidence whatsoever, that any ozone is

l)roduced during the sIoav oxidation of phosphorus. Further,

that the body supposed in this instance to be ozone, is in reality

only peroxide of hydrogen. The same is true of Prof. McLeod,

who followed the above with the contradiction,! that no peroxide

of hydrogen is produced under these circumstances, but ozone

only. An inspection of Prof. McLeod's experiments, shows that

they must have been open to some source of fatal error, because,

instead of showing a progressively diminishing amount of ozone

with the successive increments of temperature to which the

stream of ozonized gas was subjected, they exhibit at 200" the

largest proportionate yield of ozone. Had the experiments been

correctly performed, they would have shown no ozone at 200°,

ozone undergoing resolution into ordinary oxygen almost entirely

and immediately (97 p. c. immediately) at this temperature.

* Chem. News, XL, p. 96.

t Chem. News, XL, p. 307.
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The purpose of the present article, is to demonstrate by a

method entirely different from that which I have previously

employed :

—

I. That both hydrogen peroxide and ozone are generated by

the action of air upon moist phosphorus.

II. That in this highly dilute condition, they are not com-

pletely destroyed, even after prolonged intermixture.

III. When the current of ozonized air, containing hydrogen

])eroxide, is passed through a tube heated to various tempera-

tures, the amount of water, obtained by the decomposition of the

hydrogen pei'oxide, increases with the increment of temperature.

IV. That, under these circumstances, the amount of ozone

regularly diminishes. At 200°, no ozone reaction whatsoever is

obtained.

V. That after this point has been attained, if a solution of

potassium iodide (entirely free from iodate), which has jDrevi-

ously been acidified with sulphuric acid, be substituted for the

neutral solution employed to titrate the ozone, it will undergo

slow decomi)osition. This result is due not to ozone, which is

completely destroyed by continued exposure to a temperature of

200,° but to the spontaneous decomposition of an acidified solu-

tion of potassium iodide in presence of oxygen.

The objects kept jDrominently in view, in devising the method

of the experiment, were :

—

1st. To bring filtered and purified air in contact with a large

surface of pho3j)horus, the phosphorus being partly immersed in

distilled water quite free from ammoniacal and nitrous com-

pounds, and maintained during the course of the experiment at

the temperature of maximum evolution of ozone (24°—25° C).

'2d. To wash out of the ozonized air as large an amount of

hydrogen peroxide as possible, by means of an extended series

of wash-bottles.

'dd. To free the ozonized air, after its escape from the Avash-

bottles, from every trace of moisture.

4/A. To decompose the hydrogen peroxide and ozone at gradu-

ally increasing temperatures.

bill. To weigh any water, and to titrate any ozone, remaining

after the ozonized air had been subjected to the action of heat.

These views were embodied in the apparatus shown in Plate I.

The air was filtered through a train of purifiers, of which A
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contained absorbent cotton, i? and C glass beads drendied with

soda solution, D and E sulphuric acid beads. The air, after

ozonation in the " Phosphorus Ozonator," was aspirated through

Kerite tubing into the first wash-bottle, and thence into the

four Geissler bulbs F, G, i7and /, the entire five containing

water. From /, the gas passed through the empty wash-bottle

J, thence into the sulphuric acid wash-bottle it, and finally

through three drying-tubes, filled to a length of 2| meters with

glass beads drenched with sulphuric acid.

From the dryers, the ozonized air passed into a curved glass

tube, N, dipping down into an oil-bath M. The middle portion

of this tube, for a length of 0.25 meter, was filled with amian-

thus which had previously been ignited. The object of this

amianthus filling, was to cause the ozonized air to pass through

a great extent of heated air passages. After this, followed a

weighed sulphuric acid drying-tube P, a sulphuric acid guard-

tube T, and a Geissler bulb containing a neutral solution of

potassium iodide W. Between P and S, an empty tube closed

with corks at both ends was interposed, for convenience in slip-

.

ping out the drying-tube P.

The following experiments were performed under as nearly as

possible identical conditions. Twelve liters of ozonized air were

drawn through the apparatus in each trial, at the rate of six

liters per hour. The ozonator was maintained at the tempera-

ture of 24° C. The increase in weight of the drying-tube P,

corresponded to the water formed by decom2:)osition of the hydro-

gen peroxide when heated to the various temj)eratures indicated

in the table. The amounts of iodine set free in the potassium

iodide solution, are calculated into the corresponding amounts

of ozone, according to the equations :

—

2 KI + O3 +"2 HCl = 2 KCl + I, + 11,0 + 0, and

2 KIO3 + 2 HCl = 2 KCl + I^ + 0, + H,0,

each molecule of ozone corresponding to two atoms of iodine.

A large number of trials were made in blank, the ozonator not

being thrown into action, and when at last the adjustment was
made so perfect that the drying-tube P did not alter in weight

either at 20° or 200°, when 12 liters of air were aspirated through

the apparatus, and the potassium iodide solution in W under-

went no alteration under like circumstances, the experiments

given below were performed.
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Tahlc ^liotoing tlie effect of Temperature upon the Hydrogen Per

oxide and Ozone contairted in Air ozonized by Phosphorus.

Exp. Temp. Water. HoO.2. Ozone.

1st Series

-

I

II

III

100^
50"
24°

0.0015 grm.
0.0010 "

0.0000 "

0.0028 grm.
0.0019 "
0.0000 "

not determ.

2d Scries

-

IV
V
VI

200°
200°
150°

0.0010 "
0.0011 "
0.0002 "

0.0019 "
0.0020 "

0.0004 "

0.000 grm.
0.000
0.0011 "

3d Series-]

VII
VIII
IX

100°
50°
21"

0.0015 "
0.0003 "
0.0000 "

0.0028 "
0.0006 "

0.0000 "

0.0013 "
0.0044 "
0.0037 "

4th Series <

X
XI
XII

200°
100°
22°

0.0018 "
0.0002 "

0.0000 "

0.0034 "
0.0004 "

0.0000 "

0.0000 "
0.0011 "
0.0051 "

Thess experini iits, it appears to us, coiiclasively establish the

truth of the first, second and fourtii propositions. They show
tliat both hydrogen peroxide and ozone are formed, and that on

heating the ozonized air, the proportion of water thus formed

regularly increases, while that of the ozone as regularly dimin-

ishes, until at 200° all the hydrogen peroxide is converted into

water, and all the ozone into ordinary oxygen.

At the close of the twelfth experiment, the intermediate train

of dryers, etc., was thrown out, and the Geissler bulb W, con-

taining tlie 23otassium iodide solution, was connected directly

with the first wash-bottle (that preceding F). The same volume

of ozonized air, at the same rate, being drawn over under these

conditions, gave a result corresponding to 7.94 mgrms., instead

of 5.1 mgrms., as in experiment XII. The difference of 2.84

mgrms., which is 36 p. c. of the amount of ozone originally

evolved, represents the loss due to the decomposition effected

by the simultaneous presence of hydrogen peroxide.

This establishes the second proposition, and shows not only

that the hydrogen peroxide and ozone can cc-exist for a long
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time in dilute condition without great loss of either,* but also

that the amount of hydrogen, peroxide in the ozonized gas, bears

a not inconsiderable proportion to that of the ozone itself. In

fact, neglecting for a moment the minute amounts of hydrogen

peroxide that are held back by the wash-waters, the ratio of- the

hydrogen peroxide to the ozone in the ozonized air exceeds one to

three.

The amounts of hydrogen peroxide held back by the wash-

Avaters Avere as follows :—The bulb F, containing 47 cc of water,

after evaporation to two-thirds its original volume, in order to

expel any dissolved ozone, Avas found to contain 0.2 mgrm.

lI^O^j. The bulb G, containing 20 cc. Avater, after being simi-

larly evaporated, gaA^e a reaction corresponding to 0.08 mgrm.

H,0,. The bulb R, to 0.01 mgrm. H,0,. The falling ofE in

the amount of hydrogen peroxide contained in //, in comparison

Avith that in G, is perhaps greater than should be, for the reason

that //and / were changed during the experiments, and a much
smaller amount of ozonized air ])assed through them than

through the two preceding bulbs. But the striking feature in

the experiment is, that only 0.3 mgrm. H./)._, in all was absorbed

by the Avash-Avaters, the remainder j^^^ssing on in the stream of

ozonized air.

Finally, to determine the truth or falsity of proposition V :

—

Tliat the aii-, afti-r being deprived of its hydrogen peroxide and
ozone, could bring about a decom[)osition of an acidified solution

of potassium iodide,—the experiment Avas again repeated Avith

the tube W maintained at a temperature of 200°. It Avill be
noted that in CA^ry preceding trial at this temperature, a neutral

solution of iodide being used, no liberation of iodine occurred.

But in this experiment, a decomposition took place correspond-

ing to 0.2 mgrm. of ozone. This experiment, therefore, proves
that the oxygen contained in a current of air, from which every

trace of hydrogen peroxide and ozone has been removed by strono-

heating, may produce apparently the ozone reaction, in case the

potassium iodide solution used for titration has been acidified.

* This point, in opposition to the statements of Schonbein, has likewise been established by
Schcine. Jour, fur Prakt. Chem., LXXVI, p. 130, and Ann. der Chim., CXVI, p. 240.
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IV'.— On the Geology of Hudson County, Neiv Jersey.

BY ISRAEL C. RUSSELL.

Read April 19th, 1S80.

The eastern boundary of Hudson County is the middle of the

Hudson Eiver ; at Bull's Ferry the line leaves the river and
bears northwest until Bellman's Creek is reached, which it fol-

lows to the Hackensack Kiver ; thence the latter stream is

the boundary, to the mouth of Sawmill Creek, which comes

in from the westward ; the boundary then follows Sawmill Creek

to the point where that stream is crossed by the Belleville

turnpike, which then becomes the boundary as far as the middle

of tiie Passaic Eiver ; the line tben follows the centre of that

I'iver to Newark Bay, and then through the centre of the bay to

the Kill Von Kull, through which it passes and joins the east-

ern boundary.* The area thus inclosed comprises about 51

square miles, of which 6.4 sq. m. are covered by water.

The most prominent feature in the geology as well as in the

geography of Hudson County, is the great ridge of trap-rock

which traverses it from north to south, and forms the elevated

portion known in different parts of its course as Bergen Hill,

Jersey City Hights, Hights of Weehawken, etc. This same

ridge of trap continues northward, forming the bold, picturesque

Palisades along the west bank of the Hudson ; at Haverstraw,

where an elevation of over a thousand feet is attained, the trap-

ridge sweeps around sharply to the westward, forming the Hook
Mountains, so well known to all who are familiar with the beauti-

ful scenery of the Hudson.

In order to understand the topography of the region we are

studying, it is necessary to remember that this ridge, forming

the back-bone of the county, is the outcropping edge of an im-

mense irregular sheet of very hard crystalline rock, which dips

* For more detailed information, consult Public Laws of N. J., 1840, p. 65.
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Avestwurd at an angle of about fifteen degrees, thus giving the

western side of the hill a drainage in that direction. On the

west, the trap passes beneath the sand-dunes and swamp-

deposits of the ISTewark meadows. To the eastward, this out-

cropi:)ing sheet of rock presents a bold mural escarpment, fre-

quently forming cliffs from one to two hundred feet in height,

having usually a bank or talus at the base, composed of huge

angnlar fragments of trap that have been broken from the face

of the precipice, mingled in some places with boulders and

boulder-clay that can only be referred to the glacial drift. The
appearance presented by the outcropping edge of this trap-

sheet to the eastward is typically shown in the Palisades.

The relation that the trap bears to the softer sedimentary

strata of Triassic age associated with it, is represented in the

section across Hudson County accompanying this paper. On
either side of the conspicuous hill of trap are beds of sandstone,

slate and shale, all inclined to the north-westward at about the

same angles as the sheet of trap itself ; these sedimentary strata

form the bed-rock along each side of the hill, and also of the

greater portion of the country for twenty miles west of Hudson
County.

Besides the trap-rock, sandstones, slates, and shales already

mentioned,' there is an area of small extent, underlying the

easteni portion of Jersey City, composed of very ancient crystal-

line gneiss; northward of this, and resting upon it or inter-

stratified with it, occurs a limited exposure of jasperoid-rock

and serpentine, composing the hill at Hoboken known as Castle

Point.

In the section referred to above, it will be noticed that the

older strata forming the rocky floor of the county, are overlaid

by a sheet of material of a totally different nature, occurring

both on the hill-tops and in the valleys. This covering of earth

and stones, now^ forming the surface of the larger portion of our

county, is glacial drift, and will be more fully described under

the head of surface geology.

Along the western side of Bergen Hill, this covering of su-

perficial material is overlaid in turn by the sand-dunes and

swamp-dejiosits of the Newark meadows ; to the eastward, along
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New York Bay, the drift is again concealed beneath simihir de-

posits, which are thus shown to be of a more recent date.

Beginning with the oldest of these formations, and examining

each in the order of its age, we hope, by giving wliat facts we
have been able to gather concerning them, to find the position

occupied by each stratum in the geological column, and to indi-

cate at the same time the relation borne by the various forma-

tions to the prosperity and sanitary condition of Hudson
Couut}'.

Arch^an Rocks.

Gneiss mid Mica Schist.—Eocks of this class occur at the

very base of the geological column, and are among the oldest

strata known ; their general appearance is no doubt familiar to

most of my readers, from the abundant outcrops of these

rocks on Manhattan Island. Wherever the Archaean rock comes

to the surface in the neighbor!) ood of New York, it is usually

composed of highly crystalline gneiss, mica-schist, hornblende-

schist, marble, etc. ; all of these were at one time earthy or cal-

careous sediments, spread out in horizontal layers at the bottom

of the Archffian Ocean, and have since been upturned, folded

and crumpled into their present contorted forms. During these

changes in position, the strata have been altered and metamor-

phosed by the action of heat and heated solutions, so that they

now bear but little resemblance to the sand and mud of which

they were originally composed. The minerals now forming these

metamorphosed rocks are principally quartz, feldspar and mica,

and still retain in their arrangement some indication of the strati-

fied nature of the original deposits. Some of our citizens still

remember a reef of this rock, formerly to be seen in Jersey City

at low tide, between Washington and Green Streets and north

of Harsimus Street ; this was a narrow crest, about one hundred

feet in length, with nearly vertical walls ; the mud near at hand

on either side being sixty feet deep. From specimens recently

obtained, we learn that the rock forming this reef varied con-

siderably in appearance, some of it being a typical mica-schist,

with well-defined layers of mica, etc., while other portions were

of gneiss appearing so compact and fine-grained that they re-
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semblcd some of the trap rock at Bergen Hill at first glance.

There was a second reef of the same nature formerly to be seen

at the southern end of Washington Street, where it crosses the

Morris Canal ; this reef was penetrated to the depth of a thou-

sand feet by a well bored at Matthieson and Wiecher's sugar re-

finery ; the rock was reported to be mostly gneiss containing

mica and quartz, and near the bottom "white sandstone and

shale. '"(?) Both these exposures of gneiss and mica-schist, un-

derlying Jersey City, have now been covered with earth, and

the pier-heads carried beyond them. There is but little doubt

that this same line of reefs extends southward of Jersey City,

and forms the main portion of Ellis's, Bedlow's and 03'ster

Islands, and Robbins's Eeef. This belt of Archa?an rocks reap-

pears on Staten Island, but is soon covered by more recent

deposits ; it again comes to the surface at Trenton, and is again

concealed nearly to Philadelphia, whence it stretches far to the

southward. Although this formation has but slight economic

importance in Jersey City, further than forming a firm

foundation on which to buildj and has but little immediate

influence on the health of the people, yet its physical history

makes it an interesting subject of study for the geologist.

Seiyeniine.—The serpentine associated with the belt of Ar-

chaBan rocks that borders Hudson County on the east, is the

dark-green variety, as distinguished from the light greenish-

yellow or precious serpentine found in other localities. The

cliffs overlooking the Hudson at Castle Point, Hoboken, present

a fine exposure of this dark-green eai'thy rock ; it shows con-

siderable variation, however, being sometimes yellowish and dull

in appearance, and so earthy and incoherent as to crumble be-

tween the fingers. In some places it is quite compact, and may
be dressed so as to furnish an ornamental although inferior

building-stone ; it has been used with very pleasing results in

constructing the beautiful gateway and j)orters lodge at Castle

Point.

The hill of serpentine at Hoboken is less than half a mile in

length along the river bank, and from two to three hundred feet

wide, and covers an area of about thirty acres. Seemingly it is

the northern exposure of a belt of this kind of serpentine that

has been reached by boring at a depth of 179 feet at the end of
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Long Dock, Jersey City, and which appears at the surface in the

hills on Staten Island ; some of the deep wells in Jersey City, or

at Tinibech and Betz's brewery on Ninth Street, near Grove

Street,—which at a depth of between 700 and 800 feet penetrated

a light-colored rock, that yielded a supply of water strongly im-

pregnated with magnesia,—indicate that they penetrated ser-

pentine or some closely associated rock.

The serpentine outcropping on Manhattan Island, at the foot

of GOtli Street, near the Hudson, is quite different in its charac-

teristic features from the serpentine appearing at Hoboken ; it

is compact, very dark-green or nearly black in color, and is

sometimes mingled with calcite, forming an opMcalcite that is

strikingly similar to the Canadian serpentine in which Eozoon

is found ; other portions of this serpentine are spangled with

flakes of talc, or shot through Avith bladed crystals of tremolite
;

and associated with it occurs anthophyllite.

At a number of localities, both northward and southward, in

the New York belt of Arch^an rocks, beds of dark-green ser-

pentine are found, bearing sometimes a close resemblance to

that occurring at Hoboken ; v/hile the serpentine occurring in

the crystalline rocks of the New Jersey highlands, and in the

corresponding formation to the eastward, in New England, is

commonly the light-colored or precious variety.

At Hoboken, the serpentine appears to rest upon the gneiss

rocks which outcrop farther south ; it is probably but a portion

of the same series, however, and corresponds in position with

the serpentine found so abundantly in the Archaean rocks of

other regions. This rock is essentially a silicate of magnesia,

and contains also chrome iron scattered through it in small

specks and grains ; from the fissures in the rock the magnesian

minerals, marmolite, irucite, nemalite and magnesite may be

obtained.

As stated by Mr. AVard,* the serpentine is granular and

porous in texture ; absorbs surface-water promptly, thereby

greatly promoting natural drainage ; transmits heat very slowly

but retains it. tenaciously, forming a highly salubrious sub-

stratum.

* Memorandum on the Soil, Contour and Drainage of Hudson County. By L. B. Ward, C. E.

Rep of County Board of Health, 1877, p. 8.
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Associated with the serpentine at Hoboken, and overlying it.

there occurs an exceedingly hard jasperoid rock,* which was for-

merly to be seen in the neighborhood of the Stevens Institute,

but has since been concealed by buildings and park improve-

ments. We have referred this rock to the Archaean series, as

will be seen in the generalized section of the rocks of Hudson

County, accompanying this essay, but can offer little informa-

tion concerning it.

Tkiassic Rocks.

Sandstones, Shales and Slates.—Resting on the upturned and

probably eroded edges of the gneiss and mica-schist in Hudson
County, are sedimentary beds of Triassic age, which, like the

Archaean rocks alread}^ noticed, are in most cases but indif-

ferently exposed. The Triassic formation appears usually as

evenly bedded strata of reddish-brown standstone and soft red-

dish sliale, togetlier with thinly stratified slates—the whole series

dipping towards the northAvest with great uniformity at an angle

of about fifteen degrees.

On the extreme western border of Hudson County, forming

the high narrow ridge that sejiarates the Newark Meadows from

the valley of the Passaic River, the reddish-brown sandstones

and shales are splendidly exposed. This ridge has nearly as

great an elevation as Bergen Hill, and indicates in a very strik-

ing manner the vast amount of material that has been removed

by erosion from the country now occupied by the Newark
meadows. In the deep cut made for the passage of the New
York and Greenwood Lake railroad, extending from Arlington

to the Passaic River, the strata of reddish-brown sandstones are

thinly bedded, the strata seldom being over two feet thick, with

partings of red shale between, the whole series inclined at the

normal angle of fifteen degrees towards the northwest. One of

the most interesting features in this section is the occurrence

near the middle of it of a fissure which has parted the rocks

in a nearly north and south direction, or parallel to their

strike. This fissure is about five feet wide, and is filled in with

* We adopt the name proposed for this rock some ten years since by Dr. Henry Wurtz.
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debris from the red sandstone rocks through which it passes
;

its walls ai'e altered in texture and color as if by the action of

heat, and when freshly broken are of a bright brick-red color.

The fragments filling the fissure are small near the walls, and

imbedded in an earthy or shaly mass ; they are usually rounded

and show polished or ''slickenside" surfaces. The central part

of the fissure is filled with larger masses of sandstone, which

sl]ow more alteration, both in texture and color, than the walls,

and have also slickenside surfaces. The bedding of the sand-

stones and shales is unaltered where they approach the fissure.

The metamorphic action is not confined to the immediate walls

of the fracture, but may be traced at least seventy-five or a hun-

dred feet on either side. These facts seem strongly to indicate

that the fissure not far below the surface is filled with igneous

rock, the heat from which has partially metamorphosed the

rocks now exposed. This fissure has still greater interest when
studied in connection with the dikes and sheets of trap occur-

ring along the west bank of the Hudson.

It is not out of place to state here, that no fossils were dis-

covered during the construction of the railroad cut at Arlington,

and that no foot-prints, rain-drop impressions, sun-cracks, etc.,

were found ; the only markings that occur here are very obscure

impressions, that have the general appearance of sea-weeds or

worm-burrows. The sandstones and shales here so well exposed

give a fair representation of the character of the Triassic rocks

covering a large portion of New Jersey, except that in some in-

stances the sandstone is lighter colored and more feldspathic.

Not more than a mile northward of Arlington, and on a line

with the fracture we have described as occurring in the railroad

cut, the copper-mine near Belleville is situated. This is known
as the Schuyler Mine : it has been worked at intervals since

1717, and has been extensively wrought, as the abandoned shafts

and galleries testify. The rock here is a light-colored or nearly

white sandstone impregnated with the carbonate of copper ; the

silicate and red oxide of copper are also present. The sand-

stone is traversed in places by thin sheets of trap, although no

dikes or sheets of this rock appear at the surface: it is thus seen

that the copper-bearing sandstone here has the same geological

relations as that occurring in other places in the Triassic area of
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Now Jersi'y ; tliey are coiiUct deposits, very commonly associ-

ated with outbursts of trap, and although sometimes making a

good showing of ore, yet at least in New Jersey have never

proved profitable in working. Copper-bearing sandstone of the

same nature as that of the Schuyler mine, is exposed in a small

quarry near Arlington, at the base of the bluffs overlooking

the Newark meadows.

On the northern side of Snake Hill, the Triassic sedimentary

rocks are well shown in the prison quarry, and present their

normal dip of lb° N. W. Interstratified Avitli the reddish-

brown sandstones and shales, are two irregular beds of light-

colored sandstone, from two to four feet thick, impregnated

with the carbonate of copper, and closely resembling the sand-

stone in the old copper-mine at Belleville. On the west side

of the hill, where the sandstones are exposed close up to the

tra]), they have been shattered in every direction, and are

light-colored and sometimes i)iukish in tint ; the dip of the

rocks here is from 30° to 35° N. W. The Trias is again

exposed on the south side of the hill in a small cut made for

the New York and Greenwood Lake Eailroad ; the rocks are

here light-colored sandstone, with partings of shale dipping

14° N. W., and all considerably fractured. The upland ad-

joining Snake Hill on the northward is also underlaid at a

depth of a few feet, as borings show, by sandstones and shales.

A well eighty feet deep, on the Newark turnpike, near its

junction with the Belleville turnpike, south of Snake Hill,

penetrated the red sandstone which underlies this section of the

swamp ; other wells in the same region, some of them two hun-

dred feet deep, failed to reach it.*

On the western side of Bergen Neck, the Triassic beds appear,

and have been quarried to a limited extent.

On the eastern border of Hudson County, beneath the trap

bluffs along the bank of the Hudson, the Triassic sedimentary

beds are again exposed. The stratified rocks aj^pear first, com-

mencing at the southward, beneath the trap of Bergen Hill

Vide Table No. 1 at the end of this article.
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directly northwest of Castle Point ; from this jooint north-

ward all the way to Bull's Ferry, these rocks are exposed, ex-

cept where cut out by dikes of trap or covered by debris
;

throughout this whole section we find thinly-bedded, dark-

colored shites, feldsjiathic sandstone, and shale, all of which have

been more or less metamorphosed by the heat of the associated

trap ; the dip throughout this section, except where plainly dis-

turbed by the intrusion of the trap, is N. W. 15°. The details

of this series of exposures will be more fully given in connection

Avitli the description of the trap-sheets.

The economic importance of the Triassic sedimentary rocks

in Hudson County is very limited indeed ; the sandstone at

Snake Hill has been used for building-stone, but the supply is

small and the quality inferior. An attempt has been made to

utilize the slaty layer beneath the trap at Weehawken for roofing-

slate, but without success. The importance of the quarries of

Triassic "brown-stone'' in other portions of the State is very

great. Fj'om the extensive Newark quarjics, large quantities of

building-stone are furnished for New York and the neighboring

ciiies; great quantities also come from quarries of the same

chart cte:' and age in the Connecticut Valley.

The Belleville copper-mine has already been mentioned ; but,

although worked more extensively than any of the other copper-

mines in the Trias of New Jersey, it has proved, like the rest,

little more than a delusion to those interested in its devel-

ojiment.

In a sanitary point of view, the inclined strata of alternating-

layers of sandstone and shale present one of the best substratums

that could be desired ; not only do the character and inclina-

tion of the rock furnish a complete natural drainage, but it is

also a poor conductor of heat, and thus retains the warmth at

the surface. Unfortunately, this formation has been so deeply

eroded and covered by subsequent deposits, that its beneficial

influence is but little felt, except: in the high ridge bordering

the Passaic Eiver.

Trap-Roch.—As already mentioned, trap-rock occurs in thin

layers, penetrating the sandstone at the Schuyler mine. In

the Newark meadows, midway between Bergen Hill and the

highland bordering the Passaic, are the trap-hills called Snake
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Hill and Little Snake Hill, rising as islands in the salt marsh.

1'he former of these is 175 feet high, and is about one and a half

miles in circumference ; the second, situated about 80 rods to

the eastward, is very much smaller, with an elevation of 78 feet.

These are chimney-like protrusions of trap that have been forced

out between the laj'crs of sandstone, causing some disturbance,

and are without doubt connected some distance below the sur-

face with the main trap-sheet forming Bergen Hill. The trap-

rock protruding at Snake Hill is of the same nature as that

forming Bei'gen Hill, Avhich will be described further on. As
already noticed, the sedimentary beds, when they come in con-

tact with the igneous rock forming Snake Hill, are very much
shattered, and altered in texture ; the trap seems to have fol-

lowed in a general way the bedding of the sedimentary strata,

but has increased the dip of the sandstone on the northwest side

to 30° or 35°.

As previously mentioned, the trap-ridge forming the elevated

region of Bergen Hill, is a portion of the Palisade range ; this

ridge is highi'st at its northern end, and descends quite uni-

formly towards the south. At Haverstraw, the loftiest summit,

called the High 'J'orn, is 1015 feet above the Hudson ; opposite

Hastings the elevation is 489 feet, the highest point of the ridge

in New Jersey ; at Gnttenberg, near the northern boundary of

Hudson County, the elevation is 260 feet ; thence it de-

creases in liight southward, until at Bergen Point the trap

has been cut through by the Kill Von KuU. In the north-

ern portion of the county the trap is fully a mile and a half

wide, and narrows quite regularly when followed southward.

At a few localities along the eastern shore of Newark Bay,

the trap-rock may be observed coming up from beneath the

water, with its usual dip of ten to fifteen degrees northwest

;

it is only along the shore, where the superficial material has

been removed, that the trap-rock beneath can be seen ; over

nearly the whole of Bergen Neck and Bergen Point it is concealed

by drift and sand-dnnes. On the eastern side of Bergen Neck,
near Greenville, the trap protrudes in a dome-shaped mass,

showing a roche-moutonnee surface, and several bold rounded
knobs, also exhibiting glacial action, protrude above the sur-

rounding drift along the Morris Canal, where it passes through
the hill.
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By fill' the best exposures of tlie tv'jq> are to be seen in the

various railroad cuts and tunnels that have been made through

Bergeu Hill.

The eastern face of the trap-sheet is exposed southwest of

Lafayette, where the N. J. Central Railroad crosses the Morris

Canal ; thence northward, it appears at intervals in the

steep hill-side west of Jersey City. The point of rocks called

Fairmount, near the eastern end of the Pennsylvania Railroad

cut, is an outlying mass of trap, forming an island in the salt

marsh ; its isolated position is due to the fact that the trap form-

ing it was intruded among the sedimentary beds—which have

since been eroded away—at a lower level than the main sheet of

trap to the westward with which it is connected ; the trap has

been quarried at a number of places near Fairmount, and is well

exposed. From this point northward the exposures of trap

become more frequent along the eastern slojje of the hill, and

at length, at the foot of the hill, directly northwest of Castle

Point, the base of the trap-sheet is seen resting on metamor-

phosed slates. At the first locality where tlie stratified rocks

are exposed beneath the trap, they are mostly slaty in structure,

with an inclination of fifteen degrees towards the northwest,

and are covered uniformly by the trap. About 150 yards north

of the first exjoosure, the metamorphosed slates and quartzites, in

beds from a few inches to four feet in thickness, form the lower

thirty or forty feet of the clifi, having the usual northwest dip
;

]-esting on the uneven upper surface of these stratified beds, the

trap occurs, forming the remaining fifty or sixty feet of the hill.

The stratified rocks continue to be exposed more or less per-

fectly, until the face of the precipice turns eastward at nearly a

right angle, and forms a bold projecting promontory, on which
an observing-tower now stands ; at the base of the perpendicular

cliffs below the tower, the trap comes down to the level of the

marsh, and plainly cuts out the stratified beds which appear on
either side of it. Two or three hundred yards southwest of the

tower, the stratified slates are exposed in the side of the cliff,

some fifty or sixty feet above the marsh, and are inclined at an
angle of about 20° towards the southwest, showing that they

have been disturbed by the intrusion of the trap, Just around

the angle of the cliff, northward of the tower, and along the
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side of the roud leading up to Union Hill, the stratified rooks

a,re once more exposed beneath the trap. At the " Hundred
Steps" abont forty feet of feldspatliic sandstone

—

arlcose—is ex-

posed beneath one hundred and ten or fifteen feet of trap ; tlie

junction between the two being so sharply defined that it may
be brought within the field of a mici'oscope, when a flake from

the surface of contact has been ground down so as to be trans-

lucent.

About eighty yards northward of the high cliffs on which

the observing-tower stands, the face of the cliffs forms another

angle, where the trap once more breaks through and cuts off

the stratified rocks.

Along the Union Hill road, opposite the porter's lodge of Mr.

King's estate, the stratified rocks when last seen are between

sixty and seventy feet above the river: crossing the little stream

known as the Awiehaken, and proceeding to the base of the

bold precipice forming King's Point, we find the trap breaking

through the sedimentary beds nearly on a level with the Hud-
son, showing that the main trap-sheet has shifted its position,

in reference to the stratified beds Avith which it is associated,

at least forty or fifty feet ; or, to speak more accurately, the main

trap-sheet has divided, sendijig out a branching layer of trtip

from the lower side.

At the base of the cliff forming King's Point, the metamor-

phosed slates and shales below the trap are cut out, as

shown in the following section (Fig. 1), by the breaking through of

the trap ; the section exhibits, also, an intrusiA'e sheet of trap, an

offshoot from the large mass shown in the left of the section,

which is a little less than four feet thick ; the finely stratified

slates, both above and below this thin intruded sheet, are in-

tensely metamorphosed and have a jaspery structure. Tracing

this thin bed of trap towards the south, Avhere it approaches the

great dike, it cuts through the slates on which it rests, and

forces its Avay in betAveen the layer beloAV ; after this change, the

borders of the trap-sheet, as exposed in the face of the cliff,

are not well defined and are considerably contorted ; in places

masses of slate have been included in the trap. The Junction

of this small trap-sheet with the main dike is concealed by

debris.
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Trap
to

Top of Cliff,

150 ft.

'

Fig. 1.

—

Sectiox as exposed in the face of the Cliff xear
THE Duel GroujsD, Weehawken.

Tlie trap forming the small sheet

at the base of the clilf, like that at

the base of the main trap-slieet above,

is a dark-bluish, fine-grained aname-

site, breaking with a conchoidal frac-

ture. The four-feet stratum of ti'ap

can be traced northward about seven-

ty yards, when the dip of the rocks

carries it below the surface.

Tracing the stratified rocks about

150 yards farther north, we find them

somewhat disturbed from their nor-

mal position and dipping 30°—35°

northwest; a fewyards further on they

are inclined to the southwest, and a

bed of trap four feet thick comes in
;

this trap is like the first thin bed, is

dark-bluish, fine-grained, and yellow

on the weathered surface; it is exposed

for only a few feet, and is then covered with debris.

About thirty feet above the river, at the point where the

sandstones begin to widen out at the base of the cliff to form

Day's Point, a division of the trap-sheet is exposed in the face

of the clifE, as represented in the following section.

Fig. 2.—SECTioisr exposed in the Cliffs at Weehawken.

Metamorphos-
ed Slate,

40,/I

Traj}, 41 in.

Slate, 6 ft.

Debris.

Hudson River.

The stratified rocks

are here of the same

nature as in the pre-

vious section, and all

are very much alter-

ed by heat.

From this point, go-

ing northward along

the banks of the

Hudson, the strati-

Trap to top of

Cliff.

Included meta-
morphosed
Slate, 15 ft.

Trap 5 feet.

Metamorphosed
Slateio Hudson.
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fied rocks are covered with debris, most of which has fallen

from the cliffs of trap that rise above. Just where the upland

that projects into the river, forming Day's Point, sweeps back

to meet the cliffs once more, the trap again comes down to

nearly the level of the Hudson.

Three hundred yards farther north, are the extensive quarries

near the Weehawken ferry ; there is here a section of about

thirty feet of slates and sandstones exposed beneath the trap
;

at this locality fish-scales and the shells of a Cyj)ris have been

found in the slaty rock.

Continuing northward, Ave find abundant exposures of the

sedimentary beds beneath the trap, the light-colored sandstones

coming in, however, more abundantly than before.

Just north of Kohler and Sons' brewery, the "seven-story

brewery," by the side of a private road that leads to the

top of the hill, an irregular trap-dike is seen breaking through

the light-colored sandstone that forms the base of the cliff.

The dike is four feet thick, and composed of dark-bluish

fine-grained anamesite, showing an imperfect columnar struc-

ture at right angles to the walls of the fissure.

All the way from Kohler and Sons' brewery to Bull's Ferry,

the lower twenty or thirty feet of the cliffs is composed of light

colored feldspathic sandstone, the seams in the rock sometimes

yielding specimens of dendritic manganese.

At the village of Bull's Ferry, the trap forms a bold angle, and

seems to cut out the stratified beds once more, as at King's

Point. In the village the metamorphosed slates are again well

exposed, with all the characteristics seen at Weehawken. Just

north of Bull's Ferry the following section is shown—dip north-

west 15°.

Trap-rock, ....
Dark heavily-bedded slates.

Light-colored sandstone.

Dark evenly-bedded slates, somewhat

metamorphosed, - - -

120 feet.

45 a

6 a

30 ((
to river.

201
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The joints of the slate are frequently rounded off and slick-

ensided. Some of the layers of slate near the trap are covered

with a net-work of intersecting ridges, looking like casts of

shrinkage-cracks ; sometimes the under surface of the trap has

taken an accurate cast of these markings. The markings men-
tioned should probably be referred to the action of the heated

trap on the material now forming the slate, causing it to crack

in imitation of shrinkage-cracks produced when wet mud is

allowed to dry in the sun. No ripple-marks, rain-drop impres-

sions or foot-prints were observed, or have ever been reported,

from these exposures of Triassic rock.

Bull's Ferry is on the northern boundary of Hudson County
;

the trap-sheet continues, as we have already stated, northward

of this point, forming the Palisades.

On the western side of Bergen Hill, at West End, and far-

ther northwest of Union Hill, there are long ranges of traji

pai'allel with Bergen Hill, now worn and rounded, and separated

from it by a narrow area of level land ; these appear to be the

outcropping edges of thin trap-sheets that branched off from the

main sheet on the upper side, in the same manner as those

exposed beneath the trap-sheet at Weehawken were formed on

the lower side.

Throughout the whole section which we have examined along

the bank of the Hudson, there is abundant and cumulative evi-

dence that the main sheet for the most part rests unconform-

ably upon the broken edges of the stratified rocks, but still has

followed in a general way the planes of bedding of the sandstones

and slates.

Another phase that the trap-sheets present, is illustrated in

the First Newark Mountain, at Plaiufield, N. J., Avhere meta-

morphosed shale is exposed on the top of the trap-ridge three

hundred feet above the surrounding plain, wiih trap both above

and below it.

In the same ridge, west of Bound Brook, eight miles south-

west of Plaiufield, there is a deep valley in the trap which runs

parallel with the strike of the ridge. Such a valley could only

have been formed by the removal of a mass of stratified rock,

which at one time must have divided the trap-sheet, in the same

manner as the shale does that is now exposed at Plaiufield.
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The open fissure at Arlington, which is without doubt filled

below with trap, and other thin sheets of the same rock pene-

trating the sandstone in the Schuyler mine, also nid us in un-

derstanding the genesis of the Triassic trap-rocks.

Grouping all these phenomena together, we are enabled to

construct an ideal trap-sheet, as it would appear while yet in-

closed in the stratified rocks among which it was intruded, or

before it was exposed by denudation. A cross-section of such an

ideal trap-sheet is shown in the following diagram, Avhich repre-

sents a main intrusion of trap like that forming the Palisades

or the First Newark Mountain, with its branching or secondary

sheets and dikes.

Fig. 3.

—

Ideal Section of Trap-Sheet.
c w

%

]S.W. S. E.

If denudation should have removed the material to the

right of the line C, D,—an exposure would be made similar to

that now seen in the cliffs at Weehawken. Were the rocks

above the dotted line E, F, G, removed, the trap-sheet at

i^ would protrude and form a hill, like Snake Hill and Little

Snake Hill, while the sheet E, when denuded and rounded

off, Avould correspond with the Ioav ridge of trap along the west-

ern border of Bergen Hill. In the same manner, if the acci-

dents of erosion should expose the rocks along the line A, B,

the conditions now shown at Plainfield and Bound Brook would

result. The Arlino-ton fissure is indicated at G.
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III the cut of the New Jersey Kailroatl through Bergen Hill,

near the western end of the cnt, a deep depression occurs in the

trap, nearly 900 feet wide ; the place once occupied by shale or

sandstone is now filled with drift and gravel, and has been quite

extensively excavated for railroad ballast, etc. This area appears

to be included betAveen the main trap-sheet and the outcropping

edge of a smaller secondary sheet to the Avestward, and extends

indefinitely in a north and south direction ; it has been exca-

vated to the depth of 30 or 40 feet ; the rock bottom, however,

is very much loAver. Other areas analogous to this may be

lookfid for along the Avestern slope of Bergen Hill, and should

receive close attention from those interested in the drainage of

this region. The "big pocket" in the Erie tunnel,* appears

to have been a mass of metamorphosed shale included betAveen

sheets of trap ; this locality is but a short distance northAvard

of the holloAV cut through by the New Jersey Eailroad, Avhich

appears to have been eroded from the same series of metamor-

phosed shale. This included bed of shale Avas again crossed

by the tunnel of the DelaAvare, Lackawanna and Western Eail-

road at some distance from the east end of the tunnel ; but the

rock also fell in, forming a "jDOcket," as in the Erie tunnel.

The reservoir built some time since is situated above this

broken area. We are thus furnished with three points on the

line of this included stratum of shale.

The trap-sheet that projects eastAvard of the main ridge, and

forms Fairmount Point, can be readily traced to its junction

with the main trap-sheet at Newark Avenue ; thrust out from

the under surface of the main mass, it has followed the bed-

ding of the stratified rocks, between Avhich it cooled ; the Jersey

City cemetery is situated on this shelf of trap. Passing this

ledge a few feet to the eastAvard, soundings sIioav 70 to 80 feet

of mud Avithout reaching rock bottom. Other exposures of dikes

or outlying masses of trap may be similarly accounted for.

Wherever the trap is exposed in Hudson County, it appears

as a compact dark-bluish rock, impervious to moisture, and usu-

ally breaking equally well m all directions. The rock is more

" Geology of New Jersey," Prof. Cook, !868, p. 216.
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compact and fiac-grained when obtained from the eastern side

of the hill, i. e., the lower surface of the trap-sheet. The west-

ern or upper surface shows a much coarser texture, and is more

difficult to break into regular blocks ; for this reason, the rock

along the eastern face of the hill is best suited for shaping into

paving and building-stones, though the very tine-grained stone

at the bottom of the hill is also more difficult to work than the

intermediate variety. This difference in the texture of the trap

can be readily seen in the cliifs at Weehawken ; the rock near

the base of the cliff, where it comes in contact with the sedi-

mentary beds below, is very compact, crypto-crystalline, and

breaks with a conchoidal fracture ; while in the same cliff, a

hundred feet above, the separate crystals of augite and feldspar

can be distinguished by the unaided eye. The rock that is in-

termediate in structure furnishes the best paving and building

stones.

When a thin chip of the trap-rock is ground down on a lapi-

dary's wheel sufficiently thin to be translucent, it is found, upon

examination with a microscope, to consist principally of bladed

crystals of augite, sometimes hornblende, and a feldspar, usually

oligoclase ; these crystals are interlaced in every direction, and

frequently interspersed with dark masses of magnetite. It is

principally the size of the augite and feldspar crystals, that de-

termines the texture of the rock.*

The crystalline structure of the trap furnishes one of the

proofs that it was at some time in a fused or semi-fused condi-

tion, and has become a crystalline solid upon cooling. That the

trap was forced in between the layers of sandstone and shale,

and also injected into fissures therein, forming dikes, we have al-

ready given abundant proof. As may be seen in the section

along the bank of the Hudson, the stratified rocks beneath the

main trap-sheet are always altered and more or less metamor-

phosed ; the junction of the main trap-sheet with the overlying

sedimentary beds is not exposed in Hudson County, though it

* Analyses of the trap from the Erie Railway tunnel in Bergen Hill, are given in Prof.

Cook's "Report on the Geology of New Jersey," 1868, pp. 215 and 216, with remarks upon cer-

tain of the varieties.
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is reported to be shown fai'tlier nortliWcird at Englewood. The

condition, however, of the sedimentary beds resting on the npper

surface of one of tlie trap-sheets is well shown on the western

slope of the First Newark Monntain at Feltville. *

In the glacial drift covering Bergen Hill, Weehawken, etc.,

are many boulders and large irregular masses of metamorphosed

shale or slate, identical with the rock outcropping beneath the

trap at Weehawken ; these boulders were doubtless derived from

the metamorphosed slate overlying the main sheet of trap in the

immediate vicinity.

Minerals of the Trap.—The beautiful minerals obtained at

Bergen Hill during the construction of the railroad tunnels and

cuts, are familiar to all collectors. They are mainly zeolites,

—

hydrous silicates of alumina and alkalies,-—and are the result of

the deposition of these substances, in varying proportions, in the

cavities and fissures of the trap, Avhither they have been carried

in solution by percolating waters, which, especially under the

influence of heat and j)ressure, have great solvent powers upon

the constituents of the trap, f

Economic Importance of the Trap.—The fine-grained rock

along the eastern face of Bergen Hill, furnishes an excellent

material for paving and building, as it can be broken with ease

and certainty into blocks of the desired size and shape; Hudson
County produces each year many thousands of such paving-blocks,

and the demand will no doubt continue to increase.

The fine-grained trap, when broken into small fragments, fur-

nishes one of the very best materials for macadamizing roads or

for railroad ballast; and the chips and waste from the manufac-

ture of paving and building-stones should be utilized for such

purposes.

The value of the rock of the Palisade range, as a building-

stone, seems to be scarcely appreciated, although there are

several examples of its use for substantial edifices : the Stevens

Institute of Technology at Hoboken, and St. Joseph's and St.

Patrick's churches on the Hights, are constructed of this ma-

* " On the Intrusive Nature of the Triassic Trap sheets of New Jersey." Amer. J. Sci.,Vol.

XV, p. 277, 1878.

t For further reference to the Bergen minerals, see note at the end of this article.
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terial. A more durable stone for architectural purposes cannot

be easily obtained, and when its somewhat sombre tone is re-

lieved by trimmings of lighter-colored stone, the effect is highly

pleasing.

The use of the "brown stone," so abundant in New Jersey

and Connecticut, is certainly to be deprecated, especially for the

construction of our more costly edifices ; even as an ornamental

stone, for the lighter portions of buildings, it is far inferior,

both in durability and beauty, to the brighter colored and more

vitreous Potsdam sandstone from the northern part of the State

of New York.

It should be borne in mind, in matters relating to the sanitary

conditions of Hudson County, and in the laying out of streets,

the building of sewers, the placing of gas and water pipes, etc.,

that the ridge of Bergen Hill is the outcropping edge of a stra-

tum or bed of impervious rock, inclined to the northwest some

10 to 15 degrees. The upper surface of the hill, especially towards

the eastward, is but little affected by this inclination of the

strata, as it has been worn down by denuding agencies to a very

irregular and uneven plane surface, which has no good natural

drainage. The hill owes its elevation not to the upheaval of the

rocks composing it, but to the fact that it is formed of harder

material than the neighboring beds, and has thus been enabled

to resist in a great measure the destruction that has removed

the softer stratified rocks that once surrounded and covered it.

The Triassic Foundation in Neio Jersey.—The great Triassic

area, of which the shales and sandstones so familiar in Hudson
County form the eastern edge, has a breadth of about thirty

miles, and extends from Stony Point on the Hudson, southward

through the State ; crossing the Delaware and the Potomac, it

reaches in broken areas through Virginia and into North Caro-

lina. The stratified rocks throughout this great region are

chiefly interbedded sandstones and shales, usually reddish or

brownish in color, including at times some dark thinly-bedded

slates and light-colored sandstone ; the whole series inclining

westward. In New Jei'sey the dip of IS'' N. W. is remarkably

persistent.

In the Connecticut Valley, there is another area of Triassic
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rocks, extending from New Haven northwtird, for one hundred

and t\7enty-five miles. These rocks seem identical in their litho-

logical peculiarities, their fossils, etc., with the corresponding-

beds ill New Jersey, save tliat they dip in the opposite direction.

Viewed as a whole, many converging lines of proof tend strongly

to show that these eastern and western areas are portions of one

great estuary dejjosit, the central part of which has been up-

heaved and removed by denudation. The facts upon which this

conclusion is based have been presented at length in a previous

paper in the Annals of this Academy.*

The abrupt manner in which the stratified rocks are broken

off, as shown in the bold line of cliffs on the western bank of the

Hudson,—the strata dipping N. W. 15°,—would indicate that the

arch must once have been complete, and that the Triassic beds

formerly extended far to the eastward of their present limit. The
section seen on the bank of the Hudson at Day's Point, two
miles above Gastle Point, is shown in the following diagram :

—

Fig. 4.

—

Section at Day's Point, Weehawken.

N. W. S. E.

T represents the main trap-sheet forming the hights of Wee-
hawken, with its top worn down by glacial action and covered

Avith the layer [D) of drift. Beneath the trap, the Triassic

slates and sandstones compose the base of the cliff, and extend

out over five hundred feet into the river, forming Day's Point,

and then breaking off in an abrupt cliff at the water's edge
;

the whole series having the usual dip of 15° N. W. The strata

immediately beneath the trap are finely stratified slates or meta-

Annals of N. Y. Acad, of Sciences, Vol. I, 1878, pp. 220-254.
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morphosed shales, {S) while those forming Day's Point are light

yellowish feldspathic sandstones.

The igneous rock of the Palisade range also shows that it must
have been confined by other rocks on the eastward, now removed,

or .else the molten rock would have poured out and formed a

table-land like those so common in New Mexico. At Haver-

gtraw, as already stated, the trap forms tlie top of the mountain

a thousand feet above the bed of the river. Such facts cannot

be explained except by supposing that the igneous rock was in-

closed in sedimentary beds at the time of its intrusion. All

this may seem a digression, but it is only when we assign the

few facts to be gleaned in the geology of Hudson County, to

their proper place in the long history of changes and revolutions

which our continent has undergone, that we can understand and

aiipreciate their full significance.

During the deposition of the sand and mud now forming our

Triassic rock, the Highlands of northern New Jersey formed

part of the shore-line that bordered the estuary on the west.

Could we have stood beneath the ferns, cycads and spreading

coniferous trees which then shaded that picturesque coast, we

should have seen over all the region to the eastward—wliere are

now tlie fruitful farms of New Jersey interspersed with thriving

cities and villages—only rolling turbid Avaters ; their eastern

boundary far beyond the range of vision. When the tide was

out, a broad area of smooth shining mud bordered the shore,

closely similar to that now to be seen along the Bay of Fundy at

low tide. This plastic surface bordering the old Triassic estuary,

was the day-book on which the i-ecords of passing events were

inscribed. In fancy, we can see the wind ripjDling the waters

as they retreat from the shore, and forming the sand and mud
into low parallel ridges or '^rijaple marks." A cloud obscures

the sun, and soon great drops of rain patter on the strange vege-

tation around ; falling upon the soft mud, the rain-drops leave

little circular depressions, the nature of which indicates the di-

rection of the wind. In other places, many acres of the muddy
surface are croAvded with a net-work of intersecting fissures,

caused by the shrinking and cracking of the mud when it dries

in the sun. From the waters, strange uncouth monsters emerge,

and striding over the muddy shores towards the ferns and giant
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I'ushes tluit border tlie upland, leave long lines of foot-prints

behind them. Mingled with these various markings are here

and there the fronds of ferns or cycads, and the twigs and cones

from the larger coniferous trees. When the next tide comes in,

all these records of physical changes and of animal and vegetable

life are covered with a layer of mud and sand, to be preserved

for indefinite ages.

That such were the scenes along the base of the New Jersey

Highlands in Triassic times, every one can determine for

himself.

On breaking open the stony layers, all the records just men-

tioned may be found as well-defined and legible, after millions

of years, as if impressed upon the soft sands but yesterday. In

these same beds are found in great abundance the remains of

the fishes that swam in the Triassic estuary ; these are lepido-

ganoids {CatojAerus, Iscliyliterus, etc.), covered with small dia-

mond-shaped scales, and have their nearest living representatives

in the " gar pikes" {Lejjidosteus) of our northern lakes, and the

Folypterus of the IS^ile.

After long subsidence, during which thousands of feet of sedi-

ment accumulated in the Triassic estuary, a reverse movement
began and the bottom was upheaved, bringing the stratified

rocks, especially those of the central region, within the reach

of denuding agencies. The gradual folding of the crystalline

rocks beneath the Trias ended finally in the fracture of the rocks

in long lines parallel with the axis of upheaval. Through these

fissures molten rock from beneath was forced out, and found its

way into the stratified beds above, sometimes opening the layers

and forming intruded sheets of igneous rock, while at other

times the stratified beds were fractured, and the injected ma-

terial filled the fissures and formed true dikes. Examples of

each of these modes of occurrence, as already described, are to

be seen along the bank of the Hudson. In New Jersey, there

are four main lines of fracture through which the igneous rocks

escaped ; these are now indicated by the long curved mountains

of trap that diversify the scenery of the Triassic area. The most

easterly of these is the Palisade range ; this is bent into the form

of a crescent by having its extremities curved abruptly to the

westward. About ten miles westward of the Palisade range and
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concentric with it, occurs tlie First NeAvark Mountain, also a

crescent or " canoe-sliaped " ridge of trap. Scarcely half a mile

westward of this is the Second Newark Mountain; and westward

of this, again, is a fourth range of trap, much less regular than

the others, and now appearing at the surface in detached areas.

All these ridges slope to the westward at an average angle of

10—15 degrees, and present bold mural faces to the eastward,

showing that they are outcropping edges of trap-sheets, that have

been left in relief by the removal of the softer sedimentary beds

that once inclosed them.

QUATERIfARY PERIOD.

There are no records in the rocks of Hudson County, belong-

ing to the Cretaceous or Tertiary ages, which followed the Tri-

assic ; during that immense lapse of time, this region must have

stood above the sea, and been clothed with the varied and

beautiful floras that have now passed away, and inhabited by the

strange reptiles of the Cretaceous and by many of the various

animals that roamed over our country in the mild and beautiful

Tertiary age. During the latter period, a climate as genial as

that of Virginia extended nearly if not fully to the pole, and

clothed the northern hemisphere with magnificent forests of tem-

perate and sub-tropical growths. In the succeeding period, all

this summer beauty was blotted out, and an age of ice succeeded,

when the present climate of high latitudes, with immense snow-

fields and glaciers, spread southward, until all the region from

Central New Jersey northward was buried beneath a vast 7ner cle

glace. The records of this glacial age occur abundantly in

Hudson County, and form one of the most marked chapters in

its history.

The Drift.—Whenever the superficial material is removed

from above the trap-rock in Hudson County, we invariably find

the surface of the hard crystalline rock smoothed and polished,

and all the projecting ledges worn and rounded off. This

smoothed surface is also scratched and grooved in parallel lines

bearing usually N. 10°—15° W. Upon this polished and striated

surface rests an irregular, confused accumulation of earth and

stones, from ten to twenty-five feet or more in thickness. This
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sheet of drift is spread over all the highlands, and covering the

hill-sides, dips beneath the more recent sand-dunes and salt-

marshes along the Newark Bay on the west, and bordering the

New York Bay on the east. This drift consists mainly of

broken and disintegrated red sandstone and shale, derived from

tlie Triassic area to the westward, and gives the prevailing red-

dish color to the soil. It also contains numerous boulders, fre-

quently four or five feet in diameter ; some of these are of trap,

doubtless derived from the hill itself ; others are of metamor-

phosed slate, the parent beds of which j)robab]y overlie the trajj

on the western slope of the hill ; with these are mingled many
masses of Triassic sandstone that could only have come from

the region covered by that formation to the westward ; there are

also other erratics in less numbers, composed of gneiss, quartzyte,

conglomerate, etc.,—rocks that are found in place only in the

Highlands of New Jersey, at least thirty miles west. When
these transported boulders are examined more closely, we find

many of them worn and rounded, and like the trap beneath,

showing smoothed and sci'citched surfaces. Although the drift

covers nearly the whole of the county, yet it accumulated most

abundantly along the eastern side of Bergen Hill, under the lee

of the trap-ridge ; for the glaciers came from the northwest.

The boulders are also especially noticeable where the finer ma-

terial has been carried away, either naturally or for purposes of

improvement, as in some of the squares at Lafayette, in the

Elj^sian Fields, etc. Another good exposure of the drift is to be

seen along the line of the N. J. Central Eailroad at Bergen

Point ; here the drift is overlaid by blown sand.

Over Hudson County, the glaciers were of great thickness, and

flowed towards the southeast with such force that the trap-ridge

of Bergen Hill could not deflect them from their course. The
long parallel scratches and grooves on the rocks, as well as the

nature of the transported boulders, show that the ice moved
from the northwest obliquely across the ridge. Throughout

Long Island, on the northern border of Staten Island, and in

an irregular line of hills crossing New Jersey near Plainfield, is

the terminal moraine deposited by these ancient glaciers.

To one familiar with existing glaciers, and the records that

they leave on the rocks over which they move, nothing is easier
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than to determine the former presence of glaciers on a grand

scale in Hudson County. These glaciers retreated northward

as this geological winter drew to a close, leaving behind the ma-

terial that had been ground out and carried away from the un-

derlying rocks ; this moraine profonde covers nearly the whole

surface formerly occupied by the glaciers. The material left by

meltiug ice is unassorted, and seldom shows any stratification.

But the melting of the glaciers caused floods, similar to those

now occurring with the opening of spring, save on a far grander

scale, which washed away large portions of this glaciated debris,

and deposited it elsewhere, more or less perfectly assorted ; the

same end was also accomplished when the material was brought

within the action of the waves and currents of the ocean or

rivers. Examples of this modified drift, showing irregular layers

of sand, gravel, and small boulders, all worn and rounded, may
be seen on the western side of Bergen Hill near West End, and

from there northerly along the western base of the hill. At
several places in Jersey City near the Hudson, excavations

have exi:)osed sections of this stratified drift ; these will receive

farther notice in the section devoted to surface geology.

These beds in Hudson County yield a fine quality of building-

sand, and also coarser sand and gravel, well adapted for making
some kinds of mortars and concrete ; the beds are always

irregular, but sometimes of considerable importance. Among
the economic uses of the drift, we should perhaps mention the

abundant boulders, which furnish material suitable for the ruder

kinds of masonry.

^oUan Sands.—All along the western border of Hudson
County, where the upland meets the waters of Newark Bay, or

the swamp-deposits extending some distance northward, there

occur hills of fine, yellow, loamy sand, resting on the drift; from

their structure, it is evident that these hills and mounds are

true sand-dunes, formed of blown sand, that must have been

j)iled up along the borders of the county before the accumula-

tions of peat and mud now filling the swamps.

At Constable's Point, this fine yellowish sand covers nearly

the entire hill, the highest part of Avhicli is about fifty feet above

high tide ; the central jwrtion, however, is made up of drift
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material with huge boulders, over which the sand has drifted.

At Caveii Point, a repetition of these conditions may be observed.

The upland, formed of glacial drift, containing quantities of

transported boulders, on which Communipaw and Lafa^^ette are

situated, is covered to a large extent with similar sand.

The islands formerly known as Paulus Hook, Harsimus, and

Pavonia, on which the older portion of Jersey City is built,

have the same history as these other areas of reolian sand.

Around the high land forming Castle Point, similar accumu-

lations of glacial drift covered with blown sand may be seen
;

the sandy region here underlies a large portion of Hoboken.

Swamjj Deposits.—The series of geological formations in Hud-

son County is brought to a close by the salt meadows bordering

the county on the east aiad west, and still in process of accu-

mulation. These are formed of vegetable groAvths, making a

peaty mass, composed of matted stems and roots at the top, but

becoming more compact and showing less vegetable structure

at some distance below the surface ; the peat is frequently ren-

dered impure by silt and mud brought i)i by high tides, and in

places these muddy sediments predominate over the vegetable

matter, and form a great depth of blue clay or mud.

Surface Geology.

Soils may be divided according to the mode of their forma-

tion, into soils of disintegration and soils of transportation.

The former are derived from the wearing away of the rocks

upon which they rest, and owe their formation to the fact that

even the most comi3act and homogenous rocks, when subjected

to meteoric agencies, are in time broken up and more or less

decomposed. Disintegrated rock of this nature, Avith some ad-

mixture of organic matter or humus, forms the soil OA'er a large

part of New Jersey. Soils of transportation, on the other hand,

have resulted from the accumulation of material brought from

distant sources, and are influenced but little by the nature of

the underlying rock. As examples of soils of transportation,

we have river drifts, consisting of sand, gravel, alluvium, etc.
;

and also the earth, clay and sand filling lake-basins and estu-



54 Geology of Hudson County, JSfeio Jersey.

aries ; and blown sand occurring in sand-dunes : more common
than any of these, however, are the soils formed of glacial drift;

this may vary widely in its nature, being sometimes sand,

gravel, clay, shingle, etc., or these in all degrees of admixture.

Besides these kinds, there are other soils formed of peat and

bog earths, that are due mainly to organic agencies.

The soils occurring in Hudson County are formed entirely of

transported material, together with accumulations of peat and

mud;—soils resulting from the disintegration of the underlying

rocks being unrepresented. The soils of the county thus grouj)

themselves into four natural divisions according to their mode
of origin ; these at times are more or less intermingled, but are

usually well characterized and easily distinguishable; they are, in

the order of their age, as follows :

1st. Soils composed of glacial drift.

2d. " " " stratified drift.

3d. " " " aeolian sand.

4th. " " " peat and mud (now forming).

1. Soils of Glacial Drift.—These consist of the material that

was left spread over the country by the retreating glaciers, viz.

sand and clay, derived mainly from the grinding and disintegra-

tion of the Triassic sandstones and shales. From the same

source have these soils acquired their characteristic reddish color,

due to the peroxide of iron they contain. Mingled with this

reddish-clayey soil, are great numbers of stones and boulders,

often of large size, and mainly transported from the westward.

This soil is quite constant in its composition, when unmodified

by cultivation, drainage eto. ; is rather stiff, owing to the amount

of clay it contains; and is retentive of moisture. By its color

and unstratified condition, it may be readily identified.

This soil occurs covering the high ridge bordering Hudson

County along the Passaic; eastward of this, it appears again

around Snake Hill, and forms the surface of the iipland known

as Secaucus, northward of Snake Hill. South of Snake Hill, and

between the Passaic and Hackensack Rivers, the boulders of the

drift were struck at a dejitli of 125 feet, in the sinking of wells.*

* Vide Table No. 1 at the end of this article.
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Nearly the whole of the main upland of Hudson Connty, from

the Kill Von Knll to Bnll's Ferry road, is covered with glacial

drift soil. Its characteristic features are well shown at Bergen

Point, along the line of the JST. J. Central Eailroad, and at the

railroad cuts and street excavations in various parts of Bergen

Hill and Weehawken: the depth of the drift in these exposures

varies from a few inches to twenty or thirty feet.

Eastward of Bei'gen Hill, the glacial drift soil occurs at Con-

stable's Point, Caven Point, Communipaw, and Lafayette; also

on the islands on which the older portion of Jersey City is built,

viz. Paulus Hook, Harsimus, and Pavonia, and on the similar

area northward of these around the serpentine hill forming Castle

Point. At all these localities the reddish glacial drift, with its

boulders, etc., is largely covered by blown sand, which forms

our third division of soils.

The amount of clay which these soils contain makes them less

retentive of moisture, and therefore less desirable from a sanitary

point of view, than more sandy and porous strata. This ten-

dency to retain the surface water is counteracted in some portions

of Hudson County by the slope of the underlying rocks, which

secures a good natural drainage.

This is the case on the western slope of Bergen Hill, and also

on some portions of Bergen Neck and Bergen Point, where

the drainage is to the eastward. Over a large area on the

top of Bergen Hill, however, where the trap-rock has been worn

down by glacial action to an irregular plane surface, the cover-

ing of drift fills the depressions in the rocky floor beneath, and

thus forms a soil, not only stiff and retentive, but also Avitli an

incomplete or in many cases total lack of drainage ; this region,

I understand, has long been known to resident phj'sicians as

one where malarial diseases particularly prevail. In some cases,

wells have been sunk through the covering of drift on Bergen

Hill, and a supply of water obtained from some of these con-

cealed sink-holes, thus greatly endangering the health of those

using the Avater. In West Hoboken and Weehawken, several of

these depressions in the trap—some of them receiving the drain-

age from considerable areas—may be seen ; they are now in the

condition of lakelets or marshes filled with decaying vegetable

matter, which become partially dried in the summer, and cer-
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tainly have anything but a beneficial influence on the health of

the community.

On the Avestern side of the hill, and reaching sometimes nearly

to the top of the slope, the soil is usually more sandy ; but this

is often a deceptive appearance, as the sand is a superficial cov-

ering concealing the reddish glacial drift soil but a few inches

below. Most of this region, however, has a natural drainage,

which secures for it a greater salubrity than the irregular plain

on the top of the hill enjoys.

Soils of Stratified Drift.—The material left by the melting

glaciers, when brought within the action of tides and currents,

Avas assorted and more or less stratified, so as to form irregular

and rapidly alternating accumulations of clay, sand, gravel,

boulders, etc. Soils of this kind occur at many localities west-

Avard of Bergen Hill, near the junction of tbe upland with the

salt marshes and NcAvark Bay. These deposits have been ex-

cavated to obtain sand and gravel in the level areas in the

neighborhood of New Durham, Avest of Weehawken, and at

several points near West End, and may be recognized, although

usually coA^ered Avith sand-dunes, at a few localities farther south

along Newark Bay.

East of Bergen Hill, the best example of modified drift ex-

posed in Hudson County is to be seen in the knoll north of

CommunipaAv, near the southern end of Mill C!reek. This hill

has been cut aAvay on the eastern side, to obtain building-sand

and gravel, and exhibits a fine section of a "kame," as these

knolls of modified drift are called. The varying strata of clay,

sand, gravel and boulders, here exposed, are very irregular and

frequently shoAv the oblique lamination knoAvn as "current bed-

ding ;" the strata are frequently Avedge-shaped or truncated,

having been eroded by the currents that deposited the next suc-

ceeding layer. These irregular beds vary from a fraction of an

inch up to three or four feet in thickness, and Avere evidently de-

posited in strong and frequently changing currents. This hill is

plainly the remnant of a great deposit of drift Avhich at one

time probably filled the valley or canon of the Hudson.

Portions of Harsimus, Pavonia and Hoboken are also under-

laid by modified drift, but in this region the contour of the land
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and the nature of the original soil have been so modified and

obscured by streets and buildings, that their original character

cannot be determined.

The greater part, indeed, of Harsimus and Pavonia seems to

have been underlaid by modified drift, most of which was con-

cealed by hills of fine yellowish jeolian sand.

The northern portion of Pavonia, judging from the limited

exposures now to be seen, is composed of true glacial drift.

AVhenever the soil consists of modified drift, at least when

moderately elevated, it forms a porous and highly salubrious

substratum.

Soils of ^Eolian Sand.—The fine, yellowish, loamy sand already

noticed, forms the third division of soils in Hudson County.

Along the Newark meadows and Newark Bay, the sand-dunes

sometimes extend a long distance inland ; on Bergen Neck, the

sand covers nearly half the breadth of the upland ; at Bergen

Point, it is well exposed along the railroad, overlying the red-

dish drift, and thinning out gradually as it recedes from

Newark Bay.

At Constable's Hook, this yellowish sand occurs again, cover-

ing nearly the entire iipland ; this detached area, separated

from Bergen Point by a deep marsh, covers about 200 acres,

with an elevation of from 40 to 50 feet, and consists chiefly of

glacial drift containing huge boulders, above Avhich rest the

seolian sands. There is very likely a reef of rock underneath this

island-like area, yet none appears at the surface, or has been

reached in a well bored on the southeastern side of the Hook, to

a depth of 130 feet. On the sand-dunes, forming the western

side of Constable's Hook, are growing oak, chestnut and beech

trees, frequently of large size. The soil on this area is light

and porous, and well adapted for the requirements of the large

manufacturing industries located there.

At Caven Point, the conditions are the same ; and also, as

above stated, on the areas farther north, now occupied by

Lafayette, Jersey City and Hoboken. At Lafayette, the aeolian

sands are well shown on the western side of the high knoll at

the end of Mill Creek. The sand-hills of Harsimus and Pavo-

nia, most of which have now been leveled, were similar.

The geological history of the island-like areas that rise above



58 Geology of Hudson County, New Jersey.

the salt-marshes eastward of Bergen Hill, is well illustrated by

by Paulus Hook, Harsimiis and Pavonia. Beneath this region,

especially along its eastern margin, are the reefs of gneiss that

at one time formed low islands separated from Bergen Hill by a

deep riyer-channel ; around this nucleus the debris transported

from the west by the glaciers, was accumulated and probably

filled deej)ly if not completely the channel of the river. When
the glaciers retreated, and the floods from the melting ice came

down the Hudson, much of this material was removed, some to

distant places and other portions re-deposited as stratified drift.

At this time the old channel between Bergen Hill and Paulus

Hook was re-excavated, and the Hudson fl.owed to the sea with

a greater flood than at present, having Bergen Hill for its west-

ern shore. This western portion was not a main channel, how-

ever, as it rejoined the principal stream at the mouth of Mill

Creek, and did not flow over the upland area now occupied by

Lafayette. While the waters flowed through this course, the

sand along the shore was thrown on the beach and was carried

inland by the wind, forming sand-dunes spread over the drift

beneath. In time, as the Hudson decreased in volume, the

western channel w^as silted ujd with river mud so as to form

salt meadows on which grasses and swamp-loving plants took

root and formed by their decay the peat and peat-mud.

Soils of Peat and Mnd.—Skirting the main upland of Hudson
County on the west, are the salt marshes known as the Newark
Meadows ; these were formed by the filling in of this portion

of the estuary of Newark Bay by silt and mud brought in by the

waters. The depth of this accumulation is from ten to fifteen

or perhaps twenty feet ; the true rock-bottom, however, lies far

below, as is shown by the deep wells in the meadows south of

Snake Hill.* In some of these, no rock was reached at a

depth of 200 feet ; north of Snake Hill the surface of the

peat and mud was once covered with a vigorous growth of cedar

trees, the stumps and prostrate trunks of which now cover the

marsh.

On the eastern side of Bergen Hill, the salt meadows again

* Vide Table No. 1.



Gt'oJogy i)f Hudson CuiDtty, Xe/c Jcrsei/. o9

occur. Constable's Hook is separated from Bergen Point by

tlie soutliernmost of these areas. Here, in some portions of the

Newark Meadows, the surface consists of peat formed of the

matted stems and roots of plants, which become more decom-

posed and muck-like some feet below.

The salt-marsh occurs again southward of Lafayette, tilling

the area between Caven Point and Bergen Hill. Northward of

Lafayette, and reaching all the way to the Hudson above Castle

Point, is the largest area of salt-meadow east of Bergen Hill.

It is like the others already mentioned, in character.

Along the Morris Canal, between Lafayette and Harsimus,

soundings have been made in the marsh to the depth of 90 to

130 feet without reaching rock-bottom. In one of these sound-

ings near the canal bridge on Pacific Avenue, a stream of quick-

sand is reported, at the depth of 130 feet, flowing southward

Avith such force as to bend the sounding-tube.

On the western edge of the upland forming Harsimus, near

the corner of Wayne and Brunswick Streets, a large well has

recently been excavated, giving the following section :

—

Filling, . - - - . 10--U feet.

Turf (the original surface of the marsh). 2 ••

Bluish river-mud, with oyster-shells, pine-cones.

drift-wood, etc., ... 13--14 •'

Quicksand, - - - 6 inches.

Reddish mud, - - 18 feet.

Gravel, - - - - -
a

On the eastern side of the block in which this section was

obtained, and commencing less than 100 feet away, is the rem-

nant of a hill of sand and gravel, which still rises some twenty

feet above the surface of the marsh, showing the abrupt nature

of the shores of the old river-channel that once divided Harsi-

mus from Bergen Hill. The same thing is illustrated at the

corner of Washiugtoii and Warren Streets, where less than four

hundred feet from the upland, piles have been driven through

peaty mud to the depth of over seventy feet, to form the founda-

tion of St. Peter's church. Other instances might be mentioned,

showing that the deposits of drift and sand east of Bergen Hill
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have been deeply eroded by currents of water^ the channels of

which have since been filled in with mud and peat ; the islands

known as Paulus Hook, Harsimus, and Pavonia, are separated

from each other and from Communipaw, Bergen Hill and Ho-

boken by deep-buried channels of this nature.

The Sanitary Influence of the Soils of Hudson Coynty.—^The

salubrity of a region depends largely on the pervious or im-

pervious nature of the soil ; the lowering of the consumption

death-rate especially, is closely connected with tlie decrease of

water (especially fresh water) in the subsoil. Id Salisbury,

England, the death-rate from consumption has been lowered

one-half by improved drainage. The following conclusions on this

important subject are taken from an article by W. Whitaker,

in the Geological Magazine for November, 1869.

(1) That on pervious soils there is less consumption than on

impervious soils.

(2) That on high-lying pervious soils thei'e is less consump-

tion than on flat pervious soils.

(3) That on sloping impervious soils, there is less consumption

than on flat impervious soils.

(4) Wetness of soils is the great cause of consumption.

With these considerations in mind, I have arranged the soils

of Hndson County as follows, referring especially to their per-

vious or impervious character. AYlien considered geographic-

ally, the conditions of elevation, drainage, etc., come in, and

greatly modify these general laws when applied to limited areas.

First.—The most desirable soils, from a sanitary point of

view, are those formed of modified drift, composed of strata of

sand, gravel and boulders.

Second.—The second best soils are those composed of the fine

yellowish loamy sand frequently mentioned on the preceding

pages.

Third.—Next in the series comes the soil formed of reddish

drift, which covers so large an area in Hudson County ; if well

drained, this soil has but few objectionable features ; these in-

crease rapidly, however, as drainage is obstructed. When un-

derlaid by a porous and elevated rocky substratum, as at Castle
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Point, no more salubrious soil could be desired. The conclu-

sion naturally follows, that in order to make the 11,000 acres of

retentive and badly drained soil on the top of Bergen Hill,

where upwards of 60,000 people have their homes, as salubrious

and desirable for a city, as the identical soil occurring at Castle

Point, the proper course is to secure a more complete drainage.

Fourth.-—-In this class Ave place the salt marshes, for even

these, owing to the rapid increase of population, are built upon
;

sometimes the marsh is filled in with garbage containing decay-

ing organic substances, which for a long time at least must

render such artificial soils unhealthy.

CoiS'CLUSIOX.

The salt mai'shes form the last of the series of geological for-

mations occurring in this county ; these are still in process of

accumulation, and form the top of the grouped section of the rocks

of Hudson County, (Plate II).

Prof. Cook in the ''Greology of New Jersey," 1868, presents

many interesting facts indicating that a slow subsidence of the

land is now in progress along the Atlantic border of New Jersey.

As I have been unable to glean any new facts in relation to

this subject in Hudson County, I can only refer the reader to

the above report for information in this regard.

At many places on the knolls along Newark and New York

Bays, accumulations of oyster-shells may be observed : these at

first sight might lead to the conclusion that the land hadsuifered

a subsidence and a re-elevation in very recent times. These

shell-heaps, however, are due to other causes, and in some cases

at least, were accumulated by the aborigines, before the coming

of the Europeans. On the knoll at the mouth of Mill Creek

northeast of Lafayette, one of these accumulations of oyster-

shells or ^'hjohhen-moddings," may be seen ; with the broken

oyster-shells, a foot below the surface, I found the shells of land-

snails ; the occurrence of stone impalements and human bones in

the same association was reported by the gardeners familiar with

the locality. At Constable's Hook and along the shore of

Newark Bay, similar shell-heaps are very common.
Erosion and Denudation.—From the table at the end of this

article, showing the depth of wells and of soundings in the salt
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meadows that have reached the underlying rock, we are en-

abled in a general way to sketch the topography of Hudson
County as it would appear if the accumulation of superficial ma-

terial were removed. A map or model constructed from such

data would enable us to determine the depth to which river-

channels have been eroded and also aid us in calculating the

amount of denudation that the general surface of the county

has suiiered.

From the wells bored in the estuary of Newark Bay, now to a

great extent occupied by salt marshes, we find that the rock in

some places is more than two hundred feet below the surface -of

the marsh. At Hackensack, 18 miles north of the present out-

let of the bay, the rock is 104 feet below the surface.

Although no soundings have been obtained from the southern

end of the bay, yet it is fair to assume that here is the greatest

depth, probably not less than 300 feet. As the surface of the

marsh is 150 or 200 feet below the present level of Bergen Hill,

and nearly as much lower than the ridge of Triassic rocks bound-

it on the west, the total depth that the valley of the Hackensack

has been excavated cannot be less than between 350 and 500 feet.

To calculate the amount of sandstone and shale that has been

removed to form the estuary from Hackensack southward, we

have only to compute the contents of a solid 18 miles long,

4 miles wide, and 350 to 500 feet thick ; this will give, taking

the lowest average of thickness, about 77 cubic miles as the

amount of material removed.

At one point between Jersey City and Lafayette—east of Ber-

gen Hill—soundings to the depth of 130 feet failed to reach the

bed-rock. The reef of serpentine at Long Dock, Jersey City,

is buried to the depth of 179 feet. The following borings, some

of them reaching to the bed-rock, are taken from the table at

the end of this essay ; excepting those in the Harlem River, they

are all on the margins of the old ciiannels and do not show their

real depth :

—

Hudson Eiver, foot of 23d St., 250 ft. from the

eastern building line of the river street, - 175 ft. to rock.

Hudson River, foot of Bethune St., line of the

river street, ------- 196 " rock not reached.

Hudson River, pier 60 (old No. \ 20 ft. W. of

bulkhead line, 175 " to bed-rock.
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East River, N. Y. Tower of Brooklyn Bridge, 107.4 ft. to bed-rock.
" Brooklyn Tower, " " 88 " "

pier 41, N. Y., 200 feet from the

building line of South St.

,

- 91 " "

pier 18, " "
60 "

Harlem River at High Bridge, center of river, 70 " "

" Madison Av. Bridge, " " 75 " "

As shown on the Coast Survey charts of J^vTeAV York harbor, the

water in the Hudson off Castle Point is - 50— 65 ft. deep.

In the East Eiver, W. of Blackwell's Island, 107 " "

at Hell Gate, - - 131 " ^'

Ward's Island, - 170
" New York Harbor, - - - 60— 80 '' "

" the Narrows, ... . 60—116 " "
" the Kill Von Kull, - - - 25— 54 ''

" Arthur's Kill, - - - - 20— 35
"'

These soundings give the present depth of the water ; how
much the old channels have been filled with drift and silt is un-

known. All this shows, as has been graphically described by

Prof. J. S. Newberry,* that these channels are old river-beds,

eroded when the continent stood at least 500 feet above its pre-

sent level.

The true margin of the continent lies at a distance of 80 miles

outside of the present mouth of the Hudson ; over this region,

once a broad littoral plain, the Hudson flowed after passing

New York and Staten Island. The position of this submerged

river-bed is shown on the Coast Survey charts by the line of deejj

soundings extending seaward from New York harbor. During

this time of continental elevation, previous to the glacial period,

the deep canon-like valley of the Hudson was excavated, and

also a great ]3art of the broad, deep valleys of the Haekensack

and Passaic ; these streams perhaps, after uniting, flowed through

Arthur's Kill and received the Earitan as a tributary.

As we have already seen, there is no evidence that Hudson
County has been submerged since the close of the Triassic age ;

dui'ing all the vast time recorded in other regions by the deposits

* The (leol. Hist, of New York Island. Popular Science Monthly, 1878.
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of the Cretaceous and Tertiary ages, Hudson County stood

above the sea and was exposed to sub-aerial denudation, and also

felt the full force of the cold and ice of the Glacial epoch. How-
ever slowly the wind, rain and frost may act in degrading rocks,

yet we know that during the flight of ages they accomplish

mighty results ; what these changes were in this region we of

course desire to know. The only way to determine the amount

of material removed from the general surface of Hudson County,

is by studying the character and position of the rocks that remain.

As we have already seen, the most remarkable fact in connection

with the Triassic rocks in New Jersey is the uniformity of their

dip to the northwestward ; from the nature of the excavation

tliat produced Newark Bay, leaving a ridge on the western side

150 feet high, composed of stratified rocks inclined 15° N. W.,

it is evident that larger portions of the sandstone and shale have

been removed, than are necessary to fill the valley. Considering

this county alone, if we carry out the strata to tlie position which

their dip and broken edges, indicate that they once occupied,

we find that the thickness of sandstone and shale once covering

Bergen Hill could not have been less than 7,000 or 8,000 feet.

If no faults exist in this region, Ave cannot arrive at any other

conclusion than that many thousands of feet of stratified rock

have been removed from the general surface of the county.

Drainage aiid Reclamation of Land.—Geology has but little

to do with agriculture in Hudson County ; but on all questions

as to tlie reclamation of land, building of piers, construction of

railroads, etc., it has a direct and important bearing.

In other countries, immense areas have been reclaimed from

the sea by diking ; this same process has been followed in some

portions of New Jersey with marked success. In Hudson
County, however, little has been done in this direction ; some

portions of the Newark Meadows have been thus reclaimed, but

no very promising results have followed. One reason for the

lack of success is the nature of the swamp-depo"Sits, which con-

sist of undecomposed vegetable matter to so great a depth that

they are useless for agricultural purposes.

The most important reclaimed areas are along the Hudson
;

here the plan has been to fill in the swamps up to a level above



Geology of Hudson County, JVew Jersey. 60

tide. Knowing the nature of these old channels, and their

great depth, this is evidently a most laborious and expensive un-

dertaking. The want of some comprehensive plan both for the

drainage of the upland and for the reclamation of the salt

meadows and shallow areas along New York Bay, has long been

felt ; thus far this work has been carried on without system,

and consequently much of it is ineffectual. A plan which meets

all the requirements of the case, and is based directly on the

geological structure of the county, was proposed some years

since by Mr. L. B. Ward, C. E., of Jersey City.

The reef of Archaean rocks which apj)ears at Hoboken, and

again along the eastern edge of Jersey City, extends southward

along the line marked out by Ellis's, Bedloe's, Oyster and Eob-

bins's Eeef islands ; then it curves westward to meet Constable's

Hook. West of this line of reefs, the water is shallow, as shown

on the Coast Survey charts. In some places, the rocky bottom

is exposed at low tide. Directly east of the same line, the bot-

tom falls away sharply, and forms the true canon-like channel

of the Hudson, with from twenty to sixty feet of water.

The plan proposed is to complete the work marked out by

nature, and by building a sea-wall along the old reef, from

Jersey City to Constable's Hook, to shut out the tide, and by

means of pumps, as is now done for a large part of London, to

remove the water from the inclosed area, and thus render it suit-

able for occupation. The drainage of the marshes west of Jersey

City and Hoboken, and the interception of the surface water

and drainage from Bergen Hill, are to be secured by a large

sewer built along the base of the hill, and leading into the

lower part of the area reclaimed.

This comprehensive plan, which we are only able to sketch in

the barest outline, has for its object not only the addition of

5,100 acres to the habitable area of Hudson County, and that,

too, where space is most needed, but also, what is still more

valuable, the proper drainage of large areas now densely in-

habited. Such a plan, if carried out, will secure for the county

an addition of several miles of piers to her already crowded

water-front, and furnish over five thousand acres for railroad

depots, storehouses, manufactories, etc.
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Note iy the Editor.

[It is regretted, that owing to the large amount of space required, it has

proved impossible to give the detailed sections, carefully prepared by the

author of this paper, from official records of the several pier-borings on

the East and North Rivers. In the case of the latter, it will be seen from

the Table that the "lower deposits" lying between the "dock mud" and

the bed-rock, and reaching in some cases a thickness of 100 feet, disappear

almost wholly in the short distance westward to the ends of the piers.

Where these end-borings are recorded, the mud, with a few slight ex-

ceptions, rests directly upon the rock-bottom ; while the miscellaneous

succession of sand, clay, gravel, boulders, shells, vegetable matter, etc.,

found under the piers on both rivers, nearer to the shore, is wanting.

In the case of the piers above 23d Street, it was not practicable to judge

clearly of the line of demarcation between the modern mud and the older

deposits below, so that these columns are left blank.

Attention may be called, also, to the transverse valleys indicated by

the increasing depth of the bed-rock on both sides of the city (in passing

northward from the Battery, culminating at pier 24 E. R. , and the foot of

60th Street, N. R. The pre glacial rock-surface of Manhattan Island needs

fuller and further illustration for its proper determination, and all facts of

this kind should be carefully recorded and preserved. J

MINERALS OF THE TRAP.

The following is a list of the mineral species and varieties discovered up

to the present time at Bergen Hill.

Zeolites. Thomsonite, Natrolite,* Analcite,* Chabazite,f Gmelinite,f

Stilbite,* Sph8erostilbite,f Heulandite.f

Other Silicates. Apophyllite,* Prehnite,* Laumontite,* Pectolite,*

Datolite ;*Orthoclase, Hornblende, Byssolite.f Augite; Prochlorite; Sphene.f

Other Species. Calcite,* Siderite;f Quartz,f Hyalite ;f Pyrite, Chalco-

pyrite.f Blende,f Galenite.f

Besides these may be mentioned some species that are but imperfectly

determined as yet; among these are the chloritic mineral that has been

called Diabantite, and the "Brown pectolite," which appears to be a mag-
nesian alteration of pectolite.

Those species followed by a * are abundant and yield choice specimens

:

those marked with a f are found but rarely and in small quantities.

MINERALS OF THE SERPENTINE.

The serpentine ridge of Hoboken has long been celebrated as a locality

for magnesian minerals. The following species are thence obtained.

i
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Brucite, Nemalite,* Marmolite,* Magnesite (compact porcellanous),*

Hydromagnesite,* Aragonite.f Dolomite, Chromite.f

The species Brucite and Dolomite are probably exhausted, as little or

none of either has been obtained for j^ears i^ast. The same signs are used

as for the trap minerals.

APPENDIX

Notes from L. B. Ward's 23amphlet on the Soil, Contour and

Drainage of Hudson County.

Topographical Divisions of the County.

East of Hackensack River :

Original upland, . . . .

Made land on Hudson River and N. Y. Bay,

Meadows east of Bergen Hill,

" west " "

Square Miles.

21.5

1.0

2.5

8.4

West of Hackensack River

:

Upland, - - - - - - 4.4

Meadow, ------ 6.8
11.2

Total area of land (about), - . . 44.6

Recapiiulation :

Total upland in the county, - - - 25.9

" meadow '< " ... 17.7

" made land " " - - - 1.0

" water surface within the county lines, in

Newark Bay, Passaic and Hackensack

Rivers, . _ 1 . . 6.4

" area included in Hudson County (about), 51.0

Extent of shore line, - . - - - - 48 miles.

Extreme length of County, . - _ . . 141^ miles.

Greatest width, ------ 7 miles.

Least width (^ about), . - - - - ^ mile.

Land reclaimed between Paulus Hook and Hoboken, - 900 acres.

" " in New York Bay, east of Communipaw, 200 acres.
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Distribution op the Population in 1875.

On uplands, east of Bergen Hill, . . . . 66,000

" marsh, " " - - - . 33,000
" summit and western slope of Bergen Hill, - - 67,000
" uplands, west of Bergen Hill, - - - - 7,000

Population of entire County, . - - . 163,000

Population living on trap estimated as follows :

On Bergen ISTeck, . . _ .

In Jersey City,

In northern portion of County,

On Triassic sandstone (west of Bergen Hill),

On drift, seolean sand, etc., in Jersey City,
" " " in Hoboken,
" marsh in Jersey City (35 acres),

" " Hoboken (140 acres).

The mean range of the tide in the waters of Hudson County is as

follows :

—

New York Harbor, - ... _ . 4.4 feet.

Newark Bay, - - - - - 4. 8 feet.

Passaic River, at Newark, - - - - 5.0 feet.

6,000

44,000

15,000

65,000

- 7,000

- 55,000
- 11,000

- 9,000

. 14,000
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V.

—

On Zinc Desiloerlzation,

BY T. EGLEHTOK, PH. D.

Read January 7th. 1878. (and revised to June, 1880).

When lead ores contain silver, or when it occurs in

other ores in districts where lead ores can be had, they are

smelted alone or together and the silver afterwards separated from

the lead. The silver is either extracted on the spot or more gen-

erally sent to the East to be separated there. This material is

called "base bullion," a very improper name, since it is not bul-

lion at all, but only argentiferous or work-lead; and although this

term is current in the West, it should not be adopted in techni-

cal literature. The furnaces in which the ores are smelted are

almost invariably shaft-furnaces, as the ores are very silicious,

and the process used is that of direct or indirect precipitation.

The furnaces are usually water-Jacketed and generally provided

with Arendt's tap. The works which treat these ores are situ-

ated for the most part in Nevada, Utah and Colorado. A few

furnaces have been erected in the East, as at St. Louis, Mans-

field Valley near Pittsburgh, and in the vicinity of New York
;

but, as a general thing, it will not pay to transport the ores

which come from all the Western territories, to the East, when
there are works competing for them at home, unless they are

exceedingly rich, or there is some special business reason why
they should be treated here.

It is not proposed to give a description of the process of smelt-

ing, which in many respects is peculiar to the West, but only

some peculiarities with regard to a few of the works from which

the details of desilverization have been taken. These are the

Germania Works, Salt Lake, the works of the St. Louis Smelt-

ing and Refining Company, at Cheltenham, Mo., and those of

the .Pennsylvania Lead Co., at Mansfield Valley, near Pitts-

burgh, Penn.

The Western works treat ores which come jirincipally from
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Utah. They are earthy carbonates and sulphates, with some

galena, such as are found in Little Cottonwood nnd Bingham
Canons. From the former place, they contain from 10 to 40

per cent, of lead, from 70 to 150 oz. of silver, 1 to 3 oz. of

antimony, and a trace of arsenic and zinc. From Bingham
Canon they contain 30 to 50 per cent, of lead, and 10 to 20 oz.

of silver. The copper in these ores is sometimes as high as 6

per cent. They are transported on an average 2,000 miles,

some of them being brought from New Mexico. Some argenti-

ferous blende from Colorado contains 450 oz. of silver, 10 per

cent, of lead, and 20 per cent, of zinc. When these ores have

been dressed, they are made into bricks for treatment in the

shaft-furnace. The Utah ores are made the base of the treat-

ment. The works also treat argentiferous lead from all parts

of the country. The ore arriving at the works is sampled and

assayed. When it is purchased at the mine, it is sampled by

the agent of the company, and assayed at the works. When
tlie assay of the agent's sample does not agree with that of

the mine-owners, they send a samjale.

At the Wyandotte works, the sample is taken very simply.

The ore, crushed fine,* is spread evenly over an iron plate, and

the sampler. Fig. l,f which is simply two iron bars bent at right

angles and riveted together, is put down on it, separating the ore

into four parts ; opposite parts are taken, a new pile made and

divided in the same way, and so on until the sample is complete.

The argentiferous lead is assayed on a sample taken from the

top and bottom of both ends of the pig, and the mean of the

two is accepted as the value of the whole. Each lot of ore and

lead is kept separate as far as possible. They are not, however,

treated separately, as this would involve too much trouble and

expense. The separation is only made so as to treat material

of about the same value together, or to add it, in the treatment,

as different parts of the process require it. The owners are

either paid for it at prices for the gold, silver and lead, which

are fixed by the works or regulated by the marketeer the metals

when separated are delivered to the owner, a certain sum
being deducted for expenses, loss and profit.

* Engineering, London, Eng., Vol. 22, p. 495. t Engineering, Vol. 22 p. 200.

t The figures illustrating this paper are numbered consecutively on Plates III to XIII,
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The Gernuiiiia AV'orks are sitiuitpd at Flack's Station, oii the

XJtali Southern R. E., six miles from Salt Lake City. They
treat silver-lead and also ores which they purchase in the open

market. They have one shaft-furnace, and their capacity is 40

tons of argentiferous lead and 3 tons of ore a day. The value

of the product of the works in copper and lead counted together,

silver, and gold, in 1874, was 11,350,000, in about the propor-

tions of 5, 6, 3. The coke used comes from Connellsville, and

costs 130.00 per ton.

At Cheltenham, there are two shaft-furnaces, but only one is

in blast at a time. The furnace is 10 feet high, 4 feet G inches

in diameter at the throat, and 3 feet 6 inches at the hearth.

The hearth is 2 feet deep from the tuyeres down. The water-

jacket is made of wrought iron, riveted together in three parts,

and extends four feet above the tuyeres. In the west it is fre-

quently made of cast iron. The fore-hearth is 6 inches wide.

The furnace has three tuyeres, 2| inches in diameter. The
cinder-tap is composed of a small graj^hite crucible with the

bottom knocked out. The blast is produced by a Sturtevant's

blower, 'j'he pressure is from \ to | of a pound of mercury. The
blast conduit is arranged to discharge into the air, whenever the

wo]'k of the furnace has to be stopped for a short time for

repairs. The bins for holding the lead and. material contain-

ing it, are on the level of the bottom of the furnace. Access to

the charging-level is by an inclined plane.

The fusion-bed is made up of

—

Little CottOQwood Ore, - - Car-loads. 10 to 25

Argentiferous Zinc Blende, from Colorado, - - 10 per cent.

Mill cinder, - - - - - - 20 "

Lead slag, containing 3 to 8 per cent, of Lead, - - 70 "

Coke is added, amounting to about 9 per cent, of the charge of

oi'e. When there is a considerable amount of sulphur, 2 to 3

per cent, of old iron is added.

The fusion-bed is spread out over a surface containing 200

square feet, to the depth of 11 inches ; so arranged, it consists,

commencing on the top, with scrap-iron when there is sulphur, of

37^ wheelbarrows of lead slag, - - 7,500 lbs.

50 " of ore, - - 10,000 "

37J
" of lead slag, - - 7,500 "

25 "
of tap cinders, - - 5,000

"
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The coke either comes from Coimellsville or is Illinois gus-

coke. The Connellsville coke weighs 40 Ihs. to the bushel. It

costs at Cheltenham 110.00 per ton, and the gas-coke costs

7 cents per bushel of 40 lbs. The lead contains about \ per cent,

of arsenic and antimony. When it is yery impure, it is polled

directly after it is drawn from the tap-liole. Ordinarily it is

cast into pigs. The furnace is tapped into a bra?eined basin,

and the lead cast from there : three to four tappings are made

in 24 hours.

The copper is concentrated in an iron matte, which contains

a little silver and gold. It forms about 5 per cent, of tiie total

product of the works, and is worked at the end of a campaign,

when it is treated with pyrites and concentrated to 50 per cent,

of copjDer. Sometimes a little speisse is formed, when the ore

contains considerable arsenic.

The slag varies between a singulo and a bi-silicate. The slag-

pot is hung directly under the axle of the buggy, and holds from

650 to 700 lbs. The slag-buggy, Fig. 2, is so arranged that the

line of its axis runs through the center uf the pot near its top.

The pot is caught by three hooks, which prevent it from tipping.

It is always white-washed before it is used. When full, it is al-

lowed to remain until the outside chills for about half an inch,

and is then caught by the buggy and dumped. To prevent the

pot from falling off when dumjjed, a projection is placed on the

front of the pot, which is caught in the hook on the curved part

of the axle. Fifteen tons of slag are joroduced in the treatment

of 10 tons of ore. Of this amount, 30 per cent, is poor and is

thrown away ; the rest is re-treated.

The number of workmen required for a twelve-hour shift is,

below, one founder and two helpars, who wheel away the slag,

and above, one charger and one helper.

A campaign with water-backs lasts as long as a su|)ply of ore

can be had. If the supply was constant, it would probably be

about six weeks. With a sandstone lining, it lasts about the

same time ; but repairs to the furnace are much more expensive.

With a brick lining, it lasts only three weeks. In blowing out,

slag is used exclusively, to clean the furnace as much as possible.

The amount of ore treated at Cheltenham is from 500 to 600

tons per month. From 5 to 6 tons per day of lead, containing
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on an average 250 oz. of silver, are produced. The prices paid

for the silver in the ore in June, 1874, were for medium ore,

containing 25 per cent, of lead, for 100 oz. ore, $0,834 per oz.

;

for 200 oz. ore, 11.01; for 500 oz. ore, 11.17. In addition, the

freight to the works is paid, if it does not exceed $15.00 per

ton. One dollar per ton additional is ])aid for each unit of lead

above 25 per cent, and deducted in the same way.

At the works of the Pennsylvania Lead Company, ores are no

longer ti-eated, but silver lead and material containing silver are

purchased from all parts of the United States. The shaft-fur-

nace is used both for smelting the crasses and for the concentra-

tion of the copper matte which is produced from the residues con-

tciining copper. As the construction of this furnace is interest-

ing from several points of view, a drawing of it is given in

Fig. 3. It has charging-doors at two different levels, the lower

one. A, being used for the matte, and the upper, B, for the

ordinary crasses. There are thus two furnaces of different

heights in the same structure. The lower opening is bricked

up, and its charging-floor is not used while the crasses are being

charged. When sufficient matte has accumulated, the lower

charging-door, A, is opened. The upper part of the furnace

then serves only as a chimney. The lower part of the furnace is

built of common brick, laid up in ordinary mortar by a common
mason, up to the mantel, which is about eight feet from the

ground. Just under the mantel, a pipe with jets at short dis-

tances throws water over the surface of the outside of the brick,

the excess of which is caught in a trough. This water keeps the

furnace cool. The bricks melt off to within three or four inches

of the outside and then remain at this thickness. There are

four tuyeres, two at the back and one on each side. Three of

these are of phosphor bronze, and one of iron, which answers

just as well as the bronze.

To put the furnace into blast, the hearth is filled with coal or

coke, and lighted, and this is kejjt up for three days, or until

the brasque is red hot. The blast is, during this time, blown in

through the Arendt's tap, C. When the furnace is ready, this is

filled with a plug of wood in which a hole is bored. The whole

crucible of the furnace is then filled with melted lead. The
furnace itself is then charged with one-third coke. When the
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furnace is lighted all around, and is bright at the tuyeres, they

are withdrawn and plugged up. The first charge consists of

one scoop of puddle cinder of about twenty pounds, and ten

scoops of coke of about eighteen pounds each. The next charges

are made with only half the normal charge, until tlie furnace is

two-thirds full; the last one-third is put in at tlie normal charge.

When the furnace is full, the blast is turned on, and the furnace

starts at once with a dark top and in a normal condition. A
campaign lasts thirteen months. The concentration of the co])-

per matte takes ^jlace on the top of the melted lead. They are

enriched up to not less than 40 per cent. They contain 25 to 40

ounces of silver, and are sold to Baltimore.

The process of desilverization, as conducted in the works at

Cheltenham, Salt Lake, and Mansfield Valley, consists of

—

1. Softening the lead.

2. Incorporation of the zinc and sejiaration of tlie zinc scum.

3. Eefining the desilverized lead.

4. Treatment of the zinc scum.

The object of the desilverization, as performed in these works,

is to concentrate all the silver into a very small quantity of an

alloy of zinc and lead, so rich that the lead resulting from its dis-

tillation will contain 8 to 12 per cent, of silver, and to leave

behind in the kettles, lead which will contain not over 5 grammes
of silver to the 100 kilogrammes, and not more than 0^5 to 0,75

per cent. of zinc, and be pure enough to make white lead, and

hence command the highest market price.

1. Softening the Lead.—As the argentiferous lead comes from

all sections of the country, and contains a number of impurities

in variable proportions, it must be refined or softened before it

can be desilverized. The furnace used for this purpose is called

the softening-furnace, in most of the works. At the Germania

Works it is called the A furnace. It is a large reverberatory,

with a cast or tank iron basin, into which the hearth is built.

The object of this iron basin is to have a furnace so cool

that if the lead goes down into the hearth it will chill, or if

the furnace is very hot it will be caught. The larger the furnace

the better. Made of cast iron, its size is limited ; made of
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t;mk iron, there does not tippear to be any reasou why it

sliould not be of donble the size, except the uneertainty of

being able to purchase the supply of lead to work continuously.

With an uncertain sujiply, it is better to multiioly furnaces, as

a small amount can be better and more economically treated in

a small than in a large furnaoa. There is a point, however, be-

yond which it will not be profitable to increase the size, and this

will be the quantity that can be held by the kettles. The limit

in the kettles will evidently be that at which a man can no longer

work the kettle conveniently. •

The fireplace at Cheltenham is 2 feet 3 inches wide and 5 feet 6

inches long. The grate is 12 inches below the bridge; the bridge

is 2 feet 2 inches below the roof, 1 foot 6 inches above the hearth,

and 2 feet 10 inches wide. The hearth is made of a cast iron

basin which is 15 feet 5 inches long, 9 feet 6 inches wide in the

middle, and 5 feet 3 inches at each end, 2 feet 4 inches deep, and

I4 inches thick. It weighs 8 tons, and is calculated to hold 25 tons

of lead. At Cheltenham, the pan forming the bottom of the fur-

nace is cast in one piece. At the Germania works, it is cast in

three pieces and bolted together. This latter method is the cheap-

est; but if any of the bolts become loosened, there will be a loss of

lead, to avoid which the works at Cheltenham had the pan made
in one casting. At the Pennsylvania Lead Works, the pan is made
of tank iron about one quarter of an inch thick, which is riveted.

It is now proposed to water-jacket all of these furnaces, which

will both reduce the quantity of repairs to be made to them,

and shorten the time spent upon them. The doors of this

furnace are counterpoised with pigs of lead, so that they can be

very easily moved. They are beveled and fit into a slot, so that

when they are closed and luted they are hermetically sealed.

The hearth proper is built on the iron pan bottom. It

is made of fire-brick laid in the form of an inverted arch,

placed on a bed of coke next the pan, which is covered with

a layer of brasque. The side walls resting on it bear against

projections on the rim of the sides of the pan. These precautions

are necessary in all iron pan hearths, to prevent the rising of the

hearth from the lead penetrating below it, and breaking it up.

Notwithstanding all the precautions taken against it, this

9;Ccident, which causes great inconvenience and loss, happens
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so often that, at the Germaiiia Works, holes are now bored in the

angles of the bottom and sides of the pan, so that the lead cannot

collect. The flowing lead warns the men, before any serious

accident has happened, that it is time to make repairs. These

furnaces should all be placed at the highest point of the works,

so that the lead and other products may descend by gravity from

one furnace to the other.

The usual charge at the Germania and Cheltenham Avorks is

from 2:2 to 24 tons, de]3i;nding on the purity of the lead. In the

works of the Pennsylvania Lead Co., at Mansfield Valle}', they

sometimes charge as much as 25 to 26 tons, the charge deiDending

on the quantity of crasses that the lead makes. It is ahvays made

at Cheltenham so as to produce about 20 tons at the end of the

operation, or a quantity sufficient to completely fill one kettle.

When the furnace is hot, the whole charge melts in about two

hours. It remains in the furnace from 6 to 18 or even 24 hours,

depending on the work in the kettles, which must be kept full.

During this time it is kept at a low heat, and air is allowed to

have free access to the surface of the metal.

The operation of softening consists in melting at a very low

temperature, the object of which is to separate the copper by

liquation, as it is much less fusible thiin lead. The scums con-

taining the copper are drawn with a tool made of birchwood, so as

not to contaminate the lead, as would be the case if an iron tool

was used. It is always necessary to endeavor to remove all the

copper, whether gold is present or not. The gases in the fur-

nace are oxidizing, and crasses containing the oxides of the

foreign metals rise to the surface. At the end of three hours

the temperature is raised to a dull red heat. The bath is

kept for twelve to fifteen hours if necessary, at the same tem-

perature, and frequently rabbled to bring the impurities to the

surface. If the lead contains from 3 to 4 per cent, of imj)urities,

the crasses are only drawn as they form, but if more impure, a

steam-jet blast is discharged directly into the bath to produce the

oxidation, and the crasses removed several times; but if the lead

is moderately pure, the crasses are drawn but once, which will

generally be at the end of six to seven hours. The first

crasses will amount to from 1.5 per cent, to 2.5 per cent,

of the charge, and are taken off at the end of from 5 to 7
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lioiirs. Before clrtiwiiig them, they are mixed with coal on top

of the melted charge, to reduce any oxide of lead, and are then

drawn ; and if they form again they are removed. When
they no longer form, the fnrnace is cooled gradually, but is

kept above the melting-point of lead. The crasses are

drawn from the working-door and are collected in a bin,

where they are allowed to accumulate until there is enough to

work.

When litharge commences to form, the crasses are no longer

drawn, but are left in the furnace after the lead has been tapped.

In refining the next charge, they give up their oxygen to more

easily oxidized metals, and thus help to separate them from the

lead. Quick-lime is usually added as soon as they commence to

form, to keep the litharges from cutting.

Sometimes all the impurities have been removed at the end of

12 hours or less, but the charge in the furnace must stand until

the desilverizing kettles are ready. This is done by simjoly shut-

ting the dampers, and adding only just enough fuel to the fireplace

to keep the charge melted; but as all the compounds of arsenic and

antimony are very fusible, the softening must be kept up as long

as these form W^ith a charge of 26 tons, at the Pennsylvania

Lead Works, from 24^ to 25s tons of softened lead remain in the

furnace.

It often happens that the charge is ready for tapping, but the

desilverizing pots are in use ; so that the lead is kept in the fur-

nace at the melting point until the pots are free. It is cheaper,

even if the lead is extremely pure, to keep it melted in the

furnace during the time necessary, rather than to cast it and

re-melt it.

At Cheltenham, the tap-hole opens into a deep but narrow

trough lined with brasque, from which the lead is syphoned off

with a Steitz syphon, Fig. 6. The brasque is made of * clay

and 5 coke-dust. It is made as dry as it can be stamped, and is

then carefully shaped and cut down to make the arch leading

into the furnace. When the kettles are ready, the furnace is

tapped. The tapping-spout is very large, and during the time

of casting exposes a large surface to oxidation, thus increasing

the losses in lead. If the furnace was sufficiently high above

the pot, the lead could be tapped by a gutter directly into the
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kettles. The contract is always made to hare the kettles cast

bottom down.

At the Germanja Works, the tapping is very inconveniently

done throngh an iron pipe, 40 feet long and 5 inches in diameter,

with holes cut into it at intervals to facilitate the removal of

dross which might clog the pipe. It is necessary to heat the

whole length of this pipe, to prevent the lead from chilling.

This is done with coals suspended in pieces of sheet-iron under

it ; but there must be a shield between the fire and the pipe to

keep the latter from cracking.

As the softening-furnace is always above the kettles, it would

seem easy to run the lead into the kettles by gravity, in a trough

of some kind. The distance, however, would have to be short,

or there would be danger of the lead becoming too cool. At the

Pennsylvania Lead Works, there are three of these softening-

furnaces, each one having three desilverizing kettles. At the

Germania Works, there are two, with five kettles each ; at

Cheltenham, one, with three kettles.

The crasses from tlie softening-furnace are first liquated, to

remove any excess of lead they may contain. At the Germania

Works, this was formerly done in a reverberatory liquation-furnace

of peculiar construction. The hearth was 3 feet deep ; 18 inches

above it a set of grate-bars was placed; the skimmings were placed

on these, and the carcasses remained there while the lead flowed

through. The first crasses drawn contain most of the copper.

They are always kept sejjarate from the others. The carcasses

from the liquation-furnace are put through the blast-furnace

at the end of a campaign, with jjyrites, in order to concentrate

the copper in a matte. They produce some hard lead, which

is treated with the lead of the other crasses.

At the Germania Works, a copper matte is produced which

contains 20 per cent, of copper, 20 to 25 oz. of silver, and a

slag containing 10 oz. of silver. The matte is concentrated to

40 per cent, of copper, and is sold.

The assays of three of these concentrated samples contained

—

No. 1. No. 2. No. 3.

Silver, 113.54 oz. 88. oz. 9466 oz.

Gold, 1.18 1.03 1.02

From the dust-chambers connected with this furnace, only a
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small amount of material is collected, and this very near the

furnace. It contains only from 3 to 4 oz. of silver. The other

Grasses are treated in a reverberatory furnace. The materials

being at first only partially reduced, the first lead which flows

carries most of the silver and is put to one side. The charge is

then completely reduced. The product is a very hard lead,

which is allowed to accumulate until there is enough to make a

charge in the softening-furnace.

If the ores contain a very large amount of antimony, there

will be two or three sets of crasses after those containing copper

have been removed, which will be mostly very impure litharges.

The lead produced, frolm them is a compound of arsenic and an-

timony, which is not refined, but sold as hard metal. The loss

in lead in softening is about 2] per cent.

2. Incorporation of the Zinc, and Separation of tlie Zinc

Scums.—To effect the desilverization, there are at Cheltenham

three kettles, set in a triangle, at Mansfield Valley a series of

three kettles set in a row, and at the Germania Works, a series

of five, set as shown in Fig. 4, the first two holding 20 tons

each ; the next two, 7 tons, and the last, 4 tons. These kettles

are set in masonry, with a fire-place underneath them. The
furnace is tapped into the two upj^er ones alternately. The
upper kettles at Mansfield hold 23 tons. The upper kettles at

Cheltenham weigh 4,700 lbs. each, and cost between $400 and

1500 each. They are 6 feet 6 inches in diameter, and 3 feet deep.

At the Germania Works, the discharge-S]30ut is cast on the

bottom of the kettles, and is constantly breaking. At Mans-

field, the middle one has a spout at the bottom, which com-

municates with the third and smallest. These kettles are

filled with melted lead from the softening-furnaces. When
they are full, they are heated up to the melting-point of zinc,

which takes about one hour. It is important that the heat should

be high enough to melt the zinc readily. The kettle is so large that

there is but little danger of over-heating. When the tempera-

ture is at the right point, the zinc is added. At the Germania

Works and at Mansfield, the zinc is thrown in or laid on the top

of the lead, and incorporated as it melts. At Cheltenham, it is

placed in an iron cage, which is let down to the bottom of the pot.

The amount of zinc to be added will generally be about one pound
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for every 0.2 oz. of silver. This will usually amount to betAveen

250 and 550 lbs. to each kettle. In general, with ores varying

from 100 to 300 oz. of silver, 1.4 to 3 per cent, of zinc is added.

It is not all added at once, but sometimes in two and sometimes

in three additions, the proportions being determined by assay in

each case. These additions should be so regulated as to make the

richest possible alloy at first, in order to shorten the process as

much as practicable, and to diminish the liability to oxidation

when it is liquated.

At Mansfield, the lead contains from 50 to 400 ounces of sil-

ver. To this, from one and one-tenth to two per cent, of zinc

is added, in four additions. The zinc is thrown in on the top

of the melted lead, and then is stirred into it by a tool, five by

ten inches, with a long handle. After the first addition, it is

stirred for half an hour. The scum is then allowed to rise and

cool, until there is a ring of 31 inches around the outside. It is

then skimmed with a perforated skimmer until the lead is

bright. The other additions are made in the same way.

At the Germania works, for a charge containing 60 oz. of

silver and 3 oz. of gold, 1.85 per cent, of zinc was added. For a

charge containing 140 oz. of silver, and 3.8 oz. of gold, 2.3 per

cent, of zinc was used. Of this, 0.5 was added in the first addi-

tion, 0.4 in the second, and 0.1 in the third. For a charge

containing 350 oz., 2.6 per cent, of zinc was used.

The following Table, prepared by Mr. A. V. Weisse, of the Germania

Works, gives the amount of zinc used in two charges.

Example.
Total weight
of softened

lead.

Silver contained in

grammes to the
1000 kilos.

Gold contained in

grammes to the
1000 kilos.

Zinc used.

No. 1.

No. 2.

402.442 lbs.

402.224

4300.

4256.7

125.

127 45

2.3 per ct.

2.6 per ct.

To be sure of lead at 5 grammes from lead containing 1,000

to 1,400 ounces of silver, at least 1^ per cent, of zinc must be
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added. Pure zinc is uo longer used for all these additions.

The second, third and fourth scums of a previous operation,

which are not very rich in silver, are used for the first and some-

times for the second addition, thus greatly reducing the amount
of zinc required for the operation. When the lead is very poor

in silver, the first addition is used several times, in order to make
it as rich as possible. The object of dividing the additions is to

arrive, as quickly as may be, at the highest percentage of silver,

and to get an alloy so rich that there will be little liability to

oxidation in the subsequent liquation, thus shortening and cheap-

ening the process. The amount to be added in the first charge

will depend on the amount of copper in the lead. If it contains

but a small amount of copper and some gold, 100 lbs. are added,

at Cheltenham. If there is much copper, more zinc must be

added to bring out the copper, as most of the copper comes off

with the first Grasses. If gold is present in large proportion,

the quantity of zinc must be increased, since all the gold comes

off with the first scums. If no gold is present, two-thirds

of the charge of zinc necessary for the whole operation may be

added in the first charge. It is then stirred from one-half to

three-quarters of an hour with a flat spatula, which is 17 inches

in diameter, attached to a piece of gas-tubing 6 feet long. The
temperature during this time is kept above the melting-point

of zinc. The tool is made to work from the sides toward the

center, with a downward motion at the same time. When the

zinc is thoroughly incorporated, the fire is drawn, and the ket-

tle allowed to cool until the zinc alloy, which contains the silver,

rises and floats on the top of the melted lead. This time de-

pends on the heat of the metal, and on the season of the year.

In summer, it is four hours ; in winter, only two. The skim-

mings are taken off in perforated ladles, and put into one of the

smaller kettles. These first skimmings are carefully separated

from the rest, if the lead contains either much gold or much
copper, or both.

At Cheltenham, the skimmings from the first addition of zinc

are charged into a small kettle between the two large ones.

At the Germania works, kettles Nos. 1 and 2 are skimmed into

Nos. 3 and 4. If the skimmings come from the first addition

of zinc, they are partially liquated in Nos. 3 and 4, and trans-
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ferred to No. 5, wliere the liquation is completed. All the lead

in Nos. 3 and 4 is then put back into Nos. 1 and 2, ready to

receive the second addition of zinc. The skimmings from the

2d, 3d, and 4th additions of zinc are not liqnated, but are used

over again. The amount of labor required is one man to each

kettle. The kettle is left until it is full, and is then fired up
and partially liquated, which takes about an hour. The kettle

must not be heated too hot in this liquation, for there would

be danger of oxidizing the zinc, in which case the silver would

go back to the lead. The lead separated in liquation is put

back into the large kettle, No. 1, before the second addition of

zinc.

At Mansfield, all the skimmings except the first, which con-

tains copper and may contain gold, are ladled into the middle

kettle, which is kept heated, and are liquated at once, the lead

flowing into No. 3. The lead which collects there is put back

into No. 1 with the next charge of lead. At Cheltenham, the

zinc skimmings are taken from kettle No. 1, and liquated in

No. 2. While the second addition of zinc is being made, the

liquated lead is removed to No. 3. The six tons in No. 3 are

put back into No. 1, after the second addition of zinc.

The lead remaining in the kettle after the first skimming
should not contain more than 20 oz. The zinc for the second

and third skimmings is not liquated, but used in the next opera-

tions. The skimming is made into the adjacent kettle. After

making an assay of the melted lead, to ascertain what is re-

quired, the next addition of zinc is made, and the skimming

continued about the same time. After the second skimming,

there should not be more than 10 to 15 oz. of silver remaining.

An addition is made, if the assay shows it to be necessary. The
last two charges are placed partly on top of the melted lead and

partly in the cage. It is then stirred for three-quarters of an

hour and left to cool down. The skimmings are liquated as

before. The lead contains from one to one and a half ounces of

silver. A new addition of zinc of about 100 lbs. is made.

At Cheltenham, there is not more than one-sixth of an ounce

of silver remaining when the lead is tajDped into the refining

furnace. Frequently, the last skimmngs are too poor in silver

to admit of treating. They are put to one side, and form
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either a part or the whole of the first additions of zinc in the

next kettle.

At Mansfield, poor lead is not tapped if it contains more than

one-tenth of an ounce of silver to the ton, and the merchant

pig assays 0.075 to 0.15 oz.

When the nermania works were first bnilt, the Flack j^rocess

Avas used. The liquated zinc skimmings were charged in a blast

furnace with a very basic slag, and small jjressure of blast. The
result was rich lead, and -a rich slag. In the condensation

chambers, a very impure oxide of zinc was collected, which was

but a small j)art of that actually charged in the furnace. As
the use of this process occasioned a loss of from 118,000 to

$25,000 a year in zinc, it was abandoned, and the Faber du Faur

furnace was introduced in its place.

It is always best to use good zinc for the separation. An
attempt was made at the Chicago Silver Smelting and Eefining

Works, to economize in this direction by using scrap zinc; but

it was found that the lead, after its use, sometimes contained

as high as 18 oz. to the ton, and the attemj^t had to be aban-

doned.

The following statement of several charges at the Germania works is

made by the Superintendent, Mr. A. V. Weisse :

'

No. of lbs. charged in the softening-furnace, -

No. of grammes* of silver, - - - -

" gold, - -

First addition of zinc, from 2d and 3d additions of a pre-

vious operation, in lbs.,

* Grammes of silver in lead after first addition.

Second addition of zinc in lbs.

,

...
* Grammes of silver in lead after the second addition.

Third addition of zinc in lbs. , -

* Grammes of silver in lead after the third addition.

No. 1. No. 2.

41,614 40,120
5,700 1,980
110 10

4,000 3,000
1,360 1,160
600 600
20 30
80 125

trace. 6

The following tables were prepared by Mr, E. F. Eurich, of the

Pennsylvania Lead Co.

:

1 Mining Commissioners' Report for 1875.

* The grammes are given per thousand kilogrammes.
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DKSILVERIZATION. No. 1.* No. 2.

87,394 lbs.

3,497 "

83,797 lbs. 62,895 lbs

6,31)5.6 oz. 6,165.9 oz
1,760 lbs. 1,260 lbs

9,525
"

6,862
"

7,810
"

3 500 "

1,000
" 700 "

808 "

67,104 " 53,420 "

Quantity of work lead charged in the kettle

Taken off ;
" Schlicker " (cuprous oxide) -

Pure work lead, . . . .

Silver contained, - - - -

Quantity of zinc added,
Weight of skimmings after liquation,
" Abstrick" from dezincation of poor lead.

Oxides and metallic lead from the market kettle,

Lead from liquation of zinc-crust,

Market lead, -----
At Cheltenham, the liquated skimmings, still soft, are thrown

on iron gratings from 1 to 1\ inches apart, and pushed through

in order to reduce it to pieces of small size, which can be more

conveniently introduced into the retort. In most of the works,

it is thrown upon an iron plate in front of the kettle, and in

order to break it up, is rapidly moved about with a rake, and if

necessary cut up with a shovel, so that the pieces are about the

size of a hickory nut.

3. Refi)iing the Desilverized Lead.—The lead in kettle No. 1,

which contains I per cent, of zinc, no matter what the heat is,

or how much zinc is added, must be refined, to separate the

zinc and get it ready for the market. This operation is one of

refining ; but in the West it is known under the name of " cal-

cination. " This is done in a furnace with a cast or tank iron

bottom, like the softening-furnace, holding about 20 tons. At

Mansfield Valley, the bottom is made of tank-iron. Fig. 5

represents the furnace used ab the G-ermania works. The
one used at Cheltenham is essentially the same ; it is a little

larger, but the dimensions vary only a few inches. The fire-

place is 2 feet 3 inches wide and 4 feet 5 inches long. The
bridge is eight inches below the roof on the fire-place, and eleven

inches on the hearth side. It is 2 feet 10 inches wide, 3 feet 6

inches long, and 2 feet above the hearth. The hearth is 13

feet 4 inches long, and 7 feet 3 inches wide in the middle, and

3 feet 6 inches wide, both at the fire-bridge and the fine. It is

* No. 1 is lead taken directly from the shiift furnace, which has not been softened. No. 2

is softened lead.
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here made of one casting ; at the Germania Works it is cast in

three pieces, as shown in the section A-B, Fig. 5. The
arch is 2 feet 9 inches above the floor of the laboratory. It has

three openings, 4- inches square, in the fire-bridge, and two on

its side, for the introduction of air. The charge remains in this

furnace from 18 to 24 hours. The surface is constantly exposed

to the air entering the furnace by the air-holes at the bridge.

At the end of the first half of the time that the charge is to re-

main in the furnace, the bath is skimmed. The skimmings

amount to from one to one and a half tons. They contain from

45 to 50 per cent, of lead,, and most of the zinc and other re-

maining impurities. The charge is rabbled, after the oxides

have been removed, but any others which form are allowed to

remain until the furnace is tapped into the polling-kettle, which

is usually about twenty hours after the charge is made, and are

then polled. At Mansfield Valley, the refining is done in twelve

hours. The lead is not polled, but is cast into pigs directly from

the furnace. At Cheltenham, the jjolling-kettle is placed at the

flue end of the furnace. The lead flows into a deep cast-iron

channel lined with brasque, from which it is syphoned off. The
top of the kettle is about six feet from the floor. Directly in

front of the kettle, and about two feet below the floor-level,

there is a sunken track upon which a car is run, the top of

which comes up to the level of the floor. The car is about

six feet wude, and receives the pigs and carries them to the store-

house. There is a space of four feet between the car and the

furnace.

The polling is done in eight hours. The wood is held at

the bottom of the kettle by a crutch, Fig. 7. Tlie same

apparatus is used at the Germania works, except that instead

of the crutch, the bars are straight and i3ointed, and holes

are bored in the wood" to receive them. Short sticks of green

wood are used, but to insure a plentiful escape of steam, all the

wood for this purpose is kept soaking in a pool of water.

Three or exceptionally four pollings are made, the number de-

pending on the quality of the lead ; each polling lasts about an

hour, so that the furnace is ready to receive a new charge as soon

as the one refined in the softening-furnace is desilverized. The
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weight of tlie dross collected from a kettle at tlie Germania

works, which was polled four times, is given below.

1st Polling, - - - 1,301 lbs.

2d " . . - . 881 "

3d " - - . - - 671 "

4th " - - - . 290 "

Total, 3,143
"

The crasses from all the pollings, usually amounting to from

1000 to 2100 lbs., are melted, at the Germania works, in a rever-

beratory furnace, and make common soft lead. The crasses from

the softening-furnace, however, make silver lead, which is treat-

ed by zinc. Those from refining, which at the Germania works

is called calcination, make soft lead of ordinary quality.

The following table gives the quantity of skimmings for examples Nos.

1 and 2, page 95.

From retining-furnace, - - - - 31,700 lbs.

Polling-kettle, ...... 20,35:3 "

Quantity of work lead taken from the polling-kettle, 76.25 per ct.

Silver contained in the market lead, per 1000 kilogrammes, 6 grammes.

The polling-kettles at Cheltenham, are emptied by the Steitz

eyphon, Fig. G. 'i'o do this, it is first heated and turned over,

so that the funnel- end, a, is uppermost. The stop-cock, b, is then

turned, and melted lead ponred into the funnel. It is then

turned over into the furnace. The joints of this syj)hon arc

made of gas-pipe fittings. At first it was supposed to be neces-

sary to make them perfectly air-tight, but afterward it was found

that when sis ur eight threads of the screw were run into the

the fitting, the joint was lead-tight, and perfectly flexible. The
end of the syphon, Avhere it turns down to discharge the lead, is

a simjDle gas-pipe fitting, to which a handle, c, is attached for

convenience of moving. While the lead is not being cast, the

vertical arm is simply turned uj). When the car with the pig-

moulds is ready, the syphon is turned down, being held by the

handle, and is moved from one pig-moiild to the other in suc-

cession, as they are filled with lead. The joint is long enough to

allow of filling all the moulds without moving the car.

4. Treatment of Zinc Scums.—The zinc for the liquation, after

eing reduced to small pieces, is distilled. This is done in
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graphite retorts in fixed furnaces, as was formerly the case at

Bloomfield and Cheltenham, or in Faber dn Faur's tilting

furnace.

At the Germania Avorks, the Flack process was formerly used,

but this was abandoned, and they now charge all the zinc scums

in a shaft-furnace Avith the drosses from refining and ores of all

kinds. The result of this treatment is a rich silver lead,

but the greater part of the zinc is lost. From a metallurgical

standpoint, this treatment is very objectionable, and should not

be imitated ; but the commercial conditions in Utah are so

peculiar that it has proved financially successful, owing probably

to the great skill with which the process is managed; for a bad

process well conducted may sometimes be made successful. In

almost every other establishment in the country, the zinc scums

are retorted. The retorts used at Bloomfield, N. J., Philadel-

phia, Cheltenhnm, and the Germania works, are shown in Figs.

8, 9, and 11. They vary but little in different works, and gene-

rally are I inch thick on the sides and nearly twice that on the

bottom ; the neck is 7 inches long and the body of the retort is 2

feet. The diameter at the extremity of the neck is 5J inches,

but where it joins the body it is 8 inches. The body in its widest

part is 14 inches, but it is only 9 inches at the end. These

retorts are made of New Jersey clay and chamotte with 25 per

cent, of graphite. They were formerly one of the largest items

of cost in the condiict of the operation.

One of the first furnaces used for the distillation of the zinc,

was invented by Mr. "VV. M. -Brodie, and has been constructed

in several works. It consists of a large chamber, in Avhich six

retorts are placed in two levels, as shown in Fig. 8. These are

heated by a fire-place, 2 feet 10 inches long and 16 inches wide,

Avith cast-iron grate-bars, which is blown by a forced blast which

enters the ash-pit at c, having first been heated in the two hot-

air pipes which are placed in compartments above and behind

the furnace. The rctoits are protectad fr( m the direct action

of the fire by the arches, d. The he.it escapes by the flues aboA'e

the retort-chamber, passes into the chamber above, doAvn at the

back, and out of the furnace by an underground flue. The re-

torts are the ordinary graphite retorts, holding from 450 to 500

lbs., so that the furnace would hold from 2,600 to 3,000 lbs. of
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alloy at a time. Each, retort has a condeuser, h, attached to it,

and in front of it a charging-table, /, covered with cast-iron.

It is necessary to remoYC the condenser, as in the other furnaces,

to clean the retort. The furnace is tapped on the back side, at

e, from holes \ of an inch in diameter, bored throngh the bottom

of the retort, into moulds placed on the iron ledge, g.

If the material charged is clean, the time required for an oper-

ation is 12 hours. If it is not, it may require as much as 24

hours, depending on the quality of the material charged. One
man does the work of the six retorts. The amount of fuel re-

quired is one ton of coal for one ton of alloy. The results do

not differ materially from the other furnaces, except that the

operation is longer. They were constructed in the now abandon-

ed works at Bloomfield, N. J., and in the works of Messrs.

Tatham, in Philadelphia.

The following tables of the results of the Avorking of this furnace have

been prepared for me by Mr. C KirchofE, Jr., who had charge of these

furnaces while they were working :

—

Table of charares in the Brodie furnace.

No. of

shifts of

12 hrs.

No. 1 = 19

«* O 5 17

" 35 21

" 4 26

" 5 26

" 6 28

with hot air 28

Lbs. of

zinc scum
liquated in

kettle.

Lbs. of bit.

coal used for

distillation.

9,916

13,656

19,944

19,622 1

27,324 1

21,114 1

17,300 1

22.000

26,000
14,000^

)
with 1 ton I

of coke. )

34,000^

20,000

No. of
I

Yield
^barrows in

of
I
rich

charcoal lead.

No. of

charges.

8,681

10,862

14,511

19,015

23,738

11,927

14,902

65

66

60

78

73

83,

1. Mixed with copper scum. 1ft scum at first kept separate, but not afterwards.

2. Four retorts were still good.

3. A barrow contains about four bushels.

4. Jg anthracite and 3^ bituminous.

5. Nos. 1, 2, and 3 yielded 4,049 lbs. of zinc regained.
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The following table covers live runs; unfortunately the lists do not

specif}^ how manj^ retorts were fit for further service at the end of a run

:

No. of Retorts. I II III i IV V VI

1st Run, - 13 7 11
j

12 9 13

2d " - . 12 10 9 10 9 12

3d " - - 10 13
i 8 10 12 7

4th " - , 12 15
I

12 12 15 7

5th " - - 13 14
I

7 13 13 13

The figures give the number of charges made in each retort.

At Cheltenham the retorts are set in the furnace, Fig. 9, with

the level of the bottom below the mouth, and so inclined that the

syphon, Fig. 10, can draw out nearly the whole of the silver lead.

Some of it will remain, but this is no disadvantage, as it is not

lost. It is collected when the retort is broken. Its presence,

however, requires that a reducing temperature should always be

kept up in the retort, otherwise litharge would form and the

retort be quickly pierced. The furnace is a cube of fire-brick,

3 feet in size, braced in every direction with wrought iron bands

3 inches wide. On the top there is a round hole, li, 10 inches in

diameter, for the introduction of the fuel ; on the front, is an

opening for the neck of the retort, c, and on the back, a square

flue, g, leading to the chimney. The retort is introduced from

the bottom, The furnace has 12 grate-bars one inch square, and

is supported in front on masonry, i, built with two steps, each

of which is 18 inches high, but vertical behind. The retort is

supported on a pillar of brick-work, d, resting on the ground,

through which the grate-bars pass. It is thus in the centre of

the furnace and is surrounded on all sides by fuel. It costs

from 114 to 116 and lasts for 15 to 30 turns. When it breaks,

it is not because it is worn out, but because the workmen break

it in trying to force off the cinders attached to it. Five of

these furnaces were arranged in a house by themselves, about a

hexagonal chimney, and connected with it by the flue, g, 3

feet long. The sixth side of the chimney is occupied by a melt-

ing-furnace. Only three of the furnaces are run at a time, the
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others being kept in reserve in case of accident or necessary

repairs.

Tlie fuel used was at first coke, which was given up becavise

the clinkers attached themselves to the retorts. In trying to re-

move them, the men'constantly broke the retorts by poking them,

while the cinder was soft, with iron tools, through the opening

for the introduction of fuel. Petroleum was then used with

great success, but the furnaces were finally abandoned for Faber

du Faur's furnace.

The charge of 380 lbs. of zinc skimmings is introduced with

a spoon, immediately after the preceding operation is finished.

Two small scoopfuls of small charcoal are added at the same

time. The heat is so high that most of the charge melts at once.

An allonge, e, Fig. 9, 2 feet long, 4 inches in diameter at the

small, and 9 inches at the large end, is then put on and luted.

It is partially filled with charcoal. The allonge is covered on the

outside with sheet-iron, to jn'otect it against accident. It is sup-

ported on a cast-iron shelf, /, which can be raised or low-

ered at will by detaching a bar underneath it. This is

necessary to prevent the weight of the allonge breaking the re-

tort while the furnace is working. When the charge is drawn,

it must be let down so as not to interfere with the syphon. Fig.

10.

The zinc commences to distil in about three-quarters of an

hour. Metallic zinc collects in the condenser. Some blue pow-

der and o.xide of zinc also form there. I'lie object of the

charcoal is to prevent the formation of oxide as much as pos-

sible. The zinc is allowed to accumulate, and is drawn from

time to time with a spoon into a mould placed in front of the

allonge. When the zinc is nearly distilled, a small piece of

wood is put into the retort to make a reducing atmosphere, to

prevent the formation of litharge, Avhich would pierce the sides,

and to form a current of gas from the inside to the outside of

the retort. The charge of rich silver lead, remaining after the

zinc is distilled, is drawn with the iron syphon. Fig. 10—which

must be heated before it is introduced—and the lead is cast into

pigs ready for cupellation.

Before the invention of the Steitz syphon, the neck of the re-

tort, which was necessarily built into the masonry of the furnace.
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had to be diseno-ao-ecl while it was at a white heat, before the

rich silver lead could be discharged from the furnace. The
percentage of breakage was thus greatly increased, so that between

the necessity of getting rid of the clinkers on the outside of the

retort, and the necessity of disengaging the neck every time it

was discharged, the number of retorts broken was very large.

The syphon proved to be a complete remedy, but was difficult to

use, much more so than the polling-pot syphons. The objection

to using these furnaces was not only the breakage of the retorts

but the large quantity of fuel they consumed. 'J'he Brodie fur-

nace, with two tiers of retorts, consumed less than the Chelten-

ham furnace, but the retorts were more difficult to manage.

The use of petroleum seemed to be a real progress, and the use

of gas was proposed, when the invention of the tilting-furnace

overcame all difficulties, and it is now almost universally used

for this purpose.

The general shape of Faber du Faur's furnace is essentially

the same as that at Cheltenham ; but it is suspended on pivots,

so that it is capable of rotation by means of a worm attached ot

a hand-wheel, as in the American type of the furnace. Fig. 11,

or by means of a lever, as in the German type, used in Newark
and in Prussia, Fig 12. The furnace is 3 feet 3 inches by

2 feet 11 inches in section, by 3 feet high on the outside, 2 feet 1

inch by 2 feet 3 inches, and 2 feet 9 inches from the grate-bars

to the centre of the arch on the inside. There is an opening

11 inches in diameter on the top, for the introduction of the

fuel, and on the back a flue 6 feet 6 inches leading to the

chimney. There are 12 grate-bars 1 inch square and 2 feet 9

inches long set on edge. The retort is built into the furnace in

the same way as at Cheltenham.

Fig. 13 gives the proposed plan of the furnaces at Salt Lake,

showing the disposition of the eight furnaces, a, with regard to

the main chimney, (/, and a section across the flue,/. At Mans-

field Valley, the chimney is at the end of the line of furnaces.

The weight of the iron for a furnace is nearly as follows :

—
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Cast iron box, - - - - - - 1,260 lbs.

Grate-bar bearers, .
- - - - - 306

Two standards, - - . ' . . . 530

Cast iron, 2,096

Wrought iron bars, 181

The iron-work costs from $150 to $165.

The furnace is fired until the retort gradually arrives at a

dull red heat, when a charge of 250 to 400 lbs. of the alloy,

broken up while still soft, in order to get it of a suitable size for

the charge, and mixed with five to six lbs. of small charcoal, i^

introduced with a scoop. It is brought to the retorts at Mans-

field in a box on wheels, about three by three feet, and a little

lower than the mouth of the retort. As soon as the retort is

charged, the temperature is gradually raised to a white heat,

and when the zinc vapors begin to appear, the condenser, made
in the same way as that at Cheltenham, is put on. At Mansfield,

they use for a condenser a retort, Ko. 100, with the bottom

broken out, and a hole punched in the side to discliarge the

zinc. A piece of common stove-pipe is attached to the mouth
to carry off the flames.

The retorts usually last fourteen to fifteen charges, but some

have been made which lasted forty-five. As soon as the zinc

commences to collect, a wagon, containiiig the moulds for the

zinc and the support for the condensers, is rolled up against the

front of the furnace, which has been entirely free since the

charge was introduced. The zinc distils, and is collected in the

condenser, and held there by the oxides and blue powder which

collect in front, and are used by the Avorkmen to form a dam to

hold the zinc back. When sufficient has collected it is draAvn

into the moulds. The total amount collected as metal varies

from 45 to 55 per cent., and is used over again. The blue pow-

der and oxides amount to from 20 to 30 per cent.; these are sold

to the ziuc works. Some of the zinc is lost by volatilization,

and from 0. 7 to 1 per cent, retained in the lead.

As soon as the amount of zinc escaping appears in small

quantity, the lead contains but little zinc ; but as it is desirable

to remove, as far as possible, the last traces of it, the heat is kept

up, the condenser is removed, and small pieces of wood are put
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into the retort to assist the discharge of the fumes. When no

more escape, the furnace is tipped down and the contents of the

retort discharged into a lined receiver, and there left until cool

enough to he cast into pigs. They generally contain from 2,000

to 3,000 oz. of silver, and not more than from 0.5 to 0.8 per cent

of zinc. The retort is now carefully scraped with an iron scraper,

to remove any slag or other material adhering to the sides. The
amount removed in this way is not large; but it is necessary to

keep the retort clean, for if the material was allowed to accu-

mulate, it might he difficult to remove it, and there would be a

risk of breaking the retorts in doing so. The material so collect-

ed, amounting usually to a few pounds, is reduced with the cu-

pellation litharges. The unburned charcoal is put back into the

retort. When the retort is cleaned, it is turned up partially,

and fine charcoal dust, or a piece of wood, thrown in, to make
a reducing atmosphere, and prevent the formation of litharge

from the oxidation of the very small quantity of lead attached

to the sides of the retort. This precaution is very neces-

sary, for if the litharge was allowed to form, it would soon de-

stroy the retort. The furnace is now turned up and is ready

for a fresh charge.

The workmen are obliged to be careful in all these furnaces, that

in introducing the coke they do not push too hard on the retort,

which is quite soft. The fire must be kept at a constant tempe-

rature of white heat throughout the operation, which lasts from 8

to 10 hours according to the percentage of zinc in the alloy. But

when the lead contains antimony, it lasts a much longer time.

The only precaution required during the operation, is to keep

the temj)erature high enough to prevent the formation of a crust

on the surface of the charge. To prevent this, and to know
what is going on in the interior of the retort, without removing

the condenser, it is probed from time to time to break the crust,

for if it should form, an explosion would be likely to take place.

The men can always tell the condition of the heat by looking into

the coke-charging hole.

It is very necessary that the current of gas should always be out

of the retort. The retort should last from 1 to 20 operations on

an average, and it is generally broken before it is worn out ; but

when much antimony is present in the lead, they last a much
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shorter time, fo that it is iilvvays desirable to soften tlie metal

before ti'eating it with zinc. At Chicago, OAving to careless

management in not carefully cleaning the inside, and outside of

the retorts, they lasted for only 9 to 10 operations.

When a new retort is necessary, the furntice must be allowed

to cool down, the grate-bars are taken out, and the retort intro-

duced from the bottom.

The Hues leading to the chimney, at Manslield, are made with

flaring sides at the bottom, for 18 inches in hight. The sides of

the upper part arc vertical and are rounded at the top. Every

seven feet, at the bottom, a partition is put in, one-third of the

whole hight of the flue. In the brick flues, which are Ave feet

high, the partitions are put in every eighteen inches, and further

apart. In both the iron and brick flues the most dust is

caught near the furnace. Tlie dust settles by gravity in these

catches, and as there can be no velocity there, owing to the par-

titions, it remains there. Short flues of this construction have

been found to be miicli more effective than large condensing

chambers.

The amount of zinc in the skimmings is very variable. If it

contained 35 per cent, of zinc, 20 per cent, will be recovei-ed as

metallic zinc, and 10 per cent, as oxide, which is afterwards re-

duced, and 5 per cent. Avill be lost. This last is either in the

lead or volatilized in the dift'erent operations. If the skimmings

contained only 10 per cent., 3 per cent, will be recovered as

metallic zinc, 5 per cent, will be recovered as oxide, and 3 per

cent, will be lost. No lead or silver is found in the distilled zinc.

This furnace is a very great improvement on all those in which

the retort is fixed, as it necessitates the lenst amount of Avork

being done on it, and at the same time allows perfect manipula-

tion of the furnace.

The following table, prepared by Mr. E. F. Eukicii, gives the account of

two charges in Faber du Faur's furnace, at Manstield :—

*

* Mining Commissioners' Report for 1873.
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DISTILLATION OF THE ZINC KICII IN SILVEK.

Weight of alloy per charge with \ lbs. of fine

charcoal, -----
No. of charges, -----
No. of distillations in 24 hours in each retort.

Total amount of liquated zinc-crusts charged,
Charcoal, - - - . -

Result: Rich lead, - - -

Metallic scraps, - - -

Charcoal with little metal.
Metallic zinc, - - - -

Blue powder and oxide,

Coke used, in bushels of 40 lbs.,

Quantity of coke per lbs. of zinc-crust.

No. 1.

358 lbs.

27
2

9,525 lbs.

108 "

7,609 "

390 "

not weighed.
770 lbs.

not weighed.
410.4

1.7

No. 2.

not

353 lbs

20
2

6,362 lbs

80 "

5,221 "

weighed

276
1.73

M. Faber du Faur has proposed another furnace, shown in

Fig. 14, constructed on the tilting principle, and destined to

receive a charge of one ton at a time. The retort, i, is made of

fire-clay, lined on the inside with graphite. It is G feet 6 inches

long on the outside, 5 feet 10 inches long on the inside, and

7 inches high. It is placed on a cast-iron frame, e, protected by-

fire-brick, and connects with a condenser, a, 12 inches in diameter

and 2 feet 3 inches high on the inside, which is placed on wheels

so as to be moved when the retort is to be tilted. The retort is

moved mechanically from the fire-place end at /. The fttrnace

may be constructed for solid fuel, as in the drawing, but it was in-

vented exclusively for the use of gas and hot air. The object in

the construction of the retort was, to have the laigest possible

surface for distillation, with the shallowest depth of metal, which

Avill not exceed 2.^ to 3 inches. It was proposed to make the re-

tort in two parts if necessary. This fttrnace has never yet been

built, on account of the commercial depression. Contracts for

its construction were once prejoared, but not completed. It seems

to have the advantage of being able to treat a large quantity ex-

peditiously, and thus economize in labor and material.

The silver lead is cu^Delled in an English cupelle furnace.

At the Germania works, there are two of these furnaces ; at

Cheltenham only one. They are blown with a steam jet in both

places. They are usually at work one week, during which time

they treat 35 bars of ^h lbs. each per day. The silver is then

tapped, and the test changed, or the other furnace used. The



108 Zijic Desilverization.

silver bullion produced weighs about 9000 oz. and is usually 990

to 995 fine, and contains both silver and gold, the proportions

of both metals' varying with the bullion or ore purchased. The
litharges produced are reduced in a reverberatory furnace.

At Mansfield Valley, the cupelle is made of the best hydraulic

Portland cement, moistened enough to ball in the hand, and

stamped in an iron mould. The tf st is three by four feet on the

inside. The iron frame which supports it is flanged on the bot-

tom at right angles to the rim, wliicli is 7i inches high, while the

flange is b\ wide. The test is made either on an iron mould,

which gives the shape to the inside, or is cut out of the material

after the frame has been stamped full. At first they were always

cut out, now they are generally stamped over the mould. When
made, the cupelles are left to temper for four weeks, to insure a

good test. They could be used after a week, but it is better not

to do so. The test is supported in the furnace on an iron plate,

and is held op to its place by four large screws. The charge of

a rich alloy is 1400 lbs. The cupelle is used a week, and cupelles

from ten to twelve tons up to 996 fine, and that directly from

the lead. The lead is added in the cupelle till just before it is

too rich, then cleaned off and the silver is refined, and is run

into the brick moulds directly from the cupelle. A little copper

is added, to prevent the spitting of the silver. The copper

absorbs the oxygen, and prevents the spitting. When any cop-

per is present in the lead, even when gold is present, it rarely

ever- spits. When the silver is ready to cast into bricks, the test

is loosened, and a curved bar is placed on a support made for the

purpose underneath it. The whole test is then ra sed, and the

silver, tipped at once into the moulds for the bricks, is 994 to 996

fine. This cupelle thus allows of casting, without refining in

a separate furnace. It is the invention of Mr. Enrich, the

manager of the Pennsylvania Lead Works, and is one of the

many ingenious additions to metallurgical progress which he

has made.

The following tables, prepared by Mr. E. F. Eurich, give the results of

cupellation at Mansfield :
—

*

* Mining Commissioners' Report for 1875.
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SIIA'ER OBTAINED. No. 1. No. 2.

Quantity of silver in the retined Avork lead
Silver tapped from the cupelle .980 tine

6,088.75 oz.

Silver tapped from the cupelle .989 fine

5,714.50 oz. - - -

I

Small pieces of silver from the cupelle
.970 fine 150.00 oz.

Small pieces of silver from the cupelle

.970 fine 115.00 oz. - -
j

In market lead 0. 33 oz. pr. ton in 67, 104 lbs.

" 0.33 " " 53.420 "
j

"litharge "30 " "
5,209

"

Total silver obtained.
Silver not recovered.

Percentage of silver obtained,

ozs. ozs.

6,305.6

ozs.

6,031.66

5,645.9

146.50

ozs.

6,165.

11.18

6,189.34
116.26,

6,305.60 6,305.6 6,165.9
98.1' ' 93.8'

111.5

8.9

78.0

5,844.3
321.6

6,165.6

LEAD OBTAUSTED. No . 1. No. 2.

lbs. lbs. lbs. lbs.

Work lead used . . - . 87,294 62,895
" Schlicker " 3,497 lbs. at 80 per ct. 2,797
Impure Litharge from dezincation, 3,500 lbs.

at 80 per ct. lead. 2,800
Lead in zinc crust, - - - - 7,765| 5,002
Soft market lead, - - - - 67,104; 53,420
Oxides and skimmings from market kettles,

1,000 lbs. at 95 per ct. lead, - 950;
Oxides and skimmings from market kettle.

1

i

700 lbs. at 95 per ct. lead. 665 i

Litharge from dezincation, 7,810 lbs. at 80 per
ct. lead, - - - - 6,248

Lead from liquation, 808 -

Total lead, - - - - 85.672 61,887
Loss about 1.9 per ct., 1.622

" 1.7 1,008

87,294 87,294 62,895] 62,895

The following example of an operation at the Penn. Co.'s

works lias been i)repared for me by Mr. J. A. Knajjp, formerly

the Superintendent there :

Quantity of argentiferous lead, from Utah ores, charged, - 26 tons.

Quantitj^ of silver after dressing in the softening-furnace, - 55.94 oz.

Number of skimmings, ------ 2.

Intei'val between skimmings, - - - - - 6 hours.

After dressing in the zinc kettle, the lead contained silver, - 57.63 oz.

After the first addition of zinc, " " " - 13.34 "

The second addition of zinc was - . . - goO lbs.
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The time between No. 1 and No. 2, .
- - 5 to 6 hours.

After the second addition the lead contained silver, - - 0.87 oz.

The third addition of zinc was - .
- -

. 150 lbs.

After the third addition the lead contained silver, - - 0.09 oz.

Number of skimmings in softeniog-furnace, . . - 3.

The merchant lead from the softening-furnace contained silver, 0. 093 oz.

The following tables, 1, 2 and 3, have been prepared for me by Mr. E. F.

Euricli, as the result of the work at the Pennsylvania Lead Company's

Works, in August, 1879 :

—

1. LEAD OBTAINED.

Charged. Lbs. Lbs.

Bunion, - - - - - -\ - 654,074

Produced—
Metallic dross, from refining furnace, -

- 11,402
43,540 lbs. refining furnace skimmings, at 83 per cent.

lead, - - - - - - 35,138
Metallic dross from the desilverizing kettle, -

. 16,290
37,357 lbs. zinc crusts, containing - - - 32,604
27,616 lbs. softening-furnace skimmings, at 88 per cent.

lead, - - - - - - 22,921
Merchant lead.

Loss,

- 533,207

651,562
2,512

654,074 654,074

From the above amount of bullion, there was produced 591,244 lbs. of

refined bullion, ready for desilverizing.

The silver contents of merchant lead vary from yf^ to ^-^ oz.

The refined bullion is desilverized with from three to four zinc additions,

vai'ying according to the richness of the bullion.

The total quantity of zinc added to effect the complete desilverizing of

591,244 lbs. refined bullion, was 7,860 lbs.

2. SILVER OBTAINED.

Charged—
Silver contents of 591,244 lbs. refined bullion,

Produced—
Poured from cupelle 33,318 ozs., containing
Contained in 29,898 lbs. litharge, at 38.00 oz.,

" 1,302 lbs. test bottoms, -

" " skimmings from filling test.

Difference contained in dross from retorts and loss.

Ozs.

33,147.75
568.06
369.77
61.33

34,146.91

901.32

Fine Silver.

Ozs.

35,048.23

85,048.23 35,048.23
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3. DISTILLATION OF THE ZINC CRUSTS.

Charged— Lbs.

Liquated zinc crust, -
-

Produced—
Lead riches, ----- 31,142

Dross from retorts, about - - . - 2,200

Metallic zinc, about - -
_ - - 2,900

Blue powder and zinc oxide, not weighed.
Not accounted for, ----- 1,115

Number of charges made.
The average weight of charge.

Total coke consumed,
Quantity of coke per lb., zinc crust.

37,375

59
629

21,00t)

0.56

Lbs.
37,357

37,375

The following tables were taken by myself from the books at^Manstield

Valley, with the permission of Mr. E. F. Eurich, in June, 1880, and^ refer
to the montlis of April and May of that year :

—

CuPELLATiON, April 1, '80.

From desilverizing kettles to retorts,

Retorts to cupelle, - - -

Extracted from 930 lbs. retort scrap.

Retort gain, . . - .

CuPELL.'\.TiON, April, '80.

Charged 27,883 lbs. of lead riches,

Produced silver bricks shipped.
Silver scrap, . - -

Litharge, 26,880 lbs., at 32 ozs..

Test bottoms, 400, at 248,
Cupelle skimmings, 109 lbs.,

Cupelle gain.

CuPELLATiON, May, '80.

From desilverizing kettles to retorts.

Retorts to cupelle.

Extracted from retort scrap.

Retort gain,

CUPELLATION, , May 8, '80.

40,130 lbs. lead riches, containing -

Silver scraps,

Fineness samples. - . _

Produced silver bricks, shipped,
Silver scrap.

Contained in 398 cupelle skimmings.
Litharge, 39,148, at 38,

Test bottoms, 826 lbs., at 218, -

Cupelle loss.

31,790.08
468.81

* 31,865.84

393.05

32,258.89

30,659,58
723.88
430.08
49.60
87.10

32,258.89

31,790.08

160.16

31,950.24

43,208.76
839.33

31,950.24

43,907.69

140.40

44,048.09

43,013.47
354.35
261.28
743.72
90.03
95.89

44,048 09

43,208.76
1,315.18

34.80

44,558.74 44,558.74

i

* The weights are in ounces.
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The following tables, taken by myself, from the book

give a summary of the work for April and May, 1880 :

Metallic dross from refining furnace, in per cent,

of gross charge, -----
0. 85 of lead and skimmings,
1st net weight in desilverizing kettles, 1,000,

1st crass from " "

2d net weight " "
96.34,

1st average assay of kettles, - - .

2d " " " - . . 6

1st Grasses in per cent, of 1st net metal in desilver-

izing kettles, -----
Retort in per cent, of 2d desilverizing kettles, - d
Zinc used in per cent, gross charge,

"1st net weight in desilverizing kettles
" " per cent, of merchants' lead.

Coal used per ton of gross charge,
" merchant lead.

Lead in merchant lead, - -

" retort Grasses, - - . -

" refining skimmings,

Apparent gain, 0.53 per cent
,

The losses and gains are apparent only.

a Charge for the retorts calculated on this, b Average assay, c Per centage of 96.34.

d Per centage of 88.50. e Per centage of 96.34.

The lead made by the Germania, Peniisylvania Co. and St.

Louis works is exceedingly fine. As it can be used for the manu-
facture of white lead, it commands the highest market price.

The following analyses, made by Dr. O. Wurth and Dr. Zuireck, on a

sample from the works of the Pennsylvania Lead Company, show that the

lead is equal if not superior to any of the brands produced abroad :

—

In 100 parts. Dr. O. Wurth. Dr. Zuireck, Dr. O. Wurth. Dr. Zuireck,

s of thf. Company,

April. May.

.078

2.88 2.47

96.34 97.53
7.84 7.55

88.50 89.98
144.67 172.73

132.64 160.92

8 58 8.04

7.54 8.32
1.37 1.59

1.43 1.68

1.72 1.98

192.16 208.00
238.00 262.00

90.47 88.99
6.78 7.47

8.28 3.48

100.53 99.94

Loss 1.06 per cent.

Silver,

Antimony,
Copper,
Zinc,

Iron,

Sulphur,
Arsenic,
Bismuth,

0.00042
0.00051

0.00007
0.00038
trace.

0.00018
none.

Berlin.

0.00035
0.00254
0.00094
0.00070
0.00082

0.03843

0.00016
0.00318
0.00005
0.00122
0.00013
0.00023
trace

0.02746

Berlin.

0.0007a
0,00346
0.00093
0.00075
0.00082

0.04594

In conclusion, I beg to express my thanks to Mr. Faber du

Faur, for working-drawings of his furnaces, to Mr. Weisse, of the

Germania Works, and to Mr. Enrich, of the Pennsylvania

Works, for the many interesting details furnished me by them

while visiting their works for the preparation of this article.
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V.

—

Description of a Neiv Species of Triodopsis, from Nerc

Mexico.

BY THOMAS BLAND.

Read November 22d, 1880.

Triodopsis Levettei, nov. sp.

Testa umbilicata, orbiculato-convexa, tenuis, nitens, translucens, leviter

et irregulariter oblique striata, castanea, superne pallescens ; spira vix

elevata, apice obtusa ; sutura impressa ; anfr. 7 convexiusculi, lente accres-

centes, ultimus antice breviter depressus, spiraliter subobsolete striatus,

pone aperturam constrictus, subscrobiculatus, basi subconvexus ; umbilicus

mediocris (J-
diametri), pervius ; apertura perobliqua, subcircularis, dente

albo, valido, flexuoso, transverso, in pariete aperturali intrante coarctata
;

peristoma reflexum, pallide castaneum, intus callosum, marginibus callo

tenuissimo junctis, margine dextro dente albo, obtuso, erecto, submar-

ginali, basali dentibus duobus, albis, transversis, supero majore, iustructo.

Diam. maj. 16, min. 15, alt. 6 J ; apert., perist. incluso, long. 7, lat. 8

mill.

Triodopsis Levettei, nat. size.

Shell umbilicate, orbiculate-convex, thin, shining, translucent, slightly

and irregularly obliquely striated, chestnut colored, the upper whorls paler;
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spire scarcely elevated, apex obtuse ; suture impressed ; "vvhorls 7, rather

convex, gradually increasing ; the last somewhat depressed at the aperture,

obsoletely spirally striated, constricted behind the aperture, and slightly

scrobiculated, base sub-convex ; umbilicus moderate, | diameter of the

shell, pervious ; aperture very oblique, sub-circular, vpith a v^ell developed

flexuose, transverse white tooth on the parietal wall ; peristome reflected,

pale chestnut colored, thickened within, the margins joined by a slight

callus, the right margin with a white, obtuse, erect, submarginal tooth,

the basal margin with two white transverse teeth, the upper one the larger.

Habitat, near Sauta Fe, New Mexico, Avliere two living and

one dead specimen were collected by my friend, Dr. G. M. Le-

vette, who presented to me one of the former. Cabinet of Dr.

Levette, and the Binney and Bland collection in the American

Museum of Natural History, New York.

Remarlcs.—This species is quite distinct from any known
North American or other form. The number of whorls, and

of teeth, their form and color, with the color of the shell and

peristome, are its peculiar features. The stria? are by no means

so well developed as shown in the figures.
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VII.— On the Relations of the Flora and Fauna of Santa Cruz,

West Indies.

BY THOMAS BLAXD.

Read January 3,1, 1881.

Professor A. Agassiz (Ball. j\las. Comp. Zool. , Cambrido^e, V,

Nos. 14, 289, June, 18T9) remarks, "One of the most interest-

ing results reached by this year's cruise, is the light thrown upon
the former extension of the South American Continent, by the

soundings taken while dredging, and those subsequently made
in the passages between the islands by Commander Bartlett.

These, together with the soundings already known, enable us to

trace the outline of the old continent with tolerable accuracy,

and thus obtain some intelligible, and at the same time trust-

worthy, explanation of the peculiar geographical distribution of

the fauna and flora of the West India Islands."

Professor Agassiz writes (L c. ) : "In attempting to recon-

struct, from the soundings, the state of things existing in a

former period, we are at once struck by the fact, that the Virgin

Islands are the outcroppiugs of an extensi\e bank. The great-

est depth between these islands is less than forty fathoms, this

same depth being found on the bank to the east of Porto Rico,

the 100-fathom line forming, in fact, the outline of a large

island, which would include the whole of the Virgin Islands,

the whole of Porto Rico, and extend some way into the Mona
Passage." * * "On examining the 500-fathom line, we thus

find that Jamaica is only the northern spit of a gigantic pro-

montory, which once extended toward Hayti from the mainland,

reaching from Costa Rica to the northern part of the Mosquito

coast, and leaving bnt a comparatively narrow passage betAveen

it and the 500-fathom line encircling Hayti, Porto Rico, and

the Virgin Islands, in one gigantic island. The passage between

Cuba and Jamaica has a depth of 3,000 fathoms, and that be-

tween Hayti and Cuba is not less than 873 fathoms, the latter

being probably an arm of the Atlantic. The 500-fatliom line
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connects, as a gigantic island, the banks uniting Angnilla to

St. Bartholomew, Saba Bank, the one connecting St. Eustatius

to Nevis, Barbuda to Antigua, and from thence extends south

so as to include Gnadeloiipe, Marie-Galante, and Dominica.

This 500-fathom line thus forms one gigantic iskmd of the north-

ern islands, extending from Saba Bank to Santa Cruz, and

leaving bnt a narrow channel between it and the eastern end of

the 500-fathom line running round Santa Cruz. As Santa Cruz

is separated from St. Thomas by a channel of forty miles, with

a maximum depth of over 2,400 fathoms, this plainly shows its

connection with the northern islands of the Caribbean group,

rather than with St. Thomas, as is also well shown by the geo-

graphical relations of its mollusca."

Professor Agassiz gives (1. c.) an extract of a letter addressed

to him by Commander Bartlett, from which I quote the follow-

ing :
—" I finished up the line connecting Saba Bank with St.

Croix. I found the connection perfect, but the ridge has 700

fathoms water on it near St. Croix. There is 1,000 fathoms

three miles north, and 1,800 fathoms five mik's south of the

ridge."

Professor Agassiz refers to the connection of Santa Cruz

"with the northern islands of the Caribbean group, rather than

with St. Thomas." As he bases his argument on the deep chan-

nel which separates Santa Cruz from St. Thomas, I judge that

he excludes the Virgin Islands, of which St. Thomas is one,

from the Caribbean group. In that case, in his view. Sombrero,

Anguilla, St. Martin and St. Bartholomew (the three latter on

the Anguilla Bank) and Saba (tlie Saba Bank connected by a

ridge with Santa Cruz), are the "northern islands," to which the

Professor alludes.

In my paper "On the Physical Geography of, and the Distri-

bution of Terrestrial Mollusca in the Bahama Islands" (Ann.

N. Y. Lye, X, 1873, 320), after quoting some of the vicAvs of

Professor Dana, expressed in his work, " Corals and Coral

Islands," 1872, I wrote as follows :

—

" The facts regarding the diminution in size of the islands of

the West Indies to the eastward, are of peculiar interest, not only

as affording conclusive evidence of the greater subsidence in that

direction, but in connection with geographical distribution."
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" The banks and islands forming the long Bahama chain di-

minish in size to the southeast, where are situated at its termi-

nation the submerged Mouchoir Carre, Silver and Navidad

Banks. In a similar manner, the submerged Virgin Island

Bank (with Anegadaon its northeastern extremity, geologically,

in the opinion of Dr. Cleve, resembling the Bahamas), Sombrero

and the Anguilla Bank, terminate the chain of the West Indies

(parallel with the Bahamas) eastward from Cuba."

In a previous paper (Proc. Amer. Phil. Soc, 1871, 57) I en-

deavored to show, that the land-shell fauna of Porto Rico, with

Vieque, the Virgin Islands, Sombrero, Anguilla, St. Martin, St.

Bartholomew and Santa Cruz, is unquestionably the same.

My present object is to show that Santa Cruz is connected

with St. Thomas, the fauna of both derived from Porto Rico,

in common with that of Sombrero and the islands on the An-
guilla bank, but by no means with Saba.

Before discussing the statement of Prof. Agassiz as to the

connection of Santa Cruz with the northern islands of the Carib-

bean grouj) rather than with St. Thomas (of the Virgin group),

I would first shortly describe the general features of the geology

of Santa Cruz, and the character of its flora.

Dr. P. T. Cleve (Proc. Royal Swedish Acad, of Sciences,

Stockholm, 1871) remarks :
—"The geological formations of the

Island belong to different ages. The northern mountain ridge

is the oldest, and to judge from its great petrographical resem-

blance with the rocks of the Virgin Islands, it would seem to

belong to the same geological age as the latter, or the cre-

taceous. Upon those highly disturbed strata, very little dis-

turbed beds of coralline limestone and white marls rest ; they

are probably of the miocene age. The youngest formation con-

sists of detritus swept down from the mountains by rains and

mixed with the white marls, and in a recent formation of cal-

careous sand around the shores." * * *

"The recent formations of the island are partly terrestrial,

partly marine. The former covers a great deal of the surface

of the island in the plains below the mountains. It consists of

detritus and clay, sometimes mixed with white marl. In this

detrital mass are found shells of terrestrial mollusca, some of

Avhich are of extinct species and some no more extant in St.
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Croix, but found liying in tlie islands of Vieque, and Puerto

Eico."

To Baron H. F. A. Eggers, scientists are indebted for an ex-

tremely valuable |)aper on '

' The Flora of St. Croix and the

Virgin Islands" (Bulletin U. S. Nat. Mus., No. 13 ; Washing-

ton, 1879), from which I offer extracts. The distribution of

the plants has an imj)ortant bearing on that of the terrestrial

mollusca, and the evidence to be derived therefrom as to the

former faunal counections of Santa Cruz.

Baron Eggers remarks :
—" Looking at the vegetation of St.

Croix and the Virgin Islands in its generality, and without en-

tering into details, we may consider it to be identical, showing

the same main features." * * * "Yet, in looking more

closely into details, we are soon struck by finding a great many
species in the one which are not found in the other."

Eeferring to the list of plants given in his paper, it will be

seen, the author says, that "out of a number of 881 indigenous

phanerogamous species no less than 215, or c. 4, are found in

the Virgin Islands only, whilst 98, or about \, occur only in St.

Croix, thus leaving only 568, or less than |, common to both."

He adds, that it is ''in the forest vegetation, which best re-

presents the original flora of the islands, that the greatest and

most varied differences are obserA"ed, showing especially the

great variety of species in the Virgin Islands which are not at

all found in St. Croix, and among Avhich are many of the com-

monest and most generally distributed forms." * * *

"However great are the differences in the flora on the two

groups of islands, yet this interesting fact is not due to their

possessing endemic species, as all the plants known as growing

on them are also found in other West India Islands, especially

Porto Eico, whence the vegetation of both the Virgin Islands

and St. Croix seems to be derived."

With respect to the question, " Why is it that St. Croix,

although the largest of all, has received a comparatively and

absolutely much less number of species than, for instance, the

far smaller St. Thomas ?" Baron Eggers offers the following

solution :

—" I am thus led to think that, at a former period, all

the West India islands have been connected mutually, and perhaps

with a part of the American continent also, during which time
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the plants in common to all the islands, as well as to the West

Indies and the continent, have expanded themselves over their

present geographical areas, at least iis far as they are not pos-

sessed of particular faculties for emigration over the sea. By a

snbsecpient volcanic revolution, St. Croix, as well as many of the

other islands, has thereafter been separated from Porto Eico

and the Virgin Islands, and put into its present isolated posi-

tion, which it seems to have retained ever since, whilst the latter

group of islands litis either still, for a long period, remained in

connection with Porto Eico, or, if separated at the same time

from it as St. Croix, has, by another revolution, been again con-

nected with the former.''

As to the plants now living in Santa Cruz, which have not

been found in the Virgin Islands, Baroa Eggers desires it to be

understood, that whilst his investigations of Santa Cruz have

been thorough, his explorations have been less complete, and he

feels confident that not a few of such i^lants may, by closer re-

search, still be discovered in the latter.

I propose, now, to examine the character of the terrestrial

mollusca of Santa Crnz, and the evidence which they offer as

to the connection of that island with others in its vicinity.

The most important feature is the nnmber of species found

semi-fossil only,—several extinct, others still living elsewhere :

of the whole, I add the following list.

Semi-fossil species, extixct.

? Clioridropoma dasicarinatunu Pfr.
'•'

clwrdiferum, '*

The latter, perhaps, a variety of the former.

C. Santacruzejise, Pfr., now living in Santa Cruz and St.

Thomas, is of much the same type, and may be considered the

living representative of C. iasicarinatum.

In Malac. Blatt., xxi, p. 173, D. P. Weinland described a

fossil, from Menk.e's collection, attributed to Hayti, as Cydostoma

(Tudora?) Kazika. He sent to me a specimen of it, and I

forwarded to him the Santa Cruz fossil
(
C. hasicarinatum), which

he considers the same, the habitat Hayti of Menke being erro-

neous (Jalirb., vii, 1880).
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Thelidomus incerta, Fer. This occurs, also semi-fossil, in St.

Thomas;—its nearest ally is T. notahilis, Shuttl. of St. Jan and

Tortola,

Plagioptycha Santacruzensis, Pfr. Allied closely to P. nemo-

ralina, Pet., of St. Thomas, St. Jan and Tortola.

Bulimulus extincttis, Pfr. Xear to B. elongatus, Bolt., which

inhabits Porto Rico, the Virgin Islands, islands on the Anguilla

Bank, several of the northern Caribbees, Cnra9ao and Buen Ayre.

B'ulwndus Rihei, Pfr. This can scarcely be compared with

any known West Indian form.

Strophia rudis, Pfr. rar. latilahrU, Pfr. Allied to species

now living in Porto Rico and in seA'eral of the eastern Virgin

Islands. '

Semi-fossil Species, extinct ix Saxta Cruz, but livixg

elsewhere.

Cliondropoma Tortolense, Pfr. A specimen from Santa Cruz,

in my cabinet, I referred to this species, which now inhabits Tor-

tola and several of the more eastern Virgin Islands.

Caracolus caracolla, L. This species is found living in Porto

Rico and Vieque ; it is nearly allied to C. sarcocJieila, Morch,

C. insititia, Shuttl , and C. excellens, Pf., of liajti.

In my Catalogue, Ann. N. Y. Lye, vii, 1861, I included

C. margineUa, Gmel., as occurring semi-fossil in Santa Cruz, but

erroneously, as I was assured by the late Mr. Robert Swift.

Stwcinea ajjproxwums Shuttl.—I referred a sjDecimen in my
cabinet to this species, which occurs in Porto Rico, the Virgin

Islands, and several of the Caribbees.
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Species xow livixu ix, and peculiar to, Sais^ta Cruz.

Cistula riifilahris, Beck.—Allied in many respects to Chon-

droponia Julieni, Pfr. of Sombrero.

Cyliudrella cliordata, Pfr. {Traclielia.)

Species now living in Santa Cruz and elsewhere.

Chotidropoma Santa-cruzense, Pfr.

* Micropliysa vortex, Pfr. Also, St. Tliomus.

* Bulimulusfraterctilus, Fer.

* B. elongatus, Bolt.

* B. niarginatus, Say.

* Pupa pellucida, Pfr.

* Succinea Riisei, Pfr.

With regard to the genera of the semi-fossil species, I may
remark, Thelidomus is characteristic of Cuba and Jamaica, is

represented in Porto Eico and the Virgin Islands, but has one

species only in the Caribbees, T. discolor, Fer,

Plagio]}tycha belongs to Hayti, and Garacolus to Cuba and

Hayti, with a representative in Porto Kico, but neither in the

Caribbees. 11-
Stropliia, with numerous species in Cuba and the Bahamas,

several in Hayti, Porto Eico and the Virgin Islands, does not

occur in the Caribbees. One siaecies, however, lives in Cura9ao

and Buen Ayre. The impression only of a species, is found in

the jjhosphatic lime-rocks of Sombrero.

* These species, more or less widely distributed, cannot be said to be characteristic of the

faunas of any of the islands.
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The discovery of a submarine ridge, connecting Santa Cruz

with Saba is interesting ; but its geological age is as uncertain

as is that of the deep chasm now separating Santa Cruzfrom
St. Thomas.

I have shown, conclusively, I think, that the land-shells sup-

ply abundant evidence of the former connection of Santa Cruz

with St. Thomas, and the other islands of the Virgin group, but

none of its connection with Saba.

A variety of B. fratercuius occurs in Saba, and a Succinea,

which I believe to be Riisei, with several of the widely distributed

StenogyrcB, and Helicina pida, Fer., belonging to the Carib-

bean fauna, is also found there. Very recently I have received

from thence, through tlie kindness of my friend, Mr. F. A.

Ober, many specimens of Ampliibulima patula, Brug. , hitherto

known only from St. Christopher, Dominica and Marie-Galante.

The five-hundred-fathom line mentioned, embraces Anguilla,

St. Martin, and St. Bartholomew, but their land-shells are far

more allied to those of Porto Kico and the Virgin Islands than

to Caribbean species. Macroceramus signatus, Guild., occurs

in Anguilla and St. Bartholomew, in several of the Virgin Islands,

and in liayti,—the genus is not represented in the Caribbees.

Pineria Schrammi, Fisch., of Guadeloupe, which I believe to

be identical with P. Viequensis, Pfr., of Vieque and Barbados,

inhabits each of the three islands on the Anguilla bank.

With regard to changes of the flora and fauna of Santa Cruz,

two causes have been suggested, but entirely under misappre-

hension, and I deem it desirable to place the facts on record.

The Eev. John P. Knox, in his " Historical Account of St.

Thomas, W. I." (New York, 1852), relates circumstances con-

nected Avith the establishment of a French colony in Santa Cruz,

in 1650. The settlement, he says, proved at once very un-

healthy. He adds:—"In order to arrest the mortality which

was so rapidly thinning their numbers,—a mortality which arose

from the dense and aged forests that covered the island, scarcely

affording an opportunity for the winds to carry off the poison-

ous vajDors with which its morasses clogged the atmosphere,

—
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the colonists who remakied, set tire to the woods, aud, going on

board their shijis, became spectators of the conflagration. They

returned on shore after the flames were extinguislied."

Mr. Alfred Newton, in " Obseryations on the Birds of St.

Croix" {Ibis, I, 59, 1859). quotes Knox's account of the con-

flagration, and in his remarks rather amplifies it.

"That the sinmltaneoiis and sudden destruction by lire of all

the woods on an island like this, would have a marked and last-

ing effect upon its fauna, no one can doubt ; aud one of its re-

sults may probably be traced in a fact ascertained by Herr

Apothek Eiise, of St. Thomas, that in St. Croix there occur the

dead shells of about a dozen species of terrestrial molluscs, of

which he has never found a single example inhabited by the liv-

ing animal, though they are undoubtedly recent and not fossil

forms. It is difficult to account for the extinction of so many
species, unless it may be presumed that the changes brought

about in the island by so great a fire, rendered it unsuitable for

their longer habitation "

I called the attention of Baron Eggers to this subject, and he

entirely discredits any such general conflagration. He informed

mc, that old Pere Labat, when in 1700 he visited the island,

after its having been given up and abandoned by the French in

1676, found it entirely covered with wood, as did also the first

Danish settlers who, in 1739, went over there to found their

plantations.

The destruction of the species of mollusca referred to, must

rather be attributed to geological changes.

In the Bulletin of the Torrey Botanical Club (F. Y., IV, No.

2, July, 1873), a communication appeared from Mr. F. Hubbard,

on the subject of the desiccation of Santa Cruz. He wrote:

—

" At my former visit, twenty-seven years ago, the dessication (of

Santa Cruz) had undoubtedly made some progress, but it had not

been sufficient to make itself manifest in a very marked degree.

The change from fertility to barrenness, which at first must
have been almost imperceptible, is no doubt taking place in an

accelerating ratio." He adds:—"The final depopulation of

this beautiful island seems now to be written indelibly among
the decrees of fate."
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Baron Eggers informs me, that the year 1873 was an uncom-

monly dry one, as had been, also, 1872, and as was 1874. The

effect of the drought was, he says, very plainly to be seen, but

since, there have been not less than three or four very wet

years, and the island at present (March, 1880) is as green as

ever.

Baron Eggers remarks :

—"There can be no doubt that, com-

pared with St. Thomas, Santa Cruz is more favored with moisture

than the reverse ; its forests are still of 'some extent, and trees

are not removed in the latter as in former times, when the land

was continually cleared more and more to satisfy the increasing

demand for sugar."

At the end of last century, he says, there were 27,000 acres in

cane cultivation, now there are only 17,000. The difference of

10,000 acres is again overgrown with tr«es, shrubs, grass, etc.

The so-called desiccation of the island of Santa Cruz can, in

fact, be no more accejDted than the conflagration caused by the

French colonists, as sufficient sensibly to affect its flora or

fauna.
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VIII.

—

Notes on Macroceranus Kieneri, Pfr. and M. pontificus,

(iould.

BY THOMAS BLAND.

Read January 24th, 1881.

Macroceramus Kieneii, Pfr.

Dr. Pl'eiffer described Macroceramus Kieneri as a Buliimis,

in Proc. Zool. Soc, 1846, and later, in Mon. Hel. Viv., II, 79,

1848, as follows :

T. breviter rimata, cylindraceo-turrita, tennis, oblique confertim costata,

fusco-corneo et albido irregulariter marinorata ; spira turrita, apice acu-

tiusculo nigricans ; sutura profunda, crenata ; anfr. 13 convexi, ultimus \

longitudinis subiequans, basi obsolete unicarinatus ; apertura lunato-circu-

laris
;
perist. simplex, undique expausum, marginibus conniventibus, dextro

valde arcuato, columellari dilatato, patente.

Long. 18, diam. anfr. antepenult. 6 mill. Ap. 4S mill, longa, 4J lata.

Habitat in Honduras.

In the Proc. Boston Soc. N. H., Ill, 1848, Dr. Gould de-

scribed Pupa pontifica, and the following description is given

of the species, as Gylindrella pontifica, in Terr. Moll., II, 306,

Plate LXIX, fig. 1.

Shell fusiform, attenuated-cylindrical, whitish, or grayish clouded and

marbled with brown ; spire acuminate ; whorls from 9 to 12, rounded,

with numerous oblique, prominent striae, or ribs ; suture impressed, crenu-

lated by the extension of the alternate ribs across it ; aperture rounded, ob-

lique ; lip thin, somewhat reflected ; axis impressed, not truly perforate.

On the last whorl, a colored line revolves : this is sometimes raised a little

from the surface, and sometimes is shai'p like a delicate carina.
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Extreme length, lialf an inch ; extreme diameter, 1 of an inch ; ordinary

size less.

Pfeiffer, in Mon. Ill and IV, places C. pontifica, GlcL, in the

Syn. of his species. In Mon. VI and VIII, he, treating his spe-

cies as a Macroceramus, separates it from Gould's, assigning

Florida and Orizaba, Mexico, as the habitats of the latter,

Binney and Bland, in Smith, Misc. Coll,, 1869, and W. G.

Binney, in Terr. Moll., V, 1878, following Pfeiffer's earlier

opinions, described 31. Kieneri as a United States species, with

Gould's species in its synonymy.

Crosse and Fischer (Moll. Terr. Mex., p. 423, 1873) treated

M. pontifictis, Gould,—as I have shown Pfeiffer to have done

in his later works,—as distinct from 31. Kieneri, the latter from

Honduras, and the former from Orizaba (Mexico), as well as

Florida and the Florida Keys.

Crosse and Fischer (1. e.) describe M. pontificus as follows :

Testa ovato-fusiformis, superne attenuata, albida, griseo et fusco marmo-

rata ; sutura impressa, crenulata ; anfr. 12 rotundati, costulis crebris,

obliquis, alternatim suturam praeteriuntibus ornati, ultimus subcarinatus
;

apertura lateralis, circularis, campanulata ; columella recta, nmbilicxim

linearem tegens
;

perist. reflexiusculum, albidum. Longitude 18 mill.,

diam. maj. 6 mill. Apertura 4 J mill, longa, 4^ lata.

In some uncertainty as to the two sj^ecies, I wrote to my
friend Dr. Hy. Dohrn, the possessor of the late Dr. Pfeiffer's

collection, asking if he conld furnish me with an autlientic spe-

cimen of 31. Kieneri. In the latter part of 1879, Dr. Dohrn
informed me, that in Pfeitfer's collection he found three adult

and one young specimen of 3i. Kieneri, and very kindly sent

to me one of the adults, which the foregoing figures represent,

the left hand figure being of the natural size.

It is certain that the species 3f. Kieneri does not belong to

the fauna of the United States.
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Fig. 4.

PLAN ABOVE KETTLES PLAN BELOW KETTLES
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Fig. 5.
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SIDE VIEW

Plate X.





J^

OUTSIDE OF FRAME A. vj

.^^-'v^y>^7?^>:

ELEVATION SECTION

OFE.

12 6 a





Fig. 12.
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Fig.13,

a - Faber Du Four's tiltingfurnace.
b • Supportfor retort.

c - Fluejointed so that thefurruice may siclng.

d - Vertical T iron ties holding brick walla togethe
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g • Chimney ^Q feet high.
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IX.— On Helix as^wrsa in California, and the (rcor/rapliical

Distribution of certain, ]Vest American Land-Snails, and

jjrecious errors relatiiuj thereto, d'c.

BY KU15EKT K. (". STEAKKS.

r.MVEKSiTV OF California,

Keiul March 28tli. 1881.

The presence of the well-known European land-snail. Helix

aspersa, in California, as an inhabitant of the State, is verified

by living specimens received bv me recentl\-, through the kind-

ness of Mr. Harford, of the California Academy, of Sciences.

They were collected near San Jose, iu Santa Clara Count}',

Avliere it is stated that a colony exists, Avhich, as will be seen by

the foot-note,* was planted tiventij-three years ago

!

* In a reply to Mr. Harford's inquiiy, Mrs. A. E. Bush, of San Jose,

writes,
—"I learn that H. aspersa was brought from France to San Jose

about tAveuty-three years ago, by Mr. A. Delmas, and turned out on the

Guadalupe, probably with the grape-vines. You have evidence that the

tirst colony of Helices are doing well. I do not learn that any one else has

ever brought anJ^ A son of Mr. Delmas gave me the information, and

also, tliat they were planted in the southern part of the State at the same

time, where they were put on the grape-vines, and that they have done

better there than here. ***** Thej^ were probably brought here

as an experiment, and have been eaten, and have not spread beyond the

locality where first planted. There are a few French families about there

[i. e. on the Guadalupe], but they seem very unwilling to give any informa-

tion, which may be, because Americans are prejudiced against snails as an

article of food. * * * Am satisfied that the handful * * * that I

got were intended for the pot * * * .

The soil where the colony was placed is a rich, sandy loam, well shaded ;

when the summer heats come, the Helices descend into the ground several

feet, in the cracks that form as the ground dries ; and the gopher-holes

make retreats also for the Helix."

It should be borne in mind that the San Jose referred to herein, is an

interior toAvn or city of many thousand inhabitants, several miles back from
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At first thought, one is led to doubt the probaljility that such

a form, in a locality near to any considerable population, could

be so long unknown to naturalists ; but when we consider the

facts, first, that tlie place where it Avas planted was on private

ground of considerable area, several acres ; second, that the

climate of the region, with its long rainless summers, is not

so conducive to the rapid multiplication of individuals as is

the native climate of the species ; tJtirdy that the increase was

quite likely the measure of consumption as food by the parties

owning the locality ; am}, fourth, that the presence of the spe-

cies was kept secret ])y those Avho used if,—the improbability

is greatly reduced.

The detection of individuals of this species in this part of the

world recalled the fact of its having been previously reported

from this coast, over thirtij jjears ago; yet, during all this time,

not tlie first iota of confirmatory testimony has been obtained,

and the credi't at that time to our faunal list has ever been re-

garded, by our local naturalists and collectors, as without valid

foundation.

I have Ijeen curious to look into the matter, and to seek for

the source of this en-or, for error it undoubtedly is.

In pursuance of this inquiry, I find many other west coast

species incidentally involved, and many errors in habitat, which

have been so often repeated, as to justify the time required for

their correction, if accuracy of statement as to geographical dis-

ti'ibution is of any importance.

Mr. W. G. Binney, in his recent volume* on " The Terres-

the coast, and distant between two and three hours' ride by rail from San

Francisco, southward.

The " Guadalupe " referred to, is a river formed by several minor streams;

it flows northerly through Santa Clara Valley, and empties into the Bay of

San Francisco at its southerly end, near Alviso ; the valley is compara-

tively thickly settled, the region being one of the most fertile in the State.

The " Guadalupe" river, as above, must not be confounded with " Guada-

lupe island," mentioned later in this paper.

The colony planted in the southern part of the State, as reported by Mrs.

Bush, has not as yet been discovered ; the climate, etc. , is much less favor-

able for its perpetuity than that of the Santa Clara Valley.

* Vohune V, July, 1878. See, also, Binney (Senior), in Vol. II, ]•>. 117.
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trial and Air-Bnalliiug MolJiit^ks of North America, etc.." re-

])orts this tipecies, as found "In gardens in Charleston, South

Carolina, and vicinity, where it has existed for fifty years : I

found it i)lcntifii]ly iu St. Micliael's Chui'chyard, in 18T5 : also,

has been found at New Orleans and Baton Eonge : Portland,

Maine; Nova Scotia; Santa Barbara. California: Hayti, St.

Jago, Chili, etc.; it is a Eurojiean species, accidentally intro-

duced into this country, or rather by commerce as an article of

food. It evidently is a species peculiarly adapted to coloni-

zation."

Though credited to California as above, I have always thought

that this was an error arising from hasty or mistaken determina-

tion, and that the shell upon which it rests was either an indi-

vidual of the species since described as H. Tryoni* or H. 8tearn-

siaiia,\ or perhaps an aberrant H. Kellettii, of which specimens

sometimes occur, which in color, elevation and general aspect,

resemble dwarf individuals of //. as-persa of Mhller. My previ-

ous quotation from Mr. Binney Avill show that the latter species

is credited to Santa Barbara ; it has never been confirmed from

said point, or from any other on the west coast of N"orth America,

by any of the numerous collectors of later years. Dr. Cooper^

in his Geographical Catalogue of the Mollusca (April, 1867),

very properh' omits it from the list of West American species.

I have numerous specimens, however, of H. Tryoni, from Santa

Barbara Island.

The late Dr. Philip Carpenter, in his Report on the Mollusca

of the west coast of North America, J says, " Among the wasted

opportunities of obtaining very valuable information on geo-

graphical distribution, must unfortunately be recorded the sur-

veying voyages of the ' Herald ' and ' Pandora,' Capt. Kellett.

E. N., C. B., and Lieut. Wood, E. N. The former of these gen-

tlemen commanded the 'Starling' during the Sulphur Expedi-

tion. Their zeal for science is shown not only by the large num-
ber of fine and valuable shells which they brought back, but

* Described by Dr. Newcomb, in 1864, and

t By the late Dr. Gabb, in 1867.

X To the British Association, 1856, paragrapli 50.
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especially by the extreme liberality with which they have presen-

ted them to public museums wherever they thought they could

be made useful. The shells were deposited in the Museum of

Practical Geology in Jermyn Street, London, then presided over

by Prof. E. Forbes. He writes that ' they were chiefly collected

on the coast of Southern California, from San Diego to Magdalena,

and the shores of Mazatlan.' " Carpenter continues, saying, " this

is precisely the very district of all others on which we are in

want of accurate information. San Diego belongs mainly to

the Californian j^rovince, Mazatlan to that of Panama ; the

question yet to be settled is, where and how do they separate ?

Here was an exploration in competent hands, on the very terra

incognita itself; and yet, alas! Prof. E. Forbes further states,

that " unfortunately the precise locality of many of the indi-

vidual specimens had not been noticed at the time ; and a quan-

tity of Polynesian shells mingled with them, have tended to

render the value of the collection, as illustrative of d'stribution,

less exact than it might have been." Such information as was

accessible at the time was embodied by Prof. E. Forbes, in two

communications to the Zoological Society, 1850 ; the first on the

Land Shells, collected during the Expedition. Proc, pp. 53

—

56 ; the second on the Marine Mollusca, pp. 270—274." * * *

It would expand this pajDer unduly to quote the entire para-

graph, so I will only add the following, from the same author,

from the same and following pages :

^' Helix Pandorm, Forbes, p. 55, pi. 9, f. 3 ; a, h. Sta. Bar-

bara, as per box-label : San Juan del Fuaco, teste Forbes.

—Kellettii, Fbs. p. 55, pi. 9, f. 2 ; a, h. Allied to H. Californi-

ensis, Lea. Same locality. ***********
—asjjersa, marked Sta. Barbara; i)robab!y imported, p. 53."

Then follows a list of the marine forms described by Prof.

Forbes, succeeded by Carpenter's remarks : "The types of the

described species, and numerous most beautiful and interesting

specimens, have been prestntcd to the British Museum. The
remainder may be seen by students in the drawers of the Mus.

Pract. Geol. ; but the condition of the labels is net such that

any dependence can be placed on them, unless confirmed from

other sources. * * *

"So large a number, even of those placed with the Mazatlan
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sliellt^. and ijeilnqjs obtained by comnierce from that spot, are

known to be inhabitants of the Pacific Islands and the East

Indies, that a list of them wonld be entirely useless for our

present object.*'

The closing lines of Dr. Carpenter hardly Justify the previous

remark, '"an exploration in competent hands," etc.; and a re-

curi'ence to the species cited shows, that even so eminent an

authority as Prof. Forbes was, to use a common expression, "at

sea," in the matter of locality ;* while the box-labels were more

nearly, if not cpiite right. Mr. Binneyf gives the habitat of

Kellcttii US "San Diego; Catalina Island, San Nicolas Island,

California ;" and CooperJ refers it to "Catalina Island, San

Diego and south." The latter author does not refer to H.

Pandorce, as it is not an inhabitant of the Californian and

Vancouver zoological province, being south of the southern limit

of his catalogue, Avhicli covers the region " between latitudes

33° and 49° north."

Binney, in the volume quoted, properly credits If. Pandorce

to "Margarita Bay, Lower California." Forbes's habitat of this

species is only seventeen hundred miles too far north,—and of

.Kellettii, eleven liiuidred.

Another distinguished autlior|| has placed the Lower Califor-

nian Helix levis on the Columbia river,—about fifteeri hundred

miles too near the north pole.

Tryon§ proper!}' credits it to Southern California,^ and adds

in a note that our mutual friend, Dr. ISTewcomb, sent him speci-

* Forbes's " San Juan del Fuaco," perhaps should have been San Juanico,

a small port in Lower California on the outer coast, lat. 26° N., and within

the territory inhabited by Pandorce, areokda, etc. For the sake of brevity,

it is often called " San Juan."

t Vol. V.

X Geog. Catalogue, etc.

Ij

Mon. Hel. Viv., 1, 154; III, 128; Zeitschr. f. Mai., 1845, 152; in

Chemnitz, ed. 2, I, 249, pi. XXXVI, f. 16, 17 (1846;—Reeve, Con. Icon.,

1214 ;—and other authors cited by Binney in L. & ¥. W. Shells of N. A.,

Part I, p. 180.

^ Am. Jour. Conch., Vol. II, p. 820.

*' Meaning Lower California.
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mens of it "from Bay of Monterey, Cal., as a variety of //.

are.olata,''' which latter he refers* to "Oregon, California."

This was nndonbtedly a lapsus calami, on the part of the Doctor.

The geography is slightly obscure, and neither of the stations

are correct; also //. intercisa, W. G. B., an insular species

found on the islands off the coast of the southern portion of

California proper, is credited by him to "Oregon," in pursu-

ance of Binney's error, which the latter author has indicated in

his recent volume, f

Mr. Hemphill wrote to me (in July, 1879) just after his re-

turn from the region, "I have Helix intercisa, Binn., and its

vars., also small dark and light vars. of H. Kellettii from San

Clemente Island." Catalina Island is apparently the metropolis

of the latter form.

San Miguel, Santa Kosa, Santa Cruz and Anacapa, are islands

in what is called the Santa Barbara Channel ; while Santa

Barbara, Santa Catalina, San Nicolas and San Clemente, are

further south ; of these, Santa Rosa, Santa Cruz, and Santa

Catalina, are the principal or lai'gest, while San Miguel, San

Nicolas, and San Clemente, are farthest from the main land.

As regards H. Kellettii, Kellett and Wood may have found it

on Santa Barbara Island, or on some of the islands in the Santa

Barbara Channel, and marked the box "Sta Barbara," without

intending to mean the place or town of that name on the main
land ; but as Kellettii has not been reported by later and more

accurate collectors from Santa Barbara Island, it is far more
likely that a variety of Tryoni is really the shell referred to as

'' aspersa.^'

As to H. aspersa, it would be quite absurd even to imply that

so excellent a naturalist as Mr. Forbes was not intimately ac-

quainted with every aspect and variety of a form so abundant

as this, both in England and on the Continent.

As before stated, its occurrence as above has never been veri-

fied; and though a species of cosmopolitan plasticity, in its ready

adaptation to new regions, there was no commercial intercourse

* Am. Jour. Conch., Vol. 11, p. 319.

t Vol. V, p. 361.
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between any of the places Mhei'e it had ])reviously been found

and that part of California to which Prof. Forbes credits it, nj)

to the date of said credit, or, rather, tlie date of the " Herald"

collection. Since then, during the time which embraces the

"great emigration" following the discovery of gold in Cali-

fornia in 1849. that part of the coast of California has had but

little if any direct contact with vessels from ports in countries

where //. aspersa exists. Prior to 1849, the coastwise ti-affic

was very insignificant, and the foreign commerce consisted only

of the few vessels engaged in the hide and tallow trade, and the

whalers; therefoi'e its introduction by such means is altogether

improbable.

For the very reason that Forbes was intimately familiar with

aspersa in all its varied asjiects.—I believe he was led to credit it

to the West coast through the striking resemblance which occa-

sional sjiecimens of Tryoni, Steanisiana, and Kellettii bear to

occasional specimens of aspersa; not typical or average specimens,

but extreme, unusual, but occasional individuals.

J have before me now a specimen which connects extremes of

Kellettii and Stearnsiana; it is strikingly like an extreme speci-

men of aspersa which is also before me. I have likewise, speci-

mens of ]"ather dark colored H. Tryoni. which strikingly resem-

ble a light colored dwarf aspersa.

If the California specimens referred to in this comparison were

placed Avithin a region where aspersa is abundant, they would at

once be regarded as dwarf varieties or aberrant individuals of

that species. If the specimen of aspersa referred to was placed

within the territory of either Tryoni, Kellettii. or Stearnsiana, it

would be considered a variety of one or the other according to

the area within which it was placed.

Having possessed, seen, and noticed at various times a great

number of all of the species above named, and observed their

range of variation and approximation to other forms, I regard

this hypothesis, as to Forbes's H. aspersa in "Sta Barbara," in

connection with the other related points presented, as a reason-

ably satisfactory solution of the matter; as furnishing a better

basis for Forbes's credit of aspersa to this coast, at that time,

than any other that is left us to choose from, viz., that the shell

he had before him was a veritable aspersa;—or that a true as-

L
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persa gut mixed in with the ''Herald"" shells after the latter ar-

rived in England. Though the above hypothesis does not ex-

onerate the collectors of the "Herald" shells from the careless-

ness evident in their labels, it does favor them with an explana-

tion which places their habitat (as per label) within a compara-

tively near jn'oximity to the proper specific areas, which our

present knowledge indicates as correct.

It is, however, really extraordinary that any author who had

seen the actual shells of the above American species and possess-

ing any knowledge of the relation of climate to coloration, should

have placed any of them without great hesitation and careful re-

search at so northern a station as this inquiry and a reference to

their works reveals. Take all the West American species named
in this jsaper, and their external aspect points conspicuously to

a habitat of minimum rainfall or moisture :, and the aspect of

the species, taken together as a whole, j)oints to a region of

aridity, or where aridity is the rule and not the exception.

The time will come, and it is not creditable to the manage-

ment of museums anywhere, that it has not already arrived,

Avhen collections v/ill be arranged in double order, or under two

systems ; one, and the least important—now made the most so

—

that of a classified arrangement according to the best authori-

ties ; the other, a geographical arrangement,—carefully placed

—

according to the geographical distribution of animal life. Aside

from the light which such an arrangement would throw upon

many other points of great imi)ortance,—in the matter of cli-

matology a better knowledge of a great region would be jn'e-

sented at a glance than by all human records, or since civilization

reached the point of meteorological observation.*

The various forms included under the names of //. areolata,

PandorcB, VeatcMi and levis, I regard as varieties of a single sj)e-

cies. The first two are found in great numbers on the shores

and in the region about Margaritaf or properly Magdalena bay,

* In connection more or less directly with this line of investigation, see

Cooper " On the Law of Variation, etc. ; California Land Shells; Cal. Acad.

Proc, 1873, p. 121 and elsewhere.

f Margarita is a large island, whose shores form a part of the honndary

of Magdalena bay ; hence the bay is sometimes so named by writers and

sailors.
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Lower California. Mr. Fisliur found Helix airolata alnindaiit

on the shores of Santa Maria bay, which is a small bay indenting

an island of that name, outside of Magdalena bay. //. Veatchii

and //. levis are insular forms, usually much more globose and

elevated than their relatives from the main land. H. Veatchii,

the largest of the four, is from the large island known as " Ce-

dros " or " Cerros ;" which forms the greater part of the western

boundary of the bay of St. Sebastian \"iscanio, hit. 28° to 29° X.

Fisher found lev's abundant dead in Asuncion, a small island

south of Cedros, in hit. 27°. Magdalena bay is still further

south, more than half way between Cedros Island and Cape St.

Lucas.

The tubercle on the columella is sometimes present and some-

times absent in all the above ; it has no value, in this group at

least, as a specific character ; this conclusion I have reached after

the examination of hundreds of individuals of all these so-called

si)ecies.

Binney regards Veatchii as a synonym of areolata. but he

recognizes Pandorm and levis as valid species. Neither of the

four figures* he gives of H. areolata are characteristic of the

main-land forms,—being too elevated, though they niay be typi-

cal in j^nrsuance of the original description ; the two larger

figures are good for Veatchii, the two smaller for levis. Veatchii

is full as much entitled to specific rank as either of the others.

Mr. Ti-yon recognizes all as valid species ; he places areolata,

Panclorce and levis, in the subgeneric group Poly^iita, and

Veatchii in Arioxta. Binney puts them together in Eupa-
KYPHA.

I cannot but regard these subgeneric divisions, to a great

extent, as arbitrary and unsatisfactory; they seem to be more or

less fanciful and superficial, and based upon too narrow and

unsubstantial grounds ; and the frequent difl:erences of opinion

on this point by such conscientious authors as those whom I

have quoted, confirm observations made in the cabinet and the

field.

As a matter of information not unrelated to the general sub-

ject of this paper, I may mention the detection of fossil speci-

* Land and F. W. Shells of N. A., p. 177, fig. 311.
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mens of ff. Tryoni Kewc, in .Santa Barbara Is., H. tenuistriata,

Binuey,—from tlie same locality; H. intercisa, W. G. B., from

the shell-heaps of San Clemente Is., and IT. Stenrmiaua, Gabb,

fossil, from about four miles above the mouth of San Tomas
river, Lower California, collected and presented to my museum
by Henry Hemphill, Esq.

The comments of Mr. Binney* relating to a sjiecimen of //.

temiistriata (so-called) from Catalina Island, impress me as ap-

plying to the specimens so-mimed from Santa Barbara Is., as

above. They appear to be forms of //. Gabbi, Newc. Again,

Mr. Binney's opinion as to the identity of Gabbi and facta, in

the same page of the same volume, I regard as correct. He
might also have included H. ntficiiicffc, or rufociiicta as Dr.

Newcomb named it.

Binney places these three species (all of Dr. Newcomb) in

the group Arionta; Tryon in Aglaja. Binney, referring to the

soft parts of Gabbi and facta, says:— "Genitalia, * * *

without the accessory duet of the genital bladder, and with

a dart-sac. They resemble nearly those of ruficincta, * * *

differing chiefly in the length of the duct of the genital blad-

der.*' The number of whorls is the same in all tbree, namely?

5 to G ; the general aspect is the same, presenting no other

essential difference than size. H. facta is "also found, the

variety with the open umbilicus, like that form found fossil on

San Nicolas Island, California, "j" on the Island of Guadalupe,

which is about 220 miles from San Diego, off the west coast of

Lower California.

Before closing, I will notice, as worthy of inquiry, the appa-

rent relation between the saline, sandy, wind-swept stations in-

habited hy Helix Ap-esianal {not Ayersiana) and Helix in-

tercisa, and the sharp obliquely-reticulated sculpture which

characterizes these species.

The first of these was credited to "Oregon," in Dr. New-
comb's original description, instead of the islands of Santa Cruz,

* L. & F. W. Moll., Vol. V, 1878, p. 372.

t Binney, Proc. Phil. Acad., 1879, p. 16.

X Named for Dr. W. O. Ayres, mA Ayers.
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San Miguel, and Santa Rosa, where it has since b^en found, by

Plarfoi'd, Hemphill, and others. It is nearly related to H. Du-
pefithouarsii, which occupies a maritime, but less exposed wooded

station on the main land, much farther to the north, near

Monterey, bay, in Monterey County ; south of said county is a

long stieteh, a large area extfending southerly to Point Concep-

tion at the head of the Santa Barbara channel, which embraces

the counties of San Luis Obispo and Santa Barbara, Avhere H.

T'raskii, another closely related form, occurs ; south of the point

is the small island of San Miguel and the larger ones of Santa

Cruz and Santa Eosa, where Ayresiana is found. H. Ayresiana

is much lighter colored than the average of DupeiWiotiarsii

;

it inhabits a more arid and treeless station ; its general tone

may be described as a dingy light cafe-au-lait , with a rather

broad reddish-brown band, which in some individuals is obscure

or entirely obsolete. H. TrasJcii sometimes exhibits the sculp-

ture herein noticed. Sjiecimens of H. intercisa from San

Clementejsland are sometimes beautifully sculptured.

Of the Sun Clemente snails, for which I am indebted to the

courtesy and generosity of Mr. Hemphill, H. intercisa,—with

which Mr. Binney includes H. crebristriata, Newcomb, as a

synonym,—is closely related to H. Tryom,'^ and the H. redimita

specimens, received from the same gentleman, indicate an equally

close connection with H. Kellettii, which has the same number

of whorls, and other characters in common.

It will be observed, upon a comparison of the shells herein

recited, and the stations wherein they are found, that the geo-

gra]3hical proximity or relationship also corroborates the views

herein expressed.

Further testimon}^, showing the propriety of my remarks as to

subgeneric divisions, is presented by reviewing the relationship

of these San Clemente snails, and comparing the same with the

positions heretofore assigned to them.

February, 1881.

* I find Mr. Binney practically agrees with the above, upon turning to

Bull. Mus. Comp. Zool., Vol. V, p. 357, which see.
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X.— The Liff'-IIisforji of Spinfer he vis, Hall:—a Falceonto-

lugicaJ Study.

ItY IIENKV y. WILLIAMS.

Kead April 25th. 1881.

In middle and western New York, cropping out also in some

localities westward and southward, appears a series of shales and

shaly sandstones known as the Portage group.

The total thickness of the seiies, as defined by Hall, is from

1000 to 1400 feet in the western part of New York State. Leslie

defines 1450 feet of Portage Flags in Pennsylvania.

The ''Erie shales*' of Newberry arc considered as the same

rocks in Ohio, where they thin out and disappear west of the

Vermilion Eiver.

Rocks corresponding to the upper layers of the Hamilton

Period, or lower part of the Portage, are found further west,

and are called "Black slates," or '"Bhutk shales,"—the ''Huron"

in Ohio, and the "Huron group," Winchell. in Michigan. •

Although the line between the Hamilton and Chemung
Periods is not clearly defined in these western outcrops, these

"black shales" and "Huron" slates are ai:»parently more closely

connected historically with the Hamilton Period than with the

Chemung ; and we may regard the true Portage shaly sandstone,

in which the characteristic fossils occur in western New York,

as limited in outcrop to middle and western New York, Ohio

and Pennsylvania,

In the upper part of the Portage beds, in a few localities only,

has been found a large, smooth-surfaced, unplicated fossil of the

genus Spinfer, described first by Hall, in the Geological Eeport

of the Fourth District of New York, 1843, p. 345, fig. 1, under

the name of DeWiyris Iceris. This was afteiwaids (1867) more

fully described and carefully figured in the fourth volnme of

the Palgeontology of New York as SjHrifera Icevis (1. c, p. 339,

pi. XXXIX) by James Hall. In the latter description, two
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localities are given—near Itlnica. Toni])kins Co., and, near C'ort-

landA'ille, Cortland. Co.

The species is also recorded from the shores of Seneca Lake ;

also, there are s])eciniens in the Mnseum of Cornell University

labelled from Flint Creek. Ontario Co. 'J'here is, however,

reasonable doubt as to the correctness of the label. Only a few

localities are known in which this large fossil is found, and, so

far as I can learn, none outside, of the State.

A study of the species, and of the rocks of the Portage about

Ithaca, has shown that, slratigraphically, the species is projaably

limited to a mass of shales of not over three feet thickness,

marked below by a stratum of argillaceous sandstone,—which

in some localities is clearly defined and solid, of a foot in thick-,

ness, at other points indistinct by I'eason of the greater amount
of argillaceous mattev causing a looser and more shaly structure,

—and marked near the top by a thin layer, three or four inches

in thickness, of argillaceous sandstone.

The fossil appears most abundantly in fine soft shale, quite

devoid of arenaceous matei'ial, just above the lower sandstone

layer, and just above the ujiper four-inch layer. It occurs, also,

but not so thickly massed, between the two sandstone layers ;

but only one specimen has as yet been seen in' the upper sand-

stone layer.

In his Eeport on the Brachiopods of the State (1. c, p. 237),

Prof. Hall remarks, that this is the only species of Spirifer

from the Portage formation then (March, 1867) known to him,

and as far as any record is published, no other Spirifer has been

found as yet (1880).

At first glance this species recalls forms of later rather than

earlier times, and the suggestion is strong to associate it with'

the Carboniferous species rather than with the Hamilton or

earlier forms which precede it. There are many such forms in

the upper Devonian,—both in America and Great Britain and

Europe,—which point to a relationship between the two ages,

quite impossible to reconcile Avith the idea of any great catas-

trophe as separating flie two.

Comparing it with the Hamilton Spirifers, this is a well-

marked species, not the only or the first unplicated, smooth

species, but the first large one possessing these characters, and
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in general appearance it is readily distiuguished from any earlier

form.

Comparing it with European forms of the Carboniferous, it

appears as one of them ; and in general Spirifer kevis, H. pre-

sents greater resemblance to the Carboniferous than to the De-

vonian representatives of the genus.

As a well-marked form, with a limited geological horizon,

and appearing in a limited geographical area, Spirifer Icevis is

interesting in itself; and a study of its relations to the past, be-

comes especially interesting, on acdount of its appearance here

in the Portage, as a new and distinct "species," and in its dis-

tinctive characters, seeming to belong to a type or form entirely

new for the genus. It stands out prominently as a suddenly

appearing "species;" and between it and the forms preceding it

there appears, at first sight, to be a distinct gap. Without

attempting to redescribe the species, it may be worth while to

point out its distinguishing characters.

Form and Fro])0)iions.—The outline of the ventral valve, the

one more commonly met with, is sub-circular or semi-elliptical,

with prominent beak and broadly rounded margins at the car-

dinal extremities, the margins of the shell almost always crushed

and generally distorted. Opposite the beak, the base of the

sinus is generally folded under, and thus this margin appears

truncated, es|)ecially in larger shells. The greatest Avidth of the

shell is in a line lying anterior to the cardinal line about as far

as the beak extends posterior to it. Over this same line is the

greatest elevation of the swollen valve.

The proportions of length to breadth are, as Hall mentions,

"from two to three, or three to four."' In specimens of which the

sinus IS preserved to the end, I find the distance measured on

the outer surface of the shell, from the point of the beak along

the groove of the sinus to its anterior margin, is very nearly equal

to the greatest actual breadth of the shell. This line measures

the actual length of superficial groAvth in the medial line of the

ventral valve, and thus becomes a very fair unit of measurement

for comparison, and can be determined as w^ell in distorted as in

uncrushed specimens.
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Size.—I'lic length of this metiian £Tvowth-line. in specimens

of ordinary size, is about live centimeters, or al)oiit two inclies.

As an example of shape. I Avill give tlie jiroportious of a medinm-

sized specimen (Xo. 260) of my own cabinet, whose outlines

are well i)reserYed :

Median growth-line, - - - - - - 4.5 cm.
Greatest breadth. - - - - - - 4.4^ "

Total length of cardinal area, its extremities merely linear, 8.4 "

Greatest elevation of shell above the plane of the margins, - 1.2
"

In same plane, distance from hinge-area to extremity of beak, 0.6 "

Greatest separation of the two folds forming boundaries of the

.sinus, -------- 1.4 "

Beak.—The beak is prominent, and arches over the cardinal

area.

('ardi)ial area.—TXiQ cardinal area is short and high; when
viewed ])erpendicnlarly to its surface, the convexity of the shell

above the beak appears about equal to the elevation of the area,

and it falls rapidl\' to a narrow linear area for the terminal jiart of

the hinge-line.

Aperture.—The aperture is triangular, and in all perfect spec-

imens is found to be covered Avith a pseudo-deltidium.

Pse IIdo-deltiilium.—This pseudo-deltidium is triangular, and

convexly arching outward and, in what seem to be normal s})ec-

imens, has the form of au equilateral triangle, though in other

specimens with short and very high area, the pseudo-deltidium

is narrow, forming an acute angle at the top.

Surface.—The surface is in general smooth; only faint lines of

growth appear until near the margin, where the surface is often

coarsely imbricated by concentric lines of growth.

Ohscure plications.—Hall mentions the fact of the obscure and

undefined radiating folds occurring in older shells.

This is noticed to be a fact; and the only specimens in which

these obscure plications have been observed (by the w^'iter) are

those from the lowest layers in which the species occurs. Fur-

ther investigation may disprove the sujiposition, birt as far as

observation goes, the facts suggest that traces of radiating j^lica-

tions appear only on specimens from the lowest strata, i. e. at the

first appearance of the species, and only on the largest and hence
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most thorouglily developed specimens. We will refer later to

other interesting facts in this connection, only mentioning

now that wherever these traces of plications are found, they appear

on the marginal port ioNs of the shell, and never high up toward

the beak.

There is still another character which is highly important,

and it forms one of the most valnable criteria in tracing out the

relations of the species. Hall, evidently, had not observed it,

and I can find no printed evidence that any author has hereto-

fore noted tlie fact next described.*

Concentric series of minute radiatijig lines.—The surfaces of

specimens well developed, and which did not suffer from attrition

before being safely covered np, show under a glass of moderate

magnifying power, fine concentric rows of short radiating lines,

such as are seen coarse and strong in Spirifer finibriatus of the

Hamilton and Corniferous, and in several other species of other

periods, and which furnished Davidson the distinguishing char-

acter by which to separate the Devonian S. curvatus, Schl. from

the Carboniferous S. glaher, Martin. It is surprising that Hall

did not notice this fact when the strong resemblance to the Brit-

ish representatives of >S'. glaher, Martin, figured by Davidson,

was specially mentioned by him.

Further comment will be made upon these points.
<r

We have drawn attention to the few characteristic marks of

this species:—To enumerate them, they are evident, as follows,

a. 1st, in the form and proportions of the shells;

}). 2nd, in the size;

c. 3d, in the prominence and over-arching of the beak;

d. 4th, in the short and high cardinal area;

e. 5th, in the triangular aperture covered by arched pseudo-

deltidium;

/. 6th, in the smoothness of the surface;

g. 7th, in the concentric series of minute radiating lines;

* Since this paper was completed, and an abstract published, I learned that Prof. Hall

had previously observed the surface markings of Sp. Icevis referred to, and had already pre-

pared plates illustrating the fact, for a work which is as yet unpublished.

Mat, 1881. H. S. W.
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These ure the data preserved for us in the rocks, from which

we are to determine the sjjecific character of the shelh Tliese

are all morphological characters, and the species they define is

plainly a morphological species ; and it is by study of these

facts that the history and the relations of the species, and its

true limits and nature, can alone be determined. A comparison

of this with other forms reveals some very interesting facts.

Firat.—The second specific characteristic {b), namely, the size,

is known to vary easily and rapidly under changed conditions

of food and climate, and other environ-conditions. In a com-
parison of forms of diifereut geographical or geological areas,

the difference in size may be safely regarded as of varietal im-

portance, but taken alone is scarcely of specific importance,

using S23ecics in the strictly morphological sense.

In the present case, in the layer in which the species first ap-

pears, the individuals are very abundant,—and actually massed

together,—the majority of them being as large as the average,

some larger than any yet observed above the bottom layer ; but

also with these are many small individuals, less than half the

size of ordinary specimens, and others still smaller, running-

down to minute ones, scarcely the size of a pin-head. In

these smaller individuals, are seen characters relating them to

varieties of Spirifer fimbiHatus, Conrad, of the Hamilton beds

below ; but thej^ are plainly young or immature forms of the

tS. Jmvis series, being found from the smallest through the

intermediate to the normal adult *S'. Icevis.

A young specimen of S. fimiriafus, C, from the Tully lime-

stone of the upper Hamilton, is seen in the University collection,

which could not be certainly distinguished, specifically, from

the young of S. Icevis of the Portage, if the two occurred in the

same bed.

I am inclined to consider the forms called Ortliis suiumbona,

in the 10th Regents' Report, and identified as Amboccelia in the

13th Report, and as Spirifer in Hall's final Report on the

Brachiopods (Pal. of N. Y., vol. 4, p. 234), as only an extreme

variety of the typical form, called Spirifer fimbriatus, Con.

It ranges throughout the Hamilton, but, as specific names are

now applied may as well kce}) the specific name.
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However, the normal type of *S'. Jimbriatus, (see pi. XIV), of

the Hamilton and earlier periods, is distinctly plicated, and the

series of radiating lines are coarse, and the lines themselves strong

and wider apart, and the species does not average half the size of

a typical S. IcBvis. There is another fact suggestive further of

the relationship : the variations noticed in the individuals of S.

Jimbriatus include an obscuring or obliteration of all those special

characters by which the typical forms of the two species differ

conspicuously from each other.

The form and proportions {a) vary in fimbriates to those

characteristic of IcBvis,—tj'picai fimbriat us being much broader

than typical Icevis.

(b) The size is decidedly greater in S. Icevis ; but the Corni-

ferous representative of fimbriatus is larger than the Hamilton

representative ; and for the great size of Icevis, we must look to

some cause not yet known.

(c) The beak is smaller and less over-arching in fimbriatus ;

but in this species the beak is variable, and as the shape ap-

proaches that of Imvis,— (/. e., in the shorter specimens) the

relative size of the beak is greater. In Icevis, also, there are

varieties found in which the beak is as^^mall and low, propor-

tionately, as in some specimens oi fimbriatus.

The feature {cl) is characteristic of fimbriatus as well as of

leevis.

(e) The aperture is triangular and very similar in both ; but

it is rare to find the pseudo-deltidium preserved in fimbriatus ;

still, what traces there are of it lead us to presume that it was

obtusely arching, as in tee vis.

(/) The smoothness of surface in Icevis is perhaps its most

prominent specific character ; but the presence of obscure pli-

cations on the margin in large specimens in the lowest stratum,

is strongly suggestive, and leads us to suspect that the ancestors

of this form were plicated. If we study a complete series of

Spii^ifer fimbriatus, C, we find the species, in its typical form,

characterized by a few (the number varying) broadly rounding

(the prominences varying), radiating plications ; and a common
variation is the disaj)pearance of the plication from the beak and

swollen part of the shell, extending far down toward the margin;

and occasionally an individual may be found of full size, but



77/r Life-Histurii of Siiirifcr IwrLs. 147

entirely wanting radiating plications. Tlie manner of disap})ear-

ance is worthy of notice. The undulations of the surface, form-

ing the plications, become lower and lower as the plications be-

come obscure, bat never in this way do they reach obliteration.

AVe find them obliterated first in the part of the shell represent-

ing the earlier stage of growth—about the beak; this (unpli-

cated) area becomes greater and greater until the plications are

confined to the margins, and they are obscure and' faint,—as in

the rare specimens of Imvis.

The formation of folds or plications is thus seen to be a pro-

cess which, in the series of individuals under consideration, Ijegins

later and later in the growth of the shell, and in the last indi-

vidual has scarcely begun when matnrit}^ is reached, so that

only the margins are affected,—leaving the main part of the

surface free from i)lication.

The facts that only the largest individuals ot Sp infer loevis,—
those whose growth continued the longest,—shoAv any trace of

the plications, and that whenever they are found, it is only on

the mai-gins of these large shells, are quite consistent with the

supposition that IcBvis is traceable genetically to S. fimbriatus of

the preceding period.

In regard to the seventh character {g), let us first read what

Uall says of it in 6*. fimhriatus.

'' The concentric stria? are studded with elongated nodes or

tnbercles, which are thus arranged in parallel bands, more or

less contiguous, according to the distance of the concentric

.
strias.

'•The elongate tubercles may perhaps more jjroperly be re-

garded as interrupted radiating striae, which, in the perfect

condition of the shell, have doubtless extended in slender spines

or sette. (They are termed by Mr. Conrad short longitudinal

stria^.)"

These "short longitudinal stria?" are very characteristic of

S. fnidriatns, and much coarser and stronger than in any spe-

cimens of S. Icevis, but showing a tendency to become finer and

less strong in the smoother unplicated varieties of the former

species.
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It is a rather rare cliaracter among the species of Spirifer,

and becomes a valuable mark in tracing relationship. *

The species Sinrlfer fimhriattis. Con., is seen to be a variable?

species of wide range. It is traced down as far as the Oriskany,

and as Prof. Hall suggests, we may recognize related forms in

8. pseudoUneatus and 8. setigerus of the Carboniferous ; but in

its so-called specific characters, it is the first of its type. In

geographical range, it is recorded from New York,— throughout

the State,—Canada West, Ohio, in the Mississippi Valley, and in

Vi rginia. f

As a specific form, it seems to have reached its perfection in

the Hamilton.

The comparison we have made between the two species 8piri-

fer loevis, Hall, and ;iS'. fimhriatus, Conrad, appears to leave

little doubt that the former is, strictly speaking, a descendent

of the latter; and tlie tracing of the marks of relationship brings

the latter into line with a series of forms reaching back to tlio

Niagara Period and forward at least to the upper part of the

Carboniferous age.

A study of the series of related forms has brought out many
facts which may be interesting to students of Palasontology, and

to some whose studies may cover a wider field ; and in the fol-

lowing pages I will attempt to give in orderly manner the results

of my researches.

A number of species have been considered, but those in which

the marks of relationship appear most distinctly are the fol-

lowing :

—

In the Niagai'a period, are

—

82nrifer hicostatus, Vanuxom, ^S'. crispus, Ilisinger, and ;S'.

aulcatus, His.

* See Plate XXXIV, Fig. 9, Suppl. to Brit. Periinan Bracliiopoda, Pa-

laeontological Soc. Publications, and Davidson's descriptions of the concen-

tric roAvs of spines of <S. Uneatus, p. 375, 1. c.

These tubular spines with double perforation I have detected for the first

time in any American Spirifer, in a si^ecimen of i,?) Sp. fimhriaius (a frag-

ment from the base of Chemung group).

f I have found fragmental specimens of clearly marked Sp. fimhriaius

near the base of the Chemung, with the concentric rows of surface-markings,

and with about the normal number of plications of surface.
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S. crispus, His., of tlie Coralline limestone.

S. crispus, vur. simplex. Hall, of the Niagara, in Indiana.

S. Vanuxemi (Vannxem), Hall, of the Lower Helderberg

Tentaculite limestone, and S. cydopterus, S. perlainellosus,

S. octocostatus and ;S'. Diodestus, H., all of the LoAver Hekler-

berg.

S. Sajfordi and <S'. teiiiiistriatas, of the same period.

*S'. fribidi.s, H., and rare examhles of S. fi))ihriatux, Con.,

from the Oriskany.

The varions forms of fimbria f lis of the Corniferons and of the

Hamilton periods, which might have received several specific

names if they were not so well represented in individnals.

S. suhumbona, H., of the npper Hamilton, as well as of the

calcareons hands at its base.

iSpirifer kevis, H., of the Portage, and »S'. pyeniaturus, H.,

in the Chemnng further sonth.

In the Carboniferons, such forms as ^S'. pseudoUneatus, H.,
—setigerus,—plena,—octoplicatus and

—

liirtus, carry on the type

in this country; while in Great Britain and Europe a like series

extends from the Wenlock beds of the Silurian through to the

Carboniferous, and perhaps beyond ; but the specimens are not

at my hand for a full comparison and tracing of the later his-

tory.

In the Wenlock and following Silurian beds, are the tli;'ee

xauQimi GoW^A Spirifer elevatus, Dalman, 8. crispus. His., and
—sidcatus. His. *S'. graiwsus, Vern., of Keyserling, in Russia

may belong to the gron]).

In the DevoniaTi, are S. cur rat us, Schl., of the Ilfracombe

beds and elsewhere; Spiriferina cristata, Schl., and Sna. in-

sculpta, Phil., as defined by Davidson, are prob ibly in the line,

and Schnur's acuUatus, and the 8. cnrvatus, of the Eifel, are

also representatives.

In the Carboniferons, the various modifications of Spirifer

glaber, Martin, and S. snlcatus, His., carry on the character of

the main types.

spirifer lineatus. with which Hall compares several of the

Devonian forms in the United States, may be connected with

this line ; hut from the limited study I have been able to give it,

I am inclined to refer it to another series of forms, beginning

perhaps in S. radiatus of the Niagara.
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I have mentioned ii number of well characterized species, i. e.,

forms which taken in their separate geological horizon are dis-

tinguishable from other forms in the same horizon. In making

a comparative study of them, facts of interest are brought out

in regard to each, which may be laid before readers by present-

ing them in the form of notes on each of the species. *

Jt will be noticed, that I use the term species in the restricted

modei'n sense, as a morphological species only. Our studies

may throw some light on the nature of species in the broader

and more theoretical sense.

SjJirifer crispus, Hisinger (not of Linn.), (Vet. Akad. Haiis-

lingen, tab. VII, fig. 4, 1826, figured by J3avidson in Bi'it, Sil.

Brach., pi. X, figs. 13—15), with the associated forms, is ap-

j)arently the earliest type of S. fimhriatus and setigerus, etc.,

of later times in America, and of forms under other names in

Great Britain, Europe and elsewliere.

This species is described by Hall as Delihyrls daminea, in

Geol. Rept. of 4th Dist. N. Y., pp. 105, 106, and figured, 1. c,

tig. 3, and later it was more fully described and figured, and

referred to S. crupuH, in Vol. 2 of Pal. of N. Y., p. 262, fig. 3,

i-k, of PI. LIV. Whether or not this form, with its closely re-

lated ones, is identical __wit]i those of the upper Llandovery beds,

and up to the Ludlow formations in Great Britain, called Spiri-

fer crispus, His., by Davidson, and ^S*. elevahis, Dalman, of the

upper Llandovery, these are Avithout doubt the representatives

on this side the Atlantic of the Eu]-opean spirifers included un-

der the siDCcific names elevatns, Dalman, —crispus, His., and
—svlcatus, His., and present like variation and like similarity,

and also were Avidely distributed and abundant.

The following are the main peculiarities of the species as

* Further study lias showii that the genus Spirifer began and continued

in about four well-marked kinds, i. e., types, with the variations of each.

The three principal types are radialus, crispus, and sulcatus,—and I am
inclined to regard Cyrtia exporrecia, Wahl. as the central tjqae of the fourth

kind.

The corniferous species Spirifer muia of Billings, although at first glance

appearing to belong to the S. crispus kind, I think (I have not seen good
specimens) is a representative of the S. radialus combination of specific

characters. .
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known in America, identified by Ilall as the true Spirifer

cri^pn^, Hisinger. It occurs in the Niagara shales in the west-

ern part of New York State ; most abnndantly about Lockport

and Lewistown.

1. It is of sub-rhomboidal form, rounded at the sides; the ven-

tral valve is semi-circular. This peculiar shape includes a short

hinge-line, either as short or shorter than the greatest width of

the shell.

3. The valves are unequal in convexity, "very unequal," the

ventral one extremely convex, the dorsal not so much so, (This

character is also seen in well-preserved specimens of S. Icevis.)

3. Beaks moderately extended and incurved over the hinge-

area : they may be much separated, or approach each other

closely, making

—

4. A hinge-area, either broad and prominent or low and

narrow ; this latter being the case when the hinge is extended,

and then the form approaches that of S. sulcatus. The normal

or typical form of crispus may be considered as possessed of a

high cardinal area, the extremities of which are short.

5. The aperture is triangular and rather narrow, and is not

covered with a pseudo-deltidium, in specimens joreserved. This

is most likely due to the fact, that the pseudo-deltidium was

not completely calcified in the living animal, and during fossili-

zation was lost.

The radiating plications are few,—from four to eight,—but

only slightly elevated and rounded, and often obsolete, and the

inside casts are smooth. As to this variation, note crispus of

the Coralline limestone, and the var. simplex of Indiana and

the West, also the smooth type, hicostatus.

The radiating folds are marked by fine concentric lines

;

these, by aid of a magnifying glass, are seen to answer to

Hall's description—''and upon the strise, the surface is thickly

set with minute setose points, giving a semi-striated appearance

to the surface. This feature is not ordinarily visible, and it

appears to have been abraded by very slight attrition." Hall's

Pal. of N. Y., Vol. 2, p. 262. Hall finds no reason to separate

this from the Swedish species, nor from that of the Wenlock of

England.

S. bicostutus, Conrad, dijffers from crisp)us in the more dis-
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tinct imbrication of the concentric stria? ; in the fewer plica-

tions, which resemble rather one broad fold on each side of the

sinus than plications, and these rarely reach the beak ; the

hinge-line is shorter, giving a shorter and rather high area,

and the rounding of the lateral margins leads to the cbaracter

observed in Icevis, and other smooth forms—of a sudden curv-

ing of the strife at the extremities.

This ajjpears to be the type of the ;S'. Icevis, H., of the Port-

age, and iS. curvatus, and especially glabe?-, Martin, of the

foreign Devonian and Carboniferous ; but here in the Niagara

it is closely associated with S. crispus, may be readily con

founded with it, and series of specimens connecting the two

forms can be made so complete tlnit theoretically we may pre-

sume the two are but varieties ; but we must note particularly

that the size of each of these Niagara species is very small com-

})ared with either ;S'. Icevis or ^S'. glaber.

Spirifei' sulcatum, Hisinger, is a name applied to specimens

on the other side the Atlant'c, which undoubtedly are but

varieties of the typical form criapris, His., of which the pecu-

liarities are a greater extension of the hinge-line, an increase in

the number and abruptness of the plications, and a lower and

more extended hinge-arfta, and with this, a less prominent beak.

In this country (and perhaps also in Britain and Europe),

some of the specimens identified and described as S. sulcatus,

His., are undoubtedly quite distinct from the grouj) of which

S. crispus, His., may be taken as the type.

If we take, then, the median form of ;S'. crhpus, Wis., of the

Niagara as type, we see three distinct varieties :

1st. S. crispus, His., with its rounded plications, three or four

at least on each side of the median sinus, short hinge-line, and

shape rather broader than long ; a moderate beak ; area mode-

rate but well defined, and not extending to the extreme lateral

margin of the shell.

2d. S. hicostatus. Con., (and some specimens of cris'pus, Plis.,

the var. simplex of Hall,) in Avhich the beak is prominent, the

breadth nearly equal to the length, the surface either quite

smooth, or with but one or two plications on each side of the

sinus, and these not reaching to the beak, and, when present,

the plications are broad and only slightly elevated folds; the
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beaks overarching, area high and short, and decidedl}^ shorter

than the greatest width of the shell, auJ the striae suddenly

turning in to meet the shortened liinge-line.

Sd. The type seen in some specimens of so-called S. sulca-

tus, His. The typical characters of this variety are an extended

hinge-line.—a shorter shell,—the area low and produced later-

ally, the beak moderate and not overarching,—the plications

more than four on each side of the si'nus, and abruptly rounded

and distinct. I would separate those with sharp angular plica-

tions and prominent imbricated concentric striae, as a distinct

species (probably the true S. sulcatu>i, His.), Avliich present also

the sharp and often considerably produced hinge-line and area.

These are the three prominent directions of variation noted

in the first appearance of the combination of characters which

marks either one of the varieties,

Davidson's species (see Brit. Sil. Brach., i)p. 01, 92—98) from

the Wenlock, etc., are identified somewhat differently from those

of Hall, The ribs of S. sulcatus are not angular, as in Hall's

species; and Davidson's descrij)tions, as well as his figures, show

the close relationship between the three species called ;S'. sulca-

tus, His., 1. c. 91, Fig. 4-6, PI. X; S. elevatiis, Dalman, 1, c.

95, Figs. 7—11, PI. X; and S. crispiis. His., 1. c. 97, Figs.

13—15, PI. X,

Davidson recognises the likeness of varieties of these species,

and appears to regard them as distinct,— rather yielding to the

custom of palaeontologists than on account of certain marks of

distinction (see 1, c, ),

S. crispiis and ^S*. elevatus, I think may be united, and while

S. sulcatus may be distinct, as identified for part of the speci-

mens so-called in Great Britain and America, I judge that this

too, in part, is but one of the varieties of the typical form which

appears wiih much variation in Britain and America, and yet,

with all its variation, with well-marked "specific characters."

Much more might be said in regard to this point, but I lack the

specimens needed for examination ; and without consulting the

specimens themselves, we must leave the strict boundaries unde-

fined, and simply recognise the presence of the specific form

Avith all the variational peculiarities in Britain and Europe.

In Spirifer crispus of the other side of the iltlantic, we see
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the same cliaracters and peculiarities : the shape and its varia-

tions ;—the hinge-line, as to relative length compared Avith that

of the shell ;—the area and the aperture with its extent and

Yariation ; the swollen nature of the valves and the greater

prominence of the ventral valve ;—the prominent median fold

and the rounded nature of the side-plications, varying in' num-
ber, but always few, and often being obsolete near the side-mar-

gin and on the beak. The surface markings, too, i. e. the

radiating and concentric striffi, are characteristic,—the former

being tlie prints or bases of systems of spines, only seen by the

microscope. The size also agrees Avith that of the representa-

tives in the Niagara rocks of America.

Before considering S. curvatus and related species, let us

notice the two species provisionally put by Davidson in D'Or-

bigny's subgenus Spirif&riiia.

Spiriferina cristata, Schlotheim (sp.) var. (Biit. Dev. Bracli.,

p. 46, PI. VI, Figs. 11—15, also Brit. Perm. Brach., p. IT, and

Carb. Monogr., pp. 38 and 226). Davidson expresses himself

as not able clearly to distinguish this species from either Sna.

cristata of the Carboniferous and Permian or Spirifer crispus

of the Silurian ; and he says—"The question of the origin and

recurrence of the Spiriferina avc are at present describing"

{Sna. cristata, Devonian, 1. c, p. 47), "is one of some diffi-

culty, demanding considerable attention and further research.

It is an exceedingly variable shell, being small (adult) in some

localities or strata, while in othei's it has attained considerably

larger dimensions" (at Lowe and CornAvall large, and at Darting-

ton small). "It is my strong impression that we must look for

its first appearance or orig'u in the Silurian time, and that it

,
continued to be represented, with some slight modifications, in

the Devonian, Carboniferous, Permian, and perhai)S up to the

Jurassic period" (1. c, p. 47).

Davidson identifies the Scottish Carboniferous Sim. cristata

and Sna. octoplicata with this species, and these with Schnur's

species Spirifer aculeatus. The species Spiriferina insculj)ta,

Phillips (sp.) var. (PI. VI, P'^igs. 16 and 17, 1. c, p. 48), appears

to be also closely related to these species.

In the Silurian monograph, we find the variety Avith angular

plications, and more of them, called ;S'. sulcatus, Avhile S. crispus
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has rounded ribs and slioiter hinge-line (see *y. crispus, His.).

While this variety has persisted, also the variety in which the

ribs became obsolete and the size increased, is common in Britain

and Europe, in Devonian and Carboniferous strata; and a care-

ful study and comparison of the American and European forms

is much to be desired.

Spirifer glaber, Martin, of the Carboniferous, seem^to have

no resemblance to the Sna. cridata just mentioned ; but if we

look back into the Devonian, we find Spirifer curvatus, St^hl.

(Brit. Dev. Brach., p. 39. PI. IX). which presents the characters

of form, proj)ortions and markings seen in that variety of S. cris-

pus in which the ribs were obsolete and the hinge-line shortened,

(and may iiot Fig. 1, PI. "S^II, called S. undifera, be but a

variety of S. curvatus?)

When we read Davidson's description, we learn that, except

for the surface-markings, he would identify this species {S. cur-

vatus) with the Carboniferous S. glaher; and when we compare

our Devonian 8. Icevis with them, and note the close resem-

blance to the Carboniferous form of Britain, and besides dis-

cover the very surface -markings in question on our S. Icevis,—
I think we are justified in uniting the three species as varieties

of one form.* We thus trace a supposed relationship (see, in

* Since this paper was written, Mr. Thos. Davidson, F. R. S. , lias very

kindly sent me two specimens of S. ylaber, Martin, from the Carboniferous

limestone, Yorkshire, showing concentric and radiating strige. Mr. David,

son writes that they are the only specimens he had seen possessing these

surface-markings.

One specimen is beautifully perfect, and shows very tine concentric strite

marking the whole surface.

The microscope (a pocket glass) reveals what appear to be very minute

and faint pittings of the surface, very close together, arranged in lines run.

ning diagonally and crossing each other. The other specimen shows coarse

radiatmg striae, convex, and in several cases dividing into two, which con-

tinue parallel and together to the margin. They appear to run deeper un-

der the surface as they approach the margin, and their exposure appears to

be caused by the scaling off of some of the shell near the margin. The
former are undoubtedly the markings noted by Prof. L. de Koninck, and

mentioned by Davidson in Suppl. to Brit. Carb. Brach., p. 274. "On
observe a sa surface des ponctuations bien marquees et disposees en quin-

conce sur presque toute son etendue."

k
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this eoiiiiection, Hall's remai'k in Urst clause of p. 23T, 4th

ToL, Pal. ISJ^. Y.) from our Sjjirifer Icevis through S. fimbriatus,

and others, to the Silnrian S. crispns, and recognise the same

grades and variations in the forms appearing on the other side

of the Atlantic, Tip to the Carboniferous forms.

What does this series of observations suggest ?

Whatever theoretical description we may give to sjjecies, here

are. in the lirst place, an abundance of individual organisms

whose remains are fonnd in the Upper Silnrian rocks of Europe,

Great Bi-itain and America, jjresenting a few clearly-marked

distinctive characters, variously developed in the individual

forms, bnt so grading in the several varieties as to cause careful

naturalists to associate them as varieties of a single species.

There are well-marked tyi)ical characters distinguishing all the

individuals from other forms of the same genus, together with

great variability of the characters themselves. In the upper

part of the Upper Silurian we tind the same typical characters,

with a greater permanence of one or other of the variations; but

still, in the variations occurring later in the Corniferous and

Hamilton, we have the main type represented with some variations

strongly marked and seemiiig to be fixed, but still recognised as

varieties simply.

In the Portage, we see under peculiar conditions a solitary

race of the type with greatly e.xnggerated size,—a luxuriant form

but still presenting the typical characters of the second varie-

tal type.

In the Carboniferous we meet with several well-marked va-

rieties, but no feature which did not appear in the early form

except large size, which is evidently a mark of good nourishment

and other good conditions of growth. This latter seems to be a

character of most of the Carboniferous forms of Brachiopods

which have lived on from earlier times. There may be unknown
characters to distinguish these forms, but of the characters that

are preserved we have evidence that in the eai'liest form, the

type, S. crispus, His. of the ^Niagara, etc. (with its varieties),

are found all those which afterward appeared in the later repre-

sentatives.

These characters appeared in combination in a single group
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of iiidividuals, living in one clatjfj of conditions, in suoii circuin-

stances as seem to warrant our calling tliem one physiological

species in the sense of l^eing able fertilely to cross Avith each

other, this being the explanation of the gradation of one form

into the other noted b}' Davidson. This presumed—that we
had a single species to begin with—we have, by intercrossing

and by local conditions modifying the offspring, well-defined

groups, which would be called races if we knew their Iiistory,

but which are called species because they appear at so widely

divided geological periods.

These separate groups, however, decelop no new characters,

but in those ai)pearing at each stage are seen fixed and apparent

only varietal characters of the original form, with such modifi-

cations as poor, or rich, or varied food may give to animals we
now may modify. There is nothing of a specific character evolv-

ed in tliis series of forms which did not appear in the first forms,

but there is every evidence for the belief that the species has

lived through this long geological time without losing its char-

acter, and that all that has resulted from great time and change

of conditions has been the fixation into race-groups of the origi-

nal variable characters of the species.

The species, at its first appearance in the Silurian, presented

a decidedly new combination of characters for the genus, and
also much variation. When once these specific though variable

forms appeared, they lived till the variations which could be

played upon them were exhausted; and the species ceased to live

and became extinct either near the close of the Carboniferous or

not till later in the Mesozoic.

Some of the races or varieties may die out, but they reappear

again and again till there are such strong contrasts that it is

difficult to see even generic resemblance between them.

The variety or so-called species of the Niagara Period, which

seems most closely to correspond to the form of S. Icevis, is

that mentioned in Vanuxem's Rejaort of the 3d District of New
York, p. 91, and called by Conrad Orthis hicostata, but not de-

scribed by him (see note in Pal. N. Y., Vol. 2, p. 263). This

was evidently a local variety, as Hall fails to discover it at any

considerable distance from the original locality; and what is re-

markable is the similaritv of conditions, as seen in the isolation^
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of the form, the coitcretionari/ structure of the beds, and the

relative abundance ot the individuals in the case of both species

{S. bicostatus and S. Icevis). Hall speaks of the only locality in

which he has discovered this peculiar form, as *'Vanuxeni's lo-

cality in Oneida Co." He finds them on the surface of a thin

layer of limestone. Vanuxem describes the species as occuring

in "slate" (shale?); and as in the case of *S'. Icevis, so of S. bicos-

tatus, Hall failed to find perfect specimens.

The distinction observed by Hall, and upon which he bases

the specific identity of ^S'. bicostatus, is the absence or i)artial

obliteration of the radial plications; when present, these are

obscure or at the margins.

This character, only carried to a greater extreme, is recognized

in S. IcBvis. However, as far as my observation goes, the presence

of plications at all, in the latter form, is confined to a few over-

large individuals occurring in the lowest known layers in Avhich

the species is found. I have not seen the character on any spec-

imens occurring in strata above that in which it first appears.

Whenever the plications are present, they appear as rather faint

undulations of the margin, extending rarely as far as half way

to the beak. May we not reasonably regard them as the trace of

ancestral plications, seen as a variable character in S.Jimbriatus,

here becoming obliterated? It is not the beginning of a new
character, but the dropping of one of the typical, though variable

characters of the old but still continuing race.

When we look forward to the Carboniferous representative

Ave see S. glaher, with occasionally a trace of plications on the

margins (see Davidson's monograph). The smooth uuplicated

form is a v'arietyof one Avhich was typically plicated. S. crispus

and its full complement of vtirieties appear, so far as this char-

acter is concerned, to run through all grades of development at

the very outset among the Niagara rejiresentatives.

Hall also speaks of the shorter hinge-line, and the abrupt curv-

ing of the strise at the extremities, —two characters which are

associated with each other,— a fact suggesting their relation

(See Plate XIV.). We explain it in the following way :

—

We presume that normally, as in the typical form, there is

greater lateral extension of the hinge-line than in the unplicated

forms,—and Avith this character, a straightening out of the con-



77/0 Life-Histoi-ji of Spiri/vr hen's. 150

centric lines of growtli at the lateral extremities of the shell

;

with the ohlitcration of the longitudinal plications, there is a co-

ordinate expansion of the front and lateral margin, causing a

relative shortening of the cardinal margin and a shorter bending

of the concentric striae to meet it at the extreraitiesi,—and at the

same time an increased growth upwards of the hinge-area. So

that we find high area,—short hinge-line,—abrupt curving of

the lines of growth at the cardinal extremities,—and tendency

to the obliteration of radiate plications,—to be co-ordinate fea-

tures of the typical form whose history we are here studying.

By examination of other Spirifers, we discover great variety

of shajDC, due to variation of hinge-extension and elevation of

area, with sufficient constancy of other characters to constitute

good species :—for instance, *S'. mucronatns, S. medialia and

;S'. disjunctiii>, and the allied forms to which each may be sup-

])Osed to stand in the relation of types. A comparison of the

varieties of each suggests that the typical form of S. mucrojia-

his has a widely extended hinge, low area, and produced ex-

tremities;—that the type of S. medialis has a shorter hinge-line,

not produced into a point, with moderately high area.

A I'efcrence of the Portage Spivifer loevis directly to an origin

in the S. fimhricdus of the preceding period, seems to need no

argument further than the presentation of the facts, and a com-

parison of it with the various forms, earlier and later, with

which it is most closely related. But a deeper study of the

facts leads us to an equally clear conclusion that ^S'. Jimbriatus

is only a variety of still earlier forms, and that the characters

marking each variety appear as variational forms of the early

type, and that during the passage from one to the other no

assumption of new characters has taken place,—such as would

not be regarded as purely varietal among living organisms,

consisting in the obliteration or obscuring of prominent charac-

ters in some of the later rejDresentatives. An examination of

Carboniferous forms shows the continuation of each of the typi-

cal characters in some representatives of the or'ginal stock.

There is no evidence of crossing of breeds to pi'oduce new

varieties,—but merely a localising and interbreeding of varieties,

to the production of greater prominence and fixity of certain

characters.
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The study of these Spirifers, in tlieir historic relations, fur-

nishes evidence of the persistence of specific characters in a vari-

able condition, for Avhich the limits of variation seem to be

already fixed in the primitive form. The prominent primitive

varieties appear distinctly here and there along the geological

periods marking the life of the species, but neither ])ass out of

existence nor become materially modified.

The length of time is from the Upper Silurian, near the be-

ginning of the life of the genus, to the Carboniferous, and it may
be beyond,—extending over nearly three-quarters of the time in

which the genus lived.

The following is a tabular view of the relations of the Silurian

and Devonian forms of which Spirifer ci'ispus of the Niagara

in New York is the type ; the tracing of the history through

the European forms and higher into the Carboniferous is re-

served for further study. In the table, lateral extension is ex-

pressive of the morphological variations ; each line rei)resents

one of the geological formations, which are arranged in their

natural order ; and the name of each species is placed in the

position on the line representing its supposed relation to the

typical form of ^S'. vrisptis.

Chemung ' prematurvis

Portage -.. laevis

Hamilton fimbriatus. subumbona
Corniferous j fimbriatus

Oriskany tribulis

r N. Y. & Tenn. .
. Saffordi (pars.

)

T TT 1 1 1
Maryland octocostatus modestus

Lower Helderberg
j
^^^^ York .....cyclopterus (pars.)

[New York, Vanuxemi

Niaa-ara '
'"^^^^^^ -" "- " crispus

° \ limestone sulcatus (pars).. .crispus bicostatus
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XL— On the (icologji of .RirhmoHd ('ounly, X. Y.

BY X. L. 15K1TT0X.

Head Aiiril 4th. 1881.

Eichnioiicl County, or fStaten Lslaiid. is the most southeastern

portion of the State of KeAV York. It is bounded on the north

by Newark Bay and the Kill yon Kull ; on the east by the Up-

per and Lower Bays of NeAv York, and. the Narrows ; on the

south by Earitan Bay, and on the west by Arthur Kill. The
area thus enclosed by these bodies of water forms an irregular

triangle, and according to the best authorities contains about

fifty-nine square miles. Its population, as given by the census

of 1880, is 38,994. or 661 per square mile. Its length is thir-

teen and one-half miles, and its breadth about seven miles.

Topography.—Tlie surface of the county is decidedly rough.

A range of hills, having an average height of over two hundred

feet, extends from the northeastern extremity at New Brighton,

through the central part of the island to the county-seat, Rich-

mond. These hills are six miles long, vary from one and one-

half to two and one-quarter miles wide, and are capped with

magnesian rocks.

Another well-marked series of hills begins at the Narrows,

and ranges westwardly until it meets the first mentioned ridge

near Garretson's Station. It follows the course of this ridge as

far as New Dorp, and there diverging from it runs in a southerly

direction to Prince's Bay. Here these hills bend to the west-

ward for a short distance, but again take a southerly course and

end on the shore of Arthur Kill opposite Perth Amboy. This

Second series of hills is about one mile aud a half wide, near the

Narrows, and rises to a height of one hundred and fifteen feet

in places, while between the Great Kills and Prince's Bay their

width is as great as three miles, but they are seldom over seventy-

five feet high. These elevations are composed of rounded bould-
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prs and pebbles, gravel, clay and sand,—with little or ncr order

of arrangement,—which materials have been bronght from the

north and northwest by the great glacier which, in post-tertiary

times, overspread ISTorth America sonth to abont the fortieth

parallel, and had its sonthern extension along the Atlantic coast

on Staten Island. East of the Narrows,, these hills form the

backbone of Long Island ; and west of Perth Amboy, they have

been traced entirely across the State of New Jersey, and indeed

all the Avay to Missonri and Kansas. They are what is known

as the terminal moraine of the North American glacier.

- East of the ridge of magnesian rock, and sonth of the moraine,

we have some nearly level plains ; these are well shown near

New Dorp and Garretson's Stations, and again at the extreme

southern end of the island. The surface is also quite level from

New Spriugville to Mariners' Harbor.

Extensive areas of salt meadow^ occur along the Lower Bay

near New Creek and the Great Kills, along Arthur Kill from

liossville to Port Richmond, and small patches near Totten-

ville.

There are no streams of very considerable size on Staten Island,

but brooks and ponds are abundant. The largest of the latter

is known as Silver Lake, and is situated high up on the mag-

nesian hills, one mile and a half west of Stapleton.

According to the observations of Mr, Charles Keutgen, the

total rainfall in inches for the last ten years, at Stapleton, has

been as follows :

—

1870 : 38.38 1873 : 53.09 1876: 46.09 1879 : 47.16

1871 : 53.45 1874: 49.68 1877: 42.90 1880: 37.34
1872: 45.00 1875: 45.00 1878: 58.62

Literdture of Ike Siihject.—The subject of the Geology of

Richmond County has been considered principally by the follow-

ing writers :

—

W. B. Mather, in the "Geology of the First District of New
York," refers to Staten Island in a number of different places.

Mather considered the clays and sands of the southern part of

the island to be of Tertiary age. and the magnesian rocks to be

of igneous origin ; both of which conclusions are now replaced

by others, probably nearer the truth.



(leohxjy of Riclivioiid ('oiiiihj, S. Y. 16o

Issaehar Cozzeiis, Jr. : "A Geological History of ManLattan

or New York Island," N. Y., 1843. Tins book gives a section

across Staten Island, and a descri])tion of tlie different forma-

tions found tliereon.

Prof. Geo. H. Cook, in the " Geology of jS'ew Jersey,'* 1868,

and in " Report on Clays," 1878, refers to the serpentine, trap-

rock, sandstone and clays of 8taten Island, and to the terminal

glacial moraine crossing it.

Geoloyy.—We have within the limits of onr territory, strata

of Archgean. of Triassic, of Cretaceous, of Quaternary, and of

Modern Eras ; these will be considered in the order of their ages,

beginning with the oldest.

AKCii.iiAX >Stkata.

Gratiitic Rucks.—''J''rne granite occurs on the shore of the

Uppei" New York Bay, about four hundred feet southwest of the

Tompkinsville steamboat landing, and directly in front of the

old building known as Nautilus Hall. The surface of rock ex-

posed at low tide is about eighty feet Avide by lifty feet long ; at

high-water mark the rock disappears beneath a hill of drift some

fifteen feet in thickness. A little more of the same rock is exposed

at a point about two hundred feet south of the main outcrop :

but evei'ywhei'e else on Staten Island the granite is covered by

newer formations. There is reason to believe, however, that it

underlies the magnesian rocks, and extends in a belt of unde-

termined width all around the eastern edge of them, covered

by the glacial drift and Cretaceous strata to an unknown depth;

and that the same belt continues in a southwestwardly direction

to Arthur Kill, and thence across the State of New Jersey to

Trenton, where it again comes to the surface. The approximate

position of this belt of metamorphic rocks is shown on the ac-

companying map (Plate XV).

At the exposure at Tompkinsville this granite is very coarsely

crystalline in structure, and for that reason could never be satis-

factorily employed for building purposes, even were it accessible

in quantity. The feldspar is orthoclase, occurs in large masses,

and is greatly in excess of the other two constituents ; the quartz

varies in color from dark brown to nearly white ; what mica
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there is, appears to be nmscovite. In places, the hist named
mineral is absent, the rock being then a kind of pegmatite or

•graphic granite. No stratification is observable, but the surface

of the rock outcrop dips about fifteen degrees to the east. Ma-

ther calls this granite primary, and to the best of our present

knowledge it belongs to the oldest geological formation in North

America.

Steatitie Rocks.—As before mentioned, intignesian rocks, ser-

pentines, form the tops, at least, of the main series of hills on

Staten Island. It is probable that this rock originally was of

very considerable thickness, for a large amount must have been

removed by erosion; but yet no granite nor gneiss, which are as-

sumed to underlie it, has been seen in j)lace within the serpen-

tine area, which is estimated at about 13.5 square miles. The
present thickness it is impossible to estimate accurately, but

judging from the exposures, I should place it over one hundred

feet.

The most eastern exposed boundary of the serj^entine is clearly

and unmistakably marked by a series of very sharp slopes, which

are nearly continuous from Tompkinsville to Richmond, and in

some places ai'e as straight and regular as they could be con-

structed. This regularity of the slope seems to be quite charac-

teristic of these hills, and is not the least element of their beauty.

How far east of the foot of these hills the serpentine extends is

not known, but it is probably not a great distance, as the granite

at Tompkinsville occurs within a few hundred feet of it. The
southern end of the ridge descends rather gradually, and near

Eichmond is lost under the Freshkill marshes. The western

boundary of the formation, or more properly the eastern limit

of the Triassic sandstone which rests upon it, cannot be accu-

rately located, as there are no outcrops, and the line as drawn

on the map must be considered as only approximately correct.

The magnesian rock varies in color from light green to nearly

black, and in texture from compact to quite earthy—much of it

being fibrous. Its specific gravity is about 2.55, and in chemi-

cal composition it is all a hydrated magnesian silicate. The best

exposures are at several places around the base of Pavilion Hill

at Tompkinsville ; in cuttings for streets in the village of New
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Brighton ; near the scliool-hoiise at Garretsun's .Station; on

Meissner Avenue near Richmond, and near Egbertville. Tiie

highest point of the ridge is nearly opposite Garretson's Station,

and abont half-way across the liills, where the elevation, as

measured by an aneroid barometer, is four hundred cind twenty

feet.

There are a number of interesting minerals associated with the

serpentine rocks ; the following species and varieties have been

collected at Pavilion Hill, and in New Brighton :—Compact

Serpentine, Fibrous Serpentine (" Araianthns," ''Chrysotile"),

Marmolite, Silvery Talc, Apple-green Talc, Gnrholite, Dolomite,

Calcite, and Chromite. Pink Talc and Deweylite are reported

by Prof. I). S. Martin, and Magnesite by Prof. Dana (Mineral-

ogy, 1868, p. 774), as found on Staten Island. It is stated by

Mather that magnesic hydrate (Brucite) occurs there, but none

has been found recentl}^ The fibrous variety of the serpentine

has been very generally known as asbestus; this mineral, however,

is properly a fibrous amphibole, and does not occur on Staten Is-

land. These minerals must be regarded as products of metamor-

phism, and were formed during the period when this action was

in progress.

The metamorpliic rocks of Staten Island are apparently a

southern continuation of those of Hoboken, N. J., and New
York island; the facts from which this conclusion is drawn are as

follows

:

First.—The strike of the rocks is nearly the same at both

places, and the direction of the Staten Island ridge would, if

prolonged, meet the Hoboken exposure of serpentine at Castle

Point.

Second.—The serpentine lies west of the granitic rocks at

both places.

Third.—Although the texture of the serpentine at Hoboken

and that of Staten Island is slightly different, yet their chemical

composition and associated mineral species are very similar.

Fourth.—It is highly probable, though not proven, that the
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serpentine at Tompkinsville overlies the granitic rocks as it does

at Jersey City. Tliis can only be definitely ascei'tained by bor-

ings, as the contact of the two rocks cannot be observed. We
have the negative evidence, however, that were the serpentine

older than the granite, the latter would ])robab1y be found in

greater quantity, and in more localities than it really is. Hence

the probability is that the two rocks have the same relative ver-

tical position on 8taten Island that they have at Jersey City

:

and they are so indicated on the accompanying maps and sections

(Plates "XV and XVI).

Fifth.—Ellis and Bedloe's Islands, in the Upper Bay. are

directly between the two outcrops on the line of strike, and are

said to be underlaid by gneiss ; but no very definite information

is obtainable on this point.

As to the origin of the serpentine rocks, I have no new theory

to advance, and consider the one which regards them as meta-

morphosed highly magnesian limestones to be more in accord-

ance than any other with the facts as observed. The reasons

for this opinion are as follows :

—

Fird.—It is highly improbable that they were igneous in

origin, because they contain about fourteen per cent, of water,

are associated with gneissic rocks which we know^ are metamor-

phic, and are stratified,—although the stratification can only be

distinguished at a few places, and there not very plainly, on ac-

count of the cleavage i)lanes which cut the rock in all directions.

Second.—They are certainly not unchanged sediments, be-

cause there are no magnesian silicates known to be formed as

sediments on such a large scale as these strata present ; therefore

they must be either metamorphosed sediments or metamor-
phosed metamorphic rocks.

Third.—These rocks could not have been sandstones or shales,

becausQ they would have become quartzites or feldspathic rocks

by metamorphism ; and while serpentine certainly is the result

of the decomposition of hornblende in some cases, the extent of

the formation on Staten Island Avould render this method of
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formation verv improbable ; hence, by tliis method of reasoning,

we have notJiing bnt limestone to refer the original condition of

the.se strata to.

Foiirth.— In a<lditi()n to these negative consideratiojis. we
haye the direct })ositiye evidence that strata of raagnesian lime-

stone gradually passing into ser[)entine have been observed (see

Jukes' Manual of Geology, page 167.), and that the presence of

lime-minerals in the rock may be regarded as indicative of the

former presence of greater quantities of calcic carbonate, which

has been removed by the dissolving action of the metamorphos-

ing waters, which doubtless held carbonic acid and silica in

solution.

We may then outline the jirobable origin of these rocks in the

foUoAving manner :—The strata now consisting of serpentine

were deposited as highly magnesian limestones ; by metamor-

phic agencies this material has been brought in contact with

highly heated carbonic acid and silica-bearing solutions, Avhich,

by removing the gi'eater part of the ealcic carbonate, and alter-

ing the magnesic carbonate to a silicate, have left the rocks in

the condition of hydrated magnesian silicates. During or at

the close of this period of metamorphism, the eastern edges of

the strata were tilted up, forming an anticlinal axis, while the

extension of the formation to the westward was subsequently

covered by the shale and sandstone deposited from the Triassic

sea.

The true geological age of this belt of metamorphic rocks,

which ]'uns through Staten and New York Islands, extends far

northward through the New England States, where it has a

wide expansion, and has been traced sonthward as far as North

Carolina, is not definitely known. There have been three prin-

cipid theories advanced in regard to their antiquity ; these are

—

First.—That these rocks are of the same age as the Highlands

of New Jersey and the Adirondack Mountains, or of Lower

Laurentian age.

Second.—'J'hat they belong to the so-called Montalban sys-

tem, one of the several divisions of the Upper Laurentian distin-

guished by Dr. T. 8. Hunt and others.
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Third.—Tlie theory recently advanced by Prof. J. D. Dana

(Am. Jour. Sci., [Ill] Vol. "XX. pp. 21. 194, 359. 450), in

which he claims that tliey are of Lower Silurian age. My own

opinion is, that they will ultimately be found to be Lauren tian,

and only another fold of the strata forming the Xew Jersey

Highlands ; l3ut the object of this thesis is not to discuss this

much-disputed ])oint in American geology.

TiaASSIO Fo K M ATIO X.

Strata of ^'riassie age extend over the parts of the county

bounded by the assumed western edge of the serpentine rocks,

the submerged gneissic belt, Arthur Kill and J^ewark Bay.

This area contains about 14.5 square miles. The rocks consist

of red ferruginous shales and sandstones, which dip to the north-

west, and are broken through by a dike of diabase or trap-rock.

They are in part the eastern extension of the Triassic strata

which cover such a large portion of New Jersey.

S]iale>< and Sandstones.—These rocks are exposed at but two

places, to my knowledge, and there in but very small quantities.

These are on Shooter's Island, at the mouth of Newark Bay,

and on the adjacent shore, and were recorded by Mather. Here

the strata consist of shaly red micaceous sandstone, differing in

no essential particular from that so abundantly exjjosed in East-

ern Xew Jersey.

No fossils have hitherto been found in these rocks on Staten

Island, and the surfaces exposed are not sufficient to warrant

any great expenditure of time or labor in search for tliem.

Diabase,— Trap-rock.—The diabase ridge that disappears be-

neath the Kill von KuJl at Bergen Point, N. J., cuts through

the red sandstone of Staten Island from Port Eichmond to the

Freshkill marshes, and appears as a long, low, round-backed

hill, having a general strike of S. 40° W., thus being nearly

parallel with the serpentine. Towards its southern end, its ele-

vation is so little more than that of the sandstone that the posi-.

tion it occupies cannot well be distinguished. The length of

this diabase outcrop is about live and three-quarter miles, and
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its width, measuring from its assumed furthest eastern extension

lo where the sandstone eovers it, averages less than one half

mile. ]k)th the eastern and western boundaries of this rock,

however, are so obscured by drift that their exact i)ositions can-

not be determined, and the outcrop may be Avider or narrower

at any point than is indicated on the ma}).

The only ])laces at_which the diabase is exposed so as to be

easily studied, are at and near the so-called •granite" quarries

at Gi-aniteviJle, and near Port Richmond. The rock is a not a

granite, but a coarsely crystalline diabase, mainly composed of

augite and a ti-iclinic felds})ar, which is ])robably labradorite.

It has been found in welbdiggings within the area indicated on

the ma}), iu the* water near the junction of the Fresh Kills and

Arthur Kill at Liuoleumville, and outcro})s near Chelsea, on

tiie road to S})ringville. It will be noticed that Liuoleumville

is just at the northern edge of the submerged Archa?an belt,

and near the junction of the Triassic and Cretaceous forma-

tions. 'J'he same relative jiosition of the rocks may be seen

where this trap-sheet again comes to the surface, as it does about

six miles southAvest of the city of New Brunswick, X. J. In

fact the trap-dykes seem to siiun the exposed Ai-chteau rocks

and cling closely to the Triassic, none being found outside of

the red sandstone area.

The explanation of this curious fact is, as has long since been

l)ointed out, that the strata com}:)osing the tilling of the Triassic

basin are weaker than a like amount of the metamor}:)hic rocks

surrounding it. and hence offer less resistance to the intrusion

of tra}3-dykes, which consequently }:)assed through the sediment-

ary rock rather than through the harder, stronger gneisses and

granites Avhich border it. Xoav, betAveen the Ncav Jersey Trias

and that of the Connecticut Valley, Ave haA^e a fold of these

metaraor}3hic gneisses and granites, but not a single trap out-

burst. This Avoitld seem to indicate that this fold existed be-

fore the de}30sition of the sandstone and the subsequent intru-

sion of the diabase, only very much higher than it is now : and

hence it is improbable that these Triassic rocks ev'er covered the

Archfean folded strata, forming a Triassic arch from New Jersey

to Connecticut, as has been sn}"i}Josed by some geologists ; for,

we should expect, if the Archaean rocks had been folded o/YtT
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the deposition of the sandstone upon tlieni. and the latter

rock subsecpientlj removed by erosion, to tind the intervening

space between Kew Jersey and Connecticut cut by trap-dykes,

while in fact none have yet lieen observed.*

C'KETACEOLS FORMATION.

The Cretaceous formation, more or less covered by glacial

and modified drift and salt meadows, extends through all parts

of the county lying east and southeast of ihe Archaean rocks.

The area underlaid by it is therefore about 28.5 square miles.

The strata consist of beds of variously colored clays and

sands, dipping slightly to the southeast, and having a general

strike of about S. 45° W. They are a direct continuation of

the "Plastic Clay" division of the Cretaceous, so named by the

J^ew Jersey geologists, and. lie at the base of the formation in

eastern Nortli America.

South of the terminal glacial moraine, the strata are generally

covered by a dei)osit of grayish-yellow sand and gravel of vari-

able tliick)iess, which is known as the Yellow Drift; this is

only ,seen on Staten Island, in the vicinity of Tottenville, for

the area southeast of the moraine near New Dorp and Garretson's

is covered with modified drift, imperfectly stratilied.

These Cretaceous strata of clay and sand, in all probability

extend eastward from Richmond. County on to Long Island,

and perhaps underlie the latter throughout nearly its entire ex-

tent. The clays are white, yellow, brown or black ; they appear

on the surface at a number of places, and the ])urer varieties have

been extensively used n\ the manufacture of lire-brick, drain-

pipe, gas-retorts, and other refractory ware.

White clays outcrop on the road just north of Hossville, at

various places south of "Rossville and near Kreischerville, along

a stream near Prince's Bay; they have been noticed near Gif-

ford's, and are said to occur at the bottom of a well near New
Dorp. They will probably be found at other places.

* For a full discussion of this "Triassic Arch" question, see I. C. Russell,

in Annals of this Academy, Vol. I, 1878, p. 330, and Vol.. II, p. 37, 1880.
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The white tire-chiy is sometimes tissuciatod with the so-Ciilled

"kaolin." This material, whieh is very incorrectly named,

consists of. a. mixture of white ([uartz sand with small amounts
of white mica and clay, and sometimes grains of feldspar : it is

known as "kaolin" throughout the clay district of New Jersey,

but of course is not a kaolin, as this term is only properly ap-

plied to clays formed by the decomposition of feldspathic rocks

in place. An analysis of this substance taken from the pits of

C. A. Campbell & Co.. near Kossville. made in the laboratory

of the (xeological Survey of Xew Jersey, and published in their

Report on Clays, 1878. is as follows :

—

SiO, U2. ro per cent.

Al.,0, 5. ro

H„() 0. TO

kJo O.oo

!l!).-Jt5 ])er cent,

From this association of •' kaolin " and tire-clay, it is supposed

that the pits hitherto opened on 8taten Island belong to the

South Amboy tire-clay bed. These excavations are all south of

Rossville, and quite close together. Assuming that these clays

do belong to tliis bed, then those which outcrop north of that

village may indicate the position of the Woodbridge fire-clay

bed, which lies north of the tirst-mentiouei one in Middlesex

Co., X. J. From its position, the clay near Prince's Bay will

then belong to the South Amboy bed, and that at Gilford's to

the AA'oodbridge bed. But these are merely suppositions. So

far as is know^i, the strata immediately underlying Tottenville

and the extreme southern end of the island consist of sands only,

no clay having yet been dug in that vicinity.

The extension of this formation to the east is indicated by an

outcrop of buff-colored clay on the shore of the Lower Bay,

about one half-mile south of the Elm-Tree Lighthouse. It will

be noticed that all the pits from which clay has been taken are

in the region between Rossville and Kreischerville. This does

not prove by any means that clay occurs only in that neighbor-

hood ; on the contrary, the probability is that the beds extend

interruptedly across the count}', but are deeply covered by the
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drift-liills or the nioraino. wliicli cover all tlie territory assumed

to be underlaid by the clays, except that portion where pits

have been excavated, which is northwest of the moraine, the ice-

sheet having flowed over, or perhaps jjartly around it.

Interstratified with, and overlying the clays and sands, there

are found thin beds of Limonite iron ore of limited extent ; this

substance frequently cements the sand and gravel, and forms a

conglomerate of variable coarseness. Hitherto this ii'on ore has

not often been discovered in sufficient quantities or of sufficient

purit)^ to warrant its use in the manufacture of iron. Lignite

and ])yrites are frequently fouiid in the clay excavations.

The former sul)stance may also bo seen on the shore of Artlmr

Kill near Kossville, and in a ravine a little northeast of the

village, after slides of the banks occur ; it is generally impreg-

nated with the pyrites, and with copperas after exposure to the

air. As the lignite dries, it cracks up into little pieces, thus

destroying the texture of the fossil wood composing it. and

making it very difficult to retain good si)ccimens. No fossil

leaves or shells have been taken from tlio clays of Staten Island,

but it is not improbable that they will be found at some future

time, when the excavations are mcn'e advanced than at present.

They Jire more likely to be found in buif oi- dai'k colored clays

than in lire-clay. The leaves are of great interest, as they rc-

])resent the first ai)i)earance of angiosi)ermous plants on the

earth. Large quantities of them have been collected at 8outh

Amboy and other places in the clay district of New Jersey.

Origi)i of these Depoxifs.—As these beds ai"e composed of

fragments of quartz, mica and clay, or decomposed feldspar, it

is evident that they are the ]n'oducts of the disintegration of

gneissic or granitic rocks. That they have not been formed in

place., but have been dei)osited from suspension in water, is

proved by their stratification and by the assorted state of the

materials composing them. That the waters which deposited

the clays were fresh, is indicated by the absence of fossil marine

organisms, and the presence of sliclls apparently allied to the

modern fresh-water genera, in the clays of New Jejsey.

There has been considerable discussion in regard to the posi-

tion of the gneissic rocks ; it Avonld seem probable that the
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metamorpliic rocks alreudy described us lying just northciist of

the chtys, \\a\Q furnislied some if not nil of the material for their

formation. These rocks lie immediately between the Triassic

and Cretaceous, and were })robably very much higher in those

epochs than they are now, for they formed in part tlie southeast-

ern boundary of the Triassic sea.

The decomposition of the gneiss would i)roduce the nuiterials

composing the strata of sand and clay which Avere deposited in

basins along the coast, the strata lying nearest to the rocks

being first deposited.

Where the Cretaceous formation is not covered ))y glacial

drift, there is now living on it a i)ecnliarly southern vegetation.

J have called attention to this fact in the Bulletin of the Torrey

Botanical Club, VII, 81. by showing how the characteristically

southern flora of -the ISTew Jersey pine-barrens extends into

Richmond and Suffolk Counties, N. Y., hue only on the sands

of the Yellow Drift.

Qi'ATEHXA in" Epoch.

GUirial Drift.-—Deposits of material brought from the north

by the ice of the glacial ej)och. are found over the greater part

of Staten Island, but do not entirely overspread it.

The nujst southern terminal glacial moraine crosses Staten

Island from the Narrows to Tottenville, and is distinctly marked

by a continuous line of hills, the size and appearance of which

have been already described. These hills mark the farthest

southern extension of the ice-sheet, and the line along which

the glacier deposited most of its burden of boulders, pebbles,

sand and chi}', which it had torn irom the rocks in its south-

ward journey. In many places these hills have the peculiar

lenticular form which they assume on Long Island and in the

Eastern States. The dotted line on the map extending west-

wardly from Clifton and ending at Tottenville, represents the

most southern and eastern position of the boulder-drift on

Htaten Island, and has been quite accurately determined. The
moraine has been partially removed by the wash of the waves

from Prince's Buy northward to near the Great Kills, leaving a

bluff of variable height.
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The glucier moved across Staten Island in a south-southeast-

erly direction ; this is proved b}' the markings on the trai^-rock

near Port Eichmond, which have about that bearing ; the sur-

face of this rock is also smoothed like portions of the Palisades

and Newai'k Mountains. There are no snch markings on the

serpentine locks, because they are too soft to retain them ; the

ice extended over their whole extent, however, with the excep-

tion of a small area on Todt Hill, which is east of the moraine.

North and west of the morainal hills, the drift is not so

abvmdant, rarely forming hills of any considerable size ; but

boulders are to be fonnd over all this area, except where it is

covered by newer formations, and the soil is often very clayey.

Diabase of various degrees of coarseness is the mo^t abundant

rock in the drift; this has been carried from the Palisades and

the Newark Mountains, and probably in part from the tra]i-

dyke on Staten Island itself, and is found over the whole drift

area.

Gneiss of various kinds, lai-gely sy^nitic, is perhaps the next

most abundant rock, and occurs often in very large masses.

One of these large bonlders rests directly on the top of Foi't Hill,

New Brighton ; another along a roadside near Pleasaiit Plains,

and a third worthy of notice, in a field near Huguenot.

Moderately large boulders both of trap and gneiss abound on

the moraine between the Narrows and G-arretson's ; the gneiss

has come either from the New Jersey Highlands or from much
farther northward, and perhaps in part from New York Island.

Triassic red sandstone, carried from New Jersey or the north-

western parts of the county, is often met with ; a specimen im-

pregnated with copper salts was obtained from the bluff at

Prince's Bay. This locality has yielded many other interesting

specimens illustrating the material brought by the glacier.

Among these may be mentioned Potsdam sandstone, containing

the borings of the worm ScolithuH linearis ; a number of rocks

of Helderberg limestone, containing Strophomena rliomboidalis,

StrojjIioclBnta Beckii, Sjnrifer macrojjhura, and other braehio-

pods, with quantities of crinoid stems ; a specimen of granite

containing graphite; a cherty rock which may belong to the

Cornifcrous, and a conglomerate of uncertain age, but perhaps

of the Oneida epoch.
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A boulder of Humiltou limestone, containing Spirifcr inucrn-

nafus. occurs near Kiehniond, and a rock containing galena

WHS found in some excavations near New Brighton.

The ice-sheet passed entirely over the clay-beds of the Creta-

ceous formation in the viciuitv of Kossville, apparently without

deteriorating them to any great extent. At first sight, it would

ap]>ear that these soft unconsolidated strata would have been

greatly ei'oded and almost entirely removed down to the bed-

rock. ))y such an immense mass of ice moving over them ; but

rdthough some was undoubtedly carried away, the ice seems to

have swei)t across the clays witliout cutting into them very

much.

South and east of the dotted line on the map. already alluded

to, boulders are ahnost entirely absent, being chiefly found in

the beds of brooks, where they have been carried by water since

glacial times, and are never very large.

Modified Drlfi. or material derived from the glacier, but

more or less sorted and stratifled by water, may be seen on the

plains lying east of the moraine from near Gitford's to Clifton.

The soil over this area is seen in well-diggings to be imioerfectly

stratifled, and to consist of loam and sand, with few pebbles

and fewer boulders.

On Todt Hill, near the inoraine. there is quite an extensive

deposit of gravel, colored yellow by oxide of iron, which may per-

haps be referred to this formation; and deposits of sand, without

clay, gravel or boulders, may be seen in a few places within the

moraiual area.

Occasionally some stratification may be seen in the morainal

hills themselves, but these are generally very heterogeneous in

composition. Modified drift also occurs in small quantities

along the edge of the moraine near Tottenville. The true gla-

cial drift is not thick in this vicinity, generally forming a mere

mantle over the Cretaceous strata, and was probably deposited

by a local jn-ojection of ice in advance of the main glacier.

LimonUe Iron Ore.—The era of the formation of these de-

posits is only provisionally referred to the Quaternary. It is

impossible to say how early their deposition began, bnt it was
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probably long before the glacial ei)ocli ; we are only sure that

they are more modern than the magnesian rocks which they

rest upon, and older than the glacial drift, which overlies

them in some places.

These beds of iron ore are found resting directly upon the

serpentine or talcose rocks at a number of places ; and where

mining has been carried on, the localities are indicated on the

maj?. All the deposits have the same general characteristics,

—

they are superficial, although sometimes covered by glacial

drift to a variable de})th. The ore consists of the hydrated ses-

quioxide of iron, Limonite, and is either compact or quite earthy

in texture. All that I have examined gave a yellowish-brown

streak ; it is jiossible that there is some Hematite occurring

with it, but I have never seen any ore from Staten Island which

would give a red streak. The Limonite is associated with color-

less, green, and red quartz ; it has been extensively mined near

Four Corners, at several places on Todt Hill and Richmond

'JVrrace, and along the Clove Eoad, and is known to occur at

other places on the serpentine hills.

The following analyses have been kindly furnished me by

Mr. D. J. Tysen, Jr., who is interested in the mining industry.

(1) Ore from Todt Hill—

Fe„ 0,

Mg
Ca

Al, 0„

r

'

Mn
8i 0„

H.O
Cr

Metallic iron.

The amount of Chromium is probably too high.

67.50 per cent,

1.90

1.46

0.82

0.046

1.619

10.80

7.73

3.00

47.25 per cent.
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(2) Ore from near Four Corners

—

(A) Fe, 0,

Al.. 0,

79.2;

1.20

(B) 76.72

0.96

Cr', 0, 1.1.-) 1.60

Mii., 0, 0.32 0.64

«i 6., 5.70 .5.52

Ca tr. tr.

Mg-
H., ()

tr.

12.39

tr.

14.76

P' tr. tr.

,s tr.

100.03 100.20

Metallie iron in (A), 55.49 pr. et.

•' (B). 53.70 ••

These superticial deposits liave probably bad their origin in

the deposition of the material composing them from the waters

of thermal springs, which have come to the snrface through

crevices in the serpentine ; the iron in the solutions was proba-

bly in the form of the carbonate, which on reaching the surface

became oxidized by contact with the atmosphere, and Avas

thrown out of solution and deposited as the hydrated sesqui-

oxide, as we now find it. Magnetic iron sand occurs with the

Limonite in one of the deposits on Todt Hill; this was proba-

bly washed in mechanically while the hydrated oxide was being

deposited from solution.

The deposits vary from a few inches up to twelve feet, or even

more, in thickness : their lateral extent is limited to a few hun-

dred feet in any direction. The Todt Hill mines are the only

ones wholly uncovered by glacial drift, being east of the mo-,

raine.

^Eolian or Blown Sand.—Extensive deposits of light-colored

sand, similar in character to those found so abundantly on Ber-

gen ISeck, N. J., occur along the edges of the salt meadows on

the western side of the Island, from Mariners' Harbor to near

Chelsea Landing, sometimes extending to a distance of one-half
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or three-quarters of a mile on the uphind, and thus occupying

a position between the trap-dyke and the salt meadows. The
material is a fine, yellowish, loamy sand, containing no gravel

or pebbles, but rests on the glacial drift, and is hence of jDOst-

glacial age. This sand was once the western beach of the ex-

'

tensive body of salt water which formerly occupied the basin

now filled with the salt-marsh deposits, and which extended

over all the Newark and Hackensack Meadows, but has now
been reduced to the area of ISTewark Bay. The sands of this old

beach were blown inland, and formed into dunes by the gene-

rally prevailing westerly winds ; on a windy day the manner
of the formation of these dunes may still be plainly seen. A
number of pine-barren plants have found lodging in this sandy

soil, on both Staten Island and Bergen Neck, and it is probable

that others will be found there on further exploration.

MoDEHX Epoch.

Under this heading are included deposits whose formation

began at a comparatively recent period, and whose growth still

continues.

Marine AUuoiuDi or Salt Meadows.—These deposits extend

over an area of about nine and one-half square miles on Staten

Island. The material composing them consists for the most part

of partially decomposed vegetable matter, mixed with a little clay

and sand. These salt-meadow aretis have formerly been shallow

bays, which have gradually been filled up, first by the deposit

of silt from their waters and the growth of marine plants, and

ultimately by the growth and decay of grasses and rushes.

This latter process is yet in operation, and thus the salt mea-

dows keep at about the level of the highest tides ; their most

abundant grass is the Spartijia jimcea, Willd., while the rush is

Juncus Gerardi, Lam., commonly known as "black grass."

A number of other plants contribute small amounts to the

vegetable growth, making the salt-meadow flora quite a varied

one.

The most extensive ai'eas covered by these deposits are along-

New Creek and the Great Kills, on the eastern shore, and from
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RossA'ille DortliwHvd along Arthur Kill. The thickness of the

marshes is exceedingly variable, probably as much as thirty

feet in some places, and but a few inches in others. The dried

material consists of decaying fibres, mixed Avith a little clay,

sand, aiid oxide of iron; the latter substance produces the iri-

descent film commonly seen in the marshes, and populaidy sup-

posed to be oil.

Sand Beaches and Points.—Sand beaches occur along all the

shores that are directly exposed to the waves ; the greatest ac-

cumulation of sand is on the shore of the LoAver Bay from

Clifton southward to the so-called Point of the Beach, near

Crifford's, at Seguine's Point, near Prince's Bay, and at Ward's

Point, Tottenville. The point near GifPord's is slowly length-

ening and curA'ing in toward the shore ; a similar point is in

process of formation at the mouth of New Creek ; and the ac-

cumulation of sand at Ward's Point is quite great. These

])oints are produced by the combined action of the currents of

the Lower Bay and the streams flowing into it, Avhich carry the

sand along the coast until finally it is driven up on the beaches

by the AA'aves.

Sands composed of magnetic iron ore occur Avitli the quartz

sand, and are genei'ally found in layers of a fraction of an inch

in thickness; but an accumulation of this material to a depth of

four inches has recently been found at Ioav Avater on the beach

near the Elm Tree Lighthouse, and has excited some attention

as a possible iron ore, but it contains titanium, and is not

likely to have any economic importance. All the sands have

originally resulted from the disintegration of rocks, and have

been carried by water doAvn the rivers emptying into the bays,

and also resulted in part from the direct disintegration of the

coasts.

Feat Sioamps.—True peat occurs in but feAV places on Staten

Island. Some is found in the Clove Lake Swamps, in several

swamj)s near Eichmond and GifEord's, and towards Tottenyille.

In one locality near Eichmond, the peat deposit is at least ten

feet thick. The salt-marsh deposits may be regarded as a kind

of peat, but their vegetable matter comes principally from

k
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grasses and ruslies, while true peat results from the growth and

decomposition of mosses.

Encroavli.ment of the Lower Bay.—The entire southeastern

shore of Staten Island is gradually being Avashed away, and

hence receding to the westward. In some places the loss is very-

apparent'. At the foot of New Dorj) Lane, near where tlie Elm
Tree Lighthouse is now situated, a large American elm was

standing not longer ago than the year 1840. The place where

this tree grew is now beyond the end of a dock which extends

some four hundred feet from the shore. This indicates a loss

of four hundred feet in forty years, or an average of ten feet per

year. At Cedar Grove, half a mile south of this i^oint, there

has been a loss of about three hundred and tliirty feet since

1850, or about the same average. At Prince's Bay, the Govern-

ment has been obliged to build a heavy sea-wall in front of the

bluff on which the lighthouse is placed,—and a like precaution

has been taken at the forts on the Narrows.

Now there are two causes operating to effect these results ;

they are (I) the constant abrading action of the waves and cur-

rents, and ("2) the gradual dejiression of the coasts. From the

course of tlie currents in the Lower Bay, the. eroded material,

together with pai't of that brought down by the I'ivers, is carried

southwardly along this coast, the sands deposited as beaches,

bars and points, while tlie finer muddy part is carried farther,

and finally deposited in the deeper waters of the Bay or in the

ocean.

It has been the custom to save property from this very serious

loss by building bulkheads filled with stone, some hundreds of

feet outward from the shore at the southern end of the land

to be protected. These bulkheads aCt to break the force of the

sand-bearing current flowing along the shore; and this check to

to the motion of the water, causes it to deposit its burden on the

north side of the dock. The waves soon drive the sand up on

shore, and land is actually made in this manner. It is probably

the cheapest and most effective way of protecting property on

this coast.

The second cause which is in operation, and which, although

very much slower, is perhaps surer to submerge much valuable
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land, is the gradual sinkiug of the coast. Prof. George II. Cook

has estimated the depression of the shores of N^ew Jersey and

Long Island at about two feet per century; others have thought

it somewhat less, but all are agreed that there is a subsidence

going on. It will be seen that if our coast settles down to ten

feet below its present level, the greater part of the plains extend-

ing south of the moraine from Giffords to Clifton, now the most

valuable farming land in the county, will be covered Avith salt

meadows within a few hundred years, provided that they are

not all washed away before by the action of the currents.

For a full discussion of this subject; sec Geology of New Jersey.

1868, pp. 343-3:4.

EcoxoMic Geolouv.

(1) Lro)i Ore.—The Linionite ore of Todt Hill, Four Corners,

and other places, has been used in blast furnaces in connection

with other more refractory ores, or has been screened, ground

and washed, to produce red ochre paint. The total amount

hitherto mined may be as great as 250,000 tons, and the present

production is about 20,000 tons per year.

(2) Fire Clay.—The character of the dej^osits of this substance

has already been described. Messrs. Kreischer and Sons have a

large factory at Kreischerville, and produce refractory ware val-

ued at over 150,000 annually. Their supply of clay is jiartially

drawn from VVoodbridge, N. J.

(3) Brick Clay.—Clays of glacial drift origin are used in the

manufacture of common brick near Richmond and Linoleumville.

The number of bricks annually produced has not been definite-

ly ascertained, but it probably amounts to several millions.

(4) Trap Rock.—Quari'ies of this rock have been worked at

Graniteville and near Port Eichmond for many years. The rock

is either cut into blocks and shipped to New York to be used for

street pavements, or crushed into small pieces and employed in

MacAdam or Telford pavements on Staten Island. Some edifices

have been constructed of this rock, but it is not well suited for

building purposes.
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(5) Serpentine Bock.—The compact variety has not yet been

used for any economic purpose; it is too soft and weak to be used

for building; it might be employed in the manufacture of mag-

nesian salts, or for some purposes where refractory materials are

required.

The fibrous serpentine, erroneously called asbestos, has been

mined near Tompkinsville Landing to the extent of 25 or 30

tons, and used for the puri)oses for which asbestos is employed.

(6) Beach Sands.—Thousands of tons of this material are annu-

ally taken from the southeastern coast, and used in New York

and Brooklyn for building. In some places so much sand has been

removed that property along the shore has been seriously damaged,

by exposing roads and meadows to the action of the waves.

(7) Beat has never been used as a fuel to any extent on Staten

Island, and has little economic value.

(8) Gravel occurs extensively along the beaches, and at the local-

ity already noted on Todt Hill. It is valuable as a road-making

material, where only light traffic is employed.

AROH.iiOLOGY.

Implements used by the aborigines have been found abundant-

ly on the sands of the Cretaceous near Tottenville, in association

with scattered oyster-shells. These Indians are supposed to

have belonged to the Delaware nation ; they visited the sea-coast

at certain seasons, and oysters appear to have been a prominent

article of food with them. These shell-heaps are found much
more extensively on the sand-hills between 8outh Amboy and

KeyiJort, New Jersey, and hence most of the Indians are sup-

posed to have remained there, while a few crossed to Staten.

Island. The stone implements have also been found at other

places in the county, but nowhere so abundantly as at Totten-

ville. Mr. W. S. Page, of that place, has a collection of 4 stone

hammers, 2 pestles, 5 spear-heads, 15 arrow-heads and 12 flint

chips,—nearly all picked up in his garden. Others have found

similar implements in the same neighborhood. Mr. Arthur

Hollick, of Port Kichmond, has two stone hammers, three spear-

heads, and seven arrow-heads, found in various parts of the

county.
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EXPLANATION OF PLATE NIV.

Each figure (except 1 6) is represented tlie natural size of a medium
specimen.

Fig. 1.

—

Spirifer IcHcis, Hall. 1. Ventral valve, viewed perpendicularly to

the plane of the margins, a. A patch of surface-markings. 16. A
portion of the margin of a large specimen, showing the rudimentary

plications, extending only a short distance from the margin.

Fig. 2.

—

Sp. Icevis, H. a. Hinge-area, deltidium, and beak, of the ventral

valve, b. Dorsal valve, detached and lowered so as to expose the

area of the ventral valve above its cardinal margin.

Fig. 3.

—

Sp. fimhriaius, Conrad. Ventral valve, viewed perpendicularly to

the plane of the margins. The dotted line on the left represents the

outline of the extreme of a conunon direction of variation.

Fig. 4.

—

Sp. fimbrkdas, C. a. Beak and area of ventral valve, detached and

the beak tilted toward the observer, giving direct view of the area.

h. Perpendicular view of dorsal valve.

Fig. 5.

—

Sp. Icevls, H. Side view. In general effect this is a restoration,

made upoii examination of a great number of distorted and imperfect

specimens.

Figs. 6 and 7.

—

Sp. fimbrmhis , C. Cardinal and side views.

Figs. 8, 9 and 10. Sp. crispus, Hisinger. Ventral, dorsal and side views

of a medium specimen. This is a reproduction of Hall's original

figures, 3 6 and 3 c of Pi. 54, Vol. 2, Pal. of K Y. The hinge-area

is, however, more produced than appears in specimens examined by

the author, a, on Fig. 9, is a small patch, slightly enlarged, of the

surface-markings

Figs. 11a and 116.—Variety of Sp. crispus, showing the shortening of hinge-

line and ai'ea, greater elevation of beak, and lessening of plications.

Figs. 12a and 6.

—

Sp. bicostatus, Vanuxem.—A copy of Hall's Fig. 4, PI.

54, 1. c, regarded as the extreme variety of the crispus type in the

direction in which Fig. 11 is intermediate ; the plications are obso-

lete, the area and beak high, the inequality in the relative convexity

of the valves extreme.

Figs. 13a and 6.

—

Sp. crispus, His. Extreme variety in the opposite direc-

tion, toward Sp. sulcaius, in which are conspicuous the extended

hinge-line, small and low beak, low but still short area, distinct and

more numerous plications.
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XII.— Outliiie of the Geuluyy of the Nortltmsierii. We^l India

li^hoids.

BY p. T. CLEVE,

Op the University of Upsala, Sweden; Corresponding Member, N. Y. A. S.

Read November 7th, 1881.

In the winter of 1868-G9 I made a geological survey of tlio

northeastern corner of tlie AVest Indian Archipelago. The re-

sults obtained Avere published in the Transactions of the Eoyal

Swedish Academy of Sciences of Stockholm (T. IX, No. 12,

1871), with some geological maps of the islands surveyed.

Considering .that the many details, which are gathered in this

paper, may prevent the reader from getting a clear idea of the

geology of this interesting part of the globe, and that the paper

may not be easily accessible to American readers, I have acceded

to the wishes of my respected friend, Mr. Thomas Bland, and

written a short outline of the most important facts found by

myself, and compared them with observations made by other

geologists in other ]iarts of the West Indies.

The geological ages in which the material forming the islands

was deposited, or protruded from the interior, are the Cretaceous,

the Eocene, the Miocene, Pliocene and Post-]iliocene.

The Cketaceous Fokmation" forms the whole of the archi-

pelago of the Virgin Islands except Anegada, Avhicli may be re-

ferred, as also the Bahamas, to the Post-pliocene time. Also the

island of Yieque, near Porto Rico, seems to consist for the most

part of eruptive Cretaceous rocks. Still, there seem to be also in

this island younger strata; but I cannot say anything with confi-

dence about this, having paid only a short visit on this island.

A map of the Virgin Group shows a series of larger islands

and smaller keys, extending generally east and west. The larger

are Culebra, St. Thomas, St. John, Tortola and Virgin Gorda.

Their general direction coincides with the strike of the strata,

wherever such is visible. South of these, but at some dis-
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tance, is the island of St. Croix, also with an east and west di-

rection.

The rocks composing the Virgin Ishmd range are of very dif-

ferent kinds, massive eruptives, without stratification, enormous

masses of clastic volcanic rocks of most variable kinds, regularly

stratified metamoriDhic slates, siliceous limestones, metamorphic

limestone, etc., very often penetrated by black trappean dikes,

in the most astonishing manner resembling the trap-rocks

which abound in the old rocks of Scandinavia.

The Volcanic Rocks are principally tlie following:

1. Diorite, closely resembling syenite, is of great extent in

the island of Vieqne ; it occurs in a small key (Buck's Island)

south of St. Thomas, and farther in the southern peninsula of

Virgin Gorda, Avhence it may be traced in smaller patches

around the shores of Sir Francis Drake's Channel to the north-

ern point of St. John. This massive, granite-like rock consists

of hornblende and soda-lime feldspar, with very little mica. I

could not find quartz in it. It is easily altered, and shows then

its interior globular or concretionary structure. The small

island south of Virgin Gorda, called Broken Jerusalem, consists

entirely of large boulders of hard diorite, left after the softer

mass between has been carried away by decomposition, and is a

beautiful illustration of the globular structure of the rock. On
the small keys south of Drake's Channel, the massive structure

graduates into one more or less stratified, so that in some places

distinct remains of strata are visible. In other places the main

mass sends forth branching veins into the surrounding rocks,

proving that it once was in a molten state.

The facility with which the rocks disintegrate and decompose,

makes it very probable that a mass of the diorite once filled the

whole sj)ace now occupied by Sir Francis Drake's Channel, but

has been carried away by alteration or denudation.

2. Felsite.—This rock, which also could be classed as eurite,

or in some spots as quartz-porphyry, forms the southern part

of St. Thomas, St. John, and Peter's Island. It is visible also

on the northern part of Virgin Gorda. The color is generally

light, whitish, reddish, sometimes by alteration blood-red. It is
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a compact mixture of quartz aud feldspar. In some places the

quartz is separated in the form of double pyramids. The rock

is evidentlVj in most places, a clastic rock, a kind of tufa; in

others, it seems to have been protruded in a molten state as a

lava. In the latter case, it has sometimes a fine columnar struc-

ture, as at Red Point on St. Thomas.

3. Blue-heach.—This rock, so called by the inhabitants, is a

peculiar kind of breccia of fragments of felsitic or trappean

rocks, evidently a clastic volcanic rock. The color is generally

very dark green, from a considerable quantity of hornblende,

often altered to chlorite. In this rock, distinct traces of strati-

fication are often visible. The dip of the beds is generally very

steep, almost vertical. This rock constitutes the greater part

of St. Thomas, St. John, Tortola, and Jost Van Dyck.

4, Diabase.—Occurs in dikes penetrating the diorite and the

blue-beach. Sometimes it occurs in greater masses, as in the

island of Hans Lollick, north of St. Thomas. The island of

Oulebra consists of a kind of diabase, or, more correctly, of

Labrador porphyry.

All these igneous beds are of enormous thickness, and point

to a long period of very powerful volcanic activity. They are

of two different types, just as in modern volcanoes ; more basic,

black rocks,—traps, diorite and their tufas (or blue-beach), and

more acidic,—white or light colored, the felsites with their tu-

fas. The latter seem, also, older than the former.

The Stkatified, gen^erallyMetamoephicEocks, have com-

paratively small extent ; many of them have doubtless been vol-

canic ashes, in a state of fine division, deposited on the bottom

of the sea. They consist of

—

1. Clay-slate.—K black slaty rock, without fossils, closely re-

sembling the slates of the Silurian formation. It occurs in the

northern part of St. Thomas, near Coki Point, and on south-

western Tortola, near Cox Head. The strata are almost verti-

cal, and run from west to east.

2. MetamorpMc slates.—Mica schist, hornblende schist, etc.,

occur on the small keys south of Francis Drake's Channel, and

on the islets between Tortola and St. Thomas.
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o. Limestone.—Hard, crystalline, bluish-gray marble, occurs

on Congo Key and on Great Patch Island, near St. John ; also

on Mary's Point, on the latter island, and in some other places.

Sometimes the lime is so strongly impregnated with silica that

it forms a peculiar, still stratified vock, ^siliceous limestone,—
which is filled with garnet, epidote and other silicates. Near

Coki Point of St. Tiiomas, the limestone stratum thins out

in small rounded lime boulders, which occur imbedded in the

blu3-beach rock. Th3se rolled pieces contain fossils, sometimes

silicified and well preserved, which allowed me to make out with

certainty the geological age of the Virgin Islands.

The Island of St. Croix consists in its northern part of clay-

slates, blue-beach, felsitic rocks, and some limestone, all of the

same character as in the Virgin Islands, dipping at very high

angles, often almost vertical, and running, though with many
deviations, from west to east. South of this rocky part of the

island, extends a wide level area of coral limestone and marls,

probably of Miocene or perhaps more recent date.

Fossils of the Cretaceous Formation.—The fossils collected

near Coki Point, on St. Thomas, were abundant fragments of

a large Nerincea, Actceonella, Pectunculus, Astarte, Corhula, Li-

mopsis, Opis, and one Ammonite. All these fossils prove the

age to be Cretaceous, and probably corresponding to the Gosau

formation in the Alps.

The Cretaceous formation of the Virgin Islands and St. Croix

consists, then, chiefly of volcanic rocks, often stratified and

associated with large eruptive masses of a light colored diorite,

closely resembling syenite. Their strike is ^generally east to

west, and their dip very strong, which proves that they have

been elevated and bent by a great pressure, acting from north

or south at a right angle to the strike of the strata. On study-

ing in detail the part between Tortola, St. John and St. Thomas,

I found that there is a synclinal fault just in the continuation

of Sir Francis Drake's Channel. Tortola and St. John, with its

continuation, St. Thomas, are only parts of the same large set

of strata, as will be clear by the accompanying schematic

section (Plate XVII).
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There is little clonbt that St. Croix, also, is the continuation

of the same beds, although the depth between the Virgin Islands

and St. Thomas is enormous, abont 4,000 meters. The A^irgin

Islands and St. Croix are then to be regarded as the lofty sum-

mits of a submai'ine Alpine parallel chain. The time at Avhich

this chain began to be formed, or when the pressure from north

or south commenced to work, is certainly after the period when
the Turonian strata were deposited, probably in the time of the

white chalk ; and there is evidence that the forces were still

acting after the Eocene time, as will be seen further on. In

the Miocene time the chain was finished, and ready for the de-

l)osit of the almost horizontal and little-disturbed Miocene lime-

stones.

The island of Porto Eico consists largely of very thick, almost

undisturbed limestone beds of Miocene age ; but in the interior

of the country, around Utuado, rocks similar to the Cretaceous

of the Virgin Islands, are met with. The same geological struc-

ture will be found in Jamaica, near Bath, and in the Clarendon

District, as Mr. Barrett has stated. In San Domingo, too, the

iOretaceous beds, with associated syenite-like eruptive rocks, are

of great extent.* In Cuba, also, they seem to be present.

Everywhere the strata are strongly tilted, disturbed, raised, and

highly metamorphosed.

The large West Indian islands contain, then, ridges of raised

Cretaceous rocks, and the Virgin Islands form their eastern out-

crops. South of the Virgin Islands, they are not met with, ex-

ce2)t in Trinidad, where they form the "older Parian" forma-

tion of Mr. Wall. It may be regarded as uncertain whether

the strata of Scotland, in the Island of Barbadoes, belong to the

Cretaceous or Eocene formation.

EocEXE FoEMATio]sr.—East of the Virgin Group are the two

islands of St. Martin and St. Bartholomew, which belong to the

Eocene time. St. Bartholomew consists of a thick set of clastic

* See G-ahh, on the Topography and Geology of Santo Domingo. Trans-

actions of the American Pliilosophical Society of Pliiladelphia, XV, Part

I, 1878.
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Tolcanic rocks, tufas of different kinds, iuterstratitied with beds

of a hard, compact limestone. There are also some massive

rocks, certainly eruptive, consisting of a kind of syenite-por-

phyry, in the southern part of the island. St. Martin, also,

consists mainly of stratified rocks, but not of limestone, as far

as I know. The stratification runs generally, both in St. Martin

and St. Bartholomew, from west to east, and the dip is to the

south about 20°—30°. As most of the rocks are of volcanic

origin, we may conclude that the igneous activity continued

during the Eocene time.

On the western corner of St. Martin, the Eocene sti-ata are

unconformably overlaid by hard white limestone, evidently a

fragment of the Miocene formation, Avhich forms the whole of

Anguilla, and there rests upon some amygdaloid volcanic rock.

The Eocene rocks seem to occur in the southwestern part of

Antigua,* where they have a northerly dip ; also, in Guadeloupe,

Grande-Terre, they seem to occur (Pierre a Ravets de Duchas-

saing). In Jamaica, Eocene beds of 1,000 meters in thickness

occur, and consist, according to Mr. Barrett, of jDorphyritic

conglomerates, with shaly and sandy beds. Mr. Gabb does not

mention the occurrence of Eocene beds in San Domingo. They

Avill probably be found there, however, and have perhaps been

considered as parts of the Cretaceous or of the lower Miocene

formations.

Fossils.—The limestone of St. Bartholomew is rich in fossils,

but generally in a bad state of preservation. Also in Trinidad

Eocene fossils have been found. The age of St. Bartholomew

is, beyond any doubt, that of the Calcaire Grossier of Paris.

There occur a large Cerithium, identical with or nearly allied

to C. giganteum, a large Nerita allied to N. conoidea, and several

species of Voluta, Rostellaria, Phorus, Cyprcea, Natica, etc.

My collections of fossil mollusks were sent ten years ago to Prof.

Carl Mayer, of Zurich, for determination ; but he has not yet

* See Nugeni, Descr. of Antigua ; Trans. London Geol. Soc, 1st Ser.

Vol. V, p. 459, 1841.

Howey, Geology of Antigua, Am. J. Sci., XXXV, p. 75, 1839.

Duncan, Quart. J. G. S., XIX, p. 408, 1868.
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Bnished the examination. Very abundant is the TerebrcUida

canieoides, Guppy, also occurring in Trinidad, Another species

of brachiopod, Argiope Clevei, Davidson, was also found on

St. Bartholomew. The corals are numerous, and have been de-

scribed by Mr. P. M. Duncan (Quart. Jour. G. Soc, XXIX, pp.

518—565). The echinodernis have been described by M. Oot-

teau (Description des echinides tertiaires des Isles St. Barthelemy

et Anguilla) in K. Sv. Vetenskaps Akademien Handlinger,

T. XIII, No. 6, 1875. The foraminifera are very numerous,

but have not been examined. Fragments of crabs, Raiiina, oc-

cur also in St. Bartholomew.

As the Eocene strata are inclined, and their strike is generally

east and west, there is evidence that the force which pushed the

Cretaceous strata into such gigantic folds, was still active after

the Eocene time, but not with such great intensity: as before,

because the Eocene strata are not more inclined than 20°—30°,

Avhile the Cretaceous in many places are almost vertical. These

facts indicate that the rising of the mountain chains in the great

Antilles took place in the epoch between the Taronian time and

the Miocene.

Miocene Formation.—Among the small islands of the north-

eastern part of the West Indies, the Miocene formation occurs

in Anguilla, where it has been deposited on a kind of volcanic

amygdaloid rock, visible on the northern- coast. It consists of

Imiestone and marls (sometimes very rich in fossils, which gene-

rally are in the form of casts), covered by a hard limestone bed,

wliich slowly dips down to the south. The same limestone bed

occurs in the western point of St. Martin, directly and uncoii-

formably deposited on the Eocene formation.

Miocene beds have also been found in Antigua, Barbadoes

and Trinidad. Grande-Terre of Guadeloupe seems to consist

principally of Miocene strata. The level land of St. Croix is

probably Miocene, but complete evidence of this is still wanting.

In the large West India islands, Jamaica, Porto Rico, San

Domingo and Cuba, the Miocene formation has an enormous

development. It consists largely of limestones, generally almost

horizontal or very little inclined,—evidence enough that the

mountain-chains were comjjleted before the Miocene epoch,
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that tliey were largely submerged in the Miocene time, and that

after this period a continental uplift occurred in the West

Indies.

Pliocene axd Post-plioce]s^e Formations.—The line of

sei^aration between the Miocene and Pliocene formations in the

West Indies is nowhere decided. It is possible that the hard,

yellowish-white limestone, Avhich contains only few fossils and

covers the true Miocene beds, may be more accurately called

Pliocene, and not Miocene, as I have done in the foregoing.

On the other hand, it is by no means easy to draw a line of de-

marcation between the Pliocene and Post-pliocene time. I am
inclined to think that the island of Sombrero is of Plioceno

origin, also Barbuda and some part of Barbadoes.

To the Post-pliocene time are to be referred the very import-

ant volcanic formations which extend from Saba through St.

Eustatius, St. Kitts, Nevis, Redonda, Montserrat, Guadeloupe,

etc. In St. Kitts I found, near Brimstone Hill, a white lime-

stone formation, containing a large number of fossils, generally

impressions and casts. All the specimens, belonging to about

forty-three different species, could be identified with living Ca-

ribbean species, except only a single specimen of Modiolaria.

It is not improbable that tlie elevation of the Miocene strata was

accompanied by a subsidence in the Caribbean sea, and that on

the limit between the area of elevation and that of subsidence,

large fissures originated, pouring out the tufas and other ig-

neous products, of which the volcanic islands are formed.

To the Post-pliocene time may also be referred a limestone

formation of great extent, forming the island of Anegada, and

the Bahamas. Anegada is a flat, ver}'' low island of limestone,

containing great numbers of fossil shells belonging to species

still living in the Caribbean sea. Anegada is nearly allied, in

its geological structure, to the Bahamas, and proves that in this

part of the Caribbean area an elevation and not a subsidence is

ffoinc" on.





DESCKIPTION OF PLATE XVII.

[FIGURE 1.

Section from St. John to Jost Van Dyck (Virgin Islands).

1, 1, St. John.

3, 2, St. Thomas.

3, Great Thatch Island.

4, Jost Van Dyck.

5, Tortola.

6, Tobago.

7, Iguana ("Guana") Island.

a, Cold Point, St. Thomas.

b, Mary's Point, St. John.

F, Felsite.

B, "Blue-beach."

M, Metamorphic rocks.

L, Limestone.

D, Diorite.

The dotted lines indicate islands not on the precise line of section.

FIGURE 2.

Sections from St. Croix to Tortola, and from Nevis and Antigua to Anguilla.

I, Antigua.

II, Nevis.
]

III, St. Kitts. -D . r 1

IV, St.Eustache.
^Post-phocene volcanoes.

V, Saba, J

VI, St. Croix.

VII, St. Bartholomew.

VIII, St. Martin.

IX, Anguilla.

X, St. John.

XI, Tortola.

XII, Anegada.

C, Cretaceous.

E, Eocene.

M, Miocene (and Pliocene).

P P, Post-pliocene.
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XIII.

—

Dcscrtj)tionfi of .Neiv Species of Fos.sils from O/iio, icitlt

Reniarlcs on mine of the Geological Formaiions in which Ihcij

occur. "^

V,\ K. p. WUITFIKLJ).

Head Jauuary lOtli, 1882.

Species from the Hydraulic Limestones of the Lower Helder-

berg Group.

BKACIIIOPODA.

Strcptorliynclius liydraulicum, u. sp.

Pal. Ohio, Vol. Ill, Plate 1, Figs. 1—a.

Shell small to minute, the largest individuals yet o))Served not exeeediug

live-eighths of an incli in greatest diameter, while the most of those ob-

served are not more than two-thirds as great. Valves depressed convex,

or, more commonly, ai^pearing very flat, as seen on the surface of the stone.

Hinge-line straight, neai'ly as long as the width of the shell below, and the

latter usually more than the length, frequently nearly' once and a half as

great. Ventral valve characterized by a very narrow and nearlj^ vertical

cardinal area, and a usually more or less twisted or otherwise distorted

beak. Dorsal valve slightly more convex than the ventral, with a percepti-

ble mesial depression extending from beak to base, becoming broad and

undefined below the middle of the length. Surface of the shell marked by

coarse and somewhat ridged radiating strite, which are distinctly alternating

in size ; the principal ones proportionally very strong.

The small size of the shell, Avith the strong radiating and

alternate stria?, are distinguishing features of the species. There

is no species resembling it, to any degree, among the fossils of

New York rocks of a corresponding age. It presents much
more the features of forms of the genus from the Coal measures

than any heretofore described from Silurian rocks of America,

and will not be readily confounded with any known species.

Formation and Locality.—In the hydraulic beds of the Lower

Helderberg group, at Belleville, Sandusky County, and at Green-

* These descriptions will be reprinted in the forthcoming Volume of the Paleontology of

Ohio, and will be accompanied by Illustrations, to which the references by Pla'.e and Figui-e,

given in the present article, under each species, relate.
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field, Ohio ; associated with Meristella bella, ytideospira roiuii-

data and Leper(lit ia alta, oceiiiTiiig sometimes in great inim hers,

almost covering the surfaces of shdjs.

]Vucleo»pira rotundata, n. ^^.

Pal. O., Ill, Plate I, Figs. 11-14.

yiiell atlaiuiug a rather large size for the genus, being often more than

half an inch in transverse diameter, and when of medium or large size,

strongly ventricose or rotund. The younger individuals, however, are de-

pressed-convex or lenticular in profile. Length of the shell as great or

greater than the transverse diameter. Beaks small and incurved, not at all

conspicuous. Valves marked by a slight depression along the median line,

strongest on the ventral side.

This species, like all those of this formation yet ohtained in

Ohio, are mostly internal casts and impressions ; consequently

the true features of the shell are not readily obtained. The

general features of the species, however, are preserved suffi-

ciently for identification and comparison, when good individuals

are selected. The shell hears much resemblance to N. ventrieusa.

Con., from the Lower Helderberg group of New York, in its

general form, except the much greater size and more elongated

form of the adult individuals. There is more difficulty in sepa-

rating them satisfactorily from the casts of Meristella hella.

Hall, with which they are associated. In fact, it is all but im-

possible to do this with certainty, unless they are in a good state

of preservation, as the difference in the form of the muscular

imprint of the ventral valve, and the more strongly incurved

beaks, are the only features that can be relied upon.

Formation and Locality.—In the hydraulic limestone of the

Lower He'derberg grouj), at Greenfield, Ohio.

Rhync'honella liydraulica, n. sp.

Pal. O., Ill, Plate 1, Fig. 17.

Shell rather smaller than medium size, transversely oval in outline and

ventricose in profile ; the dorsal valve being highly convex, and the ventral

somewhat depressed convex. Beaks small, not prominent or conspicuous
;

that of the ventral valve moderately incurved, and the other rather strongly

incurved. Surface of the shell marked by from sixteen to eighteen simple

plications, four of which are strongly elevated on the front half of the dorsal

valve to form the mesial elevation, which does not extend beyond the mid-
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die of the valve, and six or seven may be couuted on each side of the vah'e.

The plications are but slightly elevated, are round on the summit, and do
not extend beyond the middle of the shell, the upper part of wliieh is

smooth, and marked only hj concentric lines of growth. The interior of

the dorsal valve is marked by a moderately strong mesial septum, extend-

ing from the apex of the valve to about one-third of its length. The shell

appears to have been also marked by tine concentric lines of growth, some
of which form distinct varices.

This species belongs to the semi -plicated group of the genus,

of which there are many sjjecies having close resemblance to it,

but none in rocks of corresponding age or position having very

close affinities to it.

Formation and Locality.—In the hydraulic limestone of the

Lower Helderberg group, at Greenfield, Ohio.

Pentaiiierus pes-ovi§, n. sp.

Pal. O., Ill, Plate 1, Figs. 11—22.

Shell quite small, and of a somewhat broadly triangular form, with de-

pressed convex valves, the ventral side being nearly twice as deep as the

dorsal, and more elongated at the beak, giving it the triangular character
;

cardinal slopes straightened and rapidly diverging ; front broadly rounded,'

The species is known only in the condition of internal casts, and as thus

seen, the ventral valve is deeply cleft along the median line by the removal

of the central septum, the slit often extending more than three-fourths of

the length of the valve. The filling of the spoon-shaped cavity is pro-

portionally large, being long and narrow, and not strongly arched. Cast

of the dorsal valve characterized by a proportionally large and broad cardi-

nal plate, from which project two long and strongly divergent and distant

crural processes, reaching far along the surface of the cast in some cases,

while in others they are quite short. The surface of the valves has been

destitute of plications, but is usuallj^ marked in the larger individuals by
several strong varices of growth near the front margin, which give to the

shell a prematurelj^ old appearance for so small a species ; the individuals

seldom exceeds five-eighths of an inch in length on the ventral side.

The species is unlike any known form of a similar size, in the

shallowness of the valves, in the erect character of the ventral

beak, and in the deeply divided feature of the cast of this valve.

The dorsal valve is much less marked, and is often destitute of

any distinguishing feature.

Formation and Locality.—In the hydraulic limestone of the

Lower Helderberg group, in Adams County, Oliio, occurring in
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mimbei's densely packed together, but having the shelly sub-

stiinee entirely removed.

ARTICULA^TA.

Eiirypterus Eriensis, n. ,sp.

ral. O., Vol. Ill, Plate 1, Figs. 81, ;j3.

Among the fossils from the Hydraxilie limestones of Bcneh

I'oint, Put-in-Buy Island, Lake Erie, there are sevei'al detached

cephalic shields and one body of a sjiecies of Earypterns, which

is so distinctly different from any of those described, that it

seems necessary to class it as a separate species. The dilferences,

so far as seen on the i)arts preserved, consist, in the form of the

cephalic plate, in the size and position of the eye-tnbercles, and

in the proportions of the body as compared with the known
forms. There are undonbtedly other and more important dif-

ferences in the api)endages, but as these are not preserved on any

of the individuals examined, comparison is impossible.

The cephalic shield is proportionally broader than that of

E. remijjes or E. lacustris, and is more regularly rounded or

arched on the anterior border, lacking that subquadrate form

characteristic of those species. The eyes are jjroportionally

smaller, and situated nearer each other, and also farther forward,

as well as being somewhat more oblique to the longitudinal a.xis

of the body. The minute ocular points are somewhat larger

than in E. reniipes, are situated close together, and are nearly

opposite the posterior end of the real eye tubercles ; they consist

of a pair of distinctly elevated rings surrounding rather deep,

although minute, central depressions ; the inner margins of the

rings being almost in contact. The head does not show evi-

dence of having been margined by an elevated or thickened rim,

as in those species, but as the specimens are rather impressions

of the inner surface of the external crust than actual external

surfaces (being more properly internal casts, the substance of

the carapace having been entirely removed), this feature may
not be properly shown. The head-plate more closely resembles

that of E. microjjMhalmus, Hall (Pal. N. Y., Vol. Ill, p. 407,*

pi. 80 A, fig. 7), from the Tentaculite limestone near Oazenovia,

N, Y,, than of any other described species ; it differs, however.
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ill being i)roi)ortioii;dly miicli sliorler, which gives it ;i more

semicircular form. The eye-tubercles are iilso more iieiirly of

the size of those of that species and similarly situated.

The thorax closel}' resembles that of E. remipes in its genei'al

form, but the lower three of four segments are proportionally

shorter, giving the posterior extremity a much more coin])act

character. The principal distinction between the two species,

iis shown by the thorax, exists iu a difference of the ornamenta-

tion of the surface, as seen on the specimen used. This consists

in the minute spine-like pustules or pointed granules, marking

the surface of the crust, beino- arrano-ed in irreo'ular transverse

lines across the body, and parallel to the anterior and posterior

margins of the segments, instead of being irregularly disposed,

as in all other species described. No indication of the longitu-

dinal rows of larger pustules, marking the median line of the

thoracic segments, can be traced. Caudal spine not observed.

Leperditia angulifera, n. sp.

Pal. O., Vol. Ill, Plate 1, Figs. 28—;J0.

Carapace of medium size, having a length, iu adult individuals, of about

three-eighths of an incli, by a height of one-fourth of an inch in tlie broadest

part. General form of the outline broadly sub-ovate and widest posteriorly;

hinge-line straight, equal in length to two-thirds that of tlie entire valve ;

anterior end a little tlie shortest, narrowly rounding into tlie broadly curved

basal line
;
posterior end broadlj" rounded. Surface of the carapace highly

elevated and prominent, forming a strong, somewliat angular, longitudinal

node just within the basal margin, and near the middle of the length. From
this point, the surface slopes somewhat gradually upward to the hinge-line,

witli a barely perceptible convexity, except on tlie anterior end, wliere it is

more strongly convex, and cliaracterized by a rather prominent and well-

marked ocular tubercle. From the angular nods near the lower margin,

there is, on well-preserved individuals, a perceptible angulation, extending

along the surface to the point of greatest length on the anterior end, and a

similar one, but less strongly marked, on the posterior side. There is no

perceptible difference in form between the right and left valves, each show-

ing the features about equally developed. No appearance of striations ra-

diating from the ocular tubercle can be detected, eitlier on the internal

casts or in the matrices ; still the nature of the rock in which they are im-

bedded is such tliat very obscure markings would scarcelj' be preserved.

This species differs from Leperditia alta, Conrad, of the same

formation, in its larger size, and in the larger and more distinct
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eye-tubercle, as well as in its slightly dilfereiit position ; but

most distinctly in the sub-angular ridge-like node, and greater

convexity of the lower border of the valves. This projecting

node being situated near the lower margin, and also being the

most prominent j)oint of the valve, causes the rock to adhere to

the more abrupt sides when fractured, and gives to the valves

as they appear upon the fractured surface a very decidedly trian-

gular aspect, entirely unknown in L. alta.

Formation and Locality.—In the hydraulic limestone of the

Lower Helderberg group, at Grcentield, Ohio, where it occurs

in great numbers, forming distinct layers through the rock, as

does the L. alta in the Tentaculite limestone of New York.

Species from the Limestones of the Upper Helderberg Group.

PROTOZOA.

ReceptacuSites Dcvoniciis, u. sp.

Pal. O., Vol. Ill, Plate 2, Fig. 10.

A very decidedly marked and characteristic specimen of the

genus Receptaculites, De France, has been obtained from the

limestones of the Upper Helderberg group, by Mr. Ed. Hyatt,

of the Ohio State University, from a quarry at Fishinger's mills,

about eleven miles north of Columbus, Ohio. The specimen is

about two and a half inches in diameter, is broadly concave

across the disc, and sliglitly recurved at the outer margin. The
concentric lines of i)ores or cells are strongly marked, and in-

crease rapidly in size as they recede from the centre of the dijc,

but the surface has been so macli weathered that the grooves

left by the removal of the stolons at the foot of the cells are not

distinguishable, so that the entire specific characters are not

recognized; enough, however, remains to show the general form

and proportions. It has much the appearance of specimens of a

corresponding size of B. Otveni, Hall, from the lead-hearing

limestones of the West, both in its general foi'm and in the con-

cavity of the disc, as well as in the proportions and rate of in-

crease of the cell-openings as seen exposed on the surface of the

limestone.

The occurrence of a species of this genus at this liorizon, is a
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rather uiie.\])ectetl feature in its history. The liighest hurizou

of its oecurj-ence liitherto recorded, is in the shaly lijiiestone of

the Lower llelderherg oroup of Mew YorlK, from which tlie

tA'])e of the sjiecies BcceptaciiUies iiifiindibiilifonnis {Cosciniaiit

iiifuiuUbiilifonnis, Eaton: Geol. Text-book, :^d Ed., 1833, p.

13"-3, fol. 5. tios. G-4. 05) was derived. The lignre and descrip-

tion, as given by P]-of. Euton, are both poor, l)nt the specimen

is still in the cabinet of the Eensselaer Polytechnic Institute,

bearing the original lalxd. and 1 ha^e seen several specimens of

the species fnnn the same formation. B. (l((cti/Ioi(/es {Dicfi/O'

crinus dactyluides. (-onrad) is also fi'om about the same horizon.

Both of these species, however, are in the Silurian, while the

present species brings the genus up to the Devonian : so that

we now know of its existence from the base of the Lower Silurian

to the Lower Devonian.

KADIATA.

Stjla§!rea Anna, ii. ^;p.""

Pal. O., Vol. Ill, Plate 2, Figs. 1—5.

C'orallum compound, growing in irregular or more or less hemispherical

masses of several inches in diameter, which are formed of a' large number
of closely aggregated polygonal cell-tubes or i^olyps, of rather small size,

divided by intercelltdar walls of considerable thickness, as in most forms

of the compound CyaihophyUidce. Full-grown polyps, measuring about half

an inch in diameter, but usually somewhat smaller ; the prevailing size be-

ing about three-eighths of an inch. Calyces deep, abru^jtly declining from

the intercelkdar walls to a depth nearly equalling the transverse diameter.

Longitudinal septa or rays well developed, extending about one-third, or

less, of the diameter of the tube from the outer wall, and averaging about

forty in number in adult individuals ; some containing thirty-six, and one

large one counted gives forty-two. Crest of the rays strongly denticulate,

the denticles being thickened and knot-like at their junction with the rays.

Central chamber within the limits of the longitudinal rays, equal to one-

third of the entire of the polyp, and divided by numerous distinct transverse

tabuke, Avhich are variously bent or interrupted by contact with the adjoin-

ing ones, leaving irregular cavities of considerable size between them. In-

terseptal spaces occupied by a series of horizontal plates, which originate at

the outer wall, and extend upward and inward with increased growth to

the edge of the rays, where they form the denticulation of the crest. Be-

tween the latter plates, the spaces are occupied by the smaller irregular

vesicular structure.

* Named iu honor of Mrs. Ortori, wife of President Orton, of the State University, Columbus,

Ohio.
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The species, in its general features, resembles CyatUopliyUum

rugosum, Hall, sji., from tliis formation, and may be easily mis-

taken for that one, in obscure or imperfect specimens ; but where

the internal structure is observable, especially in longitudinal

sections of tlie polyps, can be very readily distinguished by the

large central space in each polyp, and by the strongly developed

transverse tabulfe ; also by the rays not extending to the centre,

as in that species and in those of the genus Acerviilaria. "When

the coral is weathered, or the substance becomes chalky, so that

the polyps are readily separable from each other longitudinally,

the appearance very closely resembles that of Cydfliopliylluin

rnyosum when in a similar condition, but the interruption of the

rays before reaching the centre, and tlie great extent of the

tabula?, will then serve to distinguish them.

Formation and Locality.—In the U])per Helderberg grou]),

in Paulding County, Ohio.

BRACHIOPODA.

Streptorliynclius flabelitim, n. sp.

Pal. O., Vol. Ill, Plate 2, Figs. 7 and 9.

Shell below a medium size, semi-circular or semi-ovate in outline, with a

straight hinge-line of variable length ; the lateral and front margins are

somewhat regularly rounded and, in a protile view, irregularly bi-convex.

Ventral valve depressed convex, with a more or less elevated and project-

ing but twisted or distorted beak, overhanging a nearly vertical cardinal

area of irregular form and width, Avhicli is divided in the middle by a nar-

rowly ti'iangular convex deltidium. The dorsal valve is almost regularly

semi-circular, very depressed convex, with a slightly more prominent umbo,

and is destitute of cardinal area. Surface of the valves marked by from

twenty-two to twenty-four strong, rather sharply elevated, radiating pli-

cations, Avhich are entirely simple, and separated by broad, concave inter-

spaces. The shell is also further marked hj fine, regular, concentric

striae of growth, which arch backward in crossing the radii, and may have

been sub-lamellose on the external surface, but the examples seen are all

exfoliated.

The species is of a somewhat unusual type, especially in Devo-

nian rocks. The dorsal valve seen alone presents so much the

appearance of a strongly-marked Aviculopecten, that when first

observed it was thought to belong to that genus ; but the venti'al

valve, similarly marked, and possessing the characteristically

twisted cardinal area and beak with its covered fissure, at once
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indicates its true position. It is entirely unlike any species

hitherto described from American rocks, and will not easily l)e

mistaken. It resembles, in the features of the dorsal valve,

specimens of Ortliis flahefbtni from the shales of the Niagara

grouj) of NcAv York and elsewhere ; but it is more coarsely

marked, with wider and more deeply concave interspaces.

Formation and Local ily.—In the limestones of the Upper
Ilelderberg group, at Smith and Price's quarries, near Columbus,

Ohio. Collected l)y Mr. Hyatt.

Rliynclioiiella^ raricosta, n. .sp.

Pal. O., Vol. Ill, Plate 2, Fig. (5.

Shell of moderate size, and somewhat transversely sub-triangular in out-

line, when seen upon the ventral side. Ventral valve flattened and very

shallow, with a short, obtuse, and not at all incurved beak ; cardinal slopes

incurved, and the margins straight from the beak to near.the point of great

est width of the valve, the angle of divergence being nearly or quite 120

degrees. Front of the A-alve broadly curved, and marked by several deep

indentations corresponding to the number of plieations marking the surface.

Middle of the valve marked by a broad, shallow, slightly angular mesial

sinus, which is more than one-thiixl as wide at the front of the valve as the

length from beak to base. Surface of the valve marked, on each side of

the sinus, bj^ two low, angular, but distinct plications, besides those bor-

dering the sinus ; no other markings are traceable on the surface of the

shell. The margin of the valve between the plications is extended, forming

rounded projections similar to that of the mesial sinus, and probably cor-

responding to low rounded plications which have characterized the dorsal

valve, which has not been observed.

The broad sub-triangular form of the shell, with the shallow

ventral valve and the small number of low, angular plications,

will readily distinguish this from any si)ecies hitherto known.

There may possibly be some doubt as to the generic reference

of the species : but this cannot be positively determined until

more perfect individuals are obtained.

Formation and Locality.—In limestone of the Upper Helder-

berg group, at Smith ;ind Price's quarries, near Columbus, Ohio.

Collected by the Hyatt 1)ruthers. of the State University.

LAMELLIBRANCHIATA.

GeiiUiii Mjlilarca, H. and W.
Frdhn. Xotice LumeUibr<iric]iiat(' Shells, Up. IIi'Ul , llani.itud i'Ih^iuhjuj (rraaps. d'c

Stale Cab. Nat. Hist., Dee.. ISOD.
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Mytilarca percarinata, n. sp.

Pal. O., Vol. Ill, Plate 6, Figs. 1 and 2.

Shell less thaa medium size, the specimen used for description and illus-

tration measuring but one and three-fourths inches in extreme height ; and

the distance from the anterior to the posterior margins across the point of

greatest diameter, only a trifle over one inch ; the depth of the valve being

nearly half an inch. Form of the shell elongate triangular-ovate, rather

acutely pointed at the beak, which is small and incurved ; anterior, or bys-

sal, margin straight and absolutely vertical in the example mentioned
;

basal margin broadly rounded from the anterior line nearly to the point of

greatest length of the valve, where it is more rapidly curved, and finally

passes abruptly into the rapidly ascending posterior margin ; the lower

part of which is nearly parallel to the anterior side, but above inclines more

rapidly toward the short and very oblique hinge-line. The surface of the

valve is most elevated along the anterior unibonal ridge, where it is at right

angles to the anterioi' surface, but slopes gently backward for two-thirds of

the distance toward the pqsterior margin, and on the other third much
more abruptly. Near the beak, the surface rounds rapidly from the an-

terior ridge to the posterior border. Surface of the shell marked by nume-

rous concentric ridges, parallel to the margin of the valve, many of which

are strongly marked and form varices of growth. On the anterior surface,

these varices and the concentric striae are well marked. Cardinal area not

observed.

Tlic excimp](j used is a riglit valve, and bears evidence in its

characters of being an adult shell. It is associated in the same

layers of cherty material with M. ponderosa, H. & W. (Prelim.

Kotiee Lamell. Shells, etc., p. 21). but may be readily dis-

tinguished by the vertical anterior surface and the angular um-

boual ridge. From the young of that species, it is readily

distinguished by those characters, as those are distinctly round

and ventricose. The only known species approaching this in

the angularity of the ridge, is M. attenuata, H. & W. , of the

Chemung group ; but this is quite distinct in other respects.

Formation and Locality.—In the white chalky chert-beds of

the Upper Helderberg Group, near Dublin, Ohio.

GASTEEOPODA.

Platyceras sqiialodens, n. sp.

Pal. O., Vol. Ill, Plate 3, Figs. 6 and 8.

Shell small, sharply conical when viewed in a lateral direction, with the

apex gently curved anterior!}^ ; but in a posterior view, the form is narrowly
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lanceolate, with the dorsal portion rising into a thin, sharp crest or ridge ;

anterior side rounded and the anterior slope concave. Aperture narrowly

ovate, rounded on the anterior side, widest just above the middle, and ex-

tending backward into a narrow point. Surface of the shell marked by
line hair-like concentric lines of growth parallel to the margin of the aper-

ture, wdiich is a little bent down anteriorly and posteriorly, and also by a

rather faintly marked, but still distinct sulcus, which passes from the apex
on the left anterior slope, and over which the strite are slightly undulated,

indicating a slight notch m the margin at this point.

Ill the narrow cirid curved lanceolate form of the shell, this

species differs very materially from any of the numerous species

of this very monotonous genus, and maybe readily distinguished

by the sharp dorsal ridge.

Formation ami Locality.—In the Upper Helderberg lime-

stone, at Columbus, Ohio. Collection of Columbia College.

Dentalium JMariini, n. sp.

Pal. O., Vol. Ill, Plate 8, Fig. 10.

Shell somewhat larger than medium size, rather rapidly expanding from

the apex to the aperture for a species of this genus, and moderately curv-

ing throughout the length ; cylindrico-conical in form, and circular in a

transverse section. Surface marked only by encircling striae, which form
rather broad undulations on the shell, and are strongly arched forward on

the inner side of the curvature, showing that the lip of the shell has been

somewhat extended on this side of the aperture. Shell-substance thick.

The species attains a rather large size, and expands more

rapidly than most species of the genus, reaching a diameter of

one-fourth of an inch in a length of less tliau two inches. Tlie

curvature is also considerable, being deflected fully an eighth of

an inch from a straight line within the length of the sjjccimen

when tested on the inner face. There is no species of similar char-

acter from rocks of Devonian age, so far as can be ascertained.

On some of the internal casts, there occurs a longitudinal ridge,

as if there had been a slit or interruption of some kind at that

point, which gives rise to a supposition that it may have belonged

to the genus Coleopi'ion, Sandberger, though no positive inter-

ru]3tion of the strise of the surface is seen on any specimen ex-

amined. This fact may suggest its belonging to the recently

formed genus Coleolus, Hall, but its perfect resemblance to

Dentalium more strongly indicates its affinities as in that relation,

rather than wdth the Pterojioda, Nor does there appear any
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sufficient reason among the species referred to C'oleoltis by its

author, for a generic separation from Dentalinm, other than

their more strictly straight foi'm. But there are straight or

nearly straight Dentalia, and also curved forms which he has

referred to the new genus. The generic feature "shells thick""

Avould also be opposed to i)teroi)odons affinities. In its more

rapid taper and greater curvature, it is sufficiently distinct from

described forms of that genus.

Fonn(Ui())i and Loadif//.—In the cherty layers of the Uppei'

Helderberg limestones, near Dublin, Ohio.

9Iacroclieilus priscus, u. sp.

Pal. O., Vol. Ill, Plate 3, Figs. 3 and 4.

Shell small and very ventricoye, the height but little greater than the di-

ameter of the body volution ; the former in the tigured example being three-

eighths of an inch, and the latter only about one-sixteenth of an inch less.

Shell composed of about four volutions, which are very veutricose and rapidly

increase in diameter, the last one forming the great bulk of the shell, being

fully two-thirds of the entire height. Suture-line distinct, but not strongly

marked. Apical angle about eighty degrees. Aperture somewhat semilu-

nate, strongly modified on the inner side by the body of the preceding volu-

tion, which occupies fully one half its height. Columella strong, straight

and rounded, and the twisted ridge obsolete. Surface of the shell appa-

rently smooth ; at least no striai are perceptible.

This pretty little species reminds one strongly of J/, veniri-

casus, Hall, from the Coal-measures, but is somewhat shorter in

the spire, although resembling it in most other respects. The

substance of the shell is soft and chalky, and might not I'etain

minute surface striae if they had ever existed ; but no remains

of them are visible at present.

Furmatio)) ((iid Locality.—In the white (dierty layers of the

Upper Helderberg group, near Dublin, Ohio.

Losionema parvuluni, u. sp.

Pal. O., Vol. Ill, Plate 8, Fig. 5.

Shell minute, scarcely exceeding a fourth of an mch in length, and pro-

portionally slender, with a rapidly ascending spire, which is slightly more
rapidly tapering in the upper than in the lower part. Volutions six or six

and a half, moderately convex on the outer surface, and more strongly

rounded on the lower part of the exposed portion than on the upper
;
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suture-line distinct, but not niargineil by a flattening of the upper edge of

the succeeding volution. Aperture elongate, slightly angular at the base

and pointed above. Surface of the volutions marked by a large number of

distinct vertical striae, which are more numerous and slightlj^ tiner on the

body volution than above, and are so nearly destitute of sigmoid curvature

as to appear vertical until closely examined.

The small bize of the shell, the nearly vertical lines, and the

unequally expanding volutions, arc distinguishing features ; the

latter character, howevei', ap])ears to vary a little in degree on

some of the specimens. It will be readily distinguished from

the young shells of L. Haniiltanue, which occurs in the same

rock, by the number of volutions and the slender form.

Foriiiativn and Locality.—In the white cherty layers of the

Uliper Helderberg limestone, near Duljlin, Ohio.

CEPHALOPODA.

Trematoceras, u. geu.

A straight, obconical, cephalopodous shell, presenting the characteristics

of an Orthoceras, so far as the appearance of the tube, septa and siphuncle

is concerned ; but with the additional feature of a line of elongated, raised

tubercles along one side of the shell, which have formed perforations

at certain stages of growth, probably confined to the outer chamber as

openings, which were closed as the animal extended the shell, and before

the septa opposite them were formed. Type, T. Ohioense.

The shell for which the above generic name is proposed olfers

an entirely novel feature among the Orthoceratida?. The line

of nodes seen on the cast of the shell is entirely different from

anything pertaining to the ornamentation of the shell, and pre-

sents the same aj)pearance as would the partially filled perfora-

tions of a Haliotis, or like those shown on the back of species of

Bucania, and those on which the genus Tremanotus was founded;

neither is it a feature at all dependent upon the position of the

siphon or directly connected with it ; for in the specimen used

the siphon is slightly excentric, on the opposite side of the tube

from the nodes. Its position would thus indicate that it was

a feature pertaining to the dorsal lij) of the shell, corresponding

to the sinus seen in the lip of many other genera. Taking this

view of it, it would appear to indicate the existence of a deep,

narrow notch, with raised margins, in the lip of the shell at

stated periods, beyond which the shell was again united for a
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time, leaving a perforation to be closed by a deposit of shell from

the mantle as it approached the lower ])art of the chamber of

habitation. Many species of Orthoeeras have been observed,

having a raised line, or rather markings, along the dorsal side ;

but none, so far as I am aware, presenting these evidences of a

series of separate openings, which I consider a feature worthy

of generic distinction.

Treniatoceras Oliioeii§e, ii. sp.

Pal. O., Vol. Ill, Plate 6, Figs. 3 and 4.

Shell of medium size, straight, and somewhat rapidly tapering from

below upward ; the rate of increase being equal to nearl}' one-sixth of the

increase in length. Septa moderately concave, rather closely arranged ;

five of the chambers about equalling the diameter of the uppermost of the

five counted. Siphon of moderate size, and in the specimen used slightly

cxcentric. The surface of the shell, so far as can be determined from the

internal cast, has been smooth. Perforations, or nodes i-epresenting them,

large and elevated, two to three times as long as wide, and occurring at

everj^ third septum beloAV and at every second in the upper part of the

specimen.

Formation and Locality.—In limestone of the Upper Helder-

berg group, at Smith and Price's quarry, near Columbus, Ohio.

The discovery and preservation of this peculiar s])ecimen are due

to the careful observation of Mr. Edward Hyatt, of the State

University at Columbus, Ohio.

Ciomphoccras llyatti, n. sp.

Pal. O., Vol. Ill, Plate 4, Fig. 1, and Plate 5, Fig. 1.

Shell large and robust, slightlj^ arcuate throughout, but more strongly

curved below than in the upper part ; somewhat rapidly expanding from

below upward to near the middle of the outer chamber, where it is sud-

denly contracted to the aperture, and on the lateral margins again slightly

expanding. The rate of increase in diameter, as compared with the in-

creased length, is about as one and two, when measured on the inside curva-

ture. Transverse section of the shell obtusely subtriangular, flattened or

but slightly convex on the inner surface, rounded on the lateral surfaces,

and obtusely rounded on the back ; the dorso-ventral and lateral diameters

are about as four and five, and the triangular form is more perceptible in

the earlier stages of growth, owing to the greater convexity of the inner

face in the upper portion and on the outer chamber. Outer chamber

comparatively short, being about two thirds as high as wide. Aperture

large, irregularly tri-lobed, straight on the inner face, and about four-fifths
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as wide as the entire Avidth of tlie shell, and apparently about two-thirds as

wide in a dorso-ventral direction as laterally. The exact form of the aper-

ture on the outer side cannot be ascertained, owing to the imperfection of

the specimen in this part. Septa moderately concave, very closely arranged

in the lower part, but more distantly disposed above ; the rate of increase

in distance somewhat gradual to near the upper portion, where two or three

of the septa are slightly more crowded. In the more distant portions,

three chambers occupy the space of one inch, but in the lower pait of the

specimen, where the transverse diameter is a little more than one and a half

inches, they arc less than one-twelfth of an inch apart. Siphuncle of mode-

I'ate size and sub-centrally situated. Smface of the shell unknown.

The spet'iiucn fioui wliicli the (k'scriptiou is taken is an in-

ternal cast, tiot fetuining any i)ortion of tlie shelly strnctnre,

but it appears to have been destitute of sti'ong surface markings.

It njeasures about seven inches in length by nearly four inches-/

in transverse diameter at the widest part, which is near the'

loAver part of the outer chamber. The lower end is imperfect,

and measures one and a half inches in transverse diameter. It

is with some hesitation that I place the species, under the genus

(lOinplioceras, owing to the strong curvature of the shell and

the structui'e of the aperture, which is reversed in its relation

to the curvature of the shell as compared with most species of

the genus ; the widest portion being on the inside curvature, in-

stead of on the outer side. The general triangular or trilobed

form of the aperture, together with the greater lateral diameter,

would seem to ovei'balance the fact of the curvature.

Format ion and Locality.—In limestone of the Ujiper Helder-

berg group, at Smith and Price's quarries, near Columbus, Ohio.

Xamed in honor of Mr. E. Hyatt, from whose collection it was

obtained.

Cionipiiocera§ aiupliora, n. sp.

Pal. O., Vol. Ill, Plate 3, Fig. 9.

Shell of large size, elongate-ovate or short sub-fusiform, somewhat rapidly

expanding from below upward to within a short distance of the base of the

outer chamber ; from which point it again contracts more rapidly to about

one-half the height of the outer chamber, and is then drawn out into a nar-

row^ neck, resembling the neck of a bottle, of a width but little exceeding

one-third of the diameter of the larger portion of the shell. Aperture not

distinctly traced, but on the side figured, there is an appearance of a deep,

rather narrow sinus, extending nearly one-half the depth of the outer
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chamber. The shell bears the appearance, also, of having- been curved, as

jnflicated principally by the obliquity of the septa, which are numerous*,

rather deeply concave, and arranged at a distance of about one-fourth of an

inch in the largest part of the specimen, and decreasing in distance below

and above ; while near the base of the outer chamber there are about six

septa closely crowded together. Position of the siphuncle not determined.

The species^'roiemtn'es G. exiiniunu Hall, of the same fonua-

tion, in the lower pai"t of its leugth, aJthoi\gh more rapidly ex-

panding, but in the npj)er part, and especially near the aperture,

differs entirely from any other si)eeies known.

Formation and Localifii.—In the limestones of the U])i)er

Helderberg grotip, in Marion Co.. Ohio. Collection of Columbia

College, X. Y.

Ooinplioeeraiii l!»('i<>teiise. n. sp.

Pal. O., V'ol. Ill, Plate 4, Fig. 4 ; PI. ."i. Fig. 2 ; PI. ti. Figs. (5 and 7.

Shell of mediiun size oi' snudler, short obcouical in form, or rapidly ex-

panding from the apex upward ; slightly flattened in a dorso-ventral dii'ec-

tion, giving a broadly oval transverse section, which is a little more flattened

on the dorsal than on the ojiposite side, in the more perfect specimen, but

may not be constantly so in all individuals. Septa shallow, arranged at

nearly equal distances from each other in the larger parts, and numbering

about seven in an inch, except near the outer chamber, where there are usu-

ally one or two more closely arranged. The outer chaml^er is proportion-

ally short, and rapidlj' contracted in the upper part to about one-half the

diameter below, to form the transversely sub-triangular or obscurely tri-

lobed aperture, which is rounded at the lateral extremities, straightened on

the dorsal side, and provided with a moderately deep but rather narrow

sinus on the ventral margin. Siphuncle proportionally small, and situated

close to the dorsal side.

Only two individuals liave thus far been observed, and these

show some slight variation in the form of the transverse section

and in the proportional length of the outer chamber ; the one

retaining the chambers being shorter nbove, and more flattened

on the dorsal side than the other. Li this specimen, the, septa

are somcAvhat obliquely arranged, being highest on the dorsal

side, which may, however, be owing to ol)lique compression in

the matrix. The individuals, being ])oth internal casts, huve

afforded no opportunity of observing the surface structure.

Formation and Locatit/f.—In tlte liniestonc of the Upper
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llelderberg group, ;it Smith tind Price's (juarries, near Colum-

bus, Ohio. Collected by Mr. Hyatt.

CjTloccras orelaceuin, n. sp.

Pal. O., Vol. Ill, Plate 4, Figs. 2 and 8.

Shell of medium size, .somewhat moderately expanding in its upward

growth tci the base of the outer chamber, from wliich jjoint it again contracts

to the aperture ; the increase not always regular, but in some individuals

more abruptly expanding above than below. Sliell slightly curving through-

out its length, appearing less arcuate in the upper portion, owing to the

contraction of the outer chamber toward the aperture. Transverse section

oval, widest in a lateral direction, and with the inner surface much less arcu-

ate than the outer or dorsal surface. Outer chamber proportionally short,

the length not exceeding the dorso-ventral diameter of the lower end ; mar-

gin simple, so far as can be determined from any of the specimens, showing-

only a broad, shallow sinuositj^ on each side. Septa somewhat closely

arranged and deeply concave, but slightly increasing in distance in the upper

part, the average length of the chambers being about one-tenth of an inch,

but somewhat more crowded just below the outer one. Siphuncle of mode-

rate size, situated a little within the dorsal surface, and very slightly ex-

panded within the chambers. Surface of the shell marked only by transverse

lines of growth parallel to the margin of the aperture.

The shells are moderately abundant, and show slight varia-

tions in form among individuals, especially in the rate of in-

crease in dimensions or in the regularity of the expansion, as

well as in the comparative distance between the sei)ta ; a single

individual showing a much greater distance between them in the

upper part of its length. 'J'he shell would probably be con-

sidered by some as belonging to the genus 0)icoceras, as the

decrease in diameter in the u})per part of the outer chamber

gives to the shell, below, the peculiar bulging appearance supposed

to be characteristic of that genus ; but the transverse form and

elliptical section, together with the form of the siphuncle and

other features, present chai'acters common to the genus Cyrto-

ceras. It is most nearly related, in general form, to C. Conradi,

Hall, from the Marcellus Shales of New York, but attains a

much greater size, has a shorter oiiter chamber, and is destitute

of the small lip-like sinus on the ventral side, as seen in that one.

The upper portion of Gom^jlioceras oviforme, Hall, from the

limestone of the Marcellus Shale, bears considerable resemblance,

except in the closing of the aperture, which constitutes a generic

dilference.
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Fonniifion (iiid Lui-aJihi.—In the clierty hiyers of the Upper

Ileklerberg liniestoue, near l)iil)]in. ami at Bellenarirf ([iiarry at

Goorgcsville, Franklin Co., Ohio.

Gyroccra§ €uliiiiil>icii«e, n. sp.

Pal. O., Vol. Ill, Plate (J, Fig. 8.

Shell of about a medium .size, often attaining- a diameter acros.s the dise of

about six inches, although the majority of the specimens seen will not mea-

sure more than five. The shell is closely coiled, the volutions being in

absolute contact and about one and a half or two in mimber. Volutions

nearly circidar in a transverse section, being a very little greater in the lateral

direction than in the dorso-ventral, and the back of the volution barely

perceptibljr tiatteued on the outer jiortion of the larger one, but not perce[)-

tibly so on the inner portions. Septa deeply concave and distantly' arranged

;

the chambers measuring about half an inch each, on the outer two-thirds of

the body-volution of a specimen where the vertical, or largest, diameter of

the disc is five inches. Position of the siphuncle not absolutely determined.

Surface of the shell unknown.

All the individuals of this species observed ure internal casts,

and occur in a rather rotten limestone, nnder conditions very

nnfavorable for the jn-eservatioji of the shelly substance ; conse-

quently the surface-characters have not been obsei'ved. It is an

abundant species, but owing to the conditions of preservation,

is not often found in collections. It will be readily distinguished

from the other described species by the closely coiled volutions

and the nearly circular section. It is perhaps more nearly ]-e-

lated to G. cyclops, Hall, IStli Eept. IN". Y. State Cab. Nat.

Hist., than to any other described species ; but it differs from

that one in its smaller size, and more rapidly increasing as well

as more closely coiled volutions, and does not appear to have

been provided with the broadly expanding and foliated varices

which, are so characteristic of that species. It might be objected,

that as the shell of this species is unknown, the determination

of the absence of these foliated expansions is not well authenti-

cated ; but it may be answered, that as the two species are asso-

ciated in the same layers in the quarries where they are both

rather common, if they were really one and the same, the shell

would be preserved on these as well as on the G. cyclops, and

the expansions readily detected.

Formation and Locality.—In the limestones of the Upjier
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Heldei'bcirg group, near the lower part, at Smith and Price's,

and at other (piarries near Columbus, Ohio.

Gryroeeras sciiiinodosuni, u. sp.

Pal. O., Vol. III. Plate 4, Fig. 5.

Shell .small, compactly coiled, aud consisting, iu the specimeu used, of a

little more than two volutions, which increase rather rapidlj'' in diameter

Avith increased age ; they are somewhat wider transversely than in a dor.so-

ventral direction, and are .slightly triangularly elliptical in a transverse sec-

tion ; the greatest transverse diameter being very slightly outside of the

middle of the dorso-ventral diameter. The inner one and a half coils are

smooth on the exterior, but the outer volution, for a little more than the

larger half, is ornamented by a .single series of comparatively large, trans-

verse, triangularly elliptical nodes on each lateral surface, having the angular

side of the node placed anteriorly and the opposite side nearly straight.

The nodes are placed at distances from each other about equal to one-half

the dorso-ventral diameter of the tube at the node indicated. The septa are

not clearly defined and cannot be given with certainty; but they appear

to be distautl}^ placed on the inner portions of the shell, while on the nodose

portion they seem to be placed at about half the distance of the nodes apart.

The siphuncle has not been observed. The surface of the shell, as seen on a

fragment of the substance remaining on the dorsum of the outer volution,

is marked with rather close, distinct, revolving, lines or ridges, crossed by

more closely arranged transverse lines, A\iiich make a shallow retral bend

in crossing the back of the shell.

The specimen is probably an immature shell, but is a distinctly

marked species, differing strongly in its form and nodose charac-

ter from any of those associated with it. It most nearly resem-

bles G. {Hercoceras?) jjaucinodus, Hall, from the Upper Helder-

berg group of New York (see Illust. Dev. Foss. , PL 55, Figs. 1

and 2), but is less distinctly triangular in a transverse section,

that one being widest near the outer portion of the volution,

with a nearly regular sloping surface on the side of the whorl to

its junction with the preceding one, while this species is rounded.

The form of the nodes is also dilfe]"ent—those being situated near

the dorsal margin. The triangular form of these nodes is pecu-

liar in having the two short sides of the triangle directed forAvard.

It also differs in having a greater number of volutions for a given

diameter.

Formation and Localitji.—In limestone of the Upper Helder-

berg group, near Dublin, Ohio. Collected by Mr. Ilyatt^ of the

State Univcrsitv, at Columbu.'j, Ohio.
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Species from the Marcellus Sliales.^

Tlic following speeie8 occur in a highly bituminous brown
shale, of but a few feet in thickness, and having intercalated

beds of thin shaly limestone associated with it. The bed occurs

near the upper part of the limestones heretofore referred to the

Upper Helderberg group in Ohio, and below the layers known
as the Delaware stone, characterized by an abundance of remains

of Devonian fishes. Tliese black or brown shales, so far as yet

explored, contain only the following S2:)ecies. most of whicli are

known foi-ms, and some of them cliaracteristic species of the

Marcellus Shales of New York. The species Lliujida Maiini,

Hall, occurs in the upjier blue layers of the Delaware beds at

Delaware, and in a corres})onding j)osition at other localities,

but so far as yet known does ]iot occur in the lower i)ortious of

the grou]). At one of the localities where the fossils were ob-

tained from the brown shales, the layers immediately above

these beds are thickly covere<l with specimens of Teiitdculites

scalariformis. Hall, and Spirifer (jregaria, Clapp ; and although

both these si)ecies may be occasionally found at a lower horizon,

they are never abundant except in the uppei" part of the grou]),

and are unknoAvn in the lower part. Judging fi'om these cir-

cumstances, together with the lithological character of the shales

and the known position of the species occurring in them, it

would appear reasonable to consider these brown bituminous

shales and limestones as being the western representatives of the

Marcellus Shales of New York ; wliile the beds above them,

characterized by the presenc:^ of large numbers of Teidaculites

and Spirifer gvegaria, would ai)pear to represent the Hamilton

group of New York. In pursuance of this idea, several sections

have been critically examined in Central Ohio, and it is found

that the blue Delaware stone is followed by rapid repetitions of

brown shale, and thin bedded shaly limestones, and finally by

soft, blue, muddy shales, resembling the Moscow shales of New
York, which are followed by beds of thin fissile black shales,

representing the Genesee slates of the New York series.

* In Vol. V, Pal. N. Y., on pp. 146 and 147, after speaking of the section of rocks at the

Falls of the Ohio, and the i)robability that the hydraulic cement bed and the layers above it,

up to the base of the Black Slates, are of the age of the Hamilton beds of New York, the au-
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U'hu tjpecies recoguized and described as occurring in the shules

above referred to are as follows; most of them being previously

known. The species marked as new are described below.

Linyulu Munni, Hall.

Lingula Ligea, Hall. ?

Discina inlnata. Hall.

JJiscinuLodensis, Hall.

Uhoietes scitula, Hall.

(Jkunetes reverm, n. sp.

Spirifera Main, Billings' s]).

Leiorlijjnclms Umitaris, Vanuxem's sp.

Avict(lopecfe?i equilatera, Hall's sp.

Fteruiea simiUs, n. sp.

Clioiietes reverj»a, u. sp,

Pill. O., Vol. Ill, Plate 7, Figs. Sandy.

Sboll of about a medium size, semicircular iu outline, with a long straight

hiuge-line exceeding the width of the shell below. Valves resupinate, or

reversed in their curvature ; the ventral being very slightly convex in the

earlier stages of growth, and subsequent^ recurved so as to appear con-

cave ; the entire detiection from a plane being very little, so that the general

appearance of this valve may be said to be nearly flat. Area linear. Hinge-

line ornamented by four long, very slender spines on each side of the centre,

Avhich are projected from the hinge-line at an angle of about 65 degrees,

measured on the outside, or 115 degrees as counted on the inside of the

spine. Surface of the ventral valve marked by exceedingly fine striae,

which are slightly alternating in size ; there being from two to five finer

ones between the coarser kind. Interior of the valve characterized by fine

pustules, arranged in indistinct lines, presenting the usual characteristics of

the genus. Dorsal valve not positively known ; but there is associated with

it, in the same layers, a slightly convex valve with similar stritB, but more

distinctly alternating, which may possibly represent this valve. Its form

is similar, and the convexity correspondingly great.

TIlis species is peculiar in its resupinate character, so far as

thor says : "In the State of Ohio similar conditions may he infen-ed. from the fact that certain

species of Hamilton fossils are puhlished in the Ohio Geol. Rept. as from the Corniferous

group." By reference to the 28th Vol. of the Proc. of the Am. Association for the Advance-

ment of Science, p. 297, it will be seen that, at the Saratoga meeting of the Association, I read

a paper on the discovery of the Marcellus Shale in Ohio : in which it is stated that the rocks

above that horizon (the Marcellus) would necessarily be Hamilton. This was iu August, 1&79.

The volume above-mentioned is dated, in the letter of transmissal, Dec. 15th, 1879.
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tlu' gemis is known in Anici'ican Devonian rocks, and this cliar-

acter, together with its form, its line striae, and its nearly erect

slender spines, Avill readily distinguish it from any other species.

The dorsal valve above s]ioken of was at first snii])osed to be the

young of Stropliodoiita perplana, Conrad's sp., hut the similarity

in size and character of stria? to this si)ecies rendei'^ it doubtful.

Formation and Locality.—In thin-bedded bituminous lime-

stone, from above the "Bone-bed" at Smith and Price's (piarries,

near Columbus, Ohio.

Ptcrinea siiiillis, u. ii^p.

Pal. O., Ill, Plate 7, Fig. 15.

Shell small, oblujue; the body, exclusive of the wiiigs, being almost regu-

larly although obliquely ovate in outline, the anterior part being the larger
;

hinge-line about two-thirds as long as the entire length of the valve ;
anterior

wing small, distinctly rounded on the end, and separated from the body of

the shell, on the left valve, by a distinct sulcus along the surface, and which

constricts the margin of the shell
;
posterior wing one-third longer than the

anterior side, pointed at the extremity and sinuate below. Body of the

valve ventricose, stronglj"^ so on the umbone, with a strong tumid beak,

Avhich projects distinctly beyond the hinge. Surface of the left valve

marked by distinct radii, which are plainly alternated in strength over the

body of the valve, but less distinctly so toward and on the wings ; also, by

less strong concentric lines, and varices, of growth. Right valve unknown.

The shell is of the type of Pterinea decussata, Hall, which

occurs abundantly in the Hamilton group in New York, but is.

of extremely small size, and very ventricose ; the proportionally

strong varices of growth showing its adult character. The type

is one represented in the Devonian rocks, from the Hamilton to

the top of the Chemung, inclusive, in New York, by several dis-

tinct species, but which is seldom recognized below this horizon.

We may, therefore, consider it as an additional evidence of the

age of the beds in which it is found.

Formation and Locality.—In the thin shaly layers of bitu-

minous limestones, from above the "Bone-bed "at Smith and

Price's vjuarries, near Cokimbus, Ohio.
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The following species arc from the limestones above the

"B»ne-bed," which rest on the toj> of the ftlarcellus Shale, in

the vicinity of Colnmbus, Ohio, and are not known to pass be-

low that horizon at any locality in ihat region.

(rilbcrf^iicfiiiKs spiitifcni^— Ti'diutlorrimis ytinU/ei'Hs. llall;

15th Ee])t. X. Y. State Cal). . p. \2S\— (1 ilbertsocrintts {Jreiin/-

tocrinns) sjii/u'i/eriis, llall: De.ser. of JS'ew Species of Orinuidea,

from the Curbonif. Roek of the Miss. Valle}', Plate 1, Fig. '.).

Sjiirifcra zivzac. llall.

Fterineafl.dheUa, Conrad's sj).

Grainmiisia hisulvdla, Conrad's sj).

Aetiiiodesiiia ^ubrecta., n. sp.

Pal. O., Vol. Ill, Plate 7, fig. 20.

Shell of moilerate size; the body of the shell, exclusive of the wings and

hiuge-exteusions, ovate in outline, and slightlj' oblique to the cardinal line.

Hinge-line extended in the form of strong auriculations or wings on the sides

of the shell, the upper margin straight, or a little declining on each side of

the beak; anterior wing short, triangular, and divided from the body of the

shell by a deep and wide sub-triangular notch
;
posterior side long and sub-

mucronate at the extremity, three to three and a half times as long as the

anterior side, and its area much greater, extending along the body of the

valve to nctU'ly half its length from the beak. Body of the left valve more than

moderately convex, and strongly arcuate or bent between the beak and base

of the shell ; so that when placed on a flat surface, the margin, especially on

the posterior side, would be much elevated above the plane. Beak of the

valve large, sub-tumid, and slightly extended above the cardinal line. Length

of the body of the shell, from the cardinal line to the base, about one-fifth

greater than across it in the opposite direction. Anterior border broadly

rounded, the basal margin more sharply so, with a slight angularity at its

junction with the nearly direct posterior border. Surface of the shell mark-

ed by irregular, concentric, strongly lamellose lines, resembling those of the

oyster. Right valve not yet observed from Ohio.

The species is allied to A. recta—Avicula recta, Conrad, hut

is shorter, more ventricose on the left side, more arcuate or

bent, and witli less extended wings. It is not an uucoramon

species in the soft shales of the Hamilton group of New York,

where it is readily recognized from A. recta by the above-men-

tioned characters. The ^i. recta is most common in the arena-
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ceous beds of eastern New York, while tliis is t]\e prevailing form
among the soft shales farther west. The right valve is there

recognized as being shorter than the loft, concave instead of con-

vex, with an appressed beak or nmbo not extending beyond the

cardinal line, and the valve is much thinner in its substance.

Formation and Locality.—In layers of brownish limestone

above the **' Bone-bed," at Fishinger's mill, Franklin Co., Ohio.

Collected by the Hyatt brothers, of the State University at

Columbus.

Genus Nyassa, H. & W. Preluii. Notice of Lamellib. Shells of the Up.

Held., Hamilton and Chemung Groups, etc. N. Y. State Cab. Nat.

Hist., Dec, 1869. page 38. [Generic description omitted. E. P. W.]*

Nyassa argula,

Pal. O., Vol. Ill, Plate 7, Fig. 18.

yya-sm an/ula H. and W. Prelim. Notice of the Laraellib. Shells of the

Upper Held., Hamilton and Chemung Groups, etc., distributed without

author's name, Dec, 1869, p. 28.

Shell of medium size, transversely sub-ovate or sub-trapezoidal, much
longer than high. Valves moderately ventricose, most prominent along the

umbonal ridge, which is rather strongly arcuate and sub-angular. Beaks

rather small and appressed, slightly incurved, and situated near the an-

terior end. Surface of the valve generally declining from the umbonal

ridge to the basal line, and with a slight sinus or sulcus below the ridge,

which gradually widens toward the margin of the shell, where it causes a

broad, but not marked, emargination in the border of the shell. Cardinal

slope narrow and abrupt; hinge-line arcuate; posterior end of the shell nar-

rowed ; anterior end broad, rounded, and slightly excavated below the

beaks.

Surface of the shell marked by concentric lines of growth parallel to the

margin of the valve, and often forming rather strong, irregular varices,

most distinctly marked on the anterior half of the shell.

The Ohio specimens, although preserved in an entiiely dif-

ferent matrix, are yet such exact counterparts of the New York

shells that no question can exist of their positive identity.

Formation and Locality.—In limestone above the Bone-bed

in T'uUy townshij), Marion Co., Ohio. The sjjocimen figured is

from the State Cabinet at the State University, Columbus, Ohio.

Genus Pala;oneiio, H. & W.

Preliminary Notice of Lamellib. Shells of the Upper Held. , Hamilton and

Chemung Groups, etc., N. Y. State Cab. Nat. Hist., Dec, 1869, p. 6.

» See note at the close of this article.
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PalseoiieKo siinilis, n. sp.

Pal. O., Vol. Ill, Plate 8, Figs. 4 and 5.

Shell oblong, with nearly equally rounded extremities, and almost parallel

dorsal and ventral margins. Anterior end short, a little narrower than the

body' of the shell, resulting from the constriction below the beaks. Pos-

terior end rounded, with a slight oblique truncation below the middle of

the height, corresponding to the very shallow umbonal sulcus of the valves.

Beaks situated within the anterior third of the length of the shell, small

and enrolled. Valves ventricose, most prominent just below the umbones,

and slightly sulcated along the posterior slope. The surface of the shell, so

far as can be determined from the matrix, has been smooth or without visi-

ble markings. On the internal cast, the condition in which the specimens

are found, the muscular imprints are faintly marked—the pedal muscles

being the most distinct.

The species is closely related to /-*. {Leda) Barrisi, White

and Whitf., Proc. Bost. Soc. Nat. Hist, Vol. 8, p. 29S,{Palaeo-

neilo Barrisi (W. and W.), H. & W., Pi'elim. notice of Lam.
Shells of the Up. Held., Hamilton and Chemitug groups, etc.,),

but has been somewhat more nearly }->arallel on the margins, and

has a smoother shell.

Formation and Locality.—In the calcareous concretions of the

Erie shale, at Leroy, Lake Co., Ohio, accomjianying the fossil

entomostracan from the same locality (next described).

CIRRIPEDIA.

Plumulites J\'eAVtocrryi, n. sp;

Pal. O., Vol. Ill, Plate 8, Figs. 6—11.

The specimens for which the above specific name is proposed,

consist of several detached plates, and of one of several plates,

irregularly folded together in such a manner as to be difficult

of interpretation. The several plates vary considerably in form

among themselves, and probably represent those from different

parts of the body.

The general form of the plates is triangular, with the apex, or

initial point of growth, a little inclined to one side ; the base,

or margin of accretion, is usually the longest side, but not in all

cases. One set of plates has the shorter sides diverging at nearly

right-angles. On this form, the basal line is convex for more

than two-thirds its length, and concave on the remaining por-
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tion, giving u sigmuidal outline ; of the shorter sides, one is

straight to near the apex, where it becomes rounded, and the

other is slightly concave. Another form has the shorter sides

diverging at an angle of about 105 degrees, one slightly convex

and the other concave ; while the basal margin is convex in two

sections, with- a constriction or interruption between the two

sections, or at about one-third of its length from the straight

margin. The plates of this and the preceding form have the

surface regularly annulated transversely, parallel to the basal

margin, the annulations very fine, and regulai'ly increasing in

size and strength from the apex to the base, except in aged speci-

mens, where they are again crowded near the border : live undu-

lations may be counted in an eighth of an inch, where strongest.

These forms, also, have the straight margin often fractured and

bent, as if they had been broken along that side ; indicating that

two such plates may have been united along this line ; and on

the only individual showing sevei'al plates together, this wonkl

appear to be the case. A third form of plate is narrowly trian-

gular or conical, the basal border being the shortest, and sini[)ly

convex ; the other sides being sliglitly cuiwed throughout, l^nt

more distinctly so near the apex, which is obtusely rounded ; the

lateral margins are of unequal length, and the annulations of

the surface liner and more closely arranged than on the other

forms.

The individual specimens are much too few in number to give

any very satisfactory idea of the general form of the complete

body, or of the number of ranges of i^lates of which it may have

been composed. Tliere appears to be no reason, however, to

doubt the correctness of the reference of these plates to the genus

PlumuUtes, Barrande, as their genera! form and surface struc-

ture is exactly like those given by Dr. Barrande, and also to

those given in Vol. II, Pal. Ohio, PL 4, Figs. 1 and 2 {P. Ja-

mesi), as occurring in the rocks of the Hudson Eiver group, at;

Cincinnati ; while some idea may be obtained of the probable

form of the entire body from the outline figure of a European

sjoecies, represented in Fig. 3 of the same plate. These Devonian

specimens, however, have been of very much greater size than

the above, as the plates here figured are all represented of natural
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size, tlie larger individual plates being mure than an inch in

transverse diameter, while the species above referred to is minute.

The (!ccurrence of forms of this genus m rocks of Devonian age

is also a new feature in its history ; as those of Europe are con-

fined to the Lower Silurian formations and the lower, beds of

the UpjDcr Silurian ; while these occur above the middle Devo-

nian.

Formation and Locality.—In the Huron shale at Sheiheld and

Birmingham, Erie Co., Ohio ; equivalents of the Genesee slates

'and Portage group of New York.

The followinj^ species are from the Maxville limestone of

Maxville, IVewtoDTllle, and the neighboring parts of Ohio,

equivalent to the Chester limestone, or Chester and St. Louis

limestones, of the lYlississippi Vallej.

CEINOIDEA.

Cyalhocriniis incquidactjlu^i, u. sp.

Pal. O., Vol. Ill, Plate 9, Figs. 5—8.

Body of rather small size. Calyx deep cyathiform, being nearly hemi-

spherical in one example, and somewhat broad obconical in another, and

composed of smooth plates, which have only the general convexity of the

the body, or very slightly tuberose. Basal plates minute to moderate size,

higher than wide. Sub-radials large ; height and width nearly equal ; two

of thena heptagonal and the others hexagonal, the lower sides barely diverg-

ing from a straight line. First radials wider than high, and about two-thirds

as high as the sub-radials. Anals visible, three in number; the first elongate

pentagonal, nearly twice as high as wide, and situated a little obliquely on

the right side of the area ; the other two are small and pentangular. Second

radials, or first arm-plates, smaller than the first radiats and narrowing up-

ward, wedge-formed above, and each supporting Iwo arms. On the pos-

tero-lateral rays they are long and cylindrical, with the arms slender. On
the anterior ray it is short and supports two slender arms ; while on the

antero-lateral rays they support a slender arm similar to those of the other

rays on the anterior side, and on the outer side an arm several times larger

and stronger than the others, and composed of larger and stronger plates.

Plates of the arms short and unequal-sided, and giving origin to jointed

tentacula from the longer side of each plate, which is upon the alternate

sides of the arm, or on the same side from every second plate. Surface of

the plates smooth. Length of the arms and subsequent bifurcations not

known. Column small, round, and composed of unequal-sized plates alter-

nating with each other.

The slender arms are preserved on two individuals to the length of about
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one inch, and the .strong antero-lntcral arm on one, to more than an inch ;

but no evidence of bifurcation a]3pears.

The inequality of the antero-lateral arms will be the distinct-

ive feature of the species, as the form of the calyx is similar to

many other species of the gronp.

Formation and Locality.—In the Maxville limestone (shaly

portion), at Newtonville, Ohio.

BRYOZOA.

Synocladia rectisiyla, n. sp.

Pal. O., Vol. Ill, Plate 9. Figs. 9 and 10.

Bryozoum growing in spreading funuel-l'ormed fronds, rising from a

rooted base and widely diverging in their upward growth ; the inner surface

of the cup bearing pores. Pays straight and somewhat rigid in their up-

ward direction, with frequent bifurcations, which are not abrupt with ra-

pidly diverging branches, but rise gradually from a thickened space, and

gradually diverge as slender but constantly thickening rays until the normal

strength is attained.

The rays are slender, rather closely arranged ; about six of them occupy-

ing the space of a fourth of an inch in the widest parts, and from eleven to

twelve maj' be counted in the same space in the most crowded parts.

Transverse dissepiments nearly as strong as the longitudinal rays, and

often slightly arched upwards between them in the wider parts, but more

frequently directed obliquely upward in passing from one ray to the next,

and very often directed upward to the right from one side of a ray, and to

the left on the opposite side ; but they are generally direct in the more

crowded portions. The middle of the ray on the poriferous surface is ele-

vated or roof-like, with a central crest or ridge bearing distant nodes ; a

single row of large pores is arranged on each side, which are visuallj^ less

than their own diameter apart, and more or less alternating with those

of the opposite side. From two to three pores occupy each side of each

fenestrule, and the pores are margined by an elevated lip, which on unworn
spaces are very prominent. From one to three similar pores, although some-

times of smaller size, occupy the surface of each dissepiment. Non-porifer-

ous surface not observed.

This species is somewhat similar to S. biserialis, Swallow

(Trans. St. Louis Ac. Sci., Vol. 1, p. 179), as identified and

figured by Mr. F. B. Meek (Final Eept. of U. S. Geol. Surv.

Neb., pi. 7, fig. 5), but differs in wanting the longitudinal

nodose ridge between the pores of the dissepiments, and in

having only a single row of pores on those parts occupying the
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middle of the dissepiment, as well us in the more slender, finer

and more direct, and much more crowded rays, also in having

a larger number of somewhat smaller \wvc% on the rays. Mr.

Meek, loc. cit., identifies the above species with Synocladia

(^esfriensis {Sepfipovfc Ccdriensis, Prout, Trans. Sr. Louis Acad.

Sci., Vol. I, ]). 448, pi. 18, fi'x. i), which differs frcmi the Ohio

siiecimeiis in the stronger and thicker, as well as more flexuose

rays ; in the rounded fenestrules. and smaller-sized pores, which

are also more abundant, often showing three raiiges on parts be-

low bifurcations. On direct comp uison of the T\ewtonville spe-

cimens with specimens from (Miester, 111., these difterences,

esjjeciall}' those jiertaining to the mode of growth, are very

marked and characteristic.

Formation and Locality.—In the Maxvi le limestone (Ches-

ter), at jN'ewtonville, Ohio. Coiled ed by Pi'of. E. B. Andrews.

LAMELLIBRANCHIATA.

Pinna ITlaxvillcnsis, u. sp.

Pal. O., Vol. Ill, Plate 10, Fig. 5.

Shell of about a medium size, very acutelj^ triangular in outline, with

highly convex valves ; the length along the hinge equal to nearly three

times the greatest width. Hinge-line straight, not quite as long as the shell

below ; anterior end acute ; basal margin very slightly arcuate, and the pos-

terior extremity rather broadly rounded ; the point of greatest length being

at about one-third of the width below the hinge-line. Surface of the shell,

except for a short distance within the basal margin, marked hj moderately

strong, simple radiating plications, about eighteen in number, as counted

at the posterior end of the specimen figured, but increasing in number with

increased growth ; the additions being near the hinge. There are also nu-

merous strong concentric lines of growth parallel to the margin, often form-

ing undulations of the surface.

I find no American species described that closely resembles

this one ; but P. flexicostata, McCoy, from the English Carboni-

ferous rocks (British Pal. Foss., p. 499, pi. 3, E, figs. 11—13),

is very similar, but has slightly stronger radii, is somewhat

broader, and differs in having a longitudinal depression just be-

low the hinge-line, which this sjiccies does not j^ossess.

Formation and Locality.—In the Maxville limestone, at Max-

ville, Ohio. Collection of Prof. E. B. Andrews.
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Allorisma Aiidrc^i'si, u. sp.

Pal. O. Vol. Ill, Plate 10, Fig. «.

Shell of medium size or smaller, transversely elliptical in outline ; the

length being about twice the height, and the thickness a little more than

two-thirds the height. Valves ventricose, most rotvmd a little in advance ot

the middle and along the umbonal ridge, and wedge-shaped posteriorly, as

seen in a cardinal view ; beaks of moderate size, slightly projecting al)ove

the hiuge-liue, incurved, directed anteriorly, and situated at about one-sixth

of the entire length from the anterior end. Cardinal line straight or ap-

pearing slightly concave, extending about three-fourths of the length of the

shell from the beaks backward, and bordered by a proportionally large and

wide escutcheon. Anterior end short, sloping forward from between the

beaks, at about an angle of forty-five degrees to the hinge-line, to near the

middle of the height of the shell, and then abruptly rounding backward into

the somewhat regularly convex basal margin. Posterior end broadly rounded

from the point of the umbonal ridge to the extremity of the cardmal line.

Anterior end of the shell characterized by a very small lunule. Surface of

the shell marked by several strong concentric undulations or folds, which

are simple, and regularly increase in size and strength to near the full size

of the shell ; but near the outer margin of the valves, in the specimen figured,

they are smaller and doubled by the interpolation of an intermediate rib.

The undulations are crossed obliquely from the beak to the basal margin,

just posterior to the middle, by a narrow, almost imperceptible sulcus, and

along the crest of the umbonal ridge by a line of low-convex and faintly-

marked nodes, one on the surface of each undulation; the posterior umbonal
slope is also marked, immediately below the margin of the escutcheon, by
a slightly concave sulcus, across which the undulations are more faintly

marked than below.

The species is closely allied to Allorisma clavata, McOhesney,

and was at first supposed to be identical ; but on comparison,

it shows so many points of difference that it became necessary to

consider it as a distinct species.

Formation and Locality.—In limestone of the age of the

Chester group (or Chester and St. Louis combined), at Newton-

ville, Ohio. Collected by Prof. E. B. Andrews, to whom the

species is dedicated.

Allorisma ITIaxviilensis, u. sp.

Pal. O., Vol. Ill, Plate 10, Figs. 7 and 8.

Shell small, the specimen used being a little less than one inch in length,

and the height less than half the length. Form of the shell transversely
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olongcite, and cyliudrically oval, the cai'diual aud basal luargius parallel and

very slightly curved^ and the exlreiiiities very nearly equally rounded
;

beaks small, inroUed, barelj^ projecting above the cardinal line, and situated

at about one-fourth of the entire length from the anterior end. Body of the

shell very evenly and highly rounded from the cardinal to the basel margins,

and almost as convex posteriori}- as in front. Umbonal ridge scarcely per-

ceptible, and the umbonal slope convex; escutcheon and lunule not defined;

anterior slope abruptlj' rounded. Surface of the shell marked b}' faint con-

centric undulations of unequal strength, but most strongly marked on the

posterior end and on the umbonal slope.

The evenly convex and regularly cylindrical form of the shell,

together with the inconspicuous beaks and the equal-sized ante--

rior and posterior extreniiti'es, are distinguishing features of the

species. The shell shows evidence in its form and curvature, in

a profile view, of having been slightly gaping behind.

Formation and Locality.—In limestone of the age of the

Chester group of Illinois, at Newtonville, Ohio.

GASTEROPODA.

Naticopsis zic-zac, n. sp.

Pal. O., Vol. Ill, Plate 10, Figs. 15 and 16.

Shell small, the greatest diameter of the body-volution, in the only indi-

vidual seen, being about nine-sixteenths of an inch; and the entire vertical

height of the shell only half an inch. The shell is very obliquely ovate

in form, and consists of about two and a half ventricose volutions,

which increase somewhat rapidlj^ in size to the last one, which forms nearly

the entire bulk of the shell. The surface of .the shell is ornamented by a

series of strong and raised transverse lines, which, on the upper volutions,

are simple as far as the suture below, and are directed strongly backward
in their passage ; but on the body-volution they appear more distant and
conspicuous, and o,re directed strongly backward in their passage for about

one-third the vertical diameter of the volution, where they are bent for-

ward at an acute angle, and after continuing for a distance nearly equal

to their length above, are again bent backward. Across the midde of the

volution, they make two or more zig-zagging bends in vertical lines, forming

a revolving band of vertical ridges on the peripheiy; below this band, the

lines are directed forward obliquely, running nearly parallel to the base of

the shell.

The peculiarity of this shell consists entirely in the structure

of the surface ornameutatioii, as the general form of the species

L
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is similar to that of many others, hxit the peculiar zig-zag fea-

ture of tlie ornamenting ridges will at once distinguish it from

all other described species. Several ornamented, forms of the

genus are known from the C'oal-mensures, but their markings

consist of nodes, either promiscuously scattered or arranged in

patterns.

Formation and Locality.—In the limestone of the age of the

St. Louis and Chester beds of Illinois (Maxville limestone),

at Newtonville, Ohio.

Ilolopca Kcwtoiicnsis, n. sp.

Pal. O., Vol. Ill, Plate 10, Fig. 12.

Shell of medium size, ovate in outline and ventricose, with a moderately

elevated spire and extremely ventricose volutions, which increase very ra-

pidly in bulk from the apex. Volutions three and a half to four in number,

Avith strongly rounded surfaces and moderate sutures. Apical angle about

seventy degrees. Aperture broad ovate, modified on the inner side by the

preceding volution, pointed at the upper end and broadly rounded at the

base. Surface of the shell smooth and the substance very thin

The form of the shell is much like that of a Macroclieilus,

but the substance is much thinner than those usually are, and

the base of the columella is not prolonged, nor is there a solid

axis ; hut sjiecimens show satisfactory evidence of having been

distinctly and largely umbilicated.

Formation and Locality.—In the Maxville limestone (Chester),

at Newtonville, Ohio. Collection of Columbia College, N. Y.

Macroclieilus subcorpulentus, n. sp.

Pal. O., Vol. Ill, Plate 10, Fig. 14.

Shell small, the specimens observed not exceeding five-eighths of an inch

in length, and the diameter rather exceeding half the length; spire conical,

the apical angle being about fifty degrees. Volutions about three or three

and a half, rapidly increasing in diameter and very ventricose, the last one

forming more than half the length and much the greater bulk of the shell

;

suture deep and well marked. Aperture ovate, short and oblique. Surface

of the shell smooth. Columella not seen.

This species is rather closely related to several forms which

have been described from the Coal-measures of the Western

States, but differs in the form of the volutions somewhat from
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aii\", and in the more regular tapering spire,—those mostly hav-

ing the bocly-Yolntions proportionally enlarged.

Formation and Locality.—In the Maxville limestone (Chester

and St. Louis groups), at Newton ville. Ohio. Collected by Prof.

E. B. iVndrews.

Polypliemopsis melaiioides, u. sp.

Pal. 0., Vol. Ill, Plate 10, Fig. 18.

Shell rather below a medium size, elongate-fusiform ; the length nearly

twice and a half the greatest diameter, when not compressed ; spire ele-

vated, pointed at the apex, the apical angle being about thirty-five degrees

^vhen uncompressed. The specimen figured gives on measurement thirty

degrees in the line of compression, and forty degrees in the opposite direc-

tion. Volutions about five and a half, gradually increasing in size, mode-
rately and evenly convex, with distinct sutures. Aperture elongate ovate,

widest across the middle, rounded and effuse below and pointed above.

.

Columella not observed. Surface apparently smooth.

The species is nearly of the form of M. fusiforme, Hall (Geol.

Eept. Iowa, Vol. I, Part 2), from the Coal Measures of Iowa,

but is considerably more slender. It is possible it may not pro-

perly belong to the genus, as the columella has not been closely

observed ; but so far as can be determined, it appears to be

twisted.

Formation and Locality.—In the ^laxville limestone, at ISTew-

tonville, Ohio. Collected by Prof. E. B. Andrews.

Belleropbon alteriiodosu§, n. sp.

Pal. O., Vol. Ill, Plate 10, Figs. 17—19.

Shell of about a medium size, and somewhat subglobose in general form,

with an appearance of being slightly flattened on the dorsum in immature

specimens ; while on the adult forms, the dorsum is marked on the outer

half of the body-volution hj a double series of rounded nodes, those on one

side of the centre alternating with those of the other side, and the inner

margins of the two series interlocking with each other. Aperture broadlj^

elliptical, strongly modified by the projection of the preceding volution, on

the inner margin. Auriculat' jns largely developed and slightly reflected.

Axis very distinctly perforate. Inner lip somewhat callous on the pro-

truding inner volution. Surface of the shell, so far as can be ascertained,

marked only by lines of growth, beyond the nodes mentioned.

The species is somewhat similar in general form to B. Mont-

fortianus, N. and P., from the Coal Measures, in its general

form, but does not possess the strong transverse folds nor the
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carina between the lines of nodes marking the dorsum. It also

differs in the alternating positions of the nodes.

Foiiiiation ami LocalUij.—In the Maxville limestone at Nevv-

tonville, Ohio. Collection of Columbia College, N. Y.

CEPHALOPODA.

Nautilus pauper, n. sp.

Pal. O., Vol. Ill, Plate 10, Fig. >^3.

Shell somewhat below the medium size, and consisting of about two and

a half volutions, which increase rather rapidly in size, and are so coiled

as to expose almost the entire diameter of the inner coils in the umbilical

cavity ; the outer one embracing only the dorsal surface of the inner volu-

tion. Volutions quadrangular in form, with the lateral diameter only

about two-thirds as great as the dorso-ventral diameter ; while the dorsal

and ventral surfaces are nearly vertical to the plane of the sides, so far as

can be determined from the specimen in hand ; or possibly the dorsal sur-

face may be slightly rcmnded. The sides of the shell are marked by a

faint, narrow, revolving sulcus bordering the margin of the umbilicus, and

by a correspondingly faint ridge close to the dorsal margin ; while a much
stronger rounded ridge occurs on the surface at about one-third of the

width of the volution from the dorsal border. Internal features of the

shell not known.

A single individual only of the species has been observed, and

is altogether too imperfect to reveal all the features. It consists

of tlie non-septate portion of the shell, in the conditi(m of an

internal cast, with the impression of one side of the entire shell

;

but gives no indications of the sejjta themselves. The only fea-

tures indicating its cephalopodous nature, upon which one can

rely, are its symmetrical form, and the evidences of a similar

ornamentation on the opposite sides; otherwise it might have

been supposed to represent a form of Euomplialus.

Formation and Locality.—In the Maxville limestone (Ches-

ter), near Enshville, Ohio. Collection of Prof. E. B. Andrews.

Fossils from the Coal Measures.

CEINOIDEA.

Cyathocrinus Somersi, n. sp.

Pal. O., Vol. Ill, Plate 11, Figs. 4 and 5.

Calyx very shallow, being low and spreading; the extreme height to the

top of the tirst radial plates not exceeding one-fourth of the diameter ; the
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sides, above the middle of the sub-radial plates, gradually and almost

evenlj^ curving. Centre of the calyx below deeplj' impressed, the cavity

embracing -the basal and inner half of the sub-radial plates. Basal plates

very small, extending but little be3a)ncl the circumference of the proportion-

ally small column, and forming by their union a somev^'hat regular penta-

gon. Sub-radial plates of medium size, four of them being equal, and

pointed at their upper ends, the upper edges being convex ; the fifth plate

is larger than the others, and is truncated above by the very small first anal

plate, which rests between the adjacent first radials, and has apparently

joined three other plates above. The surface of this plate bears a snigle

round granulose tubercle. First radial plates nearly twice as wide as high;

their lateral faces being short and uniting with those of the adjacent plate,

except on the anal side, where they are separated by the first anal plate.

Articulating face for the second radials nearly straight, but deeply grooved.

Second radial plates short; that of the anterior ray being cuneiform above,

and has supported an arm-plate on each upper sloping surface. The second

radials of the other rays have not been fully determined ; but on the an-

tero-lateral rays, where partially detached plates remain, they have been

quadrangular, as if for the suj^port of other radial plates in a direct series.

Surface of the inner half of the sub-radial plates smooth, while the outer

half and the entire surface of the other plates are covered with proportion-

ally large, distinct, irregular tubercles, which are flattened on their surfaces

and covered with numerous small, distinct granules. The granules also

extend to parts of the intermediate surface. The upper margin of the first

radial is bounded by an elevated transverse ridge, which is also granulose.

This species bears considerable resemblance in its general sur-

face-markings to Eupacliycrinus tuhercidaius, M. and W, (Geol.

Snrv. Ills., Vol. Y, PI. 24, Figs, a, h), but the tubercles are

Tery distinctly granulose. It, however, does not possess the

structure of Eujuichycrinus, having only one small anal plate,

the npper end of which projects above the line of tbe first radials.

The only specimen yet obtained of the species measures about

three-fourths of an inch in diameter, and is about three-six-

teenths of an inch high to the to]) of the first radial plates.

Formation and Locality.—In the Coal-measures at Carljon

Hill, Hocking Co., Ohio. Collected by Mr. Somers, of Colum-

bus, Ohio.

Zeacrinus Mooresi, n. sp.

Pal. O., Vol. Ill, Plate 11, Figs. 6—10.

Form of entire body unknown. Calyx of moderate size and pentagonal

in outline, very broadly cyathiform or shallow cup-shaped ; the region of

the basal plates being impressed, and the radials but moderately curving
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upward at their outer edges. Basal plates small, forming by their combi-

nation a neai'ly regular pentagon. Sub-radials proportionally large, wider

than liigh, four hexagonal and one on the anal side heptagonal. Subradi-

als short, but not very broad, twice to twice and a half as wide as long ; the

cicatrix for the sacond radials very large and nearly straight. The anal

plates, three of which are preserved, are longer than wide. Column small,

round, composed near the calyx of alternately small and large plates, with

very coarse radiatmg lines of articulation. Surface of calyx smooth, except

a line of granules just within the margin of the sub-radial plates.

Tlie second niclial plates present tlie strong specific feature of

the species, and are large and spine-bearing, as in Zeacriuus

mucrospinus, McClies. The spines are long, ranch thickened

and bnlbous in the lower ]iart, presenting in this respect a strong

contrast with those of that species. The cicatrix for the attach-

ment of the arm-plates is very large, showing that the j^hites

above were of large size. Arms and dome nnknown.

The species has been quite abnndant, as the spines are found

in great numbers, and vary considerably in size, Jiccording to

the width of the first radial plates upon which they have rested.

But all are thickened and bulbous, and many of them are more

than an inch in length. They are seldom found attached to

the calyx, but are scattered through the shale in the bed where

found.

Formation and Locality.—In shale of the Coal-measures at

Carbon Hill, Hocking Co., Ohio. Named in honor of H. Moores,

Esq., of Columbus, Ohio, their discoverer.

BRACHIOPODA. .

Discina iTIeekana, n. sp.

Pal. O., Yol. Ill, Plate 11, Figs. 1—3.

Disdna nUida ? (Phil.) M. and W., Geol. Ills., Vol. V, p. 572, pi. 25, fig. 1;—
not B. nitkla, Phillips, Geol. Yorkshire, Vol. II, p. 221, pi. 11, figs. 10—13.

Shell of moderate size or larger, circular or sub-circular in outline. Dorsal

valve convex, with an elevated beak Avhich is directed backward and situ-

ated at about one-third of the length of the shell from the posterior margin.

Posterior slope slightly concave just below the apex; anterior slope convex.

Surface of the shell, when preserved, marked by fine, even, but elevated

and regular concentric lines, with flattened interspaces ; about ten or eleven

of the elevated lines occupy a space of an eighth of an inch on the middle

of a shell, being finer within and coarser beyond that point. On the par-

tially exfoliated shell, fine radiating vascular lines are perceptible. Ventral



Xc'ic Species of Fo.ssils from Ohio. 239

valve flat, discoidal, circular iu outline, or perceptibly elongated in some
cases ; the apex a little more than one-third the length of the shell from the

posterior margin. Foramen small, elongate-elliptical, narrow, not extend-

ing more than one-fourth of the distance from the apex toward the margin,

and the depression somewhat further. Sui-face marked as in the other valve.

This shell would appear to be identical with the one described

and figured by Messrs. Meek and Worthen as D. oiitida? under

the supposition that it was the same as that figured by Prof.

Phillips, in the Geol. Yorkshire Coast, Vol. II, pi. 11, filgs.

10—13 ; but it differs very much in outline fi'om those figures,

as well as those given by other authors, in its circular form
;

those being ovate, narrowed behind and widened in front; also,

in having the apex much more distant from the margin. They
also cite D. Missouriensis, Shumard, as a synonym of the Eu-
ropean sj)ecics. That author indicates his shell as parabolic in

outline; from which statement I should consider it as distinct

from the present species.

Formation and Locality.—In the Coal-measures at Carbon

Hill and Flint Eidge, Ohio ; also in Illinois and Iowa.

Crania carbonaria, u. sp.

Pal. O., Vol. Ill, Plate 11, Figs. 11 and 12.

Shell small, none of the specimens observed exceeding three-eighths of an

inch in diameter; sub-circular iu outline, or varied in form by the outline

of the object to which they are attached. Free valve depressed convex,

marked by a few concentric lines of growth ; attached valve thin, but with

a slightly thickened margin. Posterior muscular impressions large and

sub-marginal, the others being nearly central and forming a small eleva-

tion just posterior to the middle of the valve.

The shells of this species are found attached to the spines of

Zeacrinus and other bodies, one of those figured being upon the

operculum of Naticopsis. They are very thin, and not easily

detected in the roughened condition caused by the adhering

material in which most of the fossils from these beds are found.

Species of this genus are rather rare in the Coal-measures, but

very few having been described. Crania Permiana, Shumard,
from the white limestones of the Guadalupe Mts., Texas, is a

large form, and probably not a Crania, according to the descrip-

tion given. C. modesta, White and St. John, from the Coal-
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measures of lowii, is described as "rather small, tinely punctate,

smooth, except somewhat strong- concentric lines of growth

toward the margins. Upper valve modei'ately convex, umbo
oblique, nearly central. Lower valve moderately concave."

There would appear to be some similarity between the npper

valves of this and the Ohio species ; but the remark concerning

the lower valve being' " moderately concave" thi'ows considera-

ble doubt on their identity, as the lower valve of this species is

attached over its entire surface, Avhile that one would apijear to

be free or partially free, if it is a Crania.

Fonnation and Locality.—li\ the Coal-measures of Carbon

Hill, Hocking Co., Ohio. Collected by H. Moores, Esq.. of

Columbus, Ohio.

GASTEROPODA.

\atieoi)si$ Ortoni, n. sp.

Pal. O., Vol. Ill, Plate 13, Figs. 12 aud 13.

Shell small, with a somewhat depressed conical spire, which forms nu

angle of about 105 degrees, and the two and a half to three volutions are

obliquelj'^ flattened on their upper side, in the direction of the spire ; the

outer one being marked just below the suture by a barelj^ perceptible con-

cave channel of considerable width, which produces a very slight angularity

of the upper part of the volution. Suture-line slightly grooved. Lower
side of the volution rounded ; umbilicus closed ; callus slight ; aperture ob-

liquely ovate at the outer margin, but rounded within from the excessive

thickening of the shell. Surface of the shell marked by fine, rather equal

and somewhat regular transverse strise of growth, most distinctly marked on

the lower half of the volution. On the outer half of the last volution, there

occur lines of nodes, very faintly indicated, having a direction opposite to

the growth-lines, and becoming fainter and finally imperceptible toward

the lower side.

The species resembles N. nana, M. & AV. (Geol. Rejot. His.,

Vol. Ill, p. 365, pi. 32, fig. 4), in size and general form, but

differs from it in the greater flattening of the volution in the

direction of the spire, and in the faintly nodose surface.

Formation and Locality.—In a thin cherty band of the Coal-

measures in the railroad cutting at Mrs. Banks" farm, Falls

Township, Hocking Co., Ohio.
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Loxoiieuia plicatum, u. sp.

Pal. O., Vol. Ill, Plate 11, Figs. 14 and I'J.

Shell small and slender, spire elevated, presenting an apical angle of

about fifteen degrees ; composed of about eleven volutions, in the example

used and illustrated, which are flattened on the surface in the direction of

the spire, and marked by strong vertical plicae, vi'hich are directed a little

forward in their passage across the volution from above downward. The

body or largest volution, counting from the lip backward, contains fifteen

of these plications, and the volutions above contain nearly the same num-

ber ; those of the several volutions being in line with those on the one below,

but set enough back of it to be in line with the slope of the plication. This

gives them a somewhat spiral arrangement on the shell, the whqle having

a twist of about one-fourth of one turn in the length of the shell. On the

last volution the plicae are not distinct much below the bulge of the whorl.

Aperture elongate and pointed below. Suture distinct, but not grooved or

banded. Columella straight, about half as long as the aperture, solid, and

terebra-like : shell without uml)ilicus.

The species belongs to a groap of the genus which has but

few representatives in our Coal-measures ; and even those that

are nearest allied to it appear to differ in the form of the colu-

mella, which is somewhat peculiar ; and if other species should

appear presenting these same characters, it may be necessary to

separate them generically from, the true Loxonema.

Formation and Locidity.—lu the Coal-measures of Carbon

Hill, Hocking Co., Ohio. Collected by H. Moores, Esq.

CEPHALOPODA.

J\'aiitilii8 Ortoni, n. sp.

Pal. O., Vol. Ill, Plate 12, Fig. 20.

Shell of medium size, and consisting of about two and a half or three

closely coiled volutions, but which are not at all embracing ; the outer one

being simply in close contact with the medio-dorsal portion of the next

within, and exposing nearly the entire dorso-ventral diameter of the shell.

Volutions transversely sub-pentangular, being angularly convex on the

back, strongly sub-angular on the sides, and concave on the abrupt umbili-

cal slope, which forms a somewhat sigmoidal curve resembling an ogee

moulding, while the slightly concave ventral surface is quite narrow, and
forms a fifth surface. Lateral angles obtuse or round sub-angular, and
ornamented by a series of nodes which are strong and very distinct on the

inner coil, broad and rounded on the first part of the last volution, and be-

come obsolete on the outer third. The substance of the shell has been very

thick and strong, and the surface shows no evidence of growth-markings or

strise. Septa and other internal features unknown.

k
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The shell resembles somewhat N. spectahilis, M. and W., but

has a smaller number of coils in a shell of corresponding size,

while the concavity of the umbilical slope and the sub-angukr

back are strong distinguishing features.

Formation and Locality.—In the Coal-measnres at Springfield,

Summit C!o., Ohio. Cabinet of the School of Mines, N. Y. City.

Klautilu§ (Gyroceras?) subqiiadrangularis, u. sp.

Pal. O., Ill, Plate 11, Fig. 16.

Shell of about a medium size, consisting of two volutions, as seen on the

specimen used, which increase somewhat rapidly in size with increased

length, and are closely coiled so as to bring them in close contact, but not

to be in any degree embracing. The inner volution, however, is coiled in

so large a circle that it leaves an opening within it of about one inch in di-

ameter. The shell is at first circular in section, but before the completion

of the first coil the form has become modified so as to produce a sub-quad-

rangular section, narrowest on the dorsal side, and the second volution be-

comes distinctly quadrangular, being nearly as wide on the dorsum as across

the lateral face; but the angles are all distinctly rounded, and the inner or

umbilical margins most particularly so. The inner part of the shell has a

line of strong node-like undulations on each dorsal angle, which become

obsolete at about the first third of the second volution. Margin of the aper-

ture greatly extended on the sides beyond the line of the inner edge, and

apparently sinuate on the back. Septa deeply concave and numerous;

those at the base of the outer chamber showing aboCit three chambers in

the space of one inch, and gradually decreasing in distance toward the

earlier part of the shell. On the quadrangular parts, they are deeply

receding on the sides and back, and correspondingly advanced on the an-

gles ; a consequence of the quadrangular form on a deeply concave septum.

Surface of the shell apparently smooth and the substance thin. Siphon

unknown.

The species is peculiar in its quadrangular form, and in the

wide opening through the centre; in tliese characters it differs

from any previously described species. It is of a form that is

with difficulty placed in the genus Nautilus,—its characters, so

far as the external features are concerned, nearly resembling

those of Gyroceras,—and in the absence of a knowledge of the

position of the siphuncle, must remain doubtful.

Formation and Locality.—In limestone of the Coal-measures,

at Canfield, Ohio. Collected by H. C. Bowman, and now in

the cabinet of the School of Mines, New York City.
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APPENDIX.

Leiorhynchus Sewberryi.

Leioriiynchus Newberbyi, H. & W., 28d Rept. State Cab., N. Y. Iq

the description of this species it is correctly referred to the Chemung- group,

but improperly to the Waverley group on the plate.

Genus Pholadella, H. & W.

Preliminary notice of Lamellibranchiate Shells of the Upi^er Helderberg,

Hamilton and Chemung groups, etc. (State Cab. Nat. Hist., Decern., 1869,

p. 63). The name ("Hall, n. g.") incorrectly inserted without my know-
ledge.—R. P. W.

Pholadella ^iTeii^berryi.

Pholadella, Newberryi, H. & W. Prelim. Notice, cited above, p.

65. Allorisma (Sedgwickia ?) pleuropisiha, Meek ; Pal. Ohio, Vol. I, p. 309,

Plate 13,

Figs. 4a and #.

Pleurotoinaria ]91i§si$sippieiisis.

Pleurotomaria Mississippiensis, White & Whitf., Proc. Bost. Soc.

Nat. Hist., 1862, p. 203, Vol. 8.

Pleurotomaria textiligera. Meek ; Pal. Ohio, Vol. I, p. 314, PL 13, Figs.

la and h.

Note on the Marcellus Shale and other Members of the

Hamilton Group in Ohio, as determined from Palaeontologi-

cal Evidence.

During the early summer of 1878, Pres't Edward Orton wrote,

asking if I could spend a few days with him in central and

southern Ohio, in an effort to ascertain from palgeontological

eyidence, the true horizon of certain hiyers of rock which had

been somewliat of a difficulty to him; and in the month of August

I spent several days with him for that purpose. While making
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these somewliat hurried observations at a localit}^ about six miles

N. W. of Columbus, in Perry township, on the east bank of the

Scioto River, we accidentally discovered a thin bed of dark brown

shale, somewhat fissile and bituminous in character, in what

Prof. Orton had considered as a representative of the Delaware

limestone of Delaware, Ohio. The peculiar texture of the shales,

occurring where I had expected only a light-colored limestone,

excited my interest ; and after a few minutes' examination, I

discovered that they contain numerous flattened shells of Leio-

rliymelius limitaris, Vanuxem. I also obtained from them two

specimens of Discina minuta, and examples of Lingula Manni,

Hall; the two foi'mer bsing well-known and characteristic forms

of the Marcellus shales of New York. On examination, we

found that these shells, especially the Leiorliyncliiis, extended

through a thickness of several feet of the rock, and that the

peculiar bituminous character of the shale accompanied them,

but with intercalations of thin layers of less bituminous and

lighter-colored limestones. Subsequently, at a point nearly op-

posite Dublin, Ohio, some miles north of the above-mentioned

locality, the same shale was again recognized in a corresponding

horizon, accompanied by the same species , the Leiorliynclius

being quite numerous. At a subsequent visit, Mr. Edward
Hyatt obtained Discina Lodensis, Hall, another New York
MarceHus species. At this second locality, immediately above

the shale, and while the limestone layers retain much of the

bituminous character, the layers become thicker and more calca-

reous, and their surfaces are covered with the shells of Spirifera

gregaria, Glapp, and Tentaculites scalar iformis, Hall, both of

which are likewise common in the blue limestone layers at Dela-

ware, Ohio.

A section of the rocks at the first-mentioned locality, six miles

N. W. of Columbus, on the east bank of the Scioto, subsequently

furnished by Prof. Orton, is as follows :

The lower bed. No. 1 of section, is a heavy-bedded limestone,

about thirty feet thick, representing the Columbus quarries, in-

cluding the coral beds and those containing the large cephalo-

pods. (Lower Corniferous of the Ohio Geol. Kept.)

No. 2, a thin layer of limestone, four to six inches thick.
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densely filled with teeth, plates and bones of fishes, locally known
as the "Bone-bed."

No. 3, about thirty feet of thin-bedded shaly limestone, the

"Delaware bed" of Prof. Orton. The upper part of this is

supposed to represent the beds of similar character at Delaware,-

Ohio, which contain the large fish-remains.

'No. 4, about fifteen feet of bluish, somewhat marly shales,

the "Olentangy shales" of N. H. Winchell. This is followed

above by the Huron shales, the supposed equivalents of the

Genesee slates and Portage shales of New York.

Near the lower part of No. 3, only a few feet above the

"Bone-bed," occurs the dark brown shale in question, with the

peculiar fossils, which I have no hesitation in pronouncing the

equivalent of the Marcellus shales of New York.. Admitting

this—and there certainly appears to be no alternative—the rocks

found, above this limit should represent the Hamilton group of

the New York system ; and we ought to find some fossils here,

characteristic of that formation, which would not pass below

this line. To ascertain if this was so, I requested Mr. Edward
Hyatt, who has collected carefully the fossils around Columbus,

to furnish me a list* of the species known, with their horizons

indicated ; and also requested the use of specimens of species

not known to occur below the horizon of the "Bone-bed,"

—

that being the most easily recognized limit, and the one most

generally studied in connection with the vertical distribution.

Contrary to my expectations, the species yet known not to pass

below the "Bone-bed " are very few. These, with the exception

of the Tentacidites scalar formis, have been illustrated on Plate

7, and are, with two exceptions, known Marcellus and Hamilton

types,—one being a now species, and the other {Spirffera Maia,

Bill.) occurring in the Upper Helderberg limestone in Canada.

The examination of the upper layers for characteristic fossils

was not carried far enough to make it i3erfect, owing to Mr.

Hyatt's absence from Columbus ; but the fcAV forms found above

these bituminous layers will readily be recognized as character-

istic of the Hamilton group, and warrant one in considering the

* These lists will be found appended at the end of the present article.
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Black Shales and other beds coming above these thin limestones

in central Ohio, as equivalent to the Genesee Slates and succeed-

ing formations of New York.*

The following lists, prepared by E. and H. Hyatt, of Columbus,

Ohio, are from the limestones within 24 miles of that place.

Those of the first list are from below the horizon of the " Bone-

bed," and the next from above; StropJiomena rliomhoidalis being

the only species fully recognized from both horizons. All spe-

cies have been collected by them from known horizons, or have

been seen from the beds by myself.

Species fkom below the ''Bone-bed."

PROTOZOA.
Stromatopora, De Blainville.

C. gramdosa, Nich.

S. nodulata, Nich.

S. ponderosa, Nich.

>S'. Sandushyensis, Rominger.

S. suhstricdella, Nich.

Caj^nopora, Phillips.

C. columnaris, Nich.

C. densa, Nich.

Keceptaculites, De France.

R. Devonicus, Whitf.

RADIATA.
Favosites, Lamarck.

* Since writing the above remarks, Vol. 5 of the Palaaont. of New York has been published.

In it the author has, on page 139, some remarks on the limestones at the Falls of the Ohio, and

their relations to the Hamilton group of New York. After showing that the Hydraulic-cement

beds of the Falls of the Ohio are the equivalents of the Hamilton group of New York (which

had already been stated in the Geol. Kept. Ind., 1875, pp. 147, 148, and also shown in sections

on page 157), the author remarks, " In the State of Ohio, similar conditions may be inferred,

from the fact that certain known species of Hamilton fossils are published in the Ohio Geolo-

gical Reports as from the Corniferous group." At the meeting of the Am. Assoc, for the Ad-

vancement of Science, at Saratoga, August 1879, I read a notice of the occurrence in Ohio of

rocks representing the Marcellus shales of New York, in which it was shown that a considera-

ble thickness of the limestones previously recognized as "Corniferous " in Ohio, were above

the horizon of the beds which I had recognized, from palseontological and liihological evi-

dence, as of the age of the Marcellus shale, and would be of necessity equivalents of the

Hamilton group.
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F. hasaltica, Goldf.

F. Gothlandica, Lamarck. (?)

F. JiemispJiertca,Yai\d. and Shnmard.

F. invaginata, Nicli.

F. pleurodictyoides, Nicli,

F. polymoipha, Groldf. ?

F. turhinata, Billings.

MiCHELiNA, De Koninck.

M. convexa, Emmons.
M. maxiina, Troost.

Emmois^sia, Ed. and Haime.

E. Emmonsi, Hall.

Teachypora, Ed. and Haime.

T. elegantuld, Billings.

AuLOPORA, Goldfuss.

A. coriiuta, Bill.

A. fiUformis, Bill.

A. tuhceformis, Gold.?

SyRlNGOPORA, Goldf. ?

S. Hesingeri, Bill.

S. Macliirei, Bill.

S. tabulata, Ed. and Haime.

EuiDOPHYLLUM, Ed. and Haime.

E. Simcoense, Bill.

E. strictum, E. and H.

E. Verneuilanum, E. and H.

Stylastrea, Lonsdale.

S. Aimae, Whitf.

Zaphrentis, Rafinesque.

Z. cornicula, Ed. and H.

Z. Edwardsi, Nicli.

Z. gigantea, Ed. and H.

Z. 2)rolifica, Bill.

Z. Wortlieni, Nicli.

Cyathophyllum, Goldf.

C. riigosum, Hall.

C. Zenkeri, Bill.

Hadriophyllum, Ed. and H.

H. D'Orhignyi, Ed. and H.
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HeliophyllUxM, Ed. and H.

H. confluens, Hall.

R. Halli, Ed. and H.

AuLACOPHYLLUM, Ed. and H.

A. S7ilcat'um, Ed. and H.

Cystiphyllum, Lonsdale.

C. Americatiutn, Ed. and H.

C. Oliioense, Nicli.

CRINOIDEA.
MectIStoorinus, 0. and S.

M. s^jinulosus, Lyon.

DoLATOCRiNUS, Lyon,

B. muUiradiatus, Hall.

D. i^adiatus, Hall.

BLASTOIDEA.
NucLEOCRiNUS Conrad.

N. Verneuili, Troost.

CoDASTER, McCoy.

C. j^yramidahis, Sliumard.

AncyrocrinuS;, Hall.

A. sjnnosus, Hall.

MOLLUSCA.
BRYOZOA, Emmerich.

Stictopora, Hall.

8. Gilberti, Meek.

LiCHENALIA, Hall.

L. lichenoides, Meek.

BRACHIOPOBA.
DisciiSTA, Lamarck.

B. grandis, Vanux. ?

Crania, Retzius.

0. crenistriata, Hall.

G. Hamiltoniae, liall.

Orthis, Dalman.

0. Bivia, Bill.

0. 'propinqua, Hall.

0. Vanuxemi, Hall.

Streptorhynchus, King.

S. flaiellum, Whitf.
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fS. Pandora, Bill.

Stkophodonta, Hall.

;S'. am^jla, Hall.

S. demissa, Conrad.

S. liemispJierica, Hall.

S. inequiradiata, Hall.

S. nacrea, Hall.

*S'. Patersoni, Hall.

S. jyerplana, Conrad,

S. suldemissa, Hall. ? ? ^
Strophomejsta, Eafinesqne.

S. rhomboidalis, Wilck.

Chonetes, Fisclier.

C. acutiradiata, Hall.

G. arcuata, Hall.

C. dejlecta, Hall.
,

j

C. mucronata, Hall. ?

0. YandeUana, Hall.

Pkoductella, Hall.

P. spinulicosta, Hall.

Spirifera, Sowerby.

S. acuminata, Con.

. ^S'. duode7iaria. Hall.

/S. euryteines, Owen,

S. fimbriata. Con.

8. gregaria, Clapp.

>S'. Greeri, Hall.

^S'. macra. Hall.

tS. macrothyris. Hall,

S. Manni, Hall, ^

iS'. Marcyi, Hall.

/S'. O'weni, Hall.

*S'. segnienta. Hall,

/?. varicosa, Hall.

Spiriferijsta, D'Orb.

/S'. raricosfa, (Conrad.)

Cyktina, Davidson.

C. HamiltonicB, Hall.

Meristella, Hall.
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M. nasuta, (Conrad.)

M. scitula, (Hall.)

ISTUCLEOSPIEA, Hall.

N. concinna, Hall.

Ateypa, Dalman.

-.dt. reticidaris, Linn.

IIhynchonella, Fischer.

R. Billinysi, Hall.

R. Carolina, Hall.

R. Dolls, %il.

R. Thetis, Billings. ;

R.f raricosta, Wliitf.

Pentamekella, Hall.

F. arata. Hall.

Terebratula, Schlotheim.

T. SullivanH, Hall.

Tropidoleptus, Hall.

T. carinatus, Conrad.

LAMELLIBRANCHIA TA .

AvicuLOPECTEJNT, McCoy.

A. crassicostata, H. and W.
A. paralis, Conrad.

Pterinea, Goldf.

F. flahella, Conrad ? The specimens referred to

this species are very donbtfnlly identified. They
are large coarse forms, very unlike any of those

in the higher beds.

Mytilarca, H. and W.

M. ponderosa, H. and W.

^
M. percarinata, Whitf.

OoNOCARDiUM, Brown.

C. trigonale. Hall. C. Oliioense, Meek, is the

young of the above.

GoKioPHOEA, Phillips.

G. perangulata, H. and W.
Paeacyclas, Hall.

F. Virata, Conrad.

P. occidentalis, H. and W. F. OMoensis, Meek,

is the same as F. lirata, Conrad.
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MODioMORPHA, H. and W.
M. elliptica?

M. 'perovata, Meek.

Sanguinolites, McOoy.

S. Sanduskyensis, Meek.

GASTEROPODA.
Platyceras, Conrad.

P. attenuatum, Meek.

P. hiicculeiitum, Hall.

P. carinatum, Hall.

P. conicum, Hall.

P. dumosum, Conrad.

P. 7nultis2)inosum., Meek.

P. squalodens, Wliitf.

Platyostoma, Conrad.

P. lichas, Hall.

EuoMPHALUS, Sowerby.

PJ. Decewi, Billings.

HoLOPEA, Hall.

H. rotundata, Hall, sp.

Turbo, Klein?

T. Kearneyi, Hall.

T. SMimardana, Yandell.

IsoNEMA, M. and W.

/. hellatula, Hall.

/. depressa, H. and W.
/. humilis, Meek.

Xenophora, Fischer.

Jf. antiqua, Meek.

ISTaticopsis, McCoy.

N. cequistriata, Meek.

N. cretacea, H. and W.

N. lev is, Meek.

LoxoNEMA, Phillips.

L. Leda, Hall.

L. HamiltonicB, Hall.

L. parviilum, Wliitf.

L. pexatum, Hall.

Orthonema, M. and W.
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0. Neiuherryi, Meek.

Mackocheilus, Phillips.

M. ^Jriscus, Whitf.

Pleukotomaria, De France.

P: adjutor, Hall.

P. Doris, Hall.

P. Hehe, Hall.

P. Lucina, Hall.

MuiiCHisoNiA, De Venienil.

M. desiderata, Hall.

M. Maia, Hall.

M. ohsoleta, Hall.

Dentalium, Linnaeus.

D. Martini, Whitf.

Bellekophoist, Moutfort.

B. Netoherryi, Meek.

B. Pelops, Hall.

B. projnnqtta, Meek.

PTEROPODA.
CoxuLARiA, Miller.

C. elegantuki, Meek.

Tentaculites, Schloth.

T. scicula, Hall.

CEPHALOPODA.
Orthooeras, Breynius.

0. nuntium, Hall.

0. Oliioense, Hall.

0. profundum, Hall.

Trematoceras, Whitf.

T. Oliioense, Whitf.

Gomphoceras, Sowerby.

G. ampliora, Whitf.

G. eximium, Hall.

G. Hyatti, Wliitf.

G. Sciotense, Whitf.

Cyrtoceras, Goldfuss.

C. cretaceum, Whitf.

C. Oliioense, Meek.

61 undulatum, Vanuxem ?
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Gykocekas, Meyer.

G. Columhiense, AVhitf.

G. Cyclops, Hall.

G. inelegcms, Meek.

G. OMoense, Meek.

G. seminodosum, Wliitf.

CEUSTACEA.
DALMAis^iA, Emmerich.

D. Calypso, Hall.

D. Helena, Hall.=X'. Ohloense, Meek.

D. selenurtis. Green.

Phacops, Emmerich.

F. rana, Green.

Peoetus, Steininger.

P. crass imarginatus, Hall.

Species from above the Bone-Bedi

CRINGIDEA.'
Goniastekoidocrinus, Lyon.

G. sjyinigera, Hall,

BRACHIOPODA.
Liis^GULA, Brugiere.

L. Mantii, Hall.

L. liyea. Hall.

DisciNA, Lamarck.

D. Laden sis. Hall.

D. minuta, Hall.

Strophomeis^a, Eafinesqne.

S. rliomhoidaliS; Wilck.

(Jhonetes, Fischer.

C. scitula. Hall.

C. revcrsa, Whitf.

Spirifera, Sowerby.

X Maia, Billings.
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S. zic-zac, Hall.

Leiorhynchus, Hall.

L. limitaris, Vaiiuxem.

LAMELLIBRANOIIIA TA

.

AVICULOPECTEN, McCoj.

A. eijnilaiera, Hall.

Pterinea, Goldfuss.

P. similis, Wliitf.

Autinodesma, Sandberger.

A. suhrecta, Wliitf.

Grammysia, De Verii.

G. Ms'ulcata, Conrad.

Nyassa, H. and W.
N. argiita, H. and W.

[NOTE TO PAGE 316.]

Genus N1'A§SA, H. and W.

Nyassa, H. & W., Prelim. Notice of the Lamellibranchiate Shells of the

Upper Helderberg, Hamilton and Chemung Groups, &c. Albany, Dec,

1869, p. 28,

Shells bivalve, very oblique and transversely ovate in form. Posterior

hinge-plate narrow, bearing from one to four long slender ridge-like teeth.

Anterior plate broad, marked by numerous small i^oint-like teeth with in-

termediate depressions, arranged somewhat radiating from the middle of

its inner border. Adductor muscles two, one at each extremity. Pallial

line entire. Ligament internal. Type, -/"V. arguta. Name, mythological.

Geological range, so far as known, Devonian. Family relations apparently

near Megalomus, Hall, and Megalodon, Sowerby.
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Descriptwn of a New Species of Swift of the Genus Clicetura,

with Notes on two otlier little-known Birds.

BY GEORGE N. LAWRENCE.

Read February 6th, 1882.

Ghaetura Oauiiieri, sp. nov.

Male.—Entire crowu, hind neck and bacli of a smoliy brownish-black

;

rump and upper tail-coverts dark ash, each feather narrowly bordered at

the end with gray ; tail-feathers ashy-brown ; lores deep black ;

'

' iris

brown ;" throat whitish-gray ; breast and "upper part of abdomen dark

smoky ash ; the lower part of the latter and the under tail-coverts are of a

darker shade ; wings black, the under wing-coverts and the inner margins

of the quills are of a dark ashy-brown ; bill and feet black.

Length, about 4|- inches ; wing, 4^- ; tail, 1\, the spines wanting.

Habitat, Yucatan. Type in my collection. Obtained by Mr.

Geo. F. Ganmer, in compliment to whom I have named it.

Mr. Ganmer sjDent three years in Yncatan ; he made large

collections in ornithology and other branches of natural history.

A full series of his birds was purchased by the University of

Kansas, and it is to be hoped that a catalogue of them will be

published.

Mr. Gaumer wrote me that he had taken full notes of all the

species, whicli he expected to publish when the names of those

sold to the University of Kansas were determined. I purchased

the remnant of his collection, in which were the birds now
described.
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In my list of birds from Yucatan (Ann. N. Y. Lyceum, Vol.

IX, p. 204), I referred a specimen of swift to C. Vauxi, though

noticing that it was smaller ; now I find it to agree exactly with

the bird above described. This comparison I have been en-

abled to make, by Mr. Ridgway's kindness in lending me the

specimen, and sending besides all in the National Museum that

are labelled as C. Vauxi.

At the time of my examination of the specimen from Yucatan

belonging to the Smithsonian, the examples of C. Vauxi ac-

cessible were in poor condition ; but since then, fine specimens

of it have been received from California, by the National Museum
as well as by myself. A comparison with these shows the Yu-

catan bird to be quite distinct.

Among those sent me from Washington, is one specimen from

Guatemala (Duenas), collected by Mr. Salvin, Jb'eb. 6th, 1860,

and labelled l)y him as C. Vauxi, also one from Mexico (Tehu-

antepec), collected by Prof. Sumichrast, which I referred to

a Vauxi (Bull. U. S. Nat. Mus., No. 4, p. 32). Both are a

little darker than those from Yucatan, but I consider that they

are the same. These two specimens have the spines of the tail-

feathers in perfect condition, whereas in the two from Yucatan,

the spines are worn off close to the tail-feathers ; this abrasion

is caused, probably, by their inhabiting rocky cliffs.

This species differs from C. Vauxi in the much darker color-

ing of its upper and under plumage, though in that of the

throat they are closely alike ; it is a little smaller, and the

Avings and tail are shorter than in C. Vauxi. It has the upper

plumag(! blacker even than that of C. i^elasgica, but in that

species the under plumage is darker.
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yotts on Pyranga eoseigulakis. Cabot, ay^cl Centukus eu-

BEIVENTEIS, SwaiusOll.

Pyranga rascigularis.

For u long time this species lias been knoAvii only by the type.

a male, in the collection of its discoverer. Dr. Cabot, of Boston.

The acquisition of both sexes is therefore a fortunate occurrence.

Mr. Ridgwayhas given an accurate description of it (N. Amer.

Birds, Vol. I, p. 434) taken from the type. The male I have,

differs only in having a decided white superciliary stripe border-

ing the red crown.

The male measures in length 6| inches ; Aving, 3-| ; tail, 2|

;

tarsus, |.

I give a description of the female, as I think it has not been

known heretofore.

The female has the upper and uucler plumage of the same general colors

as the male ; the crown and throat are washed with red ; under tail-coverts

pale reddish salmon-color ; tail-feathers brown above, edged with light red
;

the under surface of the tail is paler in color and tinged with red
;
quills

dark umber-brown, margined with light greenish yellow ; upper wing-

coverts of a rather dull olive-green ; under wing-coverts pale yellow ; upper

mandible dark l)rown, the under whitish horn-color ; tarsi and toes dark

brown.

Length (skin), 6J inches ; wing, 3 ; tail, 2| ; tarsus, f.

Ccnturus rubriventris.

The validity of this si^ecies seems generally to be questioned,

and specimens of it have been but rarely obtained • therefore I

Avas pleased to see another, a female, as it confirmed the opinion

expressed by me in my Yucatan list (Ana. ]^. Y. Lyceum, Vol.

IX, p. 206), that I considered it a valid species. Therein I

described the male, and pointed out how it differed from C. tri-

color, to which species it has been referred.
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A comparison of the female with specimens of the same sex

of C. tricolor, shows the differences to be equally as great as those

of the males.

Female.—The upper plumage, tertiaries and wing-coverts are black,

narrowly barred with white ; rump and upper tail-coverts white ; tail-

feathers black, the ends of the outer ones narrowly margined with white,

and the outer edges of the lateral feathers indented with white ; head

light brownish-ash, on the crown hoary, front, chin, and sides of the head

to a line with the middle of the eye, orange-yellow ; on the hind neck

there is a narrow band of vermilion ; under parts brownish ash, with the

middle of the abdomen vermilion; flanks barred with black and white;

rather dull in color ; under tail coverts gray, marked centrally with black,

bill black and narrow ; tarsi and toes black ;

'' iris black."

Length (skin), 6J inches ; wing, 4^ ; tail, 3| ; bill, 11-16.

Besides differences of marking in the plnmage, as shown in

the Yncatan list, the bill and feet are much smaller than those

of 0. tricolor. Of this last species, I have several specimens of

both sexes.

In Proc. U. S. Xat. Museum, 1881, p. 93, Mr. Eidgway gives

"A Review of the Genus Centurus." Unfortunately the male

specimen, noted in my Yucatan list, could not be found in the

Nat. Museum collection ; therefore an expression of his opinion

from an autoptical examination was not possible.
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XV.— The rarallel Drift-Hills of Wester)i Kew Yorlc.

BY LAURENCE JOHNSON',

Head January 9th, 1882.

That part of Kew York State which lies between Lake Onta-

rio on the north, and Cajaiga and Seneca hikes on the south,

presents, in its surface geology, some features of excoptional

interest.

The surface rocks of this region are, for the most part, deeply

covered with drift, Avhicli is arranged in a series of parallel hills.

Having been reared among these hills, my attention was early

directed to their peculiar character ; but, until recently, I had

never attempted their systematic study. During the j^ast two

or three seasons, however, I have been enabled to renew my
acquaintance with the region, and to study it more carefully;

the result of my study and observation I now jDresent as a slight

contribution to our knowledge of drift phenomena.

Thongh the surface rocks are generally covered with drift, they

are sufficiently exposed in a number of localities to furnish all

the data necessary to a correct understanding of their characters

and relative positions.

The lowest rock found in place in this region is the Medina

sandstone. This occupies a narrow belt of territory along the

shore of Lake Ontario, probably from one to two or three miles

in width. In the vicinity of Big Sodus Bay, and also about Port

Bay, it lies at or below the level of Ontario, Avhile it rises toward

the east and west, appearing at Oswego Falls, twenty-five miles

east, and at the lower falls of the Genesee, fifty miles west,

fully one hundred feet higher. I invite particular attention to

this fact, for, as will appear later, I believe it to be a significant

one.
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Above the Medina sandstone rises the Clinton gronp, and
upon this rests the Niagara, with no well-marked line dividing

them. The Clinton is composed of thin-bedded limestones,

shales, sandstones, and, in some places, thin beds of argillaceous

iron ore. Owing to its lithological character, it has not exerted

a very powerful influence upon the present topographical fea-

tures of the region. Not so, however, is it with the over-

lying Niagara. The lower member of this group, here as

further west, comprises thin-bedded, impure limestones and

about eighty feet of shale ; while the upper member is a mass of

heavy-bedded, compact limestone. The geological position of

this limestone, dividing as it does the great mass of soft rocks

beneath from the still softer Salina shales above, has made it an

important agent in the production of the present topography of

the region. Economically, it is of importance to the inhabit-

ants as the source from which they obtain lime.

There are no data for determining the exact width of the tract

of which the Niagara is the surface rock, since its junction with

the next succeeding group is nowhere apparent ; it is, however,

probably from tAvo to five miles wide.

Along Wolcott Creek, the best nearly continuous exposure (f

the Clinton and Niagara, both together occupy the surface for

five or six miles. Like the Medina on which they rest, they

rise both east and west.

Upon the Niagara rests the Salina group, forming the surface

rock all the way to Cayuga and Seneca lakes. The shales of

this group are exposed in numerous places, especially along the

valley of the Clyde and Seneca rivers, in railway cuttings, and

in excavations for the Erie Canal. In two localities in this val-

ley, namely, in a railway-cutting two miles west of Savannah,

and in a hillside three or four miles southeast of Lyons, I have

observed the upper, water-lime, layers of this group, in place.

With the Salina group, ends the succession of surface rocks of

the region occupied by the parallel drift-hills. Above and to

the south are, however, rocks which have exerted a marked
causative influence upon the topography, not only of this region,

but of that of the whole Ontario basin.

Passing the Water-lime and Oriskany sandstone,'-with the mere

mention of their names, for they are of little importance here,
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we come to the Upper Uelderberg grou]). Like the upper mem-
ber of the Niagara group, the Upper Heklerberg is composed of

comjiact, heavj-bedded limestone, and, like the Niagara, also,

it forms the dividing line between much softer rocks—the Sali-

na below and the Hamilton shales above. The position which

it occupies is delineated on the map with, certainl}', an approxi-

mation to aceurac}'.

Passing westward from Onondaga Valley, we find it, or should

find it, if not concealed by drift, presenting a continuous escarp-

ment as far as Cayuga Lake. West of Cayuga it reappears, and

continues to Seneca Lake ; and west of Seneca Lake it is con-

tinuous to the Genesee Eiver. "We observe, however, that the

line of this escarpment is not straight. It bends several miles

to the south when approaching Cayuga Lake, turns to the north

a like distance after passing Seneca Lake, and then continues

on a nearly straight line to the west. At its first exposure on

the line running north from Seneca Lake, it presents a steep

escarpment facing the east.

Above the Upper Heklerberg rise the shales of the Ham-
ilton group, estimated by Professor Hall to be 1,000 feet thick

on Seneca Lake. To these succeed the Tully limestone, Gene-

see slate, Portage and Chemung groups, which form the great

mountain ridge between the Catskill Mountains and Lake Erie.

In the Hamilton shales are excavated the greater part of the

rock basins occupied by Skaneateles, Otisco, Owasco, Cayuga,

Seneca and Canandaigua lakes. The only lake of the series,

Ij'ing above the horizon of the Hamilton group, is Crooked

Lake ; its basin is excavated in the Genesee slate and Portage

group.

Having thus briefly reviewed the surface rocks of this region,

we Avill now consider the drift which covers them.

As already remarked, this is arranged in parallel hills. Though
these hills attain their most characteristic development in the

region between Cayuga and Seneca lakes on the south, and Lake

Ontario on the north, the same peculiar arrangement of the

drift is noticeable eastward as far as the Oswego River, and even

beyond that point ; Avestward, it is not particularly noticeable

beyond the western boundary of Wayne County.

The individual hills vary greatly in length, in breadth, in
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height, aud in the tingles at which they rise from the intervening

Yalleys ; bnt however much they may differ in these respects,

they substantially agree in their general north and sonth direc-

tion. Their deviations from this line are slight. In the western

part of Wayne County, and in the northwestern i)art of Seneca,

they bear a few degrees west, and in eastern Wayne and Cayuga,

a few degrees east of north.

While some of them may be traced two or three miles, attain-

ing altitudes of one hundred or two hundred feet above the

intervening valleys, the greater number are both shorter and

lower. The highest and longest ones are chiefly sitnated just

sonth of the northern out-crop of the Niagara limestone, though

some very high ones are found several miles further south, upon

the Salina. In general, however, the further we recede from

the Niagara outcrop, and the nearer we approach Cayuga and

Seneca lakes, the lower are the hills. There is no regularity in

their positions, for while some groups of them occupy several

square miles of territory, witli but narrow valleys intervening,

in other localities, swampy valleys occur, a mile or more in widlh

and several miles in length. In some instances, hills are litemlly

piled upon hills, so that one great ridge is lined along its sides

by a number of subordinate ridges. Many of them were origi-

nally very difiicult to cultivate, on account of their steep declivi-

ties, but this feature is far less noticeable now than it was

twenty-five years ago, for frequent plowing, and the washing of

rains and melting snow, have wrought great changes in them

since the forests Avere removed. This remark applies particu-

larly to the northern hills; but those situated further south

—

several miles from the Niagara out-crop—have not improved in

the same ratio ; the reason of which will be apparent when we

consider their composition. Again, when hills have steep de-

clivities, these are, with very few exceptions, upon their east or

west sides or at their north ends ; they almost uniformly slope

to the south gradually. The exceptions occur in hills which

have undergone changes since the material of which they are

formed was first deposited.

As already foreshadowed, the irregularity of the hills has its

l^arallel in that of the valleys. The smaller ones are shallow

depressions between low ridges which serve the puri)oses of drain-
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age. These, of course, are parallel with the including ridges.

The larger valleys are generally cuji-shaped depressions in the

drift, especially those south of the Niagara out-crop, through

which the minor streams flow with a sluggish current. Many
of these have an area of several square miles, and, at no very

distant day, have been the basins of shallow lakes. A few lakes

occupying such basins still remain, and are delineated upon the

map. Crusoe Lake, in Wayne County, and Duck Lake, a few

miles distant, in Cayuga, are examples. The former is situated

in a marsh, and is almost unapproachable ; the latter lies be-

tween parallel ridges, with tamarack swamps extending nortli

and south from its extremities, indicating its former limits, and

foreshadowing its future obliteration. Indeed, in this region,

the presence of tamarack in a swampy valle}^ indicates that

there was once a lakelet. All such valleys are cup-shaped, and

so far as I have observed, the lip of the cup is composed of

drift, and all have been filled to the brim with vegetable matter

in the form of muck or peat.

The Niagara limestone forms the water-shed which divides

the small streams that flow directly to Lake Ontario, from those

flowing southward to the river which courses along a valley in

the Salina. As shown by the map, this one stream has several

names. As Mud Creek, it unites with the Canandaigua outlet

to form Clyde River. Clyde Kiver unites with the outlet of

Cayuga and Seneca lakes, at Montezuma, where the stream takes

the name of Seneca River. This flows in a general easterly

course, gathering the waters of OAvasco, Skaneateles and On-

ondaga lakes, until it unites with the outlet of Oneida, when it

becomes the Oswego, and pursues a northwest course to Lake

Ontario. Even this, now, after flowing for ages in its present

channel, curiously exhibits the cup-shaped character of the north

and south valleys, across which it makes its way in a general

easterly course.

Throughout Wayne County it is remarkably tortuous, as ex-

hibited by the map, but not account of meandering through a

])lain, as is often the case with crooked streams. On the con-

trary, in many places its current is moderately rapid, and many
of its crooks and turns were made in finding its way eastward

through ranges of north and south liills. Though nowhere ex-
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jiosing rock in Wayne County, or in ^yestern Cayuga, its course

is obstructed in several places by bars of boulders remaining

from the drift which it has cut away. Examples may be seen

between Lyons and C!lyde, and at tlie latter village ; another,

further east, will be alluded to presently. Along tliis river val-

ley are a few of the hills previously mentioned as exceptional,

having steep southern declivities^, evidently due, in a measure,

to the erosive action of the river. One section of this river val-

ley deserves our particular attention—that stretching from the

foot of Cayuga Lake to the hills in the southern part of Wayne

County. It comprises more than forty thousand acres of marsh

lands, through which the Seneca pursues a northerly course by

an almost imperceptible current. Indeed, so slight is the fall,

that in times of flood the great volume of water brought down
by the Clyde flows south as well as north, and has even dis-

colored Cayuga Lake as far south as Springport. At such

times, many of the smaller valleys are filled with back-water,

particularly that in which lies Crusoe Lake ; and Cayuga virtu-

ally extends to within a dozen miles of Ontario. That it did so

extend in reality, at no very distant day, becomes evident

when we examine the marsh. This is undei'laid throughout its

whole extent by several feet of shell marl, composed of the shells

of existing species of Unio, Planorhis, Pliysa, Limnma, etc.

Furthermore, upon the borders of the marsh, at Monteznma
and in the southern part of the town of Savannah, are found

salt springs rising from beneath the marl in a manner jDrecisely

similar to those of Salina. As is well-known, these latter rise

from beneath a layer of shell marl underlying Onondaga Lake,

and overlying from four to six hundred feet of gravel, which

fills an ancient excavation, and serves as a reservoir for the

brine.

Beds of sand, showing wave-action, also fringe the marsh in

numerous localities.

The region for some distance north of Seneca Lake is also

generally low and level, and is drained by slow and sluggish

streams. Swamps are numerous and extensive, and not unfre-

quently enclose shallow lakes and ponds. Skirting this low-

lying region are also beds and hills of sand, shoAving wave-action
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like those about the Montezuma marsJi, but, as will be shown
Liter, laid down at an earlier period.

Just east of the northern termination of the marsh, at Mos-

quito Point, is the brim of this great cup-shaped valley. Here

occurs a bar^ through which the State has caused a channel to

be cut, in order to drain the marshes. The excayation was

made in drift material. That the bar was formerly much more
extensive than in our days, is very evident. The finer materials

Avere washed away, but the boulders resisted the erosive action

of the moderate current, and formed an effectual dam.

A few miles further down the river, an artificial channel was

cut to avoid another bar ; the excavation was made in the Sa-

lina shciles. Altogether, vast sums of money were expended,

with the effect of improving the marshes, though without re-

claimi]]g them. Xor does it seem jDossible that this could be

accomplished without cutting a channel northward directly

toward Ontario.

We will now consider the materials which enter into the com-

position of the drift deposits of this region.

First, as to the surface. This is strewn more or less thickly

with rounded boulders of all sizes, up to three and even four

feet in diameter—the smaller ones, in some localities, being so

ver)^ abundant as seriously to interfere with cultivation of

the land, while the larger ones are comparatively few, and

widely scattered. In general, the boulders are most abundant

along the line of the out-cropping Niagara ; and here there are

many angular blocks of limestone, also ; while further south

they progressively diminish in numbers, and well down upon

the Salina the surface is comparatively free from stones. These

boulders, so far as I have observed, are of Niagara, Clinton,

Medina, Hudson River, and the crystalline rocks—the latter

including nearly all the larger ones. All the fossiliferous boul-

ders are I'cadily recognized by their lithological character, or by

their fossils, which may be found in abundance in any stone

wall, or other collection of stones in the region. I have found

surface bouldei's apparently of Calciferous and Trenton, but the

fossils of the former were too imperfect for satisfactory determi-

nation, and the latter may have come from limestone layers of

the Hudson River grou]).
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From numerous obsei'vations upon recently cleared lauds, I

should judge the relative i:)roportions of the different rocks re-

presented to be as follows : Medina, crystalline, Hudson River,

Kiagara, Clinton.

The surface soil of the upland along the Niagara outcrop, and

for some distance south, is commonly of sandy loam, Avith boul-

ders freely interspersed. Far down upon the Salina, and north

toward Ontario, it is clayey. The soil of the valleys is of course

much more variable, depending greatly upon the extent to which

it has received the wash of the neighboring hills. All the

swampy valleys have superficial deposits of muck or peat, while

many, somewhat better drained, contain beds of brick-clay.

The surface soil of the uplands is from a few inches to a foot

or two in thickness. Underneath, and separated from it by no

well-defined line, is a deposit of far different character. This is

a compact, tough, generally red, clay, filled with small glaciated

pebbles and boulders. South of the Niagara outcrop, the in-

cluded pebbles and boulders are almost entirely of the dark-blue

hard Niagara limestone, while north of this line they are of

lower rocks. In this clay, are no evidences of true stratification,

though examples of a rude a'ssortment of its materials are not

uncommon. Some of these have been afforded in sinking wells.

One case occurs to my mind, of two wells having about the

same depth, a few rods apart, tapping the same i-eservoir, so

that in dry times the upper may be drained by pumping out the

lower. In this instance, the water-bearing layer is a coarse

black sand, quite unlike the overlying clay, and was struck about

twenty feet below the surface.

Numerous springs occurring on the hillsides also attest the

rude assortment of these drift materials ; for where the clay

occurs in its typical character, it is almost as impervious to

water as a rock.

This clay, with its included stones, is, in short, a typical

boulder clay or till. Though I have described it as found in

the uplands, excavations in the valleys show it in precisely the

same character, though of course its superficial covering is quite

different. An observation Avhich I made last season will illus-

trate this point. After passing through two feet of muck, six

inches of yellow sandy clay, six inches of washed gravel, and
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eight inches of blue clay, the till was reached ; and the first

shovelful of earth, coming from below the blue clay, contained

a small sub-angular boulder of blue limestone, covered with,

striae almost as fresh as if made yesterday. Less than half a

mile down this same valley, which is cup-shaped, and even now
supports a growth of tamarack, the muck and peat were sounded

with a pole to the depth of fifteen feet without finding solid bot-

tom, and a quarter of a mile further south, in a cutting made
to drain the swamp, the boulder clay was seen.

Instances might be multiplied of sections observed in ditches

through uplands and lowlands, in cuttings for roads, etc., all

showing the till in the same general character, however different

may be the surface deposits.

We have here, then, two different kinds of drift deposits, the

superficial and the deep. It remains to consider how they were

placed in their j^resent positions.

When the geological survey of New York wns made, more than

forty years ago, the jseculiar arrangement of the drift in this re-

gion was noted, and the opinion was expressed that the materials

were deposited by streams of running water (Eeport of the 4th

Dist., Hall). Since that time, other writers have expressed a like

opinion with various modifications. Some have supposed that

a broad sheet of glacial drift has suffered aqueous erosion; in

other words, that the valleys have been cut by streams, and that

the steep northern declivities of the hills are proof that the

streams fl.owed toward the south.

That the first explanation is insufficient, in the present state

of geological science, is evident at a glance. Eunning waters

do not deposit unmodified boulder clay, such as we have shown

this to be.

Examination Avill show the second explanation quite as unsat-

isfactory. The first objection is that the valleys are cup-shaped

depressions in the drift; ihe second, that there is an entire ab-

sence of such accumulations of river gravel as must have remain-

ed had a broad sheet of glacial drift been cut by streams.

Either of these objections is fatal to the theory.

From the evidence which I have presented, I think but one

conclusion can be reached, namely that the drift was deposited

here in nearly its present form by a glacier, at least, all its deeper
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portion. As to the superficial layer, including the lai'ger crys-

talline boulders, we cannot be so certain.

But conceding that it was deposited by glacial action, we have

still to account for its peculiar topographical features. Such ex-

tensive deposits of drift, are, perhaps, not veiy uncommon, but

such peculiar regularity of deposition is certainly seldom met

with, at least in this country. Sir Willi;im Logan has reported

something similar in Canada, and as will be shown presently, a

parallel is found in Scotland.

That this great drift deposit cannot be classed with terminal

or lateral moraines, is evident at once from its general composi-

tion, for it differs from them in almost every essential particular.

It must of necessity be termed the moraine 2^rofonde,—the ground

moraine.

Why it came to assume its present shape, instead of that of a

broad sheet of nearly uniform thickness, will, I think, become

evident when we consider the jjoints from which the glacier

forming it came, and the forces which influenced that glaciers

flow in this locality.

In a recently published ai'ticle Professor Hitchcock says, "The
latest generalizations indicate that some part of the Labrador

Peninsula may be considered as the center from which the ice

Inis radiated over the Dominion of Canada and the northern

United States, east of the Eocky Mountains *****
most of this territory exhibits a southwesterly course of glacia-

tion * * * ^yj,]] gliown over the highlands between

Hudson's Bay and the St. LaAvrence Valley, the valley itself,

western New York" etc.; "while in eastern New York and the

Champlain and Hudson Valleys, the course is southerly."

Professor Newberry, in an article on the Surface Geology of

Ohio, presents a very interesting and satisfactory general sum-

mary of the glacial phenomena throughout the Avliole lake re-

gion. He believes that the period opened with the formation

of local glaciers on the Laurentian Mountains, which crept down
and began the excavation of the present lake basins in what Avas

then the valley of a river which drained this portion of the

continent, floAving through the present Mohawk Valley. That,

as the cold increased, these local glaciers partially coalesced,

forming a many-lobed ice-sheet, which moved rad'atingly from
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the southern, southwestern and western slopes of the Canadian

highhmds. To quote his own words :
" The effect of this glacier

ujoon Lake Erie and Lake Ontario, would be to broaden their

basins by impinging against and grinding away, with incon-

ceivable power, their southern margins. To the action of this

agent we must ascribe the peculiar outline of the profile sections

drawn from the Laurentian hills across the basin of Lake On-

tario to the Alleghanies, and across Lake Erie to the highlands

of Ohio, viz., a long, gradual slope from the north to the bottom

of the depression, and then an abrupt ascent over the massive

and immovable obstacle against which the ice was banked, until

by a vis a tergo, it overtopped the barrier. In New York, that

barrier Avas a shoulder of the Alleghanies, too high and too

rugged to be buried under a continuous ice-sheet; but its whole

front was worn away for a hundred miles or more, and it was

deeply creased where we now see the peculiarly elongated lakes

of New York, and cut through, in certain gaps, to the valley of

the Delaware. In Ohio,' the erosion was easier, and carried fur-

ther south. The barrier was also lower, and was finally over-

topped by one great lobe of ice, which flowed on to the south

and west until its edge reached the Ohio River. * * *

AVith the amelioration of the climate, the wide-spread ice-

sheets of the pei'iod of intense cold became again Jocal glaciers,

whicli completed the already begun work of cutting out the

lake basins. At first, the glacier which had before flowed over

the water-shed in Ohio, was so far reduced as to be unable to

overtop its summit, but deflected by it, it flowed along its base,

spending its energies in cutting the shalloAv basin in which Lake

Erie 2iow lies.

"A further elevation of temperature curtailed the glacier still

more, and Lake Erie became a water-basin, while local glaciers,

left from the ice-sheet, excavated the basins of Lake Michigan,

Lake Huron and Lake Ontaiio. The latter lake was apparently

formed by the same glacier that made the Erie basin, but when
much abbreviated. It flowed from the Laurentian hills and the

north slope of the Adirondacks, and was deflected by the high-

lands south of the lake-basin, so that its motion was nearly

westward." *

* Geological Survey of Ohio, Vol H, p. 78.
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Though this summary is in general very satisfactory, the last

statement, namely, that the local glacier which finished the

excavation of the Ontario basin ''was deflected by the highlands

south of the lake-basin, so that its motion was nearly westward,"

if ajiplied to the region which we are considering, would seem

to require modification. The direction of these drift-ridges, to-

gether with their steep northern declivities, render it evident

that the glacier which deposited them came from and retired to

the north. Professor Newberry's remark might, however, be

applied witliout change to the western portion of the Ontario

basin, for in that locality there are no drift-ridges, showing a

different direction of the ice-flow, while the course of the

glacial striae upon exposed rock-surfa'ces supports the view.

These latter, unfortunately, are not accessible to any great ex-

tent in the region occupied by the drift-hills. I regret that I

cannot offer their evidence in corroboration of that afforded by

the hills. We have, however, what I conceive to be much more

important testimony—the direction of the long axes of the cliain

of small lakes south of the hills. A glance at any map of New
York will readily show that lines drawn through the long axes

of Canandaigua, Sene(^a, Cayuga, Owasco and Skaneateles lakes,

converge toward a point on the Canadian shore of Ontario.

That these lake-basins were excavated by glacial action, seems

almost self-evident, and is, indeed, almost universally admitted.

Their radiated arrangement, in my opinion, admits of but one

explanation, namely, that they were cut by one and the same

great glacier, whose margin was broken into several streams in

crossing the mountain ridge, and that this glacier flowed in a

general southerly direction from the Canadian highlands. Fur-

thermore, the maximnm of its force was exerted along its cen-

tral line, in the vicinity of Seneca and Cayuga lakes. Opposite

these lakes the shore of Ontario is deeply indented by a number

of bays, notably by Big Sodus. That the glacier occupied this

region for an immensely long period of time, is evident from the

great depth of the rock-basins of Cayuga and Seneca,—the for-

mer having now a depth of more than fonr hundred, and the

latter of more than six hundred feet. As stated above, Cayuga

formerly extended a dozen miles or more further north than

now. Its buried basin has been sounded at Montezuma, in



The Parallel Drift-Hills of Wester?i New York. 201

borings for briiie, and in driving piles for tlie canal aqueduct,

to the depth of a hundred feet or more. Our estimate of the

extent of glacial erosion in the vicinity of these lakes is, how-

ever, scarcely begun when we have sounded their depths, for

more than a thousand feet of rock were removed before the

present level of their waters was reached.

Attention has already been invited to the fact, that the U]3per

Helderberg escarpment bends several miles south in approach-

ing Cayuga and Seneca lakes, and also to the indentation of the

Ontario shore oi:)posite the locality. Now this indentation of

the Ontario shore is where the Medina sandstone is found at its

lowest level. Taking these facts, together with that of the

maximum of glacial erosion being found along the line where the

exposed rocks are seen at their lowest levels, have we not an

indication of the causes which influenced the ice-flow in this

region ?

Glaciers, like water, at first follow the lines of lowest level.

In the original topography of this region, previous to the ice

period, there was a valley here—not a deep one, it is true, but

deep enough to influence an ice-current. Evidence that this

valley was not confined to the immediate shore of Ontario, is

not wanting. Several miles south of Geneva, the outlet of

Crooked Lake, in its easterly course to Seneca Lake, exhibits a

fine section of the Portage group, Genesee slate, and Hamilton

shales, all dipping to the east at a comparatively high angle.

I think Ave may safely assume that the pre-glacial drainage of

this valley contributed not a little to fit it for the great ice-

current which Avas to come. Indeed, it is generally conceded

by geologists that the ancient excavation in Avhich lies Onondaga

Lake, is probably a buried pre-glacial river-channel; and some

even suppose that this river drained Lake Ontai'io in a south-

easterly direction— a supposition Avhich is highly improbable.

It is much more reasonable to assume that the pre-glacial drain-

age of this region was not far different from its present; and

that the channel of the river where now lies Onondaga Lake, was

not only deepened, but subsequently filled up by the glacial

action, even as appears to have been the case with the north end

of Cayuga Lake, to which allusion has already been made.

However this may be, it appears evident that when the ice
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came, it moved up the shallow valley, described above, radiating

to the east and west as it proceeded; and in the valley it remain-

ed until its final retreat to the north.

Under this ice were formed the parallel hills, in a manner

which, so far as I know, has only been explained by Geikie, and

in the following words: "In narrow and deep hollows, like the

npland valleys, the ice was not liable to such deflections as took

place over the 'debatable' grounds, and the till forming below it

consequently escaped being squeezed to and fro; the valleys were

filled with streams of ice flowing constantly in one and the same

direction, and the probabilities are therefore strong that the

debris which accumulated below would be spread out smoothly.

"In the lowlands the effect produced by the varying direction

and unequal pressure of the ice-sheet is visible in the peculiar

outline assumed by the till. Sometimes it forms a confused

aggregate of softly-swelling mounds and hummocks; in other

places it gives rise to a series of long smoothly-rounded banks or

'drums' and 'sow-backs,' which run parallel to the direction taken

by the ice. This peculiar configuration of the till, although

doubtless modified to some extent by rain and streams, yet was

no doubt assumed under the ice-sheet,—the 'sow-backs' being

the glacial counterparts of those broad banks of silt and sand

that form here and there upon the beds of rivers.

"Perhaps the most admirable example in Scotland of this pe-

culiar arrangement or configuration of the till occurs in the

valley of the Tweed, between the Cheviot Hills and the Lammer-
muirs. In this wide district, all the ridges of till run parallel

to each other, and in a direction approximately east and west.

This, too, is the prevailing trend of the rock-striations and roches

moutonnees in the same neighborhood."*

If our theory be correct, the region which we are considering

must, indeed, have been "debatable," no less than some of the

localities mentioned by Geikie, for it must have been the north

and south line whence the ice was deflected both eastward and

westward, and fluctuations of lateral pressure must have been

both numerous and striking. Add to this the change of form

assumed by the ice in passing from the broad basin of Ontai'io

* The Great Ice Age, by James Geikie, F. R. S. E., etc., p. 88. N. Y., 1874.
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into the basins of the Cayuga and Seneca, whei'e it swept between

sloping walls of rock nearly 2000 feet in height, and we need

not be surprised to find the drift in its present position and shape.

A carious and interesting effect of this change of form in tlie

ice as it ajiproached Cayuga and Seneca, is shown in the direc-

tion of the drift-hills in the northwestern part of Seneca County,

viz. several degrees west of north, as if the lower part of the

glacier which fashioned them had been forced by lateral pressure

toward the lake valleys.

It remains to consider the question of how these hills escaped

the changes, so commonly incident to the drift, during the melt-

ing of the glaciers.

As the ice had crejit slowly down to the line which now marks

its ancient termination, so did it slowly retire at the close of the

glacial epoch. Daring its retreat from Pennsylvania to the

highlands of Xew York, the water from its melting edge flowed

freely away, and often sorted the drift materials, depositing

them not unfrequently in a more or less stratified condition.

When, however, the highlands were passed, the conditions

changed, and a lake was formed whose southern shore was the

mountain ridge, Avhile its northern boundary was a wall of ice.

Evidences of the southern shore-line are still apjjai-eut in certain

ill-defined beaches, which were described by Professor Hall forty

years ago, when they were much better marked than now ; and

its northwestern boundary is outlined by beaches in the vicinity

of Toronto, several hundred feet above the present level of

Ontario.

This lake undoubtedly discharged its waters southward through

the valleys in which lie the small lakes of the mountain ridge.

During this period, the parallel drift-hills were in deep watei",

and hence beyond the reach of deniiding agencies, though they

doubtless received the debris of melting icebergs, particularly

the large boulders of crystalline rocks which here and there

dot the surface, but are not present in the boulder clay.

As the melting progressed still further, the Mohawk Valley

Avas probably opened, and the Avater sank below the line of the

lowest pass of the highlands to the south—that of Seneca Tiake,

wdiose summit is now about nine hundred feet above sea-level.

That the St. Lawrence vallev was still closed with ice, is ren-
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dered jorobable by the eyidence we have that Lake Ontario stood

for a long time at a point two hundred feet above its present

level. This evidence is afforded by the old lake ridge, which,

beginning near Big Sodus Bay, extends westward to and beyond

the ISTiagara River, at a distance of from three to five miles from

the lake. Its height, about two hundred feet above Ontario, is

several feet above the summit level of the Mohawk Valley, while

this latter has evidently been considerably silted up since Onta-

rio ceased to discharge its waters in this direction. Moreover,

that there w^as ice not far distant, while this lake ridge was be-

ing formed, is proved by the absence of fossils from the ridge

itself, and from the heavy beds of clay deposited during the same

period. Professor Hall did, indeed, report from hearsay evi-

dence, the finding of shells in the ridge, but I am not aware

that the report has been verified. The clays are, I am sure,

barren of fossils.

The eastern terminus of the ridge is peculiarly interesting.

As shown by the map, near Big Sodus Bay it turns to the soutli-

east. It may be traced in this direction for two or three miles,

and is then lost in the cultivated fields. Why is this ?

As has been shown, the surface rocks of this region rise to

the w^est of Sodus. ISTow, west of this point, the lake ridge

is at about the level of the valleys in the drift, while east-

ward the valleys are deeper, and hence a continuous beach was

impossible. The waters of the lake did, however, work great

havoc with many of the lai-ger hills, evidence of which fact is

still apparent in the beds of sand and j'ounded pebbles about

them, and of clay in the valleys. Naturally, such evidence is

found near the present lake shore, since the first ranges of hills

would break the force of the Avaves, and in a measure protect

those further south. Again, the ranges of hills still further

south, facing Cayuga and Seneca lakes, suffered denudation in

the same manner and at the same times, though of course to a

much less-marked extent. The beds of sand between Lyons

and Geneva, and at numerous other points along the valley of

the Clyde and Seneca rivers, were undoubtedly deposited at this

period by wave-action. There was thus a belt between Ontario

and Cayuga and Seneca lakes protected against wave-action
;

here we find the hills nearly as they were left by the glacier, and
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as tliey have been described in this 2)aper ; and licre, though

there are some nnimportant beds of chiy, there are no beach

sands.

The elevations above Ontario of a few localities, will enable

lis to form an idea of the general appearance of the region in

those ancient times.

The signal-station of the New York State Survey, two miles

south of Clyde, is u])on a hill 3<S8 feet above Ontaiio ; that at

Victory, seventeen miles distant, 323 feet, and the one at Gil-

bertsville, seventeen miles further east, 27G feet ; the Clyde

River at Clyde, 145 feet. Hence, when Ontario stood at the

level of the old ridge, there were more than 50 feet of water in

the Clyde, while the hills upon which stand the signal stations

were islands from 75 to 200 feet above the lake. True, these

hills are amono- the hio-hest of the reo-ion, but there are scores

of others neai-ly or quite as high, while all of the larger valleys

are but little above that of the Clyde River. The one running

north from Clyde village was many years ago surveyed for a

canal, to connect the Erie with Big Sodus, but which failed of

completion from financial, not engineering, difiiculties. The
valley.stretching north from the Montezuma marshes to Wolcott

was also vsurveyed, with a view to ascertaining the practicability

of draining the marshes in this direction, and it was shown that

a cutting of eighteen feet would etiect the object.

Seneca Lake is 207 feet above Ontario ; Cayuga, 131 feet

;

Onondaga, 118 feet ; and the summit-level of the Erie Canal in

the Mohawk Valley, 182 feet. The following are elevations along

the line of the Ontario shore ]'ailroail : Hannibal, 93 feet

;

Sterling, 72 feet ; Red Creek. 87 feet ; \Yolcott, 112 feet ; Rose,

141 feet; Alton, 154 feet; Wallington, 160 feet; Sodus (near

the lake ridge), 182 feet; and Ontario, 169 feet.

Along the immediate shore of the lake west of Big Sodus Bay,

the elevation is not greater than 60 feet, while east of this

point, a number of hills attain the altitude of 120 feet (Charts

of the IJ. S. Lake Survey).

These figures, meagre as they are, present to the mind a gra-

phic picture of this region when the waters of Ontario were

raising the ancient beach. Every prominent hill of to-day was

then an island, and every considerable valley a deep channel,
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througli which the waters circulated sh)wly toward the gate

whence they were discharged from the lake-basin. The gate,

we assume, for reasons already stated, to have been the Mohawk
Valley.

During this period the ice was still retreating; and finally

the St. Lawrence valley was opened. The waters then sank be-

low the summit-level of the MohaAvk, and have since flowed in

their present channel.

This last change must have occurred with comparative ra-

pidity, for the waters of Ontario sank so ra2:)idly as to have

formed no beach between the old Lake Kidge and its present

level. Now, had this change been due, as is believed by many,

to an elevation of the land, we might reasonably expect to find

some intermediary beaches. That an elevation of land was in

progress is not doubted ; but that an elevation, continental in

extent, should have occurred with such rapidity as to have pro-

duced the effects ascribed to it in the lake region, seems at least

problematical ; while the giving way of an ice-dam in the upper

St. LaAvrence valley i3resents no such difficulties.

During the progress of this final recession of the waters of

Ontario, the drift in the region of the parallel hills suffered con-

siderable erosion, evidences of Avhicli are found in the river

valleys, and in the gorges of the small streams leading into the

bays along the lake shore. Naturally, the valley of the Oswego

Eiver exhibits the best evidences attainable of the erosion of

this period. Here a]-e found heavy beds of sand and gravel, far

above the present channel, to mark the rush of those ancient

waters.

NOTE.

In the compilfition of the accompanying map, the writer has to acknowl-

edge his indebtedness to the cliarts of tlie U. S. Lalve Survey, the prelimin-

ary maps of the New York State Survey, the Geological Survey of New
York, the Geological Railway Guide, by James MacFarlane, Ph. D.

;

Mr. O. S. Wilson, Assistant in Charge, N. Y. State Survey; and Mr. E. A.

Doane, Chief Engineer, R, W., & O. R. R.

His thanks are also due to Prof. R. P. Whitfield, Curator of the Geo-

logical Department of the American Museum of Natural History, for the

determination of fossils, and for much other valuable assistance.



The Origin and Belations of the Curhoii Minerals. 2G1

XVI.

—

The Origin and Relations of the CarTjon Minerals.

BY J. S. NEWBERRY.

Read February 6th, 1882.

What are called the carbon minerals,—peat, lignite, coal, gra-

phite, asphalt, petroleum, etc.,—are, properly speaking, not

minerals at all, as they arc organic substances, and have no

definite chemical composition or crystalline forms. They are,

in fact, chiefly the products or jDhases of a progressive and

inevitable change in plant-tissue, which, like all organic matter,

is an unstable compound and destined to decomposition.

In virtue of a mysterious and inscrutable force which resides

in the microscopic embryo of the seed, a tree begins its growth.

For a brief interval, this growth is maintained by the prepared,

food stored in the cotyledons, and this suffices to produce and to

bring into functional activity some root-fibrils below and leaves

above, with which the independent and self-sustained life of the

individual begins. Henceforward, perhaps for a thousand years,

this life goes on, active in summer and dormant in winter, ab-

sorbing the sunlight as a motive power, which it controls and

guides Its instruments are the discriminating cells at the ex-

tremities of the root-fibrils, which search for, select and absorb

the crude aliment adapted to the needs of the plant to which

they belong, and the chlorophyll cells—the lungs and stomach

of the tree—in the leaves. During all the years of the growth

of the plant, these organs are mainly occupied in breaking the

strongly rivetted bonds that unite oxygen and carbon in car-

bonic acid ; appropriating the carbon and drawing off most of

the oxygen. In the end, if the tree is, e. g., a Sequoia, some hun-

dreds of tons of solid organized tissue have been raised into a
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colamn hundreds of feet in height, in opposition to the force of

gravitation, and to tlie affinities of inorganic chemistry.

The time comes, hoAvever, sooner or kiter, when the power

which has created and the life that has pervaded this wonderful

structure, abandon it. The affinities of inorganic chemistry

immediately reassert themselves ; in ordinary circumstances

rapidly tearing down the ephemeral fabric.

The disintegration of organic tissue, when deserted by the

force which has animated and preserved it, gives rise to the

phenomena which form the theme of this paper.

Most animal tissue decomposes with great rapidity, and plant-

tissue, when not protected, soon decays. This decay is essen-

tially oxidation, since its final result is the restoration to the

atmosphere of carbonic acid, wliich is broken up in plant-growth

by the appropriation of its carbon. Hence it is a kind of com-

bustion, although this term is more generally applied to very

rapid oxidation with the evolution of sensible light and heat.

But whether the process gots on rapidly or slowly, the same

force is evolved that is absorbed in the growth of plant-tissue
;

and by accelerating and guiding its evolution, we are able to

utilize this force in the production at will of heat, light, and

their correlatives, chemical affinity, motive power, electricity

and magnetism. The decomposition of plants may, however,

be more or less retarded, and it then takes the form of a de-

structive distillation; the constituents reacting upon each other,

and forming temporaiy combinations, ])art of Avhich are evolved,

and part remain behind. Water is the great extinguisher of

this as of the more rapid oxidation that we call combustion;

and the decomposition of plant-tissue under water is extremely

slow, from the partial exclusion of oxygen. Buried under thick

and nearly impervious masses of clay, where the exclusion of

oxygen is still more nearly complete, the decomposition is so far

retarded that plant-tissue, which is destroyed by combustion

almost instantaneously, and if exposed to "the elements,"

—

moisture with a free access of oxygen,—decays in a year or two,

may be but partially consumed when millions of years have

passed. The final result is, hoAvever, inevitable, and always the

same, viz., the oxidation and escape of the organic matter, and

the concentration of the inorganic matter woven into its com-
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])ositioD,—in it, but not of it,—foi'ming what Ave cull the ash of

the ];)lant.

Since the decomposition of organic matter commences the

instant it is abandoned by the creative and conservative vital

force, and proceeds uninterruptedly, whether slowly or rapidly,

to the final result, it is evident that each moment in the progress

of this decomposition presents us with a phase of structure and

composition different from that which preceded and from that

which follows.it. Hence the succession of these phases forms a

complete sliding scale, which is gi'ai)hically shown in the follow-

ing diagram, where the organic constituents of plant-tissue

—

carbon, hydrogen, oxygen, and nitrogen—ajjpear gradually di-

minishing to extinction, while the ash remains nearly constant,

but relativvily increasing, till it is the sole representarive of the

fabric.

DIAGRAM SHOWING THE GENETIC RELATIONS
OF THE CARBON MINERALS.

EVOLVED PRODUCTS
Corbunic Acid

Garb Oxide

Carb. Hydrogen

Petroleum

Water

RESIDUAL PRODUCTS

AVe may cut this triangle of residual products Avhere Ave please,

and by (\areful analysis determine accurately the chemical com-

position of a section at this point, and yve may please ourselves

Avith the illusion, as many chemists have done, that the definite

proportions found represent the formula of a specific compound;

but an adjacent section above or beloAv Avould shoAv a different

composition, and so in the entire triangle Ave should find an in-

finite series of formulas, or rather no constant formula? at all.

We should also find that the slice, taken at any point while

lying in the laboratory or undergoing chemical treatment, would

change in composition, and become a different substance.

In the same Avay we can snatch a brand from the fire at

any stage of its decomposition, or analyze a decaying tree-

trunk during any month of its existence, and thus manufacture



270 Tim Origin and Relations of the Qarhon Minerals.

as many cliemical formulae as Ave like, and give them specific

names ; but it is evident tliat this is child's play, not science.

The truth is, the slowly decomposing tissue of the plants of past

ages has given us a series of phases which we have grouped un-

der distinct names, and we have called one gronp peat, one

lignite, another coal, another anthracite, and another grap)hite.

We have spaced off the scale, and called all within certain lines

by a common name ; but this does not give us a common com-

position fox all the material within these lines. Hence we see

that any efPort to define or describe coal, lignite or anthracite,

accurately, must be a failure, because neither has a fixed com-

position, neither is a distinct substance, but simply a conven-

tional group of substances which form part of an infinite and

indivisible series.

But this sliding scale of solid compounds, which we designate

by the names given above, is not the only product of the natural

and spontaneous distillation of ])lant-tissue. Part of the origi-

nal organic mass remains, though constantly wasting, to rejDre-

sent it ; another part escapes, either completely oxidized as car-

bonic acid and water, or in a volatile or hquid form, still retaining

its organic character, and destined to future oxidation, known
as carburetted hydrogen, defiant gas, petroleum, etc.

Hence, in the decomposition of vegetable tissue, two classes

of resultant compounds are formed, one residual and the other

evolved; and the genesis and relation of the carbon minerals may
be accurately shown by the following diagram.

PLANT-TISSUE.

Eesidual Products.

Peat.

I

Lignite.

I

Bituminous Coal.

Semi-bituminous Coal.

Anthracite.

Graphitic Anthracite.

Graphite.

Ash.

Evolved Products.

Carbonic Acid.

Carbonic Oxide.

Carburetted Hydrogen, etc.

Water.
'Maltha.

Petroleum.
Asphalt, etc.

Asphaltic Coal.

I

Asphaltic Anthracite.
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[Note.—In this diagram, the vertical line connecting the

names of the residual products (and of the derivatives of petro-

leum) indicates that each succeeding one is produced by farther

alteration from that which precedes it, and not independently.

Also, the arrangement of the braces is designed to show that

any or all of the evolved products are given ofl: at each stage of

alteration.]

The theory here propo-ed has not been evolved from my in-

ner consciousness, but has grown from careful study, through

many years, of facts in the field. A brief sketch of the evidence

in favor of it is all that we have space for here.

Residcal Products.

Peat.—Dry plant-tissue consists of about 50 per cent, of car-

bon, 44 per cent, of oxygen, with a little nitrogen, and 6 per

cent, of hydrogen. In a peat-bog, Ave find the uj^per part of the

scale represented above very Avell shown
;
plants are growing on

the surface with the normal composition of cellulose. The
first stratum of peat consists of browned and partially decom-

posed plant-tissue, Avhich is found to have lost perhaps 20 per

cent, of the components of wood, and to have acquired an in-

creasing ]~iercentage of carbon. As we descend in the peat, it

becomes more homogeneous and darker, until at the bottom of

the marsh, ten or twenty feet from the surface, we have a black

carbonaceous paste which, when dried, resembles some varieties

of coal, and a])proaclies them in composition. It has lost half

the substance of the original plant, and shows a marked increase

in the relative proportion of carbon.

Lignite.—Each inch in vertical thickness of the peat-bog re-

presents a phase in the progressive change from wood-tissue to

lignite, using this term with its common signification, to indi-

cate, not necessarily carbonized ligneous tissue, but plant-tissue

that belongs to a j)ast though modern geological age ; i. e., Ter-

tiary, Cretaceous, Jurassic, or Triassic. These lignites or mod-

ern coals ai'e only peat-beds which have been buried for a longer

or shorter time under clay, sand or solidified rock, and have pro-

gressed farther or less far on the road to coal. As with peats, so
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with lignites, we find that at different ge()h)gical levels they ex-

hibit different stages of this distillation—the Tertiary lignites

being usnally distinguished without difficulty by the presence of

a larger quantity of combined water and oxygen, and a less

quantity of carbon, than the Cretaceous coals, and these in turn

differ in the same respects from the Triassic.

All the coals of the Tertiary and Mesozoic ages are grouped

under one name ; but it is evident that they are as different from

each other as the new and spongy from the old and well-rotted

jieat in the peat-bog.

Coal.—By mere convention, we call the peat which accumu-

lated in the Carboniferous age by the name of bituminous coal

;

and an examination of the Carboniferous strata in different

countries has shown that the peat-beds formed in the Cai'boni-

ferous age, though varying somewhat, like others, with the kind

of vegetation from which they Avcre derived, have a common
character by which they may be distinguished from the more

modern coals ; containing less watei', less oxygen, and more car-

bon, and usually exhibiting the property of coking, which is rare

in coals of later date. Though there is great diversity in the

Carboniferous coals, and it would be absurd to express their

composition by a single formula, it may be said that, over the

Avhole world, these coals have characteristics, as a group, by

which they can be recognized, the result of the slow decomposi-

tion of the tissue of plants which lived in the Carboniferous age,

and which have, by a broad and general change ajoproximated to a

certain phase in the spontaneous distillation of plant-tissue.

An experienced geologist will not fail to i-efer to their proper

horizon a group of coals of Carboniferous age, any more than

those of the Cretaceous or Tertiary.

Anthracite.—In the ages anterior to the Carboniferous, the

quantity of laud vegetation was apparently not sufficient to form

thick and extensive beds of peat; but the remains of plant-tissue

are contained, in all the older formations, though there only

as anthracite or graphite—the last two groups of residual

products. Of these we have examples in the beds of graphite in

the Laurentian rocks of Canada, and of anthracite of the Lower

Silurian strata of Upper Church and Kilnaleck, Ireland.
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From these facts it is app:irent that the cai'bon series is

graded geologically, that is, by the lapse of time during which

])laiit-ti.ssue has been sn))jected to this natural and spontaneous

distillation. But we have better evidence than this, of the deri-

vation of one from another of the groups of residual products

which have been enumerated. In many localities, the coals and

lignites of diiferent ages have been exjiosed to local influences

—

such as the outbursts of tr;ip-rock, or the metamorphism of

mountain chains,—which have liastened the distillation, and out

of known earlier groups have produced the last. For example,

trap outbursts have converted Tertiary lignites in Alaska into

good bituminous coals ; on Queen Charlotte's Island, on Anthra-

cite Creek, in southwestern Colorado, and at the Placer Moun-
tains near Santa Fe, New Mexico, Cretacedns lignites into

anthracite ; those from Queen Chirlotte's Island and south-

western Colorado, are as bright, hard and valuable as any from

Pennsylvania. At a little distance from the focus of volcanic

action, the Cretaceous coals of southwestern Colorado have

been made bituminous and coking, while at the Placer Moun-

tains the same stratum may be seen in its anthracitic and

lignilic stages.

A still better series, illustrating the derivation of one form of

carbon solids from another, is furnished by the coals of Ohio,

Pennsylvania and Ehode Island. These are of the same age

;

in Ohio, presenting the normal composition and physical char-

acters of bituminous coals, that is, of plant-tissue generally, and

uniformly descending the scale in the lapse of time from the

Carboniferous age to the present. In the mountains of Penn-

sylvania the same coal-beds, somewhat affected by the metamor-

phism which all the rocks of the Alleghanies have shared, have

reached the st;ige of semi-bituminous coals, where half the

volatile constituents have been driven off ; again, in the anthra-

cite basins of eastern Pennsylvania, the distillation further

effected has formed from these coals anthracite, containing only

from three to ten per cent, of volatile matter ; while in the

focus of metamorphic action, at Newport, Rhode Island, the

Carboniferous coals have been changed to grajyhitio anthracite,

that is, are half anthracite and half graphite. Here, traveling

from west to east, a progressive change is noted, similar to that



274 The Origin and Relations of the Carbon Minerals.

wliicli may be observed in making a vertical section of a peat-

bog, or in comparing the coals of Tertiary, Mesozoic and Car-

boniferous age, only the latter is the continuation and natural

sequence of the former series of changes.

In the Laurentian rocks of Canada are large accumulations of

carbonaceous matter, all of Avhich is graphite, and that which

is universally c(mcedecl to be derived from plant-tissue. The

oxidation of graphite is artificially difficult, and in nature's la-

boratory slow ; but it is inevitable, as we see in the decomposi-

tion of its outcrops and the blanching of exposed surfaces of

clouded marbles, where the coloring is graphite. Thus the end

is reached, and by observations in the field, the origin and re-

lationship of the different carbon solids derived from organic

tissue are demonstrated.

It only remains to be said, in regard to them, tliat all the

changes enumerated may be imitated artificially, and that the

stages of decomposition which we have designated by the names

graphite, anthracite, coal, lignite, are not necessary results of

the decomposition of plant-tissue. A fallen tree may slowly

consume away, and all its carbonaceous matter be oxidized and

dissipated without exhibiting the phases of lignite, coal, etc.
;

and lignite and coal, when exposed to air and moisture, are

burned away to ashes in the same manner, simply because in

these cases complete oxidation of the carbon takes place, particle

by particle, and the mass is not affected as a wliole in such a

way as to assume the intermediate stages referred to. Chemical

analysis, however, proves that the process is essentially the same,

although the physical results are different.

Evolved Pkoducts.

The gradual wasting of plant-tissue in the formatiou of peat,

lignite, coal, etc., may be estimated as averaging for peat 20 to

30 per cent. ; lignite, 30 to 50 per cent. ; coal, 50 to 70 per

cent. ; anthracite, 70 to 80 ; and graphite, 90 per cent, of the

original mass. The evolved products ultimately represent the

entire organic portion of the wood—the mineral matter, or ash,

being the only residuum. These evolved products include both

liquids and gases, and by subsequent changes, solids are pro-
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diicecl from some of them. Carbonic acid, carbonic oxide,

niti'ogenous and hydro-carbon gases, water and petroleum, are

mentioned above as the substances which escape from wood-

tissue during its decomposition. Tliat all these are eliminated

in the decay of vegetable and animal structures, is now generally

conceded by chemists and geologists, although there is a wide

dilference of opinion as to the nature of the process.

It has been claimed that the evolved products enumerated

above are the results of the primary decomposition of organic

matter, and never of further changes in the residual products

;

i. e., that in the breaking-up of organic tissue, variable quanti-

ties of coal, anthracite, petroleum, marsh-gas, etc., are formed,

but that these are never derived the one from the other. This

oj)inion is, however, certainly erroneous, and the formation of

any or all the evolved products may take place throughout the

entire progress of the decomposition. Marsh-gas and carbonic

acid are seen escaping from the surface of pools where

recent vegetable matter is submerged, and they are also elimi-

nated in the further decomposition of peat, lignite, coal and.

carbonaceous shale. Fire-damp and choke-damp, common names

for the gases mentioned above, are produced in large quantities

in the mines where Tertiary or Cretaceous lignites, or Carboni-

ferous coals or anthracites are mined. It has been said that

these gases are simply locked up in the interstices of the carbon-

aceous matter, and are liberated in its excavation ; but all who
have worked coal-mines know that such accumulations are not

sufficient to supply the enormous and continuous flow which

comes from all parts of the mass penetrated. We have ample

proof, moreover, that coal, when exposed to the air, undergoes

a kind of distillation, in which the evolution of carbonic acid and

hydro-carbon gases is a necessary and prominent feature.

The gas-makers know, that if their coal is permitted to lie for

months or years after being mined, it suffers serious deteriora-

tion, yielding a less and less quantity of illuminating gas with

the lapse of time. So coking coals are rendered dry, non-

caking, and valueless for this purpose, by long exposure.

Carburetted hydrogen, olefiant gas, etc., are constant associ-

ates of the petroleum of springs or wells, and this escape of gas

and oil has been going on in some localities, without a2:)parent
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dimiuntion, for two or three thousand years. We can only ac-

count for the persistence of this flow by supposing that it is

maintained by the gradual distillation of the carbonaceous

masses with which such evolutions of gas or of liquid hydro-

carbons are always connected. If it were true that carburetted.

hydrogen and petroleum are produced only from the primary

decomposition of organic tissue, it would be inevitable that at

least the elastic gases would have escaped long since.

Oil-wells which have been nominally exhausted—that is, from

Avhicli the accumulations of centuries in rock reservoirs have been

pumped—and therefore have been abandoned, have in all cases

been found to be slowly replenished by a current and constant

secretion, apparently the product of an unceasing distillation.

In the valley of the Cumberland, about Bnrkesville, one of

the oil-regions of the country, the gases escaping from the

equivalent of the Utica shale accumulate under the plates of

impervious limestone above, until masses of rock and. earth,

hundreds of tons in weight, are sometimes thrown out with great

violence. Unless these gases had been produced by compara

tively recent distillation, such ex})losions could not occur.

In opening a coal-mine on a hillside, the first traces of the

coal-seam are found in a dark stain in the superficial clay ; then

a substance like rotten wood is reached, from which all the vola-

tile constituents have escaped. These appear, however, later,

and continue to increase as the mine is deepened, until under

water or a heaA'y covering of rock, the coal attains its normal

physical and chemical characters. Here it is evident that the

coal has undergone a long-continued distillation, which must

have resulted in the constant production of carbonic acid and

carburetted hydrogen.

A line of perennial oil and gas springs marks the outcrop of

every great stratum of carbonaceous matter in the country. Of

these, the most considerable and remarkable are the bituminous

shales of the Silurian (Utica shale), of the Devonian (Hamilton

and Huron shales), the Carboniferous, etc. Here the carbona-

ceous constituent (10 to 20 per cent.) is disseminated through

a great proportion of inorganic material, clay and sand, and

seems both from the nature of the materials which furnished

it,—cellular plants and minute animal organisms,—and its dis-
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semination, to be specially prone to sj^ontaneous distillntion. The
Utiea slifile is the lowest of these gi'eat sheets of carbonaceous

matter, and that supplies the hydro-carbon gases awd liquids

which issue from the earth at CoUmgwood, Canada, and in the

valley of the Cumberland. 'J'he next carbonaceous sheet is

formed by the great bituminous shale-beds of the Upper Devo-

nian, which underlie and supply the oil-wells in western Penn-

sylvania. In some places the shale is several hundred feet in

thickness, and contains more carbonaceous matter than all the

overlying coal strata. The outcrop of this formation, from

central New York to Tennessee, is conspicuously markfxl by

gas-springs, the flow from which is apparently unfailing.

Petroleum is scarcely less constant in its connection Avith

these carbonaceous rocks than carburetted hydrogen, and it only

escapes notice from the little space it occupies. The two sub-

stances are so closely allied that they must have a common origin,

and they are in fact generated simultaneously in thousands of

localities. '

s

During the oil excitement of some years since, when the whole

country was hunted over for "oil-sign," in many lagoons, from

which bubbles of marsh-gas were constantly escaping, films of

genuine petroleum were often found on the surface ; and as the

nnderlying strata were barren of oil, this could only have been

derived from the decaying vegetable tissue below. In the Bay of

Marquette, two or three miles north of the town, where the shore

is a ])eat-bog underlain by Archaean rocks, I have seen bubbles

of carburetted hydrogen rising in great numbers, attended by

drops of ]oetroleum, which spread as iridescent films on the

surface.

The remarks which have been made in regard to the hetero-

genous nature of the solid hydro-carbons, apply with scarcely

less force to the gaseous and liquid pi'oducts of vegetable de-

composition. The gases which escape from marshes contain

carbonic acid, a number of hydro-carbon gases {or the materials

out of which they may be composed in the process of analysis),

and finally a larger or smaller volume of nitrogenous gas. It is

jDossible that the elimination of these gases takes the form of

fractional distillation, and definite compounds may be formed

directly from the wood-tissue or its derivatives, and mingle as
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they escape. This is, however, not certiiin, for the gases, as we

find them, are always mixtures and never pure. In the liquid

evolved products, the petroleums, this is emphatically triie, for

we combine under this name fluids which vary greatly in both'

their physical and chemical characters ; some are light and

ethereal ; others are thick and tarry ; some are transparent,

some opaque ; some red, some brown, others green ; some have

an offensive and others an agreeable odor; some contain asphalt

in large quantity, others paraffine, etc. Thus they form a

heterogeneous assemblage of liquid hydro-carbons, of which naph-

tha and maltha may be said to form the extremes, and which

have little in common, except their undetinable name. The

causes of these differences are but imperfectly understood, but

we know that they are in pai't dependent on the nature of the

organic material that has furnished the petroleums, and in ptirt

upon influences affecting them after their formation. For ex-

ample, the oil which saturates the Niagara limestone at Chicago,

and which is undoubtedly indigenous in this rock, and probably

of animal origin, is black and thick ; that from Enniskillen,

Canada, is also black, has a vile odor, jirobably in virtue of sul-

phur compounds, and we have reason to believe is derived from

animal matter. The oils of northwestern Pennsylvania are

mostly brown, sometimes green by reflected light, and have a

pungent and characteristic odor. These are undoubtedly de-

rived from the Hamilton shales, which contain ten or twenty

per cent, of carbonaceous matter, apparently produced from the

decomposition of sea-weeds, since these are in j)laces exceed-

ingly abundant, and nearly all other fossils are absent.

The oils of Italy, though varying much in appearance, have

usually an ethereal odor that is rather agreeable; they are of

Tertiary age. The oils of Jaj)an, differing much among them-

selves, have as a common character an odor quite different from

the Pennsylvania oils. So the j)etroleums of the Caspian, of

India, California, etc., occuring at different geological horizons,

exhibit a diversity of physical and chemical characters which

may be fairly supposed to depend ujoon the material from which

they have been distilled. The oils in the same region, however,

are found to exhibit a series of differences which ai-e phiinly the
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result of causes operating upon tliem after their production.

Near the surface, fhey are thicker and darker; below, and near

the carbonaceous mass fi'om wli ch they have been generated,

they are of lighter gravity and color. We find, in limited

quantity, oils which are nearly white, and may be used in lamps

without refining, — which have been I'efined, in fact, in nature's

laboratory. Others, that are reddish yellow by transmitted light,

sometimes green by reflected light, are called amber oils, these

also occur in small quantity, and as I am led to believe, have

acquired their characteristics by filtration through masses of

sandstone. Whatever the variety of petroleum may be, if ex-

posed for a long time to the air, it undergoes a spontaneous distilla-

tion, in which gases and vapors, existing or formed, escape, and

solid residues are left. The nature of these solids varies with

the petroleums from which they come, some producing asphal-

tnm, others paraffine, others ozokerite, and so on through a long

list of substances, which have received distinct names as mineral

species, though rarely if ever possessing a definite and invariable

composition. The change of ])etroleum to asphalt may be wit-

nessed at a great number of localities. In Canada, the black

asphaltic oil forms by its evaporation great sheets of hard or

tarry Msphalt, called gum-beds, around the oil-springs. In the

far West, are numerous springs of petroleum, which are known
to the hunters as ''far-springs," because of the accumulations

about them of the products of the evaporation and oxidation of

petroleum to tar or asphalt. Certain less common oils yield ozo-

kerite as a solid, and considerable accumulations of this are

known in Galicia and Utah.

Natural paraffine is less abundant, and yet in places it occurs

in considerable quantity. Asphalt is the common name for the

solid i-esidue from the evaporation and oxidation of petroleum;

and large accumulations of this substance ai'e known in many
parts of the world, perhaps the most noted of all being that of

the "Pitch Lake" of the island of Trinidad;—there, as every

where else, the derivation of asphalt from petroleum is obvious

and traceable in all stages. The asphalts, then, have a common
history in this, that they are produced by the evaporation and

oxidation of petroleum. But it should also be said that they

share the diversity of character of petroleums, and the term
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asphalt represents a group of substances of which the physical

characters and chemical composition differ greatly in virtue of

their derivation, and also differ from changes which they are

constantly undergoing. Thus at the Pitch Lake in Trinidad,

the central portion is a tarry petroleum, near the sides a plastic

asphalt, and finally that which is of almost rock-like solidity.

Hence we see that the solid residues from petroleum are unstable

compounds like the coals and lignites, and in virtue of their

organic nature are constantly undergoing a sei'ies of changes of

which the final term is combustion or oxidaticm. From these

facts we might fairly infer that asphalts formed in geological

ages anterior to the present would exhibit characters resulting

from still further distillation ; tliat they would be harder and

drier, i. e., containing less volatile ingredients, and more fixed

carbon. Such is, in fact, the case; and these older asphalts are

represented by Grahamite, Albertite, etc., which I have desig-

nated as asphaltic coals. These are found in fissures and cavities

in rocks of various ages, which have been more or less disturbed,

and usually in regions where springs of petroleum now 'exist.

The Albertite fills fissures in Carboniferous rocks in Isew Bruns-

wick, on a line of disturbance and near oil-springs. Precisely

the same may be said of the Grahamite of West Virginia. It

fills a vertical fissure, which was cut through the sandstones and

shales of the Coal-measures; in the sandstones it remained ojien,

in the shales it has been closed by the yielding of the rock. The

Grahamite fills the open fissure in the sandstone and was plainly

introduced when in a liquid state. In the vicinity are oil

springs, and it is on an axis of disturbance. From near Tam])ico,

Mexico, I have received a hydrocarbon solid—essentially Gra-

hamite,—asphalt and petroleum. These are described as occur-

ing near together, and evidently represent phases of different

dates in the same substance. I have collected asphaltic coals, very

similar to Grahamite and Albertite in appearance and chemical

composition, in Colorado and Utah, where they occur with the

same associates as at Tampico. I have found at Canajoharie,

Xew York, in cavities in the lead-veins which cut theUtica shale,

a hydro-carbon solid which must have infiltrated into these

cavities as petroleum, but which, since the remote period, when

the fissures were formed, has been distilled until it is now



The Origin and Relations of the Carbon Minerals. 281

anthracite.' Similar anthracitic asphalt or asplialtic anthracite

is common in the Calciferons sand-rock in Herkimer County,

New York, where it is associated with, and often contained in,

the beautiful crystals of quartz for which the locality is famous.

Here the same phase of distillation is reached as in the coke

residuum of the petroleum stills.

Finally, in some crystalline limestones, detached scales or crys-

tals of graphite occur, which are undoubtedly the product of the

complete distillation of liquid hydro-carbons with which the

rock was once impregnated. The remarkable jourity of such

graphite is the natural result of its mode of formation, and such

cases resemble the occurrence of graphite in cast iron and basalt.

The black clouds and bands wdiich stain many otherwise white

marbles are generally due to specks of graphite, the residue of

hydro-carbons which once saturated the rock. Some limestones

are quite black from the carbonaceous matter they contain

(Lycoming Valley, Penn., Glenn's Falls, N. Y. and Collingwood,

Canada), and these are sold as black marbles, but if exposed to

heat, such limestones are blanched by the expulsion of the con-

tained carbon ; usually a residue of anthracite or graphite

is left, forming dark spots or streaks, as we find in the clouded

and banded marbles.

In the preceding remarks, no effort has been made even to

enumerate all the so-called carbon minerals which have been de-

scribed. This was unnecessary in a discussion of the relations

of the more important groups, and would have extended this ar-

ticle much beyond its prescribed length. Those who care to

gain a fuller knowledge of the different members of the various

groups, are referred to the admirable chapter on the "Hydro-

carbon Compounds" in Dana's Mineralogy.

It will however add to the value of this paper, if brief mention

be made of a few carbon minerals of which the genesis and re-

lations are not generally known, and in regard to which special

interest is felt, such as the diamond, jet, and the hydro-carbon

jellies, "Do2:)plerite," etc.

The diamond is found in the debris of metamorphic rocks in

many countries, and is probably one of the evolved products of

the distillation of organic matter they once contained. Under
peculiar circumstances it has aj)parently been formed by precip-
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itation from sulphide of carbon or some other volatile carbon

compound by elective affinity. Laboratory experiments have

proved the possibility of producing it by such a process, but

the artificial crystals are microscopic, perhaps only because a

long time is required to build up those of larger size.

Jet is a carbonaceous solid which in most cases is a true lignite,

and generally contains more or less of the structure of wood.

Masses are sometimes found, however, that show no structure,

and these are probably formed from bitumen which has separ-

ated from the wood of which it once formed part, and which it

generally saturates or invests. In some cases, however, these

masses of jet-like substance are plainly the residuum of excre-

mentitious matter voided by fishes or reptiles. These latter are

often found in the Tria?sic fish-beds of Connecticut and New
Jersey, and in the Cretaceous marls of the latter State.

The discovery of a quantity of hydro-carbon Jelly, recently, in

a peat-bed, at Scranton, Pa., has excited some wonder; but simi-

lar substances (Dopplerite, etc.) have been met with in the

peat-beds of other countries ; and Avhile the history of the forma-

tion of this singular group of hydro-carbons is not. yet well

understood, and offers an interesting subject for future research,

we have reason to believe that these jellies have been of common
occurrence among the evolved products of the decomposition of

vegetable tissue in all ages.

The generalities of the origin and relations of the carbon

minerals have now been briefly considered ; but a review of

the subject would be quite incomplete Avithout some refer-

ence to the theories which have been advanced by others, that

are in conflict with the views now presented. There have

always been some who denied the organic nature of the mi-

neral hydro -carbons ; but it has been regarded as a sufficient

answer to their theories, that chemists are agreed in saying that

no instances have come to the knowledge of man of the oocur-

rence in nature of hydro-carbons, solid, liquid or gaseous, in

which the evidence was not satisfactory that they had been de-

rived from animal or vegetable tissue. A few exceptional cases,

however, in which chemists and geologists of deserved distinc-

tion have claimed the possibility and even probability of the

production of marsh gas, petroleum, etc., through inorganic

agencies, require notice.
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In a paper pnblishea in the Awiales de Chimie et de Physique,

Vol. IX. p. 481, M. Bertlielot attempts to show that the forma-

tion of petrolenm and earburetted hydrogen from inorganic

substances is possible, if it is true, as suggested by Daub: ee, that

there are vast masses of the alkaline metals—jtotassium, sodium,

etc.— deeply burii d in the earth, and at a high temperature, to

which Ciirbonic acid should gain access ; and he demonstrates

that these j)remises being granted, the formation of hydro-

carbons would necessarily follow.

But it should be said that no satisfactory evidence has ever

been offered of the existence of zones or masses of the unoxidized

alkaline metals in the earth, and it is not claimed by Berthelot

that there are any facts in the occurrence of petroleum and ear-

buretted hydrogen in nature which seem to exemplify the chemi-

cal action which he simply claims is theoretically possible. Ber-

thelot also says that, in most cases, there can be no doubt of

the organic origin of the hydro carbons.

Mendeleeff, in the Revue Scientifique, 1877, p. 409, discusses

at considerable length the genesis of petroleum, and attempts to

sustain the view that it is of inorganic origin. His arguments

and illustrations are chiefly drawn from the oil-wells of Penn-

sylvania and Canada, and for the petroleum of these two dis-

tricts he claims an inorganic origin, because, as he says, tliere

are no accumulations of organic matter below the horizons at

which the oils and gases occur. He then goes into a lengthy

discussion of the possible* and probable source of peti'oleum,

where, as in the instances cited, an organic origin "is not possi-

ble." It is a sufficient answer to M. Mendeleeff to say, that

beneath the oil-bearing strata of western Pennsylvania are sheets

of bituminous shale, from one hundred to five hundred feet in

thickness, which afford an adequate, and it may be proven the

true, source of the petroleum, and that no petroleum has been

found below these shales ; also, that the oil-fields of Canada are

all underlain by the Collingwood shales, the equivalent of the

Utica carbonaceous shales of New York, and that from the out-

crops of these shales petroleum and hydro-carbon gases are con-

stantly escaping. With a better knowledge of the geology of

the districts he refers to, he would have seen that the facts in

the cases he cites afford the strongest evidence of the organic

origin of petroleum.
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Among those wlio are agreed as to the organic origin of the

hydro-carbons, there is yet some diversity of opinion in regard

to the nature of the process by which they have been produced.

Prof, J. P. Lesley has at various times advocated the theory

that petroleum is. indigenous in the sand-rocks which liold it,

and has been derived from plants buried in them. (Proc. Amer.

Philos. Soc, Vol. X, pp. 33, 187, etc.)

My own observations do not sanction this view, as the number
of plants buried in the sandstones of the Coal measures or the

Conglomerate must always have borne a small proportion in

volume to the mass of inorganic matter; and some of those

which are saturated with petroleum are almost completely des-

titute of the impressions of plants.

In all cases where sandstones contain petroleum in quantity,

I think it will be found that there are sheets of carbonaceous

matter beloAV, from which carburetted hydrogen and petroleum

are constantly issuing. A more probable exj^lanation of the

occurrence of petroleum in the sandstones, is that they have,

from their porosity, become convenient receptacles for that

which flowed from some organic stratum below.

Dr. T. Sterry Hunt has regarded limestones, and and especi-

ally the Niagara and Corniferous, as the principal sources of

our petroleum ; but, as I have elsewhere suggested, no con-

siderable flow of petroleum has ever been obtained from the

Niagara limestone, though, as at Chicago and Niagara Falls, it

contains a large quantity of bituminous matter ; also, that the

Corniferous limestone which Dr. Hunt has regarded as the source

of the oil of Canada and Pennsylvania, is too thin, and too

barren of petroleum, or the material out of which it is made, to

justify the inference.

The Corniferous limestone is never more than fifty or sixty

feet thick, and does not contain even one per cent, of hydro-

carbons ; and in southern Kentucky, where oil is produced in

large quantity, this limestone does not exist.

That many limestones are more or less charged with petro-

leum is well-kiiown ; and in addition to those mentioned above,

the Silurian limestone at Collingwood, Canada, may be cited as

an example; and as I have elsewhere shown, we have reason to

believe that the petroleum here is indigenous, and has been
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dei'ivcd in i:)art, at least, from animal organisms ; but the lime-

stones are generally compact, and if cellular, their cavities are

closed, and the amount of petroleum which, under any circum-

stances, flows from or can be extracted from limestone rock, is

small. On the other hand, the bituminous, shales Avhicli under-

lie the different oil regions, and are constantly associated with

the flow of the petroleum and carhuretted hydrogen, afford an

abundant source of supply, holding the proper relations with the

.reservoirs that contain the oil, and are spontaneously and con-

stantly evolving gaa and oil, as may be observed in a great num-
ber of localities. For this reason, while confessing the occurrence

of petroleum and asphaltum in many limestones, I am thorough-

ly convinced that little or none of the petroleum of commerce

is derived from them.

Prof. S. F. Beckham, who has studied the petroleum field of

Southern California, attributes the abundant hydro-carbon ema-

nations in that locality to microscopic animals. It is quite

])ossible that this is in part true in this and other localities ; but

the bituminous shales which are evidenily the sources of the

petroleum of Pennsylvania, Ohio, Kentucky, etc., generally

contain abundant impressions of sea-weeds, and indeed these are

almost the only organisms which have left any traces in them.

I am inclined therefore now, as in my report on the Rock Oils

of Ohio, published in 1860, to ascribe the carbonaceous matter

of the bituminous shales of Pennsylvania and Ohio, and hence

the petroleum derived from them, to the easily decomposed cell-

ular tissue of algae whicli have in their decomposition contrib-

ured a large percentage of diffused carbonaceous matter to the

sediments accumulating at the bottom of the water where they

grew. In a recent communication to the National Academy of

Sciences, Dr. T. Sterry Hunt has proposed the theory that

antliracite is the result of tlia decomposition of vegetable tissue

when buried in porous strata like sandstone ; but an examin-

ation of even a few of the important deposits of anthracite in

the world will show that no such relationship as he suggests

obtains. Anthracite may and does occur in sedimentary rocks

of varied character, but so far as my observation has extended,

never in quantity in sandstone. In the Lower Silurian rocks

anthracite occurs, both in the old world and in the new, where
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no metamorphisin has affected it and where it is simply the

normal result of the long continued distillation of plant tissue,

hut the anthracite beds which are known and mined in so many
countries are the results of the metamorphism of coal-beds of

one or another age, by local outbursts of trap, or the steaming

and baking of the disturbed strata in mountain chains—nume-

rous instances of which are given on a preceding page.

Mr. M. Mendeleeff, in his article already referred to, misled

by want of knowledge of the geology of our oil-fields, and as-

cribing the petroleum to an inorganic cause, connects the pro-

duction of oil in Pennsylvania and Caucasia with the neighboring

mountain chains of the Alleghanies and the Caucasus ; but in

all such localities, a sufficient amount of organic matter can be

found to supply a source for the petroleum, while the upheaval

and loosening of the strata along lines parallel with the axes of

elevation in mountain chains has favored the decomjiosition

(spontaneous distillation) of the carbonaceous strata. It should

be distinctly stated, however, that no igneous rocks are found

in the vicinity of productive oil-wells, here or elsewhere, and

there are no facts to sustain the view that petroleum is a vol-

canic product.

In the valley of the Mississippi, in Ohio, Illinois and Ken-

tucky, are great deposits of petroleum very far removed from

any mountain-chain or volcanic vent, and the cases which have

been cited of the limited production of hydro carbons in the

vicinity of, and jn'obably in connection with, volcanic centres,

may be explained by supposing that in these cases the petro-

leum is distilled from sedimentary strata, containing organic

matter affected by the proximity of melted rock or steam.

Everything indicates that the distillation which produces tha

greatest quantities of petroleum known is effected at a low tem-

perature, and the constant escape of petroleum and carbu retted

hydrogen from the outcrops of bituminous shales, as well as the

result of weathering on the shales, depriving them of all their

carbon, shows that the distillation and complete elemination of

the organic matter they contain may take place at the ordinary

temperature.



New Species of Yucatan Birds. 281'

XVII.

—

Bescriplions of two New Species of Birds from Yuca-

tan, of the Families Coliimbidce and Formicariidce.

BY GEORGE ]Sr. LAWRENCE.

Read May 29th, 1882.

1. Leptoptila fulviventris.

Fore part of the head of a pale bluish wliite ; top of the head, back and

wings, olive-brown ; on the rump there is a slight greenish tinge ; the metal-

lic color on the sides of the neck is light violet-red, changing to green on

the hind neck ; the upper tail-coverts and central tail-feathers are colored

like the back ; the outer tail-feather is blackish brown, ending Avith white

on the inner web, and with light fulvous on the outer ; the next feather is

similarlj" marked, and has the outer web of a lighter brown at the base, for

a short distance ; the third feather has the outer web ruddy brown for two-

thirds its length from the base, in other respects colored like the first and

second feathers ; the fourth feather is brown for its entire length, except at

the end, where it is fulvous white ; the primary and secondary quills are

vandyke-brown, narrowly edged with pale fulvous white near their ends,

tertials the color of the back ; the wing-coverts are of a warmer brown than

the back; chin whitish; the sides of the head, the throat and the breast are of

a rather dark reddish fawn-color ; the upper part and sides of the abdomen

and the flanks are of a clear light fulvous ; the middle of the abdomen and

the under tail-coverts are white, tinged with fulvous ; under wing-coverts

and axillars deep reddish cinnamon ; the inner margins of the quills edged

with very pale cinnamon ; bill black ; tarsus and toes dull fleshy brown,

in the dried state.

Length (skin), 10^- inches ; wing, 5J ; tail, 4J ; bill, \^ ; tarsus, f.

Type in the miisenm of the State University of Kansas, at

Lawrence, Kansas.

Remarks.—The color of the front is quite simihir to that of

L. alliifrons, and it resembles that species somewhat in it color-

ing above, but is rather darker; the under plumage is quite diff-

erent in coloration, and also much darker: the under wing-
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coverts are of a lighter shade of cinnamon tlian in alhifrons; the

feet are strikingly smaller and more feeble than those of that

species, and it is less in size.

2. Furnariusi pallidum,

The upper plumage is of a clear pale ocbreous brown, or light snuff-

hrown ; the top of the head is of a darker brown ; the front has a tinge of

rufous ; the lores are white ; the rump and upper tail-coverts are light

rufous : the tail-feathers are light brown, blackish at their ends, which are

edged with white ; inner webs of quills liver-brown, the outer colored like

the back ; the wing-coverts and tertials are of a ruddy light brown ; the un-

der wing-coverts are pale ochreous white, with blackish ends ; the under

surfaces of the quills are light reddish ochraceous, for half their length from

the base ; the throat and sides of the head are blackish ; the neck is encir-

cled by a well defined collar of deep bright rufous, this color extending on

the sides of the head behind the eye ; the upper part of the, breast is of a

light dull brownish cinereous ; upper part and sides of the abdomen of a

lighter shade, more of a pale brown ; the middle of the abdomen is white,

just tinged with ochreous ; under tail-coverts brown, with a wash of dull

light-colored rufous ; bill black ; tarsi and toes pale brown.

Length (skin), 7^- inches; wing, 3J; tail, 2J; tarsus, 1\; bill from front, |.

Type in mnsenm of the State University of Kansas.

Remarks.—Tliis species is mnch paler in coloration than all

otliers of the genus; in distribution of markings, it most resem-

bles F. moniliger, but it is very much paler throughout, the red

collar is more distinct than in that si)ecies, and the white sj)ot

in the lores is larger; the tail is brown instead of black, aud the

ochraceous coloring on the bases of the quill-feathers is twice the

extent that it is in F. moniliger; it is also longer than that spe-

cies in all its dimensions.

When describing a new swift from Yucatan (antea, p. 245), I

alluded to the fact, that the State University of Kansas had pur-

chased a full series of the birds obtained in that country by Mr.

Geo. F. Gaumer.

Since then Prof. F. H. Snow of the University has sent me
the collection for determination; besides the species above de-

scribed, of which there is but one example of each, it contains

many others of much interest.
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XVIII.

—

Fusion-Structures in Meteorites.

BY F, G. WIECHMAISTN".

Read April 10th, 1882.

Meteorites present a theme of study that, from the very

nature of the subject, is one of great interest. Interpreted by

the spectroscope, it is true, rays of light have borne us know-

ledge from regions of the heavens so remote, that the mind fails

to grasp the actual idea of distance which the figures seek to

convey ; meteorites, however, these silent messengers from

space, present the only tangible source whence information re-

specting those distant parts may be gleaned.

The thought that by questions correctly addressed,—questions

assuming the form of chemical tests and of microscopic exami-

nation,—they can be forced to reveal the secrets of their birth-

place, lends to their study a certain charm, which all who have

devoted themselves to this subject, must have experienced.

It is therefore not surprising that these bodies should fre-

quently have formed the object of study and research, in the

laboratory of the chemist as well as in the hands of the micro-

scopist. That particular branch of the microscopic examina-

tioru of meteorites, however, to which I have mainly confined

my attention, has hitherto received but little notice—thus

affording ample opportunity for investigation.

Before, however, proceeding to detail the methods and results

of observation, it seems desirable to pass in brief review the

various theories propounded to account for the existence of

meteorites, and to glance at the classifications proposed.

To avoid any possible confusion, I would state that in these

pages the term "aerolite" is to be considered as embracing alt
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bodies of ex-terrestrial origin that rcacli our globe, including

thus meteorites, meteoric iron, and meteoric or cosmical dust.

The term "meteorite" is to designate all of such ex-terrestrial

bodies as are composed of stony and metallic matter, without

regard to the proportions in which these two may respectively

occur. "Meteoric iron" is to be limited to that class of aero-

lites formed wholly of metal; while "meteoric dust" is to be

confined to that portion reaching the globe in a finely divided

state.

The theories that have been advanced to account for the

origin of aerolites are quite numerous. They may, however,

all be conveniently classed with one or the other of two

great divisions, of which the first would claim for them terres-

trial sources ; the second, cosmical sources.

The first may again be divided into

—

(a.) Volcanic.

(1).) Atmosj)heric.

The latter into

—

{a.) Lunar Volcanic.

{!).) Planetary.

(c.) Solar.

id.) Cometary.

To discuss these theories in detail, is not within the province

of this article ; after a careful consideration of the merits of

each, however, my inclination is to accept the so-called planetary

theory advanced by Chladni, and which holds that "meteorites

are true though minute planetary fragments, created by the

impact and disruj)tion of larger cosmical masses."

Of the many classifications suggested, only Daubree's will be

cited. He divides aerolites into

—

SiDEKITES. ASIDEEITES.

Containing metallic iron. Containing no metallic iron.

(1.) Holosiderous. (1.) Asiderous.

Iron or alloys of iron and other

metals only.
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(2.) Syssideruus.

Iron as a continuous, homo-

genous mass ; also stony and

earthy matter.

(3
.
) Sporasidei'oiis.

Iron disseminated in grains.

Stony and earthy matter

predominates.

{a.) Polysiderous. Con-

siderable ii'on.

{h.) Oligosiderous. Little

iron.

(c. ) Cry})tosiderous. Iron

hardly perceptible.

In studying meteorites with the microscope, it is a frequent

occurrence to find in the sections, formations of a very remark-

able nature.

These sti'uctures exhibiting certain mineral properties, are not

crystal-forms, as they lack in most instances totally the straight

lines and the angles indicative of pronounced crystalline forma-

tion ; but generally show outlines rounded and curved, in many
instances presenting, at first sight, a certain similarity to some

Avell-known types of organic life.

The study of these peculiar structures has for some time past

claimed my interest and attention, and this paper is to be the

record of the work.

To decide Avhat appellation should be given to these forms,

was a matter of considerable difficulty. They are not crystals,

yet neither may they be termed amorphous, as they present

certain positive I'ecurring shapes. To class them as crystallites

might be permissible, for Zirkel's definition, "Crystallites may
be termed all those lifeless formations to which a regular xadiate

structure {gliederung) or groujjing is peculiar, without their

partaking, either as a whole or in their separate parts, of the

general properties of cr3"stallized bodies, in particular of a regu-

lar polyedral outline,"* is very sweej)ing and extensive, yet in

* Ferdinand Zirkel : Die Kvystalliten : Bonn, 1875, page 5.
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the one instance where Zirkel in his work (Plate XVI, Fig. 1)

pietnres a form approaching to some extent those here nuder

consideration, he designates it as " Krystalliten-tiggregation,"

i. e., aggregation of cr3'stallites.

After mature delibei'ation, I decided to name these forma-

tions "Fusion-stjuctnres ;" and I trust that the observations

detailed further on will justify my choice of an appellation.

After these inti'uductory remarks, it will be in place to present

a brief and general outline of the work done, the material used,

and the methods emj^loyed, and then to take up more in detail

such points as may prove of special interest, finally giving the

results and conclusions attained.

The investigation embraced the examination of meteorites,

lava, rhyolite, tufaceous trachyte and basalt. For the material

of which my meteorite-sections were prepared, I am indebted

to Drs. C. F. Chandler, J. S. Newberry, T. Egleston, Jr., and

C. U. Shepard ; and my acknowledgments are also due Mr.

Hague, of the U. S. Geological Survey, for the kindness with

which he placed a valuable collection of rock-sections at my
disposal.

The method of work followed, was to examine each section

carefull}^ with a comparatively low power, 75 diameters, to note

any fusion-structure observed, and to study this attentively with

higher powers, ranging from 150 to 800 diameters—in one in-

stance even as high as 1,500 diameters; 300 diameters, how-

ever, was the one usually employed. Then was noted the

behavior of the structure with regard to polarized light, and

after this, generally, a rough sketch was made of the structure,

and with slide-number attached, placed in a book kept for the

purpose. From this book were afterwards chosen the most de-

sirable forms; the respective slides placed under the microscope,

and the figures on the plates were then drawn free-hand directly

from the glass.

The meteorite sections, of which there were 31 in all, repre-

sent seventeen different specimens—care being taken to obtain,

wherever possible, both longitudinal and transverse cuts.

Following is a list of these meteorites, recording where known,

the place and date of their fall, and in some cases giving their

composition, with name of the analyst.
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1. Fell at Newton County, Arkansas, - - -

3.
" Weston, Connecticut, - - - December, 1807.

3. " Harrison County, Indiana, - - -

4. " Lenu County, Iowa, - - - - February 25, 1847.

5. " Charles County, Maryland, - - - February 15, 1825.

6. " New Concord, Ohio, - - - May 1, 1860.

7. " Bishopville, South Carolina, - - March, 1843.

8. " Aigle, France, ----- April 26, 1803.

9. " Chateau Renard, France, - - - June 12, 1841.

10. " Staunern, Moravia, - - - - May 22, 1808.

11. " Russel Gulch, Colorado,* - - -

12. " Esterville, Emmet Co., Iowa, - - May 10, 1879.

13. " Waconda, Mitchell Co., Kansas, - -

14. " Cabarras County, North Carolina, October 31, 1849.

15. " Iowa County, Iowa, . . - . February 12, 1875.

16. " Mezo-Maderas, Siebenblirgen, - - September 4, 1852.

17. " Meyelloues, Desert of Atacama,

Bolivia, South America, - - -

Concerning the appearance of the fragments obtained, No. 1

is of a black-brown color ; No. 7, white, and very brittle to the

touch ; and the rest nearly all j^resent a dark-gray, stony ap-

pearance, with particles of metal disseminated through the

mass. Nos. 8 and 10 are in part covered with a black rind of

fused material, while No. 14 is noticeable for the brilliancy of

the metal specks scattered through its stony portion.

Of the meteorite which fell at Bishopville, S. C. (No. 7 of

the list), and which consists essentially of a white mineral,

Waltershausen gives this analysis :

Silica, - - - 67.14

Alumina, - - 1.48

Ferric Oxide, - - 1.70

Magnesia, - - 27.11

Lime, - - - 1.82

Water, - - 0.67

Meteorite No. 9, that of Chateau Renard, France, has, ac-

cording to Dufi'enoy, a Sp. Gr. of 3.56, and consists of

—

Olivine, 50 pr. ct. ; nickel iron, about 10 pi-, ct. ; while the

remainder appears to be mainly augite and labradorite.

* Meteoric Iron.
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No. 17, which was found by Indians near Mcyellones, in the

Desert of Atacama, S. A., and which is in greater part metal,

is, according to E. Ludwig :*

Iron, - - - - 91.58

Nickel, - - - 7.14

Cobalt, -
•

- - 0.41

Phosphorns, - - 0.45

Cojoper, - - - trace.

99.53

Rammelsberg, however, states that the cavities contain a

brownish-white silicate of calcinm and iron, containing phos-

phoric acid, perhaps olivine.

Omitting from the list Nos. 11 and 17, as not being strictly

meteorites in the sense in which the term is here regarded, fif-

teen different specimens will remain. In eleven of these I met

with fusion-structures, and, having made drawings of some of

the most striking, will now call attention to some of the figures

on Plates XIX and XX.
The drawings being executed in India ink, of course show

only in black and white. The white indicates the mineral mat-

ter, the black the metallic portions. Frequently, however, the

former was not of a pure white, but tinged with a yellow or

brown tint, more or less pronounced, which effect naturally is

lost in the plates.

On looking over Plates XIX and XX, it will be seen that the

structures depicted are essentially of two kinds :— those in which

the mineral matter occurs without intervening metallic material,

and those in which tlie former is scattered through the metal,

A closer examination of some of these structures will now be

entered into,

A very remarkable formation is that presented in Plate XIX,
Fig, 1. It occurs in (Slide 2) Meteorite 2, which fell at Weston,

Conn., December, 1807. It consists of twelve or thirteen bars

which are grouj)ed in such a manner as to afford an appearance

* Watts' Diet, of Chem., 2(1 sup , p. 796. Wien. Acad. Ber., LXHI [2], 323.
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that greatly resembles that of a shell-strnctare, presenting un-

der 300 T). power even a slightly curved face. Figure 3 is the

upper left-hand ])arl; of the same structure, but magnified

1,500 D. Bringing so high a power to bear on the object, the

latter loses the columnar appearance it shows under lower

powers, and now looks liki-- a terrestrial trap-formation. Later

on reference will again be made to this structure.

Figure 3, occurs in the same section, and shows the fusion-

bars grouped, but more parallel to each other and not exhibit-

ing the tendency to converge to a point, as in Fig. 1.

Figures 4, 5 and 6, same plate, represent a different type of

fusion-structures. In all these the bars are so small, that

needles would, in these cases, be a more appropriate term
;
yet

they very decidedly evince the tendency to converge at an

angle.

Figures 4 and 5 are magnified 300 D. ; Fig. 6, however,

from a different meteorite (14, Slide 23), is magnified only

75 D.

Figures 7, 8 and 9 fully illustrate the type of the mineral

substance scattered through the metal ; Fig. 7, showing the

convergence-tendency before noticed ; Fig. 9, a parallel disposi-

tion of the bars ; Avhile in Fig. 8 these bars have assumed a more

curved form.

In Plate XX, Fig. 3 disiDlays the same curved apj)earauce,

hut only in part—the lower portion of the structure showing the

angular convergence of the needles ; Fig. 2 is to illustrate the

sharp point to which sometimes the bars are drawn ; which

same feature one of the structures in Fig. 1 exhibits.

Figs. 4, 5 and 6 need not be further discussed. Figures 7, 8

and 9 are treated of in detail further on, being intended to de-

monstrate the action of fusion which meteorites suffer on their

surface in traveling through the air-envelope surrounding the

earth.

These structures are nearly all magnified 300 D. ; some, how-
ever, only 75 or 150 D., the exact number is in each instance

given in the Plate Index.

All these fusion-structures polarize light ; some, however,

more than others.

In studying the effect of polarized light on these formations,
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I found it indispensable to have some contrivance by wliicli the

section under examination might be completely rotated, and

yet not be thrown out of the optical axis, the Nicols at the

time remaining stationary, crossed so as to give a dark field.

There are various devices to effect this, the most desirable of

which is undoubtedly that whereby the whole stage may be

rotated ; in my instrument, however, the stage is fixed, so t de-

signed a rotation-plate that can be attached or removed as occa-

sion may require, without interfering with the regular stage.

As the arrangement is very simple and inexpensive, and

may perhaps be found serviceable to others^ a brief description

may here find place.

>^ F

^^ OD ~~"~-\

^
/ / ^

C

B \ \

\ \ ^

E \^ -^ E / /

i

^^^^--—^^---^
^yjQ

w
^--^mr:--^ A

A is the fixed stage, 27 mm, long, 21 mm. broad. [This pro-

portion has been slightly altered, to adjust the cut to the page.]

B is the rotation-plate, 17.5 mm. diameter. The centre of

this plate has been cut out, forming a circular hole, C, 5.5 mm.
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diameter. To the lower j)art of this, a metal ring has been

fastened, which exactly fits into a hole di-illed in tlie fixed stage

A, so as to permit the plate B to be completely turned, rotated,

resting on A.

D, 1), are the knobs attached, Avhile E, E, are the steel springs

that hold the slide under examination in phice.

C is graduated to any desired scale ; in this case, it is graded

in 45°.

F is a line engraved on Plate A.

To- examine a section by polarized light (crossed Nicols), the

slide is fastened by the springs E, E ; the line at D is now
brought exactly opjoosite to F, and the Nicols set so as to give a

dark field. The |)late B is now turned, and whenever a change

is shown by the section, a glance at the stage will show through

how many degrees it has been turned.

As C is bored in such a manner that its centre is in the optical

axis of the microscope, any object placed exactly in this centre

can of course be revolved completely without being thrown out

of its position in the field.

If, now, it be desired to make use of the fixed stage, the

whole of B can simply be lifted out of its place, set aside, two

steel clamps intended for this purpose fastened into Gr, Gr, and

the regular stage is ready for use.

A short time ago, a statement was made that organic forms,

recognized as corals, crinoids and sponges, had been discovered

in meteorites.

Some few savants—among them, it is said, the illustrious

Charles Darwin—accepted the evidence proffered in support of

this announcement as conclusive ; by far the greater part of

scientists, however, brought the full weight of their authority

to bear against the assertion, in many instances choosing satire

and ridicule as their only mode of attack.

As the photographs produced of the so-called "organic"

structures, and a personal inspection of sections of the identical

meteorite {KnyaMnya) from which most of these were taken,

convinced me that the structures in question wore analogous, if

not identical, with those which I was studying, I felt warranted

in giving this view of the question a thorough and impartial con-

sideration, before myself advancing a tlieory of their formation.
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Accordingly, I entered upon the investigation entirely unpre-

judiced, placing before me the question, "Can these structures

be of organic origin ?"

The first point to be inquired into in this connection will be,

whether the various changes and influences to which meteorites

are exjoosed in their course, would j^ermit of the retention of

any definite structure they may have possessed at the outset, or

whether the possibility of this preservation would thereby be

precluded.

The specific gravity of meteorites ranges from about 1.7 to

4.0,—Oulvier G-ravier, in his work, " Sur les Etoiles filantes,"

giving their mean density as 3.0,—water being chosen as unit.

5.2 is the specifie gravity of Mars ; 1.4 that of Jupiter ; while

3.0 represents the density of the bodies which circulate in

l^lanetary space between these two. Assuming, then, that two

of these cosmical masses come into collision,—and the possi-

bility of such an event has been established by careful calcu-

lation,—then, owing to the violence of the impact, the masses

would burst asunder and the fragments be hurled far out into

space. Coming, then, within the limits of attraction of other

worlds, gravitation would exert its influence, and, in conse-

quence, these fragments would fall upon their surface

—

aerolites.

Motion arrested is converted into heat ; and it is easy to con-

ceive that, by the force of the collision, heat must be developed
;

heat so great that it may even cause a partial fusion of the col-

liding masses. Those aerolites that reach the earth must,

moreover, in traveling through the atmosphere surrounding our

globe, encounter great resistance from this medium, and the

friction thus caused, likewise results in heat-production.

The light-phenomena attending the fall of an aerolite, are

doubtless owing to this cause—the heating of the mass being so

considerable as to alloAv the same to attain a luminous state.

Very interesting calculations have been made as to how high

a temperature would be thus reached.

The temj)erature ultimately acquired by the moving body, is

the equivalent of the force with which the particles of air come

in contact with it. This temperature is stated to be 1° C for a

velocity of one hundred and forty-five feet per second, and to go
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on increasing with the square of the velocity. The average

velocity of a number of well-observed aerolites* may be taken

at 34—39 miles per second, and so, it will be readily seen, a very

high temperature Avould be attained.

The heat thus generated is of course sufficiently intense to

fuse any substance known ; but it must be remembered that this

heat is gradually acquired, and acquired from without to within;

and moreover, the body is not exposed for any great length of

time to this high temperature ; hence it will naturally follow,

that if this temiDorary heating is to exert any permanent effect,

it will be the exterior of the body that will suffer the change.

And so it proves to be. Examination of a number of aero-

lites reveals the fact that they are covered with a black crust or

rind, which crust is the result of fusion. This crust, however,

is generally very thin.

To examine into this, I had prepared three sections of the

meteorite which fell at Aigle, France, April 26th, 1803 (Me-

teorite 8, Slides 13, 14, 15). This specimen was of a dark

grey color, with one face or side covered with the black fusion-

crust.

The first section was cut from the crust only ; the second was

prepared from the inner, unaltered portion; while the third was

cut from across both crust and unchanged part.

The appearance that these three sections present under the

microscope is shown on Plate XX, Figs. 7, 8, 9. Examined

with 300 D. power, the first (Slide No. 13) exhibits a highly

crystalline structure. The crystals are apparently thrown

"criss-cross," the one over the other; generally they are

grouped so as to leave in their midst a circular opening which

has once been filled by metal,

—

i. e., they have probably crystal-

lized around some small globule of metal as a nucleus. In

most cases, this has been lost in the cutting of the section

;

in a few instances, however, it remains. This section polarizes

beautifully.

The second slide (No. 14) shows a sort of fibrous structure,

entirely different from the preceding, as will be seen from Plate

Phipson : Meteors, Aerolites and Falling Stars.
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XX, Fig. 8 ; while the third section exhibits a different pic-

ture. The one part, consisting of the fused crust, presents the

strikingly crystalline appearance of the first section (No. 13)

;

this portion polarizes nicely. Then follows a dark, black mar-

gin, and then comes the gradual transition to the grey, stony

part, which is of a decidedly different nature.

It hence appears that the great rise of temperature to which

a meteorite is exposed in its travels thi'ough the earth's atmo-

sphere,— a temperature sufficiently high to jjroduce the phe-

nomena of light, frequently very brilliant, accompanying its

fall,—exerts its influence only over a comparatively small por-

tion of the body, and hence would not effect any material modi-

fication or change in the original structure of the meteorite.

The chemical composition of meteorites has frequently been

investigated, and numerous analj'ses of such meteorites are re-

corded. Moreover, it is no easy matter to take one or two of

these analyses and present them as "typical," for as already re-

marked, they range through all proj)ortions of composition of

mineral and metal.

Some few analyses have already been given ; here will only

be cited the analysis of the meteorite which fell at Orgueil,

France, May 14, 1864.

The examination Avas made by Messrs. Pisani and Cloez,

and first published in the Oomptes Rendues of 1864 ; but the

figures here given are from a corrected paper sent by M. Pisani

to Mr. Phipson,* as the notice first issued contained several

misprints.

Cloez. Pisani.

Hygroscopic Water, - 5.957

Ammonia, - 0.098 Substance dried at 110° C.

Humus, 6.027

Combined Water, - - 7.345

Sulphur, - - . . 4.369 Sulphur, - - - . 5.75

Chlorine, - 0.073 Chlorine, - 0.08

Phosphorus, traces. Hyposulphurous Acid, 0.53

Sulphuric Acid, - - 2.195 Sulphuric Acid, - 1.54

Silica, ... - 24.475 Silica, - . . . 26.08

Meteors, Aerolites and Falling Stars ; 1867, page 116.
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Alumina, - 1.175 Alumma, - 0.90

Oxide of Chrome, 0:225 Chrome Iron, 0.49

Peroxide of Irou, - - 18.324 Peroxide of Iron, - - 830

Protoxide of Iron, - 17.924 Protoxide of Iron, 21.60

Oxide of Nickel, - - 2.450 Oxides of Nickel and Cobalt, - 2.26

Oxide of Cobalt, 0.085 Oxide of Manganese, - 0.36

Oxide of Manganese, - - 1.815 Magnesia, - 17.00

Magnesia, - 8.163 Lime, ----- 1.85

Lime, . . . - 2.183 Soda, - - - - - 2.26

Soda, - - - - 1.244 Potassa, - - - - 0.19

Potassa, - 0.307

89.19

99.434

Cloez groups his results thus :- Pisani calculates liis as follows :-

Magnetic Oxide of Iron, 20.627 Magnetic Oxide of Iron, 12.03

Magnetic Sulphide of Iron, - 7.974 Nickeliferous sulphide of iron, 16.97

Sulphide of Nickel,

Silicates,

Humus,
Combined Water,

3.169 Chrome Irou,

45.127 Silicates, _ - - -

6.410 Water and Organic Matter,

7.812

91.119

0.49

55.60

14.91

100.00

The analysis is very complete, and v>'ill again be referred to.

Among the numerous elements determined in meteorites, is

carbon. The existence of this substance in meteorites has

been thoroughly established by different analysts, and though

it is by no means a constituent of the greater number of these

bodies, yet its occurrence is of sufficient frequency to have given

rise to the class of "carbonaceous meteorites."

The presence of carbon in these meteorites is now to claim

attention, bringing into consideration the second item, perti-

nent to the query under discussion, namely : are there any data

which would justify the inference that the agency of life was

ever active on those worlds, of which meteorites are the

fragments ?

The first meteorite in which carbon was discovered, seems to

be the one which fell at Alais, Dejoartement du Gard, France,

on the 15th of March, 180G.
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Thenard made the analysis,* and obtained

—

Silica, - - - - - 21.0

Manganese, - - - - 9.0

Oxide of Iron, - - - 40.0

Nickel, - - - - - 2.5

Magnesia, - - - - 2.0

Chrome, - - - - - 1.0

Sulphur, .... 3.5

Carbon, - - - - - 2.5

81.5

In 1834, Berzelius estimated the quantity of carbon to be

3.05 pr. ct. ; and Eoscoe, in 1862, made a careful examination

of the same meteorite. He determined the carbon present to be

3.36 in\ ct, 1.94 pr. ct. of the stone was soluble in ether, from

which, on eyajDoration, crystals were deposited that possessed

an aromatic odor, and were fusible at 114° 0. On applying

heat, they sublimed, leaving a slight carbonaceous residue.

Prof. J. Lawrence Smithf has also examined some of the same

material, and states the results of his investigation to be in

perfect accordance with those of Prof. Roscoe.

In tbe meteorite which fell at Kold-Bokkeveld, Africa, Octo-

ber 13, 1838, Harris found 1.67 pr. ct. of carbon, and about

0.25 pi-, ct. of an organic substance soluble in alcohol; which

compound is said to have been of a yellowish coloi", and of a soft,

resinous aspect.

The Kaba meteorite (Hungary), Ajn'il, 1857, has been analy-

zed by Wohler,J and found to contain 0.58 pr. ct. of carbon,

and besides this a hydro-carbon, resembling wax in appearance,

and soluble in alcohol, being extracted by this reagent.

Carbon has been determined in several other meteorites :§ in the

one that fell in Sevier Conntv, Tennessee, 1840, by J. Lawrence

* Phipson, p. 114. Annales de Chimie, LXI, 103.

t Researches on the Solid Compounds in Meteorites, 1876.

t Phipson, p. 107. Imp. Acad. Sci , Vienna, 1859.

§ Popular Science Review, 1677.
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Smith ; Cranbourne, Australia. 1861, by Bertlielot; Goalpara,

India, about 1857, examined by Tschermak, who found in it

0.85 pr. ct. of a hydro-carbon (0.72 carbon and 0.13 hydrogen);

Hessle, near Upsala, January 1, 1869, examined by ISTorden-

skjold ; this specimen, di'ied at 110° C, showed 51.6 pr. ct.

cai'bon.

Without entering into details about any of these, I would like

to refer once more to the Orgueil meteorite, the analysis of wliicli

has previously been given in full.

Cloez determined in it 6.027 pr. ct. of "humus," and this

carbonaceous matter, after drying at 110" C, was found to con-

sist- of :*

Carbou, - - - - 63.45

Hydrogen, - . . 5.93

Oxygen, - - - - 30.57

100.00

rather closely resembling the average composition of peat,

which may be given as

—

Carbon, - - - - 60.06

Hydrogen, . . . 6.21

Oxygen, - - - - 33.78

100.00

The presence of carbon in meteorites being thus a well-

established fact, the question as to its source naturally next

presents itself.

According to able researches, the carbon in meteorites occurs

in two forms,—as graphite, and as small particles, imjDalj^able in

nature, scattered through the mineral portion of the mass.

On the earth, this element occurs in three modifications, as

diamond, as graphite, and as coal. Whatever may be the origin

claimed for the diamond, as far as graphite and coal are con-

cerned, I am aware of no instance where the parentage of either

of these cannot be traced to the action of organic life.

* Phipson : Meteors, AerolUes and Falling Stars, 1867.
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Coal, indeed, is iiniverscilly admitted to be of organic origin
;

as to graphite, however, different views seem to be entertained.

Yet it appears to admit of but little doubt that graphite is only

a modification of the same substance. At Port Henry and at

Ticonderoga, New York, graphite occurs in crystalline lime-

stone ; and if the graphite anthracite of Newport, E. I., be ex-

amined, there will be seen with the graphitic anthracite, coal-,

plants, distorted and forced somewhat out of form by the force

with which the action of metamorphism took place.

A careful examination of different carbonaceous deposits,

will in fact reveal the gradual transition of peat to graphite,

through all the varying phases of development. There is no

abrupt change, no break or chasm, with coal on one side and

graphite on the other ; but step by step the gradation can be

traced, leading from the peat formation to the complete modi-

fication as graphite.

Our present knowledge of the subject, however, does not

Avarrant the removal of the question from the field of hypothe-

sis and conjecture, as there may be influences at work of which

we are ignorant
;
yet it certainly seems that the occurrence of

carbon in meteorites, as graphite, in an amorphous condition,

as hydro-carbon, presents a forcible argument as to life having

once played a part in the history of these world-fi'agments.

And now, these preliminary inquiries disposed of, and it

being found that there is nothing in the existing conditions

which would preclude the i^ossihility of organic structures oc-

curring in meteorites, attention may be directed to the original

l)roblem presented, namely :—Are these fusion-structures of

organic origin ?

The first step taken toward this end, was the study of sections

of typical corals, crinoids and sponges. When a knowledge of

these forms had been gained, I turned to the examination of

the meteoric sections, carefully searching for any structures that

would bear out the features of these organized bodies. What
forms I found, what outlines they presented, etc., have already

been detailed and need not here be repeated ; consideration will

now be given to the merits of the different arguments presented

in support of the claim that these structures are of organic

oris'in.
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The method of demonstration resorted to for this purpose is

of a two-fold character. * The first maybe stjded the "nega-

tive," inasmuch as it is intended thereby to show that these

structures are not mineral formations ; the second is to be con-

sidered as "positive."

As far as the latter line of argument is concerned, the only

evidence offered is a considerable number of pbotographs of the

objects in question, accompanied by a history of what the au-

thor considers them, and an enumeration of the various organic

forms (corals, crinoids, sponges) which he recognizes therein.

These photographs are for the most part well executed, and

bear testimony to considerable labor that must have been ex-

pended in their production. However, as to their value as

evidence, individual opinion must be formed by personal in-

spection ; for my part, the mere resemblance of outline (which

some certainly possess) to the contours of organic structures,

does not suffice to convince me of their being such structures

—

the characteristic details of these, even, being wanting.

Of greater interest are the arguments advanced to show that

these Structures cannot be mineral forms, and some of these

j)oints will now be briefly considered.

"Minerals," it is urged, f "are either crystallized or not crys-

tallized. In the first condition they have definite structure

formed in obedience to a law, and hence recurring; they come
of jDlanes which in section are projected as straight lines.

These forms (lines and angles) are repeated, varying only in size

and not in condition ( Verhdltniss.'' Such forms, it is claimed,

are not to be found among these structures, declared to be

organic. "Among them," it is said, "is no form with plane

or angle; all are spheres {Kngeln), ellipses with deviations from

the mathematical form, but deviations which are constant.

Hence, entirely apart from the coinciding of structure, a con-

stancy of outline is shown, but of other forms than the crystal-

line forms of olivine or enstatite would have to show."

The claim that no planes or angles are to be found in these

structures, is decidedly incorrect, and the very photograjihs

* Dr. 0. HahD : Die Meteorite (Chondrite) und Ibre Organismen.

t Dr. 0. Ilahn, op. cU., p. 21.
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oft'ered show the fallacy of this statement—to elucidate which

still more, a glance at my drawings will suffice.

Figures 1 and 2, Plate XIX, represent a structure I found in

a section of the meteorite that fell at Weston, Conn., Decem-

ber, 1807. Fig. 1 is magnified 300 D. Fig. 2 is the left upper

portion of Fig. 1, magnified 1500 D. The drawing will serve

to indicate the appearance presented ; the impression produced

under the latter power was like that of seeing a terrestrial

trap-formation, entirely doing away with any consideration that

might have been entertained of its possible organic origin,—the

dots and points that might possibly, under a lower power, have

been construed to be channels and tubular openings, resolving

themselves into lines of fracture, the columns assuming a prism-

lilve shape.

Figs. 4, 5 and 6, same Plate, will show Avhat a perfect system

of angular radiation from different centre-lines, some of these

structures possess.

As to the statement*: "Rarely, indeed, Small places occur

with true crystals, but in a manner which does not in the slight-

est {durcliaus nicht) affect the value of proof of these facts," I

must observe that it has been my experience to meet with these

i:)laces quite frequently, and that moreover, in my Judgment,

they form a very valuable clue indicative of the method of

formation of these structures.

The most curious argument (?), however, advanced to sup-

port the assertion that these structxires are of organic origin, is

the following :f

"Finally, attention must be called to a contradiction in'

which science becomes involved, if the structure of chondrites

is to be explained by the mineral property. 'J'his is the optical

behavior of these inclosures.

"If they were crystals, and if the lamellar fracture (5/«Y^er-

hrucli) [olivine has none, and yet structures are found in the so-

called olivine spheres, hence lamellar fracture !] were the cause

of the structure, the mineral would of necessity have to refract

light. With most of these inclosures, however, no light-refrac-

* Dr. 0. Hahn, oj). cit., p. 21.

t Ibid., p. 23.



Fusion- ^truetureH ii/ Meteorites. 307

tion is shown, not even '' aggregut-poliiriziition!" Hence they

can l)e neither simple minerals nor crystals, least of all could

the structure be explained by lamellar fracture. This fact,—the

optical behavior,—should alone have led to the correct interpre-

tation."

This statement is truly remarkable, and if this argument be

intended to serve as keystone to the whole structure of theory

and observation (:), this structure mu«t fall, for tlie keystone

is Avorthless.

In the first place, the sti'uctures that I found in meteorites

du polarize light ; and, secondly, true fossil structures of organic

origin, crinoids, sponges and nummuHtes, which I tested, also

l)olarize light ; so, even if the statement that these inclosures

do not polarize light, should be granted to be true, even then

I fail to see how an organic origin can be claimed for them on

the strength of this, when true organized structures of the kind

under consideration ^josse^s tlie property ofpolarizing

!

And so, being convinced that the existence of these fusion-

structures could not be ascribed to the agency of life, I con-

tinued my Avork in the hope of discovering some clue or data

that would serve to unravel the mystery of their formation.

The next step taken was the examination of tc^rrestrial igne-

ous rocks, some of which show a similarity of composition with

meteorites.

Besides rliyolite and basalt, there were examined —

A. Scoria from Sandwich Islands.

B. Scoria from Las Yalles, Is'ew Mexico.

C. Tufaceous trachyte, Lightliouse Rock, Colorado River.

D. Lava from Mount Vesuvius. Italy.

E. Lava from Vesuvius. (Different external ajipearance.)

F. Lava from Mount Vesuvius. (Different specimens.)

From these six latter specimens, I had in all, thirteen sections

made, obtaining in each case longitudinal and transverse cuts.

In A, C, E and F, fusion-structures were found ; D did not

show them, while B exhibited, very perfectly, the true microli-

thic structure.

On Plate XXI will be found several of the most character-

istic fusion-structures observed in some of these.
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Fig. 1 is taken from (Slide A. 1: Longt.) a .section of scoria

from the Sandwicli Islands. The strnctnre ])olarizes, bnt not

sirongly. A glance at the drawing Avill show the similai'ity

with the forms fonnd in meteorites. This, as all figures on

Plate XXI, is magnified 300 I).

Fig. 2 is taken from a section of basalt (LT. S. Geol. Expl.,

40th Parallel ; north of Amoricaii Flat Creek, Washoe). Polai'-

izes very finely.

Fig, 3 is from a section of rhyolite. (U. S. Geol. Expl., 40th

Parallel; N. E. slopes River Eange, Nev.) This section ap-

pears grey by ordinary light, with a faint tinge of yellow.

Only very small parts of the section polarize at all. The struc-

tures appear very much like long and curved tubes filled with

minute grey dots. The sack-like form in the left part of the

field is filled with darker-a])pearing ])articles.

Fig. 4 is from a section of lava from Mt. Vesuvius, Italy

(E. Slide 10 : Transverse). Polarizes veiy finely. This figure

is part of a large structure hexagonal in shape.

Fig. 5 is from tufaceous trachyte of Lighthouse Kock,

Colorado River (C. Slide 6 : Longt.). This structure also polar-

izes finely.

o

And now, having finished the experimental part of the in-

vestigation, and having recorded the results obtained and the

observations made, it must be considered, to what inferences

these will lead, to what conclusions they Avill entitle us.

The problem to be solved is, then, to word it once more :

What are these peculiar foiiiiations occurring in meteorites, and

to what force or forces do they owe their existence ?

The answer to this is to be sought and found in the observa-

tions noted on preceding pages ; a brief resume, however, will

j)lace the matter in a clearer light.

In the first place, the existence of these peculiar formations

has been established in a considerable number of different me-

teorites, which fell at different times and on different parts of

the globe. A careful examination has shown that, in every

case, these formations exhibit certain constant, recurring forms

of outline and structure, that stamp them as a distinct class of

mineral bodies.
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Secondly, it has been determined that similar strnctures occur

in terrestrial igneous formations, different in kind and coming

from different localities, yet each bearing this same mark.

The chemical compoisition of certain eruptive rocks, is often

very similar to that of meteorites ; in fact, so closely do the

figures of analysis of certain lavas agree with those of some me-

teorites, that this analogy of composition has been regarded as

one of the mainstays of tlie neveriheless untenable theory, that

would assign to meteorites a terrestrial volcanic source.

The origin and method of formation of igneous rocks have

been thoroughly investigated and studied ; it is well known that

these rocks have once ail been in the state of fusion, and that

then, cooling, slo\vly or rapidly, according to existing conditions,

they finally attained the solid state.

1 have not been able to give more than a cursory glance at

Vogelsang and Zirkel's valuable work, " Die Krystalliten," yet

1 believe myself to be only bearing out the observations there

noted, in stating, that on the cooling of mineral masses from a

state of fusion, frequently there separate—or perhaps segregate

—

from the main mass, minute granules, globular in form, wliich

granules will be found scattered through the mass.

I am not aware whether any explanation of this phenomenon

has been offered and accej)ted ; but to me it seems most likely,

that as the mass is not homogenous in composition, certain

parts of it, yielding up their heat more readily than the sur-

rounding portions, would naturally contract slightly, and thus

form minute particles or globules by themselves in the mass.

In support of this suggestion, I may sate tluit, in nearly all, if

not in all_, cases which I studied, the miteri.d forming the

structure appeared to be of a different nature from the matter

immediately surrounding it.

If a section be taken through a spheroidal body, the resulting

cut will be either a circle or of a shape more or less elliptical,

according to how the section was made.

The sti'uctures encountered, as has been shown, all present

rounded or curved outlines ; in some cases even approaching

very closely to a circle.

Resting, then, on all these facts revealed by observation, I

feel justiticd in declaring, that tlieife structures represent sec-
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tions cut through such globules farmed on the cooling of the

mass from fusion, a fact on Avliicli rests the appellation. Fusion-

structures, which I assigned to them.

Finding these fusion-structures alike in terrestrial igneous

formations and in meteorites, we are led to consider another

very interesting circumstance. .

Terrestrial rocks, whose method of formation is well known,

differing from one another in several features, yet all owing

their bii'th to the same 'physical forces, exhibit certain remark-

able and distinctive structures in their'formation.

Extra-terrestrial bodies, meteorites, in many cases analogous in

composition' to the former, show with great frequency these

identical, distinctive structures.

The conclusions to Avhich these facts lead are obvious. There

is no accident in nature : like causes, under like conditions, pro-

duce like effects.

The structures in the rocks examined, were found to be sec-

tions through globules, which globules were produced on cooling-

after fusion ; the structures in the meteorites are identical with

the structures in the igneous rocks ; therefore, they too must be

the result of the cooling after a state of fusion.

That these globules in meteorites could not have been formed

during the partial fusion that such bodies experience in passing

through the envelope of 'air surrounding the eai'th, has been

proven by the facts previously stated (pages 299 and 300); there-

fore, plainly and unmistakably, these structures, these records

in stone, bear evidence that fusion and subsequent cooling must

have formed a chapter in the history of those worlds of which

these meteorites are but the scattered fraa-ments.
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NOTE.

The drawings on the three accompanjdug Plates were executed free-haud,

in preference to making use of a camera lucida.

Had photograpliy been resorted to, tlie forms depicted would undoubtedly

liave been obtained with greater accuracy in outline and detail than it is

possible to procure, even in the most conscientious free-hand work. The
latter, however, offers the inestimable advantage of permitting the struc-

ture studied, aod this structure only, to be shown ; while photography

necessarily iutroducss all that lies above and beneath, and in the immediate

neighborhood of the object under the glass of the microscope.

Hence, whenever on the Plates an object is drawn in the centre of the

field, the rest of the space being left blank, it must be understood that the

surrounding matter has been simply ignored in the drawing, as being

foreio'n to the structure studied.

INDEX TO PLATES.

PLATE XIX.

igure. No. of Jfeteorite. No. of Slide. Diameters Magnified

1 2 2 300

2 2
(Left upper part of 1.)

2 1500

3 2 2 300

4 2 30 300

5 2 30 300

6 14 23 75

7 14 23 300

8 14 23 300

9 5 8 300
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PLATE XX.

Figure. No. of Meteorite. No. of Slide. Diameters Magnified

1 6 11 300

2 10 17 300

3 16 37 150

4 2 2 150

5 9 16 600

6 15 25 300

7 8

(Exterior.)

13 300

8 8

(Interior.)

14 300

9 8

(Both.)

15 300

The meteorite numbers refer to page 293.

Figure.

1

2

3

4

Material.

Scoria

Basalt

Rhyolite

Lava

Tufaceous
}

Trachyte f

PLATE XXL

Locality.

Sandwich Ishands.

North of Am. Flat Creek, Wa.shoe.

N. E. slopes River Range, Nev.

Mt. Vesuvius, Italy.

Lighthouse Rock, Colorado R.

300

300

300

300

300
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XlX.—Index to tire Literature of Electrolysis and its

Applications,

1 784-1 S8(».

BY W. AVALTER WEBB.

Read Ajji-il 24th. 1882.

The following Index is confined to the literature of electro-

lysis and its applications, especially in electro-metallurgy ; the

whole subject of the yarious forms of the galvanic battery, its

theory and uses, has been omitted ; electro-capillarity and pas-

sivity are, however, included.

It is not claimed that the Index is complete, yet care has

been taken to make it include the best-known English, French

and German journals.

I must express my thanks to Prof. II. C. Bolton for his sug-

gestion of the idea of compiling such an Index, for his kindness

in allowing the plan of those published by himself to be copied,

and for much assistance which he has given me.

I am indebted to the Index of the Literature of Ozone, pub-

lished by Professor Leeds, for many of the references in the

following Index.

W. AV. W.
Trixity CoLLEC4E,

Apri ,. 188-/3.

[For list of authorities, with abbreviatious, etc., see the close of the

Index.]
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XX.

—

Note relating to a Newly- Discovered Absolute Limit to

Economical Expansion in Steam-Engines.

BY ROBERT H. THURSTON.

Bead October 2d, 1882.

Note.—This paper was prepai-ed in the latter part of April, 1882, and

sent to the Academy for presentation. But an accidental non-delivery

prevented its reaching the Committee on Papers and Publication, until too

late for reading before the meetings -vvere suspended for the summer. It

was, therefore, i^resented at the first meeting of the autumn ; but its actual

date of reading is really several months later than it should properly have

been.

D. S. M.

A paper "On the Behavior of Steam in the Steam Engine,

and on Curves of Efficiency,"* was read by the writer before

the New York Academy of Sciences, February 13th, 1882.

In that paper it was shown that, if a "Curve of Efficiency"

were constructed for any steam engine, such that its ordinates

should be proportional to the work done by quantities of steam

laid down in arithmetical progression as abscissas,—the quantity

used at full stroke, i. e., without expansion, being taken as

nnity,—that such curve would depart from the curve given by

the ideal perfect engine, in character, form and location, and

that it could not pass through the origin, as does that of the

ideal engine, unless by passing through a point of inflection.

It was shown that, such a cui-ve being constructed, ratios of

expansion at maximum efficiency could be determined by draw-

ing tangents to the curve from the junction of the back-jjressure

line with the ordinate passing through the origin. It was shown

that the ratio so determined is larger as the ratio of initial to

back-pressure increases. It is the object of this note to call at-

tention to the fact that, for the real engine, there exists an

absolute limit to economical expansion for every such engine,

which cannot be exceeded, however high the pressure of steam

may be carried.

* Trans. N. Y. Acad. Sci., February, 1882; Journal Franklin Institute, Feb., 1882.
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For : when the steam-pressure (p^) becomes infinite, the

ratio (r^^) becomes zero, and the tangents to the curve of

efficiency are drawn from the origin {0, Fig. 1).

/Q O JO £0 30 40 SO CO 70 SO

Fig. 1, Curves of Efficiency.

The point of tangency, which, for the ideal case, ABO
is found at the origin 0, where r=a: , is for the real case, C D H
found at H, a point corresponding to some finite value of r.

This point thus constitutes a limit to economical expansion such

as is here considered, and which is now, so far as the writer is

aware, first discovered.

It was shown, in a paper read before the Society of Mechanical

Engineers, April, 1882,* that, by making the distance 0'

,

measured toward the left from the origin, proportional to tbe

costs of engine, apart from the costs of supplying steam, and

drawing tangents from 0' , ratios of expansion at maximum
commercial efficiency could be determined. It is now seen that

such a limit as is above described is found not only for the real

but also for the ideal engine, when commercial efficiency is

studied, their limit being determined by the points of tangency

B or H, given by the lines 0' B, 0' K'.

* Trans. Am, Soc. Mech. Engrs., 1882; Jour. Franklin Inst., May, June and September, 1882.
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It is not only the fact that such limits exist, as here shown
;

but it is also the fact that the limit to economical expansion is

reached at a low value of the ratio of expansion for ordinary

engines—sometimes probably as low as 3 or 4.

Thus, in the condensing unjacketed engine of moderate speed,

as in the United States steamer "Michigan," it will be found
that, whatever steam-pressure is attained, there exists a limit

to economical expansion at some point near r=3, and it can

never, in such a case, be economical to "cut-off" within one-

third stroke unless a better curve of efficiency is obtained.

In well-designed engines of more economical types, the limit

is found at higher values of r, but may still occur within the

range of expansion often met with in practice.

HoBOKEN, N. J., April, 1882.

XX.

—

Description of a New Species of Bird of the Family

CypselidcB.

BY GEOEGE N. LAWRENCE.

Read October 2d, 1882.

Hemiprocnc minor.

Above, the plumage is of a lustrous black ; the upper tail-coverts and

tail are smoky blackish-brown ; the wings are black ; the quills, with the

exception of the outer three, are narrowly margined with grayish-white at

their ends ; the chin and throat are fuliginous-brown ; the breast, abdomen
and under tail-coverts are smoky brownish-black ; a white collar encircles

the neck, behind it is rather narrow and well-defined, in front it is not

so clearly defined, and widens out on the breast, where the feathers have

their centres mottled with black ; the collar on the hind neck is one-quarter

of an inch in width ; on the breast, at the widest part, it is three-quarters

of an inch ; bill black.

Length (skin), 7 inches ; wing, 7 ; middle tail-feathers, 2^ ; outer tail-

feathers, 3|.
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Hahitat, New Grenada, Bogota. Type in my collection.

Kemarhs.—This species differs from all its allies in its much
smaller dimensions, and in the character of the collar in front.

The regular gradation in size of the four species of this genus

is remarkable—the difference in total length and in that of the

wing, between each, being approximately one inch.

H. semicoUaris is in length 10 inches ; the wing, 10.

IT. zonaris, " 9 " " 9.

H. Mscutata, " 8.1
" " 8.3.

B. minor, " 7 " "
7.

The localities of the several species are as given below :

—

H. semicoUaris seems to be strictly confined to Mexico, and

is very rare in collections.

H. zonaris is the most widely distributed species, being noted

from Brazil and the Argentine Republic; 1 have specimens,

also, from Jamaica and from Guatemala.

H. Mscutata, I think, has been found only in south-eastern

Brazil ; I obtained my specimen of it from a collection sent from

Rio Janeiro.

H. minor, so far as known, inhabits only New Grenada.
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XXI,— The Origin of the Carbonaceous Matter in Bitumi)ious

Shales.

BY JOHN S. NEWISEERY.

Re:id April 2d, 1883.

Among the sedimeiitaiy rocks, there are none in regard to

the origin and mode of formation of which there has been

more difference of opinion than the bituminons shales. These

are typified by theUtica shale of the Lower Silurian, by the Ham-
ilton shales of the Upper Devonian,—including the Marcelins,

the Hamilton, the Genesee and Gardeau shales of the New
York geologists, and their general equivalent, the Huron shale

of Ohio,—by the Cleveland shale of the Lower Carboniferous, and

by the bituminous shales, with their varieties, blackband iron ore

and cannel coal, of the Coal Measures.

We also find in Colorado a great mass of bituminous shale

occupying the central portion of the Cretaceous series, a part of

the "Colorado Group."

These bituminous shales usually contain from ten to twenty

])er cent, of carbonaceous matter, the remainder being clay and

very fine sand, with occasional specks of mica. As a general

rule, such shales are not very fossiliferous, but the scales of

small ganoid fishes and the singular denticles called Conodonts

are almost always present, and not unfrequently we find minute

flattened, originally spheroidal bodies, which are apparently the

spores of plants. In the Utica shale, graptolites are exceedingly

abundant, sometimes quite filling the rock ; and trilobites,

sponges and Crustacea are sparingly found.

In the Devonian shales, the most common fossils are Lingulas,

Discinas, a small Orthoceras, and bivalves of the genera Avicula

and Lunulicardium; sometimes, also, a Pteropod {Tentaculites

fissurella) in countless numbers ; all these are minute. In the

Huron shale, and recently, also, in the Devonian shales of

New York, have been found the remains of large placoderm

fishes in considerable numbers ; but vast masses of this- rock
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may be examined with the discovery of iio other fossils than

seaweeds, which in some places quite cover the surfaces of the

layers.

Economically, these shales are of great importance. In places

they attain a thickness of several hundred feet, have a wide geo-

graphical range, and with their percentage of carbon form a

store of combustible material, and a reservoir of power, far ex-

ceeding in quantity all the coal beds of the Carboniferous system;

they are also undoubtedly the source from which the great flows

of petroleum and carburetted hydrogen gas emanate at the

West.

As we study the lateral extension and geological association

of these bituminous strata, we find evidence tliatthey have been

deposited in comparatively shallow and narrow seas, not far dis-

tant from the shores.

Many suggestions have been made in regard to the origin of

the vast accumulation of carbonaceous matter contained in

these shales.

In a paper on the Rock Oils of Ohio, published in the Report

of the State Board of Agricultnre for 1859, I attributed the

production of petroleum to the si3ontaneous distillation of the

organic matter present in these beds, and ascribed the accu-

mulation of this carbonaceoiis matter, for the most part, to

sea-weeds, but crediting animal tissues with a portion of the

product. Later, Mr. Lesquereux took the same view of the

origin of petroleum, and I think this is now endorsed by the

members of the Geological Corps of Pennsylvania who have

given the 2:)henomena of the production of petroleum the most

careful and prolonged attention.

At the meeting of the American Association for the Advance-

ment of Science, held at Montreal in August last, a communi-

cation was made to the geological section by Prof. Edward

Orton, of Columbus, Ohio, in which, after citing many cases

where spheroidal flattened organic granules were found in the

Huron shale of Ohio,—bodies which he regarded as the spores of

sea-weeds, or lycopods,—he attributed the carbonaceous matter

which the shales contained chiefly to them. The paper of Prof.

Orton was subsequently published in the American Journal of

Science for September, 1882.
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My object in now calling attention to this subject, is to point

out some difficulties in the way of the acceptance of this tlieory,

and to offer additional considerations in favor of the view ])re-

viously proposed, that the carbonaceous matter is mainly derived

from algae.

It is true that in a great number of localities these minute

spheroidal bodies occur, but they are not always or even gene-

rally present, and strata many feet in thickness and miles in

extent may be examined without discovering any of them.

They now form but a very insignificant fraction of the carbona-

ceous matter of the shales ; and there seem to be good reasons

for believing that they have always done so.

In the first place, they are apparently the organs of fructifi-

cation of plants, but these in quantity always bear an altogether

subordinate position to the vegetative tissues with which they

are connected ; and if it were true that the carbonaceous matter

of these shales was derived only from the reproductive organs,

we must account for the disa])pearance of the hundred times as

much organic matter which once composed the organs of vege-

tation.

Second, it is one of nature's wise provisions that tbe

envelops of tbe embryo in plants should be specially resistant

to decay, as well as to the action of many destructive agents.

The testa of some stone-fi'uits is the hardest plant-tissue known,

and is si^ecially adaj)ted to resist mechanical violence. Many
of the smaller dru2:»es are eaten by birds and other animals,

which have the power to digest the sarcocarp but leave the

stone uninjured. So the spores are somehow much more en-

during than other tissues of the plants that bear them, and

are sure to be preserved out of all proportion to their quan-

tity. Hence we may conclude that the spores of lycopods

wafted from the land, or the spores of algae which sunk here

and there with the other materials of the shale, would be pre-

served, while at least all the cellular tissue of the plants would

be disintegrated, though perhaps not destroyed.

Third, the great number of sea-weeds found fossilized in the

shale indicates the abundance of this class of vegetation and

possible source of carbonaceous matter. But the tissue of sea-

weeds is all cellular, is easily disintegrated, and has broken
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down in almost all cases where these plants are found. If the

carbonaceous matter of these shales is due to sea-weeds, it is not

surprising that it is so generally decomposed.

Fourth, in addition to the larger forms of sea-weeds, there are

many which are microscopic and uni-cellular ; even out in the

open ocean they occur in such numbers as to color the water for

hundreds of square miles. Some of these, called Zoozanthellm

by Brandt, are so associated with the radiolarians as to form

self-supporting communities; that is, the algas draw their sup-

port from the sea-water,the animals subsisting on the algae.

Such organisms exist in overwhelming numbers in both fi'esh

and salt water, and must be leaving an important residuum in

diffused carbonaceous particles below their places of abode ; we

may well believe, therefore, that they have contributed to the

formation of such bituminous strata as we are considering.

That some part of this carbon may have been derived from

the fatty portions of animals, is certainly possible; but their

nitrogenized tissues decay with such rapidity, and the^e con-

stitute so large a portion of most animal structures, that we

must attribute the gi'eater part of this organic matter to the

preservation of the more abundant, more carbonaceous and

more enduring tissues of plants.

In nearly all fresh water, and many marine basins, the micros-

copic protophytes, diatoms and desmids, swarm in countless num-

bers ; the abundance of the diatoms being attested by the exten-

sive beds of Tripoli (diatomaceous earth), many feet in thickness

and many miles in extent, which are formed of the silicious

frustules that have resisted decay. But the desmids and the

carbonaceous portions of the diatoms have disappeared as such,

yet we have reason to believe that they contributed their car-

bonaceous particles to the sediments which accumulated in the

basins they inhabited.

In studying the area occupied by the bituminous shales which

have been enumerated, we find they were deposited in shallow

and shallowing seas,—the Utica shale in the retreat of the

Lower Silurian sea, the Hamilton shales in the narrowed and

shallowed basin where the J3evonian limestones had been laid

down. The Cleveland shale lies on the Waverley shales, the

off-shore deposits of the Carboniferous sea, where the water was
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not i)ure enough and deep enough to prodiiee liniestoiie. So too,

tlic bituminous shales of the Colorado group were deposited

near the shore of the Cretaceous sea. In Texas, where the

Cretaceous series is nearly all marine limestones, we find no

bituminous shales ; but as we go west toward the Wasatch

Mountains, the permanent shore of the Cretaceous sea, over very

extensive areas these limestones are replaced by black shales,

olf-shore deposits, which are overlain by the Ltiramie group,

shore and terrestrial accumulations, sandstone and conglome-

rate with coal strata—thai is, old peat beds.

The upper Klamath Lake, in Oregon, is a body of water of

considerable size, but so shallow that water-phxnts, particularly

a yellow water-lily {Nitphar polysepala) root on the bottom, and
cover a large part of the surface with their leaves. The decay of

these succulent plants, existing in such quantity, must foi'm

a carbonaceous pulpy mass at the bottom. Since however,

the lake is only an expansion of a river course,—as Klamath
Eiver enters at one end and leaves it at the other,—it is evident

that at times the flow of .this stream will bring in a con-

siderable cpiantity of transported sediment to mingle with the

carbonaceous I'e^idue ; and it requires no prophet to foretell,

that when the bottom of upper Klamath Lake shall be exposed

to view, it will be found to be composed of materials which, if

consolidated, would become bituminous shale.

That sheets of marine vegetation mny sometimes cover large

water surfaces, is shown in the existence of what are known as

Sargasso seas. In the wider portions of the North Atlantic is

that through which Columbus plowed his way, greatly to the

alarm of his sailors ; and others are known to exist in other por-

tions of the great oceanic basins. Here the sea-weeds in the

"Horse latitudes" are undisturbed by any storm, and grow dis-

connected with the earth, forming sometimes a matted sheet of

vegetation that conceals the water. With this growth must be

decay, and we are compelled to imagine the accumulation be-

neatli these sheets of sea-weed of a carbonaceous mud formed

from the decomposing cellular tissue of the plants, and such

inorganic matter as may be contained in their tissues, or is

supplied by the decay of the animal organisms which inhabit

such regions.
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These very dilfereiit examples of the operation of causes now

in action would give us strata similar to those we have been

studying ; but we look in vain over the earth's surface for any

illustration or confirmation of the theory which attributes the

great stores of carbonaceous matter contained in them to the

spores or j)ollen of plants.

Because the enduring sporangia of lycopods have remained in

considerable numbers in the carbonaceous mass derived from the

trees which bore them, and as sometimes these sporangia are the

only definite forms visible to the eye, the theory has been proposed

that to them chiefly we owe the accumulation of carbonaceous

matter that we call coal ; but the difficulty has been already sug-

gested that these sj^ores must have been associated with a thousand

times more plant-tissue; and as they nowhere form more than a

thousandth part of the mass, we cannot credit them with being

the sources of the combustible. The j^i'obable cause of their

abundance is, that they alone have preserved their forms, while

other tissues have been disintegrated. The perfect preservation

of the sporangia in the cones of fossil Lycopods,—Lepidostro-

bus, Flemingites, etc.,—show how resistant to decay they are.

It should also be said, that in some cases the spores of plants

may have accumulated in local masses, like the masses of seeds

and nuts in the lignites of Brandon, Vermont, and of Saltzhau-

sen in Germany.

The annual dissemination of pollen in the cypress swamps

affords no good arguments in behalf of this theory ; for though

for a brief moment of the year somewhat abundant, scat-

tered widely by the winds, and conspicuous for its color, it has

attracted attention, no one will claim that any considerable

portion of the accumulations of carbonaceous matter which are

now taking place in or around the cypress swamps is derived

from this source.

The composition of bituminous shales may be inferred from

the following analyses, made from specimens taken from several

geological horizons :

—
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1 2 3 4 5 6

Moisture, 1.10 0.86 0.75 0.54 1.10

Inorganic matter, 87.10 84.60 78.29 83.17 79.36 76.00

Volatile combustible do. 6.90 8.36 14.12 8.26 12.60 11.30

Fixed Carbon, 4.90 6.18 6.84 8.03 8.04 11.60

100.00 100.00 100.00 100.00 100.00 100.00

No 1. Cleveland Shale, Carboniferous, Cleveland, Ohio, (Wormley.

)

No. 2. Huron Shale, Monroeville, Ohio, - - - (Wormley.

)

No. 3. Hudson River Shale, Savannah, Ills., - - (Chandler.)

No. 4. Utica Shale, Dubuque, loM'a, - - - (Chandler.)

No. 5. " " Collingwood, Canada, - - (Hunt.)

No. 6. G-enesee Shale, Bozanquet, " - - - (Hunt.)

The relations of the bituminous shales to the cannel coals are

very intimate ; indeed they may be said to be but different

phases of the same substance, as they have been formed in simi-

lar conditions, and shade into each other by insensible grada-

tions. I have suggested a theory to explain the origin of cannel

coal, which supposes it to be composed of the completely ma-

cerated parenchymatous tissue of plants, accumulated in lagoons

or water-basins in the coal-marshes. The water of such lagoons

in our present peat-bogs, and of sti-eams flowing from them, is

coffee-brown in color, from the carbonaceous pai'ticles dissemi-

nated through it. These, subsiding in basins of quiet water,

form a carbonaceous mud which, when dried, is not unlike can-

nel coal. Where transpoi'ted by streams, and mingled with a

preponderance of earthy matter, the equivalent of bituminous

shales is produced. In the Carboniferous age, like causes pro-

duced like effects; and cannel coal is found holding such rela-

tions to cubical coal (ancient peat) and to bituminous shales,

that we can plainly read their closely connected histories.

In attributing the carbonaceous matter of cannels to macerated

cellular plant-tissue, I would not be understood to exclude the

microscopic algae and protophytes (desmids and diatoms) from



r

364 Origin of Carlonaoeous Shales.

all participation in the process of tlieir formation ; and we must

concede not only the possibility but the probability that the

streams, lakes, and shallow bays, where the cannel and bitu-

minous shales accumulated—in former times as now—were

crowded with the microscopic forms of plant-life, which left a

residuum with the disintegrated tissue of the larger plants.

The cannels as a whole differ from cubical coals not only in

physical structure,—lacking the lamination and pitchy bril-

liancy, as well as containing more ash,—but in chemical compo-

sition, since they yield a larger amount of volatile matter—gases

and oils—and gases which have higher illuminating power.

This, which is true of all cannels, is conspicuously so of the

Torbane Hill cannel of England and the "Hartley mineral,"

" Wollongongite," from Australia. For example, the best cu-

bical caking coals, such as are generally employed for the manu-

facture of gas, like the Pittsburgh or Westmoreland coals (and

which are preferred, as they yield a fair volume of good gas and

leave an excellent coke), furnish about 10,000 cubic feet of gas

to the ton, while the cannels yield as much as 12,000 cubic feet,

and the Wollongongite 15,000. These differences are doubtless

in part due to the kind of vegetation from which the carbona-

ceous material was derived; the parenchymatous tissue probably

furnishing more volatile matter than the ligneous, and the

algae perhaps more than the plants higher in the botanical

scale. We can imagine, also, that certain plant-tissues which

have contributed to the formation of such deposits as the Aus-

tralian shale, may have been impregnated with hydro-carbons

elaborated by vital processes, such as the resins. These must,

however, be extreme and rare cases, and the differences between

various coals and carbonaceous shales are probably differences of

degree rather than of kind. ,

The spontaneous emission of carburetted hydrogen and petro-

leum from bituminous shales is so general that hundreds of lo-

calities might be cited where it may be observed ; indeed a

belt of oil-wells and gas-springs marks the line of outcrop of

each of these beds of bituminous shale of whatever geological age.

The organic portion of the shales, like all other organic matter,

being in a state of unstable equilibrium, is constantly decom-

posing, either by direct and comjjlete oxidation, or by a sort of
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distillation through which the end is reached in a series of nio^|e

or less distinct steps ; that is, a fractional distillation results in

the formation of evolved products, liquid or gaseous, which are

slowly but constantly generated, and are, for the most part,

immediately liberated, rising to the surface by hydrostatic press-

ure. Usually we find in the shales only the niateiial out of

which the volatile hydrocarbons can he manufactured ; and as

these are rapidly dissipated when formed, hand specimens and

even larger exposed masses rarely show them ; but in a great

number of locali;ies petroleum is found saturating the shale,

betraying its presence by its characteiistic odor when the rock

is freshly broken ; ;ind it is sometimes present in such quantity

as to foi-m an oily film when fragments are thrown into water.

Porous and shattered rocks which overlie the black shales are

often the reservoirs which receive the evolved products of their

spontaneous distillation ; and here we find all the great stores of

petroleum which supply the extensive commei cial and industrial

operations based upon it. I have elsewhere discussed the genesis

of petroleum and carburetted hydrogen from these shales, and it

is not necessary to treat the subject at length here. The hydro-

carbons which have become so important in the economy of

civilization, have been attributed by some to the action of in-

organic causes. By others, who agree with me in ascribing

them to an organic source, they have been regarded as emana-

tions from other rocks than the bituminous shales ; but no

examples of the occurrence of these hydrocarbons in nature,

except in connection with organic substances, are known ; and

as a matter of fact, no considerable accumulation of petroleum

has been discovered except in close relationship with this group

of carbon-bearing rocks. They are the great repositories of the

materials from which the gaseous and volatile hydrocarbons can

be produced, and we may say the only ones. They claim our

interest, therefore, as the apparent source of the liquid and

gaseous hydrocarbons which are of economic importance ; and

we must not only credit them with all the benefits conferred

upon society by the excellent illuminator now furnished to

every family at so low a price, but we must look to them as the

source of supply of this necessity, as we may call it, when in the

not distant future the stores produced by nature's processes
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s]iall have been exhausted, and we are compelled to manufac-

ture petroleum for ourselves, using nature's material, but sub-

stituting our quick for her slow methods.

Either the minute division of the carbonaceous matter con-

tained in bituminous shales, and its distribution through a

preponderating mass of inorganic material, or some inherent

peculiarity of the plant-tissue which bas furnished it, makes it

more prone to spontaneous distillation than the pure and com-

pacted hydrocarbons which form co:il ; for the evolution of the

gaseous and liquid hydrocarbons from the shales is more con-

spicuous than from beds of coal, though noticeable in both
;

and tlie shales, though quite black when freshly broken, soon

become brown by exposure even in the cabinet. Where sub-

jected to the combined action of sun, air and moisture, they

rapidly lose the carbon at the surface, and ultimately show only

the ashen-grey color of their inorganic constituents.

The occurrence of ii'on pyrites in bituminous shales may be

regarded as one of their charactei'istic features, and nothing is

more common than to find the rock along certain lines thickly

setwith small, often spheroidal, and sometimes beautifully crys-

talized, concretions of pyrite. It is also the material by which

organisms of various kinds, shells, bones, wood and the tissue of

sea-weeds, are often replaced. The origin of the pyrites is

probably due to sulphates,—sulphate of lime, etc.,—decomposed

by the oxidation of organic matter. The original source of the

sulphur is perhaps beyond our reach, but we know that sulphates

are constantly present in sea water, and that sulphur exists in

organic combination in sea-weeds, these liberating suliohuretted

hydrogen sometimes abundantly in their decay. It is not at all

uncommon, also, to find concretions of impure carbonate of

lime imbedded in bituminous shales. In the Huron shale on

the Huron Kiver, at Monroeville, and in the same formation

north and east of Columbus, Ohio, such concretions are quite

numerous and sometimes large,—eight or ten feet in diameter.

They have evidently been slowly formed in place by segregation,

and often surround the bones of gigantic fishes [DmicMliys),

which have served as nuclei for the concretionary action.

The lime may have existed as carbonate in solution, or as sul-

phate which was decomposed by decaying vegetable matter.
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Iron is almost omnipreseut, under such circumstances usually

in the form of carbonate; and the formation of concretions of

carbonate of lime and pyrites would naturally follow the min-

gling of decaying organic matter with sulphate of lime and

carbonate of iron.

The decomposition of the pyrites, so abundant in bituminous

shales, seems to be the chief source of the chemical action

which results in the formation of the mineral springs that issue

from these shales in so many localities. The outcrops of the

Utica and Hamilton black shales are marked by the emission of

sulphur waters, as they are by gas-springs and oil-springs, in

New York, Pennsylvania, Ohio, Kentucky, etc.; and it is also

true that the great black shales of the Colorado group in the

Far West exhibit the same phenomena. Carburetted hydrogen,

carbonic acid and sulphuretted hydrogen, are particularly notice-

able, as the gaseous emanations from such sources. The solid

jDrecipitates include chloride of sodium and various salts of lime,

iron, magnesia, etc.

Among the published papers which have reference to the

origin of cannel coals and bituminous shales, the following may
be consulted :

—

On the Formation of Cannel Coal ; J. S. Newberry, Amer.

Jour. Sci., Vol. XXIII (1857), p. 212.

The Eock Oils of Ohio ; J. S. Newberry, Ohio Agric. Report,

for 1859.

On the Chemical and Geological History of Bituminous

Shales; Dr. T. S. Hunt, Amer. Jour. Sci., Vol. XXXV (1863),

p. 157.

The Black Shale; Prof. J. M. Safford, Geol. of Tennessee,

1869, p. 329.

The Huron Shale ; J. S. Newberry, Geol. Survey of Ohio,

Vol. I, 1863, pp. 107 to 158; Vol. Ill, 1878, p. 13, etc.

A Source of the Bituminous Matter in the Devonian and Sub-

Carboniferous Black Shales of Ohio ; Prof. E. Orton, Amer,

Jour. Sci., Vol. XXIV (1882), p. 171.
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XXII.

—

Descripiio)i of Two New Species of Zonites from
Tennessee.

BY THOMAS BLAND.

Read May 21st, 1883.

Zoiiile§ Wheal leyi, nov. sp.

T. umbilicata, depressa, tenuis, nitens, pellucida, fusculo-cornea, de-

licate striatula ; spira sub-planulata ; sutura leviter impressa ; anfr. 4J,

convexiusculis, ultimus basi convexior, ad aperturam rapide accrescens,

vix descendens ; umbilicus pervius ; apertura depressa, oblique lunaris
;

peristoma simplex, acutum, marginibus approximatis, callo tenui junctis.

Fig. I.

Shell umbilicated, depressed, thin, shining, pellucid,

brownish horn-colored, finelj^ striated ; spire subplanulate,

suture slightly impressed ; whorls little convex, the last

more convex at the base, rapidly increasing at the aperture,

scarcely descending ; umbilicus pervious ; aperture de-

pressed, obliquely lunate
;
peristome simple, acute, the

margins approximating, joined by a thin callus.

Diam., major 5, min. 3^ ; Alt., 2 mill.
Z. Wheatleyi.

Habitat.—The Cliffs, Knoxville, Tennessee, Mrs. George

Andrews ; also, Tiverton, Khode Island, J. D. Thomson.

Remarks.—Tliis, with the following species, was discovered

and communicated to me, in 1879, by Mrs. Andrews, who tlins

described the locality in which the two siDecies were found.:

—

" The Cliiis rise up 200 feet on the south side of the river,

—

they are very steep and rocky, face the north, are almost always

shady, damp, and covered with mosses and ferns. I collected

the shells on the ledges of the rocks among the dead leaves, at

an elevation above the river of about 100 feet. I have not found

either of the spiecies in any other locality."

Mr. J. H. Thomson, to whom I submitted sjDecimens, sent

to me examples of the same species collected by him, "on a

high rocky ledge, covered with old trees, at Tiverton, Ehode
Island."
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This species. Z. Wheatleyi, is move iieurly iillied to Z. ciridu-

lus, Mke, than to any other Xorth American form, but differs

from it, especially in the form of a])erture, in the descending-

last whorl, and in having a wider umbilicus.

I dedicate the species to the memory of my late valued and

lamented friend, Chas. M. Wheatley.

Z4>iiit.e§ pelrophilus, nov. s\).

T. late umbilicata, depresso-subglobosa, tenuis, nitens, transliicens, albida,

irregulariter striata ; sutura mediocris ; anfr. 5J—6, convexiusculis, ulti-

mus convexior, non descendens ; umbilicus extus late excavatus, perspecti-

vus ; apertura rotundato-lunaris
;
peristoma simplex, paululo subincrassa-

tum, saepe roseum, margine columellari reflexiusculo.

Fig. II.

Shell broadly umbilicate, depressed; subglobose, thin,

shining, translucent, whitish, irregularly striated ; su-

ture moderately impressed ; whorls 5.}—6, rather convex,

the last more convex, not descending; umbilicus widely

excavated externally, pervious ; aperture roundly lu-

nate
;

peristome simple, somewhat thickened, often

rose-colored, the columellar margin slightly reflected.

Diam., major 6, min. 5,—5^ ; Alt. fei'e 3 mill.

Z. pbtropMliM.

Habitat.—The Cliffs, Knoxville, Tennessee, found with Z.

Wlieatleyi, Mrs. Geo. Andrews.

Remarlc}^.—This sjiecies is, in general form, nearly allied to

Z. arboreus, but the color is different, the strife are more de-

veloped, and the itmbilicus is much wider.

My friend, Mi-. W. Gr. Binney, examined the dentition of

Z. j^etrojMlus, and favored me with notes on the subject. He
found the teeth 15—1—15, with two jDcrfect laterals, one only

on each side. Z. viridulus has the same number of laterals,

but many more marginals.

I would express my deep obligation to Mrs. x\ndrews for her

uniform kindness and liberality in supplying me, during many,

yeai's, with numerous rare and interesting si:)ecies.
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Description of Two Species of Land Shells from
Porto Rico, W. I.

BY PROFESSOK EDWARD V. MARTENS.

[Communicated by Thomas Bland.]

Read May 21st, 1883.

Note by Thos. Bland.

Ill 1882 I forwarded to Prof. v. Martens several shells re-

ceived long since from my late friend, Mr. Eobert Swift, col-

lected, I believe, in Porto Eico, and wliicli I was unable

satisfactorily to determine.

I had submitted the shells to Mr. G. W. Tryon, Jr., asking

him to compare them with specimens in the Swift Collection,

the property of the Academy of Natural Sciences, Philadelphia.

Mr. Tryon found no similar forms in the Academy collections,

but pointed out the alliance of one of the species with Ghondro-

poma Toi'tolense, Pfr., especially with specimens so labelled,

from the island of Ancgada:—of this I informed Prof. v. Mar-

tens, when presenting the shells to the Berlin Zoological Mu-
seum.

In my correspondence with Prof. v. Martens, I mentioned

that I was preparing notes on the Geographical Distribution of

the Land Shells of the West Indies, with complete lists of the

species of each island. He was kind enough to forward to me
the descriptions subjoined, for insertion in my proposed paper.

The completion of that paper has, from various causes, been

delayed ; but I deem it desirable that the publication of the

contribution of Prof. v. Martens should be no longer postponed.
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Ciiiitula coiifiicpla, uov. sp.

Testa ovato-conica, umbilicata, verticalitei' confertim teuuiter et inaequa-

liter lamellata, pallide brunuea, fasciis compluribus rufis ornata ; anfr. 7,

priores duo lasves, sequentes 4 regulariter crescentes, convexi, sutura pro-

funda, ulrhique prolongaiionibus lamellarum alhis consepia ; anfractus ultimus

in ^ peripheriae solutus, oblique descendens ; apertura subverticalis, fere

ovata
;
peristoma duplex, externum late expansum, subundulatum, rufo-

maculatum, internum distincte jDorrectum. Operculum paucispirum, oblique

radiatim striatum.

Longitudo 18;diam. 8J ; aperturse longitudo, incluso peristomate externo,

6, latitude 5^ ; excluso, 4 et 2^ mill.

Porto Kico. K. Swift.

ChoiKlropoina Tortolensc, Pfr.

(Mon. Pneum., Suppl. I, p. 142.)

Var. Major.

Testa paulum majore, fere unicolore, denticulis suturae paulo magis pro-

minentibus et magis fasciculatis, peristomatis externi lobo superiore et lobo

columellari majoribus, distinctius pliculosis.

Longitudo 18 ; diameter 18 ; aperturae longitudo, incluso peristomate 7
;

latitude 6 ; excluso, 5 et 4 mill.

Porto Eico.
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XXIV.

—

ApjKiratics for Rapid Gas-Analysis.

BY ARTHUR H, ELLIOTT.

Read March 5th, 1883.

In many manufactories and metallnrgical Avorks, it is often

of great service to be able to make rapid analyses of tlie gases

resulting from various oi)erations, as these analyses serve to con-

trol the operations and indicate the progress of the ]irocesses.

This is especially true for iron and steel works, where a know-

ledge of the composition of the gases from a furnace is an index

of the character of tlie changes going on inside the furnace.

Such ]'a])id analyses ai'c also often needed in gas-works. 'J'o

meet this requirement of technical Avoiks, many methods have

been devised and various ingenions forms of apjiaratus have

been constructed. But all the appliances used for this purpose

have been based upon the princi})le of absorbing the various

gases in a mixture by liquid reagents. Of the many methods of

using liquid reagents, that of Orsat is probably the best known,

and the one that has been most used. In this apparatus the

gas, after being measured, is made to pass into vessels contain-

ing the liquid reagents, and so arranged as to expose a large

surface, wet with the reagent, to the mixture of gases. If time

is of little value, this apparatus works very well, but it is too

slow in its action to be desirable for use in technical works.

One great objection to the apparatus itself is the number of stop-

cocks attached to the various parts of it. These stop-cocks be-

come incrusted with the various reagents, and refuse to turn

without great trouble ; and any force applied to them is apt to

cause a fracture, which ruins the apparatus for further work

until the damage is repaired.

Instead of passing the gas into a vessel containing the chemical

reagents, Kaoult* put the I'eagent into a tube containing the

* F. M. Raoult, Cowpt. Rend , 1876, 844.
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gas. In treutiug a mixture of gases with several reagents, it is

necessary to remove one reagent before adding another. This

is accomplished by washing out with water in such a manner
that the gas is not lost. Eaoult performed this treatment of the

gases and washing out of reagents, in a graduated tube with two

stoj^-cocks, one at each end ; one of the stop-cocks was sur-

mounted with a funnel to introduce the fluids. But the whole

affair was not easily managed, and the gases were submitted to

an unnecessary amount of washing while removing the excess of

reagents used.

Wilkinson modified this method, and devised a very simple

and useful apparatus, in which the clumsy manipulations of

Eaoult were overcome by using a tube with one stop-cock above,

the lower end of the tube dipping into water in another tube of

much larger diameter. By this means the gases could be treated,

with liquid reagents, introduced through a funnel attached to

the stop-cock above ; and by introducing or removing water from

the outer tube, the gas could be measured at atmospheric press-

ure. To facilitate the removal of liquids from the outer tube,

the latter has a stop-cock attached below. But, as in the appa-

ratus of Raoult, the gases are submitted to an unnecessary

amount of washing when water is introduced to remove the re-

agents. This Avashing becomes very important in many cases.

For example, take the case of illuminating gas. We introduce

potassic hydrate solution to remove the carbonic acid, then

potassic ])yrogallate to remove oxygen ; and now we must wash

out the alkali before adding bromine to absorb the illuminants.

To do this, much water is needed, and this large quantity of ,

water will wash out some of the illuminates, often as much as 7^/
two per cent. ^

To overcome this difficulty of excessive washing, I have de-

vised the apparatus which is the subject of this paper. In this

process, the gas is removed from the absorbent liquid and

measured in another vessel, without washing.

The cipparatus is shown in Plate XXII, The tube A is of

about 125 c.c. capacity, whilst B, although the same length,

holds only 100 c.c. from the point D, or zero, to the mark on

the capillary tube at C, and is carefully graduated in ,1, c. c.



374 A2323aratus for Rapid Gas-Analysis.

The attachments to these tubes below are seen from the drawing,

except that the stop-cock / is three-way and has a delivery

through its stem. The bottles K and L hold about a pint each.

The tubes A and B are connected above with one another, and

also with the cylindrical funnel M, by a series of capillary tubes

about one millimeter in diameter inside. There is a stop-cock

at G and another at F, while the funnel M, which holds about

60 C.C., is ground to fit over the end of F above. At i^ is a

piece of rubber tubing uniting the ends of the capillary tubes,

which are filed square to make them fit as closely as possible.*

In beginning the analysis of a mixture of gases, the stem exit

of the three-way cock 1 is closed by turning it so that L and A
are connected through the rubber tubing ; the stop-cocks 7^ and

G are opened, and water is allowed to fill the apparatus from

the bottles K and L, which have been previously supplied.

When the water rises in the funnel M, and all air-bubbles

have been driven out of the tubes, the stop-cocks F and G are

closed, the funnel J/ removed, and the tube delivering the gas

attached in its place, f By now lowering the bottle L slowly,

and simultaneously opening the stop-cock F, the tube A is

nearly filled with gas, and the stop-cock i^is closed. The tube

delivering the gas is removed, the funnel 1/ replaced, the bottle

L raised, the bottle -fiTlowered, and by oi)ening the stop-cock G,

the gas is transferred to the graduated tube B.

The bottle K \% now adjusted so that the level of the water in

it is the same hight as the zeio-mark I) on the graduated tube.

By means of the bottle L, the gas is adjusted to the zero-mark

D in the graduated tube, and the stop-cock G is closed.

* The hight of the apparatus caa be dhniaishecl by having bulbs at tlie

points of union of the capillary tubes and the absorption and measuring-

tubes A and B ; such bulbs being of about 25 cubic centimetres capacity,

and the graduations continued downwards from the bulb on the tube B.

Making the funnel spherical also reduces the hight of the apparatus.

f A tube of the same construction as is shown in the explosion -bui'ette

figure can be attached to the end of the stop-cock, and thus facilKate the

attachment of the rubber tubing. See H, Plate XXIII.
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T]]e excess of gtis in A is expelled by opening the stoj) cock
/"and raising the bottle L. The gas remaining in the capillary

tube between C'and the vertical part is disregarded, or its vahie

may be ascertained and an allowance made ; but usually it is too

trifling to be worth notice.

Having measured the gas, it is now transferred by means of

the bottles K and L into the tube A, and the fluid chemicals

added by placing them in the funnel M and allowing them to

flow down the sides of the tube A slowly, care being taken never

to let the fluids run Ijelow the level of the top of the vertical

tube in the funnel. It is best to have a mark on the outside of

the funnel at least three-fourths of an inch above the top of

the level of the vertical tube, and never to draw the fluid down
below this point.

Having treated the gas with the chemical, it is transferred by
means of the bottles to the tube B, to be measured. If the

chemical gets into the horizontal capilLuy tube, the passage of

a little water from the bottle A" will remove it, before transfer-

ring the gas. When the gas i-esidue is in B, and the fluid of

A has been adjusted at the mark f on the horizontal tube, the

stop-cock G is closed, the bottle A^is lowered till the level of

liquid in it and in the tube B are the same, and the reading is

then made. The tube A is now filled with the chemical just

used as absorbent, and Avater; by turning the stem of the three-

way cock /, so that it communicates with A, and is open below,

and by also opening the stop-cock F, the contents of the tube

can be run out, and water added through the funnel M to clean

the tube for a new absorption. When the tube is clean, by turn-

ing the stop-cock /, so that A and L are connected, the water

is forced into A, and the whole is ready to receive the gas in B
for new treatment.

In using the apparatus, the chemicals are added in the fol-

lowing order :
—

1. Potassic Hydrate (I in 20) to absorb carbonic acid. If illu-

minating gas is under examination, a very little of the reagent

will be necessiiry, and it is better to use a solution of potassic

hydrate of four times the above strength, in order to prevent
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washing out of the illuminants. For traces of carbonic acid,

and also for the determination of sulphurous acid and sulphur-

etted hydrogen, special methods are necessary.

2. Bromine, to absorb illuminants. This is added to some

water placed in the funnel. It is best handled with a very

small pipette, since only a few drops are necessary. Add it till

the tube is filled with its vapor; then absorb the vapor with

potassic hydrate used for carbonic acid.

3. Potassic Pyrogallate, to absorb oxygen. Solution of po-

tassic hydrate (1 in 8), containing about three per cent, of

pyrogallic acid.

4. Cuprous Chloride, to absorb carbonic oxide. This is a

solution (1 in 4) in concentrated hydrochloric acid. After

using it, and before transferring the gas to the nicasuring-tnbe,

a little water is added to absorb the acid vapors.

By this method, a mixture contiiining carbonic acid, oxygen,

illuminants and carbonic oxide, can be analyzed in from twenty

to thirty minutes, according to the amount of practice the

operator has had with the apparatus.

Compared with Orsat's process, the work can be done with

the above-described apparatus in one-fourth the amount of time,

and with identical results.

The water used in the apparatus should have the same tem-

perature as the room in which the analysis is made ; and by

careful handling, little or none of the chemicals get into the

bottle L. When working in a warm place, the tube B should

be surrounded with a water-jacket to prevent change of volume

in the gas while under treatment. *

Having added the above absorbents, the residue of gas may
consist of hydrogen, marsh-gas, and nitrogen; and for the de-

termination of these, I have devised a simple form of explosion-

burette, shown in Plate XX HI. It consists of a burette, D, of

* Whenever possible, it is better to collect the gas in tubes and transfer it

to tlie apparatus in a position away from sources of heat.
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heavy glass, graduated in tenths of cubic centimetres, and hold-

ing one hundred cubic centimetres to within about two inches

of the lateral tube, E, below ; the upjier end is closed by a

stop-cock, B, over which fits a funnel, A, in the same manner
as in the apparatus described above. The graduations on the

tube are made so that the stoj)-cock is the zero point, and the

100 mark is below, near the lateral tube, E.

Into the U23i)er end of the burette, at C, are fused two plati-

num wires for an ignition-spark. At the lower end of the

burette, the glass is drawn out to receive, at F, a piece of soft

rubber tubing about three feet long, which in turn communi-

cates with the aspirator bottle, G. Care should be taken that

the opening of F and the tubulatnre of the bottle, G, are not

smaller than the bore of the rubber tubing used to connect

them, since any contraction would prevent the cushioning of

the explosion when th.e spark is passed.* The bent piece, H, is

ground to fit over the stop-cock, B, when the funnel. A, is re-

moved, and facilitates the transfer of the gases from the ab-

soi'ption-burette before described, as it is easier to sli]:» a piece of

rubber tubing over the smooth end of H than over the ground

end of the stop-cock, B. The stop-cock, and also the fitting,

H, have capillary tubing of about one millimetre bore. The

stop-cock at F, and its tube attaching it to th.e burette, are of

ordinary size, about one-eighth to three-sixteenths of an inch.

The operation of the burette is as follows :

—

The funnel is removed from the absorption-burette of the

previously described apparatus, and a fitting exactly like H is

substituted for ir. 'J'he gas should be previously transferred to

the measuring-tube of the absorption-apparatus. The explosion-

burette is placed in a vertical position in a stand near the ab-

sorption-apparatus. The bent tube on the upper stop-cock of

* It is also most important that tlie clamp holding the burette should not

hold too tightly, as pressure upon the glass will cause a fracture on explod-

ing the gases. It is better to use a spring clamp.
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the absorptioii-apjiaratiis is now attached to a ])iece of rubber

tubing long enough to reach to the corresponding bent tube of

the explosion-burette." The aspirator-bottle, G, is filled with

water, and by raising it and opening the stop-cock, B, and clos-

ing E, the explosion-burette is filled with water, including the

bent tube, H, fitted over the end of the stopcock, B. By a

similar movement of the aspirator-bottle attached to the absorb-

tion-apparatus, the corresponding bent tube and its rubber tube

are also filled with water. Care should be taken that the water

completely expels all air-bubbles from the capillary tubes and the

rubber tube. The explosion-burette is now attached to the ab-

sor2)tion-burette by means of the rubber tubing already filled with

Avater, by slipping this rubber tubing over the bent tube of the

explosion-buiette ; taking care to exclude all iiir-bnbbles Avhen

making the attachment. To facilitate the connecting of the bent

tubes and the rubber tubing, the ends of these tubes should be

drawn out so that the rubber tubing will easily slip over them.

Having connected the explosion-buretre with the absorption-

apparatus in the manner described above, we are noAV ready to

transfer the gas-mixture for the explosion. For this purpose,

the three-way cock of the absorption-apparatus is turned so that

the bottom of the absorption-tube is closed. By now opening

the stop-cocks above on the absorption-apparatus, and also on

the explosion-burette, and by moving the aspirator-bottles, any

desired quantity of gas can be transferred from the absorption

apparatus to the explosion-burette. When the proper quantity

(about eighteen or twenty cubic centimeti'es is sufficient) of gas

has been transferred, the stop-cocks of the absorption-apparatus

are closed, also the stop-cock of the explosion-burette. By

means of the aspirator-bottle, G, the level of the water is ad-

justed so that the gas is at atmospheric pressure, by bringing

the level of the water in the aspirator-bottle to the same higlit

as that in the explosion-burette. This gives the correct reading

of the quantity of gas used. We now have to mix this gas with

the proper quantity of oxygen to cause an explosion on passing a

spark through the wires, C. This oxygen is admitted through

the stop cock, E,—most conveniently from a gas-holder.Or cylin-
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der under pressure. Having added tlie pro])er quantity of oxygen
(about equal in volume to the gas used),* the correct volume of

the mixture thus obtained is read ofE in tlie same manner as that

of the original gas. But before the final reading is made, the

burette is removed from the stand, and by a few movements
from vertical to horizontal positions, the gases are mixed, and
any oxygen that collects in the tube, E, is removed to the bulk

of the gases in the nj^per part of the burette. Having taken

the final reading of the mixture, the upper part of the tube is

tapped slightly to dislodge any water adhering to the platinum

wires, and the spark from an induction coil is passed between

them, the aspirator-bottle being below the level of F, in order

to expand the mixture. A sharp click is now heard, and the

tube is allowed to stand so that the heat of the explosion may pass

away before I'eading the contraction. When the tube is cool,

the ]"eading is taken by lifting the aspirator-bottle as before.

'J'his reading gives the contraction, and. by removing the bent

tube and replacing the cylindrical funnel, A, the carbonic acid

resulting from the ex]:»losion may be absorbed with potassic hy-

drate, as in the absorption-apparatus, the readings always being

taken after adjusting the levels of the liquids in the burette and

the aspirator-bottle.

When removing the bent tul)e and attaching the cylindrical

funnel, cai'e should be tak<n that the air in the ctipillary tube

of the stop cock is removed. This is accomplished by attaching

the funnel, putting into it a little potash solution, and then in-

serting a piece of thin copper wire into the capillary tube of the

stop-cock ; by this means the air-bubbles are readily removed.

Like the absorption-apparatus previously described, this explo-

sion-buj'ette is intended for rapid work where some accuracy is

sacrificed to the saving of time. It has the great advantage that

the explosion can be made over water—the long piece of rubber

tubino- acting as a cushion to the shock. I have used this

burette for over a year, and with the most satisfactory results.

* If the gas mixture contains little or no nitrogen, it is better to add lialf

the volume of oxygen and one volume of atmospheric air, to moderate the

force of the explosion.
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It is only intended to be used with mixtures of gases, containing

hydrogen, marsh-gas, and nitrogen,—the other ordinary consti-

tuents being determined in the absorption-apparatus.

The following formulas are used in calculating the results of

the explosion of a mixture of hydrogen, marsh-gas and nitrogen,

or hydrogen and nitrogen.

Let C = Contraction. D = Carbonic Acid : then,

—

2 C — 4D
= Hydrogen.

3

and D = Marsh-gas.

In the case of hydrogen and nitrogen the above formula be-

comes simply 2 C
= Hvdrogen.

3

These calculations give the quantities of the above gases found

in the number of cubic centimetres of gas-residue used in the

explosion; it is of course necessary to calculate these upon the

total amount of residue left in the absorption-burette. The ni-

trogen is found by adding together the figures for the other

constituents of the gas and f.ubtnicting their sum from one hun-

dred.

The subjoined table illustrates the character of the mixtures

of gases that can be analyzed Avith the above-described apparatus.

Carbonic Acid 3.4 7.3 0.0 0.7

Illuminants — — 6.3 15.6

Oxygen 0.0 1.0 .3 1.5

Carbonic Oxide 40.2 29.8 6.0 8.5

Hydrogen 44.9 55.8 — 13.0

Marsh-gas 0.0 — 33.8

Nitrogen 11.50 6.1 — 26.9

With care, and a little practice with the apparatus, results are

obtained within a few tenths of a per cent, of the truth, and this

at an immense saving of time over the older methods of analysis

—the results answering every ordinary purpose in gas and metal-

lurgical works. After some practice, a complete gas-analysis,

using the absorption-apparatus and explosion-burette, can be

made in less than an hour.

School of Mines. Netv York, 1883.
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XXV.

—

Descriptions of Neio Species of Birds of the Genera

Chrysotis, Formicivora and SperDwjjhila.

BY GEORGE X. LAWREXCE.

Read May 28th, 1S63.

I. Cliry§otis canifrons.

The general coloring is greeu, the abdomen washed with bluish, the

feathers of the hind neck edged with black, and those of the throat mixed

with yellow ; the front, the chin, and the upper part of the throat, are gray-

isli ash ; this color is bordered on the crown with dull pale yellow ; sides of

the head dull yellow ; the primaries are deep blue, with a speculum of

bright scarlet ; the bend of the wing is clear yellow, marked with scarlet

next the bodj' ; thighs gray ; tail-feathers green, ending rather broadly

with light greenisli yellow ; the basal portions of tlie feathers are yellow for

half their length, and are marked with red ; the outer feather is bluish on

the outer web ; bill whitish horn-color, with the tip dusky ; feet dark gi'ay.

Dimensions approximately ; length, 14 inches ; wing, 9 ; tail, 6.

Habitat, Island of Aruba, West Indies.

Bemarks.—The above-described paiTot was brongiit alive, by

our associate, Dr. A. A. Julien, in the spring of 1882, when he

retained from the islands of Cura9ao, Bnen Ayre and Aruba.

He obtained it at Aruba, and thinks it occurs in abundance on

Buen Ayre (no specimens, however, were procured there), but

is not found on Curagao.

I saw this parrot soon after his return, and took notes of its

plumage, and also of its dimensions, as well as I could from a

living bird, tliough it was very gentle. I considered it an un-

descril)ed species, but deferred publishing an account of it, for

the sake of a further examination, a^d to see if any change

would take place in its plumage, especially in the ashy coloring
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of the front and chin, though I thought it to be fully adult. It

was left in charge of a bird-dealer in Brooklyn, L. I., from

whom I exacted the promise, that in case of its death he would

take it to Mr. John Akliurst, to whom I had given directions to

preserve the skin. Unfortunately, it died during the summer,

but the skin was not saved.

Therefore, I have had to rely on my notes, which I was

pleased to find gave quite a satisfactory account of its plumage.

The most marked difference from its allies seems to be, the

ashy front and chin, and these the dealer assured me did not

change at all in colorins; while it lived.

2. Forniicivoru g^risei;;ulH.

The upper plumage is of a deep, rather bright, ferruginous ; the front,

lores and crown are brownish ; the tail-feathers are dull black, cross(!d with

waving bars of very pale dull ferruginous ; these bars are of about half

the width of the black interspaces, and are eleven in number ; the quills

are dark liver-brown ; their edges and the wing coverts are rufous, like the

back ; the inner edges of the quills are of a very pale salmon-color ; the

sides of the head are blackish ; the shafts of the ear-coverts are white ; the

chin and throat are dark gray, a little lighter in color on the former; the

breast, abdomen and under tail-coverts are of a light dull rufous; the bill and

feet black.

Length iskin\ 5^ inches; wing, 2| ; tail, 2|- ; tarsus, | ; bill, f.

Habitat , British fkiiana. Tyi)e in my collection.

Remarhs.—By its general dark coloi'ation, gray throat and

barred tail, this bird is readily distinguished from all others of

the genus.

3. Spermopliila parva.

Female. Upper plumage of a light, warm, earthy-brown, a little deeper

in color on the crown, and brighter under and behind the eyes ; the throat

is grayish-white ; rest of the under parts of a very light shade of brown,

whitish on the middle of the abdomen ; the smaller and middle wing-coverts

are dark brown, the latter ending with whitish ; the larger coverts are also

dark brown and marginedewith whitish ; quills dark lunber-brown ; the

outer tertials edged with light fulvous, the inner with whitish ; tail, umber-
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brown, ending with dull white; "iris brown; bill light-brownish; feet dark

grayish-ash.

"

Length (skin), 8| inches; wing, 2; tail. If; tarsus, ^.

Habitat, Mexico, Tehuantepec City. Type in National Mu-

seum, Washington.

Remarks.—I have had this specimen for several years, and

have delayed its description, hoping to get the male. It was

obtained by Prof. Sumichrast, to whom I wrote requesting him

to try to procure the male. As he left that part of Mexico, and

is now deceased, I have thought best to describe it. It somewhat

resembles the female of S. minuta, but is distinguished from it

by the smaller size, lighter color and whitish throat, and by

having the wing-coverts, tertials and tail-feathers edged with

whitish; the bill is not half the size of that of S. minuta.

May 25th, 1883.
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XXVI.— Observations of the Transit of Venus, December 6. 1882.

BY J. K. KEES,

Director of the Observatory of Columbia College, N. Y. City.

Read December 11, 1882.

The station occupied was the roof of the unfinished Observa-

tory of Columbia College, vi^here the telescope was placed at the

southwest corner. This roof is extraordinarily strong and

solid. The beams are of iron, 12 inches in de})th; and solid

brick arches spring from beam to beam. The hight of the roof

from the street is about 110 feet, and the walls supporting it ai'e

four feet thick. An unobstructed view Avas had of the whole

transit.

The position of the instrument was a few feet only from the

centre of the old Observatory ; so that we may take the longi-

tude and latitude of our instrument from the American Ephe-

meris.

Latitude, + 40° 45' 23". 1.

Eeduction to Geocentric Lat., —11' 22". 7.

Log. p = 9.999384.

Longitude

—

h. m. s.

From Washington, — 12 18.40.

h. m. s.

From Greenwich, -|- 4 55 53.69.

The time-pieces used were a mean-time chronometer. No.

1853, made by Parkinson & Frodsham, of London, England,

and a sidereal chronometer. No. 1564, made by Negus & Co.,

of New York City.



Ohservations of tlic Trrnisif of Venus. ;5.S5

The instrument used in the observations was an e<)uatorially

mounted refractor, made b}' Alvan Clark & Sons. Aperture,

5.09 inches ; focal length of object-glass, 74.3 inches. The

magnifying poAvers used were 48 on first contact ; 165 on second

and third contacts ; 95 on fourth contact.

The telescope was moved by clock-work, and was similar in

all respects to the instruments nuide for the transit of Venus

exiieditions of 1874.

In making chronometer comparisons, the sidereal chronome-

ter Avas left at the College, and the mean-time chronometer was

carried to the instruments on which si^'nals were to be received.

CHRONOMETER COMPARISONS.

December 5th, P. M., at the College.

Negus, Sidereal. P. & F. Mean-Time.

h. in. s. h. ni. s.

21 39 14.0 = 4 26 15.0

21 42 4.5 = 4 29 5.0

December 5ih, P. M., at 42d Street Depot.

West'n Union Time Signals Mean-Time Chronometer. P. &F.
in N. Y. City Hall time.

4 41 0.0 4 43 2.0

4 42 0.0 4 44 2.1

4 43 0.0 4 45 2.0

4 44 0.0 4 46 2.0

4 45 0.0 4 47 2.0

December 5th, P. M., at the College.

NeCtUs, Sidereal. P. & F. Mean-Time.

22 20 27.5 =
22 23 18.0 =
22 26 30.0 =

5 i 25.0

5 10 15.0

5 13 26.5
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P. M., at the College.

P. & F. Mean-Time.
= 8 40 32.0

= 8 46 30.0

A. M., at the College.

P. & F. Mean-Time.
= 8 8 10.0

= 8 14 0.0

At Western Union Building, Broadway and Liberty Street:

Eeception of the Washington Time-Signals.

P. & F., Mean-Time Chronometer. Washington Signals.

December 5th,

Negus,, Sidereal.

1 54 10.0

2 9.0

Decembeir 6 th,

Negus , Sidereal.

13 23 42.5

13 29 33.5

lost = 30 sec. = 11 56 30.0

12 11 14.0 = min. = 11 57 0.0

12 11 44.0 = 30 sec. = 11 57 30.0

12 12 lost = min. = 11 58 0.0

12 12 44.0 = 30 sec. = 11 58 30.0

12 13 14.0 = min. = 11 59 0.0

12 13 44.0 = 30 sec. = 11 59 30.0

12 14 14.0 = min. = 12 0.0

December 6th, P. M., at the College:

Negus, Sidereal.. P. & F. Mean-Time.

18 18 46.5 = 1 2 25.0

18 21 22.0 = 1 5 0.0

18 .24 12.5 = 1 7 50.0

December 7tli, A. M., at the College:

Negus , Sidereal.. P. & F. Mean-Tiime.

16 9 54.5 10 49 55.0

16 12 50.0 10 52 50.0

16 21 56.5 11 1 55.0

December 7th, A. M
Western Union Time Signals

in N. Y. City Hall time.

11 50 0.0 = 11

11 51 0.0 = 11

11 53 0.0 = 11

Last comparison by Mr. Hamblet.

at Western Union Building.

P. & F. Mean-Time.

52 1.7

53 1.6

55 1.8
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December 7th, P, M., ut Western Union Building.

Reception of the Washington Time-Signals.

P. & F., M. T. Chronometer. Washington Signals.

lost = 30 sec. = 11 or. 30.0

lost = min. = 11 57 0.0

lost = 30 sec. = 11 57 30.0

12 12 13.7 = min. = 11 58 0.0

lost = 30 sec. = 11 58 30.0

lost = min. = 11 59 0.0

12 13 43.6 = 30 sec. = 11 59 30.0

12 14 13.6 = min. = 12 0.0

December 7th, P. M., at the College:

Negus, Sidereal. P. & F., Mean-Time.

19 14 25.0 = 1 53 55.0

19 20 6.0 = 1 59 35.0

The Western Union time-signals sound the local time of the

New York City Hall. The assumed longitude of the City Hall

from Washington is — 12m. 10.47s.

Mr. Hamblet, in charge of the system, gives the errors of his

clock and signals as follows:

—

December 5th, N. Y. City Hall, noon, 1.11 sec. fast.

6th, " " 1.35

7th, " " 1.41

Prof, Wm. Harkness, of the Executive Committee of the

Transit of Venus Commission, has kindly furnished me with

the corrections to the Washington clock-signals, as follows:

—

December 4th, correction =^ — 0.24 sec.

5th, " = — 0.47 sec.

6th, " = — 0.22 sec.

7th, " = _ 0.68 sec.

These corrections refer the time to the centre of the old dome,

from which all longitudes are counted.
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PHENOMENA. P. &F, Chi.
I M, T, Un-

corrected.

Ool. Coll.

M. T.

Corrected.^

Faint clouds bot'ore the Sim

Notch phiiuly on, . . .

Light thro' Veuus's atiuos-
phero

Ditto, beautifully seen, .

Not yet. ..."...
On (uo "drop")

Clearly on,

Preceding limb of Venus
quite ilark ....

Black border at preceding
limb extends to following
limb,

Faint show of "drop," .

Taugency

Not yet,

Off,

h. m. s.

9 9 30

!) 10 ii

d 23 55

9 2li 15

9 29 5-1

9 30 41

9 31 1

2 50 28

2 53 21

2 53 5U

2 54 9

3 13 19

3 13 47

h. m. s.

i
9 7 35

9 8 49

9 22
9 24 20
9 27 59

9 28 4(5

9 29 (i

2 48 33

2 51 2(i

2 52 1

2 52 14

3 11 24

3 11 52

I. Contact.
Mag. power. 48. Est. Ini.

late.

II. Contact.
IMag. power, l(i5. Good

obs.

A very peculiar phenom-
enon.

I III. Contact.
- Mag. power, 105. Good
( obs.

i lY. Contiict.

} Mag. power, 95. Poor
f seeing.

The first three contacts were observed with a Pickering solar eye-piece

and a light yellow shade-glass. The last contact was observed with a re-

flecting wedge.

Keducing the contiicts to Washington Moan Time, we have:

I Contact 8 56 30.6 Est. 1 min. hite.

II " 9 16 27.6 Good observation.

III " 3 39 55.6 Good observation.

IV " 2 59 33.6 Poor seeing.

Bewarls on Phenoinenn Observed.

I estimated the 1st contact observation as over a minnte late.

The light shining through A^enus's atmosphere was a fine

* Note.—The time-corrections as determined from tlie Washington

Signals are used.
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sight. I should suy that it first appeared to my eye when the

planet was a little more than half-way on the sun, and disap-

peared about a minute before the planet reached 2d contact.

This line of light, marking out the portion of Venus's disk not

on the sun, changed its a])pearance considerably while my atten-

tion was fixed upon it.

I first saw a faint arc of light marking out only a few degrees

of the disc not on, and farthest from, the sun. A little later, a

fine semi -circular line of gold Avas seen ; and finally, this line

broadened near the sun, and could not be seen farther out, giv-

ing the appearance of two wings of light.

In the second case, the line of light appeared to be the con-

tinuation of the dark rim of the planet.

In the third case, the bases of the wings resting on the sun

were plainly out of the line of the dark circnmference. I

watched for the repetition of these ai)pearances between the 2d

and 4th contacts, but failed to see anything.

The sky between the 1st and 2d contacts was much clearer of

haze than between the 3d and 4th.

At 2d contact, I saw no indication of the "black drop."

The tangency of Venus's disk and that of the sun was well seen.

During the passage of Venus over the sun's face, I observed her

disk with magnifying powers, as follows :—48^95—165—385

—

but saw no indications of an atmosphere.

The disk of Venus did not appear to be uniform in blackness,

but to be spotted with grayish or whitish matter, reminding one

of patches of snow. This was seen under the different magnify-

ing powers used. When Venus neared the 3d contact, a very

peculiar phenomenon Avas observed. The preceding limb of

Venus was seen to be darker than the central portion. Later,

the edge of the planet became of a bluish-black color around to

the following limb.

The phenomena connected with this were veiy distinct.

When the planet was near 3d contact, a faint ''black drop"

was observed for a brief time. It disappeared very shortly, and
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the 3d contact was finely seen. The 4th contact was interfered

with by the haze and clouds.

For assistance during the transit, I am much indebted to

the civil-engineering students of the class of '83, School of

Mines.

Note 1.—The contact-times (corrected) differ sliglitly from the times

given in the "Transactions," owing to data lately received in regard to the

Washington time-signals.

Note 2.—The peculiar marking on Venus's disc, when near 3d contact,

reminds me of the drawings of the markings on .Jupiter's fourth satellite,

only there we have the light border on dark ground. (See Webb's
" Celestial Objects," p. 168, 4th edition.)

J. K. R.

ADDENDUM.

I have received the following data from an amateur observer in this city,

Judge Addison Brown, 233 East 48th Street.

Contacts. Observed Time. Corrected.

I,

jy I
not yet,

^^'
f past,

h.

9

9

9

m.

11

31

31

s.

21

40
50

h.

9

9

9

m. s.

8 38

28 57 )

29 7i
^9 29 2
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Hessite 8, 17

Heulandite 6 11, 17

Holosiderous meteorites 390
Hornblende 13, 17

HLibnerite 8, 13, 17
Hudson Co. , N. J

. , geology of, 37—73

Arclitean rocks of 39—83, 65
borings in ,. . 59, 66—71

copper-mines in . . 88, 34, 35
drainage of 64, 65
drift of 50—58
erosion of 61, 63
fossils in 49
gneissic rocks of. .... .39, 30
jasperoid rock of '

. . . 83

minerals in 31, 45
serpentine rocks of . . .80, 81

shell-heaps in 61

surface geology of . . . .53, 61

trap of 85—50
Triassic rocks of 83, 50

Hudson River shale 363
Humus, composition of . . . .301, 303
Huron Group in Michigan 140
Huron shale, 140, 357, 863, 366, 367
Hyalite 5, 10, 18
Hydraulic limestones of Ohio,

fossils of 1V)8— 198
Hj'drocarbons in meteorites,

303, 803
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PAGE.

Hydrocarbons, natural distilla-

tion of 364, 365, 366
Hydrogen pei oxide, accompa-
nying ozone 22—26

Hypersthene 5, 11, 17

Igneous rocks, comparison of

"with meteorites 307—310
Igneous rocks of New Jersey,

35—50
of the West Indies, 186,

187, 192
lodo-citric mixture, for mineral

analysis 9—17
Ilfracdmbe beds 149
Ilvaite 5, 11, 17
lolite 6; 11, 18

Jamaica, geology of, 117, 189—191
land-shells of 123

Jamesonite 3, 9, 15, 17

Jaspei'oid rock 32
Jefferisite 7, 11, 17

Kaolin 7, 11, 18
Kermesite 4, 9, 17
Klamath Lake, deposits in 361
Kyanite 12, 18

Labradorite .11, 12, 18
in meteorites 29:-3

Lapis lazuli 6 11, 16

Laramie Group 361
Laumontite 6, 11, 16

Lavas, microscopic structure of,

292, 307, 308
Lead, argentiferous, treatment of

81—113
Lepidolile 6, 11, 18

Leucite 6, 11, 18

Leucopyrite 3, 9, 16
Libethenite 7, 12, 16
Limit of expansion in steam en-

gines 353—355
Limonite 17
Limonites of Staten Island,

172, 175—177, 181
Linnasite 3, 17
Lower Helderberg Group,

149, 160, 174
Ludlow beds 150

Magnesite 17, 31

Magnetite 17
Malachite 16

Manganite 17

PAGE.

Marcasite 17
Marcellus shale, carbon in 357
Marcellus shales in Ohio 212

233—236
fossils of 213, 214

234, 235, 243, 244
Marie-galante, W. 1 118, 124
Marmolite 31
Masonite 7, 11, 17
Maxville limestone of Ohio .... 219

fossils of 219, 226
Mechanical equivalent of heat,

20, 21
Melaconite 4, 10, 17
Menaccanite 4, 10, 17
Mercury 8, 17
Mesolite 6, 11, 16
Metallurgy of silver-bearing lead
and zinc ores 81—113

Metals, solution of by organic
acids 13

Metamorphic rocks of the West
Indies 187, 188.

of Staten Island 163—168
Meteorites 289—312

analyses of, 293, 294, 300—303
carbon in 301—304
classification of 290, 291
comparison of, with ig-

neous rocks 307—310
fusion-structures in,

292—300, 304—310
heat of 298, 299, 300
microscopic structure of,

291—297
minerals in 293, 294
organic appearances in,

297, 304—307
specific gravity of 298
velocity"of 299

Millerite 3, 17
Miinetite 7, 12, 16
Minerals, action of organic

acids upon 1—18
in meteorites 293, 294
of Staten Island. . . . 165, 181

Miocene rocks of the AVest
Indies 119, 191

Modern beds of Staten Island,

178—181
Molybdenite 18
Montserrat, W.I 192
Muscovite 12, 18

ISTagvasrite 3, 17
Natfolite 12, 16
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Ncmalite 31

Nephelitp 6, 11, K!
Nevis. W. 1 118, 192
New Grenada, new bird from. . 356
New Jersey, geology of.

See H\idson County, N. J.

Niagara Group. . . 148. 149, 151—160
Niccolite 17
Nitro-citric mixture, for mine-

ral-analysis 9—17

Ohio, fost-ils of 19?—244
Carboniferous. . 226—282
Hamilton? 215—218
Helderberg 193—211
Marcellus. ..213, 214,

234, 235
Subcarboniferous ....

219—226
Oil-sprin£>'s, origin of 364, S65
Oligoclase '

6, 18
Oligosiderous meteorites 291
Olivenite 7, 12, 16
Olivine 12. 17, 293, 294
Ophicalcite 31
Organic appearances in meteor-

iites 297, 304—307
Organic matter, in meteorites,

300-304
Organic acids, action of upon

minerals 1—18
Oriskany beds 149, 160
Orpiment 3, 10, 17
Orthoclase 11, 12, 18
Oxides, mineral, treated with

organic acids. ... 2. 10. 11. 15—18
Ozone, occurrence of with hy-
drogen peroxide 22—27

Pargasite 5, 11, 17
Parian formation 189
Peat of Staten Island 179, 182
Pectolitc 12, 16
Peroxide of hydrogen accom-
panying ozone 32—26

Petalite.r. ..'. 5, 11, 18
Pharmacosiderite 7, 13, 16
Phlogopite 6, 11, 17
Phosphates, treated with or-

ganic acids 2, 12, 13, 15—18
Pliocene rocks of the West

Indies 192
Polybasite 4, 15, 17
Polj^siderous meteorites 291
Portage Group, 140—142, 145,

149, 156, 160

PAGE.

Porto Rico, geologj' of, 117,

120, 189, 191

land-shells of 119, 124
Post-pliocene rocks of the West

Indies 119, 192
Post-tertiary beds of Staten

Island • 173—178
Potassic hydrate 373, 375

pyrogallate. 376
Potsdam sandstone 174
Prehnite 12, 17
Prochlorite 7, 11, 16

Proustite 3, 10, 15, 18
Pseudomalachite 7, 13, 16

Psilomelane 17

Pyrartiyrite 3. 10, 17

Pyrite'. 10, 17
Pj-rites in bituminous shales . .

.

366
Pyrolusite 17
Pyromorphite 16

Pyrope 5, 11, 17
Pyrrhotite 16

Quartz 5, 10, 18
Quaternary beds of Staten

Island 173—178

Eealgar 3, 10, 17
Pvedonda, W.I 193
Retinalite 12, 17

Rhodochrosite 16

Rhodonite 12, 16

Rhyolite 292, 307, 308
Richmond Co., N. Y., geology

of, s^e Staten Island 161—182
Ripidolite 12, 18
Rock oils of Ohio 358, 367

Rutile 4. 10, 18

Saba, W. 1 118, 119, 134, 193

Sadi Carnot, on thermotics. .19, 31

Samarskite 18

San Domingo, geoloiry of

117, 121, 189, 191

land-shells of... 132, 123, 124
Sanitarjr influence of soils ... 60, 61

Santa Cruz, W. 1 118—126
186, 189, 191

flora and fauna of. . 117—126
geology of 119, 120
supposed desiccation of,

185, 126

Sargasso seas, deposits of 361

Scheelite 8, 13, 18

Serpentine H, 12, 17
Serpentine rocks of N. J 30, 31
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Serpentine rocks of Staten
Island 164, 165, 182

Shore-wear of Staten Island .... 181

Siderite 17

Siderites (meteorites) 290
Silicates, treated with organic

acids 2,' 11, f2, 15—18
Silver and organic acids 17
Silver-bearing ores, treatment

of 81—113
Smaltite 17

Smithsonite 16

Sodus Bay, lake ridges at 264
Soils, sanitary influence of. .60, 61

Sombrero, W. I. . 118, 119, 123, 192
South America, former north-

ward extension of 117
Specific gravity of meteorites . . 298
Sphalerite 16
Spinel 4, 10, 18
Spirifers, relations among, 148—160

variations of 156—159
Spodumene 12, 17

Sporasiderous meteorites 291
St. Bartholomew, W. I

118, 119, 124, 189—191
St. Croix, W. I., see Santa Cruz.

St. Eustatius, W. 1 118, 192
St. John, W. 1. . . 185, 186, 187, 188
St. Kitts, W. 1 192
St. Lawrence valley in the ice-

pei-iod 263—266
St. Martin, W. I

118, 119, 124, 189—191
St. Thomas, W.I. 118—126, 185—188
Staten Island, geology of . .161—182

Archaean 163—168
changes of level 181
Cretaceous 170—173
drift 173—175
fire-clays 171, 181
flora 173
iron-ores. . 172, 175—177, 181
minerals 165, 181
modern deposits. . . . 178—181
Quaternary 173—178
rainfall 162
terminal moraine... 173, 174
trap 168, 169, 181
Trias 168, 169

Staurolite 6, 11, 18
Steiim-engines, limit of expan-

sion in 353—855
Stephanite 4, 15, 17
Stibnite 16
Stilbite 12, 16

TAGE.

Stroutianite. 16
Subcarboniferous fossils of Ohio,

219—226
Sulphides treated with organic

acids 2, 9, 10, 15—18
Sulphur 3, 10, 17
Sulphur-springs, origin of 367
Surface geology of Western JNew
York :....'.' 249—266

Syssiderous meteorites 291

Tables showing relations of car-
bon minerals 269 270

Talc 12, 18
Tar-springs 279
Temperature of meteorites, 298-300
Tennantite 4, 15, 17
Teutacuiitc limestone 149,' 160
Tephroite 5, 11, 17
Termimil moraine on Staten

Island 173, 174
Tertiary petioleunis 278
Tertiarv rocks of the West

Indies 119, 185, 189—192
Tetrahedrite 17
Thermotics, views of Carnot
upon 19, 21

Thomsonite 6, 11,' 16
Tiemannite 3, 17
Till, features of in Scotland. . .

.' 262
in Western N. Y 255—258

Titanite 6. 11, 18
Topaz 6, 11, 18
Torl)eruite 8, 13, 16
Toronto, ancient lakebeaqhes at 263
Tortnla, AV. 1.... 122, 185, 187, 188
Tourmaline 12, 18
Trachyte 292, 307, 308
Transit of Venus, see Venus.
Trap-rocks of New Jersey. . . 35—50

of Staten Island, 168, 169, 181
Triassic rocks of New Jersey, 32—50

of Staten Island 168, 169
Trinidad, W. 1 190, 191

pitch-lake of 279, 280
Triphylite 7, 12, 16
Triphte 7, 12, 16
Tully limestone 145, 251

Ulexite 8, 13, 16
UUmannite 17
Upper Helderberg group. . .251, 261
Upper Llandovery beds 150
Uranmite 17
Utica shale.. 276, 280, 288, 357,

• 360, 363, 867
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PAGE.

Vegetable tissue, clecomposisioii

of 268, 369
evolved products of. . 269,

270, 274—281
residual products of 269 -274

Vegetation, see Flora.

Velocity of meteorites 299
Venus, atmosphere of 888, 389

disk-markings on. . . 389, 390
transit of in 1882. . .384—390

Vesuvianite 5, 11, 18
Vieque. W. I., 119, 122, 124, 185, 188
Viri-in Gorda, W. 1 185, 186
Virgin Islands. . .117—124, 185—192
Vivianite 16
Volcanic rocks, comparison of

with meteorites 307—810
Volcanic rocks of the West

Indies 186, 187, 192

Wad 17
Washingtonite 4, 10, 17

Water-lime group 250
Wavellite 7, 18, 16

Waverlejf shales 360
Wenlock beds 149, 151, 153

Wernerite 12, 18

West Indies, geology of,

117—121, 186—192
land-shells of. . .119, 121—124

PAGE.

West Indies, physical geogra-
phy of 117—121, 124—126

plants of 120, 121

rocks of 119, 186—192
Western New York, ancient

drainage of 263—266
drift-deposits of 251—262
elevations in 265
lake-basins of... 251, 258, 260
Palaeozoic rocks of. .249—255

Willemite 12, 16
Wilherite 16
Wollastonite .12, 16
Wollongonite 364
Wolframite 8, 13, 17
Wulfenite 8, 18, 17

Yucatan, birds of, 245—248, 287, 288

Zeolites 45
Zinc desilverization 81—113

Brodie's method, 99, 100, 103
Faber du Faur's method,

99, 103—108, 113
Flack's method 95, 99

Zincite 17
Zircon 5, 11, 18

Zoisite 5, 11, 18
Zoozanthellse 860

ADDENDA TO INDEX.

Albertite 280
Algae, as sources of carbona-
ceous deposits 285

Asphalt 270, 279, 280
Asphaltic coals 270, 280, 281

Centre of glaciation in Western
New York 258—260

Clinton group 250, 255, 256
Coals, varieties of 272, 273

Diamond, origin of 281
Dopplerite 281, 282

Genesee slates 251, 261
Graharaite 280
Graphite, origin of 270, 272,

273, 274, 281, 304

Hamilton group.. 251, 261, 276, 278

Huron shale 276

Jet 281, 282

Medina sandstone 249, 250,

255, 256, 261

Niagara group . . .250—256, 278, 284

Ontario basin, ancient drainage
of 263—266

Ozokerite 279

ParafHne. .'. 278, 279
Peat 253, 271, 272
Petroleums, differences in, 278, 279

oxydation of 279, 280
Portage group 251, 261

Salina group 250—255
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PAGE.

Actinodesma reda 215
subrecta 215, 244

Ancyrocrinus spinosus 238
Aglaja 138
Allorisma Andrewsi 222

davaia 222
Maxvillensis 222
pleuropistJia 283

Ambocoelia 145
Amphibulima jjahda 124
Argiope Clevei 191
Arionta 137, 138
Atrypa reticularis 240
Aulacophyllum sulcatum 238
Aulopora cornuta 237

fiUformis 237
tubceformis 237

Avicula 357
Aviculopecten crassicostata 240

equilatera 213, 244
jMralis 240

Bellerophon alternodosus 225
Montfortianus 225
Newherryi 242
Pelops .

'. 242
propinquus 242

Bucania 205
Bulimulus elomjatus 122, 123

exiinctus 122
fraterculus 123, 124
marginaius 123
Biisel. 122

Cannopora columnaris 236
densa 236

Caracolus 123
caracolla 122
excellens 122
insititia 122
marrjineUa 122
sarcocheila 122

PAGE.

Catopterus 49
Centurus rubriventris 247

tricolor 247, 248
Cerithium gigantemn 190
Chaetura Gaumeri 345

pelasqica 246
Vauxi 246

Cbondropoma busicarinatum. . . . 121

cltordiferum 121

JuUeui 123
Santacruzense 121, 123

Tortoknse 122, 370, 371

Chonetes acutiradiata 239
nrc.nala 239

deflecta 339
mucroncda 239

reversa 313, 243
scitula.. 313, 243

Yandellnna 339
Chrj'sotis 381

canifrons 381

Cistula consepta 371

riifilabris 133
Codaster pyramidatus 338
Coleolus..' 203, 304
Coleoprion 203
COLUMIJID^ 287
Conocardium Ohioense 340

trigovale 340
Conularia elegantnJa 242
Coscinium infimdihaliforme 199

Crania carbonaria 32^)

rrenistriata 238
Ilamilionice 338
modesta 229
Penniann 229

Cyathocrinus inequidactylus. . . 219
Somersi 336

Cyathophyllum ruqosum. . . 300, 337
Zenkeri '. 337

Cyclostoma Kazika 131

Cylindrella chordata 133
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PAGE.

Cylindrella poniifiea 127
Cypra'a ". 190
Cypselid^ 355
Cyrtia exporreda 150
Cyrtina HamiUonke 239
Cyrtoceras Conradi 209

cretaceum 209, 242
Ohinense 242
uiulnkdnm 242

Cystiphyllum Americanum 238
Ohioense 238

Dalmania Calypso 243
Helena 243
Ohinense .... 243
selenunis 243

Delthyris icf^vis 140
staminea 150

Dentalium Martini 203, 242
Dictyocrinus dadyloides 199
Diniclithys 3(>6

Discina (jrandis 238
Lodensis 213, 234
Meekana 228
mlnuta 213
Missouriensis 229
niikla 229

Dolatocrinus mulUradkttus 238
radlaius 238

Emmonsia Evimonsi 237
Eridophylium Simcoenfie 237

sfridmn 237
Vernenilanum 237

Euompbalns 226
Decewi 241

Eupachycrinus tuberculalus 227
Euparypha 137
Eurypterus Eriensis 196

lacusiria 196
microphthalmus 196
remlpes 196, 197

Favosites basaltica 237
Gothlandica 237
he^nispherica 237
mvaginata 237
pkurodldyoides 237
polymoiyha 237
lurhbuda 237

FORMICARIID^E 287
Formicarius monilkjer 288

pallidus 288
Formicivora 381

griseigula 382
Gilbertsocrinus spiniferus 215

Gilbertsocriniis spinkjerus . .

Gomplioceras amphora .

.

eximium
Hyatti
oviforme

Sciotense

Goniasteroidocrinus ftpbikjer

Goniophora perartgukUa . . . .

Grammj'sia bisukaki

Gyroceras
Columbiense
cydops
inelegans

Ohiuense

pauchwdus
seminodosum. . . .

.

PAGE.

. . 215
207, 242
208, 242

206, 242
. , 209
208, 242
a... 243

. 240
215, 244
. . 232
210, 243

210, 243
. ... 243
.... 243

. 211
211, 248

Hadriopbjilum D'Orhkjnyi

Haliotis.

Heliciua pida
Helioplivllum coufluens

Balli

Helix areokita 133, 134, 136,

aspersa 129—
Ayresiana 138,
Odifornknsis
crebr-isiriuta

Dapeiithouarsu

fada . :

Gabbi
inlerciaa 134,
Kelkitii 131—135,
kvis 133, 136,
Pandorce .. .1^2, 133, 136,
redbnita

riificmda

Skarnskina 131, 135,
ieradstriata

Trasku
Tryoni 131, 134, 135,

Veatchn 136,

Hemiprocne biscutaia

minor 355,

semicollaris

zonaris

Hercoceras
Holopea Newtoneusis.

rotundata

237
205
124
238
238
137
-139

139
132
139
139
138
138
138
139
137
137
139
138
138
138
139
138
137
356
356
356
356
211
224
241

Ischypterus 49
Isonema beUahda 241

depressa 241
hunnlis 241

Juncus Gerardi 178
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Leda Barrisi 217
Leiorhynclius limitaris, 213, 234, 244

Newberryl 233
Leperditia alta 194, 197, 198

angulifera 197
Lepidosteus 49
Leptoptila albifrons 287, 288

fulviventris 287
Liclienalia lichenoides 238
Limnsa 254
Linoula Ligea 213, 243

Jfanni 212, 213, 234, 243
Loxonema Leda 241

Ilumiltonice 205, 241

parvulum 204, 241
pexatum 241

plicatum 231

Luuulicardium 357

Macroceramus Kieneri 127, 128

pontificus 127, 128

signatus 124

Macrocheilus priscus. 204, 242

subcorpuleutus 224
veniricofius 204

Megalodon 244
]\Iegalornus 244

Megistocrimis spimdos^is , 238

Meristella bella 194

nasida 240
scitula 240

Miclielina convexa 237
maxima 237

Microphysa vortex 123

Modiomorpba elliptica 241

perovaia 241

Murchisonia desiderata 242

M<da 242
obsoleia 242

Mytilarca atienuaia 202
percariuata 202, 240
ponderosa 202, 240

Natica 190
Naticopsis equisiriata 241

creiacea 241

levis 241

nana 230
Ortoni 230
ziczac 223

Nautilus Ortoni. . 231
pauper 226
spedahiUs 232
subquadrangularis 232

Nerita 190
conoidea 190

PAGE.

Nucleocrinus Verneidli 238
Nucleospira concinna 240

rotundata 194
Nupbar polysepala 361
Nyassa '

216, 244
arguta 216, 244

Oncoceras 209
Orthis bicostata 157

flabellum 201
Livia 238
propmqua 238
siihumbona 145
Vanuxeml 238

Orthoceras nuntimn 242
Olunense 242
prqfundvm 242

Ortlionema Nemberryi 242

Palaeoneilo Barrisi 217
fsimilis 217

Paracycla.s lirata 240
ocr.iderdalis 240
Ohioensis 240

Pentamerella arata 240
Pentamerus pes-ovis 195
Phac'ops rana 243
Pholadella 233

Newberryl 233
Pliorus '

" 190
Pineria S<-hramnti 124

Viequeiisis 124
Pinna flexicostata 221

MaxvilleusLs 221
Plagioptyclia 123

nemoralina 122
Saniac.ruzensis 122

Platyceras attennaUun 241
buccidentum 241
carinntum 241
eonic.um 241
dumosum 241
midtispinosum 241
squalodeus 202, 241

Platyostoma Helms 241
Pleurotomaria adjuior 242

Doris 242
IMe 242
Liicina 242
Mississippiensis 233
textiUgera 233

Plumulites Jnmesi 218
Newberryi 217

Polymita 137
Polyphemopsis melanoides 225
Polypterus 49
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PAGE.

Productella spinuUcosta 239
Proetus crassimarginatus 248
Pterinea decussaia 21-4

JiabeIJa 215, 240
similis 218, 214, 244

Pupa pelluckla 128

pontifica 127

Pyranga roseigidaris 247

Raniua 191

Koceptaculites dadylokles 199
Devonicus..' 198, 286
infiindlbulifonnis 199

Oweni 198
Rostellaria 190

Rhyuclionella BiU'mgsi 240
Carolina 240
Dotis 240
hydraulica 194
raricosta 201, 240
Theiia 240

Sang-uiuolites Sanduskyensls . . . . 241

Scoiitlius linearis 174
Sedgwickia pkuropisiliu 288
Septipora Cesinensis 221

Spartiua./iw'cea 178

Spennophila 381
nunuta 888
parva 882

Spirifer aculeaius 149, 154
bicostaius 148, 151

152, 158, 160
crispus 148—158, 160
curvaius. . . .144, 152, 154, ,155

cydopierus 149, 160
disjunduH 159
elecatus 149, 150, 153
fimbriaius 144—160, 289
'glaber 144,145, 1.52, 155
granosus 149
hirtus 149

Icevis 140—160
lineatus 148, 149
macropleurus 174
Ilaia 149, 218, 285, 243
medialis 159
modestus 149, 160
mucronaius 159, 175
odocosMus 149, 160
perlamellosus 149
plenus 149
prematiu-us 149, 160
pseudolineatus 148, 149

radiatus 149, 150
Safordi 149, 160

PAGE.

Spirifer setigenis 148, 150
simplex. 151, 153
subumbo)ia 145, 149, 160
sidcaius 148—154, 160
tribuUs 149, 160
Vanuxeml 149, 160

Spirifera acuminata 239
duodenaria 289
euryieines 289
finbriaia 144—160, 289
gregaria 212, 284, 289
Greeri 289
maera 239
macrolhyris 289
Miia..'. . . ..149, 213, 235, 248
JIanni 239
Marcyl 289
Oweni 289
segmenla 239
varicosa 239
siczac 215, 244

Spiriferina cristaia 149, 154, 155
insculpta 149
udoplicata 154
raricosta 239

Steuogyra 124
Stictopora Giiberti 288
Streptorhynchus flabellum, 200, 238

lij^draulicum 193
.Pandora

,

239
Stromatopora grauidosu 286

nodidata 286
ponderosa 286
Sanduskyensis 236
subsiriaiella 286

Strophia 128
lutilabris 122
rudis 122

Strophodonta ampla 239
Beckii 174
demissa 239
Iiemispherica 239

ineqidradiata 239
nacrea 289
Paiersoni 239
perplana 214, 239
subdemissa 239

Stropliomena rhomboidalis . . 174,

236, 239, 243

Stylastraia Auna 199, 237
Succiuea approximans 122

Eiisd 123, 124

Synocladia biserialis 220
Cestriensis 221
redistyla 220

Sja-ingopora Hisingeri 237
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PAGE.

Syringopora, Madurei 237
tabulata 237

Tentaculites fissurella 357
scalariformis. . ..212, 234, 235
scicuki 242

Terebratula carneokles ... 191
SuUivantl 240

Thelidomus 123
discolor 123
inceria 122
noiahilis 122

Trachelia 123
Trachypora elegantula 237
Tremanotus 205
Trematoceras 205

Ohioense 205, 206, 242
Trematocrinus spiniferus 215

spinigerus 215
Triodopsis Levettei 115, 116

PAGE.

Tropidoleptus carinatua 240
Tudora 121
Turbo Eearneyi 241

Shumardana 241

Voluta 190

Xenophora antiqua 241

Zaphrentis cornicula 237
Edwardsi 237
giqantea 237
prolifica 237
Wortheni 237

Zeacrinus Mooresi 227
mncrospinus 228

Zouites arhoreus 369
petrophilus 369
virididns 369
Wheatleyi 368, 369

EKRATA. .

Page 103, line 19 from the top, for ot read to.

Page 237, line 20 from the top, for Ilesingeri read Hisingeri.

Page 285, line 15 from the top, for Beckham read Peckham.

Page 288, line 4 from the top, for Furnarius read Formicarius.

Page 333, under 1857, first column, for Geuthier read Geuther.

Page 336, under 1861, first column, for Plaute read Plante.

Page 341, line 7 from the top, for Anz. Ann. Chim. read A. c. p.

Page 349, line 22 from the top, for Wein. read Wien.'

Page 357, line 5 from the foot, for Protoeardia read Lunulicardium.

Page 373, line 10 from the foot, for illuminates read illuminants.



^ N .N A. L S
OF THE

NEW YORK ACADEMY OF SCIENCES.

VOLUME II, 1880-82.

The "Annals," published for over half a century by the late Lyceum of

Natural History, are continued under the above name by the New York
xlCADEMY OF SCIENCES, beginning with the year 1877.

It is proposed, as before, to issue four numbers every year, each number

to consist of not less than thirty-two pages (octavo\ with or without plates.

Price of Yearly Subscription, to resident and honorary members of the

Academy, $2.00, or 60 cents a single number; to non-residents of New York
City, $3.00, or $1.00 a number ; to residents of the City, not members of the

Academy, $5.00, or $1.50 a number.

The Academy has for sale a number of back volumes of the Annals of the

Lyceum, each containing twelve or more numbers ; the price per volume is

$4.00 with uncolored plates, or $5.00 with colored plates.

The Academy has established a Publication Fvind, contributors to which,

in the sum of $100 at one time, are entitled to all the Scientific Publications

of the Academy appearing 'subsequently to the payment of their contri-

butions.

Communications should be addressed to

Prof. D. S. MARTIN,
Chairman of PubUcation Committee, 236 West Fourth Street.

Or to

JOHN H. HINTON, M. D.,

Treasurer, 41 West Thiriy-sevond Street.

I^^Any person residing within the United States, on sending the amount

of his yearly subscription to the Treasurer, will receive the numbers as they

appear, without further cost.

Agents in London, Trubner & Co.



-^Vl^;

CONTENTS.

XXII—Ou the Origin of the Carbonaceous ]\[atter in Bituminous

Shales. By John S. Newberry ^57

XXIII—Description of Two Ncav Species of Zonitesfrom Tennessee.

Bj^ Thomas Bland 868

XXIIIft-Description of Two Species of Land Shells from Porto

Rico, W. I. By Prof. Edavarp von Martens 370

XXIV—An Apparatus for Rapid Gas Analyses. By Arthur H.

Elliott, (with Plates XXII and XXIII) . /. 872

XXV—Descriptions of New Species of Birds of the Genera

C'hrysotis, Formicivora and Spermophila. By George N.

Lawrence 381

XXVI—Observations of the Transit of Venus, December, 1882. By
John K. Reej^ 384

'b'. _ . _ ftP

746

'vd t














