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Q]), WALCOTT 

THE TRENTON -LIMESTONE AS A SOURCE OP PETROLEUM 
, AND NATURAL GAS IN OHIO AND INDIANA 

BY Enw ARD ORTON. 

INTRODUCTION. 

The discovery and exploitation of petroleum on a large scale con
stitutes the most important addition that has been made to the eco
nomic geology of the United States for the third quarter of the pres
ent century, aud the uf;ilization of natural gas in a large way is by 
far the most striking and important economic fact in the geological 
history of the country for the last few years. 

The use of petroleum has been extended very widely throughout 
the civilized world, and it is manifest that its discovery is a contri
bution of great value to the well-being of mankind. The use of 
natural gas has been thus far sharply limited and circumscribed, so 
far as territory is concerned; but within its own fields the new fuel 
has been found to possess extraordinary value and to awaken extraor
dinary business activity. Its influence extends far beyond its terri
toriaJ boundaries, and it is already effecting or thr·eatening changes 
6f a revolutionary character in ;varied and important industries and 
in widely separated centers of production. . 

While all the facts in the recent developments of these remarkable 
products have been altogether new and unexpected, the last chapter 
proves to be more surprising and anomalous than any that bas pre
ceded it. Those who have made themselves familiar with the earli
est stages of the history of petroleum in this country and with the 
geological conditions under which the great stocks have been found 
are scarcely better prepared on this account for the new develop
ment. The oil and gas derived from the Trenton limestone in certain 
portions of Ohio and Indiana differ from the oil and gas of the Penn
sylvania wells in chemic::il composition and in physical properties, 
in the horizons from which they are obtained, in the structural feat
ures of the rocks that are associated with their production, and 
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484 THE TRENTON LIMESTONE. 

most of all in the kind of rock which produces them. No facts more 
unAxpected have ever been brought to light in connection with the 
geology of this country than those with which we are now becom
ing acquainted. That a well beginning in Upper Silurian limestone, 
drilled a thousand to fifteen hundred feet deep, and terminating in 
the uppermost beds of the Trenton limestone should produce from 
the last-named stratum 1,000 and even 5,000 barrels of oil in twenty
four hours, and should maintain this flow day after day and month 
after month until 100,000 barrels monthly are already credited· in 
some instances to single wells; or that inflammable gas, amounting to 
twelve to fifteen million cubic feet a day, should flow forth from like 
openings under a pressure of three or four hundred pounds to the 
square inch and continue so to flow with little diminution of volume 
or pressure for-two or three years-all this it is extremely hard for 
those who know most in regard-to the subjects involved to adjust to 
their previous knowledge and belief as to this geologic series, even 
when the facts are displayed before their eyes. 

It is the purpose of the present paper (1) to sketch the history of 
this remarkable discovery up to July, 1887, (2) to point out what is 
known in regard to the geological scale and the geological structure 
of the regions within which the new fields are embraced and to trace 
the chief factors that influence or control the productiveness of the 
oil rock, and (3) to describe the special features and boundaries of 
the several fields and to set forth the leading facts in the present 
development and utilization of these lately found sources of power . 
. Before taking up the subdivisions of the subject proper, a brief 

statement will be made of the chief theories in regard to the origin 
and accumulation of petroleum and natural gas. 

The several subjects to be dis.cussed will therefore be treated under 
the following divisions: (1) Origin of petroleum and natural gas; '(2) 
modes of accumulation of petroleum and gas; (3) discovery of petro
leum and gas in northwestern Ohio; (4) geological scale and structure 
of the new fields; and ( 5) description of the several gas and oil :fields. 



CHAPTER I. 

THEORIES RESPECTING THE ORIGIN OF PETROLEUM AND NAT
URAL GAS. 

Natural gas and petroleum are embraced among the products of 
t.he crust of the earth known as bitumens; other bodies in the same 
list are the semi-fluid maltha and the solid asphaltum, All of these 
substances unquestionably have a similar general history. They 
are found under the same conditions, and the transitions from one to 
another, as of petroleum to asphalt, can be often noted. They are 
technically known as hydrocarbons, since carbon and hydrogen · 
constitute almost their entire substance, the former making about 
85 per cent. and the latter about 15 per cent. of them. 

They have long been known to man, and their use antedates his
tory, but the importance which they now possess in the civilized 
world is of quite recent date. The discovery and use of petroleum 
on a large scale fall within the last twenty-five years, and all of the 
really important applications of natural gas belong to our own day 
and are now in their initial stages. 

Within the last fifty ye~rs, and particularly within the last twenty
five years, much has been written by geologists and chemists upon 
the origin and the modes of accumulation of petroleum and gas. 
Our knowledge respecting the conditions of their occurrence in the 
rocks has been increased and various theories have been advanced 
to account for the facts brought to light, but there is no one theory 
that commands universal acceptance; and here, as elsewhere, it is no 
doubt true that theorists are sometimes opposed to one another be
cause they respectively regard but one side of a subject which has 
more than one side. 

Brief statements of the more commonly received views as to the 
origin and accumulation of these bituminous compounds will here be 
given. An elaborate compilation of these views has been made by 
Prof. S. F. Peckham, in his excellent work on petroleum and its prod
ucts. • This compilation has been freely used in the present chapter 
and acknowledgment for the service rendered by it is hereby made. 

The theories as to the origin of petroleum and natural gas, includ
ing the derivatives of petroleum, asphaltum, and maltha, can be di
vided into two main groups, viz, -(1) those which refer these bodies 

1 Report on the Production, Technology, and Uses of Petroleum and its Products: 
Tent4 Census U. S., vol. 10. 188·1. 
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to inorgamc' sources, or, in other words, which make them the result 
of chemical affinity acting on mineral matter, and (2) those that 
regard them as the result of a partial decomposition of vegetable or 
animal substances that have been stored up in the rocks. 

These two classes of theories will be briefly considered. 

STATEMENT AND DISCUSSION OF THEORIES OF CHEMICAL ORIGIN. 

It has been claimed by a number of chemists, some of whom stand 
high in the scientific world, that the several members of the series 
now-under consideration can be referred to a purely mineral origin. 
_ In 1866, the distinguished French cheinist Berthelot propounded 
a theory that would in his view account for all of the natural hydro
carbons in this way.' He 'supposed the alkaline metals, viz, potas
sium and sodium, to exist in the interior of the earth in a free or 
uncombined state and, necessarily, at a high temperature. If, now, 
water carrying in solution carbonic acid-and the crust of the earth 
abounds in both-should find access to these metals, he pointed out 
the steps of the chemical action that must take place qnd that would 
result in the formation of a series of hydrocarbon compounds. In 
thi l case, the process of oil and gas formation would be deep-seated 
and continuous, the reactions that give birth to them being con
stantly renewed in the recesses of the earth. 

Another theory that invokes chemical force only for the origin of 
these bodies was advanced by the eminent Russian chemist Mendel
jeff, in 1877. • It attracted a large measure of attention and interest 
throughout· the scientific world. He supposed the interior of the 
earth to contain large masses of metallic iron and also metallic car
bides (compounds of carbon and metals), all at a high temperature. 
The contact of water under these conditions with these bodies would, 
in his view, generate D'.etallic oxides and hydrocarbons. Mendeljeff 
accordingly holds L1at petroleum is never of organic origin, but is 
as purely a product of chemical affinity as a vein ston·e or an ore. 
It would follow from this theory, also, that the process of oil and 
gas formation is continuous. 

There are several other theories of the same general character, 
but none that have been supported by as great authority or that 
have attracted as wide attention as the two named. 

In regard to this class of theories, it is to be observed that they 
are the work of chemists and not of geologists, and, a;:; might be ex
pected, they accord better with the chemical than with the geologic 
facts involved. They especially fail to account for the different sorts 
of oil and gas that characterize different rocks, as limestone and 
sandstone, for example; and, more important still, they fail to ac
count for the distribution of petroleum and gas. 

1 Ann. de Chern. et de Phys., Dec., 1866. 
2 Bull. Soc. Chern., de Paris, 1877. 
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It is further to be observed that the hypotheses on which they de
pend and which are indispensable to the theories are of the sort that 
.are doomed forever ·to remain hypotheses. They are, in their nature, 
incapable of verification. They can not advance beyond their present 
.stage, that of chemical and geological possibilities. There are fields 
-of scientific speculation in which, from the nature of the case, we 
can have only such materials; but this is not true of the theories now 
under consideration. In the fact that all these theories "require the 
.assumption of operations nowhere witnessed in nature or known in 
technology," 1 we find enough to condemn them or, at least, enough 
to forbid any large measure of confidence in them. 

STATEMENT OF THEORIES OF ORGANIC ORIGIN. 

Theories of this class stand on a very different footing from those 
.already named; for, according to them, petroleum and natural gas • 
. are derived from vegetable and animal matter contained inthe rocks 
in which they are found or in associated strata. The argument for 
this view is simple and direct. Compounds similar to petroleum or 
natural gas, or identical with them, are easily cleri ved by the process 
.of destructive distillation from both vegetable and animal substances, 
as from }VOOd, peat, bones, oil, etc. The manufacture of artificial 
gas from bituminous coal is also a familiar illustration of the possi
bilities in this direction. Bituminous shale may be substituted for 
.coal in the manufacture and may be made to yield a series of these 
bituminous products, including both petroleum and gas. Further 
than this, the decay of vegetation at ordinary temperatures gives 
rise to light carbureted hydrogen or marsh gas, if the air be ex
dueled from the decaying substance. These conditions are met when 
vegetable matter, as wood and leaves, is buried at the bottoms of 
ponds and lakes or, on a larger scale, in the beds of glacial drift. As 
is well known, large accumulations of ancient vegetation are buried 
in or beneath the bowlder clay in many parts of the country; and these 
masses .;ometimes yield gas in large enough amount to be of economic 
-value. Peat bogs not onTy yield inflammable gas, but sometimes 
produce other members of the bitumen series, nearly allied to petro
leum and asphaltum, as has been shown by many competent observ
·ers, among whom E. W. Binney; the veteran English geologist, may 
be named. In a word, it is scarcely too much to say that during the 
natural or artificial decomposition of organic substances in the ab
sence of air, both petroleum and gas are naturally produced. If this 
be so, and if in the -rocks both material and force are found that 
would produce those substances in the ordinary co!-lrse of nature, why 
invent far-fetched and unverifiable theories to account for their 
:presence? 

1 Peckham, op. cit., p. 61. 
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But while the derivation of petroleum and gas from vegetable or 
animal substances is at present accepted by almost every one whose 
opinions on the subject are entitl~d to consideration, there is still a 
good deal of d1versi.ty of view as to the manner in which the work has 
gone forward. In fact, the inquirer soon learns that beyond the 
general conclusion already noted there is little agreement among 
our best authorities as to th~ particular mode of origin of the sub
stances under discussion. There is not only a want of positive 
knowledge of the facts, but there is also a-lack of self-consistent and 
comprehensive theory. Two views have become especially promi
nent in this country in the discussions of the last twenty years, and 
the one or the other of these is accepted by most of those who seek 
for well-balanced and presentable opinions on these questions. 

THEORY OF ORIGIN FROM PRIMARY DECOMPOSITION OF ORGANIC MATTER. 

The first view is that petroleum is in large part deriven from the pri
mary decomposition of organic matter that was stored in or associ
ated with the strata which now contain it. According to this view, 
the decomposition was mainly effected in situ, and the product rmmlt
ing is th Jrefore mainly indigenous to the rock in which it is found. 
The last feature is seized upon in most popular statements, and a theory 
of indigenous origin is made to include most beliefs of this class. 
It must be borne in mind, however, that while no author is to be 
found who holds strictly and consistently to such indigenous origin, 
the name may safely be used as a general designation. 

The second view is that petroleum is derived from the secondary 
decomposition of organic matter stored in the rocks. It assumes 
that the original vegetable and animal matter has suffered a partial 
transfon"!lation and is now held in the rocks as hydrocarbon com
pounds, from which, by a process of distillation, oil and gas are de
rived. The so-called bituminous shales are counted the chief sources 
of these products. After distillation it is held that the gas and oil 
are mainly carried upward by hydrostatic pressure to some overlying 
porous stratum that serves as a reservoir. This class of views may 
be conveniently grouped under the name of th~ distillation theory. 

A few words will be devoted to each of these theories. 
Statement of Hunt's theory.-Tbe most elaborate and effective ex

position of the theory that petroleum is deriv,ed from the primary 
decomposition of organic tissue i; that of Dr. T. Sterry Hunt. He· 
urges with great force the view that petroleum originates in and is 
mainly derived from limestones. When found in limestones, he 
counts the oil indigenous, but when found elsewhere, as in sandstones 
and conglomerates, he counts it adventitious and he then refers it to 
underlying limestones. In regard to this latter point, however, he: 
makes concessions, as will be seen further on. 

i' 



O'!.TON.) THEORIES OF ORIGIN. 489' 

The following extracts from various articles that he has published 
contain a clear statement of his views upon this subject. 

In speaking of the oil fields of Canada, he says:' 

;rhe facts observed at this locwlity appear to show that .the petroleum, or the sub-· 
stance which has given rise to it, was deposited in the beds in which it is now found, 
at the formation of the rock. We may suppose in these oil-bearing beds an ac
cumulation of organic matters, whose decomposition in the midst of a marine cal
careous deposit has resulted in their complete transformation into petroleum, which 
has found a lodgment in the cavities of the shells and corals immediat~ly ncar. Its. 
absence from the unfilled cells of corals in the adjacent and interstratified beds for
bids the idea of the introduction of the· oil into these strata, either by distillation or 
by infiltration. The same observations apply to the petroleum of the Trenton lime
stone, and if it shall be hereafter shown that the source of petroleum (as distinguished. 
from asphalt) in other regions is to be found in marine fossiliferous limestones, a 
step will have been made toward a knowledge of the chemical conditions necessary 
to its formation. 

Again he says:• 

In opposition to the generally received view, which supposes the oil to originate· 
from a slow destructive distillation of the black pyroschists belonging to. the middle· 
and upper divisions of the Devonian, I have maintained that it exists ready formed. 
in the limestones below. 

This statement seems to recognize the possibility of the transfer of 
petroleum from its sources to resenoirs in associated strata. 

Finally, in referring to the bitumen-bearing dolomite in the Niagara. 
series near Chicago, he says:' · 

With such sources ready formed in the earth's crust, it seems to me, to say the· 
least, unphilosophical to search elsewhere for the origin of petroleum and to imagine 
it to be derived by some unexplained process from rocks which are destitute of the· 
substance. 

In this passage, also, a possible transfer of petroleum seems to be 
recognized. 

These statements leave nothing to be desired as to clearness and. 
explicitness. The author's view could not well be put into more con
cise terms than he has used. It must be added, however, that he· 
has sometimes described the oil of Pennsylvania and Ohio as in-
digenous to the Devonian and Carboniferous sandstones which con
tain it. • 

Statement of theories of indigenons origin.-Prof. J. P. Lesley 
has also urged th~ view that petroleum is derived, at least in some· 
conspicuous instances, from vegetable remains that are still found 
associated with it in the rocks, but he d<;>es not theorize as to whether 
it results from primary or secondary decomposition. In speaking of 
the petroleum of the eastern coal-fields of Kentucky he refers this. 

tAm. Jour. Sci., 2d series, vol. 35,1863, pp. 168, 169. 
2 Ibid., vol. 46, 1868, p. 360. 
·8 Chem. and Geol. Essays by T. Sterry Hunt, 1875, p. 174. 
4Ibid., pp. 171, 172: 
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petroleum to the great conglomerate at the base of the Coal Meas
ures He says.' 

A conglomerate age or horizon of petroleum exists ; this is the malli point to be 
stated. It must be kept in view apart from all other ages or horizons of oil, 
whethe~· later or earlier in order of geological time. . . . The rock itself is full 
{)f the remains of plants, from the decomposition of which the oil seems to have 
been made. . . . . For hundreds of square miles this vast stratum of ancient 
sea-sand is a thick-packed herbarium of coal-measure plants. . . . We can 
easily conceive of the wide, flat, sandy shores of the coal islands of the ancient 
archipelago of the coal era becoming completely charged with the decomposed and 
decomposable reliquirn of both the plants of the land and the animals of the sea. 

Professor Lesley has also advocated the indigenous origin of the 
Pennsylvania petroleums in many of his discussions of the subject, 
but some of his latest statements seem to show that he also considers 
petroleum and gas to have been gathered in the sandstones that now 
contain them from some lower source. 

Prof. I. C. White has also supported the view that the petroleum 
of the third oil saud of Venango County, Pa., is indigenous to this 
rock, basing his belief on the abundance of vegetable remains that 
he finds in the outcrop of this sandstone in Erie County, Pa. 2 

Prof. J. D. Whitney has expressed the belief- that .all of the bitu
minous minerals of California, including asphalt and petroleum, are 
derived from the remains of infusoria in marine limestones, but he 
has not expanded this view into any formal statement. 3 

The opinions of several eminent American geologists have now 
been quoted in support of the general view that petroleum and gas 
originate in the strata in which they are found, and by the primary 

. decomposition of organic matter, so far, at least, as the most ex
tended statement is concerned. 

The testimony of geologists from other parts of the world could 
.also be adduced to support the above-named view, if it were counted 
necessary at this point. It is ei10ugh to say that the opinions of a· 
number are on record which express in the clearest manner a belief 
in the primary derivation, and thus in the indigenous origin, of 
petroleufll. One of the most striking testimonies is that of G. P. 
Wall, relating to the origin of Tri:rridad asphalt. • 

THEORY OF ORIGIN FROM DISTILLATION OF ORGANIC MATTER. 

The second of the main theories noted-that' petroleum and gas 
.are the product of the secondary rather than of the primary decom
position of organic substanc:es, or, in-other words, that they are de
rived from the hydrocarbons of the rocks by a prouess of distilla
tion-is accepted far more widely than the opinion just considered. 

1Ptoc. Am Philos. Soc., vol. 10, 1865-1868, pp. 43, 44. 
2 Sec the Geology of Ene and Crawford Counties, 2d Geol.. Survey· Fa., Report of 

Progress QQQQ, 1881, p. 239. 
3 Bull. Acad. Sci., San Francisco, vol. 3, 1868, p. 324, .quoted by Peckham, p. 65. 
'Quart. Jour. Geol. Soc. London, vol. 16, 1860. p. 467. 
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In connection with this theory it has alwij,ys been held that these 
products of distillation are carried upwards by hydrostatic pressure, 
to be stored in porous reservoirs or to escape at the surface. This 
doctrine has without doubt aided in giving currency to the distilla
tion theory with which it has always been aRsociated, but it must 
be observed that it is not incompatible with the first-named theory of 
the origin of petroleum, and that it has been of necessity recognized, 
at least by implication, by the advocates of the first theory.. What
ever the origin of petroleum, it is certain that it has been accumu
lated, at least in many instances, by the method here indicated. The 
distillation theory must therefore be cmisidered by itself. 

That petroleum and gas can be artificia11y produced from coal, 
bituminous shales, and other rocks by the process of destructive dis
tillation is well known. We should have a right to expect the same 
products if similar rocks should be subjected to volcanic heat while 
buried deep below the surface. When, therefore, we find those or 
Dther members of the bitumen group present in the rocks of volcanic 
districts or in the neighborhood of hot springs-in a word, in re
gions where elevated rock temperatures prevail or have recently pre
vailed-we refer them without hesitation to a process of distillation 
from the strata which the heat has traversed. Conditions are seen 
to be at hand similar to those which we establish in the artificial 
production of these substances. It may be added, in passing, that pe
troleum and asphalt are frequently found under the circumstances 
named above. · 

Such an origin, however, can not be made out for the great supplies 
of petroleum and gas 'in the .Eastern United States. These, without 
exception, are drawn from regions which have never been invaded by 
igneous rocks and which have been but little disturbed by geological 
accidents, the uniform and monotonous dip of their formations be
ing only occasionally interrupted by the low arches that traverse 
them. · · 

Statement of Newberry's distillation theory.-The theory that has 
been the most elaborately stated and most widely accepted of all ad
vanced to account for the ml and g:;ts of the Allegheny field is that 
Df Prof. J. S. Newberry, who refers the origin of these substances 
to the extensive deposits of Devonian and Subcarboniferous shales 
and, particularly, black shales that underlie the productive districts. 
He considers petroleum and gas the products of a slow, spontaneous 
distillation of the organic matter of the shales, and he regards the 
process of their formation a continuous one. 

In his noted paper on the rock oils of Ohio 1 he says : 
The precise process by which petroleum is evolved from the carbonaceous matter 

contained in the rocks which furnish it is not yet fuliy known, because we can not 
in ordinary circumstances inspect it. We may fairly infer, however, that it is a 
distillation, though generally performed at a low temperature. 

1 Ohio Agr. Rept., 1859. 
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Again he says:' 
The origin of the t.wo.hydrocarbons [petroleum and gas] is the same, and they 

are evolved simultaneously by the spontaneous distillation of carbonaceous rocks .. 

In another place he says: 2 

I have already referred to the Huron shale as a probable source of the greater 
part of the petroleum obtained in this com1try. . . . The considerations which 
have led me to adopt this view are briefly these: 

First. We have in the Huron shale a vast repository of solid hydrocarbonaceous 
matter which may be made to yield from ten to twenty gallons of oil to the ton by 
artificial distillation. Like all other organic matter this is constantly undergoing· 
spontaneous distillation, except where hermetically sealed deep under rock and 
water. This results in the formation of oil and gas, closely resembling those which 
we make artificially from the same substanee ; the manufactured differing from. 
the natural products only because we can not imitate accurately the processes of 
nature. 

Second. A line of oil and ga:s springs marks the outcrop of the Huron shale from 
New York to Tennessee. The rock itself is frequently found saturated with petro
leum, and the overlying strata, if porous, are sure to be more or less impregnated 
with it. Again, the emanations of oil and gas from the Lower Silurian 
rocks at Coilingwood, Canada, and·on the upper Cumberland River, Kentucky, are 
associated with similar deposits of black shale which represent the Utica slate of 
New York. 

Third. The wells on Oil Creek penetrate the strata immediately overlying the 
Huron shale and the oil is obtained from the fissured and porous sheets of sand-· 
stone of the Portage and Chemung groups, which lie just above the Huron and. 
offllr convenient reservoirs for the oil it furnishes. 

So far, at least, as pointing out the sources of Pennsylvania oil 
and gas this statement has met with wide acceptance among geolo
gists. 

For example, S. F. Peckham says • of the oils of Pennsylvania. 
and adjacent territory: 

These oils are undoubtedly distillates, and of vegetable origin. The proof of this. 
statement seems overwhelming. Pennsylvania petroleum was examined in 1865 by 
Warren and Storer in this country, and in 1863 by Pelouze and Cahours in France, 
who found the lighter portion to consist of a certain series of hydrocarbons, identi
cal with those obtained in the destructive distillation of coal, bituminous shales,. 
and wood when the operation was conducted at low temperatures. 

To most of those who have studied the subject with care, a state
ment even as positive and emphatic as this will seem in its main claim 
scarcely too strong. The vegetable matter to which Peckham refers 
the origin of Pennsylvania petroleu·m must be mainly the organic 
matter contained in the Devonian shales which underlie the produc
tive regions, and which is presumably of vegetable origin. 

Statement of Peckham's distillation theory.-There is, however, 
another statem~nt of the distillation theory that must be concisely 
presented. It is that of S. F. Peckham. It is clear and self-con
sistent, recognizing all the necessary factors and conditions. He
refers the oil and gas of Pennsylvania and adjacent territory to a dis--

1 Rept. Geol. Survey Ohio, vol. 1, 1873, p. 192. 2 Ibid., p. 158. 3 Op. cit., p. 69. 
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tillation effected by the heat that accompanied the elevation of the 
Appalachian Mountain system. He says: • 

Bitumens are not the product of the high temperatures and violent action of voL 
canoes, but of the slow and gentle changes at low temperature due to metamorphic 
action upon strata buried at immense depths. 

It is not necessary here to discuss the nature or origin of metamorphic action. It 
is sufficient for our purpose to know that from the Upper Silurian to the close of 
the Carboniferous periods the currents of the primeval ocean were transporting 
sediments from northeast tq southwest, sorting them into gravel, sand, and clay, 
forming gravel bars and great sand-beds beneath the riffies and clay banks in still 
water, burying vast accumulations of sea weeds and sea animals far beneath the 
surface. The alteration, due to the combined action of heat, steam, and pressure, 
that involved the formations of the Appalachian system from Point Gaspe, in Can
ada, to Lookout Mountain in Tennessee, involving the Carboniferous and earlier 
strata, distorting and folding them, and converting the Coal into anthracite and the 
clays into crystalline schists along their eastern border, could not have ceased to 
act westward along an arbitrary line, but must have gradually died out farther and 
farther from the surface. 

The great beds of shale and limestone containing fucoids, animal remains, and 
even indigenous petroleum must have been invaded by this heat action to a greater 
or a less degree. 

Too little is known about petroleum at this time to enable any one to e:J:Cplain all 
the phenomena attending the occurrence of petroleum on any hypothesis; but it 
seems to me that the different varieties of petroleum . . . are the products of 
fractional distillation, and one of the strongest proofs of this hypothesis is found 
in the large content of paraffine in the Bradford oil under the enormous pressure 
to which it is subjected. . . . 

If this hypothesis . . . really represents the operations of nature, then we 
must seek the evidences of heat action at a depth far below the unaltered rocks in 
which the petroleum is now stored. 

DISCUSSION OF THE SEVERAL THEORIES OF ORGANIC ORIGIN. 

The statements now presented, inadequate and incomplete as they 
appear, are probably the most careful and extended that have been 
made upon the subject. They bring before us the main views as t,o 
the origin of petroleum, viz: 

1. Petroleum is produced by the primary decomposition of organic 
matter and mainly in the rocks that contained the organic matter. 
Of this view, Hunt is one of the chief advocates. 

2. Petroleum results from the distillation of organic hydrocarbons 
contained in the rocks and has generally been transferred to strata 
higher than those in which it was formed. Newberry and Peckham 
have been quoted at length in support of this general theory. New
berry holds that a slow and constant distillation is in progress at low 
temperatures. Peckham refers the distillation of the petroleum of 
the great American fields to the heat connected with the elevation 
and metamorphism of the Appalachian Mountain system. 

These views as to the date of the origin of petroleum and gas are 
seen to cover almost all of the possibilities in regard to the subject. 

t Tenth Census Repts. U. S., vol. 10, p. 70. 
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Hunt believes petroleum to have been pr'oduced at the time that t_he 
rocks that contain it were formed, once for all. Newberry believes 
it to have been jn process of formation, slowly and constantly, since 
the strata were deposited. Peckham refers it to a definite and distant 
time in the past, but long subsequent to the formation of the potrol
iferous strata. He supposes it to haye been stored in its subterranean 
reservoirs from that time to the present. 

In these several statements as to origin, two questions are seen to 
be especially prominent, viz, What particular kinds or Classes of 
rocks are the sources of petroleum? and What is the nature of the 
chemical processes involved in its production? 

In answering the first question, we find the views of Hunt and 
Newberry distinctly opposed to each other. Hunt counts limestones 
the principal source of petroleum and denies that it has been pro
duced by distillation from bituminous shales; while Newberry finds 
in these shales the main source of both oil and gas a11d vigorously op
poses the view that limestones are ever an important source of either.' 

It is not necesssary to follow the discussion in relation to these· 
points further. It is enough to say that in the light of present 
knowledge each statement is sustained as to its particular affirma-

- tions and inconclusive as to its general denials. Petroleum is un
doubtedly indigenous to and derived from certain limestones, as Hunt. 
has so strongly asserted. On the other hand, Newberry's doctrine 
that the great suppljes of the Pennsylvania field are derived from 
Devonian shales is becoming more firmly established and widely 
accepted every year, though it seems likely that he has laid too much 
stress on bituminous shales. 

· In other words, the theories are not incompatible with each other. 
Different fields have different sources. We can accept without in
consistency the adventitious origin of the oil in Pennsylvania sand
stones and its indigenous origin in the shales of California or in the· 
limetones of Canada, Kentucky, or Ohio. 

The double origin of petroleum from both limestones ·and shales
and it is not necessary to exclude sandstones from the list of possible 
sources-deserves to be universally accepted. In confirmation of 
this double origin, it is coming to be recognized that the gas and oil. 
derived from these two sources-limestones and shales-generally 
differ from each other in noticeable respects. The oil and gas derived 
from limestones contain larger proportions of sulphur and· nitrogen 
than are found in the oil and gas of the shales. Nitrogen renders. 
the oils unstable, and sulphur compounds impart to them a rank and 
persistent odor from which they can be freed only with great diffi
culty. In the case of the oil-bearing shales of California, the petro
leum is evidently derived from the animal remains with which the 
formation was .originally filled. In composition this oil agrees with 

1Rept. Geol. Survey Ohio, vol. 1, p. 159. 
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the limestone oils already described. It contains more than four 
times as much nitrogen as the Mecca oil of northeastern Ohio and 
its percentage of sulphur is very high. Peckham-says of these Cal
fornia oils: • 

'fhe exceedingly unstable character of these petroleuins, considered tn connection 
with the amount of nitrogen that they contain and the vast accumulation of ani
mal remains in the strata from which they issue, together with the fact that the 
fresh oils soon become filled with the larvm of insects to such an extent that pools 
of petroleum become pools of maggots, all lend support to the theory that the oils 
are of animal origin. 

He speaks again of' this class of petroleums as formed of animal 
matter that has not been subjected to destructive distillation. • 

It now appears as if oil and gas derived from animal remains can 
be distinguished from those of the bituminous shales by·the charac
ters above described. Certain it is that the "limestone oils" differ 
in physical characteristics from the Pennsylvania oils, for example,. 
in a marked degree. They are dark in color ; they are heavy oils, 
their gravity generally ranging from 34 ° to 36° Beaume, though 
sometimes falling to 40° or even 42°; they have a rank odor, arising 
from the sulphurous compounds which they contain. The oils of 
Canada, Kentucky, Tennessee, and of the new :fields in north western 
Ohio all agree in these respects, and the oil and gas of the Utica 
shale and Huqson River group of the State fall into the same cate-:. 
gory. 

In the preceding statements the organic matter of the bituminous 
shales has not been positively referred to a vegetable source. Such 

. a source is highly probable, but it can not be said to be fully demon
strated until the origin of the so-called Sporangites of the shales is 
finally determined. There are a fe'v geologists who are inclined to 
refer these ~orms to hydroid zoophytes (animal) rather than, with 
Dawson, to marine rhizocarps (vegetable). Whatever their origin, 
they give rise to petroleum and oil of a definite character, which is 
in marked contrast to that of the limestone oils. 

Which of these theories as to the mode and time of origin of 
petroleum has the most to commend it ? 

DISCUSSION OF PECKHAM'S THEORY. 

The statements under the previous section which refer the petro
leum of western Pennsylvania to the destructive distillation of car
bonaceous matter in the underlying shales by the heat involved in 
the elevation of the Appalachian Mountain system will be first con
sidered. 

Peckham's theory demands the agency of unusual temperature
and directs us "to seek the source of heat action far below the un
altered rocks in which the petroleum is now found."' 

1 Op. cit., p. 69. 'Ibid., p. 71. 3 Ibid., p. 71. 
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1 Ibid., p. 70. 
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facts· that our experience affords. Any other way of reaching an 
answer is assumption, pure and simple. 

In the third place, this theory would seem to necessitate .a coke or 
carbonized residue iii the rocks which give rise to the petrole.um. 
Ina~ility to point out such a residue seems to have been one of the 
reasons that led our author to locate the source of the oil-distilling 
heat at such gi·eat depth. He counts a carbon residue a necessity, 
but he buries the rock from which the petroleum is derived so deep 
that we can not expect to obtain any direct knowledge of it. As has 
already been shown, in doing this Le drops below the only known 
source of oil and gas of the Pennsylvania type. 

The absence of these residual products constitutes a real difficulty 
in the way of any distillation theory." 

On the whole, then, we are obliged to conclude that Peckham's 
theory does not harmonize with the facts of geology as found in the 
great fields of oil and gas, and that it can not be used to explain the 
origin of the substances whose history we are seeking t_o trace. 

DISCUSSION OF NEWBERRY'S THEORY. 

The remaining exposition of the distillation theory must be briefly 
considered. 

Precisely w'o.at is meant by" the term "spontaneous distillation," 
as used by Professor Newberry, it is not possible to determine, since 
his statements are not explicit in relation to all the points respect
ing which questions would arise. He does not seem to require for 
oil production any unusual temperature. He speaks of the distilla
tion as ''constant " and as going on ''.at a low tern perature." He 
never uses in these discussions the term "destructive distillation,'~ 
but those who have criticised his theory have in all instances counted 
destructive distillation as involved; He sometimes compares the 
production of natural gas with processes included under the head of 
destructive distillation, but there are other passages in which he 
seems to make the term "distillation'' cover the ordinary decompo
sition of organic matter in situations ~rom whioh the air is mainly 
excluded. 

The latter use of the word is not, however, authorized. Distilla
tion as distinguished from decomposition requires the action of tem
peratures decidedly above the normal; in fact, there is no process 
known under the name of distillation bywhich thesubstances under 
consideration can be produced from organic matter in rocks except 
destructive distillation. 

If Professor Newberry's theory involves destructive distillation, the 
facts and arguments brought forward in the discussion of Professc,r 
Peckham's theory will apply to it also without change, If it does 
not involve destructive distillation, then it requires to be restated 
and defined anew. 

8 GEOL-· -32 
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To these statements· but one qualification is needed. If it could 
be shown that under the pressure of great depths and with the nor
mal increase of temperature due to descent the transformation in 
question could go on, then a basis would be supplied for this phase 
of the distillation theory; but, so far as known, there are no facts 
whatever to warrant the belief that such 'a state of things exists. 
If instead of distillation this theory should substitute decomposi
tion of organic tissues at ordinary temperatures, without access of 
air, it would approach the theory of Hunt, that petroleum is due to 
the primary decomposition of organic matter. 

DISCUSSION OF HU~T'S THEORY. 

There is much to be said in favor of Hunt's theorythatpetroleum 
originates in the primary decomposition of organic. substances, but 
his restriction of oil production to limestones must be discarded, 
of course, and just why the process should be made to terminate with 
the formation of the rock is not apparent. We know that vegetable 
substances m~y remain unchanged when buried in the earth for long 
periods, and so long as they are present in unchanged state they 
would seem to be available for the process here appealed to. 

Hunt denies that the so-called bituminous shales, "except in rare 
instances, contain any petroleum or other form of bitumen." ' 

This statement is wide of the mark so far as the Ohio shale is con
cerned. It is to be regretted that quantitative examinations have 
not been made as to this point, but either gas or oil or both are un
mistakably present throughout our great shale series, and especially 
in the black bands that traverse it. Whether taken f~om the natural 
outcrops or the deepest drillings, every fresh sample of the black shale 
attests by the characteristic odor the presence of these substances. 
In drilling through the shale along the shore of Lake Erie in par
ticular the gas is generally found in some harder portion of the light
colored bands that compose so large a portion of the series, each harder 
cap or "shell" giving a new though short-lived supply; but the real 
source of the gas becomes apparent if the drill descends a little 
lower than tl1e gas-producing "shell," when a darkerbandisahnost 
invariably r~ported. 

Newberry states the facts bearing upon this supply in the passage 
already quoted (p. 4!12), and Shaler sets the same line of facts in 
strong light in his discussion of the Ohio shale in Kentucky. • 

But the limestone series of Ohio is in very much the same condi
tion as the shale, so far as oil and gas are concerned. These sub
stances are present in nearly all tho limestone formations of the 
State, and apparently indigenous to them. 

The Oorniferous limestone, the first to be r"eached below the Ohio 
----- ·~--~-~~--

1 Chern. and Geol. Essays, p. 169. 
2 Geol. Survey Kentucky, vol. 3, new series, 1877, p. 109, botto~ pagination, 



ORTO,.] DISCUSSION OF HUNT'S ·THEORY. 499 

shale, in some of its fields and in certain courses contains repre
sentatives of this class of substances. The Point Marblehead lime
stone of Ottawa County is classed' as "bituminous ·dolomite." It 
gives out a bituminous odor when struck with· a hammer. And 
other portions of this limestone stratum are much more bituminous 
than the Point Marblehead stone. 

The W aterlime or Lower Helderberg formation that comes next 
· below is decidedly bituminous. It contains grains of asphalt in cav

ities in the rock and carbonaceous films that have had the same ori
gin, distributed through its substance. When struck with a ham
mer it gives out the fetid odor of ''limestone oil." Bowlders of it in 
the drift can be distinguished by this means from all associated lime
stones except a part of the Comiferous. In Auglaize· County this 
stone becomes an asphaltic limestone, the bituminous element rising 
to a notable percentage. In other parts of the State also the amount 
of asphalt is so great that it is counted a decided advantage in the 
calcination of the stone for quicklime. 

The Niagara limestone, as a whole, is less bituminous than the 
Helderberg, but there are parts of it, as in portions of Highland 
County, that contain a considerable amount of these products, 
mostly in the shape of .asphaltic films and grains. Fossil corals are 
often partially occupied by this asphalt, and petroleum is sometimes 
found in small a~nount. · 

The Clinton limestone is decidedly petroliferous in almost all its 
outcrops. It yields oil in small amount at many points where quar
ries are opened, and springs that issue from it carry out small quan
tities of oil. These facts led in the oil excitement to the drilling of 
several deep wells along its line of outcrop. By the time the drill 
was buried in the rock this source of oil was passed and the remain
der of the descent was marked by .little encouragement. 

Small deposits of asphalt have been found under convex surfaces 
of the Dayton limestone, just above the Clinton stratum, the asphalt 
being obviously derived from an inspissation of the oil of the latter 
formation. 

The limestones of the Cincinnati group always contain bituminous 
matter in their outcrops, but when penetrated by the drill they have 
not yielded at any point large supplies of oil or gas. Short-lived 
flows, however, have .been frequently reported from this series in 
northern, central, and southern Ohio. 

The Trenton limestone, which has a very limited outcrop in the 
State, but which underlies much, and perhaps all, of its Sllrface, by 
means of explorations with the drill during the last three years has 
been proved to be frequently a source of oil and gas. In northwestern 
Ohw it has given rise to an abundant supply of high-pressure gas 
at several localities, and also to oil wells, which have yidded in 0ne 

'l'eckham, op: cit., p. 80. 
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instance 5,000 barrels of petroleum in a ~ingle day. The drill has 
penetrated at least 550 feet of this limestone series and all portions 
of it have been found petroliferous, but. the only .accumulations are 
found at the surface of the stratum. 

The limestones and the shales of our geological series are thus seen 
to agree in these respects. Both of them carry petroleum through 
all of their substance, and the product of each class has its own 
characteristics. In other words, these supplies appear to be indigo-· 
nons to the rocks of both groups. 

Hunt's theory as to the petroleum in these limestones is that it was 
formed in them at the time the beds themselves were formed, by a 
peculiar transformation of vegetable matters, or in some cases of 
animal tissues, analogous to them in composition. • This is vague, 
it is true, and the stress probably is laid on the wrong element so far 
as the limestone oil is concerned; but why shall it not bo extended 
for what it is worth to the other section of our rocks in which petro
leum occurs under precisely similar conditions ? If there is good 
reason for believing in the contemporaneous origin of oil and rock 
in the limestones, and if there is advantage to be derived from the 
doctrine as applied to them, tho same reason will be found to exist 
in the case of the shales, and tb.ey shouid b.e allowed the same ad
vantage. 

The advantage that can perhaps be rightly claimed for this theory 
is that, in referring oil and gas to the primary and not to the second
ary decomposition of organic matter, it rests upon pro~esses which 
are known to be in present operation in the world. 

Referen:ce was made on page 490 to Wall's report on the Trinidad 
asphalt. A remarkable passage occurs in this noport, which beai's 
directly on the question before us. It is as follows: • 

When in situ, it [the asphalt] is confined to particular strata, which were origin
ally shales containing a certain proportion of vegetable debris. The organic matter 
has undergone a special mineralization, producing bituminous in place of ordinary 
anthraciferous substances. This operation is not attributable to heat, nor of the na
ture of distillation, but is due to chemical reaction at the ordinary temperature and 
under the normal conditions of the climate. The proofs that this is the true mode 
of generation of the asphalt repose not only on the partial mannm·.in which it is 
distributed in the strata, but also on numerous specimens of the vegetable matter 
in process of transformation and with the organic structure more or less obliterated. 
After the removal by solution of the bituminous material, under the microscope a 
remarkable alteration and corrosion of vegetable cells becomes apparent, which is 
not presented in any other form of the mineralization of ~ood. . . . . . . 

Sometimes the emission is in the form of a dense, oily liquid, from which the 
volatile elements gradually evaporate, leaving a 'solid residue. 

Wall's testimony is confirmed by other authorities. • 
Petroleum rapidly hardening into asphalt is also recorded as oc-

1 Canadian Nat.,voi. 6, 1861, p. 241,242. 
2 Quart .. Jour. Geol. Soc. London, vol. 16, 1860, p. 467. 
3 Hunts' Chern. and Ge6l. Essays, p. 177. 
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curring in some of the small tributaries of the Ooaxocoalcas River in · 
Central America. The petroleum seems to arise from the dP.compo
sition of vegetable remains with which certain bods of shale are 
stored.' 

If Wall's statements are correct-and they bear the marks of in
telligent and discriminating observation-the facts are as follows: 
Beds of shale, formed in comparatively recent times beneath the sea, 
but now rais-ed above its level, containing in abundance vegetable 
remains brought down by the Orinoco River, near the mouth of 
which Trinidad is situated, are yielding petroleum in large amount 
by a direct decomposition of vegetable tissues, and the petroleum 
rapidly passes intc asphalt, inasmuch as it is exposed directly to the 
atmosphere. , There are some recent accounts, however, of the Trin
idad asphalt which speak of a temperature of several hundred degrees 
C., as observed in the center of the Pitch Lake. 

At how great a depth in the rocks these changes are going on we 
have no observation to show, but no reason is apparent why these 
phenomena should be superficial. In subsiding areas-and almost 
all river deltas are such-the beds containing vegetable remains may 
be buried to a considerable depth before the decomposition can be 
fully effected, especially if the buried substances consist of the more 
durable vegetable products. In such a case we might expect the 
resulting petroleum to remain stored in the shale whore it origin
ated. 

Why the phenomena of oil production have boon generally re
ported from shales and not from sandstones has not been explained. 
The dijference between the two formations in this respect may be in 
part due to the fact that the shale. seals up the vegetab_le matter 
more perfectly than the sandstone. In the latter ordinary decompo
sition would seem to have a better chance to go on. 

Another fact to be noted in this connection is the affinity of clay 
for oil of all sorts. Illustrations of this affinity are familiar to every 
one, but an observation by Prof. Joseph Leidy, made a number of 
years since, is especially noteworthy. He observed that on the bed 
of the SchuY.lkill River, for some distance below the Philadelphia 
Gas Works, a deposit of clay, impregnated with the petroleum-like 
oils that are produced in tho manufacture of coal gas, was in process 
of formation. 'fhese oily substances which would otherwise be 
found on the surface of the river are absorbed by the particles of fine 
clay in tho water and gradually sink to the bottom with them, thus 
forming a petroliferous clay 01i the river bed. 

If petroleum arising in such springs as occur in Central America 
and South America had found its way by rivers to lakes or seas or 
had been liberated_ f1;om sources beneath the sea, the same results 

1 The Isthmus of Tehuantepec; by J. J. Williams; New York, D. Appleton & Co., 
1852, p. 169. 
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·would have followed. It would have been absorbed by the fine par
ticles of clay held in suspension in river and sea, and the combined 
clay and oil would have been gradually carried downwards to rest 
on the sea floor as an oil-bearing shale. 

From the fact that all of the chief bituminous accumulations of 
recent age belong to the torrid zone, it seems necessary to conclude 
that a tropical climate or a climate of 80° Fahr. at least is most fa
vorable, if not essential, to a large production of this class of bodies. 
The main asphalt deposits of commerce are found about the southern 
and western shores of the Gulf of Mexico. . . 

The asphalt of Trinidad, which seems to be in constant process of 
formation, is derived from shales that belong to the later Tertiaries, 
and, though derived from the most recent of all rocks that precede 
the preser1t geological age, it must still be separated from our time 
by a considerable interval. If, then, the formation of petroleum is 
made contemporaneous with the rock that contains it, it must be a 
geological contemporaneity .that is meant, in which events that may 
be separated from one another by many thousands or even tens of 
thousands of years are counted contemporaneous. 

But if petroleum is a result of the primary decomposition of vege
table tissue, what is there to hinder these processes of petroleum 
formation from going forward?· So long as vegetable matter remains 
undecomposed in the rocks, and so long as the conditions as to tem
perature and pressure remain favorable, why limit them to the time 
of rock formation? 

It would seem that in the vast periods that have elapsed since the 
Paleozoic era there would have been time enough and to spare for 
all of these changes to be accomplished and that the process would 
be necessarily arrested either for want of material or for lack of 
proper conditions. 

The essential point in Hunt's theory of the origin of petroleum is, 
not that it was produced contemporaneously with the rock nor that 
it is especially a product of limestones, but that it results from the 
primary decomposition of organic substances. Discarding these in
cidental elements of the theory and applying its central postulate to 
the explanation of the origin of the petroleum of eastern Ohio and 
of Pennsylvania, we can see what some of the steps in the history
must have been. 

Tlie shales which constitute its chief source were accumulated in a 
tropical sea. The Devonian limestone, which immediately preceded 
them in time, bears witness to -most genial conditions of climate. 
Its massive corals required at least as high an annual temperature. 
as is found in any part of the Gulf of Mexico to-day. 

The sedimentary deposits that were laid down on the floor of this 
Devonian sea consisted of clay and sand with occasional grave] bars, 
the sources of which must be sought in the rising Atlantic border or 
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in the Canadian highlands, as is proved by all the deposits thicken
ing and growing coarser in those directions. To the western limit 
of this sea, along the shores of the emerging Cincinnati uplift, only 
fine clay was boi:·ne, and this fine and homogeneous material accumu
lated very slowly,· one foot requiring as much time. as ten or twelve 
feet of the coarser and more varied series to the eastward. 

In these seas, as we know, there was a vast development of marine 
vegetation. Some plants of rhizocarpean affinities were especially 
abundant, and their resinous spores and spore cases, which consti
tuted by far the most durable portions of the plants, were set free in 
enormous quantities. Even now, in some parts of ·the series, these 
spores constitute a 'notable percentage of the shale. In structure 
and composition they are but little changed from their original con
dition. Other portions of this and like vegetation may have been 
carried to the sea floor in a macerated condition and have there 
passed through the coaly transformation, resulting in the structure
less, carbonaceous matter that constantly characterizes the black 
shales. This carbonaceous substance can still be made to yield the 
members of the bitumen series through the agency of destructive 
distillation, and, doubtless, so also can the spores that remain unal
tered in the shales, each leaving a carbon residue. 

The shales that were slowly accumulating on the floor of this trop
ical gulf, thus ch~rged with vegetable remains, must have behaved 
as similar shales do around the borders of the present gulf. The 
vegetable matter was turned into petroleum as it is in Trinidad and 
the West Indies now. The petroleum would have been absorbed by 
the particles of clay in contact with which it was originated, or, if 
liberated in the water, it would there have been laid hold of by the . 
like floating particles of clay to be carried with them in due time to 
the sea-floor, and the work would have gone on until ·the material 
was exliausted or the requisite conditions were lost. 

The resulting stratum of bituminous shale would have been much 
more highly charged with petroleum than·any portion of these shales 
is at the present time. Over it at last a heel of sandstone is deposited, 
which in turn is roofed in by another fine-grained shale. The pores 

. of the sandstone are occupied by sea-water, but a slow system of ex
changes would be established between the roeks by which at last 
petroleum would be gathered into its final reservoir. The presence of 
petroleum in considerable amount in a shale might give it a measure 
of permeability. 

Such would appear to be some of the steps in the production of 
petroleum, if Hunt's view of its origin by the primary deeomposi
tion of organic tissue is adopted. The results would eorrespond 
fairly well with those of the spontaneous distillation theory already 
discussed. Both would find the petroleum distributed through the 
substance of the shales, and both would expect its constant escape 
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from outcrops of producing shale or san_ds.tpge reservoir. Contin
uous· origination is by no means a necessary conclusion from con
tinuous outflow. 

The advantage that Hunt's theory has over others is that it seems 
to find more support in the processes of nature at the present time. 
We find the bitumen series in actual process of formation in many 
parts of the world, resulting .apparently from the primary decom
position of organic matter, under normal conditions. On the other 
hand, we do not find this series, in any cases which are open to ob-

. servat.ion and subject to measurement, resulting from· secondary de
composition of carbonaceous matter contained in the rocks, unless 
the comparatively high temperatures of destructive distillation are 
reached. 

The several views as to the origin of petroleum that seem most to 
deserve attention have now been fairly stated. Some liberty has 
been taken with the'last named in the way of removing limitations, 
but no new theory has been broached and no real contribution to our 
knowledge of these very interesting questions is claimed. In sub
jects which tempt speculation as much as those which are now under 
discussion, it is well to know the opinions that are most entitled to 
respect, even where grounds of positive knowledge are ·wanting. 
How little real knowledge we have of this subject has been made to ' 
appear in this brief review, and it is safe to conclude that until the 
boundaries of our knowledge are considerably extended every theory 
in regard to the or~igin of petroleum should be held as provisional 
only. 

The theoretical views that we hold as to the origin of petroleum 
. will influence our juugment as to the duration of its supply. The 
question is often asked whether there is any provision in nature by 
which the supplies that are now drawn ·upon or exhausted can be 
renewed. It is to be observed that in the several theories passed in 
rev1ew only the discarded chemical hypotheses hold out any promise 
of a perennial supply. Of the three views from which most people 
will feel compelled to make their choice, two answer emphatically 
in the negative the question raised above and the remaining theory 
gives in reality no more encouragement. Newberry's theory makes 
the process of oil formation a continuous one, it is true, but it ex
tends it through such vast cycles of time that one thousand years or: 
ten thousand years would not constitute an important factor. In 

. other words, the reservoirs that we are now piercing with the drill 
and that are yielding such vast and valuable stores of light and 
power would have yielded in all probability about the same supply 
one thousand or ten thousand years ago. 

Practically the stock is now complete, as mueh so as the eontents 
of coal mines .and mineral veins. As a result of our interference 
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with natural conditions, small local movements of oil or gas may go 
on in the rocks, but these would be but insignificant exceptions to a 
general rule that the reservoirs hold all. the oil and gas that they 
will ever hold, and that, when once exhausted, they will never be· 
replenished. · 

Gas and oil have been considered together in all the preceding dis
cussions, as if the history of one Wl:mld cover the history of the 
other also. There are, however, speculations which dissociate them 
in or1gm. By some, gas is counte.d the first and original product, 
and it is supposed to be converted into petroleum in the sandstone 
reserv,oirs by some unknown process of. condensation. 

This belief, like those that have preceded it, does uot admit of final 
and definite confirmation at the present time, but chemical proba
bilities do not seem to favor it. Petroleum is more composite and 
unstable than gas, and in these respects it seems .to stand at less re
move from the organic world. A large percentage of natural gas is 
light carbureted hydrogen, one of the simplest and most stable prod
ucts of decomposition. Petroleum readily gives rise to marsh gas, 
when subjected to destructive agencies, ·but we have no known expe
rience 1n which the higher compound results from synthesis of the 
lower. It seems, therefore, safe to count petroleum first in the order 
of nature. · 

A few words remain to be said under this head upon another branch 
of the subject. In the preceding discussions shale and limestone 
have been considered the chief sources of petroleum, although, as is 
well known, sandstones are the direct source of the great supplies. 
There are some who hold that these supplies originate in the sand~ 
stones which now contain them. This view may be urged with 
plausibility, at least for such sandstones as Lesley describes in east
ern Kentucky, or as I. C. White finds the LeBam£ sandstone to be; 
but the Berea Grit, whicl~ is the main oil sand of Ohio, is singularly 
free in most of its outcrops from all traces of veg_etation. The claim 
at the best has niany weak points, as is well shown by J. F. Carll.' 
Speaking of the Venango sands, he says: 

we find that the largest wells are those which are sunk through the coarsest part 
of the oil-bearing sand rock. The drillings show nothing but coarse sand and pebbles. 
Pieces of the unpulverized rock, one or two cubic inches in bulk, are often brought up 
after torpedoing, but nothing can be detected in them that could possibly originate 
petroleum. Could a rock of this character have originally contained a quantity of 
organic matter sufficient to yield a cubic foot of oil to every ten or twelve cubic 
feet of rock and those organic remains be so completely converted into oil as to 
leave no residual trace of their existence? 

With the3e questions- and suggestions, and many others in the 
same line, he shows the difficulties of this view. 

1 2d Geol. Survey Pa., Report of Progress, III, 1880, p. 272. 
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SUMMARY. 

In concluding this chapter, a few of the previously stated propo
sitions in regard to the origin of petroleum that seem best supported 
will be concisely summarized : 

(1) Petroleum is derived from organic matter. 
(2) It is much more largely de~·ived from vegetable than from 

animal substances. 
(3) Petroleum of the Pennsylvania type is derived from the or

ganic matter of bituminous shales and is of vegetable origin. 
( 4) Petroleum of the Canada and Lima type is derived from lime

stones and is of animal origin. 
(5) Petroleum has been produced at normal rock temperatures (in 

Ohio fields) and is not a product of destructive distillation of bitu-
minous shales. · 

( 6) The stock of petroleum in the rocks is already practically 
complete. 



CHAPTER II. 

MODES OF ACCUMULATION. 

In preceding pages petroleum has been shown to be widely dis
tributed in the rocks of Ohio. The limestones and shales of the 
series, in particular, everywhere contain it. Hunt has made a cal
culation showing the· amount of petroleum which the oil-bearing 
dolomite of Chicago holds to the square mile for every foot in thick
ness of the stratum.' If we apply a like calculation to the rocks of 
the Ohio scale -we S'hall find the total amount of oil enormously 
large. We may take, for example, the Water lime stratum, which is 
notably and almost universally petroliferou~ .. Estimating its petro
le~m contents at one-tenth of one per cent., and the thickness of 
the stratum at 500 feet, both of which estimates arc probably within 
the limits, :we find the petroleum contained in it to he more than 
2,500,000 barrels to the square mile. The total production of the 
great oil field of Pennsylvania and New York to January, 1885, is 
261,000,000 barrels. It would require only three ordinary town
ships, or a. little mor~ than one hundred square mDes, to duplicate 
this enormous dock from theW aterlime alone. But if the rate of 
one-tenth of one per cent. should he maintained through a descent of 
1, 500 feet at any point in the State, each square mile would, in that 
case, yield 75,000,000 barrels, or nearly one-third of the total product 
of the entire Pennsylvania and New York oil fields. These figures 
pass at once beyond clear comprehension, hut they serve to give some 
idea of the vast stock of petroleum contained in the earth's crust. If 
petroleum is generally distributed through a considerable series of 
rocks in any appreciable percentage it is easy to see that tho ·aggre
gate amount must be immense. Even one-thousandth of one per 
cent. would yield 750,000 barrels to the square mile in a series of rocks 
1,500 feet deep, but this amount is nearly equal to the greatest actual 
production per square mile of any part of the loading Pennsylvania 
fields. It is obvious that tho total·amount of petroleum in the rocks 
underlying the surface of Ohio is large beyond computation, hut in 
its diffused and distributed state it is entirely without value. It 
must be accumulated in rocks that serve as reservoirs before it be
comes of economic interest. In respect to the importance of con
centration it agrees with most other forms of mineral wealth. 

. 1 Chern. and Geol. Essays, p. 173. 
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COMPOSITION AND ORDER OF SEQUENCE ·oF PETROI.EUM~BEARING 

ROCKS. 

SANDSTONES AS RESERVOIRS. 

The drillers in Venango County, Pa., in 1859, were not long in 
learning the facts as to the composition and order of arrangement of 
the series from which petrolf:!Um was obtained. Beginning in the 
valley of Oil Creek, it was found that the drill first descended 
through several hundred feet of soft and fine-grained shales, after 
which. a series of sandstones, imbedded in shale, was passed through. 
These sandstones were three in ·number when the series was complete, 
and from the upper surface of the uppermost member to the bottom 
of the lowest the interval was about three hundred and fifty feet. It 
was at once learned that the petroleum for which the drilling was un
dertaken was confined to these sandstones, which accordingly took the 
name of "oil sands," first, second, and third, named in order from 
above. When all three were found in the well section the oil was 
confined to the third or lowermost, but the gas was sometimes found 
in the second or even in the first. When the third oil sand was 
wanting the second became the receptacle of the oil and gas, and 
wh.en both the second and third were wanting the stock was found 
in the first. The important fact thus came to light that the first 
sandstone to be reached in ascending order from the bottom of the 
series wa~ the oil-containing stratum. The rocks below the oil sand 
were found at a somewhat later period to be gray or dark shales. 

The Venango "oil sands" proved to be sandstones of medium or 
coarse grain, or even in some cases conglomerates. The third or 
lowermost sand in particular often assumed this phase, containing 
quartz pebbles in abundance. These sandstones were considered, in 
the course of the development of the field, to be elongated bars of 
sand or pebbles, their longer axes extending in a northeasterly and 
southwesterly direction. The productive fields were found to extend 
in length for a score or more of miles in some cases, while their width 
would be confined to one or two miles. In thickness, the oil sands 
ranged from a shell to one hundred feet. Some of them are described 
as having no outcrop, never rising to the surface in the characters' 
which they are found to possess when deeply buried. 

Under the interpretat.ion of the oH sands given above, which is 
substantially that of Carll, these oil-containing reservoirs are seen 
to be lenticular in transverse section. It is in any case certain that 
the productive belts showed the relations named above, and, further, 
that production was related in a very definite way to the grain and 
thickness of the oil sands. The coarser and the more open the sand 
the greater the amount of oil, and, in like manner, the thicker the 
stratum the larger was its productiOn likely to be, other things b~ing 
equal. 
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It must be noted, however, that all the facts presented by such a 
field can be explained without supposing the oil rocks to be ancient 
sand bars or submarine gravel ridges. Sandstone strata; with. an 
ordinary measure of continuity, under certain accidents of struct
ure or arrangement, could present just such phenomena as we are 
called on to explain. In fact, the sand-bar theory does not ~pply at 
all to the oil production of Ohio. We find the oil and gas-of east
ern Ohio in a stratum of sandstone that rests on shales and that is 
covered by them, but the stratum, so far from being lenticular in 
character, is wonderfully persistent, though varying in thickness 
and grain from point to point, a?-d occasionally nearly disappearing 
for a short space. It was also learned that the roof shales were not 
altogether impervious, but that oil, and especially gas, found their 
way upward through them, furnishing the so-called "surface indi
cations." The thickness of the c_over was found to be a factor in oil 
production to a certain extent, the large accumulations seldom being 
found under light cover. · 

The first drillers in Venango County took possession of the val
leys, supposing the production of oil confined. to them, but later. 
comers began to try fortune on the slopes adjacent, and little .by 
little the drilling rigs overran highlands as well as valleys. The fact 
was soon made apparent that the only probable advantage possessed 
by the valleys was the shorter distance to be drilled to reach the oil 
sand. 

The wells drilled on the uplands ·revealed the presence of other 
. sandstone strata, lying many hundred feet abqve the oil sands. To 

these new strata the name of "mountain. sands" was given, and 
three of these also were enumerated, viz, the first, second, and third 
mountain sands. Petroleum and gas were sometimes found in these 
strata to a small extent. 

The order that was thus ascertained to exist among the different· 
strata penetrated by the drill in the valley of Oil Creek at the.begin
ning of petroleum production on the large scale in this country has 
proved to be the universal order in the oil and gas fields of Pennsyl
vania, New York, and eastern Ohio. In all of these fields, without 
important exception, sandstones buried in shales have proved to be 
the reservoir of oil and gas when the latter are found in large quan
tity. The overlying shale is the cover or roof of the reservoir; the 
underlying shale appears to be the source from which the bitumi
nous products are derived. We can count on thitJ as the established 

· and essential order for oil and gas accumulation in the territory 
already named. Several distinct sets of o:l~producing sands have 
been brought to light besides the Venango, the most important of 
which are the Warren and the Bradford sands, both of which un
derlie the Venango system. 

The three elements that constitute an oil-bearing group may exist 
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by themselves, as in the Venango field, already described, or they 
may be buried under hundreds or even thousands of feet of super
incp.mbent strata. In the latter case several distinct oil and gas 
horizons may be traversed in a single well section, but each one will 
consist of the three elements nained-cover, reservoir, and source. 

LIMESTONES AS RESERVOIRS. 

In the cases less frequent where large accumulations of oil and 
gas are found in limestones instead of in sandstones, the conditions 
vary somewhat from those just described. The shale cover is still 
an essential element, but the reservoir and the source of oil and gas 
are apparently blended in one common rock. The best examples of 
this sort of production are derived from the fields of northwestern 
Ohio, where at a depth of eleven hundred to twenty-two hundred feet 
the Trenton limestone is struck. It .is covered by four hundred to one 
thousand feet of shales, viz, the Utica, the Hudson River, and the 
Medina shales, named in ascending order. The v~rious limestones 
of the underlying sm•ies have been penetrated for 1,800 feet without 
being exhausted. The Trentoli limestone itself is several hundred 
feet thick. Through most if not all of its extent it is petroliferous, 
as is shown by the drillings, but the accumulated stocks of both oil 
and gas are always found in the uppermost beds of the stratum and 
generally not more than twenty or thirty feet below its upper sur
face. The fragments of the oil-bearing rock that are brought out 
after the u:se of torpedoes in the wells are found to be quite porous. 
The cause of this porosity is to be considered in a later chapter. 

The oil rock carries, at a lower level than that in which the oil is 
found, but sometimes dangerously near, a brine of unusual charac
ter. It has in fact the-composition of a bittern or a water left over 
from the concentration of ordinary brine. It contains unusual quan
tities of chlorides of calcium and magnesium. 

The facts as to the occurrence of the oil and gas in this stratum 
seem reconcilable with the theor;y that they have risen slowly through 
the limestone rock until they find stora.ge in a porous stratum. A 
further ascent is forbidden by the overlying shale, and their ac
cumulation therefore takes place at this point. There is certainly 
nothing like the sand bars or gravel ridges that are proposed as ex
planatic>ns of tho Pennsylvania fields in this oil-producing stratum, 
so far as its composition is concerned. 

PERMEABILITY OF THE RESERVOIRS. 

The fact that different portions of the oil sands communicate with 
one another with more or less freedom was early established in the 
history of oil production in Pennsylvania. Adjacent well-s were 
often found to affect one another's yield, and the location of wells 
at once began to be governed by this fact. Wells were especially 
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multiplied along boundary lines, with the selfish purpose of obtain
ing oil from the lands of others and in the attempt to protect rights 
of ownership against unjust invasions. 

The descent of surface water into the oil sands through abandoned 
wells proved disastrous to entire fields and it became necessary to 
invoke stringent legislation to guard against this source of danger 
by requiring wells to be securely plugged before being abandoned. 
In these various ways it came to be seen that there was a fairly free 
communication through the oil sands, at least in some ·Cases, for in
t'ervals of one or more miles. So, also, in thick and gently dipping 
strata like the Bradford oil sand the division of the rock into gas, 
oil, and salt-water territories, respectively-the gas holding the high
estand the salt water the lowest levels-made the conclusion well nigh 
irresisti~le that the entire rock is permeable, and that in the course 
of ages its various contents have been differentiated, as we now find 
them, under the influence of gravitation. 

On the other hand, it became equally clear that there was no neces
sary and absolute connection between diffe~ent portions of an oil 
sand, but that in many instances this stratum exists in lenticular 
masses, the several divisions of which may be nearly or even entirely 
disconnected. This cor~clusion is based on the facts that contiguo:us 
wells often show no connection with each other and that in what 
are supposed to be exhausted oil fieJas small pockets of sand are 
sometimes subsequently discovered that furnish considerable sup
plies of oil. The rapid changes in thickness of the oil sands in ad
ja~ent wells furnishes conclusive proof upon this point. We can 
follow the stratum down· to a feather edge by these records. The 
facts which have been collected from the Pennsyh;ania· field by Mr. 
John H. Carll are conclusive as to this point. 

In oil sands of moderate thickness, as the Berea Grit, which gen
erally ranges in Ohio between five and twenty-five feet through large 
areas, these interruptions more frequently occur. There are no facts 
known in Ohio which show a continuity ii1 this stratum that allows 
the differentiation of its contents after the fashion and on the scale 
of the Bradford oil sand .. Communication through a few square 
miles of the rock can be occasionally_ inferred, but beyond this we 
have thus far no warrant for going. 

We have fewer facts in regard to the limestone reservoirs, but it 
is doubtful whether the same freedom of communication obtains 
here as in the sandstones that we have been considering. As free 
communication can scarcely be expected. through a porous limestone 
as through a sandstone of equal dimensions where the latter has the 
open structure so often found in the oil fields. The gas wells of 
Findlay, however, affect one another noticeably. The release of the 
gas in the famous Karg well has brought about an increase of oil 
produdion wi~h a diminution pf gas in several of the nearest wells. 
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RELATIVE IMPORTANCE OF THE ELEMENTS OF AN OIL SERIES. 

Of the three elements alrea<;ly named as essential to oil production, 
viz, cover, reservoir, ·and source, it is obvious that the iast is the 
fundamental element; but inasmuch as the sources of petroleum in 
our rocks are so nearly universal, less importance attaches to it than 
to the other two. .Furthermore, as rocks of various grain can be made 
to receive and to retain these accumulations, more interest centers 
in the roof shales or cover than in any other part of the system. 
There can be no large accumulation without an approximately im
pervious roof. A considerable deposit of shale at any pointin the 
geological series of Ohio is very likely, in fact, is almost certain, to 
cover an oil rock. For example, the great beds of shale just named · 
cover the Trenton limestone, which is now proved to be at. various 
points a source of high-pressure gas and oil. The Niagara shale is 
in many parts of the State a moderately heavy deposit, and the Clin
ton limestone directly below it is very often notably petroliferous. 
The Ohio shale covers the Corniferous limestone, and small deposits 
of oil are known in this stratum in Ohio and in adjacent States. 

The Cuyahoga shale makes the cover of the Berea Grit; and this, 
as is well known, is the main oil and gas rock of all ea&-tern Ohio .. 
Whenever the Logan conglomerate is roofed with shale it also be
comes petroliferous or gas-be:;~,ring. Numerous examples of oil and 
gas production from this horizon were furnished by the early salt 
wells of the Muskingum Valley. Throughout the Coal Measures 
there are not less thari four sandstones roofed with shales that are 
found at times petroliferous. 

From facts. like these it is apparent that the composition and order 
of arrangement of a series of strata have a vitally important rela
tion to the accumulation of oil and gas that may take place within 
it. Some geologists count the composition of the series the main 
element in oil production. They regard especially the grain and 
thickness of the oil sand or reservoir, accounting largely for the 
difference in production of different fields or of different parts of the 
same field by the character of the oil sand. As already stated; the 
practiced driller also makes great account of these facts. John F. 
Carll has discussed these questions at length in his invaluable reports 
on the petroleum fields of western Pennsylvania. He holds that an 
oil-bearing pebble rock under favorable conditions may contain one
tenth or even one-eighth of its bulk in oil, basing his belief upon the 
indications of experiments made upon the rock.' He also shows that 
the pores of the sandstone would serve as channels for the largest 
supplies of oil that have yet been found and that we are under no 
necessity of resorting to hypothetical "crevices" to account for any 
of the facts pertaining to the yield of oil wells. Mr. Carll lays special 

1 Second Geol. Survey Pa., Report of Progress, III, pp. 251, 253. 
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stress upon the charaeter of the oil sand, and in this respect Professor 
Lesley and Mr: Ashburner seem to agree with him, while Prof. L 
C. White, also of the Second Pennsylvania Survey, urges the para
mount importance of another element, especially in gas accumula
tion. This element will be next considered. 

EFFECT OF DISTURBANCES OF STRATA UPON THE ACCUMULATION 

OF OIL AND GAS. 

This subject is one which has been discussed ever since the discov
ery of petroleum and gas in this country on a large scale. Definite 
theories as to the influence of such disturbances as have occurred in 
the oil-producing territory were early propounded, and some of them 
have been maintained to the present day. Prominent among them 
is the so-called anticlinal theory, which takes account of the low 
arches or folds that have traversed some portions of the oil-produc
ing districts and especially of West Virginia and southern Ohio. 

EARLIER STATEMENTS OF THE ANTICLINAL THEORY. 

The "oil-break" of West Virginia, in the neighborhood of Burn
ing Sprmgs, in the early days of the search for petroleum, furnished 
a striking example of the effect of structural disturbance on oil pro
duction. There is an uplift there which is both considerable and con
spicuous, viz, the White Oak anticline, and the productive oil wells 
out of the great number of wells drilled in this region were found 
to be strictly confined to the .region of the anticline or axis. These 
facts were brought out in a very clear manner by the late Prof. E. B. 
Andrews.' The discovery of the axis in its relation to oil produc
tion seems to have been made by General A. J. Warner, associated 
with Professor Andrews in 1865. Beyond the structural disturb
ance shown in the anticline, Professor Andrews also counted neces
sary the existence of crevices .or fissures on the large scale in rocks 
from which the oil was derived. To effect the separation of water, 
oil, and gas in the supposed crevices, he invoked the force of gravi- · 
tation, showing that these substances would necessarily be arranged · 
in the order of their densities in any space which they might occupy 
in common. 

The clew that was thus given to the location of successful wells 
was of course promptly followed. The anticline was traced through-· 
out its entire extent and test wells were put down at numerous points, 
but of these a large percentage failed. To account, if possible, for 
'these failures, Mr. F. W. Minshall, of Parkersburgh, W.Va., under
took at· a later date a careful determination of the levels of the axis. 
He found that, instead of either keeping a horizontal plane or of dip-. 
ping regularly and uniformly, the axis advanced by a series of pro-

' Am. Jour. Sci., 2d series, vol. 32, 1861, p. 85. 
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nounced undulations, having domes or J3Ummits at some points and 
~sinks or sags at· others. All of the productive oil and gas wells 

had been located on the domes and the failures were to he found in 
the depressions.' 

Dr. T. Sterry Hunt, in 1863, a still earlier date; maintained that the 
petroleum supply of western Ontario was all derived from the line 
of a low and broad anticline which runs through the district in a 
nearly east and west direction. He distinctly taught that the anti
clinal structure is .a necessary condition for a large production of 
petroleum, refexTing its accumulation in· such portions of the series, 
of' course, to hydrostatic laws. • 

Dr. Newberry seems also to accept the anticlinal theory, though 
his statements on this point are less explicit than those already quoted. 
Speaking of the Canada oil field," he says: 

This district is in the line of the Cincinnati arch, which here, as in the islands of 
Lake Erie, shows evidence of disturbance long subsequent to its original upheaval. 

ln speaking of the Pennsylvania oil fields, he says:• 
These strata have all felt the disturbing influence of the forces which raised· the 

Allegheny Mountains. Here, then, we have a peculiar geological substructure, · 
such as is especially· favorable to the production and accumulation of petroleum, 
and such as must be more or less perfectly paralleled elsewhere to make productive1 

or at least flowing, wells possible. This structure consists in a great mass of carbon
aceous strata llelow, more or less disturbed and loosened, from which the oil is sup
plied in a constant and relatively copious flow ; above this, strata Of porous, jointed 
sandstone, serving as reservoirs where the constant product of oil and gas may ac
cumulate for ag~s; still higher, argill~ceous strata, impervious in their texture and 
not capable of being opened by fissures, forming a tight cover which prevents their 
escape. 

Elsewhere he says: • 
The facts I have observed lead me to conclude that the disturbed condition of the 

strata in certain districts east of. Ohio is the cause of the phenomena which they' 
present. Where the oil and gas producing rocks and those overlying them are solid 
and compact . . the escape of the resulting hydrocarbons is almost impos
sible. Where they are more or less shaken up . . reservoirs are opened to 
receive the oil and gas, and fissures are produced which serve for their escape to 

. the surface. Near the Alleghanies all the rocky strata are more or less disturbed, 
and here along certain lines the liquid and gaseous hydrocarbons are evolved in 
enormous quantities. As we come westward, however, we find the rocks more un
disturbed and the escape of oil and gas, through natural or artificial orifices, 
gradually diminished. 

This.reasoning, as will be ·seen, is in harmony with the anticlinal 
theory. From the statements already quoted it is shown that dis
tinct theories and claims have been advanced during the last twenty 
years connecting the accumulation of oil and gas with anticlinal' 
structure. 

1 Peckham, op. pit., pp. 49-52. 
2 Am. Jour. Sci., 2d series, vol. 35,1863, pp. 157-171. 
3 Geol. Survey Ohio, Geology,'vol. 1, p. 159, 
4 Ibid., p. 160. 
6!bid. p· 193. 
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THE ANTICLINAL THEORY AS SPECIALLY APPLIED TO GAS WELLS. 

Within the last two years, since natural gas has attained such 
prominence in Pittsburgh, its sources and the conditions of its oc-. 
currence have been studied anew with sharpened inspection by both 
geologists and practical men, and some real advance seems to have 
been made in our search. The anticlinal theory has been revived 
and extended, and has been used successfully in the location of many 
productive wells. For the new statement we are indebted to Prof. 
I. 0. White, of the University of West Virginia, recently of the 
Pennsylvania Geological Survey but now connected with the U. S. 
Geological Survey. Professor White, in turn, was aided by a sug
gestion from Mr. Wi11iam A. Earsenian, an oil operator of many 
years' experience, who had noticed that the principal gas wells then 
[1883] known in westeni Pennsylvania were situated close to where 
anticlinal axes were drawn on the geological maps.' From this he 
inferred there must be some connection between the gas wells and 
the anticlines. Professor White goes on to say :' 

After visiting all the great gas wells that had been struck in western Pennsylva
nia and West Virginia, and carefully examining the geological surroundings of 
each, I found that every one of .them, was situated either directly on, or near, the 
crown of an anticlinal axis, while wells that had been bored in the synclines on 
either side furnisheJ little or no gas, but in many cases large quantities of salt 
wat•.'r. Further observation showed that the gas wells were confined to a narrow 
belt only one-fourth to one mile wide, along the crests of. the anticlinal folds. These 
facts seem to connect ·gas territory unmistakably with the disturbance in the rocks 
caused by their upheaval in~o arches, but the crucial test was yet to be made in the 
actual location of good gas territory on this theory. During the last two years I 
have submitted it to all mam1er of tests, both in locating and condemning gas terri
tory, and the general result has been to confirm the anticlina,l theory beyond a rea
sonable doubt. 

But while we can state with confidence that all great gas wells are found on the 
anticlinal axes, the converse of this is not true, viz, that great gas wells may be 
found on all anticlinals. In a theory of this kind the limitations become quite as 
important as, or even more so than, the theory itself; and hence I have given con
siderable thought to this side of the question, having formulated them into three 
or four general rules (which· include practically all the limitations known to me up 
to the present time that should be placed on the statement that large gas wells may 
be obtained on anticlinal folds) as follows: 

(a) The arch in the rocks must be one of considerable magnitude; (b) a coarse or 
porous sandstone of con~iderable thicknes~, or,. if a fine-grained rock, one that 
would have extensive fissures, and thus in either case rendered capable of acting 
as a reservoir for the gas, must underlie the surface at a depth of several hundred 
feet (five hundred to two thousand five hundred); (c) probably very few or none of 
the grand arches along moun tam ranges will be found holding gas in large quantity, 
since in such cases the disturban<;e of the stratification has been so profound that 
all the natural gas generated in the past would long ago have escaped into the '1ir 
through fissures that traverse all the beds. Another limitation might possibly be 
added which would confine the area where great gas fl..ows may be obtained to 
those underlaid by a considerable thickness of bituminous shale. 

I Science, vol. 5, pp. 521_,. 522. 
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Very fair gas wells may also be obtained for a considerable distance down the 
slope from the crest of the anticlinals, provided the dip be sufficiently rapid, and 
especially if it be irregular or interrupted with slight crumples. And even in re
gions where there" are no well-marked anticlinals, if the dip be somewhat rapid 
and irregular, rather large gas wells may occasionally be found, if all other condi
tions are favorable. 

To some of these statements Mr. C. A. Ashburner takes excep-
ti.on. • He says: · 

Professor White's theory that '' all great gas wells are found on the anticlinal axes" 
can not be accepted until he shall limit, by definition, all great gas wells to exclude 
all gas wells, both lar6e an~ small, comparatively, which produce gas from strata 
not found either on anticlinal axes or in close proximity to such structural lines. 
The Kane gas wells, the Ridgeway well, the" Old Mullin Snorter," and several 
Bolivar wells are notable instances among many which ~ight be mentioned where 
large gas wells have been drilled in or near the center of synclines. 

Although it is a fact that many of our largest Peimsylvania gas wells are located 
near anticlinal axes, yet the position in which gas may be found and the amount 
to be obtained depend upon (a) the porosity and homogeneousness of the sandstone 
which serves as a reservoir to hold the gas; (b) the extent to which the strata above 
or below the gas sand are cracked; (c) the dip of the gas sand and the position of 
the anticlines and synclines; (d) the. relative positions of water, oil, and gas con
tained in the sand; and (e) the pressure under which the gas .exists before being 
tapped by wells. · 

To these criticisms Professor White rejoins that subordinate an• 
ticlines often run· along the central line of synclines, and that when 
gas is found in synclines it is at these points, and that when found 
here it is seldom free from salt water, by which it is likely to be soon 
overpowered. He further urges that all the successful gas com
panies of western Pennsylvania and West Virginia are getting their 
gas from the crests of anticlinal axes, while those that have confined 
their operations to synclines haYe met with. uniform financial disas~ 
ter. He points to the brilliant lights along the summits of the eight 
axes nearest to Pittsburgh, and he has since added a ni~th, and also 
to the darkness that envelops the intervening synclines, in which 
hundreds of thousands of dollars have been invested without de
veloping a single profitable gas well: 

To the qualifications already made Professor White would prob
ably add at this time one to the effect that gas wells shall be located 
on the domes of. the axis, rather than in its depressions, recognizing 
the same line of facts in regard to them that Minshall had already 
established in the case of the White Oak anticline of Ohio and West 
Virginia, to which reference has been made. 

The facts cited by Professor White as to the gas supply of Pitts
burgh seem conclusive. Every foot of it comes from anticlines, 
not because it has been sought nowhere else, but because when found 
in other stations it is speedily overrun and extinguished by salt 
water. Where anticlines of the type here referred to traverse an 

1 Letter in Science, vol. 6, 1885, p. 43. 



.. 

ORTuN.] ARRESTED ANTICLINES. fi17 

oil-bearing series, it may be considered to be demonstrated that they 
exert a decided effect on the accumulations of oil and gas in this 
series. So rational is .such a conclusion, so directly dQes it result 
from the fiwts already stated, that it is difficult to see on what 
grounds it can be called in question. . 

While there is no element of the theory as stated by Professor 
White that differs from the thecn:y stated before, his applications of 
it are bold and, best of all, successful, marking a new period in our 
study of the geology of oil and gas. 

But, as has been already shown, pronounced anticlines are of in
frequent occurrence in Ohio. A few of the low arches of western 
Pennsyl~ania extend across the border, but they soon flatten out and 
disappear. There are also a few low folds that originate and run 
their entire course within Ohio. In Indiana no movement of the 
crust that deserves to be called an anticline has yet been shown to 
exist. Even if the anticlines are held to account for the facts of oil 
and gas accumulation, the theory would have but limited application 
to Ohio and Indiana geology. 

ARRESTED ANTICLINES. 

Though distinct arches are for the most part wanting in Ohio 
geology, there is another sort of structural deformation found here 
which is connected in a direct way with the oil and gas of eastern 
Ohio. The structure referred to is associated with the arrest or sup
pression of the prevailing dip of the rocks for a given space and the 
establishment of a terrace or level bench in its place. If the series 
had lain level instead of being inclined at the slight angle which 
marks most of eastern Ohio, the movement to which the present 
terrace is clue would have resulted in a low arch, but the uplifting 
force was too feeble to do more than counteract for a short space the 
normal dip by which the entire series is affected. 

The structure referred to comes to view in the Macksburgh oil 
field' of southern Ohio. 

The entire series that is found to be connected here with oil pro
duction is at least one thousand five hundred feet thick. It enters 
the field dipping gently to the southeast, at the rate of twenty to 
thirty feet to the mile, but it suddenly ceases its descent and for about 
three miles there is no appreciable fall. In other words, a normal 
descent of sixty to seventy-five feet is neutralized. The amount of · 
territory included in the terrace appears to be fifteen to twenty square 
miles. Beyond this, the regular dip is resumed. 

In the 1,500 feet of rock which composes the section that the wells · 
here penetrate there are not less than five distinct oil sands, o_r, in 
other words, five horizons at which oil and gas are sometimes found. 
Each one of these is productive of oil to a greater or less degree upon 
the terrace, and of gas upon the p.pper margin of the terrace. The 
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development of the field began with the discovery of oil in the shal
lowest sand. Step by step the lower horizons were reached. The 
productive ·areas of each have the same surface bounqaries. The 
petroleum contained in the different sandstones has different charac- · 
ters, varying in gravity, in color, in chemical properties, from sand 
to sand.. Wells are in operation in most if not in all of these hori
zons in the Macksburgh field at the present time. · 

How are these facts to be explained ? If there were an anticlinal 
fold here, it could be urged that the gas had found its way through 
the fractures and fissures of the arch from the bottoni upward, so 
that one supply could account for charging all of the rocks. This 
explanation would leave the differences in quality of the oils found 
in the several rocks unexplained, it is true, but it might still be 
maintained. There is, however, neither arch nor fold of any sort. 
That five sand rocks, distributed through 1,500 feet of stratified de
posits, should each happen to secure the right grain and composition 
to make them repositories of oil within exactly the same geographical 
limits is, of course, incredible. 

There is but one explanation of the fa.cts here given. The accumu
lation of oil and gas is due to the structure, or, in other words, to 
the arrangement of the rocks concerned. It thus appears that struct
.lire is a vital element in the accumulation of oil and gas. The facts 
in eastern Ohio point to the conclusion that all other conditions for 
oil production are met much more frequently than the structural 
conditions required. The source of gas on the large scale is found 
in the universal sheet of shale that underlies this portion of the 
State. A reservoir is furnished by the Berea Grit almost as wide as 
this universal source of gas. The Cuyahoga shale has everywhere· 
the essential conditions for roof or cover of the oil sand.· But all 
ol these are powerless to produce an oil.field until the right inclina
tior.J. is given to the series. This condition is met in but few in
stances, so far as our present knowledge reveals. 

The Wellsburgh gas field in the Ohio Valley below Steubenville 
has a structure s~milar to the Macks burgh field. There is a similar 
arrest of normal dip and a consequent terrace-like bench upon the 
summit of which the gas is found. Oil has not yet been reported 
from this field, but if explorations are continued it will undoubtedly 
be found. 

So far as examination has gone, every one of the few oil and gas 
fields of eastel'n Ohio betrays structural irregularity, and most of 
them point to the terrace-like structure already described. 

STRUCTURAL IRREGULARITIES IN NORTHWESTERN OHIO. 

The occurrence of petroleum and gas, but especially of the latter, 
in northwestern Ohio has been found to be assoCiated with greater 
irregularities of structure than are known elsewhere in the State, 
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except in a single locality. ·The drift deposits of this region are so 
thick and so continuous that there are no adequate opportunities to 
determine the horizons or dip of the underlying rocks by natural 
outcrops, and inasmuch as the surface does not betray any notable 
irregularity it has been a great surprise to find from the well records 
that the strata a"i:-e dipping at some points at the rate of six hundred 
feet to the mile. It is in Findlay that the most marked disturbance 
occurs and the great supplies of gas that are foun·d there appear to 
be closely connected with this disturbance. The largest gas wells 
are located near the edge of the steep descent, while others that are 
situated on the slopes yield both gas and oil. The wells at the bot~ 
tom of the slope have yielded thus far oil alone or oil and s.alt, 
water. The facts connect!Old with this irregul~rity of structure will 
be more fully stated in Chapter V. 

It is only necessary to flay at this point that the gas of western 
Ohio, like that of the eastern half of the State, seems to depend 
upon unusual facts of structure for all of its important accumula
tions. The Indiana gas field has a remarkably regular and uniform 
structure, but still it will be shown in the account of this field that 
its gas production is entirely controlled by its structure. 



CHAPTER III. 

THE DISCOVERY OF OIL AND HIGH-PRES~URE GAS IN THE TREN
TON LIMESTONE OF OHIO. 

THE BLACK SWAMP. 

. The surface of northwestern Ohio is quite flat and monotonous. 
There are many single tracts of fifty or a hundred square miles in 
which the extremes of elevation will not exceed twenty-five feet. 
The dividing ridge between the waters of the Gulf of St. Lawrence 
and those of the Gulf of Mexico extends in a westerly and south
westerly direction across the State, making in part the southern 
boundary of the region which is here designated northwestern Ohio. 
The maximum elevation of this water-shed is about une thousand 
feet above tide, while the lanfls that immed:lately border on Lake 
Erie have a general ~levation of six hundred to seven hundred feet 
above tide. Tho difference of three hundred· to four hundred feet· 
between these extremes is di(ltributed through sixty to eighty miles 
of equable descent to the northward. The surface is, as a rule, quite 
deeply covered with drift deposits, the maximum thickness of which 
is four hundred feet. But low ridges and level areas of Upper Silu
rian limestone, thinly covered with soil, occasionally constitute the 
surface for a few square miles at a time. In numerous instances the 
streams have worn their way to the bed rock, and the only stone 
quarries possible in many districts are situated at or below the low
water mark of these streams. Though the valleys, without excep
tion, are shallow, they afford nearly all the relief that the S'!Irface on
joys. The additional features of relief are the low rocky ridges 
already named, the geological origin of which is not always appar
ent, and certain long lines of sand and gravel deposits, which are 
rightly known as lake ridges. The latter were undoubtedly formed 
by the action of Lake Erie at i~s higher levels in the closing stages 
of post-Tertiary time. They are often continuous for scores of miles 
upon the surface, running in a general way parallel to the present 
shores of Lake Erie. There are several of these ridges at differ
ent distances .from the lake shore. The early roads of the country 
followed them and the most desirable building sites in early times 
were found upon them. The elevation of the ridges, both stone and 
gravel, is small, rarely exceeding fifteen or twenty feet above the 
general level. 
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From the description here given it will be seen that the drainage 
system of this portion of the State must in the main be·sluggish, and 
that large areas in a state of nature are certain to be found as swamps 
and marshes. A wealth of decaying vegetation under the conditions 
named is also sure to be incorporated with the forming soil, giving to 
it all the elements of fertility. · 

In view of these facts it is not surprising that much of north
western Ohio was known in early time. as the Black Swa111p. Of 
late years its drainage has been greatly improved by deep ditches 
drawn in long lines across the country. But, though the name is no 
longer suggested by its condition, it still remains in common use. 
The Black Swamp is rapidly becoming one of .the most fertile and 
valuable agricultural districts· of the State, and it is destined for 
centuries to come to give a generous support to a dense population. 

To what~ver else the region is adapted it would certainly seem an 
unpromising field for geological exploration, inasmuch as natural 
rock sections of a dozen feet are rare within it, and sections of twice 
this height are impossible; but it ~is out of this Black Swamp that 
there has been derived the most important and surprising discovery 
ever made in the economic geology 6£_ Ohio. The discovery is not 
one of merely local importance. It extends the boundaries of geolog
ical knowledge, and makes an addition of immense importance to 
the stocks of power which the crust of the earth was previously 
known to hold. It carries at a single step the prolific horizons of 
petroleum and gas from the sandstones and conglomerates' of the 
middle Devonian to the lowest main division of the Lower Silurian. 
The descent is accomplished in a single step, as already stated, but 
it measures a full half mile in the vertical column. 

SURFACE INDICATIONS. 

The discovery of valuable stoclis of oil and gas, derived from the 
Trenton limestone, was first made in Findlay, Han,cock County, 
Ohio, in November, 1884. Hancock County is the third county 
south of the lake shore. Findlay, the county se.at, is forty-five 
miles due south of Toledo. The surface of the country at and 
around Findlay has an elevation of about seven hundred and eighty~ 
five feet above tide. The town is traversed by Blanchard's Fork of 
the Auglaize River, a stream that has in the main a sluggish flow. 
Its direction is to the northwest. The level of low water in the 
stream is a:bout fifteen feet below the general level of the country. 
In Findlay and in its immediate vicinity the drift deposits are quite 
shallow. All of the streams have rocky floors to a greater or less 
extent, and along their banks limestone quarries have for many 
years been worked for the supply of building stone, lime, and road 
material. In the town proper the drift is seldom more than fifteen 
feet thick, and for much of the area it is les~ than ten feet thick. 
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The wells that are dug in and around the town u.sually pass entirely 
through the drift, and their supply of water is derived either from 
the surface of the underlying limestone or from comparatively shal
low depths in it. 

The first di~covery on record of inflammable gas in the Findlay 
field was made while digging a well, three and a half miles south of 
the court-house, in October, 1836. But. from the known facts as to 
its occurrence it is scarcely possible that its presence should not have 
been known to the earliest occupants of the. country. 

The discovery was made under the following circumstances: A 
well was being dug on a farm in the north western quarter of section 
5, Jackson Township, which was at the time owned by one Aaron 
Williamson. The diggers had reached a depth of ten and a half 
feet in the drift and water began to appear. · They were just then 
called to supper, but fearing that the well would fill with water and 
that the banks would cave in if left, they returned in the early 
evening with lighted torches to complete their work by laying the 
wall, the stone for which had already been drawn to the spot .. Low
ering a lighted torch into the excavation to ascertain its conditimi, 
they were startled by a violent explosion, and a flame of considerable 
volume was afterwards found burning from the surface of the water 
below. The labor spent in the excavation was counted lost and a 
supply of water was sought at another point. The burning well at
tracted a good deal of attention in the neighborhood. The flame 
lasted for several months, but was at last extinguished by the rains 
and snows of early winter and the well· was afterwards filled up. 
Similar experiences soon followed in other wells and in like excava
tions, and these were especially common within the village limits of 
Findlay. From this timy it was known that inflammable gas, ex
plosive also when mixed in certain proportions with air, was likely 
to be found whenever the limestone floor of the country was ap
proached. The cases in which this oftenest occurred were in the 
digging of wells, cisterns, and sewers in the town of Findlay. 

There were other· surface indications at hand that were equally 
significant. From the springs that issued from the limestone rocks 
in the valleys gas was constantly escaping in considerable quantities. 
It was known that this gas could be lighted at. any tinie and that it 
would often continue to burn for hours without interruption. Ex
periments in lighting it were constantly repeated, and not a child 
grew up in the neighborhood without becoming acquainted with its 
manifestations. 

The gas was offensive in odor on account of the presence in it of 
sulphureted hydrogen, This substance was dissolved in the water 
through which the gas found its way to the surface, and as a conse
quence most of the well and spring water of Findlay was so strongly 
impregnated with .it as to be disagreeable and unwholesome. By 
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reason of the wide diffusion of this sulphurous gas a satisfactory 
supply of drinking water has been hiud to secure in Findlay. The· 
abundant presence of natural gas in the neighborhood was, in fact, 
more obviously attested by the contaminated water supply than by 
any. or all other indications. 

From the statements now made, it is clearthat the presence of :in
flammable gas has been known in Findlay and its vicinity since the 
country was first occupied. There have always been surface in
dications here of prol).ounced character, the most conspicuous of 
which are the sulphureted water of wells and springs, the escape of 
gas from springs and rock crevices, and its presence in numerous 
excavations that were carried down to the limestone rock. WhUe 
the presence of gas was universally known, from the facts already 
stated, it was likewise universally deplored as a nuisance that must 
be endured because it could not he abated. 

The utilization of gas was begun in Findlay on a small scale at an 
early date. In 1838 Mr. Daniel Foster, residing at the corner of Main 
and Hardin streets, dug a well on his premises, with the usual expe
rience for this part of the town. The water was too sulphurous for 
use, and, moreover, gas bubbled through it continually in considerable 
volume. Failing to find a supply of potable water, he determined to 
utilize his labor, nevertheless, in securing a supply of .heat. He ac
cordingly arranged an inverted sugar kettle in the well in such a way 
as to accumulate the gas, which was then convoyed by a wooden 
pipe laid from the well to the sitting-room of his house, where it 
was burned in an old gun-barrel adapted to the purpose. The fire 
that was thus lighted in 1838 has .been continued practically ever 
since. A number of years afterward the house was bought by Dr. 
Jacob Carr, a dentist of Findlay, and ex-mayor of the town. Dr. 
Carr dug several other wells and cisterns ·on the premises. too btain 
water, if possible, for household use, hut all proved, like the first,· 
sources of gas rather than of water. .Obtaining an additional supply 
of gas from these several excavations, Dr. Carr was able to mnke a 
somewhat larger use of it for light and fuel than had been.possihle 
before this time. 

It is to Dr. Carr also that we owe the first scientific examination 
of Findlay gas. In the oil excitement of 1865, in connection with 
the well drilling that was undertaken at this time and which will be 
presently referred to, Dr. Carr bottled a sample of the gas and placed 
it in the hands of an eminent chemist, Dr. Chilton, of New York, for 
chemical determination. Dr. Chilton pronounced the gas light car
bureted hydrogen derived from petroleum. The first statement was 
the result of an approximate analysis and the second must have been · 
a sagacious inference. . 

The first person who is known to have recognized the larger pos
sible value of Findlay gas mid to have set about devising schemes 
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· for developing and utilizing it on any considerable scale is Dr. 
Charles Oesterlin, an old and highly respected physicjan of the town. 
As early as 1862, Dr. Oesterlin made repeated efforts to interest his 
fellow-citizens in some means for accumulating the escaping gas in 
quantity enough to light the village streets at night. He experi
mented upon the gas springs and gathered all the facts as to the 
presence of gas in the wells and other excavations of the neighbor
hood. There was no one, however, to second his sagacious plans, 
and nothing came from this discussion .. In 1865, while the first pe
troleum excitement was sweeping through the country, a deep well 
was undertaken by prospectors for oil upon the land of Dr. Carr in 
Findlay. The drill became fast in solid limestone rock at a depth of 
135 feet, and the undertaking was abandoned without result. 

In 1869 the geological ~;urvey of the State was undertaken. Dr. 
Oesterlin was the representative of Hancock County in the State 
legislature at this time. He took pains to bring the facts pertaining 
to Findlay gas to·the attention of a member of the geological corps, 
the late Ron. J. H. Klippart, of Columbus, and urged a scientific in
vestigation of the questions involved. But the time had not fully 
come for the recognition of the new fuel. The geological range of 
Findlay seemed in the highest degree unpromising as a source of 
natural gas, and the real significance of its surface indications of 
gas was not even suspected. . 

In 1871, however, the geology of Hancock County was worked out· 
in its due order by Prof. N. H. Winchell, to whom Dr. Newberry 
had assigned most of the northwestern counties of the State. Pro
fessor Winchell called attention to the occurrence of inflammable gas 
in Findlay in his report on the county. He published a letter from 
Dr. Carr,. in which the facts already given as to the utilization of 
the gas were ·briefly stated. 1 

The Survey failed to recognize the immense significance of the 
Findlay facts, because the time for such recognition had· not yet 
come in either the scientific or the practical world. But in the study 
of this and adjoining counties a good deal of faithful and accurate 
work was done, particularly in mapping the different formations as 
they appeared ou the surface; and this work is proved to be con
nected in a very interesting and important way with the develop
ment of the oil and gas territory: Attention will be called to these 
points on a later page. Though Findlay gas was distinctly recog
nized in the reports of the Survey, as already shown, no emphasis 
was given to the statements concerning it, and probably the atten
tion of few readers was definitely directed to the subject by reason 
.of the mention thus made of it. 

For the next ten years no progress whatever is to be reported. 
Dr. Oesterlin was the only man in the community who believed in 

1 Report Geol. Survey Ohio, vol. 2, p. 366. 
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Findlay gas, and he had long since abandoned all expectation of 
awakening interest enough among his neighbors to lead them to 
join him in drilling for a larger supply. But in 1882 and 1883 the 
new experience of Pittsburgh was beginning to affect surrounding 
communities. Ohio towns began to discuss projects of drilling for 
natural gas. Those localities in which surface indications had been 
already recognized were generally the first to move. Bucyrus, a 
town forty miles southeast of Findlay; is located upon the edge of 
the Ohio shale, a formation which above all others in the geological 
scale of the State is given to "surface indications." There is scarcely 
a mile of its outcrop across the breadth of the State that .does not 
yield enough gas or oil to arouse great expectation~ in the mind of 
the unwary prosp~ctor. These expectations, it may be added, are in
variably doomed to disappointment, for shale is never a prolific rock, 
and at best supplies only a moderate amount of low-pressure gas." 
Bucyrus had these surface indications, and, relying upon them, it 
became the first town in the central portion of the State to follow the 
new impulse. A shallow "well was drilled here in the fall of 1883. 
The opportunity for Findlay was now drawing near. Dr. Oesterlin's 
enthusiasm was rekindled and he found it at last easy to interest 
his neighbors in his long-cherished. beliefs in regard to a home sup
ply of natural gas. In the winter of 1883-'84, Mr, Charles Eckels, a 
citizen of Findlay, made a visit of a few weeks to W estriloreland 
County, Pa., and saw something of the new development of natural 
gas that was in progress 'there. He returned to Findlay, ready and 
even eager to take his full share of responsibility in testing the ter
ritory at home. Thus re-enforced, Dr. Oesterlin was able to organize 
the Findlay N at'ural Gas Company in March, 1883. The capital 
stock of the company was $5,000 and there were n.ine corporate mem
bers. Correspondence was forthwith opened with contractors, but 
it was September before a derrick was erected and the drill began its 
descent. The well was located on land belonging to Dr. Oesterlin, 
on the east side of the corporation, and in the vicinity of some of 
the gas springs already referred to. Brownyar & Martin, experi
enced drillers from the Bradford field, took the contract to sink the 
well. 

THE PIONEER WELL. 

A somewhat detailed account has now been given of the steps lead
ing to the drilhng of the Pioneer well at Findlay, as the beginning 
of a movement of extraordinary interest and importance in· the eco
nomic geology of the country. The history of this well and of the 
facts that led to sinking it fuHy deserves all the time that has been 
given to it. Before following the record further, it may be well to 
recall the various estimates that were made upon this venture at 
the time of its inception. Findlay gas is now well known through-

• 
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out the length and breadth of the land. But what was the state of 
.mind of those that were cognizant of the undertaking before the first 
well was drilled? With the facility that people have for adjusting 
themselves to accomplished facts, it is difficult to find any one now in 
these favored communities who does not seem to himself to have 
always known of the presence of gas and oil in tho Trenton limestone. 

How did geologists look upon the venture? It may be said in re
ply to this that no geologist was consulted before the drilling was 
begun or while it was in progress. There are circumstantial ac
counts current in tho community to the effect that geologists disl' 
couraged the experiments~ and these accounts are set down to the 
discredit of the science. But as a matter of actual fact such reports 
'are entirely without foundation. It must be granted, however, that 
they have an air of truth. They show what might easily have hap
pened. If geologists had been consulted their judgment would · 
probably have been unfavorable to the scheme. The search for 
·gas or oil in this part of the geological scale would have appeared 
almost as barren.of large possibilities as a descent into the primeval 
granite. 

Excellent reasons could have been given for unfavorable prognos
tications. The drill would have begun in Upper Silurian limestone. 
What ground was there for expecting any valuable accumulations 
of oil or gas in these well-known strata? TJwusands of square miles 
of the rocks of this ago lie open to-day within the borders of the 
State. They are worked in quarries large and small in almost every 
county in northern and western Ohio.. Asphalt occurs in them in 
considerable amount in c·ertain localities and certain beds, and occa
sionally small accumulations of petroleum are found; but there is 
no indication whatever of large stocks. 

If the Upper Silurian limestones wore passed, what encouragement 
could be got from the formations that underlie them ? The strata 
that are due below them are the M~dina, Hudson River, and Utica 
formations of the genfjral scale. All of them arc known to be mainly 
shales in northern Ohio, close-grained and impervious; and certainly 
there could be no groat promise in beds of this age and character for 
the supply of high-pressure gas. Moreover, those strata appear, one 
or all, in extensive outcrops to tho southward and give no hint of oil 
or gas on the large scale. What comes next below this series of 
shales ? The Trenton limestone, one of ·the firmest and most mas
sive, as well as one of the most wide-spread strata in the foundations 
of the continent, and one which has as little promise of oil and gas 
as any other in our entire column. 

Dr. T. Sterry Hunt called attention many years ago to the fact 
that the Trenton limestone of the Manitoulin Islands, Lake Supe
rior, was to a small extent petroliforous (Essays, p. 170). Twenty 
barrels of oil were pumped from a single shallow well that was 
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drilled into it in that region in 1865. It may be that Dr. Hunt would 
have seen reason to encourage the expectation of valuable results by 
drilling to the Trenton limestone at whatever depth it might be found 
in northern Ohio. But, if he had done so, he would probaqly have 
stood alone among the geologists of the country. It may be remarked, 
in passing, that Dr. Hunt's teachings in regard to the sources of 
petroleum are much more in harmony with the new experience than 
those of any other prominent authority .. Most of the geologists who 
saw in current news items the account of the drilling that was be
gl).n in Findlay doubtless regarded it as a chimerical scheme. It 
seemed to them, and it was to a considerable extent, based upon 
the widespread and ineradicable fallacy that holds possession of 
the popular mind in regard to the search for gas, and which can be 
stated in this general form, viz.: "Pittsburgh finds high-pressure 
gas in unlimited amount at fifteen hundred or two thousand feet 
below the surface. Why, then, should not every town find it by 
drilling to the same depth?" 

So much for the attitude of geologists. There was no reason known 
why they sho.uld place confidence in the new undertaking. The point 
of beginning of the Findlay well watl a fully half mile below the 
lowest fairly productive and persistent horizon of gas or oil known 
in the country, and of a new horizon no one even dreamed. 

How did the oil-producing interest of the country regard the sink
ing of this "wild-cat well 1' in the Black Swamp of northwestern 
Ohio? There is no reason to believe that the venture attracted the 
slightest attention from the sagacious men who controlled this great 
interest. They were (or, if acquainted with the f;wts, would have 
been) as scornful and skeptical in regard to any important possibili• 
ties as the geologists were, and upon very much the same grounds. 
There were no known facts to warrant any expectation of valuable 
results. 

How did the people of Findlay regard the undertaking? There 
were nine men in the town who had faith enough in the possibilities 
of gas production to risk their money in sinking a well to find it. 
But it had taken many years to get even this small number together. 
It must not be inferred that in intelligence or sagacity the Findlay 
company was in any respect superior to the companies that had 
before this time drilled wells elsewhere or that have drilled wells 
since on every side. They. were simply following "surface indica
tions" of the same sort that their neighbors had, but somewhat 
more pronounced, and they were following them in exactly the same 
way that their neighbors were. Not a single idea in regard to geo
logical horizons or geological probabilities or possibilities found en
trance to their minds, but they were dominated to the usual extent 
by the popular delusion that high-pressure gas was likely to be found 
anywhere if only the drill should go deep enough. Their advantage 
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was that their surface indicatiOns were better than those around· 
them, and stood for something entirely new in the history of petro
leum, not only in this country, but in the world. To the number of 
corporate members of the Findlay Natural Gas Company a very 
few of the citizens can probably be added who had a measure of faith 
in the success of the drilling at the time it was begun; but t~e ma
jority seem to have counted it an ill-judged expenditure of money, 
and many found in the undertaking food for merriment and ridicule 
at theexpense of the oversanguine investors. Some of those who were 
foremost in ridiculing or disparaging the scheme have long since 
been among the most active in the development of tlie new interest, 
and so earnestly have they worked in the utilization of Findlay gas 
since it was discovered, that it would perltaps be difficult for them to 
realize that there was ever a time in which they did not believe in it. 
The discovery of Findlay gas is due to the company whose organiza
tion has now been described; but it is not detracting from their just 
credit to add that it could not have been long delayed in any case. 
The impulse to the new method of exploration was rapidly gathering 
strength, and the drill would certainly have found its way at an early 
day into a town with so many: traditions of natural gas as Findlay 
po~eMe~ · 

The drilling of the Pioneer well, begun in September, 1884, went for
ward without serious interruption to its completion. At the point 
selected for the well the drift was but 8 feet thick. It was followed 
by a series of nearly continuous solid limestone beds, that continued 
to a depth of 250 feet below the surface. The drill then entered a 
series of shales about 850 feet thick. Gas was found in considerable 
quantity at several horizons in the shales. The first notable flow 
was at 516 teet ; another was struck at 618 feet ; and still another at 
640 feet. From these sources enough gas was obtained to run the 
engine through all the subsequent drillil_lg. It was made evident 
thus early that th8 Fiiullay well was likely to be justified by the 
outcome. At 718 feet a little oil was obtained, but at 1,092 feet, 
which depth was reached about the middle of November, 1884, the 
shale gave way to a solid and highly crystalline limestone rock. This 
stratum proved to be a reservoir of high-pressure gas. .As soon as 
the drill penetrated its surface gas in large volume was set free, and 
the flow was increased for the next ten or twelve feet of descent. 
The gas was lighted, and its blaze at night illuminated a circle of 
country 20 miles in diameter. The Pioneerwell was successful. A 
new horizon of gas and oii, not dreamed of heretofore, was brought 
to light, and Findlay became the center and inspiration of a de
velopment of fossil power scarcely, if at all, inferior in value to the 
great petroleum reservoirs of western Pennsylvania and New York. 
The excitement ran high throughout the entire country. .As many 
as 3,000 people are said to have visited the burning well in a single 
day. 
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The flow of gas obtained from the first well would not be counted 
large according to present standards. From the testimony of those 
best qualified to judge, the volume is thought to have been 250;000 
or possibly 300,000 cubic feet a day. 

Though abundantly justifying the drilling of the well and ample 
to reward the company for its outlay, the amount of ·gas obtained 
did not, after all, meet expectations, and the well was sunk deeper, in 
the hope of striking a larger volume. It was carried down through 
hard and stubborn limestone for about five hundred and fifty feet 
below the gas rock, or to a total depth of 1,648 feet, when a bitter 
brine of peculiar character was struck, which rose rapidly, and the 
drilling was consequently discontinued. The well was plugged ~ear 
the bottom, to shut out the salt water, and preparations were forth
with begun to utilize the new supply of fuel. The gas was found to 
have great heat-producing properties and to answer a fair purpose as 
an illuminant. It contained a minute percentage of sulphureted hy
drogen. Small though the amount of this substance was, it was still 
large enough to advertise the presence of the gas quite widely and 
quite distinctly and to render it somewhat offensive. 

DEVELOPMENT OF THE NEW HORIZON. 

This review has now brought us to the beginning of 1885. The 
towns of the Black Swamp in the closing months of the preceding 
year saw a great light, the history of which was simple and easily 
comprehended. Findlay had drilled a well in its rocky floor and at· 
a depth of 1,100 feet had found a solid stratum of limestone that 
proved to be a reservoir of high-pressure gas. Was not the same 

. reservoir equally available to the surrounding towns and to the en~ire 
country as well ? Answers to such questions were sure to be sought 
in a practical way in all the centers of business enterprise through
out noJ;"thwestern Ohio. Findlay herself was the first to prove the 
horizon she had discovered, and to demonstrate that the gas of the 
pibneer- well was not contained in a pocket nor limited to a single 
fortunate locality. The Findlay Gas-light Company saw that their 
occupation as manufacturers of artificial light was gone. A well 
that could be drilled for $1,500 had been found to yield as much gas 
in one or two weeks as they had been accustomed to sell in a year. 
At the rates at which they had been accustomed to sell manufactured 
gas the. product of the well for a single day would exceed $600. 
Clearly there was nothing left for the company to do but to drill; if 
it expected to make any further use of its mains and gas lines. · A, 
well was at once located within the inclosure of the gas works and 
early in 1885 the drill was started. It repeated almost identically the 
experience of well number one, though its flow of gas was scarcely 
as large. There was no further use for the fires and the retorts of 
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the old works, and natural gas was at once turned into the channels 
that had been constructed for the artificial supply. 

A wider extension of the field followed: Bowling Green, the county 
seat of Wood County, 24 miles due north of Findlay, is built on lime
stone rock as Findlay is, and it also had traditions of oil and gas. The 
inference that was sure to foJlow was drawn at once and the drill was 
set to work in Bowling Green early in the year. The section found 
here was similar in all respects to that of the two Findlay wells, and 
the gas rock was reacned at almost the identical depth at which it 
had been found in them. Thus far the descent of the surface toward 
the lake proved to have exactly kept pace with the descent of the 
entire series to the northward. Both surface and gas rock were 
nearly a hundred feet lower at Bowling Green than at Findlay. 
The gas rock proved much less productive in Bowling Green than 
in the Findlay wells, but it was still a gas rock. It required a tor
pedo to develop the well into respectable proportions, but the final 
statement could be made that Bowling Green had drilled for Find
lay gas and found it.· 

Lima, 30 miles southwest of Findlay, a rich and thriving town, a 
railroad center and given to manufacturing enterprise, was the next 
to seek and find the Findlay gas rock. The rock was found, but in 
the interval it had turned to an oil rock. The surface 6f Lima is 
nearly a hundred feet higher than that of. Findlay and the well was · 
150 feet deeper than the Findlay wells. The oil produced at the 
.Lima well was dark in color and low in gravity and the amount was 
quite small. It contained, moreover, a small percentage of sulphu
reted compounds throughout which very stubbornly resisted elimi
nation. 

It is well to note at this point the singular feature that marked the 
discovery and early development of the. new oil and gas horizon. 
Drilling was begun in northwestern Ohio at almost the only point 
where failure would be impossible. In all the new field tliere is but 
one Findlay. 

Not only was the beginning made at the best possible point but 
the second and third points were also located at the only other county 
seats in northwestern Ohio where drilling has proved reasonably 
successful. We have no longer the right to say that all the success 
in the new field has been limited to the three counties which first 
made trial of the drill. It is, however, true that the developments 
of these three counties are incomputably more important than those 
of any other. The Lima oil field has reached out into Auglaize 
County, and Auglaize County connects with the Mercer County gas 
territory. But when this is said practically all the additions to the 
present date have been made for northwestern Ohio. 

The effects of this early experience can be easily understood. The 
experience already described furnished to every county in north-
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western Ohio a good reason for expecting like results with those ob: 
tained in Findlay, Bowling Green, and Lima. Why not? Three 
towns had made the trial and every one had. succeeded ; it "was but 
to ask and to receive. The general geologic conditions wei·e obvi
ously very much the same throughout this entire section or the 
State. · 

This. confidence was soon clouded, however, to some extent.. The 
doctrine of lines and belts in which gas and oil are distributed and 
to which they are confined was sure to come into the new field. 
Since all of the experience available in its development was brought 
in from Pennsylvania and New York, where lines and belts of oil 
production are unmistakable and of the highest importance, the 
question was soon raised, when the prospects of a town were under 
consideration, "Is it in the gas belt?" Until that question was 
answered satisfactorily there was enough uncertainty to give at 
least zest and excitement to the search. But what is the new gas 
and oil belt? In what direction does it run? What are its metes 
and bounds? The doctrine of belts and lines is very welcome to the 
common mind. It furnishes a semblance of explanation of the facts 
involved, and meets in a cheap and off-hand way the demand for a 
rational basis on which to work. There is a great deal to support it 
or it could never have obtained the hold it has in the practical world. 
It has a geological foundation, and therefore it needs to be applied 
and limit,j3d by an acquaintance with geological facts and geologiCal 
methods of reasoning. 

As to direction, which is the main factor, most of the oil experts 
were not left in doubt. Lima is southwest of Findlay and this was 
conclusive. Bowling Green was conveniently left out of the ac
count. The line was then the famous and familiar one established 
in the great Pennsylvania wells, north 45 degrees east, which is con
sidered by Pennsylvania drillers the natural and necessary direction 
of oil and gas accumulations the world over, and to be looked for 
with all confidenceeven in Europe or Asia, or wherever oil and gas 
are found. It .cost but little violence to bring the Canadian oil field 
into line with Findlay and Lima, disregarding the fact that Canada 
oil is derived from an entirely distinct and widely separated hori
zon. But the field was not to be left with one line only. There was 
certainly something to be said for other directions. The north and 
south line that joins Findlay and Bowling Green could not. escape 
notice, and great confidence was felt by many in territory that yould 
be located on extensions or in the intervals of this line. Other lines 
were also laid down and followed in attempted development accord
ing to the fancy of the projectors. The Findlay or the Lima wells 
are connected on the map with some other productive territory, it 
may be hundreds of miles away, and great interest is taken in mark
ing the towns that are ranged along such lines. A majority of the 
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people had but little use for a~y one who was studying the field 
without a "line" on which to work. 

The ge.ologists made their contributions, attributing a good deal 
of importance in the new discovery to the famous Cincinnati axis of 
Newberry, assuming Findlay to be upon its crest, a location which 
had never been suspected' theretofore. In what direction does the · 
axis extend from Findlay ? The general direction of this ax~s was 
believed to have been already defined. It bears to the northeast, 
and to this extent, the geologist and the oil expert were agreed, pro
ductive territory could fairly be expected to extend in a north-
easterly belt from Findlay. . 
· Some little check was thus given to the confidence that would 

otherwise have been for a short time universal throughout north
western Ohio. It became a question after all whether each and 
every square mile of the Black Swamp contained, in addition to its 
inexhaustible agricultural resources, mineral wealth in the shape of 
oil and gas, in comparison with which the former wo]lld be counted 
insigi1ificant: A town might perhaps be "outside of the belt," but 
the tests by the di·ill were multiplied quite rapidly. 

Wells Nos. 3 and 4 were drilled at Findlay. The last of these, 
known as the Adams well, proved of unusual interest on several ac
counts. Its· flow was more than twice that of the first two wells 
combined, and it served thus to show larger possibilities for the new 
field than could have been justly inferred from previous·experience. 
The volume of the Adams well was measured in May, 1885, by Mr. 
Emerson McMillin, of Columbus, by means of the anemometer. 
This is the first instance on record, so far as known, of the applica
tion of this instrument to this purpose. The flow was found to be 
1,296,000 cubic feet for twenty-four hours. Another fact of great 
geological interest and importance was brought to light by the 
Adams well. The gas rock was found 100 feet lower than the first 
well, while the surface remained at the same elevation. In wells 
Nos. 1 an<;l2 the surface of the oil rock was 312 feet below tide; in 
the Adams well it was 405 feet below. The distance betwe.en the 
wells was less than 2,000 feet, and yet within this interval the entire 
series had been bent downward to the amount already indicated. 
The fact proved to be of immense importance in connection with the 
Findlay field. 

Still another important and sigri.ificant fact was brought to light 
by this well. It yielded oil as well as gas. It pointed distinctiy to 
an oir'field bordering on and bounding the dry gas which had been 
found in the earlier wells. No well except the first has been drilled 
in the Findlay field which has had so many and so important offices 
to serve as the Adams well. 

Fostoria and Fremont, enterprising towns to the northeast of 
Findla_:)2 .were next in order in testing the Findlay gas rock. Fos-
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toria found the rock at 1,253 feet below the surface, or 472 feet be
low tide, but it was entirely unproductive. }Premont found the same 
rock at 1,300 feet, ~nd it was barren here also, or so nP.arly barren 
that it would have been better for the town if there had been no ei~-
couragement to further drilling. These facts greatly impaired the 
confidence that had been felt in the northeast line and the Cincin
nati axis as guides to the development of the new oil and gas rock. 
Toledo also made a test of its territory. The Findlay rock was found 
here during the summer of 1885 -at a depth of 800 feet below tide. 
It was practically .barren. 

A YEAR'S PROGRESS. 

It will be remembered that Findlay gas was discovered in the clos
ing months of 1884. It will be instructive to gather up the results 
of the development for the first year thereafter throughout-the new 
field. By the end of 1885 it had been clearly eRtablished that a gas 
field of considerable value was in process of development at Findlay. 
Eleven wells had. been drilled in all, six of them yielding dry gas 
and three yielditl.g- more or less oil or salt water, with a prBponder
ating- volume of gas. One of them was an oil well with gas enough 
tQ deliver its product of 30 barrels a day to the surface, and one of 
the wells watr unproductive, though it could have been made to yield 
a little oil by pumping. The best of the ·gas wells was producing 
about three million cubic feet a day. The second best was the Adams 
well, already described. The lower limit of production was 100,000 
cubic feet a day. The gas was already utilized in heat, light, and 
power on a large scale through the town. The closed pressure of 
the wells was found to be about four hundred pound.s to the square 
inch, and was the same for all of the wells, whatever the facts of their 
production. · · , 

Bowling Green had during this year also developed a gas field of 
smaller proportions and less force in eyery way than the Findlay 
field, but still o£ considerable value and of better promise~ The gas 
had been already utilized in the town, but the demand exceeded the_ 

' . supply at the close of the year. The amount used in the town at 
-this time was estimated at 150,000 cubic feet a day, and this was 
t\18 total product of the first .five wells of the field. This scanty 
production was to be supplemented in a very effective way by the 
wells that were already under ·contract here. 

Of equal importance with the gas development at Findlay, .and 
perhaps of even greater importance in the long run, was the work of 
exploration going forward at and around Lima during the same 
year. An oil field was in process of developm~nt there which has 
proven itself, in extent of territory, in the percentage of successful 
drilling, and in the volume and the steadiness or' the wells that are 
obtained, to be second to but one field yet discovered in the country,· 
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and it is a question whether Bradford ever covered a larger stock of 
power. It cost the severest and most persistent. reprel',lsion to keep 
the production of Lima oil, in 1887, down to 15,000 barrels of oil a 
day: With a price equal to one-half of what the Pemisylvania oil 
brings in the market, the production inside of sixty days would 
rise to 25,000 barrels of oil a day, and 50 cents a barrel would in an
other sixty days double the last-named figure. 

During 1885 twenty~two wells were begun at Lima or in the coun
try around by companies operating from Lima. About one-half of 
them were completed during this year. The h;istory of the first 
well has already been given in brief. It produced a small amount, 
never more than twenty or thirty barrels a day, of what has become 
so widely known as Lima oil. It is surprising that so insignificant 
a beginning should have led to such large results. It could not have 
happened at any other point in the field but Lima. A few barrels of · 
oil have been obtained from the Findlay rock at a score of towns in 
northwestern Ohio during the last two years, but this is the only lo
cality where so small a promise has led to any important outcome. 

The first well left everything uncertain as to the quantity and 
quality of o.il to be obtained. The second venture, which had the 
important office of authenticating the field, is known as .the Citizeps' 
well, from the fact that it was controlled by a company of ·public
spirited gentlemen who determined to find out in the common inter
est what the real facts were as to this possible source of a fortune for 
their community. This well was located not far from the center of 
the town. It was drilled in the summer of 1885, and its production 
was much in advance of well No. 1, starting with a daily yield of 50 
barrels. The oil rock showed good. staying qualities, as is evident 
from: the fact 'that 1,200 barrels were credited to the well in Decem
ber of the same year. The character of petroleum was also first de
termined from the yield of this well. A car-load was sent to Pitts· 
burgh for treatment, and the possibility of making from it an excel
lent grade of illuminating oil, free from the offensive odor that be
longed to the crude product, was here measurably established. The 
effect of torpedoes on the oil rock was also first determined in this. · 
well. On account of the experimental character of the work it 
proved expensive, and it has never repaid the company for the in
vestment. 

The first two wells, with others that followed them closely, have 
since proved to be located on the very edge of the productive terri
tory. They were in such close proximity to salt water that constant 
attention was required to maintain them in operation. Following 
the Citizens' well a dozen others were drilled, most of them on town 
lots, in the general neighborhood of the former. But the history of 
one is substantially the history of all. They were crowded together 
in some instances at the rate of two or three to an acre. Not one 
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of them has paid for itself. But they served their purppse in the 
development of the new oil field. The work could go forward only 
by much wasteful and ill-judged expenditlire. 

The most important exploration in the field at large during the 
present year was conducted by a company that was organized as soon 
as Lima oil was discovered, viz, the Trenton Rock Oil Company. In 
this company were represented the local interests of Lima and the 
successful experience of oil production in the Bradford field. It was· 
managed with sagacity and energy, and to its early work we owe 
much of our knowledge of the limits and characteristics of the Lima 
field. Following the 45° line of the oil expert, already referred to, 
a large amount of territory was located for the company between 
Lima and Findlay, and a half dozen wells were started at different 

·points in this interval. All these outlying wells, without exception, 
proved failures, more or less complete; and the worthlessness of 
lines or belts as guides to location was again emphasized. But the 
Trenton company carried forward its work systematically. Levels 
were run to every well, and the facts obtained were communicated 
freely to the Ohio Geological Survey. By ~eans of figures derived 
from this source the secret of success or failure in drilling presently 
came to view. It was made apparent that the level of the oil rock 
with reference to adjacent territory·was the feature that more than 
any other determined what it should produce, whether gas, oil, or 
salt water. These levels, as is obvious, could best be seen by referring 
all to an absolute base, as tide-water. This was the most fruitful 
and important discovery of 1885 pertaining to the Lima oil field. 

The year closed without any great increase of production in the 
Lima field, But practical and sagacious men who had watched the 
history of .other fields saw signs of promise here that led them to 
stake their money and their time on the results of drilling. It 
thus became certain early iri 1886 that more complete knowledge of 
the capabilities of the Lima oil rock would be obtained. 

The facts pertaining to the first· three centers of oil and gas pro
duction from the new horizon for 1885 have now been given. But 
many other towns in northwestern Ohio undertook to prove them
selves oil and gas territory during the same period. What were the 
results of these explorations? The story is short and monotonous, 
The list of wells is essentially a list of failures. In a few instances 
the fall was broken by some small return in the shape of gas or oil 
from the Findlay rock when it was reached. But such experiments 
are generally to be counted even more unfortunate than those which 
failed outright, as proprietors were lured on by these weak returns 
to new but still unremunerative expenditures. Among towns that 
drilled in 1885 to the Findlay rock, some of which have been already 
named, the following are the chief: Marion, Kenton, Mount Blanch
ard, Fostoria, Fremont, Toledo, Ottawa, Columbus Grove, Sidney, 
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and Springfield. The outlines of the productive territory are begin
ning already to appear, and the key to ·the production, as already 
stated, had been found to be the level of the oil or .gas rock with 
respect to adjacent territory. 

MAGNITUDE AND IMPORTANCE OF THE NEW FIELD. 

It was reserved for the year 1886 to demonstrate the.large pro
portions and immense impoi·tance of the new field. An entirely new 
face was put upon it by the facts brought to light during the prog
ress of this year. All that had been discovered up to this time 
belongs to the day of small things. The real character and possi
bilities of the reservoir of stored power now for the first time came 
into view. . 

Findlay still kept the lead in development and kept it by a long 
interval between herself and her nearest competitor. On January 20, 
1886, the Karg well was completed. It was located on the bank of t)le 
river, within the limits of the town. It found the Findlay gas rock 
ata depth of 347 feet below tide, and, as subsequent explorations 
have proved, it was located on the very edge of the steep westward 
descent that is found in the strata here. In a thousand feet to the 
westward,.it"has since been learned that the strata descend 120 feet, 
~nd the gas rock has changed ·in the interval to an oil rock. This 
descent, it will be observed, is at the rate of 650 feet to the mile. 

The Karg well gave to the people of Findlay their first example 
of a great gas well. To those unacquainted with eastern wells each 
vigorous well at Findlay had seemed to exhaust the possibilities of 
production. But here at last was a flow that fairly deserved to be 
called great. The well was not measured when the gas was escaping 
from the casing, but, after it had been tubed with 4-inch pipe, its 
daily volume was found to be about 12,000,000 cubic feet. The open 
pressure in the 4-inch pipe was found to be 15 pounds. The closed 
pressure, or rock pressure, was nearly 400 pounds, as in all the other 

. wells of the field. The velocity ·of the escaping gas was 1,513. feet 
a second. But when compared with the great Pennsylvania wells, 
both the open and the closed pressure of the Karg well are moderate. 
The Andrews well of Beaver County, Pa., for example, has an open 
pressure in a 4-inch tube of 45 pounds against 15.pounds in the Karg 
well, while the closed pressure of this field is 675 pounds to the 
square inch. But this volume increases ve-ry slowly beyond the 
volume which the Karg well attains, no matter how rapidly or how 
high the pressure rises. The volume of the Andrews well, counted 
as Findlay gas, would be 16,500,000 cubic feet a day The lower 
specific gravity of Pennsylvania gas would increase these figures to 
about 18,000,000 cubic feet a day. It is often said, though it does 
not appear on what authority, that some of the Murrysville gas 
wells yield 30,000,000 cubic feet a day. Until such a claim is sub-
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stantiated by published data, showing the system on which ·the 
measurement is made, it may well be called in question. To say the 
least, it seems very doubtful whether 30,000,000 cubic feet of gas 
have ever escaped from a 4-inch pipe in twenty-four hours. The ve
locity of such a flow would be prodigious. The gas of the .Andrews 
well, above named, had a velocity of I, 700 feet per second, but such 
a volume as is claimed above would require a far greater rate. If 
the statement were t~at the Murrysville wel!s produced 30,000,000 
from the casing ( 5~ inches in diameter) there would be no reason to 
call it in question. 

The Karg well, aside from its economic interest and value, deserves 
to be remembered, because of the fact that the problem of :rp.easuring 
the flow of great gas wells was first worked out upon it. The Rob
inson method, which is the only published method of solving this 
difficult problem on scientific principles, was devised for this well 
and first applied to it. .Attention will be called to this subject on a 
later page. 

From the casing the flow of the Karg well must have been little, 
if any, short of 14,000,000 cubic feet a day. This mighty' volume 
blazed forth into the air unrestrained for three or four months. Its 
light could be seen40 miles away. The figures of this fearful wa~te 
of power are easily enough computed, but it is impossible for the 
mind to attach any clear conception to them. 

This well could not but make a profound impression on the entire 
community. It gave an altogether unexpected- revelation as to the 
capabilities of the limestone reservoir of the new field, and showed 
that all the conditions for a great production of oil as well as of gas 
must certainly be looked for hero. ·In a word, it raised the new field 
at a single step from third or fourth rate obscurity into first-class 
prominence and importance. 

The rE,')cognition of the Findlay field as a source of gas, adequate 
not only for the largest manufacturing supplies, but also for pipe
lines leading out to surrounding cities, dates back to the origin of 
the Karg well. This event constitutes, in fact, the real opening of 
the Findlay field, as the field is now understood. 

During the summer of 1886 there was a great extension of gas 
territory developed to the north and northeast of Findlay. .A num~ 
her of wells of high value and promise were brought in along the 
line of the Baltimore and Ohio Railroad, between North Baltimore 
aud Fostoria. The so nth line of townships of Wood County and the 
north line of Hancock County proved as prolific as Findlay itself. 
Of the numerous wells drilled here two belonged to the same class 
with the Karg well. These are the Simons well, of Bloom Township, 
Wood County, and the Van Buren well, of .Allen Township, Hancock 
County. The first was found to produce 12,482,000 cubic feet of gas 
a day through the casing. The secon~ delivered through the c~sing 
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15,000,000 cubic feet a day. 'Through a 4-inch tube, the Van Bu
ren well yielded 12,614,000 cubic feet, which showed it to be·some
what larger· than even the great well of Findlay. Thus far the Van 
Buren well stands at the head of the list ofthe wells of the new field. 
The Simons well, if measured through a 4-inch pipe, would have 
yielded ten to eleven million cubic feet of gas a day, but its absolute 
production is from one to two million feet less than that of the Karg 
welL 

Facts like these were sure to attract the attention of capitalists 
and corporations that had already learned the enormous value of 
the great stocks of petroleum and gas wherever found. The year 
was signalized in this extension in the Findlay field by the establish
ment of several companies, organized for the conveyance of the gas 
by pipe to neighboring cities, among which theN orthwestern Ohio, 
the Toledo, and the Tiffin Natural Gas Companies hold the leading 
place. They have drilled fifty or sixty wells already and have ob
tained control of a large part of the most desirable gas territory out
side of Findlay; and they have already reached with their pipe-lines 
Fostoria, Fremont, Tiffin, and Toledo. 

During 1886 Findlay oil made but little progress. The belt was 
found to extend due west of the town and to be quite narrow. The 
wells mainly showed small production, and the proportion of failures 
was discouragingly large. 

Early in 1886 Bowli1i.g Green drilled a well, a mile to the south of 
the town, that was worth many times more than its first five wells 
combined. The supply was now ample, not only for all domestic 
use in the town, but also for steam-production and for lime-burning 
on a large scale. Other similar wells were added, so that the town 
is now attractive to manufacturers who make the largest use of 
power. 

Of equal importance to the new field with the great gas wells of 
Hancock and Wood Counties was the extension of oif territory in 
the Lima field, and especially the revelation of the productive power 
of the Lima oil rock. It was in this year that the field took shape 
and made itself known in the oil production of the country at large 
as a factor that could no longer be disregarded. 
· The state of things at t.he close of th<? previous year will be recalled. 
A dozen wells, more or less, had been drilled in the Lima field or in 
the Lima interest, the greater part of them being failures. Within 
the corporation of Lima, however, oil had been found in what was 
then considered paying quantities. The Citizens' well, with its 1,200 
barrels ptoduction in December, seemed to the oil producers to war
rant extensive operations. Earlyin the new year the results of this 
activity began to appear, and it was soon made apparent that the 
first developments, favorable though they were counted, had not 
done justice to the Lima field. A well located in the vicinity of the 
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Citizens' well reached the oil rock February 2, 1886, and revealed new 
possibilities. It proved to be a flowing well. On the third day after 
its completion it produced 70 barrels of oil. During the remainder 
of the month it yielded 1,000 barrels, and in the succeeding month 700 
barrels. It was, of course, seen at once that flowing wells immensely 
improved the value of the field. 

It was also learned about this time that by the use of torpedoes 
pumping wells could be converted, for a time at least, into flowing 
wells. The Citizens' well and the McHenry. well were the first to 
establish this fact. 

On April 20 another well, located also within the town limits, but 
south of those previously named, was brought in. It marked an
other advance in the field. Gas was found with the oil, possessing 
volume and energy enough to throw a column of it 80 feet into the 
air. This well filled a 250-barrel tank in the first twenty-four hours; 
a production far in advance of anything previously known. Anum
ber of wells located a mile or more south of tl1e first that were drilled, 
and just outside of the city limits, proved flowing wells of increased 
production and of good staying quality. The field of development 
was forthwith transferred from within the town limits, where all the 
early drilling was done, to territory south and east, and a marked 
increase of the production resulted. Predictions began to be made 
by experienced oil producers that greater wells would now be found. 
Some went even so far as to suggest the possibility of a 1,000-barrel 
well, but such figures generally appeared extravagant and improb
able to a high degree. The importance of the field, however, was 
recognized and attested by the entrance into it at this time of the 
Standard Oil Company. A corporation under the control of this 
company and bearing the name of the Buckeye Pipe Line Company 
began the constructimi of a comprehensive system of tankage and 
transportation adequate to t~e new developments. The facts of 
1887 show, as the earlier experience did, that the levels of the oil 
rock were still a controlling factor in its production. Nature evi
dently counted every f<;>ot and made the most of it in this connec
tion. A well in which the oil rock was found six feet higher than 
in adjacent wells produced dry gas for a while. As the records mul
tiplied, they continued to show the line of 400 feet below tide to be 
the dead line for oil production, and this was not passed in a single 
instance. 

As the summer of 1886. advanced, continually. larger wells were 
reported. A well three miles southeast of Lima produced 500 bar
rels for its first day's flow. A tract three miles east of the town was 
also found to be prolific oil terr~tory. The first well located here 
started with a daily production of 300 barrels, hut a well drilled on 
an adjoining farm more than doubled this output, and during its first 
three months it had flowed 14,000 barrels. At the end of this tim.e 

• 
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it still maintained a daily rate of more than one hundred barrels, and 
a third well in the same neighborhood probably equaled it in produc-_ 
tion. . 

The next additionof productive territpry was made upon the south
west of the town .. Here a number Df great wells were drilled during 
the summer and fall of 1886. A production of 500 barrels a day was 
no longer a surprise, and at last a well was drilled in this vicinity 
that struck a thousand-barrel rate. In its first hour it flowed 65 bar
rels, and its first day's work was little, if any, short of 1,000 barrels. 
Even this production, incredible as it would have seemed a few 
months before, has been already nearly doubled, a sober estimate 
crediting the Ridenour well with 1, 700 barrels for its first day, and 
with a total flow of 60,000 barrels for the first six mon.ths. 
. The fairly productive portion of the Lima oil field, at the close of 
1886, was eight or ten miles long by two or three miles wide.· The 
direction of· its axis was northeast, and the bulk of the field lay to 
the south and east of Lima. The percent~ge of dry holes within 
this territory was extremely small. . 

It has thus been shown that during the progress of 1886 a gas field 
of first-class p~oportions, in respect to territory, to rock pressure, and 
to productiveness, had been developed in Findlay and adjacent town
ships; and, further, that an oil field of magnificent promise in every . 
respect, except, possibly, in the character of its oil, was rapidly being 
developed in Allen and Auglaize Counties. In other words, the deep
lying limestone of Findlay and Lima had during this year accredited 
itself as a reservoir of stored power scarcely inferior to the great oil 
rocks of Pennsylvania and New York. 
· The development of the new industry has now been set forth. 
What progress was to be reported for the next year for outlying 
territory? The experience of the year sets in strong light the excep
tional fortune of the small districts that had been successful hitherto. 
The increased importance of Findlay gas and Lima oil and the pros
perity that was plainly coming to those towns by reason of their dis
coveries made the search for ·like sources of wealth ·more resolute 
and persistent than ever throughout the entire western half of Ohio. 
Tests of the underlying rockt? to the horizon of the Findlay gas rock, 
and oftentimes hundreds of feet below this limit, were made and 
often repeated more than once throughout this portion of the State, 
and even hamlets that had got along thus far without sidewalks or 
street lamps or graveled roadways, to say nothing of sewerage and 
water supply, suddenly awoke to the consciousness that life was 
scarcely worth living unless they could strike Findlay gas. 

Drilling, directly inspired by the successful experience of Findlay 
and Lima, was carried on at nearly a hundred different points in the 
State during this year. There is but one county-seat in the western 
half of Ohio whose people failed to drill during this year, except 
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where· they had previously drilled. The question recurs, what in
crease of oil and gas territory resulted from all this tremendous ac
tivity and this large expenditure? The Lima field was extended by 
excursions into A.uglaize County, and at Saint Mary wells were drilled 
that obtained questionable success as oil wells; but this was a nor
mal extension of an established field, rather than the discovery of a 
new one. 

A.t Oak Harbor, in Ottawa County, and in its vicinity, a distinct gas 
field was developed. It depended upon the same gas rock as Findlay, 
but the production was found associated with some new conditions. 
The territory, however, is small, and its yield is thus far of only 
local' importance. 

In a word, established fields were considerably extended, but 
mainly within' limits that had already been approximately recog
nized. Not an addition of any large importance was made to the 
regions already known to be productive; and the thorough tests that 
were multiplied. on every hand rendered it more and more probable 
that the real boundaries of the oil and gas territory had. been fairly 
defined. Four counties contained.. practically all the gas and oil that 
had been found in the new horizon, viz, Hancock, Wood, Allen, and 
Auglaize. A. single well, finished in Merqer County at the very close 
of the year, indicated that Mercer was soon to be added to the list .. 

THE FINDLAY GAS ROCK IN INDIANA. 

A. history of the discovery and an outline of the development of 
the new oil and gas horizon up to the close of 1886 has now been 
briefly recorded.. ·A. final section remains to be added to this divis
ion of the subject, and though it covers a short time, the facts that 
belong to it are second in importance only to the original discovery 
at Findlay. Indeed, it may ;well be questioned whether in prospect
ive economic value the district now to be described is not the most 
important in the entire field. The scene is no longer laid in Ohio, 
or, at least, the division to which we have now come includes but a 
small area in that State. The Findlay gas rock has been traced 
from county to county until the State borders are reached and 
passed, and it is found to become the source of the remarkable pro
duction of natural gas that is now going forward in central Indiana. 
A. gas field is in process of development there which, in the appar
ent magnitude and disposition of its area and in the reliability of 
its gas rock, so far as tested, is without a parallel in all known gas 
fields. It now appears to be a field without lines or belts. The most 
thorough belt and line expert would be puzzled to draw a line in the 
new territory for which even a plausible claim of superior advantage 
could be made. The field is spread out as if it were a receptacle of 
one of the fixed forms of stored power, like coal or black shale, 
rather than one of the ordinary reservoirs of the mobile forws of 
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power, such as petroleum and gas. · Oil and gas, being free to move, 
have been forced by the accidents of their history to seek the sum
mits of the folds of the strata that contain them; and these summits 
or anticlines are generally arranged in more or less continuous lines, 
which are fairly persistent in direction. The Indiana field is probably 
to be referred, like the Findlay field, to terrace structure, but its scope 
is so much larger than the latter that comparison is difficult. The 
Findlay gas terrace, all told, does not probably contain more than 
250 square miles of productive territory. The productive portions 
of the Indiana field, according to present indications, can not be 
comprehended within 1,500 square miles, and may very likely be 
found to occupy 2,000 square miles. Such an area of productive 
territory, it must be repeated, is altogether without a parallel in 
the history of gas fields. It is, however, to be borne· in mind that 
the brevity of the history of the field does not justify us in laying 
down its boundaries with hard and fast lines. 

The discovery of the Indiana field grew naturally and necessarily 
out of the extension of the new Findlay ·horizon in Ohio. It began 
in the latter part of 1886, but a more important development was in
cluded within the first half of 1887. 

Reference was made at the close of the preceding chapter to the 
discovery of gas in Mercer County. On the edge of the Cranberry 
Marsh, Granville Township, late in December, 1886, a vigorous gas 

. well was brought in. The rock was found at a high level for Ohio, 
viz, at about two hundred and thirty-five feet below tide. Several 
wells have since been drilled in this vicinity, all of them successful. 
In production they range each from a half millicin·to four and a half 
million cubic feet a day. The usual volume is about two million 
.feet. ·They are located in the southern half of the county. There is 
no reason for believing that the gas belt is strictly continuous, but 
up to the present time the failures have been few. The westernmost 
of the Ohio wells is located at Fort· Recovery, near the Indiana line. 
The well drilled here in April, 1887, was altogether anomalous in 
character. It yielded nearly two million cubic feet of gas a day, but 
the gas was derived from the shallow depth of 525 feet and its horizon 
was in the Hudson River shales. The flow was so vigorous as to 
forbid or at least to hinder the further descent of the drill. The 
Findlay·rock when reached was found at a high level but entirely 
unproductive. It is this Mercer County gas field that appears to 
extend bodily into Indiana. There seems good reason for holding 
to an apparent continuity of productive territory from one State to 
the other. Jay County, Ind., borders Mercer County, Ohio. The 
people of Portland, i~s thriving county seat, h~ve made repeated 
trials of fortune in the Findlay rock. Seven or eight wells have 
been drilled for gas and several of them have proved moderately 
productive. The town has at once utilized it to the full extent. 
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Blackforq County lies west of Jay. At Hartford, its county seat, 
a deep well was drilled, in the spring of 1887, which found a fair 
supply of gas in the Findlay rock. 

Grant County is next west of Blackford. The gas developments 
in this county are the most important in the State thus far. Marion 
has four or more vigorous wells. Jones borough has a well with a 
c_apacity of six or seven million cubic feet a day. Fairmount brought 
in, during May, the largest well in Indiana, one which is fairly com
parable with the first-class wells of the Findlay field: Its daily 
volume is 11,500,000 cubic feet. 

Still west of Grant County lies Howard. At Kokomo, its county 
seat, an enterprising and ambitious town, wells were drilled late in 
1886 and found gas in the new horizon. Drilling has been since co~
tin_ued with _only a fair measure of success so long as it confined its 
search to its immediate limits. Its experience here plainly indicates 
that it is located on the very edge of the productive field, but its last 
well, No. 5, drilled a mile and a half southeast of the town, has 
proved extraordinarily vigorous. 

The story that has now been recorded is certainly a remarkable 
one. Wells have been drilled at the county seats of four consecutive 

· counties and aU have found gas in large and very profitable quanti
ties. These counties lie in an east and west line, and the towns at 
the ends of the line are nearly seventy miles apart. Throughout 
this territory the gas rock is practically level. It is about seventy 
feet below tide at Portland and abo11-t ninety feet at Kokomo; and 
its range for the entire district does not probably exceed fifty feet. 
It is slightly higher in the middle of the line than at either extremity, 

• and the greatest production appears to correspond with the greatest 
elevation. Another line about fifty miles long, drawn at right angles 
to the first, from La Fontaine on the north to Anderson on the south, 
and passing through Marion, Jonesborough, Fairmount, and Alex
andria, at each of which towns very successful wells have been drilled, 
displays, even more strikingly than the first, the persistence and 
steadiness of the gas supply of this unique region. The range of 
elevation of the gas rock along this line is even less than on the east 
and west line already reported. 

At many other localities great gas flows have been obtained. · An
derson, Noblesville, and Muncie deserve special mention in connec-

. tion with the productive towns already named. This, in brief, is 
the Indiana gas field, the greatest contribution of 1887 to the re
markable history that we are now tracing. Eight .counties in this 
State, lying in a solid block, have obtained wells of large volume at 
twenty or more loc~lities-the wells ranging from tens of thousands 
of feet to eleven and a half million feet a day. Several other counties 
have fomid in this rock smaller supplies of the same gas that are 
still counted valuable. 
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A connected chronicle has now been given of the results of the 
search for natural gas begun in Findlay in the fall of 1884, ·which 
since that time has swept like a prairie fire over a full half of the 
counties of Ohio and Indiana. On the part of many commlmities 
the interest in the search has been very great. It has led to a con
siderable increase of scientific knowledge, and, therefore, to a con
siderable increase in the popular respect for such knowledge, and. 
from this point of view it marks a real advance for multitudes of 
people. 

In this search there has beeri an immense expenditure of money. 
Drilling alone has absorbed a very large. amount. But where the 
drill has been successful it has in many instances laid the founda
tion fora wonderful increase in the volume of business and an equally 
remarkable enhancement of the price of real estate. The invest
ments following the discovery of natural gas in Ohio and Indiana 
towns for the last two years will aggregate tens and possibly scores 
of millions of dollars. 



CHAPTER IV. 

THE GEOLOGY OF THE NEW GAS AND OIL FIELDS. 

THE GEOLOGICAL SCALE. 

The geological scale of western Ohio and eastern Indiana is quite 
simple and easily apprehended in its general features, and yet there 
are many unsettled questions pertaining to it. Important additions 
have been made to our knowledge of the subject through the drill
ing which has been going forward during the last three years. 

The orcler of the strata as determmcd both by their outcrops and 
by the sections found in wells may here be briefly given. The low
est rocks of the two StatE)s in geological ~rder are found in south
western Ohio and southeastern Indiana. All of the strata here ex
posed dip gently to the northward, but an east or west element is 
generally to be added to the northerly descent. It is obvious, there
fore, that to find the strata underlying this region we must look to 
the southward. These buried rocks of Ohio and Indiana rise to the 
surface in Kentucky and arc well shown in the nqrthern central 
counties of that State. As distinguished and divided by the present 
geological survey of Kentucky ' they are as follows, the strata being 

. named in descending order, viz: Trenton beds, 175 feet thick; Birds
eye beds, 130 feet. thic~; Chazy Limestone, 350 feet thick. It·i~ these 
lower limestones, and especially the one first named, tho Trenton, 
that give rise by disintegration and decay to the wonclerfully fertile 
soils of central Kentucky. The Blue Grass region owes its agricult
ural excellence to this source. The several divisions are described 
by Mr. Linney in the paper already referred to. The Trenton is 
said to be composed of a heavy-bedded, semi-crystalline, gray lime
stone, followed by brecciated limestone, black limestone, black shale, 
and bituminous limestone, which in turn is succeerled by shaly lay
ers and finally by heavy-bed<le<l limestone at the bottom of the series. 
Certain dove-colored beds are found at the top of the Trenton in 
some instances in the southern counties. It is thus seen that the 
series is composite. 

The Birdseye is described as a pure, compact limestone, brittle and 
breaking with a conchoidal fracture and with crystalline portions 
scattered throughout, which represent the former places of fossils. 

1 Rocks of Central Kentucky, W. M. Linney, Geol. Survey Kentucky, 1882. 
8 GEOL--35 545 
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The Chazy beds are described as heavy-bedded, strong, tough lime
stones, full of the .impressions of sea weeds and having Murch
isonia magna as the most characteristic fossil. 

With all these beds the people of Ohio and Indiana are becoming 
acquainted," as specimens are represented iu drillings brought up 
from deep wells sunk on every side. 

It seems probable that the Trenton lime stoneeven enters Ohio in 
outcrop, shown in a single line of.quarries, vi;;~, those located at Point 
Pleasant, Clermont County, 15 miles above Cincinnati. These quar
ries have long been known to be the deepest-lying beds of the State.' 
The identity of tlies~ beds .with the Trenton limestone of the Ken
tucky scale was asserted a number of years ago by some geologists. 
Mr. S. A~ Miller, of Cincinnati, made this reference in 1873. • But 
taking the. Trenton limestone as the base of the Ohio and Indiana 
sections, so far as these sections are involved in the present discus
sion, and counting the Ohio black shale of Devonian age as the sum
mit of these sections, what formations of the general seale are due 
i!l the interval? Dana's classification of this part of the column of 
the United States is esse~tially as follows (see Manual, 3d edit., pp. 
142, Hi3, 236): 

Ages. Periods. Epochs. · 

r . . j Chemung group. I Chemung· · · · · · · · · · l Portage shale. 

I {Genesee slate. 
DEVONIAN ............. j Hamilton...... . . . . . . . Hamilton group. 

- Marcellus shale. 
· · ! { Cornifei'Ons limestone. 

l Corniferous. . . . . . . . Schoharie grit. 
Cauda Galli grit. 

(Oriskany. . . . . . . . . . . . . . Oriskany sandstone. 

I H ld b j Pentamerus limestone, etc. 

1 

Lower Helderberg. . . . . Lower e er erg. I Waterlime. 

, Salina . . . .. . .. .. . . . . .. . Salina shales. 
UPPER SILURIAN ..... ·1 '\Niagara. j Limestone. 

Niagara............... . I Shale. 

l Clinton group. 
Medina sandstone and shale. 

(Hudson River group. ·- l Utica shale. 
Trenton .. .. .. .. .. .. .. .. {Trenton .. 

Trenton limestone. Black River. 
l Birdseye. 

LoWER SILURIAN ..... . 

The divisions named above cover the geological history of the 
entire country for the vast periods represented. They·are found in 
their fullest display on the eastern border of the continent, and es
pecially in the States of New York and Pennslyvania. How many. 

1 Rept. Geol. Survey Ohio, vol. 1, pp,. 120, 370. 
2 Jour. Nat. Hist. Soc. Cincinnati. 
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of them are to be recognized in the geological scale of these interior 
regions? 

Beginning with the Trenton limestone ail the unmistakable base 
of the section with which we have to deal, we find above it in out
crop the following formations, the identification of which is not 
likely to be called in question, viz: The Hudson River group, which 
is known in the geological reports of .Ohio as the Cincinnati group; 
tbe Medina shale, the Clinton limestone, the Niagara shale and the 
Niagara limestone, the Lower Helderberg limestone in one well-. . 
characteri:ted division and perhaps in more than one, the Corniferous 
or Upper Helderberg limestone, the Marcellus shale, the Hamilton 
limestone and shale, and the Genesee shale. The Portage shale would 
also be recognized with but little question. It is held by several 
geologists that the Salina group has outcrops in northern Ohio and 
that the Oriskany is represented in both Ohio and Indiana. To this 
list we can add· the Utica shale, the pres.eilce of which in character
istic and unmistakable form has been made known to us through the 
drilling carried on of late in the State. This well-defined stratum 
is found under deep Cover in full force in northern Ohio. It is re
duced in thickness as it is followed to the southward and appears to 
be lost by or before the time the Ohio Valley is reached in the sou the 
western corner of Ohio. No trace of it, at least in its normal form, 
viz, a brownish-black shale with few but characteristic fossils, has 
been reported in the outcrops of its possible horizon in Kentucky. 
As to the separation of the Marcellus, Hamilton, and Genesee divis
ions in the States now under consideration, some question may be 
raised. Prof. R. P. Whitfield positively identifies the Marcellus 
shale in a bJ,nd of shaly limestone that is interpolated in the upper 
portion of the Devonian limestone of central Ohio and is generally 
counted with the latter formation. It follows from this identifica
tion that the limestone beds intervening between the Marcellus shale 
and the Genesee shale is Hamilton in age. Dr. Newberry identifies 
the Hamilton in one or two exposures of fossiliferous shale in Erie 
County, Ohio ; Prof. James Hall is counted authority for recognizing 
the Genesee slate in the basal portion of the Ohio black shale. The 
section as thus reduced is represented in Plate LIV. 

A brief account will be given of the several elements of the scale. 

THE TRENTON LIMESTONE. 

The Trenton limestone has suddenly" become invested with great. 
economic importance. The geological questions connected with it 
are of greater interest, in fact, for very many. towns of Ohio and 
Indiana to-day than any other geological question or than all other 
geological questions combined, such interest embracing the ques
tions, How deep beneath them it lies; in what direction and at what 
rate it slopes; what its grain and composition are; and, above all, 
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whether it is porous, and if so, what it holds-whether gas, oil, or salt 
water, and what amount. · The cause of this new-born·interest in 
the Trenton limestone !ies in the fact that the recently discovered 
gas and oil rock of northwestern Ohio and of Indiana, the history of 
which has been traced in the preceding chapter, has .been identified 
with it. How the gas rock of Findlay was proved to be the Trenton 
limestone can be told in a few words.· 

From the Pioneer. well at Findlay the foilowing section was r~
ported by the driller, viz: 

Feet. 41\ Feet. 
Drift ................ .' . . . . . . . . . . . . 8 Red ·slate ................. •. . . . . . . . 3:l 
Limestone, gray and blue......... 160 Gray shale........................ 400 
Thin slate........................ 2 Brown shale...................... 352 
Limestone . . . . . . . . . . . . . . . . . . . . . . . 75 Solid limestone struck at .......... 1092 

.Blueshale ........................ 38 Maingasfrom ................ 1092-1108 

· The limestone series e.xtended with slight changes of grain and 
color to 1,648 feet, where salt water was reached and the drilling was 
suspended. The solid limestone, when first struck, was· mistaken 
by local geologists for the Cincinnati limestone. Mr. Charles Eckels, 
one of.the nine members of the original Natural Gas Company, ·de" 
voted the most of his time while the drilling was going forward to 
keeping a record of the well. " He saved with great care well washed -
samples of the drillings that marked all changes of importance in the 
rocks. Those drillings he kindly turned over to the Ohio Geological 
Survey, and the samples proved invaluable in determining the strati
graphical order of the well section. Few subsequent records have 
been as thoroughly supported by the drillings as was the first. 
· The limestone which was first struck in the well is worked in ad
jacent quarries and. is unmistakably Niagara limestone. Of these 
beds there were 1 GO feet. The two feet of sl[!,te reported by the driller 
as coming next below ·were found to be an exceedingly fine-grained 
and bluish-white clay which is a very characteristic formation. It 
marks the boundary between the Clinton limestone and the Niagara 
limestone in their outcrops tu the southward. By its fossils it is 
held to belong to the Clinton series, but in ordinary sections it is 
generally counted in with the Niagara shale, with which it has a 
closer physical agreement. This last-named element was not re
ported in this well, but' in most that have been drilled here since it 
is unmistakable. Its ordinary thickness is from ten to twenty-five 
feet. Its place would be directly above the clay already described. 
The limestone beds next below were also thoroughly characteristic. 
They were marked by high colors, white, grayland blue. Theywere 
also highly crystalline, and in every way they corresponded well to 
the Clinton formation as seen in its southern outcrops. To this for
mation they belonged. The thickness reported by tho driller, vi;>;, 
75 feet, is a little less than the usual measure. Whether the i38 feet 
of blue shale reported next below is to be referred to the Clinton or 
to be counted with the stratum that underlies it can not be positively • 
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determined, but .n reference to this underlying stratum, viz, the 33 
feet of red rock that follows in the record, no question can be raised. 
Its color and its grain, taken in connection with its stratigraphical 
order, make it certain that it is the M;edina shalP. of the New York 
column. T}le red band often carries streaks of sand and small peb
bles. The thickness of this division is probably given too low in 
the .driller's report. At least, in all adjacent wells, larger measures. 
have been found. 

Not more difficult was the positive identification of the 400 feet of 
gray.shale that came next in order as the Hudson River shale of the 
New York series. This division might as well have been counted a 
little thicker and the next below a little less. Between these two 
beds of shale the boundary is not sharp ~nd distinct, but the gray 
shale gradually grows .darker and it is~ always a question as to just 
wh~re the dividing line shall be drawn. In this series were many 
thin sheets of limestone Cll.rrying the usuaLfossils of this formation, 
fragments of which were frequently brought up large enough to 
admit of identification. 

After the preceding statements, the name and place in the geolog
ical scale of the three hundred or the three hundred and fifty feet of 
the brown shale of the driller require no discussion. This division, 
in its nearest exposures inN ew York and Canada, coincides in order, 
in lithological characteristics, and in vo~ume with the Utica ·shale. 
The final demonstration of its geological age, of coursf3, would depend 

. on the identification of the characteristic fossils of the Utica shale jn 
these deep-lying beds. But to find in the chips brought up by a 
sand pump from a thousand or twelve hundred feet below the sur
face the characteristic fossils of a formation in which such fossils 

. are as a rule of small size and sparingly distributed would seem to 
be asking too much of fortune. Yet in the case before us even this 
final evidence was not wanting. Excellent· specimens of the almost 
microscopic shell Leptobolus insignis Hall were found on many 
chips from the bottom of the black shale. Other fragmentary fos
sils which are common in the Utica shale of New York were also . 
found here. The specimens were submitted to Prof. R. P. Whitfield, 
o£the American Museum, New York City, and he reported the for
mation to be, without question, the Uticp. shale. 

The determinations that have now been given make the identifica
tion of the firm but porous "light-colored limestone, fossiliferous in 
many of its layers, which lay next below the black shale but sepa
rated from it by an abrupt boundary, and which was the main source 
of the gas in the well, an easy task, and one in regard to which dif
ferences of opinion can scarcely arise. The Findlay gas rock is the 
Trenton, limestone, one of tlie best known and the best characterized 
as well as one of the most widely distributed strata in the older por
tions of the geological scale of the continent. Its economic services 

• hith~rto have been confined to every-day and commonplace uses. It 

.. 



550 THE TRENTON LIMESTONE. 

has furnished building stone of excellent quality and road material 
on a large scale. At many places it has been burned into lime of 
approved quality, and it is sometimes pure enough for furnace flux. 
Years ago Dr. Hunt called attention to its petroliferous contents, 
s~own in a preceding section, but no facts were added to those given 
by him until the discovery at Findlay in 1884. What was known in 
regard to its value in this respect before gas was found at Findlay 
was of the smallest value. The Trenton limestone could not be said, 
in fact, to have the slightest importance or significance as a source 
of petroleum or ga~. What has been learned since makes it one of 
the greatest reservoirs of stored power of the entire geological scale 
of the country, comparable on nearly or quite equal terms with the 
famous Devonian .oil sands of Pennsylvania, or even with the coal 
seams of Carboniferous or Lignitic age in important coal fields. 

The identity of the Findlay gas rock and the Trenton limestone 
has now been shown and the limestone has been traced, by the drill
er's sections, through all portions of northwestern Ohio and the ad
jacent parts of Indiana, and no question can exist as to the bodily ex
tension in all directions from Findlay of the series that was first 
found and identified there. 

Returning from this digression, which was made necessary by the 
introduction of the Trenton limestone and the Utica shale into the 
geological scale of Ohio and Indiana, the character of these two last
named formations, as ·found in the two States, will be briefly given. 
It must be premised that as to the Trenton limestone no single state
ment will suffice. The formation varies in character at different 
localities. It has three well-marked and distinct phases, but these 
graduate into each other imperceptibly, giving rise to rocks that 
differ widely among themselves in character. For purposes of com
parison, it may be borne in mind that the Trenton lil!lestone of New 
York and New Jersey com;ists of about 80 to 90 per cent. of carbon
ate of lime and 2 to 10 per cent. of carbonate of magnesia. 

The Point Pleasant beds, which, as has been stated, are probably 
the bodily continuation of the Trenton limestone of Kentucky, consist 
of heavy-bedded, light hlue or gray limestone, somewhat slaty, and 
sometimes rudely concretionary in structure. The analysis of a sin
gle specimen of the quarry stone (1) and two analyses of the concre
tionary beds (2) and (3) (Wormley) show their composition to be 
as follows : · 

(1} (2} (3) 
--- --- ---

Siliceous matter .... , ..... , ....... 12.00 18.00 12.40 
Almnina and iron, .. , .. , ... , , ... 7.00 2.60 3.00 
Carbonate of lime ...... -..... , .. ,. 79.13 76.40 73.20 
Carbonate of magnesia,, .. , ...... o. 91 I 2.77 10.44 

I 
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How much of the rock is represented in these analyses has not been 
ascertained, but appearances would indicate that neady similar 
results would be obtained fi.·om the remaining portions of the beds 
exposed.: An analysis of the uppermost beds that are counted Tren
ton at Cincinnati is significant. The sample that was analyzed was 
obtained from a well of one of the gas companies, at a depth of two 
hundred and eighty to three hundr~d feet below the surface, or 
about one hundred and ninety feet above tide, from a stratum 
believed tp be of the same age with the Point Pleasant beds; and 
the results of the analysis show a close agreement between the two 
:rocks. The analysis (Lord) is as follows: 

Siliceous matter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12. 95 
Iron and aluruina . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5. 04 
Carbonate of lime. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78. 70 
Carbonate of magnesia.-. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 93 

The result or a single analysis of Trenton limestone from Ken
tucky are also added. The figures are published by the Kentucky 
Geological Survey : 

Carbonate of lime ...................... . 
Carbonate of magnesia .............................. . 

70.00 
7.00 

The Trenton limestone struck at Hamilton, at about two hundred 
and fifteen feet above tide, has the following composition: 

Siliceous and insoluble matter. . . . . . . . . . . . . . . . . . . . . . . . . 12. 00 
Carbonate of lime ....... , ............ ·. . . . . . . . . . . . . . . 84. 75 
Carbonate of magnesia .............. ·................ 3.25 

.At Hillsborough, 70 miles east of Cincinnati (depth, 1,200 feet; be-
low tide, 125 feet), the proportions are: 

Siliceous and insoluble matter ....................... : . 11.80 
C~rbonate of lime.................................... 85.00 
Carbonate of magnesia. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2. 20 

.At New Vienna, Clinton County (depth, 1,226 feet; below tide, 96 
feet): · . 

Siliceous and insoluble matter . . . . . . . . . . . . . . . . . . . . . . . . 21.10 
Carbonate of· lime. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74. 00 
Carbonate of magnesia ....... ·.·.·...................... 4. 90 

At Osborn, Greene County (depth, 990 feet; below tide, 168 feet): 
Siliceous and insoluble matter.......................... 14.50 
Carbonate of lime. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81. 80 
Carbonate of magnesia............................... 2. 70 

At Springfield (depth, 1,150 feet; below tide, 210 feet): 
. Siliceous and insoluble matter . . . . . . . . . . . . . . . . -". . . . 9. 63 

Carbonate of lime.................................... 81.00 
Carbonate of magnesia ................. :. . . . . . . . . . . . 6. 00 
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At Springfield a second analysis was made, showing the limestone 
at 1,200 feet, or ·5o feet below, to consist Qf: 

Siliceous and insoluble matter ............. ·........... 12.19 
Carbonate of lime. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ·84. 01 
Ca1 bonate of magnesia ....................... : . . . . . . . 1. 88 

At Piqua, Miami County (depth, 1,208 feet; below tide, 307 feet): 

Siliceous and insoluble matter. .. . . .. . . . ... . . .. . . .. . . . . . 17. 70 
Carbonate of lime .......... ·. . . . . . . . .... ·. . . . . . . . . . . . . 78. 70 
Carbonate of magnesia .................... :.......... 2."60 

At Columbus, 1886 (depth, 1,915 feet; below tide, 1,188 feet): 

Siliceous and insoluble matter. . . . . . . . . . . . . . . . . . . . . . . . 23. 60 
Carbonate of lime ....... : ......................... '.. 69.30 
Carbonate of magnesia·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.10 

The drillings were mixed with Utica shale, and the figures in .the 
first line are too high. Reducing to the normal proportion we find 
carbonates of lime and magnesia to be, respectively, 76and7per cent. 

At Columbus, State-HolJ.Se well (depth, 2,115 feet):· 

Siliceous and insoluble matter ............... · ...... •. . . · 9. 84 
Carbonate of lime . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84. 16 
Carbonate of magnesia ................. ·:............ 2. 96 

At Columbus, State-House well (depth, 2,340 feet): 
Siliceous and insoluble matter ........................ · 12. 19 
Carbonate of lime. . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84. 01 
Carbonate of magnesia. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 88 

In most if not in all of these cases the limestone appears as a nearly 
white and flaky rock, the drillings coming up in thin chips .. Through
out southern Ohio this phase is universal, and as far as the drillings 
derived from southern Indiana have been examined they prove to 
be of the same character. 

The analJ.ses thus far show that the rock in southern Ohio agrees 
fairly well with the eastern type of ·the Trenton, in which the car
bonate of lime ranges between 80 and 90 per cent. and the carbonate 
of magnesia between 2 and 10 per cent. It will .be borne in mind 
that the analyses already reported have been in all cases confined to 
the uppermost beds of the Trenton unless otherwise specified. In 
none of the localities represented has it been proved an 'oil or gas 
rock of any importance whatever. It· is, of course, impossible to 
verify details of physical structure in drillings, but so far as can be 
judged the Trenton Hmestone in southern Ohio is fairly well repre
sented in the Point Pleasant type, already described. The drillings 
are mainly light-colored and often almost white, and are flaky in 
structure. · 

Passing northward from the parallel of Piqua and Columbus, we 
soon discover a marked change in the composition of the uppermost 
beds of this formation. They are now found through a number of 
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counties to be magnesian limestones and nearly true dolomites in 
composition, and of a fair degree of purity. Several analyses are 
subjoined which will serve to show the facts pertaining to the lime
stone in this portion of the State. The thickness of the magnesian 
beds has not been definitely determined, but it is probably less than 
.one hundred feet in all and less than fifty feet in most cases. 

The first intimation of change is to be noted in the results of analy
sis of the gas rock at Sidney (depth, 1,226 feet; below tide, 267 
feet), the proportions here being as follows: · 

Siliceous and insoluhle matter. . . . . . . . . . . . . . . . . . . . . . . 4. 40 
Carbonate of lime .................................. 62. 30 

. Carbonate of magnesia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32. 30 

The Trenton' limestone is seen to have become a highly magnesian 
limestone in this short interval, though still falling short of true 
dolomitic proportions. It is altogether probable that the Sidney 
rock consists of dolomite intermixed with calcite. 

This last-named or dolomitic character is reached in the next stage 
to the northward. In the Lima oil field the Trenton limestone has 
become essentially a dolomite. Its composition is shown in the fol-_ 
lowing analyses, the first being of the Paper Mill well, depth of sur
face of limestone, 1,247 feet; below tide, 297 feet; the second that of 
the Woolsey well: 

1. I 2. 
1------------------------------1---~ 

Carbonate of lime . . . . . . . . . . . . . . . . . . . . . . . . . 55.90 52. 66 

Carbonate of magnesia .................... ·. 38.85 37.53 

Alumina and iron. . . . . . . . . . . . . . . . . . . . . . . . . 2. 94 

Silica . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 75 

A single discordant analysis must be added. The Trenton lime-
stone in the Hume well is found to consist' of: 

Carbonate of lime .... :: . ... : . . . . . . . . . . . . . . . . . . . . . . 63. 46 
Carbonate of magnesia .............................. · 24.20 
Iron and alumina. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2. 75 
Siliceous matter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5. 10 
Organic matter and loss............................ 4.49 

It is sometimes found that the uppermost beds of the Trenton con
sist for a few fe~t of a true limestone overlying the dolomite. This 

· cap is recognized by the driller by its hardness. A little of this in
termixed with the oil rock would explain the analysis give~ above. 

Passing to Findlay, we find the gas rock of the Pioneer well to 
yield the following results to analysis:· 

Carbonate of lime.................................. 47.05 
Carbonate of magnesia . . . . . . . . . . . . . . . . . . . . . . . . . . . . .33. 38 
Insoluble residue ......... : ........... :............. 11.73 
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The drillings that were analyzed came from the cap of the Tren
ton limestone and carried many particles of the overlying Utica 
shale. The limestone proper was doubtless a dolomite. Reducing 
the figures above given to the common basis by rejecting a part of 
the insoluble residue, we find the proportions of the carbonates of 
lime and magnesia to be, respectively, 54.41 and 35.69 per cent. 

The composition of the surface of the Trenton limestone (1) at 
Bowling Green, Wood County (depth of surface of limestone, 1,096 
feet; below tide, 387 feet), is given below, and also the composition of 
the limestone 94 feet below the surface (2): 

·• 
1. 2. 

Insoluble residue . . . . . ... . . . . . . . . . . . . . . . . . . . 4. 89 2. 15 

Carbonate of lime .............. :. . . . . . . . . . 51.78 88.64 

Carbonate of magnesia . . . . . . . . . . . . . . . . . . . . 36. 80 6. 77 
1 

'---------------------c-"----' 

Following this great sheet to the eastward we obtain the following 
results at Fostoria, the surface of the Trenton being reported from 
this point (I) (depth, 1,264 feet; below tide, 472 feet), and also the 
composition of the limestone 146 feet below its top (2): 

1. 2. 

Insoluble residue . . . . . . . . . . . . . . . . . . . . . . . . . . 5. 82 13. 48 

Carbonate of lime...... . . . . . . . . . . . . . . . . . . 61.50 63.13 

Carbonate of magnesia . . . . . . . . . . . . . . . . . . . . 27.30 21.05 

The return of the rock towards the constitution first indicated is to 
be observed. A still further change is found in the composition of 
the cap of the Trenton limestone at Fremont, 20 miles northeast of 
Fostoria, which is as follows: 

Insoluble residue . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6. 53 
Carbonate of lime.................................... 75.74 
Carbonate of magnesia .................... : . . .. .. .. . 13. 37 

The farthest point· eastward to which the Trenton limestone has 
been followed in the deep wells of Ohio is Plymouth, Richland 
County. The Trenton was struck here at a depth o(2,900 feet, or 
about 1,900 feet below tide. ·Its composition as found here is as fol
lows:· 

Insoluble residue........... . . . . . . . . . . . . . . . . . . . . . . . . . . . 16.6 
Carbonate of lime ............................ :.. .. .. 67.5 
Carbonate of magnesia .......................... ,.:... 14.9 
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Rejecting the excess of shaly ~atter that resulted from the inter
mingling of the overlying shale, we should probably find the car
bonate of lime to reach at least 70 per cent. The change here seen. 
to be in progress gives small promise of success to the towns of the 
eastern part of the State t?.at are spending so much money to reach 
the Trenton limestone. 

A third distinct type of the Trenton limestone remains to be men
tioned, viz, a nearly pure carbonate of lime, light gray in color, 
crystalline in composition and distinctly fossiliferous, the fossils oc
curring in identifiable condition. It constitutes the cap or cover of 
the gas rock proper in niany portions of the Ohio field and notably 
in Mercer County. It has been found also within the limits of Find
lay aud at other points, as Carey and Dunkirk. . In thickness it does 
not, so far as observed, exceed eight or ten feet. The driller always 
recognizes it when pr\3sent by reason of its hardness. When the 
well is torpedoed this cap-rock is almost certain to furnish a consid
erable part of the larger fragments that are thrown out, and thus it 
comes to be considered by many as the true source of the -gas. This 
reference is, however, inadmissible. It contains little or no gas, and 
in all productive wells is underlaid by the dolomite already described. 

This type of the Trenton limestone is supported by a single analy
sis only, but the appearance of the rock is so characteristic that it 
can easily be identified. 

The analysis in question is derived from fragments of the rock 
thrown by the torpedo from the se-.;ond well at Saint Henry's, Mer
cer County, and is as follows: 

Siliceous residue ..... _ .. 00 •• oo. 00 ........ 00 ....... 00 .:. L27 
Carbonate of lime . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . 93. 64 
Carbonate of magnesia................................ 3. 87 

The.composition of the Trenton limestone has not been determined 
at many points in Indiana, but it is certain that the same lines of 
facts now shown to exist in Ohio are essentia,lly duplicated there. 
The southern or normal type of the rock (80 per cent. carbonate of 
lime) enters the State from Ohio in Union, Wayne, and Randolph 
Counties, and extends westerly or southwesterly from this region. 
It probably occupies Henry and Hancock Counties in large part. 
It is certainly found in Rush and Shelby Counties. 

The Findlay or dolomitic type enters from Ohio in Jay County 
and spreads out through Delaware, Madison, and Hamilton to the 
southwestward, and through Blackford, Grant, Howard, and Miami 
to the west and nort:P,west. It appears probable that this phase of 
the limestone underlies all northwestern Indiana. 

Several analyses of the Indiana gas rock will be found in the final 
chapter of this report. Two will be introduced here to illustrate the 
uniformity of composition that prevails in the productive phase of 
the Trenton limestone wherever found. The examples are taken 

• 
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from Muncie on the south and Kokomo on the west. The results are 
as follows: 

1. 2. 

Carbonate of lime ............... : . . . . . . . . . . 51. 96 52. 80 

Carbonate of magnesia.................... 38:11 39.50 

Alumina and oxide of iron.. . . . . . . . . . . . . . . . 3. 72 2. 40 

Insoluble residue.. . . . . . . . . . . . . . . . . . . . . . . . . 3. 30 4. 60 

Both examples are seen to represent the highest type of the Find
lay gas rock. 

THE UTICA SHALE. 

The formation which has been described tinder the last heading has 
not more than a single outcrop in the State, and yet it is more studied 
and discussed than any other stratum in our entire geological col
umn. The formation next to be considered occurs even less fre
quently than the Trenton limestone, and there is no undisputed out
crop of it within the State limits. 

The conditions under which it was first unmistakably recognized in 
Ohio geology will now be recalled, viz, as 300 feet of brown shale in 
the Findlay wells, which became darker as they were followed down
ward, until at their basal portion they could properly be called black 
shales. It must be acknowledged that the upper boundary is not 
sharp, as the blue shales of the Hudson River division gradually 
change into the browl,l shales of .the Utica division. This great shale 
formation has been followed in all directions from Findlay with pro
portions that alter but slowly. It is expanded somewhat to the east
ward and it is reduced to the westward, but through several counties 
south of Findlay it seems to retain the volume and the character 
first funnd. When traced farther southward' it becomes more cal
careous and its shaly beds are sometimes altogether interrupted by 
limestone seams of ten to fifteer: feet thick. It seenis to have its 
original thickness in sections obtained at Springfield and at Piqua, 
and its color is scarcely broken there, but its composition is some
what changed in this locality, the transformation already noted be
coming more and more manifest as it is followed te> the southward. 
A few approximate analyses.show its general constitution: 

Bowling 
Green. Fostoria. Springfield. 

Siliceous residue .......... 68.32 71.68 50.33 
Carbonate of lime ........ 11.87 9.86 36.82 

Carbonate of magnesia .. 6.88 4.95 3.86 

.. 
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In all these cases the samples were taken from the lower half of 
the formatwn and represent Its darker portions. A great variety m 
composition could doubtless be made out by the analysis of the dif
fer.:mt beds of the formatwn. An average composition can scarcely 
be founil. 

To the westward, and especially in portions of the Indiana field, 
the shales that make so prominent a part m the Ohio records, VIz, 

the Medina, the Hudson River, and the Utica, are much reduced. 
Whether the Medma appears at allis a questiOn. The division be
tween the' HtlLls:m RIVer and UtiCa shales IS also much less dis
tmct than m Ohw, and it· Is quite hkely to be found that one or the 
other fails altogether in different parts of the field. If the UtiCa is 
found at allm the central part of the gas field it IS s:Jmewhat hghter 
colored than m Ohio. The evidence of fossils bearing on its presence 
or absence has not yet been found. 

In the Ohw Valley It is stdl a question whether the Utica is repre
sented or not m open sectwn. Its presence has been positively as
serted by several geologists, among whom may be named Messrs. S. 
A. Miller, C. D Walcott, and E. 0. Ulnch. The argument for Its 
presence has been based on paleontological grounds mainly. In the 
lower beds exposed at Cmcmnatr there are found various fossils that 
are ~ounted diagnostic of the Utica shale; but the fact that fossils 
begmning in the Trenton hmestone of New York and charactensbc 
•of it there are found m the beds here counted Utica, and even in far 
higher beds in tlns regwn, would suggest a possibihty of a hke ascent 
of the ancient hfe of the Utica shale of. New York to the Hudson 
River beds of Ohw It may be added that some of the fossils whiCh 
are namerr m the lists as characteristic of the UtiCa are not striCtly 

· so, smce they are fm-wd even at the east in both the higher and the 
lower formatwns, as, for example, 1harthrus Becki. Though con
siderable deep dnlling has been done about Cmcmnati, few records 
have heen obtained that ~hrow much light upon the series until quite 
recently. A careful register of a well now being dnlled in Cmcin
nati has been kept by Dr. W. A. Dun, the sectiOn of which to date, 
kindly furnished by him, is as follows, viz : 

Feet 
1. Drrft 48 
2. Blue limestone and shale 54 
3. Blru&h hmestou.e 20 
4 Blue limestone and shale 50 
5. Black, brown, and calcareous shale 47 

Feet 
6 Limestone, crystalline, hard, whrte, 

some belli, dark •73 
7 Black-brown shale 15 
8. Whrte, compact limestone, wrth 

greemsh tmt 110 

Mr. E. 0. Ulnch Identifies No. 2 of thiS series as the sole repre
sentative of the Utica shale, and makes the Trenton begin at a depth 
of 102 feet in the well. Tlns determinatiOn assumes that 300 feet of 
black shale which can be found for- more than a thousand miles as 
such, and wlnch is traced to within 75 miles of Cmcinnati, has been 

0 
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entirely replaced in this interval by 54 feet of blue limestone an,d · 
shale, indistinguishable in physical characteristics from the normal 
Hudson. Rivet shale. A more probable reference, on stratigraphical 
grounds, would be to make the compact limestone; No. 8, the top of 
the Trenton, and to count Nos. 5, 6, and 7 as Utica. 

The new opportunity to study-the extensions and the equivalents· 
of this wide-spread stratum will doubtless lead to a clearing up of 
our knowledge in regard to questions like these. A few carefully 
kept sections in the interval between central Ohio and the Ohio· 
River will do a great deal towards removing the present uncertainty. 
Until they are secured, any prolonged discussion over the several 
possible constructions of the facts in hand would seem to be. a waste . . 

of time. 
THE MEDINA SHALE. 

A bed of red shale, ten to thirty feet thick, marks the ·boundary 
between Lower and Upper Silurian time in several counties of south-

/ western Ohio. It is especially well marked in Greene, Clark, Mont
gomery, and Preble Counties. It was identified in Newberry's sur
vey of Ohio, on purely stratigraphical grounds, a.s the equivalent 
of the Medina formation of the East.' 

A heavy bed of red rock two to three hundred feet thick which 
was reported in the Stfl.te-House well, and a like thickness :which 
seemed to be shown in drillings on the lake shore many years ago. 
had previously been rec-ognized by Newberry as probably the equi v
alent of the Medina form~tion. • But it was reserved for the drill
er's records of the last few years to complete the demonstration 
of this claim and to fully establish and confirm the halting refer
ence which was made in1869 of the red.shale of southern Ohio to the 
Medina epoch. There is now a connected serifs of well records from . 
the lake shore southward in which the Medina occurs as a red shale 
from one hundred and fifty to thirty feet in thickness. The shale 
is sometimes interrupted with streaks of sand or of small pebbles 
of quartz and other rocks. These sand ·streaks are sometimes green
ish in color and become oil or gas reservoirs on the small scale. A 
good example of this phase was found at Bluffton, Ohio, and in many 
other sets of drillings the same line of facts has been noted. · Gen
e:cally the material of the stratum is a soft shale, much of it bright 

· red in color, but frequently interrupted with beds .of blue shale. 
No fossils. have been reported in it thus far in drilling. In outcrop 
the :formation is also devoid of traces of life except rude casts of 
sea weeds. 

The Medina shale, so far as it is represented by red beds, fails en
tirely in the extreme northwestern counties of Ohio, and no trace of 
it is reported from Indiana. No red rock is found in the Lima field, 

1 See Report for 1869, p. 148; Report for 1870, p. 268. 
2 Rept. Geol. Survey Ohio, vol. 1, p. 126 . 

.. 
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nor in the Auglaize or Mercer County wells. Of the few exceptions 
to the general statement giv.en above one comes from Van Wert 
County, where in the first deep well drilled last year there were a few 
feet, not to exceed five or six, of red rock at the place where the Me
dina is due. The record of well No. 4, Bryan, also indicates the pres
ence of a few feet of red rock at this· part of the scale. So far as 
known this marks the farthest advance of this phase of the Medina 
to the westward. Whether the top of the great shale series in this 
region belongs to the Medina age can not be determined. .A.t the 
present time it seems quite possible that the Medina "wedges out" 
to the westward. 

THE CLINTON GRnup, 

In the Findlay field, and throughout much of northern Ohio, a 
blue shale, thirty or forty feet thick, always covers the red shale 
just described. Whether the blue shale ~hould be referred to the 
Medina or to the Clinton is an open questiorl.. It is certain that in 
some parts of the State the Clinton incloses bedS' of shale, intElr
stratified with the limestones that constitute the bulk of th(3.forma
tion. 

In its outcrops, all of which are confined to southern Ohio and 
·southern Indiana, the Clinton beds are definitely marked. They 
consist, in their best phases, of highly crystalline, crinoidal lime
stones, very uneven in bedding and marked by high colors, as pink, 
red, white, and yellow, al<'mg with the common shades of brown, 
blue, and gray. Besi9,es the crinoidal remains, which. often make 
the substance of the rock, other fossils of the usual types abound in 
these beds. The most unequivocal mark of the Clinton is the iron 
ore that it contains. There is not in the geological scale of 'the 
country a more entirely unique or distinctive formation than this 
Clinton ore. ·Nothing like it is known in any other part of the scale. 
This ore· is found in good condition and in fair thickness at several 
points in southern Ohio. ·A small furnace was built fifty years ago 
in Clinton County to work it. The ore .is also found in unmistaka
ble character in deep wells at Lancaster and at Newark. Red rock, 
indeed, is one of the distinguishing marks of the Clinton throughout 
all central Ohio. The first red rock struck in the State-House well 
is Clinton limestone. In the deep well at Sandusky, also, there is a 
large amount of red rock to be referred to this age. 

The chemical composition of the Clinton limestone in its outcrops 
in Ohio and Indiana is nearly uniform. It ranges between 75 and 
85 per cent. of carbonate of lime, with 10 to 15 per cent. of car:bon
ate of magnesia. · Under cover in northern Ohio it does not show 
the same composition, but approaches more nearly to the dolomitic 
composition of the Niagara series. 

The question that has been raised by some geologists as to the 
separate place of the Clinton in the geological scales of the States 
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now under consideration could scarcely have been raised if all the 
facts of its outcrop had been known, and especially the facts that 
pertain to -the occurrence of its peculiar ore. But, now that the 
records of the _deep wells are in hand, gi virig a continuous section 

. from the lake shore to the Ohio valley, there .is no ground whatever 
for the doubt that has been expressed. The New York section can 
be followed into northern Ohio with its elements and its proportions 
almost unchanged, and it can even be followed across Ohio with 
only minor changes in the thickness of the several groups. 

The Clinton limestone is as well characterized in its outcrops in 
southern Indiana as in southern Ohio, with the exception of the fos
sil ore which ha,s not been reported in the former State. In the well 
records it often figures as blue limestone. 

The thickness of the Clinton varies considerably in different por
tions of the territory now under consideration. In its outcrops it 
ranges from fifteen to. sixty feet. Under cover in northern Ohio it 
is about seventy-five to ninety feet; but in the central parts of Ohio 
the deep wells show one hundred to one hundred and fifty feet in 
this series. · · 

The Clinton limestone in southern Ohio is overlaid by a bed of 
very fine-grained, bluish-white clay that carries a number of char
acteristic fossils. · This clay is generally counted in with the Niagara 
shale, which is found next above it, rather than with the solid lime
stone that it covers, but its relations are .undoubtedly with the latter. 

Special interest attaches to the Clinton formation in Ohio on cc
count of its petroliferous character. The presence of petroleum in 
this limestone was fil'st noted by Dr. ·Locke in his notes .upon the 
geology of southwestern Ohio, in the first geological survey of the 
State.' Outcrops mid especially quarries of the Clinton limestone in 
Preble, Montgomery, Miami, Clarke, ·and Greene Counties frequently 
show small quantities of petroleum, generally in connection with 
springs that issue from the rock Sometimes a pint or two of oil 
can be obtained from the surface of the water, and in breaking the 
limestone oil is found in cavities within it. These "surface .indica
tions" have led to a great deal of unprofitable exploration in the way 
of deep drilling. All that they stand for is a small amount of in
digenous oil, and the deeper the drill descends the farther it is from 
the source of the oil. · 

Under cover, however, the formation has recently developed a 
more valuable stock of oil and gas. Throughout the new field of 
northern Ohio, at many points, gas and oil have been found in valua
ble quantities in this formation. Quite large flows of gas were de
rived from it in several of the Findlay wells. In Portage Township, 
Wood County, it has proved in a single well a ~omewhat prolific oil 
rock. A well drilled during the present year has produced as high 

1 Facts more fully !9ven in Newberry's Survey, vol3, p. 407. 
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as forty barrels a clay of Clinton limestone oil. No long life is ex
pected for the well. At Fremont, the Clinton has proved a valuable 
source of low-pressure gas for domestic use. The stratum is reached 
n,t about six hunclr·ed feet below the surface, and wells drilled to it 
yield from two to twenty thousand feet of gas a day. The supply· 
has proved fairly persistent for the two years since the first wells 
were drilled. 

Stillmore interesting is the experience of ;Lancaster. A Jeep well 
chilled here in ·1886-'87 reaehecl the Clinton group at about nineteen 

· jmndred feet. At 1,962 feet, in a hard limestone, between two layers 
of red rock, oue of them being well-marked fossil ore, a considerable" 
.vein of gas was struck. Five wells have since been drilled to the 
same depth and all produce gas or oil, one of the gas wells yielding 
1,000,000 eubic feet a day. The same horizon appears to be found at 
Newark, Ohio, at a depth of about twenty two hundred feet. The 
Clinton limestone has not been separated from the Niagara in many 
of the Indiana wells; but it can be distinguished clearly in a part of 
the new field. 

. ·THE NIAGARA \}ROUP. 

The Niagara group consists of two elements, viz, the Niagara shale 
and the Niagara limestone, name<l in ascending order. Both are well 
shown in the 1iew oil and gas fields. 

The Niagarct shale.-In outcrop th\3 Niagara shale ranges in thick
ness from five or ten feet in Clarke County, Ohio, to one hundred 
feet in Adams County. There may·be sections in which it does not 
appear· at all, but usually the Clinton lilUestone is separated from 
the overlying Niagara limestone by a few feet of white or yellowish, 
impure, calcareous shale. Under cover in northern Ohio the shale 
makes a constant element in the Findlay field. It ranges from five 
to thirty feet in thickness. In central Ohio it seems to be thicker. 
At Columbus about seventy feet were referred to this formation, 
atH1 at Newark still more. Tl10 Niagara shale is a much less promi
nent element in Incli[ma than in Ohio, but it is recognizable there in 
numerous sections. It is freqi1eutly found as a yellowish or greenl.sh, 
impure, calcareous shale. 

'l'he N1:agc_wa li?nestone.-The Niagara limestone is one of the main 
elements in the sections of the new gas fields. The gas wells of both 
Ohio ans:l Indiana, with but very few exceptions, are begun where 
the Niagara limestone makes tho surface roc]}:; or at least where it is 
due as surface rock. All the limestones that are found at or ncar 
the surfacE\ whatever their geological ages may be, are carelessly 
classed by the driller as Niagara limestone, and thus the t~rm has 
becQme a very familiar one. But, even when strictly used, the name 
stands for a very important element in the geology of the new fields 
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as regards both its thickness in separate sections and the areas which_ 
it covets. 

'l'he Niagara 1imestone consists of several divisions which have 
more oi· less local importance, but only two need to he named here, 
a lower and an upper division. 'l'he lower is the Niagara limestone 
proper, and the upper is the Guelph or Cedarviile division. The 
former occurs in fai1:ly even beds of varying thickness, which furnish 
most of the building stone and flagging of the formation in Ohio. 
The latter is found iu either massive sheets with infrequent divisional 
planes or in thin and "shelly" courses. It is a great sou:~;ce of lime· 

-. for the country at large, but it has no other valuable uses. 
In composition, tho Guelph beds of Ohio are true dolomites. Th<;Jy 

are wonderfully uniform over wide areas, and their total impurities. 
in northern Ohio often range below 1 per cent. The lower beds are
magnesian also, but they contain much more foreign matter, especially 
alumina and iron. The upper beds are prevailingly light-colored. 
They are sometimes as white as marble, but generally a creamy or 
yellowish tint prevails, or they are light gray or drab in color. The 
lower beds are darker and are frequently blue-gray. 

The Guelph division is generally and often exclusively made up of· 
fossils, which have been to a greater or less degree dissolved, leaving 
the rock carious or porous to a considerable extent .. Consequently 
its specific gravity is low, and it has but little strength to ;resist pres
sure. The tower portion contains fossils much more sparingly and 
has a good degree of solidity and strength. · 

The entire series has a maximum thickness of about four hundred 
feet, throe-fourths of which belongs to the Guelph beds. A common 
thickness of the entire series in northern Ohio is two hundred to two
hundred and fifty feet. In southwestern Ohio one-half of this meas
ure is seldom attained. In Indiana the thickness of this series seems 
to vary between similarly wide limits. In the northern counties of 
the productive gas territory the series has the greatest volume. 

One element must be added to the Niagara limestone series, viz, the 
Hillsborough sandstone. Intercalated with the Guelph beds of High
land County is a peculiar deposit of sharp and pure sandstone, the 
grains of wh~ch are nearly uniform' in size, and many are perfect or 
nearly perfect crystals. The sandstone has a maximum thickness 
of about thirty feet. The sand has no exact and constrmt iJlace in 
the series, but is either at or near the summit of the Guelph beds. 
It is the first of three sandstone deposits of the same general char~ 
acter that are found in the upper Silurian and Devonian limestones 
of Ohio. 

The Niagara limestone makes tho surface rock over largo areas in 
both Ohio and Indiana, 'and these areas, as already stated, consti
tute almost the entire high-pressure gas tenitory of both States~ In 
Ohio the limit is passed in but very few instances, so far as known . 

• 



ORTOX.] THE LOWER HELDERBERG SEHIES. 563 

The· areas occupied are indicated on the geological map accompany
ing the chapter. For reasons presently to appear, no separate place 
will be given to the Salina gmup in this review. 

THE LOWER HELDERBERG SERIES. 

The series next to be described, so far as area and thickness are con
cet·ned, is the most important of the limestones of the Ohio scale. 
In Indiana it has not heretofore been recognized as distinct from the 
Niagara limestone, hut, though it lacks here tho importance that it 
has in Ohio, it certainly exists in considerable force and covers an 
extended hut at present undefined belt of country. It. has proved to 
he a c()mplex series in Ohio and much remains to he learned concern
ing it in both States. Even tho name by which the series should be 
known is not entirely agreed upon. By some _geologists the entire 
formation in Ohio is credited to the vVaterlime eli vision, and this 
stratum is altogether separated by Hall from the Lower Helderberg. 
This paper, however, will follow the more common practice of referring 
the Waterlime to the Lower Helderberg series, of which it is countecl 
as tho basal member. This name, Waterlime, is a most unfortunate
and misleading one. For a few square miles in the State of New 
York this formation yields waterlime or hydraulic cement, but 
through the hundreds and thousands of square miles over which its; 
remaining outcrops extend it is generally destitute of it. 

The Waterlime was first recognized as an element of the Ohio 
scale by N ewherry, in the limestones of Put-in Bay Island. They; 
had been generally counted non-fossiliferous theretofore, hut as~ 
tho results of the search undertaken for the purpose of determining: 
their age fossils in sufficient numbers were found. The most abun-· 
dant were Lepercht'i(tolta, Etwypterus Er·iensis Whitf., andSp'ir·ifera;. 
sulcalcL. These are the characteristic· fossils of the Waterlime of' 
New York. The beds which contain these fossils are well marked: 
in lithological features. ·They consist of a light brown or drab 
dolomitic limestone, deposited in thin and oven beds and sparingly 
supplied with fossils. vVhat fossils there are are mainly found 
upon the surface of the layers. The rock is petroliforous through
out, and freshly broken surfaces alwayR give the odor of oil. OiL 
can also be dissolved out of the liJ;Uestone by proper agencies, and_ 
the amount obtained is often considerable. This fact, however, is: 
not strictly characteristic of this formation. At some points asphalt 
is accumulated in the limestone in large quantity. In northern 
Ohio, beds have been found with five to ten per cent. of asphalt in 
their composition, hut the extent of such deposits is not known to 
have been proved. 

This formation, first recognized in 1860, by N ewherry, as a separate 
division of the Oliff limestone of Ohio, \vas easily followed to the. 
south and west from the original locality. The marks by which it, 
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was characterized W~?re so distinct that no trouble was experienced 
in tracing it, and it soon appeared·that tho Lower Helderberg lime
stone covered a larger area than any other limestone formation in 
Ohio. It makes the surface rock, in whole or in part, in seventeen 
counties of the western half of Ohio. · 

The original characters are found to be maintaii1ed, with minor 
e~ceptions, throughout its whole extent. The prevailing color is 
brown or drab, but in large areas in ,V.estern Ohio the stone is dark 
blue. It gives proofs of origin in shallow water through much of 
its extent, by surfaces covered with sun-cracks. These marks are 
repeated iii many successive beds. In Lima, Bluffton, Dunkirk, Ur
bana, and Washington Court House they are specially noticeable. 
The bearings of these facts on th~ geological history of this part of 
the State are easily seen to be of great importance. 

The formation is also frequently characterized by a rude concre 
tionary structure in its upper beds. This mark is mainly confined 
to central Ohio. It destroys the even bedding of the limestone where 
it occurs, and gives rise to a rolling and unsteady appearance of the 
beds. 

Two important facts :remain to be addea to the account of the 
Lower Helderberg limestone. In its upper beds it frequently is 
found distinctly brecciated, while through a considerable area in 
northern Ohio it is a coarse limestone conglomerate. 

The brecciated structure is often associated with the concretionary 
-character already described. The layers of limestone appear to have 
·.been traversed by joints dividing them into cubical blocks of two to. 
·ton inches in diameter, and the separate hlocks have been recemented 
by material of the same sort that composes the substance of the took. 
:Sometimes, indeed, the rock is found weitthering into these blocks 
which have either lost tl1e cement bond or never had it~ Particular 

]ayers are characterized by this brecciated structure, while beds both 
·below and above them are free from it. Th() cause is not obvious, but 
the phenomenon is certainly not referable to uplift and disturbance. 
'The subterranean force that would shatter one bed would not leave 
'::mother in contact with it undisturbed. It seems more probable that 
if we were able to trace out the history we should find some modifi
cation of the force that produces joints, whatever it may be, as the 
cause of the phenomena which \Ve are considet'ing. · 

The conglomerate of the Lower Helderberg, previously referre<~ 
to, makes a striking feature in the upper portion of this great series 
through parts of several counties of northern Ohio. It is most fre
quently met in Ottawa and Lucas Counties . 

. The pebbles that compose it range from an inch to a foot in diam
eter. They are in all cases limestone, ·and in fact are indigenous to 
the formation that contains them. They represent different beds of 
the series, as is evident from their variation in grain and in color. 
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They are fairly well rounded and thus indicate considerable exposure 
and· wear before being deposited where they now occur. The cement 
that u1~ites them is limestone mud, less pure than the pebbles them
selves. 

She2ts of rock six· to eight feet in thickness are found that consist · 
entirely of these pebbly masses. 

This line of facts evidently corresponds well with the shore-marks 
already pointed out in the sun-cracked s~rfaces· of the beds of the 
formation in various portions of the State. 

The middle and upper portions of the series where it is thickest 
contain fossils distinct from those already named. In :B..,ayette and 
Highland· Counties large chambered shells are occasionally found 
in the thin-bedded limestones that occur here. In the same vicinity 
a number of new species of brachiopods have been found. Among 
those recently described from this locality are Streptorhynchu.s hy
draulic1r1n \Vhitf., 1Vnclo.spirc~ 1'0tunclata. Whitf., Rhynchonellc~E 
hydnml·icc~ Whitf., Pentamerus pes-avis vVhitf., Lepenl-it'ia cm
gulij'era \Vhitf. In Allen County, also, beds of the same age are 
found with fossils different from any thus far named. It must be 
added, however, that the formation is often barren of all distinct 
signs of life for large areas and through many successive beds. 

As the result of recent investigations, a complex constitutiOn, not 
suspected heretofore, has been demonstrated for the series now under 
consideration. The plaster beds of Ottawa County -\vere originally 
referred by Newberry to the Salina group of the New York shale,, 
and the place assigned to them \vas immediately below the bods rec-. 
ognized by hi1i1 as the Waterlime. This order of arrangement does. 
not prove to be the true one. The plaster beds are buried in this. 
W aterliine or Lower Helderbo_rg series rather than beneath it. They· 
hold a place near or below the middle of the great series. The," 
characteristic fossils of the W aterlime appear to be found both below 
and above them; at least; the lowest beds of theW aterlime in Ottawa,. 
County, for exa~nple, contain st~ch fossils where these beds rest upon 
the Guelph division of the ~iagara. With this new place for the 
plaster beds of. Ottawa County, the Salina group drops out from the 
catalogue of surface rocks of Ohio. It may be represented in the. 
salt deposits of the deep well at Newburgh, Ohio. 
· Anothm; surprising addition remains to be made to the Lowet· 
Helderberg group in northern Ohio. The Sylvania saw1stone, which 
consists of a lenticular deposit of glass sand of remarkable purity, 
has been heretofore assigned to the Oriskany horizon. Its real place 
is 150 feet below the snmmit of the Lower Helderberg series, as is 
shown by a nearly continuous series of exposures reeently opened 
between the sand and the Devonian limestone, which crops out a 
short distance to the westward. This interval is occupied by Lower 
Helderberg rocks, that areidentified as such 1Jeyond any chance f01: 
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question by their composition, their lithology, and their fossils. The 
Monclova sandstone is of the same age, and it seems altogether prob
able that the entire number of the lenticular and spOTadic beds of 
this sort of sandstone that have been found in Monroe County, Mich., 
and Lucas County, Ohio, belong to the same place in the scale. 

It remains to be added that there are no known exposures of sand
stone in Ohio at the place where the Oriskany is dne. In the ConL 
iferous limestone and near its base there are several pockets of the 
same sort of sand that has now been described in both the Niagara 
and the Lower Helderberg series. But the deposits referred to are 
not at the very base of the Corniferous limestone, but from ten to 
twenty feet above, the interval being filled with the highly fossil
iferous beds of Devonian age. 

The thiekness of the Lower Helderberg system of Ohio remains to 
be given. All of the earlier estimates have proved far too low and 
it is now found to have a volume that is proportioned to its broad 
l()utcrops in the State and adequate to account for them. In northern 
•Ohio its total thickness exceeds five hundred feet .. In central Ohio, 
:at Columbus, for example, it is about four hundred feet tbiek In 
Fayette and Highland Counties it tanges from fifteen to one hundred 
Jeet in included seetions. It wedges out to the westward very rapidly 
in this part of the State by overlap of the Devonian shales. 

1 The fonnation reaches its highest economic value at Greenfield, 
Highland County, Ohio, where a peculiarity that characterizes it 
throughout its whole extent culminates in 40 feet of the most even
bedded limestone of the Ohio scale. The courses range from two to 
twelve inches in thickness, and they are taken from the quarry with 
faees as true as if t}tey had been sawed. 

The Lower Helderberg formation in Indiana can not he described 
in ~is · definite terms as lia ve been applied to it in 0 hio; it is cer
tain, however, that it constitutes an important member of the geo
logical scale of this State. It enters India1ia from Ohio in Adams 
an<l Allen Counties :with a probable breadth of onterop of eighteeu 
miles, .but it is heavily cove-red ,\,ith drift from the start, and compar
atively few opportunities are found to examine it. At Decatur it is 
worked in several q'nite large quarries, in the valley of the St. Mary's· 
and below the le\Tel of the river. The junction of the Niagara and 
Lower Helderberg limestones occurs at this point, the upper quar
Hes of the town being in Niagara. The preeise line of junctiou is 
not, however, exposed. · The contrast between the two formations is 
very marked. The Lower Helderberg, as here developed, earries the 
1mmistakable lithological ch:.lracteristics of the formation as already 
described. It is a ln·own limestone, even and regular in its bedding, 
sparingly fossiliferous, but containing some fossils that have not been 
reported in the formation elsewhere, and. that appear to have come 
11p from theN iagara. Among them may be mentioned Strophornena 
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snbplmw and the large chain coral In.Llysites lcLbyrii1th·ica. Both of 
these are also found in the underlying Niagara. It contains LepeT
dit·icL aitcL and a .LlfeTistella, probably levis, which are quite character
istic of the formation in Ohio. 

The remaining statements pertaining to this formation traverse to 
some extent tho views heretofore presented as to the geological age 
of the portion of the State here considered. The need of more care
ful study of the facts is recognized, and some of tho conclusions here 
expressed are lield open to revision in the light of larger knowledge. 

The Lower Helderberg is also clearly shown at various points in 
the \V" abash Val loy. At Huntington it contains a considerable 
quantity of flint, and it is forth~ most part destitute of fossils, but 
the peculiarities of bedding and color are unmistakable. In the 
.abandoned quarries below the tow1i the Lower Helderberg, as identi
fied by the characters above named, is seen to rest unconformably 
upon the fossiliferous Niagara. 

Further clown the valley it is composed of the same thin and even 
beds that characterize the formation through all its eastward exten
sion. The well-known Wabash flaggings are here counted of Lower 
Helderberg age. Large chambered shells, both straight and coiled, 
arc very conspicuously shown upon the surfaces of the layers. The 
flinty beds of Huntington are also found here. At Logansport and 
in its vicinity a section is olJtained, of whici1 the Devonian limestone 
makes the summit. The section is as follows: 

Feet. 

DE\ ONIA1'-i............ • 
, _ _ { Yell ow and blue limestone in thr<'e or four strata, Lux's 

quarry ............................................. -40 

( Brecciated bed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 

I Buff limestone, magnesian, with Pentamerns Kn£ghti. . 15 
UPPER SILURIAN(LOW- . . . . . 

l 
Tlun-bedded stone, w1th Leperdtt·tc~ alta............. 11 

ER HELDERBERG). . . . . , 
· Tluek-bedcled stone (S1mon s quarry) .................. 15 

Thin beds to river. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 

106 

This is an interesting and important section. The several mem
bers must be briefly described. Nos. 1, 2, and 3 are in all their lith
ological features representative Lower Helderberg limestone. No. 
4 is a brownish, highly fossiliferous magnesian limestone, the most 
characteristic forms of which are fentanwnLs KnigMi and Ha.ly
~ites laby1·inthica. This fixes the place of these well-known Delphi 
fossils in the Lower Helderberg division rather than in the Niagara, 
to which they have been previously referred.· This bed is overlaid 
by No. 5, the most remarkable of the series. · It is a brecciated lime
stone, the separate fragments of which are fine-grained, very pure, 
and break with a conchoidal fracture; in fact, they resemble litho
graphic stone. The cementing matter is limestone) but is less pure. 
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This stratum is highly fossiliferous; in particular it contains m~lti
tudes of a small shell that sometimes almost makes up its substance. 
This shell is Cmlos1Yim clisparil'i$. It also contailis in abundance 
Pentamerus galeatus and other pe1itamoroid shells. Professor \Vhit
field recognizes the type of this shell, as found hero, as closely agree
ing with that found in the combined Niagara and Lower Helderberg 
formation of Tennessee. This brecciated structure is sometimes 
. misunderstood as indicating upheaval and violent disturbance of the 
strata. Such an explanation is unnecessary and untenable. 

The Devonian limestones come into the section at Logan.sport. in 
four distinct divisions, with a total thickness of 40 feet. They will 
he briefly described on a subsequent page. 

The Lower Helderberg limestone has been followed to tho west
ward in the several beds already described as far as Delphi, where 
the Pentamerus bed reaches a wonderful development, TheW abash 
Valley, in the interval between Logansport and Delphi, is occupied 
in part by the W aterlime and the Devonian limestone and shale and 
in part by the Devonian series alone. · · 

Passing to the southward from Logansport, the Lower Helderberg 
limestone is-shown in a thoroughly characteristic and unmistakable 
p:1ase in the quarries of Kokomo and the Wild Oat Valley, and it 
undoubtedly occupies considerable additional territory in the State. 

In the geological map th~t accompanies this paper (Pl. LIV) the 
outlines of the formation as indicated on Collett's map of 1881 are 
modified to a small extent to give a hint of the facts herewith pYe
sented, rather than to represent them, but no complete or symmotri
.cal.statement with refereflce to- the separation of the Lower Helder
berg from the Niagara in Indiana has yet been given. The outcrops 
of the Niagara limestone in the northwestern corner of Indiana are 
not considered here at all. The Lower Helderqerg is supposed from 
the facts that have been observed to narrow towards the westward, -
but·the exact boundaries under the drift-covered regions of northern 
Indiana ca~ not he even guessed at. -

THE UPPER HELDERBERG LIMESTONE. 

The necessity of dropping the Oriskany sandstone from the Ohio 
scale has already been shown.· There is. no sandstone deposit between 
the Upper and the. Lower Helderberg limestones in the State. If it 
should happen that in any locality a few feet of the peculiar sand 
deposits, already described, should occur at just this poi.nt in the 
series, the occurrence would not constitute a good reason for naming 
the sandstone Oriskany, because the bed would he found to agree 
exactly with other sandstone beds above and below in the seal€ that 
can not possibly he Oriskany m; have any distinct relation to it. The. 
Pendleton sandstone of Indiana has been generally referred to the 
Oriskany horizon; but it is quite possible that when its place is 

.. 

• 
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definitely settled it will be found correlated with the sandstone de
posits already described. In the Delphi quarries considerable de
posits of this peculiar sandstone are found. 

The Upper Helderberg limestone is commonly called the Cornif
erous limestone in Ohio. In this State it has a maximum thickness 
of 75 feet and is separable into several-tolerably well-marked divis
ions, two of which, a lower and an upper, are all that need to be 
considered here. Both of these divisions are highly fossiliferous, 
fjome of the fossils being common to the entire formation, but more 
being confined to particular horizons. The lower division, which is 
about forty feet thick, consists of rather heavy and ·fairly even
bedded limestones, that grow progressively richer in lime and poorer 
i~1 magnesia from the bottom upward. The higher beds of this 
division generally contain 90 to 05 per cent. of carbonate of lime, 
while th" bottom courses do not carry more than 60 to 70 per cent. 
The beds are light .in color, gray being the prevailing tint, though 
occasional courses are blue or drab .. 

The upper division consists of blue, thin-bedded stone, inclining to 
a shaly character, and much less pure in composition than the lower 
division. 

The liinit.s of the Corniferous formation can be determined in deep 
wells by chemical analysis of the dr_illings. The Upper Silurian 
limestones·are mainly dolomites and are thus readily separated from 
the calcareous beds of Devonian age. 

The statements above given apply to Ohio. The seCtion in Indi
ana does not altogether agree with ·the preceding accoui1t. 
· A ;ection of the Devonian limestone as seen at Logansport, to 

which reference has alrea<ly been made, contains the following ele-· 
merits, viz: 

Feet. 
Yellow siliceous limestone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 
Blue limestone........................................... 8 
Firestone, coralline limestone ........................ , , . : 20 

The lowest division is a true coml reef, crowded with the charac
teristic forms of Devonian time. In composition it is quite high 
in lime, but the percentage can not be given. Toward the upper· 
portion it passes into thin. courses, which abound in crinoidal re
mains. This phase is locally known as firestone and the rock has 
been used in chininey backs 'and furnace arches on the small scale 
for a long time. The division next above consists of a. blue lime
stone of psculiar tint and grain, and this is overlaid by a so-called 
sandstone,' the siliceous yellow limestone of the section above. In 
default of better building stone this is used to some extent. 

The Devonian lim3stone has muph less volume and economic im
portance ii1 Indiana than in Ohio. It is so thin that it occupies very 
small areas of the surface i1i connected beds. Wherever exposed to 

• 
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erosion of the ordinary type it has been worn through and removed 
to a greater or less extent, bringing to light the lower beds. Most 
of the Upper Helderberg areas. are on this account areas <;>f Lower 
Helderberg rock in part also. 

THE DEVONIAN SHALE. 

One other division of the geological scale of the two States must 
be included in this brief review, viz, the Devonian shale. No ex
tended account of it will be undertaken here; it is enough to say
that, by a very marked change in the physical geography of the 
district ii1 volved, the limestone growths of the Upper Helder berg 
age were brought to an abrupt termination. With them was also 
brought to an end the formation of limestones on a large scale in 
Ohio. The .great sheets of Lower Silurian, Upper Silurian, and De
vonian time had been slowly built up on this part of the sea floor 
through long-continued periods and no one of them shows more 
genial conditions or more varied and abundant life than the last. 
Its last layer was crowded.with fossils, but upon it there was laid 
down abruptly ~' mass of what are ordinarily counted non-fossilifer
ous shales, hundreds or even thousands of feet in thickness, and lime
stone making on the largo scale wa.<s never resumed in Ohio. 

The tl-!ickness of this series of shales can not be given in any gen
eral staterr1ent, for the reason that it depends upon the point whore 
the measure is, taken. In Highland County, Ohio, the entire inter-. 
val between the upper and. the lower l1oundaries of this stratum is 
but :250 feet. In eastern Ohio the same interval exceeds 2,500-feet. 

There is a small bed of shale of rather uncertain occurrence at 
the. bottom of the series, that has been separated by Newberry under 
the name of the Hamilton shale. But very few outerops of this 
division are known. The type locality is at Prout's, a station six 
miles south of Sandusky, Ohio. The shale is light-blue in color, 
calcareous in composition, and abounds in fossils which, according 
to Newberry, are exclusively of Hamilton age. This eli vision is 
perhaps continued to the southward under. the uame of the Olen
tangy shale of Winchell. Under cover t() tho northward thoro aro 
indications of a greater measure of this_ligM-colorcd shale, immedi
ately above the Upper Helderberg limestone. The remainder of the 
series, which in reality is almost the e:Htire mass of the shales, is 
known by various names. Those most prominently applied to it 
are 1iames that mark Newberry's threefold classification, vi11, the 
Clo~eland shale, the Eric shale, the Huron shale, which are given in 
descending order. Thes8' several eli visions were thus described by 
their author, viz,. the Cleveland shale, Sub-carboniferous in age, 
50 to 75 feet in thickness, black in ·color, and containing fossils, the 
most characteristic of which are fish_remains; the Erie shale, green
ish-blue in color, 0 to 1,500 feet thick, and containing Devonian fos·· 
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sils of Chemung age, and the Huron shale, 100 to 300 feet in thick
ness, black· in color, and constituting the best known and most im
portant part of the ei1tire series. It was considered by Newberry as 
certainly including beds of Portage age. It contains a varying per
centage of bituminous matter, which sometimes rises to 10 or 12 per 
cent. This proportion is large enough to continue combustion in the 
shales when once fairly begun. The bituminous matter can be ex
pelled by raising the shale to a high temperature, or it can be dis
tilled into coal oil and similar products by appropriate means. 

The belief that the great shale system would everywhere admit of 
the convenient and easily applied system of division above stated 
has not proved well founded. It is impossible to establish eli visions 
in the formation that are founded on color, for the reason that the 
colms of the -beds arc not constant. It is true, however, that in the 
lower portion tlJ e black beds predominate and that the central portion, 
especially where the measures are the longest, are prevailingly light 
in color, though even here clark bands are common. The higher 
portions of the shale are either blue or black, or both in rapid alter
nation. Taken as a whole, the shale consists of dark or black shales, 
often called slates, interstratifiecl with blue or gray shales, often 
called soapstones, without regularity of eli vision or interval. No 
exact equivalence is to be found in the sections taken from different 
portions of the field. The threefold name may be profitably re~ 
placed by a shorter one, viz, the Ohio shale, which can be counted 
as covering the interval between the Bedford shale above and the 
underlying limestones of whatever age they may be. The shale sys
tem has for its normal floor the Upper Helderberg limestone, but by 
overlaps extendi1ig to the southward it comes successively down 
upon the Lower Helderberg, Niagara, and finally upon the Hudson 
River group. 

As a rule the shales are very poor in fossils, except in those of 
microscopic size. Though the conspicuous fossils of the formation 
are rare, as has been said, some of them have proved as remarkable 
as any of the entire geological scale of the country. The gigantic 
Placodorms brought to light by Newberry are not only the largest 
of fossil fishes, but they are at the same time the. most impm:tant 
remains of all Devonian life. They combine types of structure that 
are widely separated now, and thus throw much light on the history 
of vertebrate life on the globe. The vegetable fossils of the shale 
are far more abundant tli:an the animal fossils. Silicified wood is 
often found and may be counted characteristic of the lower portion 
of the sha.les in both Ohio and Indiana. This wood is found by 
microscopic section to have been derived from the ancient pines which 
o-ccupied the laud at this time. Strap-shaped leaves of sea weeds 
also infrequently occur. When all has been said, however, macro
scopic fossils from both kingdoms must be confessed to be rare in 
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the shales; but the very substance in some beds is composed in large 
part of microscopic vegetable fossils in an exquisite state of pi'eser
vation. The most abundai1t of these -forms are those known as 
Sporang·des. 

A number of years since, under the name Sporang·ites Hv,.mnens,is, 
Sir W'illiam Dawson described an excellent repr9sentative of these 
fossils from the basal oeds of this same shale series, as it occurs at. 
Kettle Point, Canada. These fossils occur as fiat disks, one fiftieth 
to one two-hundredth of an inch in diameter, often completely cov
ering the surface of the shale layers, and making, indeed, a conspic
uous percentage of the rock itself. They are undoubtedly derived 
from marine vegetation, representi1ig the reproductive vessels, which 
are the more durable portions of the production of a Sargasso sea. 
The vegetation that is thus attested is an altogether adequate source 
for the bituminous mattei· that abounds in the shales. The micro
scopic fossils are the only ones that can be relied upon for the iden
tification of the formation, and for this purpose they are invaluable. 
They are found in all parts of the foi·mation in both Ohio and 
Indiana. 

This great :,;hale series covers a number of counties in northwest
ern Ohio and in northeastern Indiana. Not more than two hundred 
feet of it are shown in any section in this part of Ohio, but at Elk
hart and at Goshen, Ind., drilled wells have proved this series to be 
more thai1 five hundred feet in thickness and about evenly divided 
between the blue shales above and the black shales below. In west
ern and southern Indiana, and also in tb,e adjacent portions of Ken
tucky and Illinois, the same formation is found ii1 reduced thickness. 
An excellent section of the lower beds is found at Delphi. On the 
eastern border of the Silurian and Devonian limestone, in the central 
regions of Ohio, the outcrops of the shale are also found in a broad 
band that extends from the ,~alley of the Ohio River to the shore of 

- Lake Erie. There are but few sandy seams scattered through this 
series in Ohio. Aside from the organic matter that it contains, it 
is fairly homogeneous· in character~ It is in this formation to the 
ea:stward that the great oil sands of Pennsylvania and New York 
are buried. But these are wanting for the most part in Ohio, and 
altogether wanti1ig in the western half of the State. 

The petroleum of tho formation remains to be mentioned. Through
out its whole extent the Ohio shale contains a determinable per
centage of free petroleum, which can be extracted by the action of 
proper sol vents on the comminuted rock. The amount obtained will 
depend necessarily on the fineness of the division of tho shales. 
Prof. N. W. Lord, chemist of the Ohio Geological Survey, has found 
in the ordinary samples of the black beds of the Ohio shale .002 of 
free petroleum, recognizing at the same time the limitatiqn as to 
quantity involved in the process. The petroleum is not confined to 
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the darker beds of the shale, but is nearly if not quite as abundant 
in some of the lighter-colored beds. The Ohio shale is undoubtedly 
the main source of the great stocks of petroleum and gas of eastern 
Ohio and of western Pennsylvania, but with this factor we have no 
present concern. It is found to a small extent as a surface forma
tion in what is sometimes improperly counted a part of the Trenton 
limestone field, but the outcrops of the shale are in reality always 
beyond tho line of valuable production from this new-found source 
of fJOwer. 

This completes the brief review of the geolog·ical scale of the two 
States so far as we need to know it in studying.the development of 
the new gas and oil fields. Only the most general statements per
taining to the subject have been attempted, and in regard to them many 
gaps have been indicated which present knowledge does not ~nable 
us to fill. 

GEOLOGICAL STRUCTURE. 

The structure of the gas and oil fields' now under consideration 
involves the structureof the western half of Ohio and the eastern 
half of Indiana, .and it can not be clearly understood except when .. 
studied in connection with the larger areas of which these fields form 
a part. The subject, in fact, inc.ludes a review ~f the geological his
tory of thefie large tracts of country. Only the leading facts per
taining to it can be considered here. 

TilE CINCINNATI UPLIFT: 

All of the earlier geological history of these two States, as far 
l)ack as it can be followed, is connected with an eleva tory movement 
that, advancing from the' southward, extended ·itself' through most 
of the territory j10w under consideration. This great uplift is most 
widely known in geology under the name of the Cincinnati'axis or 
Cincinnati anticline, a designation to whieh Newberry gave wide 
-currency in his admirable account of the geological structure of 
Ohio.' The views that he sets forth as to the character of this up
lift have been invalidated to some extent by the snrprisi1ig discover
ies of the last three years, but the account given by him still rmnains 
by far the best that has been published of the earlier stages of this 
important movement. He has shown beyond question its early ,Jri
giu .in Tennessee and Kentucky and its gradual advance through 
thAse States. The term "axis" or" ~nticline" as applied to a struct
ural feature of this character is in some respects misleading. It is 
ltarcl to qualify it so that it will not at once suggest to the ordin:ary 
reader a line or ridge, but this feature has been expressly excluded 
from all the st!ttements that have been made in regard to it. Its ex-. 
tre·ne flatness and its great breadth have been insisted upon by all 

1 Report of Geol. Survey Ohio, vol 1, p. 93. 
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who have studied it .. In tlie discussion of the physical geology of 
the Cincinnati group of southern Ohio it was shown that for 30 
miles in an east and west direction there is scarcely any appreciable 
fall in the strata that compose tho axis, and that all the determinable 
dip is a very slight and equable fall to the northward.' The term 
"axis" might well be replaced by a less confusing term, viz, the 
term." uplift." · 

More recently tho late W. M. Linney, of the Kentucky Geological 
Survey, has proposed to account for the structural features of nortli
ern Kentucky, involving also those of southern Ohio and Indiana, 
by an altogether different line of explanation. (See Rocks of Cen
tral Kentucky, Ky. Geol. Survey.) Mr. Linney denies the existence 
of a line of elevation through the State in tho direction assigned to 
the Cincinnati axis, and substitutes for it what he denomiriates the 
"Kentucky axis," which extends, as he defines it, from the mouth 
of the Little Sandy R~ver in the Ohio Valley to Clarksville, Tenn. 
Its direction, as thus shown, is about north sixty degrees east. The 
steepest slopes of parts of northern Kentucky, and by implication of 
the States adjoining Kentucky, he found to be approximately at 
right angles to this line, or, in other words, a few degrees west of 
north. Due credit ~s to be given Mr. Linney for the recognition of 
this important series of facts, but the broad conclusion that he draws 
from it is altogether unwarranted so far as Ohio and Indiana are 
cmJ.Cerned. He refuses to recognize the east and west slopes in
volved in the old doctrine of the Cineinnati axis, but these slopes 
are beyond question present as controlling factors in the geology of 
both States, and to tho extent that they occur they justify and neces-. 
sitate the recognition of the great structural feature that deserves 
the name given to it. . 

Newberry traced tho uplift by the only means available at the. 
time his work was done, viz, by the disposition of surface rocks. 
From the data at his command he deduced a direction for the uplift 
to the northeast. According to his view the axis extended from 
Point Pleasant, a few miles above Cincinnati, to the islands of Lake 
Erie. As will presently be seen, there is a large clement of truth in 
this claim, but the facts are :riot nearly so Rimple as the earlier . 
statements would lead us to believe. 

The uplift entered Ohio as dry land at the close of the Lower Si
Jm·ian time, as is proved by the Clinton conglomerate of Adams . 
County. 2 The various stages of advarice and retreat of this early 
land are most clearly shown in the subsequent geological history of · 
the State. 

By the remarkable disclosures of the drill in Ohio and Indiana 
during the last three years it has been possible to obtain data as to 
the growth of the Cincinnati uplift that enable us to trace its history 

1 Rept. Gool. Survey Ohio, vol. 1, p. 411. ' Ibid. p. 103. 
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with much 1~1ore clearness and certainty than ever before. The· 
Trenton limestone has been the goal of the driller in many hundreds 
of deep wells that have been sunk in these two States, and by means 
of the facts established in this way, we are able to determine the 
approxinutte topography of this great formation for more than thirty 
thousand square miles of territory. It need hardly be added that 
the facts of the tiplift will all be found recorded in the history of 
this great basement sheet of our geological column. 

The facts pertaining to the topography of the Trenton limestone 
are indicated in the accoinpanying map (Pl. LV), in which the vary
ing elevations of its surface are roughly indicated by shadings of· 
varying intensity. The repr~sentation is confined. to the western 
half of Ohio and the northeastern quarter of Indiana. Facts are not 
now at hand that enable us to complete the contours for western In
diana. It is known, furthermore, that in the northwestern corner· 
of the State the Trenton rises to sea level, or possibly higher, through 
several counties, and there is reason to believe that the lines mark-. 
ing the present westernmost boundary in Indiana could be extended 
towards the Ohio Valley with a decided easterly trend. 

The area in which the Trenton limestone lies above sea level is left 
without shading.• On the southern border of the two States the 
elevation of the surface of the Trenton is nearly five ·hundred feet. 
above tide. It will soon become possible to extend the bands laid. 
down upon the map to the Ohio Valley, and, indeed, throughout alL· 
tho area of the State. The line in which it falls below tide is seen. 
to extend through the following counties of Indiana, viz : Rush, 
Henry, Madison, Delaware, Blackford, Randolph, and ·Wayne; and 
in Ohio, through Preble, Montgomery, Groene, Clinton, Highland, 
and Adams Counties. Points at which the sections are established 
are often quite distant from ea:ch other, and the true boundary must .. 
be much more sinuous than is here represented. In many cases lines~· 
have been continued considerably beyond the limits of exploration 
in directions in which they were running; but there is no reason to·-· 
doubt that the general conformation of this portion of this deeply 
buried stratum is in substance as indicated on the map. The same , 
qualification must be made for all the other boundaries that are laid 
down, and for most of them a like claim as to substantial accuracy 
can be made. Drilling has been car]iieci much farther in Ohio thEm . 
in Indiana, and more data have been collected here, but the facts· 

. revealed i;n central Indiana are as instructive as any that appear in 
the Ohio field. The be_aring of these facts on the production of gas 
and oil will be presently discussed. 

Attention will be called to a few of the most obvious facts that are 
indicated by this map. 

1 The uncolored. areas of western and southwestern Indiana must not be con- -
founded with the area now described. The former are simply undetermined. · 
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(1) The main axis of the Cincinnati uplift extends to the north
west and not to the northeast. In the light of all that we htwe been 
accustomed to hold in regard to this great structural feature the 
statement here made is a surprising one, but no other interpretation 
of the facts is possible. The high levels of the Trenton limestone 
all advance to the west of north, and for this we ought to have lJcen 
partially prepared by facts already in hand. The geological map of 
the United States has long shown a distinct westerly trend for the 
joint Silurian foi·mations of the two States, Ohio and Indiana. · 

(2) From Wayne·and Randolph Counties, Indiana, a northeasterly 
prolongation of high-lying Trenton rock extends through Darke, 
Mercer, Shelby, Auglaize, .Allen, and Hardiu Counties, to the cen
tral part of Hancock County. This prolongation may be named the 
Lima axis. From Hancock County an important spur of high-lying 
Trenton extends northerly, with a very slight westerly element in its · 
direction. On the western side this spur is bounded by· one of the 
most marked disturbances yet discovered in Ohio geology, viz, a 
monoclinal fold, or perhaps a series of connected folds of this char
acter. Tho downthrow is to the west, and its total amount is not less 
than two hundred feet. The most of the descent is accomplished 
within a half or- a quarter of a mile, and in some cases at the rate 
of one foot in eight. This field may be appropriately styled the 
Findlay Monocline, the Findlay Break, or the Findlay Arch. It 
can be followed northward to the Michigan border, which it reaches 
near Sylvania. It can also be traced to the south and east of Find
lay, though in somewhat reduced proportions. 

(3) On the eastern margin of this high-lying Trenton in Ohio the 
line of 750 feet below title agrees fairly well with the theory of the 
Cincinnati axis that has been previously taught. This line bears a 
few degrees east of north entirely across the State; and it agrees 
measurably with the direction of the outcrop of the Devonian lime
stories and shales in this portion or the State. In the later stages of 
this series of movements, thereforA, the claim of a northeasterly axis 
finds somewhat more support in the facts of Ohio geology than would 
at first sight·seem possible. 

(4) In llOTthern central Indiana the Trenton seems very loth to 
descend from its elevated terrace, and it is altogether probable· that 
th~ depression which it at last m1dergoes in this .region is but tem, 
porary, and that in the northwestern counties of this State its sur
face is again brought up to or above sea level. This last uplift would 
scarcely be counted as a part of the Cincinnati uplift ·in any case. 
It would rather be referred to a movement originating elsewhere and 
advancing in a different direction from that which we have now been 
tracing. . 

(5) The order of elevation disclosed is of the continental and not 
of the mountain-making type. This view was long ago urged by 
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Prof. E. T. Cox, former State geologist of Indiana. He denied that 
. the doctrine of the Cincinnati axis as exprmnded for Ohio would 
furnish an adequate explanation of the facts of .ctructure of Indiana. 
He had the sagacity to recognize the true character of the uplifting 
agencies far in advancf:l of recent explorations but in essential har
mony with them. 

(G) Within the areas now described, and especially in ihe great 
prolongation of the high-lying Trenton limestone ~n Indiana, there 
are no other axes or anticlines that deserve the name, but the rock 
lies nearly as regular as any stratum of the earth's crust. It has its 
normal rate and direction of descent, and variations of a few feet or 
a few scores of feet may occur in any field, but ·nothing of the char
acter of persistent folds or arches has thus far been apparent. 

The disturbance of the .rocks along the Wabash Valley will be 
alluded to on a ~ubsequent page. 

The structure of the region covered by the map (Pls. LVI-LVIII) 
is illustrated by diagrammatic sections which are carried across it in 
various directions. The sections. must. be acknowledged to be ideal 
for ninety-nine hundredths of the regions w h.ich they traverse. They 
are based upon records of wells that have been drilled at the several 
stations named along the line. These stations are separated by long 
intervals, and there is always a possibility that in this unknown in
tervening territory a considerable divergence from what is found 
in the records of the wells may occur. To this extent the sections are 
ideal, but if irregularities occur in these intervals the recovery from 
them is very rapid, and the sections of the different wells are re
markably uniform. The impression made upon the mind by the 
facts as they appear is that of wonderful steadiness and constancy 
for the entire series. Few portions of the earth's crust have had a 
more equable and regular mode and rate of growth than this part 
of the Mississippi Valley. 

The different formations are indicated by symbols as far as they 
can be definitely distinguished from one another. Certain bounda
ries are left indistinct; for example, between the Hudson River and 
the Utica shales in a large part of the territory involved. The Utica 
shale is represented as thinning out in southern Ohio and disappear
ing altogether. . Another version of the facts is possible, as has been 
already stated. No line is drawn between the Medina and the Hud
son River shales, though in much of the productive territory in 
northern Ohio a fairly sharp boundary may be laid down for the 
Medina. · 

Several of these ·section!?, radiating from Point Pleasant, Ohio, the 
only locality in ·either State in which th~ Trenton limestone becomes 
the surface rock, embrac('l between their extremes the whole of the 
new gas and oil fields. The sections referred to are NOS. 1 to 4, 
inclusive. 

8 GEOL--37 
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Section No. 1 extends from. Point Pleasant to Logansport, Ind. 
Its direction is about forty degrees west of north. · 

Section No.2 extends from Point Pleasant to Fort Wayne, Ind., 
and its direction is 20 degrees west of north. 

Section No. 3 extends in a due northerly, direction from Point 
Pleasant t<;> Wauseon, Ohio. 

Section· No. 4 extends in a direc~ion 20 degrees east of north to 
Sandusky, Ohio. The length of each of these several lines is about 
two hundred miles. 

These sections indica~e the surprising steadiness of· the region 
which they traverse as a whole, and at the same time the i~portant 
features can all be recognized in them. 

In section No. 1 there is nothing specially noteworthy. It marks. 
the extreme western boundary of the Indi~na gas field. At its north
ern termination, it reach~s the disturbed ·stratification of the Wabash 
Valley, but this is. not yet proved to be a fact of great importance 
iri the general'section. The'Trenton is found at Logansport about 
where the normal descent that begins ·at Anderson would carry it~ 
viz, at 340 feet below tide. 'fhe last-named town is near the south
ern margin of the gas field, so far as its boundary now appears, and 
Kokomo is on the extreme western margin. This section is seen to 

·traverse for a long distance a high level of Trenton limestone, thus 
showing an unusually slow descent fm: the strata. The total :fall of 
the Trenton on this line is 840 feet. 

Section No. 2 extends from Point Pleasant to Fort Wayne, and 
indicates a series of facts quite similar to those shown along the line . 
previously described, except that 'there is a steeper descent to the 
iwrthward. At Fort Wayne the surface of the Trmiton is 6GG feet 
below tide, against 340 at Logansport. This section traverses but 
little productive gas territory. The monotony of the.structure that 

· appears in it .results in part from our lack of knowledge of the long 
intervals. The total fall of the Trenton in this section is 1,166 feet. 

Section No. 3 is more vaTied and instructive than either of the
others, because moi·e work in drilling has been done along its line .. 
Its direction is duo north, and it traverses the most important oil field 
yet found .in the Trenton limestone, viz, the Lima oil field. The 
total descent of the Trenton on this line is more than one thousand 
eight hundred and fifty feet, the fall at the northern end of the sec
tion being quite precipitous as the rocks sink to form the sol1thern 
rim of- the Michigan coal basin. The low ;:trch shown between Sid-· 

· ney and Lima is the uplift referred to under the name of the Lima 
axis. 

In section No. 4 the eastern margin of the Ohio gas and oil field 
is defined, and but very little productive territory is traversed by the 
line. The total descent of the Trenton on t.his line is i,200 feet. A 
section drawn on a northeast line from Shelbyville, Ind., to San--
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dusky, Ohio, and marked No. 5, indicates quite a similar line of 
facts. 

Sections 6 and 7 are north and south sections drawn across the pro
ductive gas field of Indiana, the former on the eastern margin of 
large production, and the latter through the very heart of the field. 
The remarkably uniform surface of the Trei1ton limestone as shown 
in section 7 is to be particularly noted. The extreme range, so far 
as present data go, does iwt exceed one hundred feet. Few beds of 
rock anywhere approach as near :;t horizontal surface as the Trenton 
limestone in this field. 

Se~tions 8 to 11, inclusive, pertain mainly to the Findlay field, and 
they vie with each other in displaying in the most conspicuous way 
the Findlav monocline or ·arch. 

Section S extends from Napoleon to Bucyrus, in a. direction 30° 
south of east. The Trenton limestone rises from 1,100 feet below 
tide at Napoleon to 300 below on the Findlay arch at North Balti
more, and descends again to 1,350 feet below tide at Bucyrus. 

Section 9 :represents the short but interestii1g section that is_ fur
nished by the Deshler and the Tiffin wells, and by the numerOUS' 
wells drilled in the interval. 
·. ·In· Section 10 the Findlay break as shown at Bowling Greim, 24 
miles due north of the point where the feature was first recognized 
and identified, again appears with great distinctness. At no locality 
along the line of the disturbance is the effect more conspicuously 
seen. A similar section will be found at Sylvania when further data, 
are accumulated in the vicinity by the drilling that has alr\3ady 
been entered upon. Section 11 is taken along an east and west lin6'1 
from Fort Wayne through Findlay to Plymouth, Ohio. The last-· 
named tow1i is thus far the Ultima Thule of the Trenton limestone 
on the eastward. slope of the :H'indlay arch. The new gas rock has· 
been sought in many other tpwils in this region of the State, but; 
hitherto without success. In most of them the search has been: 
abandoned after reaching a depth of two thousand to three thousand[ 
feet, on account of floods of salt water that could not be exhausted, 
and that it was difficult and expensive to exclude. The remarkable 
steadiness of the Trenton limestone on this line from Fort vVayne to, 
Findlay will not escape notice. It illustrates the continental char
acter of the uplifting force, by which the entire region was comterted 
into dry land. 

Two other sections remain to be briefly noticed, viz, 12 an'd 13~ 
Both are constr:ucted on east and \vest lines, one joining Lafayette> 

·Ind., and Delaware, 0J1io, and the other joining Indianapolis an<l 
Columbus. . Th,ey agree with all the other S!'Jctions through the 
region in showing wonderful steadiness. Section 12 traverses the 
Indiana gas field which is found in and adjacent to the low· arch 
that is seen to underlie Eaton.. This east and west section of tl:te gas 



580 THE TRENTON LIMESTONE. 

field will be referred to on a subsequent page. In section No. 13 tha 
most noteworthy point is the steep descent of the rock from a few 
miles east of Springfield to Columbus. The descent in this line is 
continued at the same rate as far east as Newark. The dip reaches 
a maximum of 30 feet to a mile in this portion of the State. The 
possible error that would result in averaging dip over long_ distances 
is well shown by this section. · 

It will be found that much information as to the composition of 
the series in different parts of the districts under discussion is con
veyed by these several sections. The proportions of the several strata 
are not, however, as well supporteq by>detailed sections in Indiana 
as in Ohio, but it is believed that enough similar sections from indi
ana are included to make the representation reasonably accurate. 

DISTURBED STRATIFICATION IN THE WABASH VALLEY. 

. Special attention has been called by the present geological survey 
of Indiana to a series of marked irregularities of structure that occur 
in the Wabash Valley between Huntington and Delphi, and also in 
other parts of western Indiana. These have been particularly de
scribed by Prof. S. S. Gorby, assistant State geologist, in a valuable 
paper entitled The Wabash Arch.' Professor Gorby has also dis-
cussed the subject in several newspaper articles. · 

The facts are of unusual interest, and, for the Mississippi Valley; of 
unusual complexity, and they deserve to be carefully studied and 
analyzed. They include unequivocal examples of uplift and also 
unmistakable cases of false bedding on a large scale. The latter is 
.a rare but not unknown phenomenon in calcareous rocks of organic 
ongm. No clearer case of this peculiar form of structure is anywhere 
to be found. An excellent ex::Lmple occurs in quarries of the Niagara 
_limestone on the south side of the river at Wabash City. 

No discussion of this important line of facts can be undertaken 
fuere. It does not seem to have any recognizable connection with 
the gas production of the Indiana field; neither does the disturbance 
.seem to have been of great magnitude at great depths. If the entire 
:series has been raised or depressed on a large scale, Nature seems to 
bave been very careful to restore all things approximately to their 
<Original condition. On all the "lines of section traced the Trenton 
limestone is found at an apparently normal level compared with areas 
to the south of the valley. A difference of but ten feet was found 
in the elevation of the surface of the Trenton limestone in two wells 
at Huntington, a mile apart, and separated by a'striking example of 
the disturbed structure here referred to. There is a well-marked 
.case of uplift at Delphi, where the Pentamerus beds of the Lower 
Helderberg are lifted to a higher elevation ~han the Devonian shales 
which surround them, but the amount of the elevation is small. All 

'Indiana, Dept. Geol. and Nat. Hist., 15th Ann: Report, 1886, pp. 228-241. 
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the facts found here could apparently be explained by a rise of fifty 
or seventy-five feet. 

The geological composition a,nd structure of the now fields, together 
with thnt of the territory that incloses them, have 1w\v been briefly 
stated. Certain Important applica,tions of the facts remain to be 
made. 

GEOLOGICAL FACTORS IN GAS AND OIL PRODUCTION. 

Upon what depends the productive character of certain co1npara
tively small portions of the Trenton limestone within the wide areas 
that have now been passed in review? Why is one square mile of 
this formation the source of incredible wealth, while ten or a hun
dred square miles adjacent to or inclosing it contain only hints or 
traces ofthe newly discovered stocks of power? 

it is not the general geological series that is at fault so far as this 
inequality is concerned. This is essentially the same for tens of 
thousa,nds of square miles of the country within the limits that have 
been considered in this review, and for still wider areas outside of 
these limits; Three conditions for petroleum accumulation have 
been pointed out ·in Chapter II of this paper. They are as follows, 
Source, reservoir, cover. Within the territory now described sources 
of petroleum are never wanting in the groat limestones that make s01 
prominent a part of it, and particularly in the Trenton limestone that; 
constitutes the base of the geological scale of both States. Again,. 
the shales that cover the Trenton limestone with five hundred to one' 
thousand feet of their close and impervious beds furnish an adequate. 
cover 9r roof for all petroleum accumulation that may be found in: 
the limestone. It is thus seen that two of the necessary conditions 
are universal throughout this territory. What is to be said of the 
third factor, the reservoir? The answer is that the Trenton lime
stone is the reservoir as well as the source, and the Trenton limestone, 
as has been already shown, is universal. While these latter state
ments are true, there is still a possible fallacy lurking in them which 
will presently come to light. There are, however, considerable ar·eas 
where all of these claims seem to have been met, and yet the lime
stone contains no petroliferous value. Can the condition or con
ditions that are still lacking be pointed out? 

The structure or arrangement of the oil or gas rock, involving the 
level of the stratum in contiguous territory, has been proved to be a 
potent factor in petroleum accumulation. A glance at the sections 
that have now been described is enough to show that marked struct-. 
ural disturbances occur in at least some of the gas and oil fields;: 
and disturbances of exactly the sort that we should naturally connect 
with the desired accumulations. For all territory in which these 
peculiar structural features occur, and, on the other hand, for all the 
adjacent territory in which they are wanting, we should be able to 
give a reason for the facts of production or of failure. Well-marked 
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and natural boundaries are found between the two phases of the oil 
rock. 

But there a;re other productive wells in which no sharp structural 
boundaries are apparent; in other words, substantially the same feat
ures that characterize highly productive territoi·y ~s to elevation 
and relative situation characterize .other large areas from which noth
ing is derived., In such cases we can fall back upori the character of 
the reservoir, ascribing the failure to want of porosity in the bar- · 
ren portions of the field. Thest;l two lines of explanation are open t~> · 
us, and they will be found to yield excellent results when applied to 
the facts with which we have to deal; but still they do not, by any 
means, cover all the ground. There are important divisions of the 
new field for the productiveness of which, in the present state of our 
knowledge, we can give no good or even plausible reason. 

The two lines of explanation already suggested ~vill be considered 
in connection with the several fields. The order in which they are 
named will be reversed in the discussion, and the por.osity of the Tren
ton limestone will be first taken up. · 

POROSITY OF THE TRENTON LIMESTONE. 

'That the Trenton lim~stone is the reservoir of Findlay gas and 
Lima oil was established almost as soon as these substances were 
discovered. That it contains them as the oil sands of Pennsylvania 
contain their stocks of gas and oil, viz, in the pores or intersti- · 
tial spaces of the rock, seems altogether probable. The Findlay gas 
rock is visibly and noticeably porous, especially that obtained from 
the we1ls of largest production. In fact, the best of it is much more 
conspicuously porous than the coarsest oil sands of Pennsylvania. 

It has been urged by Dr. Lesley • that the Trenton limestone of 
the new e~il field must be cavernous. He counts the presence of caves 
in it a necessity from the geological elements involved; and he de
nies in advance the sufficiency of any argument against the existence 
of eaves which is based on the failure to find any up to this time. 
Caverns and communicating fissures he considers the receptacles of 
oil and gas as they occur in this rock. Prof. E. T. Cox has also, in 
recently published letters, expressed the opinion that the gas and 
oil of the Trenton limestone must be contained in pre-existing caves 
and fissures. 

The argument for this cavernous condition of the limestone, it will 
be observed, is wholly an a priori argument. No observed facts 
whatever have been brought forward indicating the existence of 
these caverns except the facts of gas and oil production. A large 
number of welTs had been drilled when Dr. Lesley wrote, and the 
number has been several times multiplied within the last year, but 
·it is not know1i that a single hint or suggestion of any cavity or open 

1 Science, September 10, 1886. 
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fissure in this deep-lying rock has been reported by the driller. 
Upon this a priori assumption a good deal might be said. The effect 
of atmospheric .water .falling as rain on limestone rock that lies above 
the drainage system of the region to which it belongs is to produce 
subterranean caves and fissures, it is true. But is it probable that 
the saturated brines of the lower limestone that have no direct con
nectiOn with surface water, and no opportunity for the renewal of 
their stock of carbonic acid, the great agent of corrosion, would pro
duce such results 1,000 or 2,000 feet below the surface? 

But, leaving these questions, it may be asked, if the Trenton lime: 
stone of Ohio can be shown to be as porous as the oil sands of Penn
sylvania, what more need is there of caverns and fissures in it t~an 
in them? It is confessed that it is hard to form a picture of the 
state of things in a high-pressure oil or gas rock in any case, but 
just what is gained or lost by making the containing walls of the 
gas or oil reservoirs dolomite crystals rather than grains or pebbles 
of silica does not appear. 

That the limestone is thus porous is well shown in the representa
tion of thin sections of the gas and oil rock on Pl. LX. 

The porosity of the Trenton limestone in the new fields is con
nected with its chemical constitution. For the facts pertaining to 
this last-named subject, the analyses given on a previous page will 
he recalled. • Wherever the Trenton limestone is an oil or a gas rock 
of pronounced character, it is a dolomite more or less pure. It is a 
dolomite also in other la;rge areas, especial1y in those in which salt 
water promptly rises when the oil horizon is reached. The com
position of the Findlay gas ·rock was dotermine<l by the Ohio Geo
logical Survey very soon after this rock was struck iu the Pioneer 
well, and the fact that it is a dolomite was made known at once. 
The significance and relations of the discovery were, however, not 
apprehended until later. 

The dolomitic charactAr of the Trenton limestone is by no means 
universal; in fact, it is rather the exception. The bulk of the forma
tion, and apparently the whole of it, for 10.000 square miles in a 
bo<ly is best represented by figures like those given for the Point 
Pleasant rock, viz, carbonate of lime, 75 to 85 per cent.; carbonate 
of magnesia, 2 to 10 per cent. The composition of the rock seems 
to be gradtially or rapidly changeJ from one character to the other 
in the same horizon. A. question of great interest and importance 
may be raised as to whether the oil rock is an addition to the scale, 
superposed upon the 11ormal Trenton limestone, or whether it is the 
modified Trenton limestone itself. The problem is not necessarily 
an insoluble one, but we have not data at present for working out 
a final answer. 

A. good deal can he said in fa,·or of the first-mentioned view. 
1 Page :).il-55+. 
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The oil rock may be considered the equivalent of the Galena lime
stone of Illinois and Wisconsin, which in its lead-producing phases 
is a true dolomite. By the uplift of the Trenton limestone proceed
ing from the southward, the Utica shale has alr~:Jady been seen to be 
excluded from the series in Kentucky and southern Ohio. By a 
further elevation of the sea floor from the same direction the Galena 
limestone might have bee!llimited in original deposition in Ohio and 
Indiana to those areas in which we now find the kindred dolomite 
which supplies the productiveness of the Findlay.oil and gas rock. 
Viewed in this light, the oil rock is the Galena limestone. 

According to the second view the Trenton limestone might have 
been in its earlier stages approximately uniform in composition 
through the entire territory which we are considerinK: the orig
inal composition being represented by the southern phases of the 
sto~e, which contain about 80 per cent. of carbonate of lime. In 
the oil and gas fields, and beyond them to a certain extent, the lime
stone was, subsequent to its deposition, transformed in its upper beds, 
its calcite being replaced by dolomite. It is this substituted rock 
which constitutes the main oil and gas reservoir. 

It is hoped that these interesting questions, the solution of which 
involves a large amount of microscopic and chemical as well as 
purely geological work, will be taken up at an early day and followed . 

. through to a clear and well-settled conclusion. 
The fact remains in either case that the oil rock is a dolomite, and 

that its porosity results from its highly crystalline character. Inter
locking crystg,Uine growths have empty 'spaces between them, and 
thus furnish adequate storage, as the -result has proved, for high
pressure gas and great stocks of oil. The character of the rock can 
be approximately determined by inspection. The drillers judge 
this limestone "oil sand," so-called, by its grain, that is, by its crys-

. talline character. A rock that breaks into small and fairly coarse 
cubical masses is "good sand," while fine-grained, and especially a 
whit.~ and flaky form of the rock, is counted unpromising. The last
mentioned form is characteristic of the Trenton limestone in south
ern Ohio. The driller is thus seen to be right in the declaration that 
he frequently makes that he has struck Trenton rock but finds no 
"oil sand." The porous .dolomite is wanting. Trouble often arises 
from cases of this sort between the driller and the companies or in
eli vi duals that order the drilling, the contract requiring that a cer- . 
tain depth in the Trenton limestone be reached. The question there
fore becomes an impOTtant one as to what the proper boundaries of 
the Tre1it.on limestone are. The prospecting companies are disposed 
to claim if they do not strike gas or oil in quantity that they have not 

;reached the Trenton limestone.· 
The thickness of the dolomite in the fields where it occurs has not 

been found to exceed fifty or one hundred· feet in any cases yet ex-

I 
I 
I. 
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amined. It would perhaps be safer to say that dolomite has not 
been found at a greater depth than fifty to one hundred feet. The 
driller may be right in counting five or ten feet as the usual thick
ness of the porous bed that constitutes the reservoir. More facts 
are needed, however, in regard to this point. The two analyses 
from Bowling Green already given have a bearing on this limit, 
though they do not settle it. At 1,096 feet the top of the oil rock 
occurs, and its composition from that depth is found to be carbonate 
of lime, 51. 78; carbonate of magnesia, 36.80; while from a depth of 
1,100 feet the composition of the Trenton limestone is carbonate 
of lime, 88. 64; carbonate of magnesia, 6. 77. · The southern or nornial 
type of the formation is shown in these figures. The deepest large 
production in the ~"'indlay field is 1'eported from 03 feet below the 
surface of the Trenton limestone, but important production from 
below t;!O feet is quite unusual. In the Lima field no value has been 
obtained by going more than 30 feet ·below the surface of .the Tren..: 
ton limestone. The fact that the rock which underlies the oil-bear
ing dolomite has the. composition of the ordinary type of Trenton 
limestone can be made to agree with either of the theories of the • 
origin of the dolomite. 

The question as to the extent or limitation of the porous dolomite 
is seen ~o be a very important one. In general terms it can be said 
that this character of rock in the upper beds of the Trenton lime
stmw apparently extends to the north and northwest of the present 
fields in a widespread area .. If the Trenton limestone is unproduq_ 
tive of gas or oil in these directions, the fact results from some other 
cause thaii the lack of a porous rock to serve as reservoir. · The dolo
mite appears in excellent character in the Bryan well in the extreme 
northwest corner of Ohio. 

To the northeastward a limit appears to be sooner reached; at 
least, the few analyses that have been taken from the rock in this 
direction seemed to require such a conclusion. Single analyses at 
Fostoria, the top of the Trenton limestone, and at Fremont, 20 ll)iles 
northeast, show the following constitution: 

Fostoria. Fremont. 

Siliceous residue ....................... 5.82 6.53 
Carbonate of lime ................. ... 61.50 75.79 
Cari:Jonate of magnesia ................ 27.30 13.37 

The best-marked boundary, however, is found to the southward. 
The dolomitic character of the limestone disappears entirely when 
followed a little to the south of the present ·limits of oil and gas 
production. It is replaced by the normal type of the Trenton lime
stone . 
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This fact is brought out clearly in several ways-by the results of 
'chemical analysis, by the charac~er of the rock as shown in drillings, 
and by its unproductive or feebly productive.character as a source 
-of gas and oil within these limits. The analyses that illustrate this 
point are grouped in the following table. There is nq exception 
whatever to be noted in this list to the general statement, made 
.above. 

Tho analyses are repeated from a preceding page, but the series 
will be followed in a reverse order from thp,t before adopted so far 
:as direction is concerned.. The top of the Trenton limestone or the 
.gas horizon proper will only be considered in this list, and the car
bonates of lime and magnesia are the only elements that will be hete 
Teported. The figilres in the appended couplets represent these car
bonates respectively. Gas and oil are produced by the limestone as 
shown in Nos; I, 2, and 3, and sparingly in 4. . A trifle is found in 
·No. 5 also, but without value. In the remainder the rock carries no 
stock of oil or gas: 

' . 1 hl.~ . 1 
1. Bowling Green .... , .. , ..... ( 36. 80 5. Piqua .. · · ~ ... · · · · · · · · · · · · ·. ·1 

2. Findlay .................... 1 ',a3"~· 41 
6. Osborn .......... 0 •••••••••• 1 . 1 'o.6ll ' 1 

· 1 52.66 · • 1 
3. Lima ..... _ .................. 1 37

_ 
53 

j 7. Hamilton ...... _ ... , ......... 1 
.. 1 62. 3o . . . I 

4. Stdney .................... ·1 
32

/
30 

I 8. Pomt Pleasant .............. 1 
1 Corrected. 

78.70 . 

2.60 

81.80 

2.70 

84.75 
3.25 

79.30 

0.91 

From the Findlay field to the eastward a similar line of facts is 
obtained as already shown. 

The results are as follows. Fremont and Fostoria are northeast of 
Findlay; Plymouth is due east: 

. I 
Findlay .................... _ .. ·1 

Fostoria ...... · ................ { 

50.41 
35.69 

61.50 

27.30 

I Fremont ....................... ( 

Plymouth.,. . .. : ............ ·1 
Tho last three are essentially or altogether unproductive. 

75.74 

13.37 

67.50 

14.90 

The Galena limestone of IlJinois and 'Visconsin has been referred 
to in connection with the facts brought to light in the new oil field. 

'The parallelism between the lead rock of Wisconsin and tl18 oil rock 
of Ohio will not escape .. notice. Both are inchided in the Trenton 
limestone; both belong to its uppermost division; both are dolomites 
in chemical composition; both shade off insensibly into the common 
type of the Trenton limestone. To this it may be added that the 
mineral wealth of both formations is strictly or mainly limited to 
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the dolomitic _port'ion. The Trenton limesto~e is not a· lead ~·ock be
yond the boundary of its dolomitic composition in the Galena divis
ion. The Trenton limestone is not a source of bituminous accumu
lation beyond similar limits in the Findlay oil rock . The Trenton 
limestone, aside from the composition above noted, does not seem 
capable of holding the largest accumulations of oil or gas. And, in 
fact, :where it maintains its normal character, so far as present knowl-

.. edge goes it is not an oil rock of any higher character than several 
-other limestones of our scale. 

The facts now stated afford a partial answer to the question· with 
which we set out, vii, "Why is one area of Trenton limestone pro
ductive of petroleum on the large scale while an adjacent area in 
which the surface featuresand geological sections are the same is 
without any value whatever in this respect?" The difference is seen 
to result from, or at least to be accompanied by, a different chemical 
and mineralogical constitution of the stratum that we call the Tren-
ton limestone. · 

The snuill prospect of success in the search for oil and gas in the 
regions in which the Trenton limestone holds its normal character is 
obvious in the light of the facts and considerations here adduced. 

THE RELIEF OF THE TRENTON LIMESTONE AS CONNECTED WITH GAS AND OIL PRO

DUCTION. 

The second geological factor to be discussed in connection with the 
petroliferons character of the Trenton limestone is the varying ele
vation of its surface. In several of the new fields this proves to be 
the factor that determines success or failure. · 

It is obvious that the character of -the rock as to porosity, involv
ing its possible adaptation as a reservoir for gas and oil, comes first 
in the order of important geological factors. But, given a rock· of 
suitable quality in this regard, its productive character will be found 
strictly limited to certain levels. A dead line. is drawn around each 
prorlnctiv:e field, mid very often the areas of gas and oil are sharply 
diffei:entiated from each other by varying· elevations of the r<?ck 
that contaii1s them both. 

"'\That are these dead lines? They are in i·ea1ity the boundaries 
· between the stocks of petroleuni. or gas contained in the r.eservoirs 

and the salt water that occupies the lower portions of the same por
ous rock and which constitutes the propelling force for both oil and 
gas. They mark the limits from which the energy of the imprisoned 
gas has expelled the salt water within the common reservoir. They· 
will obviously be found to occupy different levels in different fields, 
depending upon the elevations of the reservoirs themselves. In the 
Findlay field the highest levels of the reservoirs are 300 feet below 
tide. The dead line or salt water level was originally 500 feet below 
tide. In the Lima field the highest level of the oil rock is a little 
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more than 300 feet below tide. The salt water rises in the reservoir 
to the line of 400 feet below tide. The difference bet-\veen the dead 
lines in the Lima and in the Findlay field is due to the lower ~nergy 
and volume of' gas and the greater breadth of rock in the former. 
In the Saint Mary.'s gas and oil field the lines have not been worked 
out with so much care as is desirable, but the probable limits of pro
duction aTe between two hundred feet below tide and a little more 
than three hundred feet below. In the Indiana fields the deadline 
or salt water line in the porous reservoir is a little less than one 
hundred feet below tide .. The upper limit of the productive rock 
in this field is sixty to seventy feet above tide, the total range of 

. production being included between these limits. It will be almost 
wholly covered by 150 feet, viz, from 90 feet below tide to 60 feet 
above. · 

The absolute elevation of the reservoir does not seem to be an im
portant factor in productiveness. Everything turns on the relative 
elevation. Oil and gas will travel along any porous rock that con
tains them to the highest portions that are open to them. If the 
Trenton limestone were porous throughout its whole extent there 
would be 110 accumulations where we now find them, except as stocks 
of oil and gas might be trapped in the summits of folds or arches 
found along their way to higher gro~nd. The outcrops of the for
mation would abound in surface indications. 

As to the chemical composition of the Trenton limestone and thus 
as to its porous or non-porous character in a given tei'ritory, we can 
form no opinion in advance of the drill, except as may be fairly 
inferred from the probable constancy of chemical characteristics 
through large areas of rock. But in regard to the. remaining factoY · 
in oil and gas production, viz, the relative elevation of the sndace of 
the Trenton limestone, we are in altogether a different position. In · 
a series of such steadiness as the sections already given clearly estab
lish for the parts of Ohio and Indiana that have been passed in re
view, we are able to determine fi·om the surface elevation and the 
surface rocks in what C'ondition the TTenton limestone will be found 
so far as this factor is concerned. 

The 30,000 square miles that we are considering, it will be remem
bered, make a very near approach to a plain. The extremes of sur
face elevation are confined to a 'few hundred feet, but the surface is 
occupied by formations of various geological ages. It follows, 
therefore, that the older the rock that makes the surface in any dis
trict, other things being equal, the higher will the Trenton limestone 
be found beneath. Whenever these older formations come to the 
surface the conditions for oil or gas acc'umulation must be more 
favorable. It so happens that two great formations of Upper Silu
rian time, viz, the Niagara limestone, 300 feet thick, aud the Lower 
Helderberg limestone. 500 feet thick, occupy and divide between 
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them a large part of the district in Ohio and Indiana which are un
derlaid by the dolomitic oil rock of Trenton age. When the Ni
.agara makes the surface the Trenton limestone will be found at a 
higher level than when the Lower Helderberg forms tho surface. 
Tho experience of the drillers up to the present time has laid a 
foundation for the important generalization that the Niagara lime
,stone always makes the surface rock when the Trenton limestone 
occupies the proper level to constitute a reservoir of gas. In other 
words, the Niagara limestone is the surface gas rock. There is not 
.a well in Ohio of large or even respectable proportions that does not 
begin in the Niagara limestone, or at least where this limestone is 
due. The limestone may have been removed by superficial erosion 
without vitiating the conclusion that has been drawn. The state
ment must not be insisted on in the strictest terms, however. There 
are a few instances in which a thin cap of Lower Helderberg lime
stone was passed through before the Niagara limestone was struck, 
·but the outcrops of the latter were close at hand, and the territory is 
at least common to the two formations. 

As the Niagara limestone is the gas rock, so the Lower Helder
berg limestone makes the surface where all large production of oil 
is found. To this general statement there are no important excep
tions. 

These ge"ueralizations were originally drawn from the facts of Ohio 
€xperience, but the first of them proves to be almost equally applica
ble to the Indiana gas field. In Indiana but one form of petrolifer
ous wealth has thus far been brought to light, ~iz, gas ; and this. 
keeps close within the boundaries of the Niagara formation; trans
gressing them at but a few points, among which may be named Ko
komo and Noblesville, on the western·and southwestern· margins of 
the field: In reality, Kokomo is situated upon the boundary of the 
two formations and Noblesville comes within another line of similar 
significance. 

The Niagara limestone is the surface rock for substantially all gas 
territory in the new fields, a~d the Lower Helderberg is the surface 
rock for all oil territory; but there is no warrant for the conclusion 
that gas and oil are respectively due under all the territory occupied 
by these formations. The latter are widespread, while the condi
tions for petroleum oii a large scale are, it appears, difficult to meet 
and but rarely met. Sharp limitations are imposed by both the fac
tors already brought forward. The Trenton limestone, to be produc
tive, must have the right chemical composition and a proper crystal
line character. Its surface at the poin't of production must also have 
some advantage in the matter of relief or elevation over surrounding 
areas. The localities where all things are ready a~e far between. 



CHAPTER V. 

PRACTICAL OEVELOPI.V):ENT OF THE GAS AND OIL FIELDS. 

The application of the facts and principles that have been stated: 
·. in the preceding section remains to be made in a condensed account. 
of the leading geographical divisions of the new gas and oil terri
tory. Before entering on this discussion two or three topics that. 
have a common bearing on all the fielcls will be briefly discussed. 

TRENTON LIMESTONE GAS-ITS COlVIPOSITION AND USES, 

What is natural gas ? The question is as hard to answer in a sin
gle statement as the question, "What is coal?" The last-named 
wbstance sweeps through a wide range of .physical and chemical 
properties, from anthracite to lignite, and yet is coal all the time. 
Natural gas shows an equally wide range i:l1 composition. The deadly 
fire damp of the mine, the inflammable gas that arises from decaying 
vegetation buried in marshes and bogs, and the gases that are re
leased by the drill from the rock reservoirs in which they have been 
stored are alike natural· gas. In all of them the predominating 
element is light carbureted hydrogen. Fire damp consists very 
largely, sometimes almost exclusively, of this substance; rock gas 
has this substance for a basis, but contains. varying proportions of 
other gaseous elements or compounds. Its composition may vary 
with t.he rock from which it is derived, and possibly with the pres
sure under which it exists.: It is also popularly held that g'as from 
the same well may change in composition at different dates. 

But to the question "What is Findltty gas?" we have been able 
· from the first to give an answer in the exact terms of chemical anal
yses. Findlay gas was approximately analyzed by 'Mr. Emerson 'Mc
Millin, superintendent of the Columbus gas works, early in 1885. 
He found its percentage of light carbureted hydrogen to equal or ex-. 
ceed 90 per. cent. Prof. C. C. Howard, of Starling Medical College, 
Columbus, undertook for the Qhio Geological Survey a. carefuL and. 
complete volumetric analysis of the gas. His examinations were 
repeated many times at intervals of several months, and showed the· 
composition to be constant. The results, when interpreted according·; 

590 
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.to a cei'tain them-y of combination of the elements that were found 
here, are as follows : 

Marsh gas .............. ·........ 9.2. 61 
Olefiant .gas..................... 0. 30 
Hydrogen . . . . . . . . . . . . . . . . . . . . . 2. 18 
Nitrogen....................... 3.65 

Oxygen ................ : ...... . 
Carbonic acid ................. . 
Carbonic oxide ................ . 
Sulphureted hydrogen ........ · .. 

0.34 
0.26. 
0.50-
0.20 

In regard to thes3 figures it is to be observed that the determina
tion of the hydrocarbons or marsh gas is not final. Some other mem
bers of the paraffine series may be included under this head. It 
would perhaps be safer to count the smn of the first two substances. 
as the amount of the paraffines in the gas, leaving the special form 
in which they occur undetermined. Counting the constitution of 
the gas to be as given above, Professor H9ward deduces for it a. 
specific gravity of . 57; but determinations by direct methods indi
cate a higher gravity. One method gives .6 and another gives .64. 

Recent examinations made by Professor Howard show that 1>he .. 
entil.·e supply of Trenton limestone gas from all parts of the field 
and with all the varieties of depth and pressure of the wells that 
occur is practically one and the same thing. . 

Every town in Ohio and Indiana that has obtained a supply of gas·. 
since it was found at Findlay, while recognizing the fact that the· 
supply has much in common with that of the original field, is y,et. 
sure that the production of its own wells is of a somewhat finer and· 
pni·er quality than any of its neighbors have secured, and especially 
better than Findlay ga,s; and a number of observed facts can always 
be adduced :which are thought to fully substantiate this claim. In 
other words, each town is sure it has discovered the best gas of the· 
new field. 
· Professor Howard's figures fully confirm this claim. Each has the . 
best, for since there is no difference whatever in quality, all are the·· 

·best. The difference in purity, as popularly determined by the odor, 
.is generally due to a difference in amount. The larger wells fill the 
air on all sides and oblige every one to recognize .their sulphuroi.ls. 
contributions to it; but the small wells furnish the gas in suclt re-. 
stl'ictod volum.e that it fails to make the same impression. .All the 
claims as to a difference in the character of the supplies are set aside
by the following table of analyses made in July, 188.7, for the United 
States Geological Survey. In regard to the proportions of some of ·· 
the elements reported it is to be observed that the limits of error·· 
will perhaps reach i per cent. Making proper allowance for this . 
fact, it will be seen that the analyses, from Findlay and Fostoria to 
.Anderson and Kokomo, as has been already stated, are substantially · 
identical. The proportion of sulphureted hydrogen in each well 
is seen to be small, but it is also to be noted that no town has any· 
exemption from the unwelcome element, and none has any surplus~ .. 
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Composition of Trenton linwstone gas. (Howard.) 

Ohio. Indiana. 

y'J 

Description. ol ~ .:i 0 >. ~ a5 " ·s '" s d 
" ·s ... 
:a OJ " ~ ·C ~ " "" .!3 "@ " " " " ~ "' "' ~ «: ~ ;.: 

-----------

Hydrogen ............. 1. 89 . 1. 64 f. 74 2.35 1.86 1. 42 l. 20 
Marsh.gas ............. 92.84 93.35 93.81\ 92.67 93.07 94.16 93.58 
Oleflant gas ........... .20 .35 .20 .25 .49 .30 .15 
Carbon monoxide ..... .55 .41 .44 .45 . 73 .55 .60 
Carbon dioxide .... : ... .20 .25 .21! .25 .26 .29 .30 
Oxyg:n ................ .35 .39 . 35 .35 .42 .30 .55 
Nitrogen ...... ........ 3.82 3.41 2.98 3. 53 3.02 2.80 3.42 
Hydrogen snlphide .... .15 .20 . 21 .15 .15 .18 .20 

--------------
100.00 100.00 100.00 100.00 100.00 100.00 100.00 

NoTE.-The Fostoria gas was taken from the Watertanks wells. the Findlay gas from the six wells 
of the Findlay Gas-Light Company, the Saint Mary's gas from the 'Wil~ins well, the Muncie, Ind., gas 
from wells Nos. 1, 2; 3, 4, an16, the Anderson gas from the McCullough well, 1.he Kokomo gas from 
wells Nos .. 1 and.2, and the Marion gas from well No. 3. 

The main element of value in natural gas is the heat which it con-. 
tains. Its supply of light is inferior and subsidiary, but as a source 
of stored power it comes under the head of the most valued forms 
of matter. Like all other power that man is able to use, this is un
doubtedly derived from the sun, through the agency of life. We 
know of no other source of such accumulations. As the heat-pro
ducing power of natural gas is the leading source of our interest in 
it, the question of how much heat it can yield is the first one to be 
asked. Its heat depends on its chemical composition, and varies with 
every change in composition. 

The detailed discussion of these questions must be left to chemists .. 
It is sufficient to say that about 31,000 feet of Findlay gas are the
oretically equal to one ton of Pittsburgh coal. Practically, less than 
half of this amount of gas will do the work done by a ton of coal. 
The Trenton limestone gas is clearly one of the most valuable of nat
ural fuels. 
Th~ only drawback is a small percentage of sulphur compounds 

that it contains, which renders it somewhat offensive when diffused. 
This is not, however, an uncompensated disadvantage. The fact 
that leakage, eveil in the smallest quantity, is immediately disclosed 
is to some extent a safeguard against dangerous accumulations. 

The gas is perfectly adapted to domestic use in the kitchen range 
and the heating stove, and it also answers a fair purpose for house
hold and street illumination; but its most important applications are 
in steam production and manufactures. In glass making especially 
it reaches its highest adaptation. In quality the manufactures made 
by it are superior, other things beingequal, to those produced by the 
use of coal or coal gas. 
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THE ROCK PRESSURE OF TRENTON LIMESTONE GAS. 

CAUSES OF ROCK PRESSURE. 

vVhat is known as rock pressure in gas wells is the maximum 
pressure reached when the gas is shut within the well. It is sup
posed to be the pressure of the gas in. the rock reservoir, this pres
sure equalizing itself throughout the new space. It is also known 
as closed pressure. The open pressure of the gas, on the other hand, 
is the pressure registered on a gauge held in the current while the ·gas 
is escaping freely from a pipe of any size. When the gas escapes 
from the casing, a pipe of five and five-eighths inches diameter, it 
requires a vigorous well to produce any effect on an ordinary high
pressure steam gauge. The highest pressure noted in the casing (five 
~nd five-eighths inches) of any Ohio wells is six or six and one-half 
pounds. The open pressure in,creases rapidly when the opening to 
the well is reduced in size. A well that gives six pounds in the casing 
shows 20t when the gas is made to escape through a four-inch pipe. 
The rock pressure or closed pressure of Trenton limestone gas varies 
in different· fields, but is generally the same in all the wells of one 
imi.nediate neighborhood in case the production of the wells is large. 
The usual range is between three hundred and four hundred pounds 
to the square inch. Higher figures than these are sometimes ob
tained, especially from the deeper wells. In a single instance 500 
pounds is claimed for a Findlay well, and at the opening of the Find
lay field 450 pounds .is said to have been frequently reached. The 
Carey wells attain a pressure of 435 pounds. In a Tiffin well a 
pressure of 600 pounds is registered with probably another hundred 
pounds to follow. The wells of Lancaster show a maximum pres
sure of 700 pounds to the inch. The ordinary pressure of the Find
lay field ranges from three hundred and eighty-five to four hnndred 
pounds. 

The pressure of the Bmvling Green field is supposed to be the 
· same as in the Findlay wells, viz, near four hundred pounds. 

In the Saint Mary's and Saint HEmry's gas wells the limit is put 
at 350 pounds. In tho Indiana field it varies between three hundred 
and three hundred and thirty-five pounds to the square inch in the 
instances where reliable observations.were obtained. 

The closed pressure in the great gas wells of Pennsylvania is more 
than twice the highest pressure found in Trenton rock gas. Pres
sures of 750 pounds are reported on good authority and many facts 
are on record indicating a pressure of nearly or quite two hundred 
pounds beyond this figure. The rock pressure of the Ohio shale gas 
of the northern part of the State rarely exceeds 100 pounds to the 
square inch. 

With some remarkable exceptions the rock pressure, as already 
stat~d, is generally the same for all the wells of a particular field, 

8 GEOL--38 
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whateve_r their production may be. In other words, pressure gives. 
in itself no indication or clew to the amount of gas a well yields. 
By joining to it, however, the element of time, an empirical but un
certain calculation of the volume of gas produced may be made. If 
a well gains a certain number of pounds pressure in a certain number 
of seconds or minutes, for example, the volume may be measured by. 
one of the methods presently to be given and then used as a check on 
other like increase of pressure in wells of the same depth. The well 
that produces the largest amount of gas in the Findlay field shows 
'the same closed pressure that the smallest well of the field shows; .but 
,in the case of the large well the entire pressure is reached in one or 
two minutes; in the other hours are required for it to creep slowly 
up to its maximum. 

The phenomena connected with high rock pressure of gas and oil 
wells are among the most astonishi~g and impressive in the entire· 
range of mining enterprise. When a reservoir of the character 
above named is penetrated, the gas, suddenly released from a pres
sure of three hundred to. seven hundred and· fifty pounds to the· 
square inch, rushes forth with amalling velocity and indescribable
force. It drowns like a tornado all ordinary sounds in the vicinity 
of. the well. Unless great.care be used by one engaged about the 
well his sense of hearing is very likely to be permanently impaired. 
When the gas is lighted the roar is greatly increased and can be 
heard for miles. The light from a great well can be seen, under
favorable circumstances, forty miles away. 

The cause of the rock pressure of gas and .oil wells is a subject 
upon which our best authorities have not been in haste to commit. 
themselves ·by offeriug definite and. comprehensive theories to ac
count for the facts. Three causes have been suggested as adequate, 
to explain the results: 

(1) The gas produces its own pressure. Solid or liquid matters in 
the 1:ocks are there converted into the gaseous form and the gas thus 
formed .req uircs larger space than the solid bodies from which it was
derived. In seeking this larger space it exerts the pressure noted. 

(2) The weight of the overlying rock produces the pressure of the· 
gas; According to this view, the gas is in the rock and the weight. 
of tho earth above it exerts a constant pressure upon it, and forces it 
out with the velocity observed whenever an exit is made for it. 

(3) The pressure is due to a water column that is behind the gas
and oil The porous stratum that makes \he reservoir of gas and oil 
and salt water, and which always has .an impervious roof, somewhere· 
rises to .the surface. Water entering at its outcrops will exert its 
pressu~e through all the flexures of tho stratuw upon the salt water· 
that it contains, and thus upon the accumulations of oil or gas that. 
are held within the arches and terraces of the stratum. This ex
planation makes the flow of gas and oil depend· upon precisely the: 
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same cause that occasions the flow of water hom artesian wells, viz, 
a water head of greater or less elevation, ·at a greater or less remove. 

The first theory doubtless has in it elements of truth. The be
ginning of gas pressure in any rock and all the pressure ever found 
in some formations may very well be referred to this source. For 
the pressure of shale gas, for example, I" can see no other cause. But 
all the elements pertaining to this theory are vague and unverifiable. 
It-is an explanation in name more than in reality. Moreover, the 
facts in regard to the great gas and oil rocks seem to require a cause 
at once more energetic and more variable than the expansive power 
of gas would furnish. If gas originates its own pressure it would 
be difficult to account for the extreme range of pressure that we find 
in the same stratum, all the gas of which has essentially the sam0 
composition. The theory certainly is weak and inadequate on this 
side, and we must look to either the second or the third theory for a, 

satisfactory explanation of the remarkable facts observed. 
The second explanation, viz, that which refers the pressure of res

ervoir gas to the weight of the superincunrbent rock, appears to have 
found the largest measure of popular favor, but the theory is cer
tainly unsound. It gives way when subjected to the slightest exam
ination. Professor Lesley furnishes an excellent discussion of this 
theory' and he demonstrates its invalidity. The rock can -exert no 
pressure on the gas, as he clearly shows, unless its particles are free
to move· upon one another, or, in other words, unless the rock is in a. 
crushed state. The pebbles and grains among which the particles of 
gas are distributed, unless themselves actually. moved, can exert nQ> 
pressure on the gas, as Lesley well observes, any rriore than the walls: 
of a cave can exert pressure on the river that flows through it._a 
There is nothing whatever to support the belief that the rock exists 
in the state which this theory demands. There are many facts that 
demonstrate the opposite view. No force can be found adequate to
crush the rock at the depths at which the gas occurs. ':):'he slightest 
examination shows the weight of the overlying rocks is altogethet~ 
insufficient. The Trenton limestone, in its nearest outcrops, is a. 
.firm, strong stone; and all the information we obtain as to its struct- · 
ure in the gas wells points to the same sort of rockthere. But at 
its lowest measure of strength it can bear, without crushing, 72o" tons 
to a square foot, and much of it can bear four or five times this 
weight. On the other hand, if the weight of the superincumbent 
rock that is to do the work of crushing the 'l'rentor, reservoir is one: 
ton to the square foot for every 14 feet in height, there would be but. 
80 tons pressure on a foot of Trenton limestone in a Findlay well at. 
a depth of 1,100 feet. This is but one ninth of the lowest resistance 
of the rock, and but an insignificant fraction of its highest resistance 
to crushing weight, Besides this the driller finds the rock firm and 

IAnn.·Rept. Geol. Survey Pa. 1885, pp. 657-680. 9 Ibid., p. 661. 
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compact to a high degree. The driller can not be deceived in this 
respect :It is unnecessary to follow this subject further. There 
is no standing ground whatevei· for the theory. 

When we come to the third theory we see at once that it rests on 
a different basis from the theories previously discussed. It depends 
upon principles and facts of familiar experience and every-day use. 
E;yery one is acquainted with the flow of artesian wells. The pres
ent theory relegates gas wells to the same category. In fact, it 
makes the flow of gas from the rock reservoirs which the drill has 
penetrated due to the same cause that propels artificial gas through 

"~,. the mains of a city, viz,. a water column behind and above it. 
Before entering mor.e fully upoh the discussion of the question to 

what the rock pressure of gas wells is due, let us ask another ques
tion, the answer to which may advance us in our inquiries. The 
driller in the Ohio field, as well as in all other oil fields, finds gas in 
the higher levels of the productive rock, and, at a somewhat lower' 
1·ange, he finds the stocks of oil, if any, with which the reservoir is 
charged. If he goes below the horizon of the oil or gas, or if he goes 
beyond its productive limits, he reaches at once salt water, which 
rises in the well to a greater or less height, sometimes filling it en
tirely, and sometimes even flowing out of the top of the well. This 
.experience is universal in the great fields of the United States at 
~least. Every oil or gas field has a margin of salt water surrounding 
its productive p0rtion, in whole or in part. The influx of this salt 
water is one of the most common evidences of total failure in wells 
drilled for oil or gas. The moment this fatal flood is reached all 
.hope departs .. 

The question which should first be comndered is this: "Why does 
t:sa1t water rise in wells drilled to tho productive rock, but outside of 
the productive portion of the rock?'' 

Whatever explains the rise of the salt water from one portion of 
'the oil rock will explain the flow of the gas or oil from another por
tion .. The explanation that should reverse this order and make the 

. rise of tho salt water depend on the pressure of gas somewhere held 
in the rock would be ludicrously inadequate. There is an ocean of 
salt water; there is but a thimbleful of gas. 'l'he gas is confined to 
narrow streaks, it may be, on the crests of anticlines, and it occupies 
but a few feet at most in the upper portion of the rock, w:hile the salt 
water stretches out for scores of miles on every side and through 
great depths in the rock. Salt water makes the normal and well-nigh 
universal contents of the oil sands. The rare exceptions, in locations 
favored by the accidents of structure, are the stocks of .gas and oil, 
which in reality are very scanty, but which by comparison with 
each other we sometimes call great. Their total volume is insignifi
cant when compared with the other elements with which they are as
sociated. We have no reason to believe that all the accumulations 
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of petroleum contained in the crust of the globe would exceed a few 
cubic miles in volume, but the salt water contained there would 
make a sea. 

What makes salt water rise when its porous reservoirs are tapped 
by the drill? Let us ask one question more. What makes fresh 
water rise under similar circumstances? The mystery is dispelled 
with regard to artesian water supply. Every school-boy knows the 
explanation of the facts involved. if in its underground course 
water has dissolved from the rock more or less mineral matter the 
laws which governed it before such solution took place arenot there
by affected. It has grown a little heavier by its mineral contents 
and consequently will not rise in quite as high a column as fresh wa
ter will, but this is all the difference. Salt water rises in the rocks 
in which it has been sealed from precisely the same cause as fresh 
water. It is an artesian flow or an artesian ascent, as the case may 
be. No other explanation of the facts involved is possible. From 
what source .is the water head derived? The answer is the same as for 
all artesian flow. It l.s derived from water entering porous strata 
at their outcrops.' The " ~quisite and qualifying conditions" for 
an artesian flow must all be found united in every oil or gas field. . 

But whatever causes the salt water to rise in wells drilled on the 
edge of an oil field or a gas field is beyond question the cause of the· 
flow of oil or gas contained within the field. This is demonstrated 
by the close connection that exists between the salt water and the oil 
or gas. Working from the edge of the field towards the center, we 
find a progressive diminution of salt water and an increase of oil or
gas in the common reservoir. With the exhaustion of a field the oi]1_ 
and gas are followed up and finally replaced by salt water. This is: 
the common fate of gas and oil wells: the death to which they seem 
to be appointed. 

'l'he height to ·which salt water rises in wells drilled on the margin
of a gas field gives a measure of the force of the gas within the 

. field. This is true, at least, within the several divisions of the Tren
ton limestone. The height to which the gas rock rises in its nearest 
outcrop will in like manner determine the height to which the salt 
water will rise in the wells, and this factor is sei:m to control the rock 
pressure of the gas._ The outcrops of porous rock, it is evident, must 
be followed. A stratum, though continuous in geological name, 
may be so changed in character that it will cease to be a factor in 
problems of this sort. The porous character of the Trentonlimestone 
appears in a northerly and northwesterly direction from the new 
gas fields and it is, perhaps, in the outcrops of Michigan, Illinois, and 
Wisconsin that the water head originates which gives its spring and 
energy to the gas of Kokomo, Marion, and Findlay. While very 
1nany questions pertaining to the subject can be raised that can not 
be answered from lack of knowledge at the present time, it 'still ap-
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pears that the only rational explanation of the rock pressure of gas 
is to be found in the artesian pressure of the salt water that always 
accompanies. it. 

Certain obvious inferences would follow the acceptance of this doc-
~~. . . . 

(1) ·The definite limitation of all supplies of gas and oil stored in 
rock reservoirs is emphasized· by this view of the origin of rock pres
sure. If salt water.is the moving force, all speculations of a con
stantly renewed supply of either gas or oil are vain and idle. 

(2) Other things being equal, the pressure will be gre.9>tcst in the 
deepest wells. 

(3) The rock pressure of gas may perhaps be continued with little 
abatement of force until the end of the production of a field is near. 
The maintenance of pressure is no proof whatever of a maintenance 
of supply. The last thousand feet of gas come out from the gas 
holder·with as much force as the first thousand feet. 

( 4) In a field that combines both oil and gas, but in which the reser
-voirs of these substances are differentiated, the first sign of approach
ing failure will be the hivasion of eithe~l}leve1 by the contents of the 
division next below it. 

MEASUREMENT OF GAS WELLS. 

Considering the. importance of the problem, it is surprising that 
the determination of the volume of gas escaping from high-pressure 
wells should have been so long neglected. Until the publication of 
Prof. S. W. Robinson's investigations' no general method had been 
made known by which the flow of wells could be determined. Engi-

. neers have solved. the problem for themselves in many instances; no 
.doubt, but none of them had ta'ken the trouble to generalize a method 
and give it to the public. The great corporations that are distribut
ing gas in a large way also have some formulas in use, mainly em
pirical, as it appears, to guide them in their estimate of the value of 
wells; but whatever method they have used they have kept in the. 
nature of private information. Occasionally the formulas for arti
ficial gas were strained to the proportions required by the new gas 
wells. and fair approximations were obtained from them. Generally 
the value of the well was estima'ted by the time required for the 
closed pressure to reach 100 pounds or some other fixed point on the 
gauge, the essential factor of the depth of the well 'being altogether 
disregarded. · · 

Professor Robinson undertook his investigations for the Ohio Geo
logical S1irvey and worked the problem out on the great wells of 
Findlay, and especially on the strongest of all, viz, the Karg well. 
The methods which he has devised are singularly simple and easy of 
application. The strongest of gas wells, provided the gas is dry, 

1 Van Nostrand's Engineering Mag., August, 1886. 
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.can be measured by a single observation that can, if necessary, be 
taken in a fraction of a minute. 

The appliance adopted is that known in physics as Pitot's tube. 
The pressure in ~oderate wells can be rearl by a mercury or water
column and the velocity of the _gas in feet per second can be calcu
lated by the formula, v = 83.1 -v-;;,: where his the height of the water 
column in inches. The volume per day can easily be calculated from 
the formula, V =a v X 8o,400, a being the area of the delivery pipe 
expressed in terms of square feet .. 

In the larger wells a steam gauge is used to read the pressure. 
Professor Robinson's discussion of the problem can not be presented 
at length, but in order to make clear the practical application of his 
method a few of his equations and tables must be here introduced. 
They are taken from Geology of Ohio, volume VI, 1888, p. 560: 

Velocity under great pressures.-When a gas flows from a receiver into a space 
outside' with a relatively large fall of pressur. the formulas for adiabatic flow of 
gas are to be employed for calculation. The correct formula for th1s is found in 
most of our best authontws, v1z: 

in which, for the present use,p, =absolute pressure by Pitot's tube gauge; P• = abso
lute pressure of au= 14.6 pounds per square inch; o =weight umt volume of flow_ 

ing gas at mouth ofPitot tube= .0807~ Sg; To and T=absolutetemperatures, as be-
T 

fore.; Sg =specific gravity of flowing gas at mouth of Pi tot tube, air= 1 ; y = 1.408; 

_Y_ = 3.451; 2g = 64.3; rn2 =value in parenthesis; then, introducing the numerical 
y-1 . 
values and reducing, we obtain : 

-2404 1n l 7n 0· V- _/- + 546+t2404_/_, for Cent. , and 
v Sg . _ v Sg_ 

-9404 rn t-32 m f F h c.. 
V-" vsg + 954+t2404VSg or a r. 

If the temperature of the flowing gas be taken at that for melting ice and Sg at 
.0.6, we obtain the approximate formula 

v approx. = 3103m 

• 
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Here follows a table which explains itself: 

[To facilitate c~lculations of velocity and temperature 
of flowing gas, in which p 1-p2 is the observed pressure 
by gauge on the Pi tot's tube, and m the value of the 
bracketed quantity in equation (9).j 

. 
p 1-pJ or ob-1 PI serve gauge "' m• 

pressure. 1'2 

--.. --

0.5 1. 034 .100 .0100 
0,7fi 1. O:H .120 .0144 

1.0 1. 068 - .138 .0189 

1.5 1.103 .17"0 .0287 

2.0 1.137 .195 .0390 

2.5 1.171 .216 .0467 

3.0 1.205 .236 .0555 

3.5 1.240 .254 .0643 

4.0 1. 2i"4 .270 .0729 

4.5 1.308 ·-84 .0817 

5.0 1.~ .299 .0894 

5.5 1. 377 .312 .0973 

6.0 1.411 .324 .1051 

6.5 1.445 
I 

.335 • i122 

7.0 1.479 
I 

.3!6 .1197 

7.5 1. 514 .357 .1274 

8 1. 548 .368 .1351 

9 1. 616 .387 .1498 

10 1.685. .403 .1624 

12 1.822 .436 .1900 

14 1. 959 .461 .2126 

16 2.096 .438 .2381 

18 2.223 .512 .2621 

20 2.370 .533 .2833 
2.; 2.712 .578 .3341 

ao 3.054 .617 .3807 

33 3.397 .653 .4254 

40 3. 740 .683 .4665 

45 4.082 . 709 . 5027 

50 4.425 .734 .5388 

55 4.767 .757 .5781 

60 5.110 .778 .6053 

. To measure the flow of a vigorous w~ll by this method attach an 
open tube of convenient length, straight or bent, to a steam-gauge. 
Hold the open end in the current of gas at the well head and note 
the average pressure which the gauge shows in p~mnds and fractions 
of a pound (.p,-p., ·first column of table). Add to this observed 

pressure 14.6 (pressure of air) and divide the sum by 14.6.1:\ p. 
(second column of table). Find the resulting number or that nearest 
to it in third column (m), increasing or decreasing proportionately to 
the difference betwe9n the number obtained by division and the num. 
ber found :i.n second.colurnn. Multiply the number thus found (m) 
by 3.103, and the result will be the velocit" of the gas current in feet 
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per second. To find the volume per second, multiply the velocity 
in feet by the area of the pipe in terms of square feet. To find the 
volume per day, ·multiply the result thus obtained by 86,400, the 
number of seconds in a day of twenty-four hours. The result will 
be the volume of gas at a temperature of 32° :F'ahr. 

In Professor Robinson's tables the fixed multipl~er, 3,103, is based 
upon a specific gravity of the gas of . 6, approximately determined by 
direct measurement. Professor Howard has calculated the specific 
gravity from the composition of. the gas as determined and con
strued by him and finds it to be .57. If this determination should 
be adopted, the fixed multiplier would become 3,184. The question 
in regard to the exact specific gravity of the gas is still an open one. 

An example will make the mode of using the table clear. The 
pressure noted in the casing of a gas well is 6.3 pound~. 6.3 + 14.6 
= 20. 9. 20.9 ...;- 14.6 = 1.431. The number nearest this in the second 
column is 1.445. The difference is .014, which is seven-seventeenths 
of the difference between 1.445 and the next lower number in the 
table. In the third column, m, the number corresponding to 1.445 
is .335. The difference between it and the next lower number is .Oll. 

1;- X . 011 = . 005. Subtract this from . 335 and the remainder is . 3:30. 
Multiply .330 by 3,103; the product is 1,024, which is the velocity of 
the escaping gas in feet per second. The gas is escaping from the 
casing which is 5! inches in diameter, or, in terms of square feet,· 
.1725. J'he daily yield of the well is therefore 1,024 x .1725 x 86,400 
= 15,261,696 cubic feet, at a temperature of 32° Fahr. and a specific 
gravity of the gas of .6. 

For gas wells producing less than 1,000,000 cubic feet per day the 
anemometer is excellently adapted. So far as known, it was first 
used for this purpose by Mr. Emerson McMillin in determining the 
flow of well No. 3 (the Adams well) in Findlay. 

With the Robinson method for large wells and the anemometer 
for small wells, we are able to determine easily and accurately the 
production at or near the well head of all our supplies of natural gas. 

To render his method still more available, Professor Robinson -has 
constructed the following table, which is also taken from volume 
VI, Geology of Ohio, 1888. The open pressure of the gas being read, 
and the diameter of the discharge pipe being noted, the volume of 
the gas can be read at once: 

• 
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Cubic feet of gas, reckoned at 32° Fahr., discharged by well per' day of twenty
four hours of continuous flow, by Pitot tube measurement; the specific graV'ity 
of the gas being here taken at 0. 6 (air= 1 ), and the temperature of , the flowing 
gas at well mouth being taken at 32° Fahr. 

"' ea5 
~a5 "'"' wbiO '"" "'" Woj Diameter of orifice or of well mouth where observed in inches. "'" /:;"" a"" P<l:; 
~~ '0~ 
"''"' ""' >d ><D 
8~ .... ,,. 

I 
.$z "'» d2 =1 in. d=1t. d=2. d~2t, d=3. d=3t. 0 ;3.o 
~---

Inches, 
Lbs. per 

:-;q. in. 
.1 .0036 12,390 27,880 49,556 77,440 111,510 151,7'80 
.2 . 0073 17,560 39,510 7'0, 2~0 109,750 158,040 215, 110 
.3 .0109 21,480 48,330 85,940 134,250 1H3, 320 263,130 
. 5 .0182 27,720 62,31'0 110,880 173,250 249,480 339,070 
.7 .0254 32,820 73,840 131,260 205,100 295,380 402,000 

1.0 .0364 39,210 88,230 156,830 ' 245,100 352,890 480,400 
1.5 . 0:145 48,030 108,070 192,120 300,200 432,270 588,400 
2.0 .0727 55,340 124,520 221,,360 345,900 498,060 677,960 

3.0 .109 67,910 152,800 271,630 424,500 611,190 8R2, 020 
. 4.0 .145 78,410 176,420 313,660 490,100 705,690 960,600 
5.0 .182 87,670 197,260 350,67ll 548,400 789,030 1,074,860 

7.0 .254 103,500 '232, 880 414,000 646,900 931,500 1, 267,900 

10.0 .363u 12.3,000 276,750 4!12,000 768,800 1, 107,000 1,506, 750 
•13. 75 .50 146,220 328,990 5~4,880 913,880 1,316,00,/ 1,791,200 

20.62 . 75 175,350 394,540 701,400 1,096, 000 1, 578,150 2, 148,160 

27.5 1.0 201,800 454,010 807,200 1,261,200 1,816,050 2,471, 900 

41.25 '1. 5 247,840 557, 6GO, 901,370 1,549,000 2, 2.11, 000 3,036,000 

'55.0 2.0 285,130 641,540 1, 140,500 1,7H2, 000 2,566,200 3,493,000 

2.5 316,500 712,130 1,266,000 1, 978,000 2,848, 500 3,877,()1)0 

3.0 ', 344,350 774,780 1,377,400 2, 1o2, ooo 3, 01!9, 100 4, 218,000 

3.5 370,000 832,500 1,480,000 2,313,000 3, 330,000 4,532,500 

4,0 393,000 884,250 1,51'2,000 2,456,000 3,5ir.',OOO 4,814,200 
4,5 415,270 934,350 1, (j61, 100' 2,595, 000 3, 737,400 5,0H7,000 

5.0 4~6, 200 981,450 1, 744,800 2, 726,000 3, liz.s, soo 5, 343,000 

5.5 456,200 1, 026,500 1,824, 800 2,81\1,300 4, 105,900 5, 589,000 

6.0 473,750 1,065, 900 1, 89';,000 2, 961,000 4, 264,000 5, 803,000 

6.5 , 489,840 1, 102,100 1, 959,400 3,0G2, 000, 4, 401l,OOO 6, 001,000 

7.0 505,920 1,138,300 2,023,700 3, 162,000 4, 553,300 6, 1!18, 000 

7.5 522,010 1,174,500 2,0R8,0 0 3,263, 000 4,6 8,000 G, 395,000 

8,0 538,500 1 211,600 2, 154,000 3,366, 000 4,846,000 6,5!17,000 

9.0 565,970 1, 273,200 2,2~3, 000 3,537, 000 5,093,000 6, 932,000 

10,0 589,270 1,325, 900 2,357,100 3,68 ,000 5,303, 000 7, 2W,OOO 

12.0 633,340 1,425,000 2, r,3a, 3m 3, 958,000 5, 700,000 7, 758,000 

14,0 675,000 1,518,800 2,700,000 4,219,000 6,075,000 8, 269,000 

16,0 ' 713,550 1, 605,500 2, 854,200 4,45U, 700 6,422,000 8,741,000 
18.0 748,650 1, 684,500 2, 994,000 4, 679,000 o, 738,000 9,151,000 

20,0 779,350 1,7'53,500 3,117,403 4,fm,ooo· 7,0'4,000 9,.)~6,000 

25.0 845,150 1, 901,600 3,381,000 5,282,000 7, 606,000 10,353,000 

30.0 902,180 2,029,900, 3,609,000 5, 6:]0, 000 8,120,000 11,054,000 

35.0 954,820 2,148,300 a,819,ooo 5, 968,000 8, 593,000 11,697,000 

40.0 998,680 2,247,000 3, 995,000 6, 242,000 8,988,000 12,2:34,000 
45,0 1, 036,700 2,332, 600 4,147,000 6,41'0, 000 9,330,000 12,700 000 

50.0 1,072,000 2,412,000 4,288,000 6, 7'00,000 9, 648 .. 000 13,132,000 
55.0 1,106,880 2,4!15,000 4,423, 000 6, 91H,OOO 9, 962,000 13,539,000 
60.0 1, 131',600 2, 559,800 4,550,000 7, 110,000 10,2.18,000 13,935,000 

• 
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Cubic feet of gas, 1·eckoned ett 32° Fethr., dischm·ged by well per dety, etc.-Contin-
. • ued. 

"' ~~ £~ 
~~ ~~ Diameter of orifice or of well-mouth where observed 
S.'-' :..., in inches. 

>"<,.. 

-oil "0~ 
"'~ "'"' >d >"' 
\;i< ta 
"'' W>, 

<1=4t. 0 <1=5. d=i;i. p-" BP d=4. d=6 in. oP 
------ ------------------ -.----.-

Lbs.per 
Inches. 8fj_. ht. 

.1 .0036 198, 22D 250,890 309,750 392,000 446,040 

.2 .007:3 231,040 355,590 439,000 555,910 631,160 

.3 .0109 343,760 434,!)70 537',000 679,630 773,280 

.5 .0182 443,520 561,330 698,000 877,080 997, 92() 

.7 .0254 523,050 664,610 82D,400 1,038,500 1, 181,52() 

1.0 .0364 627,310 794,030 980,400 1,240, 700 1,411,600 

1.5 .0545 7'68, 480 9i'2, 600 1, 200,800 1,517,900 1, 729, 1QO 

2.0 .0727 885,440 1, 120,600 1,383,600 1,751,000 1, 992,200 

3.0 .109 1 ,086, 510 1,375,200 1,698,000 2,148,800 2,444,t00 

4.0 .145 1, 254,620 1,537,800 1, 960,400 2,480,900 2,822,800 

5.0 .182 1,40~. 670 1, 775,310 2, 193,600 2, 733,900 3, 1. 6,100 

7.0 .254 1,650,000 2, 095,900 2,!:87,600 3,274, 800 3,726,000 

10.0 .3636 1, 968,000 2,490, 800 3,0i'5,000 3 890,900 4,428,000 

13.'i'5 . 50 2,339,500 2, 760,900 3, 655,500 4,626,500 5, 864,000 

20.62 . 75 2,805,600 3, 550,900 4, 334,000 5,548,200 6, 312,.600 

27.5 1.0 3, 283,500 4 036,100 5,044,60Q 6, 384,600 7 2:4,200 

41.25 1.5 3, 965,000 5,019, 000 6, JD(i, 000 7,842, 000 8, 922,000 

55.0 2.0 4,562,000 5, 774,000 7, 128,000, 8, 921,000 10,265,000 

2.5 5, 064,000 6,400,000 7, 013,000 10,014,000 11,394,000 

3.0 5, 510,000 6, 973,000 8, 609,000 10, 895,00) 12,397,000 

3.5 5,920,000 7,493, 000 9,250,000 11,707,000 13,320,000 

4.0 6,2.~8. 000 7, !)58,000 9,825,000. 12, 4,5,000 14,148,000 

4.5 6, 644,000 8,409,000 10,332,000 13,139,000 14,950,000 

ii.O 6, 979,000 8, R;~3, QOO, 10,905,000 13,802,000 Hi,703,000 

5, 5 7,299,000 . !;, 238,000 11,405,000 14,435,000 16,423,000 

6.0 7,580,000 9,1i93,000. 11,844,000 14,990,000 17,055,000 

6.5 7,837,000 9, 919,000 12,246,000 15, 49!}, 000 17, mi4, ooo 

7.0 8,m5,ooo 10,24:\,000 12,649,000 16,008 000 18,213,000 

7.5 8,353, 000 10,571,000 13,o:,o,ooo 16,517,000 ~.--.92,000 

8.0 8, 616,000 10,905,000 13,462,000 17'' 038, 000 19,386,000 

9.0 9, 051,000 11,•159, (IIJQ 11,147,000 17,905,000 2(),371,000 

10.0 9,428,000 11,933,000 14,372,000 )8, 645,00~ 21,214,000 

12.0 10,133,000 12,825,000 15,833,000 20,040,000 22,800,000 

14.0 10,800,000 13,669,000 16,875,000 21, 3.'\7, 000 24,300,000 

16.0 11,415,000 14,44!1,000 17,839,000 2'2, 577,000 25,688,000 

18.0 11,978,000 !5, 160,000 18,716,000 23,977,000 26,951,000 

20.0 12,470,000 15,782,000 19,434,000 24,659,000 28,057,000 

25~ 0 13,522,000 17,114,000 21,129,000 26,741,000 30,425,000 

30.0 14,433,000 18,269,000 22,555,000 28,894,000 32,478,000 

35.0 15,277,000 19,3;'15,000 23,870,000 30,211,000 34,373,000 

40.0 15,979,000 2(),223,000 24,967,000 31,599,000 35,952,000 

45.0 16,587,000 2D, 993,000 25,918,000 32,802,000 37,321,000 

.50.0 17, 152,0(10 21,708,000 26,800,000 33,919,000 38,592,000 

55.0 17,710,000 22,504,000 27,672,000 35,023,000 39,84B,OOO 

60.0 18,101,000 23,036,000 28,440,000 36,000,000 40,953,000 
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, Tables of correction for other temperatures of flowing gas and also 
for other specific gravities of gas ha~>e been supplied by Professor 
Robinson, but it is not necessary to introduce them in this report. 

CENTERS OF PRO:bUCTION OF GAS AND OIL. 

Owing to the limitations of space in the present paper it is impos-
sible to describe in detail the development of all the centers of pro
duction of gas and oil in Ohio and Indiana. One of the three or more 
gas fields of Ohio, the Findlay field, will be treated with enough detail 
to bring the characteristics and value and influence of the new fuel · 
distinctly into view. The remaining fields it will be necessary to 
pass with the briefest mention. 

In like manner, the leading one of the three important oil fields 
thus far developed in northwestern Ohio, the Lima field, will b~ 
described with enough detail to give the leading features of the 
production of Trenton limestone oil clearly. The other centers of 
:production will be merely named. From one we can learn all. 

Finally, all of the gas production of Indiana will be treated under 
a single head. Only the more general characters of this great field 
will be considered. ,, . 

DIVISIONS OF THE FIELDS IN OHIO. 

THE FINDLAY GAS FIELD. 

The town of Findlay will always be associated with the gas and 
oil derived from the Trenton limestone. Not only were these new
found sources of wealth discovered here, but so far as gas is con- . 
cern~d the supplies obtained at Findlay are ·still unrivaled in volume 
and in constancy; in the use made of the gas and the commercial 
advantages resulting from its use, Findlay has not only more to show 
in the way of solid progress than any other town that has discovered 
and utilized Trenton limestone gas, but nearly as much as all the 
rest combined. 

A question may b.e raised as to just how much shall be included 
in the Findlay field. By considering the geological conditions upon 

. which the Findlay gas production depends we may be aided in estab
lishing a proper boundary. Findlay gas is derived from areas in 
which the Trenton limestone is found in less than fourhundred feet 
below sea level. Its limits in the Findlay field are 300 and 400 feet, 
respectively, below tide, and almost the entire supply is derived from 
the stratum where it lies between three hundred and three hundred 
and fifty feet below tide. Moreover, the surface of the productive area 
is entirely occupied by the Niagara limestone as the surface rock. 
Taking these two features as characteristic of the field, we can extend 
its limits as far as they are niaintained. A third condition is found 
in the chemical composition of the rock. Where it departs from 
dolomite proportions it ceases to be an oil or gas rock~ The western 
boundary which is made by the Findlay monocline is sharp and dis
ti.nct. It passes through the incorporated limits of Findlay, dividing 
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the village into nearly equal portions. The east side of the town is 
occupied. by the Niagara limestone and is gas territory. The west 
side is occupied by the Waterlime and is oil territory. The sur
face elevations of the town, as already stated, are substantially one 
and the same thing throughout i"ts extent, but the difference in ele
vation of the Trenton limestone in the two divisions ranges from 
-one hundred and fifty to two hundred feet.. These figures are well rep
resented in the accompanying diagi·am (Plate LVIII). The Niagara 
limestone can be traced without interruption, so far as known, through 
-three townships northward and four townships eastward. It also 
extends southeastward through three townships, and northeastward, 
according to the lines laid down on Newberry's geological map, it 
extends to Lake•Erie. This is one Q.f the three main characteristics 
already named for the Findlay field. The Niagara limestone makes 
the surface rock. 

The other condition, viz, the depth of the Trenton limestone, must 
be brought in to limit and qualify this surface guide. The 400-foot 
line of the Trenton limestone will include, in Hancock County, the 
east half of Findlay Township, all of Marion; and probably all of 

· Big Li,ck Township, the northeastern third of Jackson Township, 
all of Amanda Township, and part of Ridge Township of Wyandot 
County. 

To the north of Findlay the whole of Allen, Qass, and Washing
ton Townships, also in Hancock County, will probably be included, 
and to this must be added the southeastern third of Henry Township; 
the southern half of Bloom Township and the southern line of sec
tions of Perry Township, Wood County. This entire area will aggre
gate about two hundred and twenty-five square miles. Gas is already 
produced at numerous points within this area, and a half dozen or 
mor~ centers are now recognized as separate gas fields. The ques
tion as to counting the territory one field or more than one is not 
important, and, inasmuch as the geological conditions that are seen 
to be associated with the gas production of the Trenton limestone 
within this region are continuous, the whole of this productive ter· 
ritory will be counted under the Findlay :field. The depths of the 
surfaces of the Trenton limestone below tide at various points within 
this area are shown in the following table, viz: 

Feet below tide. 
Findlay, Pioneer well . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 314 
Findlay, Karg well No. 1..... . .. . . . . .. . . . . .. . . .. .. . . . .. 347 
Findlay, Cory well . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 350 
Findlay, Adams well ........... :. . .. . . . . .. . . .. . . .. . . .. 405 
Van Buren, Conroy and Johnson well................... 330 
North Baltimore, well No. 1 . . . . . . . . . . . . . . . . . . . . . . . . . . 360 
Bairdstown, well No. ·1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 315 
Bairdstown, Simons well . . . . . . .................... : . . . 301 
Bloomdale, well No. 1.................................. 3GO 
Watertanks, Kelly wells .............................. : .. B90 
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The first four wells in the list show practically the entire range of 
the gas horizon within the town limits of Findlay. When the sur
face of the Findlay rock is found lower, the rock sometimes produces
gas, but oil is sur:e to accompany it, and generally_ overcomes it in a 
short time. · 

Within these limits there are doubtless considerable areas of un-
productive territory, possiblyduo to sags or depressions in the lime-
stone that may carry some areas of it do.yn to oil or salt water, but
such areas are more likely due to the cioso grain and consequent lack 
of porosity of the reservoir. The last-named quality, again, is de--
pendent on chemical compos1tion. . · 

The essential features of the Findlay gas field have now boon 
brought into view. It consists of a fiat-lying tenitory of Trenton 
limestone, no portion of which sinks inore than 400 feet below the· 
level of the sea. This fiat area of the Trenton has for its sur.face an 
equally fiat territory of Niagara limestone. The depths of the wells. 
range from 1,050 to 1,200 feet. The section of the Pioneer well, 
which has already been described, stands in substance for all. The 
cross-section between Deshler and Tiffin, Pl. LVIII; No. 9, traverses 
one of the most important portions of the Findlay field, and repre
sents the facts of structure here in a significant way. The surface
of the Trenton limestone appears as a low arch between the extremes, 
and is productive only between North Baltimore and the VvT ater
tanks. It rises from 380 feet below tide at the first station to 315 feet . 

. below tide at Bairdstown and falls. again to 390 feet at the Water
tanks. Similar facts are brought to light in ~,tll the other sections. 
that have been drawn across this part of tl{e field. Each of them 
shows a very flat arch of the lower limestone, appearing in the gas-
producing territory. No safe generalizations can be made as to
values as gas territory of the different portions of the general field 
further than to say that the most vigorous wells are likely to be 
situated on the line of the Findlay break. Examples of this sort are
as follows: The Karg ~ell, best known of the series in Findlay, is. 
located upon the sharpest clescfmt; tho Van Buren well, north of 
Findlay, and the Ballard well, southeast of town, are also excellent. 
examples of the effect of such a location. . The Simons well, in 
Bloom 'fownship, one of the three or four largest wells in the field, is. 
located very near another steep descent of the Trenton limestone, the 
direction of which is to tpe north or northwest. The arrangement 
and extent of this structure have not come distinctly into view. The· 
Heck well also stands very near the break; so also do the Cory and 
the North Findlay. wells, and all of them are vigorous. 

Within the corporate limits of Fmd1ay, which have now been made 
eo-extensive with the township, twenty or more wells have been 
drilled for gas since the field was opened. The number is constantly 
increasing:. None of those in what may properly be counted gas·.; 
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territory, viz, the east side of Main street, have failed to produce at 
least a moderate supply of gas, but the range in production is con
siderable. Tho smaller wells fall below 200,000 cubic feet a day. At 
the other extreme is the Kargwell. When measured in May, 1885, it. 
deli verocl from a four-inch pipe at the "\vell head a little more than 
12,000,000 cubic feet of gas in a day, the volume being calculated for
a temperature of 50° Fahr. From the casing (five and five-eighths. 
inch pipe) tlie daily production would have reached 14,000,000 cubic 
feet. There are but few other wells in the township that produce one
half as much gas as this. Similar measurements, more or less satis
factory, have been ·made by the Ohio Geological Survey of several 
other Findlay wells. The results will be understood as representing 
the initial flow of the wells, taken at or near the well heads, but the · 
figures, after all, are not fairly comparable with each other, forth~ 
reason that the measurements were made vn pipes of different diam
eters and different temperatures of the gas are involved. The meas-
urements are as follows: · 

Well. Pipe. Daily 
production. 

Cubic feet. 
Jones well ............ 2-inch... 1,159,000 
City well, No.1 ....... 2-inch... 1,179,000 
Adams well .......... 5ji-inch.. 1,296,000 
Briggs well ........... 2-iilCh... 2,565,000 
Cory well . . . . . . . . . 2-inch... · 8, 318,000 

Among the larger wells that have since been drilled in the town• 
are the following, viz: City No. 2, Columbia, .Cr9ssley, Heck. These 
are variously estimated as producing from four million to eight. 
1nillion cubic feet each a day. The two latter, taken together, will ' 
doubtless equal the original volume of the Karg well. 

The popular mode of computing the value of a gas field, which is. 
to add the figures representing the initial flow of every well at the, 
well head, is obviously misleading as to the available gas supply. 
No account is taken of the natural abatement of flow or of the·
losses by friction in the pipes. Several of the earlier wells at Find
lay have entirely failed and the production of all has· doubtless
decreased, but the available supply is still. vastly in excess of all 
demands. There are several fine wells of which no use whatever·· 
has yet been made. 

The history of the utilization of natural gas in Findlay must be .. 
briefly told. 

The Findlay Nat ural Gas Company drilled the Pioneer well in-. 
November, 1884, and made arrangements forthwith t.o pipe and sup
ply the town. 

• 
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The Findlay Gas Light and Coke Company, a corporation that 
previous to the discovery of natural gas was supplying the town 
with artificial gas in small amount, drilled a second well in the town, 
completing it in January, 1885. This company also proceeded to pipe 
the town and to supply fuel and light to the citizens. Two. lines of 
pipe were thus laid in the main streets in 1885, but before the end of 
the year the first-named company was absorbed by the latter. The 
following rates were established by it: 

Unit of consumption. Monthly rate. 
Cooking stove . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $1. 00 
Heating stove . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 50 
Grate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . 2. 00 to 2. 50 
Light, per bumer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 15 to 0. 20 

Complaints began at once against this scale of prices. It cost less 
than $1,500 to drill and equip a well, and a single well like the Karg 
would supply several towns like Findlay. T]J.e agitation resulted in 
the city government of Findlay entering the field with authority 
granted by the State .legislature to drill wells and to furnish light 
and heat to citizens. 

This work was begun in October, 1886, and during the remainder 
of the year a t~ird line of pipes was laid down in the principal
streets. The wells drilled by the city were successful. The first 
two were located as near to the Karg well as they could be conven
iently.· Well No. 1 yielded over one million feet of gas a day, and 
well No. 2 five or six times as much. The city also purchased wells 
that had been drilled by individuals and thus began the winter with· 
a daily production of at least ten million eubic feet, measured as 
iildicated above. · · 

In the competition that ensued between the city and the gas com_ 
pany prices were divided and reduced several times in succession, 
until the ·rates finally stood at 15 cents a month for stoves of all 
sorts, while lights were not counted. 

The city has since purchased the entire gas property of the com
pany, including wells, pipe lines, and distributive service, but the 
rates remain at the lowest point previously reached. 

The use of the gas has been lavish and wasteful from the first, but 
the facts already recorded increased the tendency to such wastefulness. 

By the end of the year 1885 all other fuel and light were well-nigh 
discarded in Findlay. The gas was also introduced into nearly all 
of the established industries of the town in which steam production 
was required. Two machine shops were supplied, two flouring mills, 
and a few other small manufacturing concerns, but at the opening 
of 1886 no considerable addition had been made to the business en
terprises. Inquiries, however, had begun in the interests of various 
manufactures, and the bringing in of the Karg well stimulated and 
quickened all these movements. 
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The first important establishment to get under way in the new gas 
field was the Briggs Tool Works, an establishment transplanted from 
·eastern Ohio. It brought its machinery, its workmen, and its trade 
with it. It employed seventy-five men at the beginning, but it is now 
being expanded to take in a rolling mill in which two or three hun
dred menwill be employed. To this company belongs the credit of 
first welding iron and steel with Trenton limestone gas. A little 
doubt was felt for a time as to the practicability of this process by 
reason of the suli>hur contained in the gas, but the gas .has proved. 
itself thoroughly adequate to the service. · The work was first suc
-cessfully accomplished June 9, 1886, and this date is taken as an 
important one in the industries of Findlay. · 

Glass making is an industry in which competition without natural 
gas seems now impossible. The adaptation of the fuel to the product 
is so happy and complete that a very great advantage is given to all 
firms who can command it. The glass manufacturers of Wheeling 
.and Bellaire have been expending money very freely in a determined 
;Search for gas within their own boundaries, but it has come to be 
clearly recognized that the structure favorable to gas accumulation 
is lacking in their immediate vicinity. Two courses are open to them, 
viz, to transfer their works to locations where gas can be obtained, 
-or to pipe gas in from the nearest produdive fields. Both courses 
.are, in fact, adopted. The first glass plant in Findlay was established 
by th8 junior members of a Bellaire company. They began to build 
·in May,.188tl; in September they were turning out an excellent article 
-of gLtss; made from Sylvania sand and Findlay lime by the u'se of 
Findlay gas. The fuel bill for works on the scale with which they 
were operating would have been, in the old location, $300 a month; 
.at Findlay it was $200 a year. 

Three other glass factories are already in successful operation at 
Findlay, and three are building. Of those already established, one, 
.at least, employs 300 workmen. Three rolling mills of large capacity 
.are soon to be completed; and also a steel-nail mill. Lime is burned 
-on a large scale by gas. Brick burning is also· going forward, with 
_gas as fuel. A number of other manufacturing enterprises, some 
-of them of considerable importance, are also establishing themselves 
~~ - .-

The discovery of natural gas in Findlay found a fairly prosperous 
·county town, with a population of 5,000 people, surrounded by a rich 
:agricultural district that was in. course of successful development. 
Up to the beginning of 1887 the movement of growth went forward 
in an orderly and substantial manner. Prices for real estate were 
·advanced gradually with the increasing demand, and many sales were 
made to parties for actual occupancy. ·The field was free from all 
,-speculative excitement. This latter element, however, entered in 
full force at the beginning. of 1887, and· the spring of that year was 

8 GEOL--39 
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signalized by an extraordinary adva1ice in prices of real property 
and by large investments on the part of persons who bought merely 
to sell again. Prices were doubled and doubled again. Additions 
were laid out on a magnificent scale, the entire township was taken 
into the corporation, and capital flowed into Findlay from all direc
tions. Provision was made for a town of at least a hundred thou
sand people, and speculators reaped large rewards. But this excite
ment soon exhausted itself. At the extrava:gant prices that were 
reached purchasers grew scarce, and rates consequently receded once 
more to a point where bona fide investors could purchase with safety. 
The growth of the tqwn is now proceeding rapidly and solidly: 

The policy of "offering inducements to manufacturing compauies 
to locate in the towns that have secured the new fuel was begun in 
Findlay. Grants of land, as much as is necessary for manufactur
iiig plants, free fuel, and sometimes libsral subscriptions to the stock 
of the company are .all offered to companies that propose to locate. 

When the Bl_ack Swamp of northwestern Ohio came to be first oc
cupied, towns were established here and there over its surface at 
points suggested by apparent advantages in the way of accessibility · 
and prospective settlement. The agricultural capabilities of the sev
eral districts were the only recognized elements of value in them, 

·unless the supply of water or of building stone should occasionally 
be considered. Of mineral wealth of any kind beneath the soil no 
one had a thought, unless, perhaps, some ignorant and credulous 
dreamer, and such never stopped in their claims short of silver and 
gold. . . 

The rocky floor of the country seemed to the early settlers as regu
lar and uniform· as the surface: but wh(m it came to be mapped on 
a geological basis it became evident that a considerable variety of 
structure must underlie this monotony. But geologists, for a time,. c 

failed to apprehend the full significance of the facts. The driller has, 
however, brought to light beneath this flat and unbroken surface 
the most remarkable deep-seated movement of the strata known in 
the State, viz, a monoclinal fold of pronounced character, well de
fined, and continuous for a score or two of miles. 

One of the early towns, the location of which was determined on 
some ·one of the general grounds already in!'licated, in addition to· 
becoming the capital of a county of great- agricultural value .and 
promise, chanced to be located on the. very line of this hidden but 
profoundly influential feature in the geology of northern Ohio. The' 
main street of this town coincides for some distance with the edge 
of the steepest descent of the field, whose existence was not even 
dreamed of. This town is Findlay. No other shares its fortune in 
this regard. The exceptional geological structure that has been 
pointed out is directly cpnnected with the wonderful resources in the 
way of gas and oil which have been discovered below tlle surface of 
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the town. The surprising progress that Findlay has made by means 
of the capital which this discovery has attracted, and is continuing 
to attract, makes it an object of envy to all the towns around, and 
it is easy to see that if the present rate of growth is long maintained 
a manufacturing center of great importance will be created here. 
The great advantages to such interests of having the best of fuel, 
either·without money and without price or at a merely nominal rate, 
are so obvious that they can not fail to make themselves felt on all 
sides. New manufacturing. enterprises, instead of being attached to 
the old ones out of which they grow, will seek a location in the natural 
gas belt; and when a period of business depression OCC).lrS those es
tablishments that have .power, fuel, and light free or at a nominal 
charge only wiH stand, while others in the same line of produc
tion must fail. Competition under such unequal conditions is im
possible. All this turns, however, on the duration of the supply. 
The only consideration that now holds capital back from establish
ing in the new gas field duplicates of the various manufactories of 
the country on the largest scale is ·the question as to how long the 
supply will last. . 

Probable clur·ation of the gas production.-The question is of the 
greatest importance, but data have not yet been accumulated in any 
part of the field by which even an approximation to a definite esti
mate as to the life of the field can· be given. From Findlay we gain • a few facts that bear upon the answer. The highest original level 
of the gas is found in the wells on the east side of the town, where· 
the surface of the gas rock was struck at about 3J2 feet below tide. 
The deepest wells of Findlay that can with propriety be called gas 
wells are the Adams and the Barnd wells. In them the surface of 
the gas rock was found a little more than four hundred feet below 
tide. These wells have always produced more or less oil, and the 
latter also salt water, with the gas, but the oil has steadily gained 

· on the gas, especially in the first one. The proportion of oil in the 
Adams well was increased at-least threefold during the months in 
which the Karg well was suffered to blow into the air. The explana
tion of this is obvious. By the release of 14,000,-000 cubic feet of 
gas per day from the common gas reservoir the .oil was driven up
ward to a higher level. The level once gained by the oil is not again 
surrendered to the lighter element. ~twill be given up only to the 
great flood of salt .water, whose steady artesian ·pressure is the pro
pelling force of both oil and gas. 

_The original depth of rock occupied by gas at Findlay is seen to have 
been something less than one hundred feet. This space has certainly 
been reduced· by a mEJasurable amount since the field was open. The 

. Karg, Cory, and North Findlay wells all occupy about one·level of 
the limestone, viz, 350 feet below tide. Their gas was originally en
tirely dry. One of the first measurements bearing on the question 
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before us will be derived from the appearance of oil or salt-water 
in the gas of these wells. 

That the gas and the oil are stored products, accumulated in rocks 
of suitable structure to serve as reservoirs, or, in other words, that 
we are drawing upon a definite stock of this substance, is the only 
mtional view to be taken of the facts involved: There was in the 
Findlay field originally a vast but still not an incalc~lable amount 
of gas, either dry or held in and permeating the oil that accompa
nies it. Upon this stock the wells are drawing. From it a given num
ber of millions qf cubic feet can be used for a given number of years, 
but when qnce exhausted there is no more possibility of its re
newal in the reservoir than there is of the growth of coal in mines 
that have been worked out. It is in this light that the waste of 
these priceless accumulations· ought to . be regarded. The new gas 
fields of Ohio and Indiana have beeri. depleted in a reckless and wan
ton way. · They would seem to hiwe fallen into the hands of grown
up children rather than sagacious business men; of ignorant vandals 
rather than representatives of modern civilization. Their stores, 
which it has cost millions of years to gather, and which if wisely 
husbanded might keep the wheels of industry turning for scores of 

-years to come, have been burned as rapidly and noisily as ingenuity 
cou:ld devise the means for it, and largely at the dictate of real-estate 
speculators, whose great object was to work up that excited and irra
tional state of mind in regard to investments which is called a 
·''boom." 

GAS FIELDS OF NORTHWESTERN OHIO, EXCLUSIVE OF FINDLAY. 

The Findlay gas field has been made to cover, as will. be remem
bered, all the Niagara limestone area continuous with that on which 
the town was built that has proved productive of gas. Its most im
portant extensions are to the north and northeast.· As commonly 
counted there are several distinct gas fields in the northern town
ships of the county. To whatever divisions they may be referred, 
these areas rival in importance the original field, The great well of 
Van Buren; in Allen Township, has already been several times men
tioned. It is at the present elate (July, 1887) the largest gas well 
ever opened in Ohio. It gives good reason to expect enormous pro
duction in its vicinity. The south line of townships o£ Wood County, 
viz, Henry, Bloom, and Perry, connecting with Cass and Washington 
Townships of Hancock County, are proving very prolific in gas. 
In Bloom Township, north of· Bairclstown, the Simons well is lo
cated, and ranks third in the list of great wells. Marion Township 
has one great well, which is known as the Thorn tree well. · Jackson 
Township also has one, the Ballard well, which produces more than 
5,500,000 cubic feet daily. · 

This territory outside of Findlay is being developed in the main 
in an orderly and systematic way, under the control of three corpo-
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rations that: have secured a large part of the most promising terri
tory. The foremost among these corporations is the Northwestern 
Ohio Natural Gas Company. In it the experience and capital of the 
Standard Oil CompanY, are represented. 

This company owns two Qf the best wells in the new field, the 
Van Buren and the Simons wells. They have also other very valu
able wells, the entire number being twenty-four. They have intro
duced gas from this territory into Fostoria and Fremont, and have 
also reached Toledo with their pipe lines. This enterprise consti
tutes, in fact, one of the most important features of the new field, 
and involves the expenditure of a very large amount of money. The 
Toledo pipe line of this company is 32 miles in length, and consists 
entirely of 10-inch pipe. Two other pipe lines are led out from the 
·new gas field. From the great Thorn tree well, in Marion Township, 
gas is transported to Tiffin, and this prosperous and enterprising 
town is profiting greatly thereby. The company is known as the 
Tiffin Natural Gas Company. It controls considerable gas land in 
the vicinity of its first well, and has recently brought in one of the 
largest wells of the entire field. 

The Toledo Natural Gas Company is also transporting gas from 
Henry and Bloom Townships, Wood County, to Toledo. The length 
of its pipe line is about thirty miles. The size of the pipe is 10 
inches for most of .the way and 12 inches ,near the terminus. No 
competition in the price of gas in Toledo is expected from the en-

. trance of this company. 
There has been a considerable and somewhat novel extension of 

municipal power in connection with the search for natural gas and its 
utilization during the last two years in Ohio. The student of polit
ical science will find the record an interesting and instructive one; 
and possibly will consider the policy questionable. Incorporated 
cities and villages in numerous cases have secured from the legisla
ture authority to drill wells for gas, and when found to transport 
and supply the same for the use of citizens. The issue of bonds for 
that purpose must' be approved by a popular vote, it is true, but 
thus .far there has been but one result when the question has been 
submitted to the people. Propositions to bond the towns always 
carry by overwhelming majorities. The smallest taxpayers are gen-
erally the most enthusiastic supporters of the proposition. · 

As a consequence several towns have expended considerable 
amounts of money that must be raised by taxation in the search for 
this most uncertain form of mineral wealth. The exploration has 
been undertaken in some places where, so far as there are any scien
tific indications in the case, they were decidedly against the presence 
of an adequate supply of gas. One village corporation has expended 
$10,000 for drilling wells and has no gas to show for the expendi
ture. Other towns are following in the same track. Findlay lecl 
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in this new policy. The company that drilled the first wells and 
piped the town was taxed to break down its business. All has been 
happily adjusted, owing to the great growth and prosperity of the 
town. The city has bought the entire plant Qf the gas company at a 
fair valuation, giving the company at least its money back again, 
but it is easy to see that the result might have been very different. 

Fostoria, on the edge of the gas field, has issued bonds and drilled 
wells and laid a pipe line entirely around the corporation limits. It 
offers gas practically free of cost in unlimited amount to manufact
urers who will establish themselves there. Fostoria was already 
reached by the pipe line of the Northwestern Ohio Company, and 
investments have been attracted by its vicinity to the new gas sup
ply. 

The Bowling Green gas field is the most northerly extension of the 
high-lying Trenton limestone that has proved productive. The sec
ond well of the new field was drilled here. . This division of the gas 
field extends south from the village about three niiles. Its exten
sion in an east and west direction has not been proved, but it seems 
not likely to exceed the same distance. The gas is much the most 
vigorous on the southern border of this territory. There seems 
nothing to encourage "further drilling north of the town. Of the 
first six wells, the last, which was located a mile south of the court
house, yielded much more gas than all the rest combined. Its pro
duction probably exceeded one million cubic feet per day at the time· 
the well was drilled. 

Bowling Green has attracted several large manufacturing enter
prises, including an extensive glass-works .Plant, and has shared the 
large investments of outside capital that have. been directed to the 

'new gas field. 
A very important and promising as well as extensive gas field is now 

(July, 1887) in process of devel.opment in Auglaize and Mercer Coun
ties, on the western border of the State. It· may be designated by 
the location of the first well as the Saint Henry's field; or, from the· 
most numerous wells, as the Saint Mary's field. The wells are not of· 
the largest volume. Thus far they range from half a million cubicfeet 
per day to five million cubic feet, but a considerable number of them 
produce between one and three million cubic feet per day. This 
seems to be about the normal range of this territory. The field is in 
general character very much like the Indiana field, which is presently 
to be described. Its structural features have not, in drilling, come to 
-view with much distinctness. ' · 

Small supplies of gas are found in Carey, Fremont, Tiffin, Oak 
Harbor; Bryan, and other towns. Several of these towns have a 

· . measure of importance and value in this connection. Oak Harbor 
is the most promising at the present time. It is located on an uplift 
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of the strata, which is indicated by the arrangement of the surface 
rocks_ as shown in the geological map of Ohio. Tl1e Niagara lime
stone rises here to the surface in a long tongue or prolongation which 
extends to the lake. A similar arrangement of the rocks is found 
10 miles to the westward, and on this uplift also a little gas and oil 
have been found at Lindsey and Gen.oa. Through all of this territory 
the Trenton limestone lies far below the 500~foot dead-line of the 

·Findlay field; but the influence of minor arches at a lower level 
proves adequate tq effect some concentration. No great importance 
appears, however, to attach to this outlying territory. so far as can 
now be seen. 

The review of the northwestern Ohio gas· fields must be concluded 
here. Enough has been said to show the immense economic value 
of the surprising discovery that was made in Findlay in November, 
1884, of high-pressure gas ·stored in the Trenton limestone. · 

TH,E LIMA OIL FIELD. 

The account to be given of .Trenton limestone oil is by no means 
as favorable as that which has been given of the gas afforded by the 
same stratum. Trenton limestone gas is gold, but its oil is lead, at 
least under the present conditions of the marke~. . Still, it is a fact 
of extraordinary scientific interest that the most prolific oil field yet 
found in the American continent, and second only in.productive 
power to the great Russian field among all the oil fields of the world, 
is now coming to light beneath the fertile, drift-covered plains of 
northern Ohio; . 

The history of the discovery of oil at Lima hat> already been noticed.' 
The earlier developments of the field, by which its general proportions 
and areas were outlined, have also been described: 

It now .appears that the field was opened on its extreme north
western·boundary. If tho drill had. been started a ;ery short distance 
beyond the location .of the first well it would have found little be
sides salt water. Ten or twelve of the wells next drilled were of the 
same c]laracter as the first, except that a number of thel.ll proved to 
be entirely outside of the limits of production. But by the time these 
were all completed the real character and promise of. the field were 
coming into view. and the directions in which the largest production 
was to be looked for were approximately determined. 

Structure of the field.-The Lima oil field proper, as proved up to 
the present time, consists of a tract eight or ten miles in length and 
from two to three miles in breadth. . It is fairly symmetrical in. out
line. The axis of the field extends in a southwesterly direction from 
a point two or three miles due east of Lima to a point two or three 
miles south of Cridersville, Auglaize County. The elevation of the. 
surface ?-Verages between eight hundred and fifty and nine hundred 

1 Pp. 530 et seq. 
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feet. There is a slow ascent to the southward. The tract embraces. 
parts of Bath, Ottawa, Perry, and Shawnee Township's, of Allen 
County, and part of Duchouquet Township, Auglaize County. The· 
northeastern prol<;mgation of the oil rock is bounded on all sides by 
salt water. The southern central and southeastern borders find the 
Trenton limestone barren, apparently because of its physical char
acter, which in turn depends upon its chemical composition. The 
drillings show it to be a hard and close-grained rock. The north
westeril border is generally determined by the presence of ·salt water-
in the Trenton limestone. ' 

The level of the upper surface of the Trenton limestone within 
and adjacent to this area proves to be a very significant and im
portant factor in tbe productive character of the rock. This great. 
stratum is found about as nearly horizontal within the productive 
area now described as.any sheet of stratified rock ever is. On one 
square mile, on which more than fifty wells· have been drilled, the· 
extreme range of difference in the depths at which the Trent.on was 
found is 16 feet, and, excluding a single well, the range is but nine· 
feet. Two of these wells, a mile distant in an east and west line, 
found the Trenton at exactly the same lev~], and two of them in a. 
north and south line show a difference of but three feet in the eleva
tion of the oil rock.· From a well located in section 20, Perry Town
ship, to wells in section 5, Ottawa Township, a rlistance of three and 
a half miles in. a due north direction, the descent of the Trenton is. 
12 feet. · · 

An instructive section is obtained on an east and west line through 
the corporation of Lima. Beginning with the Ashton weU on the 
west, we find the surface of the Trenton limestone 402 feet below tide;. 
in the Parker well, in section 35, Bath Township, the surface is 408-

. feet below tide. In other wells along the line we find the surface of 
the Trenton below tide, respectively, at 392, 388, 381, 388; 389, 390, 
402, 386, and 387 feet. Two wells near the Parker well, a little to the
south, respectively show the Trenton to be.at 4D5 and 404 feet below 
tide: The length of the line traversed in the entire section is four 
miles. There is a difference in the extremes of six feet, but cine well 

( 

in the middle of the line is at the exact level of the initial well. The 
fact of special interest is that neither of the extremes is productive· 
of oil, nor is the well in the middle of the line, while all the rest are· 
more or less valuable oil wells. In the productive wells the surface 

. of the Trenton is found at the depths named above, and the extreme 
stations in this line are three miles apart. Further, the well in which 
the level of the limestone is 38i. feet below tide proved to be a pro
ducer of dry gas for a number of days, the first and only well of the 
kind in this part of the field. 

The relation between the levels at .which the Trenton limestone· 
is reached and the oil and gas production of the wells has been 
adverted to already in several places. · The following list of wells,. 
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in which the levels of the limestone have been determined, illustrates 
this subject in a striking way. If all the newly ascertained facts. 
were collated there is good reason to believe that they would con
firm and extend the conclusions that have been reached. The list. 
embraces over fifty wells that are arranged in the order of the eleva
tion of the Trenton limestone found in them. There has been no
selection of facts whatever. Every record that was readily access
ible at the time the measurements were made was put in the list, and 
it is entirely probable that all subsequent records would fall within 
the same limits as those here shown. The first day's flow of every· 
well is given in ·all the eases in which. it could be definitely ascer
tained. The wells were nearly all measured by the steel tape, and 
the figures are as accurate as such measurements generally are. Few, 
if any, anomalies exist; but even these few would perhaps disappear· 
upon a more careful examination of the records: · 

Trenton 

Name of well. limestone First day's 
below sea production. 

level. 

Feet. Barrels. 
Amos McClain ...•... a375 140 

Christ. Martin ....... 376 > 20 
McDonel No. 1. ..... : 378 70 

Garvey's gas well .... 381 ············ 
Bowman ............ 382 125 

Hogle .........•..... 382 50 
Ditzler .............. 383 500 

D. Martin ........... 384 15 

Gas Company's well.. 384 •••••• ~ •• 0 •• 

Tunget .............. 386 700 
French .............. 387 300 

Lehman., ........... 387 70 

Apple ............... 387 70 
McCullough No.1. ... 389 20 

McCullough No.2 ..... 388 20 

St~elsmith .......... 388 .... ········ 
Simons No. 1. ....... 388 10 

Simons No. 2 ........ 399 (b) 

Locke ............... 389 10 

Sarah Jacobs ........ · 389 10 

. Shade No. 1. ........ 390 20 

Wheeler well ......•. 391 ············ 
·Reese No.2 .......... 391 40 

Reese No.3 .......... 391 40 
I I· 

a Well shot. b Abandoned. 
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Trenton 

Name of well. limestone First day's 
below sea production. 

level. 

Feet. Barrels. 
Reese No.4 .......... 392 30 
Holmes No.1. ....... 391 30 
Holmes No. 2 ........ 396 30 
Harrod .......•....... 392 8 
Dingledine .......... 392 10 
Hume ........ : ...... 392 250 
Paper mill No. 2 ..... 395 20 
Citizens ............. 395 35 
Reichelderfer ........ 396 10 
Chicago No. 1 ....... 396 8 

Fritz ................ 397 10 
Moore & Brotherton . 397 12 
Collins .............. 400 (b) 

Ashton .............. 4.0.2 (b) 

Faze ................ 40.2 (b) 

Ehrich .............. 403 (b) 

Hefner .............. 404 (b) 

Boose ............... 404 (b) 

Tapscott ........ : ... 40:i (b) 

Woolsey ............ 406 (b) 

Smith ..•••.•........ 407 (b) 

Roberts· ..... , ....... 408 (b) 

Parker ...•.......... 408 (b) 

Woolet .............. 410 (b) 

Cole ..•............. 416 (b) 

May .............•... 421 (b) 

Hadsell ... , ......... 432 (b) 

Hoffman ... · ......... 433 (b) 
I 

b Abandoned. 

To the southward the level of the Trenton limestone rises slowly 
to the extreme southern limit of what has been here described as 
the Lima field. The surface of the Trenton has an elevation of 360 
·or 370 feet above tide. The limestone c.ontinues to rise .both to the 
southward and to the westward, interrupted occasionally by shallow 
troughs that break the regularity of its ascent to a slight degree. 
· The geological structure of the Lima pool has been brought into 

view more clearly by the figures that have ·now been given than 
could be done in any other way. The field is seen to consist of a 
very flat-lyin:g terrace of Trenton limestone. its extremes of eleva-
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tion being 400 and 360 feet, or differing only by an interval of 40 
feet; in fact, an interval of 30 feet would cover almost the complete 
range of the field. Beyond the limits of the oil field to the north 
and west the rate of descent of the strata is more rapid, being some
times 15 feet to the mile. 

A. dead line for oil production is shown with great distinctness 
in the tables above given. Not a well that has found the surface of 
the oil rock 400 feet· or more below tide has proved productive, and 
the value of the productive wells is very closely connected with the 
level of the oil rock. 

Outside of the oil field, and also upo:p. its border, salt water rises 
promptly to the surface from wells whenever the rock is· reached. 
In wells where the limestone is found only four or .five feet above 
the dead line more or less salt water is constantly ;raised with the 
oil, and any prolonged intermission in the work of the puinp is dis: 
astrous to the well. Tl1e suspension of pumping in the Citizens' 
well of Lima for twenty-four hours decreased the oil with a corre
sponding increase of salt water to such, an extent that it took steady 
work for an entire week to regain the oil production. A.n interrup
tion of a few days would obviously be fatal, where the surface of . 
the oil rock is less than ten feet above the dead line: The wells sel
dom flow except when first shot. Every foot of elevation of the 
rock appears to be directly effective in production. 

The greatest productiveness is limited to those areas in which the 
limestone is between three hundred and seventy and three hundred 
and ninety feet below tide. One main factor in the productiveness 
of the Lima· field has now been briefly discussed. Another of co
ordinate importance remains. 

The oil and salt-water rock.-The oil sand of the drillers, as has 
repeatedly been shown in the preceding pages, is a dolomite or mag
nesian limestone. Its value as an oil reservoir is proportioned to its 
purity. There is no· free sand or silica in it, and the percentage of 
silicates is very low in the best examples of the rock. "Its composi
tion is shown in the following analysis executed for the Ohio Geo
logical Survey by Prof. N. W. Lord: 

Paper Mill Woolsey Simons Hume 
well. well. well. well. 

Carbonate of lime ........ 52.66 56.90 57.40 63.46 
Carbonate of magnesia .. 37.53 38.85. 36.45 24.20 
insoluble residue ...•. , . } 00.75 1.64 5:10 
Iron and alumina ....... 4.15 2.99 2.75 ............ 

The results from the Hume well are anomalous. It is probable 
that the composition of the hard cap of the· limestone that overlies 
the oil rock may be represented in these figures. The oil rock is di
vided by the driller into three portions, viz, the hard cap~ three to 
seven feet thick;. the oil rock proper, a porous dolomite, seven to fif-
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teen feet thick; the salt rock, hard and fi~e-grained. The entire series 
is seldom penetrated more. than 30 feet. No profit has been found 
in going deeper than this or even to this depth. A small amount of 
gas is generally found in the cap rock, and sometimes a little oil. 

· The oil rock is often divided into two levels; separated by four to six 
feet of unproductive rock, in which a small quantity of salt water is 
frequently stored. The porosity of the oil rock is very marked, and 
is obviously due to the imperfect interlocking of the dolomitic crys
tals of which it consists. Few fossils are found in the oil rock 
proper and these are indistinct. The salt rock, so called, is mer.ely 
a firm, hard phase of the f?ame stratum. No better place will be 
founu to describe the salt' water that occupies all the lower levels of 
the oil rock than this. 

Salt water, when struck in a well in the Lima field, is not neces
sarily fatal to its oil production. By vigorous and prolonged pump
ing, the water, in many instances, has been exhausted, and a good 
supply of oil has been thereafter reached. All seems to depend on 
the absolute level of the oil rock in this regard. The salt water re
ported from the Trenton limestone has a peculiar character. It 
agrees in general composition with all ~he salt water derived from 
the Paleozoic limestones of our scale. A distinct type of mineral 
waters that may be called limestone brines comes into view. Dr. 
T. Sterry Hunt first determined the composition of the Trenton lime
stone brine as he found it in a well drilled for oil on Manitoulin 
Island: 

In 1,000 parts there were-
Chloride of sodium ................ _ .................. :. 4.800 
Chloride of potassium. . . .. . . . .. . . . .. . .. .. .. .. .. . . . . . . . . 792 
Chloride of calcium ................................... 12. 420 
Chloride of magnesium ................................ 3. 650 

Total ...... · ........................ : . . . . . . ..... 21. 662 

Dr. Hunt calls attention to the unusual fact that the chloride of 
calcium cm1stitutes more than one-half of the solid contents of the· 
brine. He suggests that it .is a diluted bittern of the ancient seas, 
the sulphates having, by evaporation, been eliminated in the form 
of gypsum.' He also gives• the cmp.position of a Devonian lime
stone water from Bothwell, Canada, as follows: 

In 1, 000 parts: 
Chloride of sodium ............................... 14.4460 
Chloride of potassium ........................... 0.3350 
Chloride of calcium .............................. 3.1830 
Chloride of magnesium .......................... 5. 7950 
Sulphate of lime. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3. 0580 
Sulphide of sodium .............................. 0. 8797 } o. 4600 HS. 
Sulphureted hydrogen ............................ 0.0767 

Total. . .. .. .. . .. .. . . . . .. .. . .. . .. .......... 27. 7734 

1 Chern. and Geo1. Essays, p. 158. 'Ibid., p. 163. 



ORTON.) THE OIL AND SALT WATER ROOK. 621 

The composition of the so-called Blue-lick water of the wells that 
go down into and below the Trenton limestone series in southern Ohio 
and Indiana is probably various. There is but a single analysis at 
hand. The water of the Hemingray well, Newport, Ky., as analyzed 
in the Ohio Geological Survey by Professor Lord,' has the following 
composition: -

Parts in 1, 000: 
Chlori(le of sodium ................................... 10. 530 
Chloride of magnesium ................................ 0. 029 
Sulphate of lime .................... ·... . ........... 1.818 
Silica . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 007 
iron and alumina................. . .................. Trace. 
Sulphureted hydrogen present but undetermined. 

Total ............. · .............................. 13. 284 

Another limestone water obtained from the Niagara or Clinton 
limestone in well No. 1, at Bow ling Green, was analyzed by Professor 
Lord with the following result: -

Specific gravity, 1. 1172. · 
Parts in 1, 000: 

Chloride of sodium ...................•...•...•....... 83.30 
Chloride of caleium .................................. 65.05 
Chloride of magnesium ............................. 15.96 
Sulphate of lime. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 03 

Total ........ .- ............................ : . ... 165. 34 

A mineral water of considerable interest has been recently found 
in the Upper Helder berg limestone o.f northern Ohio buried at a depth 
of a thousand feet. In a well drilled at Lorain, Lorain County, Ohio, 
a brine was obtained from the horizon named above that has the 
following composition, according to Professor Lord's analysis. The 
specific. gravity of the water is 1.0837: 

Parts in 1, 000 : 
Chloride of sodium ................................. . 
Chloride of calcium ............................... . 
Chloride of magnesium ............................ . 
Chloride of potassium ............................. . 
Bromide of sodium ................. : . .............. . 
Sulphate of lime ................................... . 
Carbonate of lime .................................. . 
Alumina ........................................... . 
Silica .................... · .......................... ·. 

48.599 
37.370 
22.430 

1.460 
0.601 
0.712 
1. 210 
0.040 
0.024 

Total ........................................ 112.446 

This water is turned to account as a bathing and medicinal water 
under the name of the Devonian Springs. The quantity of bromide 
of sodium in it is notable. The use of mineral waters in this coun
try is generally empirical as yet, and while the tests of these deep-

' Geol. Survey Ohio, vol. 6, 1888. 
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seated waters, which have now been described, are going forward on 
a small scale and on a purely experimental basis, it seems likely that 
they will be found to make valuable additions to our resources in the 
healing art.· 

Production and promise of the field.--Drilling in the Lima field 
was begun in the spring of 1885. It was a year, however, before the 
oil producers entered vigorously upon its development. The wells 
on the Shade farm, south of the town, made the first significant de
parture from the day of small things with which the work was begun. 
All these were flowing wells.· The early summer of 1886 marked the 
beginning .of rapid development. The production of single wells 
increased from 60and 70 barrels to lOObarrels a day; and presently, 
in the Hu~e well, to 250 barrels in a day, and a little later to 700 
barrels in the Tunget well. To the southward great wells were 
presently found. The Ridenour farm, the Hueston, Moore, Ditzler, 
Ballard, Lehman, Goodenow, and Spear farms all became centers of 
large and certain production. By October 1. the character of the 
field had come into clear view as second to ~one yet found in the 
United States in volume of production. During September, 1886, 33 
wells were added to the 128 previqusly drilled. Of these; one was 
dry. The total production of the new wells was 2,455 barrels daily, 
showing an average of 75 barrels to the well. Six of these wells 
were credited with an aggregate production of 1,300 barrels daily. In 
November a number of other great wells were brought in, and the 
Douglas, Crumrine, Boop, Mechling, McLain, and other farms were 
added to the prolific areas. A. well drilled during th1s month on the 
Alonzo McLain far~, section l3, Shawnee Township, reached a pro-. 
duction for its first day of nearly or quite 1,000 barrels. This well is 

. still flowing at the rate of 150 barrels a day. The largest production 
in the Lima field for a single day is that of a well on the J. W. Ride
nour farm, section 18, Perry Township .. It put into tanks in the 
first twenty-four hours 2, 760 barrels of oil. Its rate was 115 barrels 
per hour. 

Of 20 wells completed inN ovember, one was dry and nine produced 
daily 100 barrels each or more. Of 22 wells completed in December, 
one was dry and 11 produced daily 100 barrels each or more. The 11 
of this group are credited with 2,500 barrel~ daily. 

On January 1, 1887, according to the published ac.counts, there. 
were in the Lima field 235 wells, with a daily production of 9,488 bar
rels. In: January, 35 wells were addedto the list, and in February, 34. 

· Of the latter, 16 wells were reported as producing from 100 to 250 
barrels daily. It is unnecessary to follow the development in detail 
further.· 

On the 1st of May, ·1887, there were 444 wells in the Lima field, 
The number has been increased but slightly since this time on ac
count of the determined effort of the Buckeye Pipe Line Company . 
(the Standard Oil Company) to restrict production. The price of 

.• 
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the oil was reduced in the latter part of 1886 from 40 cents to 35. 
Other reductions, each of 5 cents, have subsequently followed, ~he 
latest being made on July 20, when the price fell from 20 to 15 cents 
per barrel, at which point it rests at this writing. These successive 
reductions, the company insists, are justified and rendered neces
sary on several grounds, Prominent among these is the bringing 
in of the great wells of the N oi·th Baltimore field of Wood County, 
one of which has reached the amazing production of 5,000 barrels 
of oil in a single day. This is the highest mark of the Trenton lime
stone. 

At a conference between the producers of the field and the Bu.ckeye 
Pipe Line Company in July, 1887, it was agreed that drilling should 

·be suspended for the rest of the year, or at least until some efficient 
means of reducing stocks should be found, and that the torpedoing of 
wells should be entirely abandoned. The average production for 
the total number of wells drilled in the Lima field does not reach a 
very large figure, because the early wells were mainly drilled on the 

·edge of the field where the oil rock lies near its dead-line. In the 
wells drilled during the last six months nearly 50 per cent. have been 
of the 100-barrel rate, or even larger. The average for the new 
wells of severalseparate mouths has exceeded ·75 barrels. The pro
portion of dry holes has been very small since the laws of the field 

· have been approximately ascertained-probably not exceeding 5 per 
cent .. The highest daily production of the Lima field proper is not 
far from 14,000 barrels. It must be borne in mind that this produc
tion has been reached under the most adverse circumstances. Drill-

. ing has been confined for the last few months to the holders of leases 
for the main part, and it is being avoided umv, in many instances, 
by the lessors waiving the terms of the lease in this regard. 

The qualities and uses of Trenton limestone oil.-The Trenton 
limestone oil is in all respects a typical limestone oil, dark in color, 
rather low in gravity, and containing a percentage of sulphureted 
products which, though small, make themselves offensive and resist 
expulsion with great stubbornness. The extremes of gravity ob
served in the new fields are 31 and 42 degrees, but the great bulk of 
the oil is included between 35 and 40 degrees. · 

The initial experiments with Lima oil se.emed favorable. The 
quality of illuminating oil obtained from it was thought to be equal 
to any, though the percentage was smaller than of Pennsylvania 
petroleum. The Standard Oil Company undertook the large expend
itures necessary in taking care of the oil and afterwards entered 

·upon the work of refining it on an extensive scale. Independent 
refineries were established with considerable outlay at Lima and 
Findlay, and more recently at Bradner, and the oil has also been 
handled at a Toledo refinery in small quantities. 

With all this expenditure and experience we are still unable to 
make positive and final statements as to the value and capabilities 
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of the oil on account of the diametrically opposite testimon'y that 
is given by different parties in the field. The Standard Oil Com
pany has planted in the new field more than $2,000,000, and it now 
avers through its representatives that it has made a great mistake, 
.and declares that the numerous, extensive, and very costly experi
ments conducted by it in seeking to obtain from Lima crude an illu
minating oil that will fairly compete with Pennsylvania oil in open 
market have resulted in complete and utter failure. The company 
declares that out of 208,000 barrels refined by them no oil that could 
be successfully used as an illuminant has been obtained. Repre
sentatives of the company further declare ·that the only use that 
they have been able to :find for Lima oil1s for fuel, and to its intro
duction for this purpose they are now .directing all their efforts. 
They have more than 2,000,000 barrels already stored in the :field, 
and the stocks are increasing. at the rate of fifteen to twenty thou
sand barrels a d:;ty. This increase has gone forward in spite of the 
severest attempts at repression in the reduction ·of the market price 
of the oil. There are, however, other companies in the :field engaged 
in refining Lima oil, and their testimony is not of the same tenor as 
that already quoted. They declare that they are obtaining satisfac
tory resul~s in refining Trenton limestone oil. They claim that the 
deodorization of the oil is practicable, and that the cost of the pro
cess is not excessive. One of the companies sci engaged reports as 
the result of its operations, when fresh oil of 40° Baume at 60° Fahr. is 
tre~ted, 50 per cent. kerosene of 150° fire test, 10 per cent. gasoline, 
and the same proportions and qualities of lubricating oils that are 
obtained from Pennsylvania crude. Tho quality of the illumin
ating oil is excellent. A larger percentage of loss than in eastern o1l. 
is admitted; but it is alleged that the loss is not excessive. 
· Laboratory experiments on crude petroleums t.:an not always be 

trusted to indicate what their behavior will be when treated in a 
large way for commercial purposes, but the results of a few analyses 
recently made for the Ohio Geological Survey will be found instruct
ive. 

Professor Lord, chemist of the Ohio survey, adopted the compara
tive method in his examinations. Crude oil from the Macksburgh 
field, the character and yield of which are well known, and crude 
Trenton limestone oil from northwestern Ohio, were subjected to 
the same treatment, with the following results, viz: 

l\Iacksburgh Trenton lime· 
oil, stone oil, 

41° gravity. 39° gravity. 

1--·-----------1-------

Napbtba ...... , .......... . 
Kerosene, between . 73 and . 83 .•..•..... 
Sulphur ................................ . 

Per cent. 
16 

38 

.025 

Per cent. 
15 
33 

.535 
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The distillation was arrested before "cracking" had begun. It is 
known that the l\'Iackslmrgh oil can be made by the latter process to 
yield a total of 70 to 80 per cent. of distillates. It is probable that 
the limoestorie oil would closely follow these figures if treated in the· 
.same way. 

The enormous disproportion in sulphur compounds in the two oils 
can not fail to attract attention. It is not certain, indeed, that all of 
the sulphur present in the oils is .shown in the analyses, owing to 
possible defects in the method used. . 

The refiners of the Trenton limestone oil are certainly able to mask, 
more or less completely, the offensive sulphur compounds by their 
.several methods of -treatment, but tl;ley fail in some of the processes, 
.at least, to remove them. This is shown in the following results 
from the examination of one sample of oil: 

Crude Trenton limestone oil, sulphur ...... 0 •••• 0 •••••• 0. 553 
Crude distillate, sulphur ................. 0 ••••••••••••• 0. 52 
Refined distillate (deodorized), sulphur .................. 0.36 · 

The results of the chemical examination here reported seem to 
:show that the new petroleum has about the same character as the 
Macks burgh oil except in its high percentage of sulphur compounds. 

In cqnsidering the conflicting testimony to which attention has now 
been called we should not lose sight of the fact that very large inter
·ests and investments elsewhere are involved in the success or failure 
of Lima oil, nor of the further fact that decidedly the greatest oil :field 
of the United States, so far as capacity of production is concerned, is 
coming into view in the Lima district, to the equal surprise of practi-
·cal and of scientific observers. Its.development on the scale that we · . 
. are now compelled to recognize is nothing less than revolutionary so 
far as the present interests of production and refining are concerned. 
An output of 20,000 barrels a day, as already shown, has been forced 
upon the Standard Oil Company, which has undertaken the ta.sk of 
purchasing and storing the petroleum of the country. The com· 
-pany has built more than a hundred tanks in the new field, each hold· 
ing 30,000 to 36,000 barrels, and at the rate which the producers were 
mair~taining; in spite of the severe repression by the reduction of 
price from 40 to 15 cents a barrel; the company found itself obliged 
to add to its plant two or three tanks each week. In fact, it became 
apparent that Trenton limestone oil could be produced, at least from 
oue section of the new field, with a profit, even at 15 cents a barrel. 
No fact illustrates more significantly the character and possibilities 
·of this production. To check this marvelous yield it was at length 
found necessary to warn producers in substance that no further pro-
vision would be made for new wells during the year 1887. Under 
this compulsion the drill was finally brought to rest. 

If the price ·of Lima oil had been mantained at 40 cents there is 
no question that the :field would now be producing 100,000 barrels a 1 

8 GEOL--40 . 
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day. If the price should be raised ·to 30 cents a production of 50,000 
barrels a day would be reached inside of sixty d~ys. These esti
mates are certainly within the limits. 

It is obvious that the exploitation of the new field is premature. 
The markets of the country can not endure without a total collapse 
of prices the influx of even 20,000 barrels a day of crude oil from now 
sources, to say nothing of thricJ or five times as much. It thus 
becomes a question whether the new oil shall be temporarily marked 
down to a price far below its first cost, its production being thereby 
greatly restricted, or whether by a general leveling of prices the 

· Eastern stocks shall be ruinously depreciated. · The older centers 
could easily be impoverished without enriching the new. With such 
a field at hand as that which has now been described, in which the 
expenses of drilling and production are reduced to their lowest terms, 
crude petroleum is eertain to be cheap in any case. 

Taking all the sources of information into account, the followigg 
statements seem warranted in regard to the new petroleum : 

(1) Trenton Jimestone oil is inferior to oils of the Bradford fields, 
or, in other words, to the. best oils of Pennsylvania, on the following 
grounds, viz, (a) i~ yields a smaller percentage of illumi:r;tating oils, 
unless cracking is resorted to ; (b) it eontains a vastly larger propor
tion of offensive sulphur compounds which must be removed before 
the oil is ·ready for market and which resist removal with great stub
bornness; (c) it suffers a larger- percentage of loss in distillation. 

(2) The best of the illuminating oil produced from it is fully equal 
to the best oil of any field. It endures comparison with any as to 
the brightness, the clearness, and the duration of its flame, but a 
good deal of the refined oil that is in the markets from this souree 
can not endure the test; it crusts the wick and clouds the chimney 
of the lamp in which it is burned. 

(3) Trenton limestone oil can be deodorized with small expense, 
to this degree at least, that it can enter the market without serious 
prejudice or disadvantage arising from its odor. Complete deodor
ization is claimed by most of the firms tli.at are engaged in refining it, 
but while the possibility of the entire removal of its sulphur com
pounds is beyond question, this result has not thus far been gener
ally attained. 

(4) The lubricating oils and the other accessory products of refin
ing are of a high degree of excellence. 

(5) The present price of Trenton limestone oil, viz, 15 cents a bar
rel, is in ilo way a.measure of its real value as compared with the 
present price of Pennsylvania oil. 

There is one use of Lima crude oil in regard to the success of 
which all are agreed, viz, its use as fuel. It is excellently adapted 
to the convenient and e9or.10mical production of heat for almost ev:ery · 
purpose. It has been applied to simple uses, as to cooking and heat-
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ing stoves, and also to the production of power in stationary steam
boilers and to locomotives to a small extent; to the heating of gas 
retorts, to puddling and reheating furnaces, and to various other uses. 
In all these it has demonstrated its adaptability and great value. 

Various processes for using it safely and conveniently have been 
devised, and there is probably room for important additions in this 
.field. Foui· barrels of oil are counted equal to one ton of soft coal. 

· At the present price of crude oil it could scarcely be displaced by 
natural gas where it is introduced. The crude oil ought to be de
odorized before being applied to any of the purposes already named, 
but this has not yet heen done where it is used for fuel, except in an 
experimental way. There seems to be no doubt that this result can 
be easily accomplished. .. 

If all other and higher uses of petroleum are dropped entirely out 
. of the account it is still evident that an enormous stock of fossil 
power, vastly greater than all that can be furnished by the newly 
discovered natural-gas fields of this part of the country, is made 
available to us in the Trenton limestone oil. 

THE OIL FIELD:3 OF NORTHWESTERN OHIO EXCLT!TSIVE .OF THE LIMA FIELD. 

The Findlay oil field.-The presence of oil in the Trenton limestone 
of Findlay was discovered in the first well that was drilled there; but 
the amount was insignificant. In the third well an oil pro.duction of 
about five barrels a day. was reached, in connection with a consider
able volume of gas. The first well to be drilled expressly for oil 
was the Matthias well, on the west side of the town, and one and one
half miles distant from the court-house. It proved a flowing well, 
its daily yield being about thirty_ five barrels for: the first six months 
after its c6inpletion. It was drilled in the fall of 1885. · 

Early in 1886 the development of the oil field was begun in earnest. 
After the fashion of oil fields, new wells were located as close as pos
sible to the first successful one. Those that were nearest in location 
repeated the. experience of the first well. The· price of oil was 40 
cents a barrel, and a daily flow of 30 barrels was therefore counted a 
fair return. The field, however, soon began to reveal its metes and 
bounds. Barren rock was found at some p.oin,:ts and salt water at 
others. The territory to the southvv-est of the town proved unpro
ductive, and a limit was thus laid down in this direction. 

This was the direction to which all the imported traditions of the 
Pennsylvania field pointed as the line of ·promise, and it was only 
when the oil rock was found charged with salt water ready to fill the· 
well as soon as its level was struck that the search along this line 
was reluctantly abandoned. The search northeastward was cut off 
by the upper terrace of the Findlay monocline, which was gas terri
tory by way of excellence, and the territory to the southeast was 

· known to be gas territory if anything. From three of the quadrants 
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of the circle at the center of which he stood at Findlay, the driller 
was therefore cut off ih his search for oil, and his only lines of ad
vance were between west and north. Deep-set casings, Trenton below 
the dead-line; and consequent floods of ~alt water were soon reported 
from the northwest, and the productive field wn.s still further nar
l'owed down. Its boundaries -have now become fairly distinct, and 
tho Findlay oil field can be defined as consisting of a low ridge or 
terrace of the Trenton limestone, the upper surface of which is ap~ 
proximately horizontal and about 1,250 feet deep, about two miles 
wide in a north and south direction, and less than five miles long in 
an cast and -west line, extending we·st and a trifle north from the 
court-house in Findlay. The entire productive territory is virtually 
included in Liberty Township. 

The dead-line of the oil field has been referred to in a preceding 
paragraph. It is the line which marks the descent of the limestone 
to 500 feet below tide. Not a well that has found the surface of the 
Trenton limestone 500 feet or more below tide has proved productive. 
It so happens that the general eleva,tion of the surface of the country 
above the sea is very nearly the same as the thicki1ess of the shale· 
series that und2dies· the Upper Silurian limestones, the measure of 
each being about eight hundred feet;· consequently the·depth below 
tide of the :Trenton limestone can be approximately determined from 
the thickness of these Upper Silurian limestones, and since these 
limestones contain salt water that requires to be cased out of the 
wells, the depth of the Trenton limestone below tide can be. also de
termined by the depth at which tho casing stands in the wells. Not 
ti. well that needs to be cased as much as 500 feet has thus far proved 
product.ive. 

During all its em·iier history the Findlay. oil field was far less pro
lific than the Lima field. Until December, 1886, none of the wells 
reached a daily yield of 100 barrels. The· field, however, had one 
decided advantage from the first; namely, its wells were mainly flow
ing wells and therefore required no outlay beyond the drilling. In 
December, 1886, better wells were brought in to the west of the town. 
One of these was credited with 150 barrels for the first day, and sev
eral Gthers with 100 barrels each. The November production of 1886 
was a little over seven hundred barrels a day. In December the 
production was brought up t.o 1,300 barrels a day, nine now wells 
adding 600 barrels to the previous figures. In Jaimary, 1887, nine
teen new wells were brought in with a total daily production of 773 
barrels, making the aggregate of the field 2,000 barrels a day, the 
production of a number of wells being held back at the same time 
for .lack of tankage. February brought. the total daily production 
up. to 3,000 barrels. March gave the first great well to the Findlay 
field. On the D. J. Cory farm, Liberty Township, a well was drilled 
on the 1st of the month which started in with a flow of twenty-five 
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to thirty barrels a day. On March 14 it was heavily shot, and one 
week from that day it had produced 5,000 b~rrels, though it was 
held back as much as possible on account of lack of tankage. Its 
best rate was at least 1,500 barrels a day. This well has proved a 
wondei'fully persistent producer, holding up for at least sixty days 
after it was first brought in to 800 barrels a day. On August 1, 1887, 
it was still producing 350 barrels a day when allowed to flow. Its 
total production at that time was already in excess of 50,000 barrels. 
This is the largest well of the Findlay field proper, and ranks among a 
dozen of the great wells that the Trenton limestone has thus far fur
nished. In April the production of the Findlay field was-counted 5,000 
barrels a day and in May 6,000 barrels, the total number of wells be-

.·ing 97. SiU:ce that time, in accordance with the arrangement insisted 
upon by the Buckeye Pipe Line Company, no new wells have been 
drilled, and the production has been restricted as much as possible. 
From the statements aleeady made the capabilities of the field are 
seen to be large, and with due encouragement of price Liberty Town-· 
ship could, in sixty or ninety days, be depended upon for 10,000 bar
rels of oil a day. This production could be maintained for at least 
three or four years, according to present indications. The rate of 
production of the prolific portions of the field to the acre .or to the 
square mile can not yet be given, from the fact that no such areas 
have thus far been exhausted. The field shows good staying quality. 

The North Baltimorefield.-The most remarkable section of the 
new oil field remains to be named-the North Baltimore field. Jt 
occupies a few square miles on the eastern side of Henry Township, 
Wood County, and is several miles north of the village from which 
it takes its name. · The field is quite limited in extent. It consists of 
a belt le·ss than two miles in breadth, and extending five or six miles 
in a due north and south line, on the east side of which great ac
cumulations of gas are found, while on the west side the drill strikes 
salt water as soon as the Trentfmlimestone is reached. · In some parts 
of the field salt water is found in the oil sand; in all parts it com,es 
in as the wells begin to fail. 

The facts already given indicate that theN orth Baltimore field lies 
at the foot of the Findlay break, in its northern extension, and that 
it derives all of its value from the same remarkable geological factor 
that has proved so important in the oil and gas production of Ran
cock County. Sections 2, 11, 12, and 13 of Henry Township (T. 3 N., 
R. 10 E.,) are thus far the mos~ prolific of this sub~ivision, and they 
bid fair to take rank with the most famous centers of oil production 
yet found in the United States. 

The development of the field began with the drilling of a well on 
the farm of Mr. David Fulton, section 14, about the 1st of December, 
1886. The Trenton· limestone was reached at 1,160 feet, or approxi
mately 430 feet below tide. Oil was found between 1,192 and 1,191 
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feet, and the well filled a 250-barrel tank in the first twelve hours of 
its flow. This at t4e time was the largest production that had been 
found outside of the Lima field, no previous well in the Findlay dis
trict having thus far yielded more than half this amount per day. 
The consequence was that there was a great influx of driilei·s to the 
immediate neighborhood, and the new territory was eagerly competed 
for. The second well to be brought in was known as the Henning 
well. It is situated about five hundred feet eastward from well No. 1. 
It was completed on February 23, 1887. The Trenton limestone was 
reached at a depth of 1,206 feet, and the oil at 30 to37 feet in the lime
stone. At the depth of 33 feet 250 feet of oil appeared in the well. 
Below the first oil streak a hard crust occurred. When ~his was pene
trated the drill seemed at first to fall as if it had reached a cavity. 
Presently the force of tlie gas accompanying the oil became so great 
that the weight of the tools was borne up, and the walking-beam, 
being thus- relieved, played rapidly up and down. The oil filled a 
250-barrel tank in fifty-seven minutes, and the total production of 
the day ranged, according to judicious estimates, between 1,500 and 
2,000 barrels. 

These facts put a new face on the oil production of Hancock and 
Wood Counties, as regards both producers and purchasers. · In spite 
of the low and steadily-shrinking prices paid for the oil, production 
c0uld be· profitably maintained on wells like the last named. The 
possibilities of the new territory, as revealed by this well, led to an 
immediate reduction in the price paid for oil throughout the fields. 

The record of this well prepares us for a still more remarkable 
production, which was obtained early in July. The Slaughterbeck 
well No. 3, located in the southwest quarter of section 13, Henry 
Township, on the first day after the oil rock was reached and without 
.any aid from torpedoes, put 4,800 barrels into the tanks in twenty
two hours, and overflowed upon the ground for the remaining two 
hours of the day. It is therefore entirely within -limits to say that 
its first day's yield was considerably in excess of 5,000 barrels. At 
the end of sixty days it was still producing between 2,000 and 3,000 
barrels a day, when allowed to ±low. Its total production to October 
J, 1887, will fall little, if any, short of 100,000 barrels. This great 
well marks the highest point reached by the new oil rock, and would 
insure it a place, if any doubt still existed as to its character, among 
the great oil reservoirs of the world. 

·Throughout ~his field the Trenton limestone is found at a depth 
<of about 1,150 feet, or about 440 feet below tide. It lies very nearly 
level throughout all the productive district. It is not necessary to 
follow the details of the development further. The producers of the 
North Baltimore .field could profitably sink wells, even when the 
price of oil is reduced to 15 cents a barrel, and it required varied 
arguments, the·most potent of which was the intimation that tank-
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age would no longer be provided for the oil of new wells, to induce 
them to (3ntirely suspend the work of the drill through the latter half 
of 1887 except as the requirements of contracts might occasionally 
demand. · .A few producers who find their own markets are still test
ing the territory and some great wells have recently been added to 
the lists already given. · 

Practical men, who are familiar with the history now briefly 
sketched, entertain great expectations of this portion of the field. 
The most conservative among them declare that with a price of 30 
cents a barrel for oil the production of this township would within 
sixty days rise to 50,000 barrels a day. There are those who be
lieve that even these figures could be doubled: 

The cost of drilling is comparatively small .. The casing does not 
·exceed 400 feet, and the wells are but little more than1,;WO feet deep. 
Thus far but few of the wells have been shot. So long as the pro
duction exceeds 100 barrels a day they are let alone .. Torpedoing 
restores their production for a time. No pumping has yet been done. 

The character of the oil is decidedly superior to that of other fields. 
When fresh, it has a gravity of 42° B.; in other words, it is consid
erably livelier and therefore more valuable for refining than the 
Lima or the Findlay oil. The highest stage of Trenton limestone. 
oil as to both quality and production is undoubtedly r~ached in the 
North Baltimore field. 

DIVISIONS OF THE GAS FIELD IN INDIANA. 

DISCOVERY . 

.A brief account of the newly discovered gas field of central Indiana 
will conclw;le this paper. Indiana was sure to repeat within a short 
interval the tests to which the western counties of Ohio were led by 
the great discovery of Findlay gas and Lima oil. Drilling directed 
specifically to the Trenton limestone in search of these new supplies 
of power was carried forward through the eastern and central coun
ties of the State during 1886, and several valuable discoveries of gas 
were made in the Findlay horizon. In October of this year Kokomo 
reached a fair. flow of gas at a few feet in the Trenton limestone. 
This stratum was struck at a depth of about nine hundred feet, which 
would make it about ninety feet below. tide. Eaton, Delaware 
County, had previously redrilled and deepened a well in which gas 

. had been discovered a dozen years ago. The new horizon was found 
productive here when it was reached. The search was greatly stim
ulated by these early successes, and in the course o£ a few months 
most of the county seats and many towns and villages besides along 
the central Ohio border and for two or three tiers of counties re
moved, had. made a test of the possibilitie~ of gas supply from the 
Trenton limestone. .As one after another of these tests proved the 
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presence of 'high-pressure gas in considerable or even in large vol
ume at the points where the drilling was done, the excitement in-
creased and extended until all sections of the State were overrun by 
it. As a consequence, deep wells have been drilled by the·score and 
even by the hundred throughout Indiana, and a very large amount of 
new information in regard to its geological composition and struct
ure has thereby been obtained. 

Better than this, from an economic point of view, is the discovery· 
in the eastern central portion of the State of the largest connected 
field of high-pressure gas that has yet been found in the world. The· 
gas districts of western Pennsylvania show a much higher pressure 
and a much larger production than has yet been realized in the In
diana field, and probably a larger production than is possible there; 
but if these districts were all united in one they WC!uld be found de-
cidedly inferior in area to what at the present time we are obliged 
to consider as one continuous gas field in central Indiana. 

AREA. 

From Jay County, on the Ohio border, through Blackford, Grant, 
and Howard Counties, a distance of more than sixty miles in a due-' 
west direction, the Trenton limestone has been tested at ten or more
different localities, comprised in a bolt of five·to ten miles in breadth. 
Not a single locality has failed to show high-pressure gas in consid
erable quantity.. The towns of this belt are Portland, Dunkirk, 
Redkey,· Eaton, Hartford, Marion, J ones1)0rough, Greentown, and 
Kokomo. A belt of equal breadth ana 40 miles long in a north 
and sout];lline, and thus at right angles to the first-named belt, drawn 
through__;Grant and Madison Counties, gives similar testimony. The· 
prominent towns in this belt are Marion, Fairmount, Alexandria, 
and Anderson, and to this list several smaller towns can be added. 
In each of them one or mor8 wells of great value have been obtained;
in several·of them two to six wells have been drilled, all of them 
successful. 

While the apparent conclusion that these dimensions, 60 by 40· 
miles, might be multiplied together to give the area of the field 
is not warranted, still the territory that is fairly included within 
the boundaries of production does not fall very far below what such 
a multiplication would give. It seems safe to say that the new gas. 
field contains not less than 1,800 square miles. \Vithin what are· 
now counted its boundaries, doubtless areas of barren territory will 
be found as development goes for.-ward, but these will probably be'. 
more than covered by additions from outside the limits as tho latteF 
are now understood .. The counties which in whole or in part con
stitute the bulk of this territory are the following, namely: Jay, 
Blackford,' Grant, Hm·;ard, Tipton, Hamilton, Madison, and Dela-
ware. Contributions of greater or less importance are also made-o 
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to the tract by the other counties, as Randolph, Hancock, Wabash, 
and Miami. In still other counties productive territory is likely to.· 

· be found. Gas has been discovered during the recent search in other 
portions of the State, but in several of these cases, if not in all, the· 
supply appears to be derived frotn other horizons than the Trenton.· 
limestone, and therefore need not be considered here. Among these, 
horizons the Hudson River and Utica shales are the most conspicuous;. 

GEOLOGICAL SCALE. 

As in Ohio, the surface rocks of the Indiana gas field are in the-
main Upper Silurian limestones. The Niagara limestone consti- .. 
tutes by far the larger part of the surface of the main productive ter
ritory, as, for example, Blackford, Gi'ant, Howard, Madison, and Del
aware Counties. The W aterlime or Lower Helderberg limestone~ 
supplements it to a small extent on the western border of the field, 
and the Devonian limestone in still smaller amount on the south--. . 
western border. · 

The Lower Helderberg or W aterlime formation has not been dis- . 
tinguished as a separate member of the Upper Silurian column on. 
the geological maps of the State now. current, and the determina-. 
tions of age of the surface rocks of different dis~ricts are to some. 
extent uncertain. This formation is in some instances counted in 
with the Niagara on the map, but more commonly with the Devo
nian areas. While the gas territoryis in the main confined to the--. 
regions in which the Upper Silurian limestones constitute the sur
face rocks it is not co-extensive with them. There is a large district. 
to the nortli of the counties named in which the Niagara limestone . 
is found in its most eharacteristic form, which appears entirely un--. 
productive of gas. 

A brief review of the elements of the geologic section found on 
the surface and in the deep wells that have been drilled in the produc~ 
tive belt will be given at this point. The strata will be described in . 
descending order. 

The Devonian limestone.-A good combined section of the beds. 
of this age is found at Logansport. The· elements are as follows: 

Feet. 
• 1. Yellow limestone, siliceous (Lux's q~1arry) . . . . . . . . . . . 15 

2. Blue limestone, crinoidal, highly crystalline........... 8 
3. Firestone (coralline limestone) . . . . . . . . . . .. . . . . . . . . . . . . . 20 

Total ........... · .. ·................................ 43 

The last stratum is by far the most characteristic. It is composed'. 
aJmost wholly of the representative corals of Devonian time, both .. 
massive and free; in short, it is a genuine coral reef of the Devonian 
sea. In composition it is a true carbonate of lime, the beds that are··-~ 
quarried for lime-burning yielding over 90 per cent. of this substance. 
Such a composition is one of the chief marks of this horizon else--
where. 
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The firestone consists of the thin uppermost- beds of the coral 
sheet. It gets its name from the fact that it bears exposure to heat, 
fairly well, and thus serves a useful purpose in furnace walls and 
fire-places. The two uppermost divisions (1 and 2) contain a good 
deal of crinoidal waste and are quite impure in composition, appar
ent~y containing magnesia, alumina, iron, and silica in greater or 
iess quantity. 

The Lower Helderberg limestone. (Waterlime).-For some cause 
this division has not boon counted in the geological scale of Indiana 
heretofore, but it can not be properly omitted in any review of the 
series of the State. It crosses the Ohio bor:der in Adams County, 
where it has a breadth of outerop of at least twenty miles. ·Its thick
ness is also considerable in this portion of the State. The maximum 
thickness of the formation in Ohio is 600 feet, and it may retain a con
siderable portion of this in the northeastern corner of Indiana, but 

·in Adams County and to the westward through the Wabash Valley 
it is rapidly reduced in volume, and it is also considerably changed 
in character and composition as it is followed in this direction. 

At Decatur, in Adams County, near the Ohio border, the Niagara 
limestone and the Lower Helderberg limestone are both worked in 
contiguous quarries of the St. Mary's Valley, but unfortunately the 
line of contact between them does not happen to be exposed at this 

·point. Both formations are, h(•Wever, well characterized in their 
respective quarries. The Lower Helderberg limestone retains the 
peculiarly.even b13dding, the chemical composition, the color.that is 
most characteristic, and to some extent the fossils of the stratum in 
Ohio. It lies in strongly inclined beds, which dip northward. Among 
tho fossils which it contains are the following : Streptorhynchus 
subplana, Halysites labyrinthica, Diphyphyllum (species?), Meris
tella bella, Me1"istella lev'is (species r), Leperditia alta, Illmnus (spe
cies). The first two are credited to tho Niagara limestone elsewhere, 
it is true, but, as so often happens in the strata of the Mississippi 
Valley, the life of one series is continued without interruption into 
the next succeeding. The Diphyphyllum coral named here is also 
common to the Niagara and the W aterlime groups of Indiana. The 
remaining fossils, Meristella and Leperditia, are the charaiteristic 
and determining fossils of the formation, but even without their 
presence there could be no possible ground for doubt as to the place 
and name of the division to any on€) who follows the series west
ward from Ohio. The very fossils that are named here are the most 
characteristic forms in the unequivocal section of the W aterlime 
shown, for example, at Lima, Ohio. 

Quite a change has occurred when the stratum is next seen at 
Huntington, in the second county west of Decatur. The Lower Hel
derberg limestone here consists in the main of thin, cherty, and un
fossiliferous courses, ten or fifteel). feet of which constitute a common 
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section. Jn some places is found the •light-browi-J. magnes1an lime
stone, with bituminous lines parallel to the bedding planes so char
acteristic of the formation through many thousand square miles. 
For example, at a point below the town, opposite the cemetery, the 
Lower Helderberg limestone appe~rs, lying unconformably on the 
Niagara limestone.. The latter is filled with the large and con
spicuous coral just referred to and the Waterlime is here destitute of 
fossils. The contrast between the two formations is in all respects 
strongly marked. 

The series is. found throughout the valley in frequent exposures, 
occasionally attaining several times the thickness that is reported 
here, but it is always composed of extremely thin-bedded and more or 
less cherty limestones. 

The suggestion is ventured that the well-known flag-stone quarries 
of Wabash, which overlie the normal Niagara limestone at this place, 
belong to the Lower Helderberg s.eries. There are fifteen to twenty 
feet of rock in tliis series, lying in the thin and even courses for which 
this stratum is noted. The large cephalopod shells (Lituites capax 
et al.) that are found at Wabash, and which have been counted of 
Niagara age on account of the reference of all the rocks of the Wa
bash series to this group, and because they are associated with fossils 
found elsewhere in undoubted Niagara rocks (Guelph), may better be 
referred to the formation that is now under consideration. 

At Logansport a longer arid more complete section of the Lower 
Helderberg limestone 'is found. It embraces three or more distinct 
divisions;the total thickness of which is 65 feet. They are as fol
lows, the series beginning immed~ately below the coralline beds of 
the Devonian limestone already described; the junction is beautifully 
shown on the grounds of the Insane Asylum: · 

Feet. 
. 1. Brecciated, with cherty layers .... __ . . . . . . . . . . . . . . . . . . 15 

2. Even-bedded magnesian limestone, fossiliferous..... . . . 15 
·. 3. Thin and impure limestone, with Waterlime bedding.. 10 

4. Thicker courses, with W aterlime bedding ............ , . 15 
5. Thin beds, with Waterlime bedding ................... ·. 10 

Total........................................... . 65 

The uppermost division is much the most conspicuous. It consti
tutes the river cliff below the city. 'rhe fragments of which the 
brecciated rocks consist are exceedingly fine-grained, dove-colored 
limestone, b1:eaking with conchoidal fracture and resembling litho
graphic stone.· It is quite probable, indeed, that these fragments 
would answer fairly for this purpose. In composition they are quite 
pure, but they are often bound together by cherty matter, which 
would make the average ·composition very impure. The number of 
species of fossils found in this limestone is not large, but in parts of 
the division individual fossils are quite numerous. The most char-
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acteristic among them is Pentamerus galecdus, but it is not the most. 
abundant. The small shell Cmlospira di&parilis which belongs to
the Niagara limestone in New York, is very abundant here. 

The second division is a bi·own magnesian limestone, burning into-
a dark and mild lime. It contains numerous ill-preserved fossils. 
Among the forms identified are Halysites labyrinthica, which is a. 
Lower Helderberg and not a Niagara fossil in Indiana; a large Pen-
tamerus, apparently the same species which characterizes the Delphi 
beds. This division lacks the even bedding of the strata next to be
named, but occurs in thin and shelly layers. 

The divisions that lie below agree in possessing the even bedding:. 
of the W aterlime, and to some extent its bituminous lines and also· 
its fossils. They constitute the main quarry stone of the neighbor-
hood. In the lowermost beds, or about fifty feet below the coralline· 

· limestone of the Devonian age, the characteristic fossil, Leperditia. 
alta, occurs. The best points for observing these divisions and col-.. 
lecting the fossils of the formation are in the Simons quarry and in_ 
Fitch's Glen, on the opposite bank of the river. In the latter locality 
the last-named fossil belongs about fifty feet below the top of the" 
cliff. 

The Niagara limestone.-The limestone now to be described is by· 
far the most important member of the series with which it iE: asso
ciated, in thickness, area, and economic value. Its thickness, how-
ever, renders full sections of it impossible in any single exposure, 
and· a considerable difference is· found in the composition and char-
acter of the .several divisions, as shown in the widely separated dis-
tiicts in which it occurs. In general terms, the formation may be· 
said to consist of three principal divisions, namely, a lower, a middle,. 
and an upper division. The lowermost is the probable equivalent of· 
the Dayton stone of Ohio. It is found only on the southern border· 
of the formation, and outside of the gas field. The middle division. . 
is the horizon of the Springfield beds. The uppermost division is
unmistakably the Guelph limestone of Ohio and the Northwestern 
States. 

All the divisions are fossiliferous and at many points are charged 
with the most characteristic and best-known forms of life that belong
to this period. The third division, the Guelph limestone, constitutes 
by far the largest portion of the entire formation. In chemical com
position it is a true dolomite. as it is everywhere else. It yields a .. 
largo amount of stone excellently adapted to lime production, but. 
the bi.Iilding ston-e obtained from it is inferior in quality. 

This eli vision of the Niagara limestone is the only one that is found 
in the Wabash Valley, where the formation is most coru;picuously 
shown. The Niagara shale belongs next below the Niagara lime--
stone, but in the gas regions of Indiana it is at best but a feeble ele-
ment. It is urobable, however, that it still holds it place in the series; 
here.--· . 



•QRTON.] THE HUDSON · RIVER SHALE. 637 

The Clinton limestone.-Whether this division deserves a place in 
the geological scale of the gas regions may be questioned. It is un
mistakably present in southern b1diana. Characteristic exposures 
-of it occur in Fayette and Franklin Counties, for example; bat in 
the gas districts there are no natural sections that extend low enough 
to reach it if it were present, and in the records of ·tho drillers these 
finer distinctions of the limestones are often lost. It is probable, hqw
-ever, that both the Niagara shale and the Clinton limestone deserve 
to be recognized in .some of the sections reported. It has nowhere, 
.so far as known, shown the petroliferous character in Indiana that 
ma1·ks it in Ohio. Still a good deal of its outcrop in the two counties 
above named was leased for drilling purposes .in the petroleum ex
citement of 1865. The leasing was by Pennsylvania parties who 
follmved the outcrop west from Preble and Montgomery Counties, 
Ohio, where the usual surface indications of oil in the stratum were 
·observed. 

Iu its outm;op to the southward its thickness is small, never exceed
ing fifteen to twenty feet. If present in the gas field it makes but a 
.small additi01i to the column. 

The entire series of limestones from the Devonian beds already de
.scribed downward to the Hudson River or Cincinnati group, em
bracing the several divisions of the Water lime and the Niagara iime
.stone, and also the Clinton .limestone, if present, has a considerable 
thickness,' as is shown in the sections reported from many Indiana 
towns, among which Huntington, Logansport, and Delphi may be 
named. At Delphi, 575 feet are reported; at Logansport, 544 feet; 
.a~ Huntington, 400 and 450 feet; at Decatur, about 500 feet. The 
thickness may be slightly exaggerated in some of these sections from 
.a cause presently to be named. In the first two examples probably 
the W aterhme in part and the Niagara are 'both counted, but in the 
last two examples nothing above the Niagara is taken. This thick~ 
ness seems excessive for the Niagara Emestone alone, judging the 
.section from the facts-found to tl~e eastward. In northern Ohio, at 
least, there seems no reason for assigning more than 300 feet to the 
Niagara limestone proper. · 

Whether the Medina formation is found in the Indiana gas wells 
can not l;le definitely settled at the present time. This formation is 
certainly wanting here in its most characteristic condition, namely, 
as a reel non-fossiliferous shale. These marks are lost before the 
Ohio border is reached, al).d they are not again resumed tq the west
ward, so far as at present noted. 

The Httdson River shale ( Oincinnat'i group).-This well-mar ked 
and important formation is found in strong force in the wells of the · 
southeastern quarter of the gas field, but in the northern portion it 
is apparently much less fully represented, and a part o.f its original 
volume has possibly been lost here. There are many thin sheets "_of 
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limeston~ in the southern section, as in the Ohio series, but to the
northward blue or gray shales predominate. It is to be acknowledged, 
however, that the boundary between this and the next succeeding 
formation is somewhat arbitrary. The color of the Hudson River 
shales is generally blue or greenish blue, and sometimes gray. 
There is a gradual darkening in the beds as the drill descends through 
the· series. Some drillers report the entire series as blue shale, while 
more will count it black shale. The line can best bo drawn from 250 
to 300 feet above the bottom of the shale series. The limestone beds 
found in the upper series are generally fossiliferous, containing a. 
profusion of Orthis testudinaria and other . common forms: of the. 
Hudson River series in this part of the country. Sometimes the 

• limestone sheets are found in continuous masses, fifteen to thirty 
feet in thickness. 

The Utica shale.-This stratum, though but recently recognize4 as 
an element in the geological scale of Ohio and Indiana, especially in 
its characteristic form as a black shale with a fauna of its own, has 
been shown by tho deep drilling that is going forward t() be as regular 
and characteristic a part of the column as auy other formation that 
enters into it. Its upper boundary, as stated in a preceding para
graph, is somewhat uncertain, but as we descend in the series no 
doubt is left as to the name and place of the large body of brownish
black shale that appears in this part of the well records. . To make 
assurance doubly sure, one of the few thoroughly characteristic fos
sils of the formatiop., namely, .Leptobolus insignis Hall, is found to 
be abundant in the Ohio section in these lower beds. Triarthrus 
Becki Hall has been found in a single fragment from a deep well 
in Logan County. No fossils have been reported from the corre
sponding situation in Indiana, but they are not needed to establish 
the identity of the stratum, as complete continuity can be maintained 
in tracing the series from point to poi.nt. The Utica shale does not 
appear to be much shortened in the Indiana wells, but the entire 
series is gradually reduced at the expense o~ the higher shale masses, 
namely, the Medina and.the Hudson River divisions. Eastward the 
Hudson River has twice the thickness of the Utica shale, but in a 
part of the Indiana gas field the Utica appears to constitute a full 
half, and sometimes more than half of the entire shale column. The 
shale series in the gas field and in adjacent territory ranges in thick
ness from 400 to 900 feet. The reduction in the volume of the shales. 
begins, as will be remembered, in the northwestern counties of Ohio, 
where the series fell to a total of 600 feet. Through the Wabash 

. Valley about the same thickness is maintained, but it is gradually 
reduced southwestward, where the lower limit already named is 
reached. 

Dr. A. J. Phinney, in a series of valuable papers on the Indiana 
gas field published in the American Manufacturer, ~eports the im-
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portant fact that in the Valparaiso section, in the northwestern cor
ner of the State, the Utica series seems to be replaced by a chocolate
colored limestone 265 feet in thickness, which underlies 160 feet of 
the blue-green shales of the Hudson R!ver age. 

The Trenton limestone.-This great stratum, which has recently 
assumed such remarkable economic importance in Ohio and Indiana, 
comes next below the Utica shale in the northern part of the field. 
The boundary between the two is sharp and distinct. It is somewhat 
less so in the southern counties on account of a blending of black sha~e 
and limestone for fifty to seventy-five feetalong the common bound
ary. Questions frequently arise as to the reference of this mixed 
series when it is found in wells. It seems safer, in view of all the 
facts in hand, to count this portion as 0f Utica age. The limestones 
which are actually included in the Trenton series are about five hun
dred feet in thickness. In Indiana as in Ohio they appear to belong 
to the Trenton, Birdseye, and Chazy divisions of the Kentucky col
umn, where they occur in outcrop. At the bottom of this series a 
siliceous, magnesian limestone is found which is generally porous 
and charged with a peculiar salt water known as "Blue Lick" 
watei·. This stratum occupies the place of the Calciferous sandstone. 
Apparently following the determination of a like stratum in the 
northwest, this formation is commonly named the St. Peter's sand
stone. Deep drilling in southern Ohio, however, shows so extended 
a series of limestones of this same sort that it is hardly safe to idon
ti~y any one portion positively as the representativ{:l of the sandstone, 
the outcrops of which are six hundred miles or more distant. 

The chemical composition of the Trenton limestone will be briefly 
discussed on a subsequent page. 

This must conclude the review of the geological scale of the new 
gas field. A few statements equally brief are required to set. the 
structure or arrangement of these strata' in the proper light. 

GEOLOGICAL STRUCTURE OF THE GAS FIELD. 

The most important fact in the structure of the new fil:lld is plainly 
indicated in the map which accompanies this. report and on whic~ 
the topography or relief of the Trenton limestone in central Indiana 
is represented. It is there seen that the Cincinnati uplift is contin
ued from southwestern Ohio in a broad and low terrace or fold into. 
eastern and central Indiana. Its advance bears unmistakably north
westward. The uplift has nothing in it of the nature of an anticline 
as the term is commonly understood, but as the Trenton limestone is 
followed from its outcrops in northern central Kentucky it is seen to 
fall in all directions, but-less rapidly to the north, and still less rap
idly northwestward: The descents upon the east and west are much 
more marked than in the northwest. A high-lying area occurs in 
several of the eastern counties of Indiana in which the surface of 
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the limestone lies approximately level. For 50 miles, for example, 
from the Wayne and Randolph County boundaries north-\vestward 

·the descent is scarcely appreciable, and the stratum there continues 
a genuine terrace. In short, the distribution of the surface rocks 
with which we have been long familiar in the geological rnaps of the 
State is found to agree fairly well with the conformation of the sur
face of the Trenton limestone. The surface of the country is very 
nearly level, and thus the horizon of the outcropping rock becomes 
a sure guide to the level of the underlying Trenton floor. 

The thinning of the shales westward, which has been already no
ticed, carries the high levels of the Trenton limestone a few miles 
·Outside thfl Upper Silurian boundaries in that direction, particularly 
in Hamilton County. 

The gas field, the boundaries of which have been already pointed 
·out, is limited to this area of high-lying Trenton limestone, and espe
cially to the portions that constitute the terraces here described. The 
-elevations of this important stratum at a number of points in the dis
trict now under consideration and in the adjacent regions are given 
below. The figures are mainly copied from the valuable articles of 
.Dr. Pl1inney, ·already referred to. The highest-lying tract of the 
·Trenton limestone is shown in the following towns, namely: 

Feet. 
.Brookville. . . . . . . . . . . . . . . . . . . . . . . . *175 
New Castle ....................... *125 
Muncie........................... *75 
·winchester . . . . . . . . . . . . . . . . . . . . . . *50 
Fairmount . . . . . . . . . . . . . . . . . . . . . . . f40 

·Kokomo . . . . . . . . . . . . . . . . . . . . . . . . . f90 

*Above tide. 

Feet. 
Connersville ....... ·. . . . . . . . . . . . . . . *125 
Anderson . . . . . . . . . . . . . . . . . . . . . . . . *20 
Richmond. . . . . . . . . . . . . . . . . . . . . . . . *65 
Hai·tford . : . . . . . . . . . . . . . . . . . . . . . . fSO 
Marion............................ f60 

i· Below tide. 

On the west side of this high tract the following levels of the 
'Trenton lime~tone are to be noted: 

Feet below tide. Feet below tide. 
Shelbyville . . . . . . . . . . . ....... : . . . . 65 Lebanon . . . . . . . . . . . . . . . . . . . . . . . . . 300 
Tipton ............................ 125 Crawfordsville .................... 710 
In<lianapolis ..................... : . 280 Bloo:mington . . . . . . . . . . . . . . . . . . . . . 880 

On the eastern and northeastern sides we find the surface of the 
Trenton at Union City 70 feet below tide; at Bluffton, 215 feet below; 
at Decatur, 460 feet below; at Huntington, 280 f~et below; at Fort 
Wayne, f)75 feet below; and still farther nortlnvardandnortheastward 
the descent becomes even more rapid. At South Bend the surface of 
the Trenton is 850 feet below tide, and at Auburn more than1,000 feet 
below. N orthweshYard the series descends rathe.r rapidly from How
ard and Grant Counties, where it is a little less than 100 feet below 
tide, to 2·00 feet at Wabash, 220 feet at Peru, and 340 feet at Logans
port. The more important facts in regard to the structure of the 
productive gas area can be sumn\ed up as follows, namely: The pro-
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dnetiou is dm;ived from the large terrace-like trad of Trenton lime
stone, which slopes gRntly to the northwestward, in which direction 
its main nxis extends, and which terminates in this direction with 
some abruptness in Howard and Grant Counties. The productive 
district, it will be observed, is a hig]1-lying area of Trenton limestone, 
but it is by no means the highest area of the Trenton limestone in 
the State. The southern and southeastern boundaries of production 
occu:· where the stratum is risillg steadily towards its outcrops in 
Kentucky. This fact will be considered and explained under the 
next head. 

CONDITIONS OF GAS PRODUCTION IN INDIANA. 

Two conditions dominate the gas production of the Trenton lime
stone of Indiana as of Ohio; one chemical in its origin and nature, 
and one physical. The first condition is concerned with the porosity 
Qf the rock and the-consequent possibility of storage of gas, oil, and 
salt watei· in it, the latter state being probably essential to all vig
orotis production of either oil or gas. Th!3 second comlition is con
cer~ed \~ifh the reliefof tlie sn'rface of the gas rt)ck, and updrdhis' 
also _Nature inexorably insists in all gas and oil production. 

Poi'osity of the gas -rock.-ThiR is the first and vital condition of 
all production. The gas rock of Indiana as well as that of Oliio is 
a true and tolerably pure dolomite or magnesian limestone in the 
only cases .in which chemical examination of it has been made. It 
is a matter of regret that the gas rock was obtained in time for 
;twt.lysis iu bnt few of the m;~in centers of production, lmt there is 
little or i1o question in regard to the representative character of 
these results. A.I1dersou, Marion, Fairmount, Nobles ville, Hartford, 
aml other prolific centers will all be found to agree· in this respect 
with :Muncie aud Kokomo. The results of analysis of the gas rock 
in the last-named places are given below: 

arbonate of lime ......... ·." ...... c 
c 
A 

s 

arbonate of ma&'ncsia ............ 
lumina and oxide of iron· ........ · 

'iliccous residue .................. 

I 

Muncie. 
(Clarke.) 

51.96 
38.11 
3.72 
3.30 

------
97.09 

Kokomo. 
(Lord.) 

52.80 
39.50 
2.40 
4.60 

----
99.30 

I 
The exact correspondence of these facts with those of the Ohio 

gas field will not escape notice. The figures given above might be 
interchanged with those derived from Findlay, Lima, or Bowlin·g 

· Green, without injustice to any locality. -
8 GEOL--4-1 
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The analyses of the Trenton limestone out~ide the limits of produc
tion are equally valuable and signifkai1t. · They show at a glance the 
cause of the barrenness of the rock southward. The stratum there 
becomes unproductive because it loses its porosity, or, to put the 
facts in a more natural order, the stratum becomes productive only 
when the dolomitic change has been accomplished in it. The mass 
of the· Trenton limestone throughout the country at large, ninety
nine hundredths of it, probably, is a non-porous rock. Comparatively 
few analyses have been made of the stratum in this barren border of 
the Indiana field, but every one is significant, and it happens that in
spection of drilhngs from points to which analysis has not been ap-

. plied makes it certain .that the composition of the entire southeastern 
border of the gas field agrees with that here shown. Thfl facts are 
of exactly the same 0haracter as those found in southern Ohio. To 
those of the Indiana wells, one or two analyses are added from the Tren
ton limestone of this last-named district. It is e;vident that the gas 
follows the Trenton-limestone up the ·southward-rising slor;es as fai· 
as the ro~k is porous enough to admit it. The boundary of the por
ous rock can ·not· be laid down with any attempt at definiteness or 
precision from the facts that are now in hand, but it seems p~·obable 
that it passes southward ·w'ith a westerly trend through Jay 'and 
Randolph Counties. In W ayue, Fayette, Union, and Shelby Coun
ties, and to the south and southeast of these counties, it appears from 
present developme1~ts that the Tr~nton limestone ceases to be an oil 
.or gas rock in any iniportant Reuse of the word. In all of this region 
its non-porous character constitutes an effective barrier against the 
ascent of the gas. Th~ composition of the rock at a few points aiong 
this b6uudary and within it is shown in the following table: 

~. ~._ ~3--___ 4_. _I_::_ 
Carbonate of litne . .......... A7'.88 H:l.21 84.:0 r4. no 85.56 
Carbonate of magnesia .. ... lj',43 12.43 1. 5!1 .36 Trace. 
A.lunlina :i.nd oxide of iron .. -1.57 1.2:J 1. 50 . 55 .60 
Sil.iceous residue .............. LJ'Y 2.14 12.00 -~~- R.OO 

---~-- ---- ------~-
H8. 7'1' (1().06 !-m.~·o IJ(). 38 94.1G 

1. Fort Recovery, Ohio (Clarke); 2. Union City, Ind. 'Clarke); 3. Hamilton, Ohio (Lorcl1: 4. Greens
bi.trgh, Ind. (Clarke); !\. Vernon,Ind. (Clarke). 

The Greensburgh limestone is seen to be remarkably pure. A few 
instances are known in which a small production of gas lias been 
derived from a rock of this character. 

When the Trenton limestone has the composition indicated in the 
preceding table of analyses it is easily distinguislJCd by its physical 
properties from the gas rock proper. Iu this condition it isa flaky 
and light-colored limestone, the larger pieces breaki1ig with asen!i~ 
conchoidal fracture. It is sometimes, however,· llove-color~cl. ln 
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almo:;t all these cases it drills ii1to small fragments. Its lack of 
porosity is indicated by its dryness. The drill must descend through 
it for hundreds of feet generally before the ''Blue Lick water" is 
st.i·uck. . 

That the boundary of the porous rock passes through ·Jay and 
Randolph Counties is apparent from the composition of the Trenton 
limestone at Ridgeville, which is as follows (Lord): 

cm:b(:mate of lime ................................. : ... . 54.30 
33.60 
3.90 
6.10 

Carbonate of magnesia .............. .. : ............... . 
Altm:1ina and oxide of iron. . . . . . . . . . . ............... . 
Siliceous residue ........................... . 

97.90 

This composition is fairly favomble for a gas rock, the only draw
back being found in the comparatively large percentage of siliceous 
matter, but so far as tested there is only a small production here. 
For such a failure, ·there are possible reasons enough that can be 
suggested. · . 

Beyond the gas· field in t4e other. direction, viz, to the uorthward 
au<l north\vestward, the limestone appears to retain the porous char-· 
acter. that it has within the productive territory. This· is shown by 
the fact that it is everywhere in this direction a salt-water rock, as 
the lower-lying portion of the gas rock should be. The few analyses 
(Clarke) from this part of the field also support the same conclusion. 
The first is 215 and the second 200 feet below tide. They a1·e as 
fo.Jlmvs: 

c arbonate of lime ... ............. 
'arbonate of magnesia ............ c 

A 
s 

lumina and oxide of iron ......... 
'iliceous residue. ................. 

I I 

Bluffton. I Wabash. 
I 

53.43 53:18 
37.47 30.53 
4.48 7.58 
2.37 3.52 

97.75 I 94.81 

Relief of the yus mck.--:-That the Trenton limestone must be a. 
porous rock to be an oil or gas rock goes without saying. As just 
shown, the highest dflgree of porosity in it is associated with a dolo
mitic composition, but its porosity insures only the result that ti1e 
rock shall he filled with one of three substances, gas, oil, or salt wa,ter, 
almost invariably associated in all petroleum fields. Which of .the 
three will be found occupying any particular portion of the porous 

. part of the rock depends altogether on the relations of this particular 
portion·to adjacent' parts of the same stratum in the matter ~f eleva
tion; in other words, on the local relief of the stratum. In every 
field in which oil or the gas derived from it" is accunniiatecl, certain 
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comparatively small portions of the porous rock, always distinguished 
from the rest by relatively higher elevation, will be found assigned, 
as it were, to the storage of these desired substances, while the salt 
water holds possession of the bulk of the stratum on all sides. · 

Til(') first dozen wells in Indiana in which the search for gas in the 
Trenton limestone was successful brought to light the b<mndaries of 
the prodnetive rock; in other words, a line of facts precisely similar 
to the facts of the Findlay fielcl.came to view, as soon as the develop
ment was fairly entered upon. Sc> far as reeorded the surface of the 
gas roek lies highest at Muneie aucl lowest at Kokomo. At Muncie 
it is sixty-five to seventy-five feet above tide. At Kokomo it is eighty 
to ninety feet below tide. The total range of the pro<lncti ve roek is 
thus seen to be one hundred and fifty to one hundred and seventy
five feet, and the dead-line is seen to he about one hundred feet below 
tide. Whoever drills to the Trenton limestone in Indiana where it 
exists in its porous state, imd finds the surface of the limestone more 
than one hundred feet below tide, will find it occupied with salt water 
to the complete or alinost complete excll1sion of gas and oil except 
as small local elevations may couute1:act. The salt water rises 
promptly to the surface or nearly to the surface of the well wl\e!l 
l'eleased by the <hill. Whoever drills to this stratum where it is a 
'little less than one hundred feet below tide is lik!'lly to find both gas 
and salt water from the same or nearly the same level in the rock. 

In the Findlay field of Ohio the upper line of production is found 
~n the highest level that is reached by the Trenton limestone ard1 or 

;_terrace, hecanse the whole of it is <loloniitic or porous, hut in the.Saint 
Mary's field of Ohio, and again in the Indiana field, the uppor limit 
has no sueh physical limitation. I~ is there determined by the 

. boundary of dolomitization, whieh is the boundary of porous rock. 
!-If the continuous porous rock rose higher than seventy feet above 
·;Sea level at any point in southern Indian;:t, the gas would ascend into 
.-this higher portion, hut there is no reason to believe that the total 
:area of the reservoir would be increased thereby. · The whole body 
10f the gas and oil would be drivei1 by the salt water to a higher 
station aucl as its absolute level would he greater than before the 
.water ~olumn which drives it would be proportio~mtely shortened, 
and the rock pressure of the gas proportionally diminished. If the 
'Trenton limestone were porous through all the interval between the 
:rresent Indiana field and the outcrop of the limestone to the south
wanl, the gas and oil would long ago have entirelf disappeared from 
these outcrops in the form of "surface indications," except as occa
sional stocks might be detained in the traps formed in the strata by 
.such arches and folds as might oecur. 

The productive wells of the Indiana field range in depth from 
about eight hundred and seventy-five feet to nine hundred and 
seventy-five feet, and there is a great degree of similarity in all the 
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sections. So fa.r as at present known the Trenton limestmie of the 
gas field is traversed neither by continuous ridges of barren rqck nor 
by troughs of salt water.. Least of all does it appear to be crossetl 
by any persistent or important lines of uplift that can fairly be 
called anticlines. Its surface is, however, slightly diversified, ancl 
local relief, wherever found, is likely to prove a conspicuous factot· 
in the behavior of the rock. But it is not the departure of the sur
face of the Trenton limestone from a plane, either horizontal or uni
formly ancl gently inclined, that requires to be explained so much 
as its close approximation to such a plane. How so widespread. a 
sheet should have grown on the sea-floor with its surface so nearly 
level or how it should have passed through the mutations of the 
vast periods that intervene between the pre~ent and its origin with 
so little disturbance is the real ground of 'vonder. 

CHARACTER 01!' THE PRODUCTION. 

Absence of oiL---It will be noticed that this chapter has thus far 
been devoted to the g'lS production of Indiana and nothing has been 
snid of an Indiana oil field. For this omission there is the best of 
reasons, namely, that so far as is known at the present time there 
is no Indiana oil field deserving the name. Small volumes of oil 
are frequently reported below the dead line of the gas field, but the. 
amount in every case thus far reported has been insignificant. No· 
break is known in the structure of the stratum between the Indiana. 
gas field and the Lima and Saint Mary's oil fields; It may possibly
be that in the course of ages the differentiation and separation of' 
the oil and gas have taken place along this extensive territory, and! 
that the Indiana gas field is the term corresponding to the Lima oil 
field. T.his is suggested, however, as possible rather than probable. 

Rock presstwe.-The rock pressure of the gas in Indiana wells is 
less than in the wells of the Findlay field. The general range is 300 to 
H50 pc,mnds in Indiana against 400 to 450 pounds in the Findlay field. 
'fhe shallower depth at which the Trenton limestone is found in In
diana affords sufficient explanation of the decrease in pressure in the 
former. To the present levels of the gas rock in each field let an ad
dition of 600 feet be made, which is the approximate elevation above 
the sea of th.e nearest. outcrops of the limestone to the northward or 
northwestward, and we obtain 650 feet for Indiana and 950 for the 
Findlay field of Ohio. These 1iumbers bear a relation to each other 

, that agrees fairly well with the rockpressures of the respective fields. 
The proportion would be as follows: 950 feet: 650 feet:: 450 pounds: 
:no pounds. This last result is not far from the ordinary pressure of 
gas in the Indiana field. Figures are not at hand in regard to the 
closed pressure in all the subdivisions of the field. If tlie mode of 
reasoning in regard to this subject employed. in these pages is cor
rect there would be a lower rock pressure at Mnncie, for example, 
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other things being equal, than at Kokomo. This seems to be the 
fact. .At the latter place the rock pressure, as observed, is 328 
pounds to the square l.nch. · 

Composition of Inclianc~ gas.-The facts pertaining to the com
·position of Indiana gas have been stated on a preceding page, but 
·f.or the sake of convenient reference the analyses will be repeated 
he1'e. They were made by Prof. C. C. Howard, of Colurnbus, Ohio. 
Tho qualification previously m:ade in regard to the paraffine series 
in the gas will need to be borne in mind in connection with this sub
ject. The bulk of the hydrocarbon is without doubt marsh gas, but 
other members of the series above named may be included under 
the proportions of hydrogen and carbon which are &·iven by the 

.. chemical analysis of tlHJ gas. 

J\Iuncie. Anderson. Kokomo. Marion . .. 

Hydrogen .. 2.35 1.86 1. 4 ?· 1. 20 
niarsh gas ............. 92.61' \)3.07 !)4.16 9;1.158 

Olefiant gas ............ .25 .49 .30 .15 
Carbonic oxide ........... ,45 ,'j':i .515 .60 
Carbonic acid ............ .25 .26 .29" .30 
Oxygen ...... ············ .3il .42 .30 .[5 

Nitrogen .................. 3.58 3.02 2.80, 3 .. 42 

. Sulphureted hydrogen ... 
1 

.1r. .15 .18 .20 

The specific gravity, calculated on the theory that the paraffines of 
tho gas are ent_i.rely marsh gas, is 0.57, but determination by other 
methods, including direct weighing, is claimed to give a higher grav
ity of possibly 0.() or even more. 

Pmdnc#on of the gas wells.--The largest of the gas wells i~1 Indiana 
at the date when the field work pertaining to this paper was com
pleted, namely, in June, 1887, was the first well drilled at Fairmount, 
Grant County. The weJ.l was measured before it was tubed, and the 
volume of gas escaping from the casing was found to be n,5oo,ooo 
feet every twenty-four hours. ·The temperature of the escaping gas 
was below 32° Fahr. 

Several other wells of. vel'y large volume have been'clrilled since in 
different parts of the State, as at Anderson, Hartford City, Kokomo, 
Noblesville, and other towns, and it is possible that one of these has 
somewhat exceeded the figures above given. TheFairmount well 
would be great in any field, but it lacks 3,500,000 cubic:J feet daily of 
equaling the largest Trenton limestone well of Ohio, namely, the Van 
Buren well of Hancock County~ In other words, its production is 
about three-fourths of the production of the Van Buren well. Fron~ 
these highest figures the production shrinks rapidly in most parts 
of the field, but in each of the centers where development has been 
most active and successful wells of l,OQO,OOO to 4,000,000 cubic feet 
have heen obtained, and ac.; already stated, at a few points larger ones 
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have been brought in ranging from 5,000,000 to 11,000,000 cubic feet 
])er day. No field is counted of great importance unless its several 
wells each reach a daily production of at least 500,000 cubic feet. In 
tho popular reports of the vohvue of the wells of different towns 
very great exaggerations prevail. l\fany of the figures tltat are cur- · 
rent have no adequate basis whatever, but are siniply random guess!ps 
or reckless inventions. 

CENTERS OF PRODUCTIO:'\, 

. It is not the purpose of this paper to give any· extended account of 
the actual developments and applications of natural gas in eith~r of 
the States iu which it has recently been found, such as would be de
manded if the i·eport were designed exclusively or mainly for the 
residents of these States. Only the more general features of the pro
duction require to be pre~ented here, with enough of detail to show 

· t1te real character and the immense importance of this surprising 
tltscovery. 

The heart of the Indiana gas field, as has been already shown, is 
included in six counties: Delaware, Blackford, Madison, Grant, Ham
ilton, and Howai·d. 

These counties embrace an area as fertile and beautiful as any of 
equal extent in the noble State t9 which they belong. Wealth has 
been rapidly accumulated in them from agricultural sources since 
the country was first occupietl. Thriving towns have sp1·ung up at 
many p9ints within then1; manufactories have been established on 
a largo scale. 

It is. not often that great mineral wealth is directly associated 
witli gre:~t agricultural resources, but in this case the wonderful 
.stocks of power that have so rec9nt.ly been discovered are ad<led to 
regions that were already pre-eminent for the wealth of their soils 
and forests. These favored districts ought to reap an enormous ad
vantage from the addition that has thus been made to. their re
sources. To this end it is necessary that tl1ey speedily learn· tlio 
real :nature of their newly-discovered sources of power, and speedily 
introduce a wise economy in the use of the i'·a.me. A vandal-like 
waste has characterized tho early ex1iloitation of most of the subdi
visions of the field. 

The principal development of natural gas within the district under 
consideration has beei1 made at the county seats, which are natur
ally the lai·ger towns iu their respechve counties. As one aft.m· 
another of these towns has come into possession of the new fuel 
.sharp competition has arisen between them in secll.ring such manu
f,wturing establishments as were seeking location in the now gas 
belt. ··Most of these towns have offered land for building purposes 
"free of charge, and also free fuel. Some have added a free water 
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supply, -and frequently cash subscriptions have been made by the 
citizens individuaUy or by the town either to the stock of the com
panies or to cover the expenses of moving the manufacturing plant. 

The influence and results of this policy might easily have been 
forecast. There is little or nothi{lg to be said in· its favor. The 
uatural advantages of the new field would be sure to command con
sideration in a little while at most, and no extraneous inducements 
of the sort here named were required. In connection with the dis
covery of gas at these several centers sp!:mulative excitement in real 
estate has broken out at ·many points, with more or less intensity. 
Prices of town property have advanced in some instances s~veral 
hu:r';.dred per cent., and outlying lands in equal or greater proportion. 
Large additions have been planned to the several towns, exceeding 
in some cases the areas of present occupation. In short, provision 
has been made in the new gas field for an immediate increase of pop
ulation to be counted only by tens and even hundreds of thousands. 
Large amounts of foreign capital have come in for investment, and 
the volume of real-estate transactions has been unprecedenteu. 

This was the state of things in the spring and summer of 1887, hut 
it is already evident that the area of production is too. large to allow 
all the. towns that have discovered gas to base great expectations 
on that alone. The advantages of the several towns and districts 
are found to be fairly well balanced and distributed. The violence 
of the excitement has abated, and a safer and more rational view of 
the situation has taken its place. 

There are now being brought into these fortunate towns varied 
industries, including, especially, glass manufactories and rolling
mills, and a rapid and substantial growth is going-forward in many 
of them. 

A brief account will now be given of the development that has 
taken place 11t several of these county towns . 

.1l'Iuncie, the thriving county seat of Delaware County, was early 
in the field, and its first well was successful. Eight wells have been 
(lrilled here. The Trenton liniestone is found in them at a depth of 
about eight hundred and seventy-five feet, or from sixty to seventy 
feet above tide. None of the early we11s were large ones, but they 
were ample for all immediate demands. The last is said to be much 
the best of the series, yielding several million eubic feet a day. The 
town has already attracted some extensive manufacturing establish
ments, and it seems sure to gain very important advantages from its 
great discovery. In the light of ·present developments Muncie is 
situated well toward the southern margin of the productive field. 

Hartford City, the county seat of-Blackford County, due north of 
Muncie, brought in two wells~d'nriug 1887. The first was completed 
in March. The.gas rqck was 'found at a depth of 963 feet, or about 
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eighty feet below tide. The record of the well, reduced to its lowest 
terms, is· as folLows, namely: 

Feet. 
Drift ................................................ ; ... 126 
Upper limestone(Niagara) ..•.................. ~ ......... 149 
Shales ........................ : .......... ; .......... ·. . . . 688 

The daily production of this well was found to be 875,000 feet, but 
the measurement was made under conditions that were sure to re
duce the flow to a considerable extent. It is safe to say that if the 
.fiow had been measured from the casing its volume would have been 
found not below 1,000,000 en bic feet a day. The rock pressure is 350 
pounds to the square incli. The second well brought in during the 
summer ptoved to be one of tho great wells of the new field. The 
open pressure as reported by Mr. C. R. Cooley is two and a half 
pounds in the casing, ·and this pressure stands for a dally pl'oduction 
of 10,000,000 cubic feet a day. The town is small, and manufactur
ing is yet to he begun here. 

Anderson, Madison Coun.ty, has d6lled four wells, and is preparing 
to make the best use of the splendid gifts tl;at fortune l1as bestowed 
upon her. The second is one of the four or five great wells of the 
new field. The opoi1 pressure of .the gas in the casing is reported by 
Mr. N. C.lVIcCnllough to be four pounds awl thirteen ounces. This 
pressure indicates a daily volume ·Of 1:~,500;000 cubic feet, which is 
just a.bout equal to the original production of the Karg well of Find
lay. The town ha.s wealth and enterprise and railroad facilities, and 
manufactories seem sure to be est.ablishe<l here on a very large and 
successful seale. · 

Ma-rion, the county seat of Grant County, lies about thirty miles 
north of Anderson. The line w hieh conneets these two towns crosses 
the most .prolific portion of the India1;a gas' fie1Ll. · Wells ha.ve been 
(h·illed in at least four of the intermediate towns.· aml iwt only has 
no failure occ~1rre<l, but in the list we find one well that "~ou.ld be 
counted great iu a.ny field, namely, the Fairmount well, t.l10 daily yiel<l 
of which has a.lready been given as 11,500,000 cubic feet. Tho pro
duction of the second well drilled at Fairmount is much smaller tha.n 

· that of the first. At Jones borough is also a large ~'ell; yielding, 
when first struck, little if any short of 1.1,000,000 cubic feet a day. 

Ma.rion has ch·illed five or more wells, all of them fairly vigorous. 
The pro<luction of the third was decide<lly larger than that of the 
first and second. No authentic figures of the production of these 
wells were obtained, but it is judged that the third, which is tho best 
of them, yields from 3,000,000 to 4,000,000 cubic feet a day. The 
roqk pressure of the gas a.s observed is 323 pounds per square ineh . 

. It is reported as rising· to 330 pounds. The gas supply is ample for 
all present and prospective demands of the to,vn. The Marim1' wells 
are about 875 feet deep, and the Trenton lim~stone is found at about 
GO feet below tide. 
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Marion is beautifully situated at the center of a very produ:ctive 
county. Its water supply is exceptionally generous for central In
diana. Its accumulated wealth and its ambition are pledges that it 
will reap the full rewards of this recently discovered addition to its 
great natural ondowmmit. 

1Voblesville, the county seat of Hamilton County, is situated in 
the White River Valley, at the center of one of the most fertile and 
pieturesq.ue districts of the State. It is so near Indimiapolis, how
ever, as to be ·overshadowed by it, and its new gas resources, which 
are very ample and promising, are developed rather with reference 
to use in the capital city than at home. Nine wells have been drilled 
here by capitalists from abroad, with the purpose here indicated. A 
section-of one of these wells is as fo1lows: 

Feet. 
Drift................................................... 60 
Upper limestones .......... : . .............. :. . . . . . . . . . . . 400 
Shales ................................................ : . 392 

The Trenton limestone was struck at 852 feet, or about eighty feet 
below tide. The well w~~s finished <tt 85!) feet, or at seven feet in the 
gas rock. 

''Thile no well in the Noblesville .district is known to roach the ex
treme volume of two or three of those already described, one at least 
deserves to be counted in with the great wells of the State, namely, 
the \Vainwright. Its volume, measured a few days after the well 
was completed, was found to be about 7,000,000 cubic feet a day. 

Kolwnw, Howard County, is the last of the county seats that is 
to be included in the present review. Happiiy situated in every 
respect, a little nearer Chicngo than any other point at which the 
new fuel has been found, already a center of successful manufactur
ing industries, it has seemed to many that no town in the new gas 
field is more certain of a rapid and substantial growth. Capital from 
alJroad has been freely in vested here, not only jn real.estate, but also 
in manufacturing entm·prises. Of the lattm·, five establishments, in
volving an outlay of half a million dollars in plm~t, are already begun. 

Kokomo is situated on the very edge of the gas field, as is seen from 
the following facts. The Trenton limestone is -struck at a·. depth or 
nine hundred.to nine hundred and thirty-five feet, or at about eighty 
to ninety feet below tide. The section of the Junction well, or No. 
4 in the city series, as c~refully kept by .Mr. \VilliamlVIoore; is as fol-

. lows: . 
:Feet. 

Drift ..... : ............................................. 60 
Limestone (Water lime aml Niagara) ....................... 360 
Hudson River shale(blue Hhale, 130; blue fm;siliferous shale, 

130; highly fossiliferous shale, 20)....... . . . . . . . . . . . . . . 280 
Utica shale (dark shale) ................................. 236 

The Trenton was stru0k at 9:.1G feet and gas was found at a depth 
of eight feet.. The drill descended :l2 feet into the gas rock. The 
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·last two feet were most productive of gas, but unfortunately salt water 
came with these last supplies. In the first and second weils salt water 
was also struck with the gas. In the third it was avoided by going 
very carefully into ~he Trenton limestone· and stopping at a depth of 
·12 feet, without exhausting tho possibilities of gas supply. ·The fad~ 
that three out of fom·of t.he first wells of Kokomo reached, at a shallow 
depth in the Trenton limestone, a considerable volume. of salt water, 
·shows that if the wells had been located even a mile westward of the 
ti:nvn t:hey would probably have failed of gas altogether. According 
-to data secured by Mr. Moore at tho date of the completion, the flow 
of wells Nos. 2 ai1d 3, respectively, was S:W,SOO and 1,123,200 cubic 
feet a day. No. 4 was apparently as .large as No. 3, but so ·large a 
volume of salt water appeared with the gas as to make the separa
tion difficult. Similar trouble has been experienced in'well No. 2. 
Still the flow of gas was ample for all immediate demands. 

All the facts in lmnd pointed to the east and south as more promis
ing territory for the 11ext well that was to be drilled. ·· While it seemed 
probable that the city wells proper would sooner or later beoveri·un 
·with the fatal floods of. salt water which they had already tapped, it 
~vas st. ill hoped that producti v:e fields of dry gas co'uld be found near 
by the town, from wltieh an abundant supply could bebrought in. 
Relief came, however, -sooner and mme easil.fthan could have been 
Teasonably expected. Well No. 5 in' the city list, known as the Shra
der well, was drilled a mile and a quarter southeast of well No. 3. 
It fouiul the Trenton limestone at 898 feet, showing a slight_rise in 
the ii1terval betwee11 this and well No. 3. At a depth of 14 feet in 
the rock the drill unlocked one of the great gas fo11ntai1is of ·the 
State. The open pressure of the flow was. determined soon after 
the well was fi1iished, and the fignros reported are vouched {or by 
Mr. J. T. Stringer, secretary of the Board of Trade of Kokomo. 
"These show the production of the -ivell to be 7,500,000 cubic feet a 
day. This fortunate experience relieved all anxiety as to the gas 
snpply of Kokomo, and made it safe for the town to go forwanl"in . 
the -\vay of inviting and locating manufacturing enterprises on the 
largest seale. 

This completes tho brief review that was undertaken of the heart 
-of the gas field. No catalogue of wells has been attempted here. 
Numerous important centers of production have not even been 
nametl; for examp\o, Greenfield, Hancock County, so far as can be 
judged from the experience of a single well, commands an abundant 
snpply·of natural gas. Portland, Jay County, wa.s among the first 
of the towns of the State to t.ry its fortune in the new search. Eight 
wells have been already drilled there, and while none of them are 
vigorous, the town has all the present ad vantages that the new fuel 
can afford. It is probable th~t the small production of these wells 
is cletermineLl by the chara-:;tel' of the Trenton limestone at this point. 
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It will be borne in mind that analysis of the stratum at Fort Recov
ery, on the east side of the county, shows that the limestone is there 
of the barren type .. The change, however, is effected very soon to 
the west and south, as is seen in the composition ·of the limestone 
at Ridgeville, which is given on a preceding page, and better still, 
in the excellent production of the Dunkirk well. 

The outcome and the duration of this field it is difficult to forecast, 
largely_ from the <fact·that the ,field is unique. The storage capaeity 
of its plateau-like expanse is iu any case immense, and while the rate 
of exhaustjon of the wells has not yet been eve11 approximately de
termined anywhere, the supply of gas is certain to prove of iucal
culable value to the fortunate ·regions that have cliscovered it beneath 
them, and to cities a!H'l towns that lie nearest. A manufacturing dis
trict comparable with the "Black Country" of England in the mag
nitude and variety of its industries, but marvelously free from the 
grime and soot thathave heretofore been counted iusepat·able from 
such centers, is sure .to be secured and maintained here. How long 
it will be maintained will dppend to a large extent on the economy 
with which the gas is used. 
. Competition on-the pa~~t of manufacturers dependent upon bitumi·
nous coal' for their fuel with those that use natural gas .would be very 
difficult, even if the new fuel were to cost as much as the old; but 
when in addition to all its other advantages this most admirable 
~om·ce of power is furnished to all eo~ners, literally "without mouey 
aml without price," the conditions are seen to threaten distress, if 
not extinction, to many industries and to many manufacturing cen.· 
ters elsewhere. 



. CHAPTER VI. 

SUMMARY. 

In the preceding pages it has been shown that in certain districts 
of Ohio and Indiana the Trenton limestone has been reeently found· 
to be one of the most important som:ees of peholenm and gas of the 
entire geological scale of the country. In productive area it far 
exceeds any known oil sand of the eastern fields and in the amount 
of oil and gas whieh it is able to furnish it gives promise of like 
superiority. · 

Two prii1cipal conditions under which this ·ne'.v·oil rock has proved 
petroliferous Otl a large scale have been pointed_ out, viii; pnrosity 
an(lrelief. 

The first has been shown to be connected with and apparently de
peiulent on the chemical transformation of the upper portion of the 
limestone, for a number of feet in thickness, into a highly crystalline 
dolomite; the second results from some slight warping of these an
cient r-;trata in the course of their history, whereby the common con
tents of the porous portions of the Trenton limestone have been 
differmitiated by gravity, the gas and oil seeking the highest levels 
and the salt water maintaining a lower hut definite eleYation in every 
field. The salt water level is necessarily the dead-line of oil and gas 
pl'ot]nction in the several subdi-visions of the productive·tenitory. 

The llolomitization of the Trenton limestone seems to have been 
in the main regional. It extends from the present southern and east
em boundaries of oil and gas pro(luction in Ohio .and Indiana to the 
north aud north we:>t. North western Ohio and northern Indiana, and 
])erlmps Michigan, are umlerlccid with the porous or dolomitic phase 
of the Ti:enton limestone. · In the larger part of this territory the 
limestone is saturated with salt water. . 

Eastward of the Ohio gas field the boundary is not definite, but 
dolomitization appear:,; to have been accomplished in small areas and 
for a shallow depth,. while the great mass of the rock rem11ins of the 
original or calcareous type. Northeastward the dolomitic cap is 
much more frequently found, but it appears to be very thin. 

The analyses now in lut1id from various points beyond the main 
bomu\ary furnish ground for these conclusions. 

To the southward no snuh irregularities or interruptions of chemi
cal composition have been found, but the rock is everywhere and 
uniformly wanting both in dolomite and in porosity. 

. 653 
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"\Vithin the areas of gas and oil production small patches of unal
tered limestone ara occasionally found. Some cases occur in the 
very canters of the most important portions of the field, as, for ex
ample, at Findlay and Saint :1\fa.ry's. In cer;tain of the \Vells·at these 
and other points the Trenton limestone is found at normal depth 
and under the usual concliti.ons in all respacts, except that its upper
most beds are in composition true -limestone and are fossiliferous, 
instead of being non-foss~liferous dolomite. TJ1e dolomitic phaSE", 
even in these cases, is not far distant; or in other words, this cap of 
fossiliferous Trenton limestone is thin. · 

The presence of this calcareous sheet is, in all the cases observed, 
attended with a great diminuticm in the volume of the gas produced 
as compared with the volumes of adjacent wells. When sueh wells. 
m·e torpedoed, as they are quite likely to he, the fragments of the cal
eareous cap are the most conspicuous part of the debris thrown from 
the well or left dislodged within it. .They are on this account natur
ally but erroneously taken for the gas rock. 

In the appended Table No. 1, the following lines of facts are given: 
(1) Analyses of the Trenton limestone from various points within 
the areas of oil and gas production and also from an equal or greater 
number of points beyond the limits of production; (2) elevations of 
the upper surface of the limestone with reference to sea-level; (i3) 
lower limit of gas and also of oil production in the field to whieh_ 
the sample belongs; (4) results of drilling so far as gas, oil, and salt 
wa:ter are concei·ned. . 

.H'or the numerous cases in which gas and oil are wanting in the 
rock, it is obvious that two lines of explanations are required, based 
respectively on the two conditions above given. ·The rock may be 
lacking in porosity byreason of its chemical composition, while its 
elevation with reference to sea-level may be entirely within the 
.needful limits, or it may lie too low with reference to its particular 
field while its composition may fit it for the largest production. N u
merous examples of failures from each of these sources are shown 
iu the appended table.: . 

In the arrangement of the table a rude geographical order is fol
lowed, beginning with the towns to the eastof the Findlayfield and. 
proceeding to the west. and south until the productive fields are 

·passed. · · 
For the sake of convenience the following named compounds will 

he indicated in the third column of the table b"y chemical symbols 
as follows: 

Carbonate of lirue ..... . 
Carbonate of magnesia. . . . . ...................................... . 

Alumina and oxide of iron ......................................... . 

Insoluble matter . . . . . . . . . ........... . 

CaCo, 
J\IgCo3 

I AloOa 
·1Fe

2
0, · 

Iusol. ;_ 
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3 

4 

5 

6 

. ' 

8 

9 

Location. 

TABLE No.1. 

OHIO. 

~ §~ ~a;= 
§:~ ~ ~;§·;, 

Cmnposition of ::: 2::!~ d'g ~ 
Trenton lime- t.l..; ~ ~ • '1) 

stone (satnple 0 <+-o ~ +=>"d'S · 
Analyst. usually obtamed f§ ~ §~ :§ f5 2~ 

fron1 upperinost :§ ~ 1i. 2 ,...., ~:-:::: ~ 
10 to ;!0 feet). ~~ 3:l 00 kJ£ o.g 

. ~~:§.8 §:~'E5 

Results of dl'illiug.· 

.I ~ p 

Sandusky (well No. 1). _C_l_a_r_k_e_. -.. -. ~aCoa. _ '~-~~ -:---- ---.- ~Gas in small volume 

1\'IgCo,, ~=l 11''l i · (7,000 cubic feet a 
Al20a, I_ 4 58 - 1610 · · · · · · .. · day), also oit and 
Fe.o,, 1 . I salt water. 
Insol. 3. 6.';) I l 

Port Clinton (test .... do ..... CaCo3 , 7"1.961 
well). nigCo3 , 14.341 

Plymouth (test well) . Lord ..... 

Fremont(well No.1) .. .... do ..... 

Waggoner well (near 
Fremont). 

.Clarke .... 

Tiffin--Loomis & Ny-
. n1an well (upper 

beds of Trenton 6 

.... do ..... 

to 8 feet). 

AI."),, I 4 16 f 
Fe20 3 , I · j 
Insol. 7.46 

CaCo3 , 67.501 
~IgCo3 , 11.40 1 

AI20 3 , f 2. 60 f 
Fe2 0 3 , 

16.60J Insol. 

CaCo3 , 75,j'41 
l\IgCo9 , 13.37l 
.Al2o,; l 
Fe

2
0

3
, I ...... j 

Insol. 6.35) 

CaCo3 , i\:1. 931 
1\IgCo,, =3~ ~51 .,.. .. 
Al2 0 3 , 1 

6.32 f 
Fe2 0 3 , I 

5. 2'~ J Insol. 

CaCo3 , 52.891 
MgCo3 , :-1:-1.411 
Al 20 3 , I f 

4.86 J I 
In sol. ;;,66 

Same well (Trenton, 
10 feet lower). 

.... do .... 1 

Fe2 0 3 , I 

. 0aCo3 , ;'fi.d9'j 

MgCo3 • u.20 1 
Al2 0 3 , 1· 1.461 Fe20 3 , I 
Jnsol. 9.88) 

FoRtoria(wellNo.l) .. Lord ...... CaCo3 , !il.i\01 

l\IgCo3 , 27.30 I 
AI,Oa, 1 r' 
Fe

2
0

3
, i ...... 

Insol. 5.82) 

CaCo3 ,' 84.231 

~~~:~·II .. 5·-~~ l 
Fe00 3 , r 

Arcadia (test well). . . . Clarke .... 

Jnsol. 8J>6) 

Local relief. 

-!ORO Well dry. 

-1910 I" Do. 

,,.I r Gas in ,c;tnall volume 

(*) 
(0, 20,000 cubic feet l per day) without 
,·alue. 

(t) -700 (*) 
~ Gas in considerable 
. YOhtlll~. 

(Gas in small volume 
-7;!5 (*) j (60,000 cul>ic feet a 

I 
dayj'. l 

--·7'2;) No addition to gas. 

-500 Well dry. 

-370 -500· Gas in small volume. 

-t Approximate. 
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TABLE No. 1-Continued. 

OHIO-Continued. 

I 
~.8~ ~ ~-5 

. """... ~~ ~ Composition of P. 2:::~ C+-( aj tJ; 

rrrenton lime- I ...... E-t .1-<,....; 
0~ ..... 

stone (sau1ple 0 ~ Q) ~ 

1

.;:: .~-~ ~.....: 
usually ohtaiued ~ a) § $: .§. o ~ .:g 
front uppernJost I .S ~ -ti3 ro r-1 :.::= q:; 

10 to :1\) feet). ...,.,.. "" :.. "'o.c~ 
~-- E r.L IV~ <:.,) 

Location. Analyst. Results of drilling. 

~~~s~~~'E~ 
. --1~·~·--

10 I Carey (citywellNo. 1). Clarke ..... caco., 80.107) I 
lllgCo3, ~. 09 I (Gas in very sumll voi-
Al203, 1_ 

3 08 
i' -;>15? -500 il ume; well without 

11 UpperSamlusky(city ... do ..... 
well No.2). 

Fe20 9 , I · II yalue. 
Insol. 5. 'if!) 

CaCo9 , 64. 25) 
MgCo3, 15. 03 -~ 
AI,o., ~ r 

4.3l·J Fe20 3 , 

Insol. 8.18 

121 Toledo(Air-liueJunc- ... do ..... 
tion well). 

caco., 54. 681 
MgCo9, 25. 731 
Al2 0 9 , 1 i 
Fe20 3 , I 8

· 
08

.1 
Insol. 2.88) 

13 !Bryan (well No.3) ......... do .... . cauo.. 49.00) I 
lllgCo,;, 88. 591 ! . ! 

141 Wauseon (test well)· .. 

15 ·~ Napoleon (test well) .. 

I . 
I . . 

16 •Bowling Green (well 
No.3). · 

17

1

Bo,ding Gr('len (100 
feet below surface 
of Trenton lime· I .,.,, 

181 Findlay (Jones well). 

.... do ..... 

~::~:') 1. 51 Jr 

1

1 

In sol. 9. 2'.l 

uaco., 42. 82) 

MgCo3, 2H. ll 1\ 

:~:~:: f , .. 28 r 
In sol. 18. 24) 

. ... do . . . . . caco., 53. 85) 
l\IgCo3 , a;·. :J:i I 
Al2 0., I f 
Fe20 3 , ( 

2
· 
14

11 

Lord ...... 

.... do ..... 

In sol.· 2. 66) 

CaC'o3 , 51.78'1 

MgCo3 , 36. ~0 i 
AJ,o •. I c 
Fe20 3 , 1 ... ···I 
Insol. 4. 89) 

CaC'o3 , 88. 641 

MgCo3 , 6. 71'1 
Al,Os, I r 
Fe,o,, r .... "I 
Insol. 2.15) 

.... do ..... CaCo9 ; 5.3. 501 
43.0~ ilfgCo3 , 

I 
Al20 3 , 1_ 

Fe20,, \ 
In sol: ::::J. 

-500 Well dry. 

. -800 -500 I Salt water . 

--12"21> (*) Gas in ~mall Yohnne. 

-1367 . . . . . . . . . . Salt water. 

-1114 .......... Do. 

-400 -500 Fair volume of gas. 

-400 

-328 

_ 500 \ No addition to pro-
1 dw .... tion. 

-500 (Very large produc
i tion of gas. 
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TABLE No. !-Continued. 

OHIO-Continued. 

'"<1"=' +><><:: 
"'o"' cad· ... , ...... .,;:::gj """ ... Composition of ""'"' Ci~ bD ... ~ 

Trenton lime- '""'E-4 ~ • 
stone (sample o..... Oj ~'0"0 . 

Location. Analyst. usually obtained ~~§~ '§ 5 ~:;l Results of drilling. 
from uppermost .s ~~ z ;= ~~~ 

10 to "0 feet). ~1: s ~ &~:~ ~~;:::~B p,!::oa:> 

"' p 
~~~-~ ---- ----

hl Firidlay (well No. 1) .. Lord ...... oaco,, 47. 05) 

MgCo3 , 3.3. 38l 
-314 -500 Large volnnie of gas. 

~·~·· ~ ...... j e2 s' 
Insol. 11.73. 

20 Kenton (McElree well) Clarke. ... CaCo3 , 84.321 
MgCo3 , 8.43 r Moderate volume of 

Al,o,, ~ 
5.20 I -375 -50J ~ gas. (Dolomite 

I 
Fe2 0 3 , l found below.) 
Iusol. 1.10 

21 Lima (well No. 1) ..... Lord ..... CaCo3, 52.66) 
MgCo3 , 37. 53l 
Al,o •• } -395 -400 Oil and salt water. 
Fe2 0 3, 

. . . . . . I 
lnsol. 4.15) 1 

,'3'~ Li,;.a (Woolsey well) . .... do ..... CaCo3, 55.901 
MgCo3, 38.85 {Oil and salt water, 
Al,o,, } -400 -400 the latter filling the 
Fe20 3 , . 751 well. 
Insol. 2.94) 

28 Lima (Hume ,\-ell) .... .... do. .... CaCo3 , 63.471 
MgC~ls, 24.20 

{ Large production of 
Al20 3, } -39'~ -400 

Fe,o •• 5.10'1 oil. 

~miol. 2. 75) 

24 Lima (Simons well) ... Clarke .... CaCog, m.40I 
MgCo3 , 36.451 

Al,o,. f l:J 
-391 -400 Oil, good productio?-

Fe,O,, 
In sol. 

25 Kossuth (well No.1) .. .... do ..... CaCo,, 90.72) 
MgCo3 , 6.69l 
Al,o,, ~ .... .. -400 Well unproductive. 
Fe2 0 3 , . 66 i 
Insol. 1.08) 

~6 Saint Mary's (Panek .... do .... OaCo3 , 
52.18l1 

_a;;;; I {Large production o 
well). MgCo,, 38.42 

Al2 0 8, 1 -310 
Fe2 0 3 , I 3.121 (*) 

gas. 

Insol. 3.18) 

27 Saint ;}!m·y's (Ben- .... do .... CaCo3 , fi(i. 941 
nett well). lHgCo0 , 3:). 1):) 

AI,0,, 1 ,, 48 r -310 -350 i Large production o 

Fe2o,, r •. I gas. 

In sol. 1.66) 

8 GEOL--42 
"A pproxunatc. 
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Location. 

28 Celina (well No. 1) ... 

29 Franklin township, 
Mercer County, 
(Doenzcs well). 

30 Fort Recovery 
well). 

(test 

31 Saint Henry's (well 
No. 2), calcareous 
cap). 

82 UnLn City•(testwell). 

38 New Madison .....••.. 

• 

THE TRENTON LIMESTONE. 

TABLE No. !-Continued. 

OHIO-Contillued. 

5)~'d ,:!:3:<l)~ 

~~~ d =·""" rn;.:::rn 
Composition of ~2:.'~ ~~ ro Trenton lhne~ '+-lE-i~ . 
stone (sample OC!-1 d>Q) +>"'"' Analyst. usually obtained ~~§$ :§ z §~ 

from uppermost 
:3JSi~ l""""'~::::l~ 

10 to 20 feet). ~Q.JO~ 

"''"E!"' a.l1d ~ 
!iffi~.s §:;;~ ~ 
i'il p 
----

Clarke .... CaCo8, 

00") MgCo,, 24.18 

Al,o,,} -235 -350 
F'e20a, 

2. 95 

In sol. 2.95 

.... do ..... CaCo3, 69. 53) 
lligCo3 , 

wool AI20 8,} -325 -350 
Fe20 3, 

8.38 

Insol. 3.68 I 

.... do ..... CaCo3, 

~00) lligCo3 , 7.43 

Al20 8, } -200 -350 

Fe20,11 
1. 57 

(*) 

Insol. 1. 89 

Orton .... CaCo8, 93. 64) 
MgCo3 , 

'~! Al,o,,} -200 -350 
Fe20 3 , 

Insol. 1.27 

Clarke .... CaCo3, 8!3. 211 
MgCo3 , 12.48 

AI20 3, } r -70 -100 
Fe20 3, 1.2.~ I 
Insol. 2.14) 

Lord ...... CaCo3, 
64.911 

MgCo2 , 17.98 

Al20,,} 
3.60 J 

--100?, .... . .... 
Fe20a, 
Insol. 11.11 

Results of drilling. 

Well dry. 

{Production of gas 
. large. (Dolomite 

found below.) 

Well dry. 

{Moderate productio 
of gas .. (Dolomi 
found below.) 

n 
te 

Well dry. 

Do. 

84 Sidney (well No.2) .. . .... do ..... CaCo8, 62.301 
lligCo3, 28.30 {Small production o 
Al20 3, } 4.40 r -279 -350 gas. V\'ell withou 
Fe20a, 

3.60J 
value. 

Insol. 

35 Huntsville (well No. Clarke .... Caco,, 
57. 23l 1). 

MgCo3 , 33.16 {Trenton limestone 
Al20 3,} 

3.151 
-285 ...... . .. unproductive. We 

Fe20 3, dry. 
Insol. 4.41) 

II 

36 Piqua (Cathcart well). Lord ...... CaCo3, 78. 70) 
- 1\igCo,, 1.70 l 

Al20 3, f -300 ·········· Well dry. 
Fe20 8, 1. ·)()I 
Insol. 17.70) 

*Local relief. 
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TABLE No. !-Continued. 

OHIO-Contiuued. 

----- ,...,"" ~.s.s "o" ::::..~:... rn ...... rn 

Composition of s-~.a ~~~ - Trenton lime- 1+-1~~ 
otone (sample 0'+-< ~ +J "d-o . 

Results of driiling. Location. Analyst. nsnaUy obtain~d ~~§~ .§ B§~ 
from uppennost .82~ =3 ;..= ~=ta 

10 to ~0 feet). ~~ g& [:3o.g 
0,~1+-r d 

~;;};.:::$ p.::::oaJ 
l'il p 

37 Springfield (well No 1.) Lord. .... CaCo,, 80.781 
lHgCo,, 6.29 1 -

I 

Al2o,, t ~ -200 ·········· Well dry. 
Fe,o,,! ······ 

Insol. 9.6:JJ 

38 Umdon (test well) .... Clarke .... CaCo3, 77.G91 
111g0o9, l.891 

Al20 9, } 1.841 550 .......... Do. 

Fe,o,, 
Insol. 15. 90) 

39 Coiumbus (test well) . Lord ..... CaCo9 , 69.301 
1HgCo9, 4.30 l 
Al2 0 3 , l -1188 . . . . . . . . . . Do. -
Fe,o,,! 2. 70 J 
Insol. 2:3.00 

40 Prospect (test well): .. Clarke .... CaCoa, 66.021 
I 

1HgCo3, 3.771 
Al20 3 , } 750 .......... Do. 

2.57 J Fe20a, 
Insol. 26.12 

41 Dayton sFindlay st . . ... do ..... CaCo3, 82.;!61 
well). 

MgCo9, 1. u71 
AI~03 , l f -115 .......... Do. 

Fe,o,,! . 581 
' 

Insol. 12.34) 

42 Osborn (well No.1). ... Lore!. ..... Caco,, 81.801 
MgCo3 , >00) -
Al20 9 , } 1. 30 -170 . . . . . . . . . . De. 
.Fc20~~~ 

In sol. 14.40 

4:J Xenia (well No.1) ..... Clarke. .. CaCo3 , 83.541 
MgCo3, 2. 99l 
Al,03 , } -114 ·········· Do. 
Fe20 3, .18 j 
Insol. 9.23 

44 New Vienna (te t .... do ..... CaCo3 , 82.4:31 
well). 

l\IgCo3, 3.191 
Al 20 3,} ~ -100 ·········· Do. 
Fe20 3 , ...... I (*) 

In~ol. 8.41'). 

45 Hillsborough (test Lord ..... CaCo3 , 85.001 well). 
MgCo3, 2.00 

A1 20 3 , } 
0.601 

-100 .......... Do. 
Fe~0 3 , (*) 

Insol. 11.80) 

* Appt"Oximate. 
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TABLE No. !-Continued. 

0Hl0 -Continued. 

Location. 

I 
I ~ ~=:ro .._:.d).= 

~~§:~~ ~~·: 
' Cotuposition of 1 ~ Q),3 t:'g ~ 

rrrenton lime- ! Cf-1~ 2:: . Q) 

stone(sample 1 ob-~3) ~'"O"'d 
usually obtained j ;!? .= a> :§ 6 § ~ 
fronl uppcrnlost i s ~ .8--; - 'r- ~ 

10to20feett 1 ~~g}a) ~,&·s~ 
.. ,.. E"' l',,e ... (;l 
I .§&;~.8 c.-=o·t: 

Analyst. Results of drilling. 

fi< p 
----~----~~~-~--~~-~~-! 46 Hamilton (well No.3). Lord ..... . 

47 Cincinnati (Water .... do .... 
works well). 

48 Point Pleasant (out- .... do. 
crop). 

CaCo3 , 

MgCo,, 
Al20 3 • l 

Fe~/!3~ I 
Insol. 

Ca0o3 • 

MgCo3 , 

Al20 3, ~ 
Fe20 3• I 
Insol. 

84.701/ 

1. 50 II 
fi 

1. 501 
12.00 

78.701 

u3J 
5.04J 

12.95 

CaCo3, . 79. 30) 
Mg0o3 , 0.91 

Al,O,, l 7.00 

I 
Fe20 3, I 
Insol. 12.00 

INDIANA. 

_ A9 Bluffton (well No. 2).. Clarke... . CaCo3, 

\.. !50 

I Mg0o3 , 

I 

AJ,o,. l 
Fe2 0 3 , I 
Insol. 

Wabash (well No.3) ...... do . . . . . CaCo,, 

Kokomo (well No.4) .. Lord ..... . 

I 

MgCo3 , 

Al 20 3, 1 
Fe.;o •. i 
Insol. 

CaCo3, 

lllgCo3 , 

Al20 3 , } 

Fe,o,, 

l 
Tnwl. 

52 Ridgeville (well No. . ... do ..... CaCo3• 

1). MgCo3 , 

Al20 3, I 
Fc20 3 , I 
Insol. 

53 Muncie (well No.8) ... Clarke .... caco,, 
MgCo3 , 

Al20 3, t 
Fe'J0 3,) 

Insol. 

53.431 

37.471 

r 4.48, 
2.37 J 

53.181 

:30.531 

~58 f 
I. I 
3.52) 

52.801 

39.501 
2.401 
4.60) 

54.301 

33.601 
f 

a.oo I 
6.10.) 

51.961 

3!l.tll 
3.72, 
3.30) 

• Approximate. 

+m 
(*) 

+184 
(*) 

-r4li0 

-225 

-200 

-·86 

+74 

Well dry. 

Do. 

-100 Salt water filling well. 

-100 Do. 

_
100 

)Gas, large volume, 
l wi•h salt water. 

-100 Well dry. 

-100 Gas, large volume. 
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TABLE No. !-Continued. 

INDIANA-Continued. 

~&E 
.!:3: Q,) d 

Po<=<" 
~;§·: 

Composition of ::lf~ ~i~ , 
Trenton liine· '+-IE--iB 
stone (sample 0~ GJ'?i ~'0"0 • 

Results of drilling. Location. Analyst. usually obtained FfJ - Q !l; '§ ... """ 
.§ ~ ~-; 

..... o ceQ) 
front uppermost - • 0::: 

10 to 00 feet). ~'t:s~ ~~:g-5 
.$&S~s P.~~ ce 

~::>:Oq:» 

"' p 
----

54 Union City (well No.1) Clarke .... CaCo3 , d3.211 
nigco,, 12.481 

Al20 3 , f t -71 -100 Well dry. 

Fe20 3 , 
1.231 

Insol . 2.14) 

55 Vernon (well No. 1) ... .... do ..... CaCo3 , 85.561 
nlgCo3 , trace.! ' 

Al,O,, r t Do. 

Fe2 0s, o.oo I 
Iusol. 8. 00) 

56 G~eensburgh(well .... do ..... CaC\'s, 9!.601 
No.2) (probably cal· l\IgCo3 , 0.361 careous cap.) 

Al20 3 , } 0.551 -j-82? ·········· Do. 

Fe2 0s, 

llnsol. 0.87) 

In Table No. II the composition of the rock is given as found in 
the analysis of the drillings from some representative well from each 
of the best known centers of production that appear in Table No. I .. 
All the specimens are gas rock except that of Lima. 

TABLE No. II. 

Findlay- Bowling Lima Oil Saint l\Iuncie- Kokomo-
Lord. Green- Rock- Mary's- Clarke. Lord. Lord. Lord. Clarke. 

Carbonate of lime ........... 53.50 51.78 55.90 52.18 51.96 52.80 
Carbonate of magnesia ...... 43.05 36.80 38.85 38.42 38.11 39.50 
Alumina and oxide of iron .. : 1. 70 ............ 0.75 3.12 3.72 2.40 
Insoluble matter ............. 1.25 4.89 2.94 3.18 3.30 4.60 

All facts that have been secured by chemical analysis are given 
in these tables. In addition to these results of analysis it is to be 
obser.ved that the composition of the drillings can be made out fairly 
well in a general way by .inspection, after one becomes acquainted 
with typical examples of the different sorts. The dolomite is espe
cially distinct and recognizable, and it can be positively asserted on 
the strength of such determinations, in addition to the analyses 
already given, that this phase overwhelmingly preponderates in the 
productive oil and gas fields, if it does not indeed constitute an essen
tial condition of all productiveness. The first table does not by any 
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means show the real state of the case. Several of the samples there 
reported were selected for analysis because they constituted excep
tions in appearance to the common run of the drillings. Among 
these a few examples of the calcareous cap of the dolomite already 
described found place. Table No. II is a fair representation of the 
gas rock. The analyses are made to cover the length and breadth of 
the entire field. 

CONCLUSION. 

The influence of the remarkable discovery of oil and gas in the 
new horizon of Ohio and Indiana has been felt far and wide. Drill
ing directed specifically to the Trenton limestone has been under
takt:n, on the strength of this discovery, in many States and in lo
calities 1,000 miles distant from the regions in which it was first 
found profitable. 

What the prospects of success are in these numerous and widely 
separated tests of the limestone can be learned from a due considera
tion of the facts embodied in the preceding table. It is sufficient to say 
that there is nothing in the new experience to make it safe to count 
the Trenton limestone an oil rock or a gas rock in any locality un
]ess it can be shown to have undergone the dolomitic replacement by 
which its porosity is assured. Even in case it has undergone this 
transformation it will not be found a reservoir of oil or gas in an im
portant sense unless, in the accidents of its history, some parts of its 
deeply-buried surface have acquired the relief that is essential to a 
due separation of its liquid and gaseous contents. It is not known, 
nor has it been rendered even probable, that the limestone meets 
these two inexorable conditions anywhere in its wide extent except 
]n regions that are now undergoing development, as the gas fields 
and oil fields of Ohio and Indiana. In other words, there is a strong 
presumpti~n that the Trenton limestone will not prove an oil rock or 
.a gas rockin any new field. 
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THE GEOGRAPHICAL DISTRIBUTION OF FOSSIL PLANTS. 

BY LESTER F. wARD. 

INTRODUCTION. 

RELATIONS ·oF THE PRESENT 'PAP1R TO PRECEDING AND PROSPECT· 

IVE CONTRIBUTIONS. 

The present article is intended as a continuation of the Sketch of 
Paleobotany which appeared in the Fifth Annual Report .. That 
paper, as explained in a foot-note (p. 363), was written as the first 
part of the introduction to a larger work that is to 'deal exclusively 
with the literature of the science, and it was necessary that the treat
ment should proceed primarily from a bibliographical' point of view. 
The early history and the subsequent progress of paleobotany were 
there sketched down to the year 1850, the method of treatment being 
as nearly chronological as the subject would permit. The r-eason 
why it was made to terminate at that date is that the works had be
gun to multiply so rapidly by that time, that in order to do justice 
to them by that method far more space would have been required 
than would comport with the plan of the work in hand. It became 
evident that some system of classifying the general results attained 
by paleobotanists during the last thirty-five or forty years must be 
adopted, and that the subject must be presented in the form of dis
tinct problems toward the solution of which the rapidly accumu~ 
lating facts are tending. In this way, without departing from the 
chiefly bibliographical method, the progress made in attacking and 
solving these problems can be recorded in a more condensed and log
ical form than could be done by strict adherence to the order of dates. 

The most important of the~e problems was, of course, the develoli
ment of plant life throughout the geologic history of the earth, and 
this, in consequence of its prominence, was discussed, somewhat in ad

. vance of its natural place, in the first paper. Next to this has seemed 
to me the need of setting forth clearly the nature and extent of the 
work actually accomplished in paleobotany in the development of 
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the extinct floras of the globe and tho number, location, and geo
logical age of the plant-bearing beds that have been discovered in 
all parts of the world. I had proposed to call this field of study the 
Geographical and Geological Distribution of Fossil Plants, but inas
much as the· geological distribution has already been treated in a 
general way apart from the geographical, and is to be discussed iu 
detail in future papers, at least so far as the American plant-bear
ing beds are concerned, it seems prflferable to use the shorter desig
na,tion and speak of this topic as simply the Geographical Distri
bution of Fossil Plants. This is the subject of the present paper, 
which constitutes the second contribution of the series. ' 

There are many other problems, more properly so called, both geo
logical and biological, which paleobotany promises to solve, or at 
least elucidate, and it had been my intention to pass most of them 
rapidly in review in one communication, in addition to dealing with 
the geographical aspect of the question; but after having compiled 
much of the data for the discussion of these outlying problems, I 
found that to do justice to the single subject of geographical distri
bution, even according to the plan of leaving the reader to rely for 
all details upon the references given in the foot-notes, would occupy 
all the space that I had proposed to occupy in the annua-l report of 
the survey. I am therefore compelled to leave all such considera
tions for another paper, which may properly bear the title that I 
originally proposed for this one, or Problems of Paleobotany. 

ENUMERATION OF THE LOCALITIES, WITH THE GEOLOGICAL 
HORIZONS, AS FAR AS PRACTICABLE, AT WHICH VEGETABLE 
REMAINS HAVE BEEN FOUND IN THE STRATA OF THE G.LOBE. 

It is always difficult to decide upon a geographical order for the 
natural land areas and the political divisions of the globe, and any 
that might be adopted would doubtless be open to objection. I shall 
begin with Europe, where by far the greatest activity has taken 
place, arranging the countries in such order as may seem conveni
ent, closing with Russia; and passing thence naturally to the Rus
sian possessions in Asia, I shall take up the points on that great con
tinent that have yielded vegetable remains; then deal with Africa, 
the East Indies, and Australasia. Passing to America, after men
tioning Kerguelen Land, the JVIadoiras, and the West Indies, the 
several points where vegetable debris have been observed will be 
noted from the most southerly locality on Terra del Fuego to JVIex
ico. Thence, in order to assign to the United States the last place 
in the enumeration, it seems best to pass directly to.the north rn 
regions and treat the Arctic fossil flora as a whole. The proximity 
of all tho most interesting points to North America, even though 
belonging properly to the eastern hemisphere, and especially the 
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general unity of all the north polar floras where species of the same 
geologic age are com pared, fully justify their treatment as one general 
district and there is perhaps no more appropriate place for their con
sideration than as introductory to that of the North American fossil 
floras. From Mel ville Island and Banks's Land the transition to the 
Mackenzie River district is natural, and leads us in a logical se
quence to British Columbia, the British Northwest Territory, Can
ada, and the maritime provinces. The United States may then be 
properly treated, the customary order oi enumeration being some
what modified so as to pass as naturally as possible from east to west. 

As regards the amount of detail given to these several countries, 
it should be remarked that the great number of small beds that have 
been discovered on the continent of Europe and the number of mono
graphs that have been published in relation to them render it obvi
ously impossible for me to do more than hurriedly pass them in re
view without much attempt at analysis of the forms furnished by 
each. So far as England, France, Germany, Austria, and to ·a great 
extent Italy, Sweden, and Russia are concerned, very little more 
than a bibliographical reference to the principal localities and their 
products can be undertaken. 1!-,or other parts of the world, how
ever, the interest being greater from the points of view of latitude, 
geographical remoteness, and consequent differences of living flora, 
more will be said as to the nature of the fossil floras that have there 
come to light. The flora of the Arctic regions has been so exclu
sively intrusted to Prof. Oswald Heer, and so magnificently treated 
in his magnum opus, the Flora Fossilis Arctica, that I have made 
little effort to pick up the collateral matter that has from time to 
time been brought out by other authors in Connection with his work. 
Nearly the same is true of Ottokar 1!-,eistmantel's titanic labors in 
India, and Dr. J. W. Dawson's work in Canada. 
, But in treating the United States I have felt it incumbent on me 

t.o make the geographical review as complete as the data in mypos
session would permit. I am aware that it is practically impossible' 
to make the treatment of a subject of this nature absolutely com
plete, and some will doubtless easily recall a few cases which have 
failed to receive mention. I have occasionally found myself decid
ing to exclude some trifling find to >vhich I had a reference, merely 
on the ground of its lack of importance; but upon the whole I have 
sought to record all the discoveries and important facts rehting to 
fossil plants within the territory of the United States of which I was 
cognizant, and to append such notes as would enable the student to 
put himself in possession of any details that are elsewhere attainable. 

·As, however, this paper is in the nature of a preliminary essay, it 
will be in the power of those who read it to render the final report 
much more complete by kindly notifying me of any omissions within 
their personal knowledge. 
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GEOGRAPHICAL DISTRIBUTION. 

EUROPE. 

In treating the countries of Europe, where the literature is so vo
luminous, considerable embarrassment arises as to the best method of 
arranging the works under consideration. Undoubtedly the logical 
and scientific method would be to arrange the localities, first, in the 
order of their geologic age, and second, in chronologie order of their 
discovery and of the works in which they arc mono6raphed or oth
erwise treated. But this plan is subject to many difficulties, ai'ising 
not only from the varying opinions as to their real geologic age, 
which change with the progress of knowledge in geology, but also 
from the great variety in the nature of such works, some of which 
are true local monographs, while others are general works, and deal 
with many localities and different geological formations. A second 
objection to·this strictly logical method is that it produces too ab
rupt and radical a change in the general historical plan thus far fol
lowed, which was essentially chronologie with the minimum of 
classification consistent with the necessary condensation and clear
ness of presentation. I have therefore decided, at the risk of some 
repetition in the mention of localities and of abruptness. in pass
i.ng from one formation to another, to adhere_ as closely as possible 
(o the order of dates, and give for Europe 'a very concise and rapid 
survey, supplemented by as copious citations as space will permit 
and as will be necessary to place the investigator in a position to 
complete the history for himself. 

GREAT BRITAIN. 

As the geographical order is more important here than the politi
cal rank or even the territorial area of countries, it has seemed best 
to arrange the. divisions of the United Kingdom in the following 
order: England, Wales, Scotland, Ireland~the smaller islands being 
assigned to their appropriate countries . 
. England.--The remarkable work of Edward Lhwyd, 1G9D, 'referred 

to in my Sketch of Paleobotany • as the earliest but one ,in which 
impressions of the appendicular organs of fossil plants were llleJI

tionod, gives the localities at which the specimens were found with 
great care and exactness, although the Latin names of these places 
can only be recognized by one who is familiar with those ancieut 
designations. It is at least certain that many of them came from 
the counties of Gloucester, Northumberland, Salop, Lincoln, Chester, 

1 Edvardi Luidii. Lithophylacii Britannici Iclmographia, sive Japidum aliorumque 
fossilium britannicorum, etc., Londini, 1699, 144 pp., 23 pl.; Editio Altera,, Oxonii, 
1760, pp. i-viii, 1-61, 25 pl. sa (See pp. 11-14 of either edition.) 
~u.S. Geol. Survey. 5th Ann. Rept., 1885, pp. 389, 42?i. 
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Berks, Oxford, Surrey, Northumberland, Stratford, York, and Som
erset. Among the smaller places mentioned we recognize Acton, 
Cirencester, Bristol, Dean Forest, Faringdon, Byfield, Ashley, Cow
ley, Witley, Kidlington, Stonesfield, Frampton, Witney, etc. The 
plants were all of Carboniferous age. 

Parsons's memoir on the petrified fruits of the island of Sheppey,' 
1757, also suffi~:ientlycharacterized in my previous paper• seems the 
next most ancient contribution of this class; and here only a single 
locality is considered, which will come up for more special treat
ment as we progress. 

Martin's Petrificata Derbiensia, 1809,' as the name implies, treats 
the fossils of Derbyshire, which seems to contain only Oa1~boniferous 
plant-bearing strata. The plant remains were found at or near Whit
tington, Staveley, Tupton, Alfreton, Chesterfield, Padley, Bakewell, 
Buxton, Worksworth, and Ohapel-in-the-Frith. 

In Young and Bird's Geological Survey of the Yorkshire Coast, 
1822: several pages are devoted to vegetable remains. A number 
of species are discussed, and the ligneous origin of coal is set forth. 
Two rudely executed colored plates are given to fossil plants which 
are described as coming from Saltwick, Fryop, Castleton, Sandsend, 
High ·whitby, Stainton Oliff, Rockcliff, Runswick, Kirkham, and 
Haiburn Wyke. 

Dr. Mantell, in his Geology of Sussex, 1822, • noted tho presence of 
vegetable remains ::tt various points and in different horizons in that 
county. Here are first mentioned • tho peculiar objects found in 
the strata of the Tilgate Forest, at tho base of the Greensand or 
Lower Cretaceous formation, which have since been tho subject of so 
much comment and investigation, consisting of wood, culms, petioles 
of ferns, and even confused foliage. In the upper chalk at South
street and Offham he also found wood, and near Lowes occurred im
pressions of narrow leaves, also apparently needles of Larix or 
Pinus, which he figures. At Hamsey, Brighton, and Steyning sup-

' An account of some fossil fruits and other bodies, found in the island of Shep
pey (a letter to the Earl of Macclesfield, Pres. Royal Soc., dated September 25, 
1757; read December 15, 1757) by James Parsons: Philos. Trans. Royal Soc. London, 
vol. 50, pt. 1, 1757, pp. 396-407, pl. xv, xvi; vol. 11, of abridged ·Trans., pp. 165-168, 
pl. vi, with 46 figs. 

9 U.S. Geol. Survey, 5th Ann. Rept., 1885, pp. 394, 397, 413. 
3 Petrificata Derbiensia; or, Figures and Descriptions of Petrifactions Collected in 

Derbyshire. By William Martin. Wigan, 1809; 52 pl., with 101 pp. of explana
tions, and 28 pp. of lists, 4°, 

'A Geological Survey of the Yorkshire Coast, by George Young and John Bird, 
artist. Whitby, 1822, 328 pp., 17 pl. and map, 4°, (See pp. 179-192, pl. ii, iii, iv, 
fig. 9.) 

• The Fossils of the South Downs, or Illustrations of the Geology of Sussex, by 
Gideon Mantell. London, 1822, 325 pp., 42 pl., 4°, 

6 Ibid., pp. 42-45. 
8 GEOL--43 
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posed aments were collected, and near Bignor, in western Sussex, a 
peculiar fruit. 1 Finally, in the red marl of tho Tertiary plastic clay 
formation at Castle Hill dicotyledonous leaves were obtained.' 

The fossil vegetables of the Tilgate Forest formed the subject of a 
short notice by the same author of a collection made by him near 
Cuckfield, published in 1824. • 

Artis's Antediluvian Phytology, 1825,' was the earliest English 
work devoted exclusively to fossil plants. Its literary and artistic 
merits were mentioned in my previous article. • The author was 
quite careful to give the source of his material, and we find the El
se-car coal mine near Wentworth and Hoyland, in the West Riding 
of Yorkshire; the Lea-brook and Hober quarries in the same vicinity; 
Rowmarsh and Swinton Common, near Rotherham; a sandstone 
quarry near Altofts; another at Banktop; at Crudling near Stan
ley, and Alvethorpe near Wakefield; coal mines near Le~ds (all the 
above in Yorkshire); a place in the bishopric of Durham, and one in 
the county of Northumberland nt:lar Newcastle, among the leading 
localities set down in that work. 

The paper published by Buckland in 1828 on the cycadean trunks 
of the Isle of Portland (upper Jurassic) 6 was an important contribu
tion in its day, and the excellent figures show that these objects bore 
a close resemblance to those that have been found in Maryland in 
the Potomac formation, which can not greatly differ in age from the 
Portland beds. (See infra, p. 872.) 

Phillips, in Illustrations of the Geology of Yorkshire, 1829,' gives 
three plates of fossil plants representing the upper sandstone and 
shale (Oolite) of White Nab, Stonesfield, Scalby, and the island be
tween Red Cliff and Gristhorpe Cliff, with several species consisting 
of vascular cryptogams and monocotyledons from the Lower carbon
aceous sandstones and shales of High Whitby, Stainton Wyke, Hai~ 
burn Wyke, Cleveland Hills, Saltwick, Egton Moors, and Hawsker. 

Lindley and Hutton's Fossil Flora of Great Britain, 1831-1837, • 
1 The Fossils of the South Downs, or Illustrations of the Geology of Sussex, by 

Gideon Mantell. London, 1822, pp. 157-159. 
2 Ibid., p. 262, pl. viii. 
3 Description of some fossil vegetables of the Tilgate Forest in Sussex, by G. Man

'tell: Trans. Geol. Soc. London, 2d series, vol. 1, 1824, pp. 421-424-, pl. xlv-xlvii. 
4Antediluvian Phytology, byE. T. Artis. London, 1825, xiii, 23 pp., 23 pl., 4°; 2d 

ed. 1838. 
5 Fifth Annual Report U. S. Geol. Survey, 1885, p. 405. 
6 On the Cycadeoidere, a family of .fossil plants found in the Oolite quarries of the 

Isle of Portland. By William Buckland: Trans. Geol. Soc. London, 2d series, vol. 
2, pt. 3, 1828, pp. 395-401, pl. xlvi-xlix. 

'Illustrations of the Geology of Yorkshire, by John Phillips. Pt. 1, York, 1829, 
192 pp., 14 pl., 4°. 

8 The Fossil Flora of Great Britain ; or Figures and Descriptions of the Vegetable 
Remains found in a fossil state in this country; by John Lindley and William Hut
ton. vol. 1, 1831-1833, 218 pp., pl. i-lxxix; vol. 2, 1833-1835, xxviii, 208 pp., pl. 
lxxx-clvi; vol. 3, 1837, 209 pp., pl. clvii-ccxxx; London, so. 
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which was somewhat thoroughly analyzed in the Sketch of Paleo
botany,' aimed to be a complete monograph of the subject for the 
British Islands. The principal localities in England were the fol
lowing: The Jarrow, Felling, and Killingworth collieries near New
castle-upon-Tyne and nun1.erous lesser points in that vicinity; the 
coal fields of Somerset, Northumberland, Lancaster, and other coun- . 
ties; the Oolitic beds of Yorkshire at Gristhorpe Bay, Scarborough, 
Whitby, Cloughton Wyke, Haiburn Wyke, etc., the Greensand of 
Lyme Regis, the Wealden of Yarenland on the Isle of Wight. Many 
other special points can not be enumerated here. 

Many of the fossils figured by Witham in his Internal Structure 
of Fossil Vegetables, 1833," were from localities in Scotland, but he 
indudes others from High Howorth and U shaw in Durham, and from 
Wideopen, Newbiggin, and Hesley Heath near Rothbury, Northum
berland, the last named being the place at which his Lepidodendron 
Harcourtii was collected. 

The flora of the .Ashby coal field, in the parish of .Ashby-de-la
Zouch, was magnificently illustrated by Mammatt in 1834, in a work • 
which is not as well known to paleobotanists as it should be. 

Fitton, in a paper read before the Geological Society of London, 
on June 15, 1827, and published in the transactions of thatsocietiin 
1836,4 reports six species of fossil plants and numerous cones, petri
fied trunks, and other vegetable remains from the strata above the 
Oxford Oolite and below the Chalk. This paper was the result of 
prolonged and careful resem·ch and amounts almost to a geological 
survey of the south of England. The plants were found in the Lower 
Greensand of Folkstone, Willsborough, Broughton (near Maid
stone), and Brasted, in Kent, and of .Atherfield on the Isle of Wight; 
in the Upper Greensand of Petersfield in Rants and at the east end 
of the Isle of Wight; in Pnrbeck and Portland strata, between 
Totterdale and Walmead in the Vale of Wardour, Wiltshire, at 
Quainton and Brill, in Bucks, and at Great Hazely in Oxfordshire; 
and in the Wealden at Saint Leonard's, Cuckoo Hill, Mulsey near 
Pullborough, Pippingford, Hastings, and the Tilgate Forest, in Sus
sex; on Sandown Bay, east of Barnes's Chine, on the Isle of vVight, 
at different points on the Isle of Purbeck and on the Isle of Port 
land, on Swanage Bay and at Lulworth Cove, Punfield, and between 

.. 
1 Fifth Ann. Rept. U. S. Geol. Survey, 1885, pp. 408-410,429,430. 
2 The Internal Struct~re of Fossil Vegetables found in the Carboniferous and 

Oolitic Deposits of Great Britain, described and illustrated by HenryT. M. Witham. 
Edinburgh, 1833, 83 pp., 16 pl., 4°, 

"A collection of geological facts and pra·ctical observations intendE'd to elucidate 
the formation of the Ashby coal-field, etc., by Edward Mammatt. Ashby-de-la
Zouch, 1834, xii, 101 pp., 102 pl. of foss. veg., 4°. 

4 Observations on some of the strata between the Chalk and Oxford Oolite in the 
southeast of England., by vV. H. Fitton: Trans. Geol. Soc. London, 2d series, vol. 
4, pt. 2, 1836, pp. 103-378, 379-388, pl. xi-xxiii. (See pl. xix, xx, xxii.) 



676 DIS'l'RIBUTION OF FOSSIL PLANTS. 

Upton and Poxwell, in Dorsetshire, at Wansford in Northampton, 
Tun bridge Wells in Kent, and Garsington near Wheatley in Oxford
shire. 

Bower bank's Fossil Fruits and Seeds of the London Clay, 1840,' 
would have had a much greater value could he have indicated with 

• more thoroughness the source of his specimens, but they had proba
bly been accumulating from a date before the time of Parsons, and, as 
is the case with such old material, were perhaps largely without 
labels. The most of them were probably from the island of Sheppey. 

The fossil plants of the Isle of Wight were first systematically 
treated by Mantell in 1847, in the first edition of his Geology of the 
Isle of Wight,' and the age of most of the beds containing them was 
determined. 

Several short papers calling attention to vegetable remains at 
specific loealities in England appeared between 1845 and 1850, by 
Ick, • Dawes, • Mantell,' and Binney, • and by Phillips and Salter.' 

We then have, as marking the close of the first half century of 
the science, the important monograph by King of the Permian Fos
sils of England. • He found the fossil plants in the red marl at New
ton, near Manchester, and in the marl slate of Thickley, Thrisling
ton Gap, Midderidge, Cornforth, Whitley, Oullercoats Bay, Brus
selton, and at a New Red Sandstone quarry between W estoe and 
South Shields, in the counties of Northumberland and Durham. 

Buckman's fossil plants from the Lower Lias, 1850, • came from 
the insect-bearing limestone of Strensham, in W orcestershire 

I A History of the Fossil Fruits and Seeds of the London Clay, by J. S. Bower
bank. London, 1840, 144pp., -17 pl., 8•. 

~Geological Excursions round the Isle of Wight and along the adjacent coast of 
Dorsetshire: By Gideon Mantell. London, 1847; 2d ed., London, 1851; 3d ed., Lon
don, 1854,356 pp., 20 pl., 8•. 

3 Description of the remains of numerous Fossil Dicotyledonous Trees in an out-· 
crop of the Bottom Coal, at Parkfield Colliery, .near Bilston; by William Ick: 
Quart. Jour. Geol. Soc. London, vol. 1, 1845, pp. 43-46. 

4 Some account of a Fossil Tree found in the Coal Grit, near Darlaston, South 
Staffordshire; by JohnS. Dawes: Quart. Jour. Geol. Soc. London, vol. 1, 1845, pp. 
46, 47. 

5 Description of some Fossil Fruits from the Chalk Formation of the southeast of 
England, by G. A. Mantell: Quart. Jour. Geol. Soc. London, vol. 2, 1846, Proc. pp. 
51-54, pl. ii. 

6 On Fossil Calamites found standing in an erect position in the Carboniferoua 
strata near Wigan, Lancashire, by E.W. Binney: Philos. Mag., London, 3d series, 
vol. 31, November, 1847, pp. 259-266. 

1 Palmontological Appendix to Professor John Phillips's Memoir on the Malvern 
Hills, compared with the Palmozoic districts of Abberly, etc.; by John Phillips and 
J. W. Salter: Memoirs Geol. Survey of Great Britain, vol. 2, pt.1, London, 1848, pp. 
331-386. (Seep. 386, pl. XXX, fig. 4.) 

8 A Monograph of the Permian Fossils of England, by William King: Palreontogr. 
Soc. London, 1850, pp. i-xxxv, 1-258, ; 28 plates (pl. i, fossil plants). 

9 On some fossil plants from the Lower Lias, by James Buckman : Quart. Jour. 
Geol. Soc. London vol. 6, 1850, pp. 413-418. 
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Bun bury's paper on the Yorkshire flora, 1851,' described ten new 
species from Gristhorpe, Cloughton, Haiburn, and "Whitby. 

The localities on the eastern borders • below the Scottish boundary 
from which in 1853 Tate described fossil plants of the mountain 
limestone formation are as follows: Hesley Heath, near Rothbury) 
where the much discussed Lep·idodendron Harcourtii was obtained), 
Alnwick Moor, Howick, Shilbottle, Budle, Bamburgh, and Nether
witton, all.in N orthumberlandshire. 

The next year Prestwich • and Hooker • made the first attempts to 
illustrate and identify the fossil leaves from Reading (Eocene), and 
in the next volume of the Quarterly Journal, 1855, the latter of these 
authors discussed the seed vessels found in the Eocene beds of Lewis
ham' and the Bovey Tracey Coal in Devonshire. • 

It was also in 1855 that Hooker and Binney's important memoir on 
Trigonocarpons from the Lancashire coal field' appeared. 

On April14, 1858, Dr. John Phillips gave an account to the Geolog
ical Society of a fossil fruit found in the w·ealden deposits of Swanage 
Bay on the Isle of Purbeck. 8 

In Bristow's Geology of the Isle of Wight, 1862, are published De 
la Harpe and Salter's Notes on the Eocene Flora of Alum Bay," 
which is the most important contribution we have to the fossil flora 
of that island. It was supplemented in the same year by Heer's 

1 On some fossil plants from the Jurassic strata of the Yorkshire coast, by Ch. J. 
F. Bunbury: Quart. Jour. Geol. Soc. London, vol. 7, 1851, pp.179-194, pl. xii, xiii. 
~The Fossil Flora of the Mountain Limestone Formation of the Eastern Borders in 

connection with the Natural History of Coal, by George ';rate: The Natural History 
of the Eastern Borders, by George Johnston, vol. 1, London, 1853, pp. 289-317, pl. 
xii, xiii, go, 

3 On the structure of the strata between the London Clay and the Chalk in the 
• Hampshire Tertiary system, by J. Prestwich; pt. 2, Woolwich and Reading Series: 

Quart. Jour. Geol. Soc. London, vol. 10, 1854, pp. 75-170, pl. i-iv. 
4 Note on the fossil plants from Reading, by J.D. Hooker: Quart. Jour. Geol. Soc. 

London, vol. 10,1854, pp. 163-170, pl. iii, iv. 
5 0n some minute seed-vessels (Garpolithes Ovulum Brongn.), from the Eocene 

beds of Lewisham, by J. D. Hooker : Quart. Jour. Geol. Soc. ;London, vol. 11, 1855, 
pp. 562-565, pl. xvi. 

6 0n some small seed-vessels (Folliculites minutulus, Brown) from the BoveyTra· 
cey Coal, by J. D. Hooker: Ibid.·, pp. 566-570, pl. xvii. 

1 0n the structure of certain Limestone Nodules enclosed in seams of bituminous 
coal, with a description of some Trigonocarpons contained in them, by Joseph Dal· 
ton Hooker and Edward William Binney: Philos. Trans. Royal Soc. London, 1855, 
pp. 149-156, pl. iv, v. f 

8 On a Fossil Fruit found in the upper part of the Wealden Deposits, in Swanage 
Bay, by J. Phillips: Quart. Jour. Geol. Soc. London, vol. 15, 1859, pp. 46-49. 

9 Notes on the Eocene Flora of Alum Bay, etc., l::y Philippe De laHarpe and J. W. 
Salter: (In "Geology of Isle of Wight," by H. W. Bristow), Mem. Geol. Survey 

· Gt, Brit., sheet 10, London, 1862, pp.102-120, pl. v-vii. 
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paper' on the fossil plants of the Hempstead beds of that island, de
scribing ten species and giving figures of them. 

It was also in 1862 that Pengelly • and Heer's • memoirs on the 
geology ·and fossil flora of the lignites and clays of Bovey Tracey, 
Devonshire, appeared, maintaining the Miocene age of the principal 
deposit, which is overlain by diluvial white clay also containing 
plant remains. The flora of the Miocene bed as worked up by Heer 
amounts to fifty species, anC!, five species were found in the clay 
above. 

In June, 1863, Mr. John Leckenby presented to the Geological 
Society of London • a list of seventy~ three s. ecies that had thus far 
been found at Gristhorpe Bay and Cloughton, including one new 
species (Phlebopte1·is Woodward·ii Leckenb.), which latter, together 
with eighteen others, is figured and characterized more specially. 

Most of the forms discussed by Binney in the Philosophical Trans
actions, 1865, • came from North Owram near Halifax, Yorkshire, 
and Wigan, Lincolnshire, but a valuable list of localities at which 
fossil woods are found in the Carboniferous serie~ of England, is 
given on page 581 of that memoir. These localities are all in Lan
cashire and Yorkshire, and are much more specifically detailed than 
can be done in this paper. 

Before speaking of Binney's principal work several short contri
butions that appeared during the years 1865-1868 by Carruthers, • 
Mitchell, • and Maw • are deserving of mention. 
_'!'he g_r_e~t work of Binney, • second only in importance to the later 

1 On certain Fossil Plants from the Hempstead Beds of the Isle of Wight, by Os
wald Heer, with an introduction by W. Pengelly: Quart. Jour. Geol. Soc. Lon
don, vol. 18, 1862, pp. 369-377, pl. xviii. 
~The Lignites and Clays of Bovey Tracey, Devonshire, by William Pengelly: 

Philos. Trans. Royal Soc. London, vol. 152, pt. 2, 1862, pp. 1019-1038, pl. lii-liv. 
· 3 On the Fossil Flora of Bovey Tracey, by Oswald Heer: ibid. pp. 1039-1086, pl. 
lv-lxxi.' 

4 On the Sandstones and Shales of the Oolites of Scarborough, with descriptions 
of some new species of fossil plants, by John Leckenby: Quart. Jour. Geol. Soc. 
London, vol. 20, 1864, pp. 74-82, pl. viii-xi. 

· 5 A description of some fossil plants, showing structure, found in the Lower Coal 
seams of Lancashire and Yorkshire, by E. W. Binney: Philos. Trans. Royal Soc. 
London, vol. 155, 1865, pp. 579-604, pl. xxx-xxxv (Ai-Avi). 

6 On Caulopteris pnnctata,Gopp., a tree-fern from the Upper Greensand of Shaftes
bury in Dorsetshire, by Williain Carruthers: Geol. Mag., London, vol. 2, 1865, pp. 
484--487, pl. xiii. 

On,;tn aroideous fruit. from the Stonesfield Slate, by William Carruthers : Ibid., 
vol. 4, 1867, pp. 146,147, pl. viii. 

7 On some hitherto unrecorded Leaf-forms from the Pipe-clay of Alum Bay, Isle 
of Wight, by W. Stephen Mitchell: Geol. Mag., London, vol. 2, 186.5, pp. 515, 516. 

8 On a flower-like form from the leaf-bed of the Lower Bagshot Beds, Studland 
Bay, Dorsetshire, by George Maw: Geol. 'Mag., London. vol. 5, 1868, pp. 74, 75. 

9.0bservations on the Structure of Fossil Plants found in the Carboniferous Strata, 
by E. W. Binney; London, 1868-1872; Palreontographical Society of London, vol. 
21, 1867 (1868), pp. 1-32, pl. i-vi; >ol. 24, 1871, pp. 33-62, pl. vii-xii; vol. 25, 1871 (1872), 
pp. 63-96, pl. xiii-xviii; vol. 29, 1875, pp. 97-147, pl. xix-xxiv. 
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one of Williamson on the organization of the tossil plants of the 
Coal Measures, treats the subject entirely from the point of view 
of internal structure. His cabinet contained specimens from many 
parts of Britain, but most of those specially collected by himself and 
treated in this monograph were, like those already mentioned, from 
the Yorkshire and Lancashire coal fields, especially the latter. 
Among the localities specified in Lancashire are Clough Head near 
Burnley, Qua:Flton, New Mills, Upholland, Arlay, and Oldham. In 
Yorkshire are specially noted South Owram, and Halifax. In other 
counties we find enumerated Dudley (Worcester), South Shields (Dur
ham), ·Bolton (Westmoreland), and Hady near Chesterfield (Derby),. 
while some specimens came from North Stafford and Northumber
land. 

In 1869 Dr. Nicholson described three species of supposed plants 
from the Skiddaw slates' (Silurian) on Thornship Beck near Shap 
(Westmoreland), near Melmerby (Yorkshire), on Rake Beck and at 
Barff near Keswick (Cumberland), which are of special importance on 
account of the. age of the rocks containing them. 

Two more papers by Carruthers, published iu 1869 and 1870, add 
to our knowledge of the Oolitic flora of Scarborough, Yorkshire, • and 
the Eocene flora of Herne Bay in Kent. 9 

Prof. W .. C. Williamson's masterpiece " On the Organization of 
the Fossil Plants of the Coal Measures," • began to appear in 1871. 
Through the generosity of the-distinguished author, who has sent 
me the first fourteen parts (all that have thus far appeared) in sepa
rate form, I am able to consult it without the labor of handling the 
ponderous volumes of the Philosophical Transactions. I hope at the 
proper time to refer in an appropriate way to the merits of this 
wor~, but for the present can only note the sources from which the 
materials for his investigations proceeded. He states that his own 
field observations were chiefly made in the Lancashire coal ·fields, 
but he is very careful in giving full credit to the numerous corre-

1 On the occurrence of Plants in the Skiddaw Slates, by Henry Alleyne Nicholson: 
Geol. Mag., London, vol. 6, 1869, pp. 494-498, pl. xviii. 

ll On Beania, a new genus of Cycadean Fruit, from the Yorkshire Oolites, by Will
iam Carruthers: Geol. Mag., London, vol. 6, 1869, pp. 97-99, pl. iv. 

a On the Structure of a Fern-stem from the Lower Eocene of Herne Bay, and on 
its Allies, Recent and Fossil, by William Carruthers: Quart. Jour. Geol. Soc. Lon
don, vol. 26,1870, pp. 349-353, pl. xxiv,xxv. 

4 On the Organization of the Fossil Plants of the Coal Measures, by W. C. Will
iamson: Philos. Trans. Royal Soc. London, pt.1, vol. 161,1871, pp. 477-510, pl. xxiii
xxix; pt. 2, vol. 162,1872, pp.197-240, pl. xxiv-xxxi; pt. 3, vol. 162,1872, pp. 283-318, 
pl. xli-xlv; pt. 4, vol. 163, 1873, pp. 377-408, pl. xxii-xxxi; pt. 5, vol. 164, 1874, pp. 
41-81, pl. i-ix; pt. 6, Ibid., pp, 675-703, pl. li-lviii; pt. 7, vol. 166,1876, pp. 1-25, pl. 
i-vii; pt. 8, voL 167,1877, pp. 213-270, pl. v-xvi; pt. 9,vol. 168,1878, pp. 319-364, pl. 
xix-xxv; pt. 10, vol. 171, 1880, pp. 493-539, pl. xiv-xxi; pt. 11, vol. 172, 1881, pp. 283-
305, pl. xlvii-liv; pt. 12, vol. 174, 1883, pp. 459-475, pl. xxvii-xxxiii; pt. 13, vol. 78, 
1887, B., pp. 289-304, pl. xxi-xxiv; pt. 14, vol. 179,1888, B., pp. 47-57, pl. viii-xi. 
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spondents in different parts of Britain who have favored him with 
valuable specimens. Besides localities in Scotland and Ireland, the 
following seem to have been the loading English ones: Oldham, Shaw, 
Huyton, Bacup, U rmston, and Ardwick beds, and the Gannister bed 
at Mo01·side near Ashton-under-Lyne in Lancaster; South Owram, 
Akroydon, and other points in Yorkshire; the Newcastle coal field 
in Northumberland. _ 

The Carboniferous ferns of Ravenhead near Liverpool, so care
fully collected by the Rev. Henry H. Higgins, were thoroughly studied 
by Mr. F. P. Marrat and a good illustrated paper upon them was pub
lished in 1872.' Sixty-two species, all belonging to that family, were 
identified from this locality. 

In 1875 Sorby called attention to a so-called fossil forest in the 
Coal Measures at Wadsley (Yorkshire)," and in 1877 Carruthers de
scribed a new Araucarites from the Coralline Oolite of Malton 
in the same county. 3 

The localities in Lebour's Illustrations of Fossil Plants, 1877, • 
where given at all, are usually the same as those of Lindley and 
Hutton's fossil flora of Great Britain, to which this work may be 
regarded as a supplement. , 

The New Edition of Dixon and Jones's Geology of Sussex, 1878, • 
contains two chapters by Carruthers that deal with the fossil plants 
of the Eocene beds of Bracklesham and Worthing' and of the Cre
taceous of Lewes, Brighton, Bignor, Sutton, Tilgate, Lyme Regis 

· (Dorsetshire), and numerous other points,' greatly advancing our 
knowledge of them beyond the state in which Mantell and Fitton 
left it. 

As preliminary to the important monograph of Gardner and Et
tingshausen on the British Eocene Flora, the latter of these authors 

1 On some Fossil Ferns in the Ravenhead Collection, Free Public Museum, Liver
pool, by .Henry H. Higgins: Abstracts of the proceedings of the Liverpool Geo
logical Society, 1872, vol. 2, pp. 94-96. 

On the Fossil Ferns in the Ravenhead collection, by F. P. Marrat: Ibid., pp. 97-
109, pl. i-xiii. 

2 On the remains of a Fossil Forest in the Coal-measures at Wadsley, near Shef
field, by H. C. Sorby: Quart. Jour. Geol. Soc. London, voi: 31, 1875, pp. 458-460. 

3 Description of a new species of Araucarites from the Coralline Oolite of Malton, by 
William Carruthers: Quart. Jour. Geol. Soc. London, vol. 33, 1877, p. 402, pl. xvii. 

4 Illustrations of Fossil Plants, ·being an autotype reproduction of selected draw
ings, by G. A. Lebour. London, 1877, pp. 1-139, pl. i-lxiv, 8°. 

5 The Geology of Sussex ; or the Geology and· Fossils of the Tertiary and Creta
ceous Formations of Sussex, by Frederick Dixon ; new edition, revised and aug
mented, by T. Rupert Jones. Brighton, 1878, pp. 1-469,64 pl., 4°. 

6 Description of Tertiary Plant-remains from Bracklesham and Worthing, Sus
sex, by William Carruthers: Dixon and Jones's Geology of Sussex, 2d ed., 1878, pp. 
162-167, pl. ix (10), xii (13), xvi (17),. 

1 The Plant-remains of the Upper and Lower Cretaceous (N eocomian) Formations 
in England, by William Carruthers: Dixon and Jones's Geology of Sussex; 
~righton, 1878, pp. 277-282. · 
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made, in the years 1878,' 1879/ and 1880," three reports to the Royal 
Society on phyto-paleontological investigations relating to that flora. 
They were published in the proceedings of the Royal Society. The 
first of these reports gives a list of the Eocene ferns of Great Brit
ain, with the localities at which they were found, namely, Studland, 
Bournernouth, Counter Hill, and Bovey Tracey. 

It is still too early to treat the British Eocene Flora, • of which 
only the first two volumes have thus fa1' reached me, completing the 
Cryptogams and the Conifene .. Baron von Ettingshausen's name is 
associated with that of Gardner in the first but not in the second 
volume, and the latter author seems to have undertaken the com
pletion of the work. The following localities, in addition to those 
already given, and some others, most of which have been mentioned 
in connection with other papers, have already been set down in the 
work as yielding Eocene plants.: Bromley, Woolwich, and Herne 
Bay in Kent; Reading (Berks); Bembridge (Rants); Hempstead, 
Hordwell, and Gurnet Bay, on the Isle of Wight, besides several in 
Scotland and Ireland, which will be mentioned under those countries. 

The Silurian rocks of the Isle of Man at Laxey have yielded one 
presumed fossil plant (Psilophytum· Monense Binney) which Mr. 
Binney made the subject of two short papers in 1878 and 1879, • a form 
which, curiously enough, closely resembles an American fossil from. 
the Lower Helderberg of Michigan. · · 

Messrs. Cash and Hick undertook in 1878 a very important piece 
of wor~ upon the flora of the Lower Coal Measures of Halifax, York
shire. • Their investigations into the fossil fungi of that place at
tracted the attention of Professor Williamson, and these and similar 

1 Report on Phyto-Palreontological Investigations generally and on those relating to 
the Eocene F1ora of Great Britain in particular, by Constantin Baron von Ettings
hausen: Proc. Royal Soc. London, vol. 28, 1878, pp. 221-227. 

2 Report on Phyto-Palreontological Investigations of the Fossil Flora of Sheppey, 
by Constantin Baron von Ettingshausen: Proc. Royal Soc. London, vol. 29, 1879, 
pp. 388-396. 

3 Report on Phyto-Palreontological Investigations of the Fossil F1ora of Alum 
Bay, by Constantin Baron von Ettingshausen: Proc. Royal Soc. London, vol. 30, 
1880, pp. 228-236. 

4 British Eocene Flora, by John Starkie Gardner and Constantin Baron von Ettings
hausen: Palreontographical Society, vol. 1, 1879-1882, Filices: pt. 1, 1879, pp. 1-38, pl. 
i-v; pts. 2 and 3, 1880, pp. 39-86, pl. vi-xiii; vol. 2, 1883-1886, Gynmospermre: pt. 1, 
1883, pp. 1-60, pl. i-ix; pt. 2, 1884; pp. 61-92, pl. x-xx; pt. 3, 1885, pp. 91-159, pl. xxi
xxvii, 4°. 

5 Notice of a Fossil Plant found at Laxey, in the Isle of Man, by E. W. Binney: 
Proc. Lit. and Philos. Soc. Manchester, vol. 17,:1878, pp. 85-88, fig.1; Mem.Lit. and 
Philos. Soc. Manchester, 3d series, vol. 6, 1879, pp. 214-217,1 fig. 

Remarks on a Fossil Plant. found at Laxey, in the Isle of Man, byE. W. Binney: 
Proc. Lit. and Philos. Soc. Manchester, vol.18, 1879, pp. 19-21. 

6 A eontribution on the F1ora of the Lower Coal Measures of the Parish of Halifax, 
by W. Cash and Thomas Hick: Proc. Yorkshire Geol. Polvtech. Soc., vol. 7, pt. 1, 
1878, pp. 73-82; pt. 2, 1879, pp. 115-121, pl. vi; pt. 3, 1881, pp. 400-405, pl. xxi; pt.. 
4, vol. 8, 1884, pp. 370-377, pl. xix. 
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objects were made the subject of discussion in one of his masterly 
memoirs. In 1883 Messrs. Williamson, Cash, and Hick, as a com
mittee of the British Association appointed for that purpose, made 
a report upon the fossil plants of Halifax, and in 1887 the first two 
of these gentlemen made a second report on the same-subject. • 

Gardner's paper on Alnus Richardson·i from the London clay of 
Herne Bay, 1884,' is doubtless an earnest of what we may expect 
when the Eocene Flora shall have advanced to that group of plants, 

TheN ewer Pliocene" Cromer Forest-Bed" inN orfolk was carefully 
worked up by Clement Reid and described in a paper presented by 
him to the Norfolk and Norwich Naturalists' Society on Jan. 26. 
1886.' Determinable plants were found at Sidestrand, Mllndesley, 
Ostend, Beeston, Triningham, West Run ton, Hap pis burgh, Pakefield, 
Kessing land, and Bacton, on the coast of both Norfolk and Suffolk, 
as well as at Cromer. They all belonged to living flora that had been 
buried by the silt and raised out of the water. 

The next 'paper which we shall notice is Professor Williamson's 
splendid monograph of Stigmaria ficoides • which I have just received 
from the distinguished author's hand fresh from the press. The 
enormous specimen which is described in the appendix to this paper 
was found in the sandstone quarry of Murgatroyd at Clayton, near 
Bradford in Yorkshire. The specimens whose internal structure is 
so exhaustively worked out in this memoir came for the most part 
from the Gannister series, the Staffordshire coal-field, Bayles's brick
yard near Leeds, Oldham Forest, Newcastle-upon-Tyne, and Darley 
street, Bradford, besides localities in Scotland. 

An admirable catalogue of the celebrated Hutton collection of fossil 
plants now in theM useum of theN atural History Society of Newcastle
upon-Tyne has recently been prepared by Mr. Richard Howse and 
published in the society's transactions. • The localities are very ac-

1 Report of the committee, consisting of Professor W. C. ·williamson, Mr. Thomas 
Hick, and Mr. W. Cash (sec_retary), appointed for the purpose of investigating the 
fossil plants of Halifax: Brit. Assoc. Adv. Sci., 53d Rept., 1883, p.160. 

Report of the committee, consisting of Prof. W. C. Williamson and Mr. Ca~h, for 
the purpose of investigating the Carboniferous flora of Halifax and its neighbor
hood: ibid., 57th Rept., 1887, pp. 235, 236. 

• Alnus Richardsoni (Petroph-iloides Bower bank), a Fossil Fruit from the London 
Clay of Herne Bay, by J. S. Gardner: Jour. Linn: Soc., Bot., vol. 20, London, 1884, 
pp. 417-423, pl. xxxi. 

3 0n the flora of the Cromer Forest-bed, by Clement Reid: Trans. Norfolk and 
Nor,vich Naturalists' Soc., vol. 4, pt. 2, 1886, pp. 189-200. 

4 A monograph on the Morphology and Histology of Stigmaria ficoides, by Will
iam Crawford Williamson: Palreontographical Society, London, 1886 (1887), pp. i-vi, 
5-62, pl. i-xv, 4°, 

5 Catalogue of those specimens of the Hutton Collection of Fossil Plants that have 
been presented to .the Natural History Society by the Council of the Mining Insti
tute, and are now exhibited in the geological room of the Museum; at Barras Bridge, 
Newcastle-upon-Tyne. By Richard Howse: Trans. Nat. Hist. Soc. Northumber
lm~d, Durham, and Newcastle-upon-Tyne, vol. 10, Newcastle-upon-Tyl1e, 1888, PP· 
19-151, pl. i-vi. 
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curately given from the labels accompanying the specimens, but 
there appear .to be none not already enumerated in Lindley and Hut
ton's Fossil Flora of Great Britain and other works.-

Among the numerous recent papers by Mr. Robert Kidston, to be 
'mentioned further on, there is an important one' based on material 
collected in England. The species from the Radstock Series were 
found at Braysdown Colliery; the Tyning and Ludlow Pits, Middle 
Pit, Wellsway Pit, and Kilmerston and Lower Writhlington Pits, 
near Radstock; at the Camerton Pits; the Upper and Lower Cony
gre Pits, Timsbury, Withx, and Dunkerton. The plants from the 
Farrington series, which is paleontologically inseparable from the 
Radstock series, were found at Parkfield, Farrington-Gurney, Rad
stock, Foxcate, Pucklechurch near Mangotsfield, and in the vicinity 
of Bristol. Specimens were obtained from Kingswood and Warm
ley, near Bristol, from Golden Valley, in the New Rock series; also 
from Edford near Radstock, and the Ashton Pits near Bristol, in 
the V o bster series. 

Wales.-It was natural that Lhwyd, himself a Welshman, should 
have embraced fossiis from Wales in his Lithophylacii Britannici 
Ichnographia, 1699, to which we have already referred, and accord
ingly we find localities for fossil plants mentioned in the counties 
of Denbigh, Flint, Glamorgan, etc. 

Messrs. Lindley and Hutton in the Fossil Flora of Great Britain 
(supra, p. 674), also described plants from Wales, as for example, 
Polyporites Bowmani L. and H., from the Vale of Llangollen near 
Wrexham, in Denbighshire, and Favulnria tessellata L.and H., from 
the Garthen colliery, near Ruabon, in the same county. 

Other allusions to these well-known beds are to be found scattered 
thr<>ugh the literature of the science, • but in 1880 Messrs. Salter and 
Etheridge• in treating the fossils of North Wales, although scarcely 
recognizing the existence of plants, enumerate in their lists a 
number of the disputed forms, such as Scolithus and Cruziana (An
nelida) from the Lower Lingula flags of Carnedd Ffiliast, ],\faentwrog, 
Ffestiniog, and Tremadoc ; Fucoids in the Caradoc or Bala beds at 

'Bala Lake in Merionethshire, at Llanfyllin, and in the Upper Lland
overy. The genus Dicotyonema also occurs in the Lower Arenig 
of Whitesand Bay, Saint Davids, Road U chaf, and Ramsey Island; 
in the Lingula flags of Tremadoc, Plas Oakley, and Maentwrog; 

I On the Fossil Flora of the Radstock Series of the Somerset and Bristol coal field 
(Upper Coal Measures). By R. Kidston. Pts. I and II; Trans. Royal Soc. Edinburgh, 
vol._ 33 (1887), 1888, pt. 2, pp. 335-417, pl. xviii-xxviii. 

2 On Fossil Remains in the Cambrian Rocks of the Longmynd and North Wales, 
by J. W. Salter: Quart. Jour. Geol. Soc. London, vol. 12,1856, pp. 246-251, pl. iv. 

3 On the Fossils of North Wales, by J. W. Salter; greatly enlarged and partly re
arranged by Robert Etheridge: Mem. Geol. Survey Gt. Brit., vol. 3, 2d ed., 1880; 
Appendix, pp. 331-557, pl. i-xxvi. 
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and in the Llandovery at Bryn-y-Carnau, Devil's Bridge, and 
Aberystwyth. The next year Messrs. Hicks and Etheridge described 
the peculiar markings on the Silurian slates of the Pen-y-Glog 
quarry two miles east of Corwen in Denbighshire, • which was sup~ 
plemented in the subsequent volume of the Quarterly Journal by 
other papers by Hicks• and Dawson' on the same subject. 

The supposed fossil algm and other-problematical forms of the 
Silurian rocks of Oardiganshire, Central Wales, have formed the sub
ject of a somewhat protracted discussion participated in by Mr. W al
ter Keeping' and Dr. A. G. Nathorst: the latter, of course, denying 
their vegetable nature. · 

Scotland.-Perhaps the earliest mention of fossil plants in Scot
land is the account given by Koenig• in 1827 of the plant found by 
Murchison in the Brora coal (Sutherland). 

Witham's investigations began in 1830,' and the two important 
papers on the fossil tree of Oraigleith," led to his more extended 
Observations on Fossil Vegetables, • his study of Lepidodendron 

1 On the Discovery of some Remains of Plants at the Base of the Denbighshire Grits, 
near Corwen, North Wales, by Henry Hicks, with an- appendix by R. Etheridge: 
Quart. Jour. Geol. Soc. London, vol. 37, 1881, pp. 482-495, pl. :x::x:v. 

g Additional Notes on the Land Plants from the Pen-y-Glog Slate-quarry near 
Corwen, North Wales, by Henry Hicks: Ibid., vol. 38, 1882, pp. 97-102,-pl. iii. 

8 Notes on Prototaxites and Pachytheca from the Denbighshire Grits of Corwen, 
North Wales, by Principal J. W. Dawson: Geol. Mag., London, new series, vol. 9, 
1882, pp. 40, 41. 

4 On some Remains of Plants, Foraminifera and Annelida, in the Silurian Rocks 
of Central Wales, by Walter Keeping: Ibid., pp. 485-491, pl. xi. 

On Silurian Plants from Central Wales, by Walter Keeping: Ibid., vol. 10, 1883, 
p. 192. 

6 On the so-called '' Plant Fossils" from the Silurian of Central Wales, by A. G. N ath
orst: Ibid., pp. 33, 34. 

On the so-called Plant-Fossils from Central Wales, by A. G. Nathorst: Ibid., pp. 
B.~~ . 

6 Description of Oncylogonatum carbonarium from the roof of the Brora Coal, by 
Charles Koenig; in Murchison" On the Coal field of Brora," etc.: .Trans. Geol. Soc. 
London, 2d series, vol. 2, 1827, pp. 292-326, pl. :x::x::x:i, xxxii (Koenig, pp. 298-300, pl. 
xxxii). 

'On the Vegetable Fossils found at Lennel Braes, near Cold Stream, tlpon the 
Banks of the River Tweed, in Berwickshire, by Henry Witham: Philos. Mag. or An
nals of Chern. Math., etc.,vol. 8, London, 1830, pp. 16-21. 

8 A Description of a Fossil Tree, disco.vered in the Quarry of Craigleith, near 
Edinburgh, in the month of November, 1830, by Henry Witham: Trans. Nat. Hist. 
Soc. of Northumberland, Durham, and Newcastle-on-Tyne, vol. 1, 1831, pp.· 294-
301, pl. xxiv,7xxv. 

A Description of a Fossil Tree, discovered in the Quarry of Craigleith, near Edin
burgh, in the month of November, 1830; with a short account of a Fragment and 
Branch found in 1831; by Henry Witham: Trans. ;Royal Soc. Edinburgh, vol. 12, pt. 
1, 1834, pp. 147-152, pl. iv-vi, 

9 0bsorvations on Fossil Vegetables, accompanied by Representations of their In
ternal Structure, by Henry Witham: Edinburgh Jour. Sci., vol. 5, 1831, pp. 183-
190, 6 pl. 
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Harcourtii, and finally to his great work 'on the Internal Structure 
of Fossil Vegetables. Besides the points in England already men
mentioned and the Oraigleith quarry, there were, among the Scotch 
localities for his fossils, Lennel Braes, Allanbank, Tweed Mill, in 
Berwickshire, and the Scuir of Egg, one of the Inner Hebrides. 

Messrs. Lindley and Hutton also examined some material from 
Scotland, viz., from the Edinburgh coal field, BurdieHouse, etc. 

In 1844 Mr. J. Shedden Patrick described a number of Carbonifer
ous species from Ayrshire.' 

In 1851 the Duke of Argyll published his account of the discovery 
of a leaf bed at Ardtun Head, on the Island of Mull,' which is fol
lowed by Professor Forbes's enumeration of the species, which he 
figures on three plates. In this paper the duke directs attention to 
a "Post-Tertiary leaf bed in Kintyre, which has. been discovered 
in cutting an outfall drain through the flat area called the Laggan," 
which locality had been pointed out to him by Professor Nicol. 

The Scotch localities given in Tate's Fossil Flora of the Eastern 
Borders, 1853 (supra, p. G77), are: Lennel Braes, Tweed Mill, Hut
ton Mill, Allan bank, Dunse, and Lammerton, all in Berwickshire. 

In 1853 Dr. Hooker published a note on some Calamitean forms col
lected by tho Rt. Hon. Henry Tufnell, on the Shetland Islands, South 
Ness quarry, near the Tower of Lerwick, in the Old Red Sandstone. 3 

In 1854, Dr. J. H. Balfour showed thatrecognizable vegetable struct
ure exists in the coal of Forde], near Inverkeithing, Fifeshire. • 

In 1855 Hugh Miller first announced his studies into tho less known 
fossil floras of Scotland,' subsequently expanded fo~ publication in 
his popular work entitled The Testimony of the Rocks. • Among· 
the localities given for the organisms here described are the trilobite
bearing schists of Girvan in Ayrshire (Silurian), Cromarty Frith 
in Ross; Caithness Moor, Thurso, and D:unnet Head in Caithness; 
Stromriess, Hoy, South Ness quarryne~r Lerwick, already mentioned, 
and other points on the Orkney islands; Clock briggs. near Forfar, 
and many other places in the Devonian. Mr. J. T. Richards, in 

1 On the Fossil Vegetables of the Sandstone of Ayrshire, by J. Shedden Patrick: 
Annals Mag. Nat. Hist., vol. 13, London, 1844, pp. 283-291, pl. 'v. · 

2 0n Tertiary Leaf-Beds in the Isle of Mull, by the Duke of Argyll; with note on 
the Vegetable Remains from Ardtun Head, by Prof. E. Forbes: Quart. Jour. Geol. 
Soc. London, vol. 7, 1851, pp. 89-103, pl. ii-iv. Note, p. 103, explaining plates 
ii-iv. 

8 Note on the Fossil Plants from the Shetlands, by Dr. Joseph D. Hooker: Quart. 
Jour. Geol. Soc. London, vol. 9, 1853; pp. 49, 50. 

4 On certain Vegetable .Organisms in Coal from Forde!, by J. H. Balfour: Trans. 
Royal Soc. Edinburgh, vol. 21, pt. 1, 1854, pp. 187-193, pl. ii. 

5 On the less known Fossil Floras of Scotland, by Hugh Miller, Rept. Brit. Assoc. 
Adv. Sci., 1855, pt. 2, pp. 83-85. 

6 The Testimony of the Rocks, by Hugh Miller ; ·Boston, 1857 ; 502 pp., so. [Chap. 
XI, pp. 429-502, " On the less known Fossil Floras of Scotland."] 
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1884,' found some interesting fossil plants in Hugh Miller's collec
tion, from Eathie near Oromarty in Ross and from Helmsdale in Suth
erland (Oolit.e). In Mr. Salter's paper, 1855, on plants in the Old 
Red Sandstone of Caithness, • and in that of Mr. J olm Miller,' imme
diately following it, we have a further development of the Devonian 
fiora of Scotland. 

Mr. Carruthers's original cone of Flem·ingites gracilis came from 
the Carboniferous beds of Airdrie, Lanarkshire, and was first dis
tinguished by him from Lepidostrobus in 1865. • 

From 1871 to 1877 Mr. Charles W. Peach manifested much activity 
in making known the fossil fiora of Falkirk, Slamannan, Deeside, 
and Tillicoultry, in the counties of Stirling, Lanark, and Olackman
nan; of Slateford, 'Oraigleith, and West Calder, county of Edin
burgh, and of other localities in Caithness, Sutherland,-Forfarshire, 
and the Shetland an~ Orkney islands. • 

The few Scotch localities from which Professor Williamson re
ceived material for his great work were Laggan Bay, in Arran, and 
Binns Oliff in Burntisland, Fifeshire. 

In 1877 Messrs. Jack and Etheridge • noted plant remains (Psilo
phytum, etc.), near Callander, and Gartmore, Perthshire;, Drymen 

1 On Seottish Fossil Cycadaceous Leaves contained in the Hugh Miller collection, 
by J. Theodore Richards: Proc. Royal Phys. Soc. Edinburgh, April 23, 1884, pp. 
116-123. 

2 On some remains of Terrestrial Plants in the Old Red Sandstone of Caithness, 
by J. W. Salter: Quart. Jour. Geol. Soc. London, vol. 14, 1858, pp. 72-76, pl. v. 

3Note on the Plant-bearing Devonian beds of Caithness, by John Miller: Ibid., 
pp. 76-78. 

4 On an undescribed Cone from the Carboniferous Beds of Airdrie, Lanarkshire, 
by William Carruthers: Geol. Mag., London, vol. 2, 1865, pp. 433-440, pl. xii. 

• Charles W. Peach: Notes on the Coal-fields at Falkirk, illustrated with speci
mens of Antholithes and its Fruit, Halonia, and other Fossil Plants: Geol. Mag., 
London, vol. 8, 1871, pp. 187; 188. 

Notice of Antholithes Pitcairnm and its Fruits (Cardiocarpum), 'with other Fossil 
Plants from Falkirk. Trans. Botan. Soc> Edinburgh, vol. 11, 1873, pp. 108,109. 

On Fossil Plants from the Coal-fields of Slamannan, Falkirk, Deeside, Tillicoul
try, etc. Ibid., pp. 342, 343 . 

. Note on the structure of fossil ste~s (Araucarioxylon) from Redhall and Craig
leith quarries. Ibid., pp. 541, 542. 

Notice of a new Lepidodendroid Fossil from Devonside, Tillicoultry, with re
marks on other fossil plants. Ibid., vol. 12, 1874, pp. 99-101. 

Note on specimens of fossil plants (Sphenopteris affinis), from West Calder. Ibid., 
p. 162. 

Remarks on specimens of Ulodendron and Halonia, collected by Messrs. Galletly 
and Lumsden, near West Calder. Ibid., pp. 174; 175. 

Notes on the Fossil Plants found in the Old Red Sandstone of Shetland, Orkney, 
Caithness, Sutherland, and Fo:d'arshire. Trans. Edinburgh Geol. Soc., vol. 3,1879, 
pp.148-152. - . . 

6 On the discovery of Plants in the Lower Old Red Sandstone of the neighbor
hood of Callander, by R. L. Jack and R. Etheridge: Quart. Jour. Geol. Soc. Lon
don, vol. 33, pt. 1, 1877, pp. 213-222. 
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and Cardross, Stirlingshire; and Alexandria and Loch Lomond, 
Durnbartonshire, in the Old Red Sandstone. 

Among the Scotch localities for Eocene plants, already recorded in 
Gardner and Ettingshausen's British Eocene Flora, may be noted 
Ardtun Head, on the Island of Mull, Isle of Canna, and Uig in Skye. 

Since the year 1882 no paleobotanist in Europe has shown greater 
zeal, energy, and ability than Mr. Robert Kidston. Many of his 
papers relate to plants from the strata of Scotland, especially in Esk
dale, Liddesdale, Midlothian, and Lanarkshire.' 

The Duke of Argyll's famous leaf-bed at Ardtun Head, Isle of 
Mull, has recently received a special distinction in being made the 
subject of an extended geological and paleobotanical essay by Mr. 
J. Starkie Gardner and Mr .. Grenville Cole, in which Forbes's orig
inal specimens are redrawn and others added in four lithographic 
plates. • 

Ireland.-Exclusive of the more or less problematical Cambrian 
fossils,' the Paleozoic flora of Ireland has been chiefly made known 

1 Robert Kidston: Report on Fossil Plants, collected by the Geological Survey of 
Scotland in Eskdale and Liddesdale. Trans. Royal Soc. Edinburgh, vol. 30, pt. 2, 
1882, pp. 531-550, pl. xxx-xxxii. 

On the Affinities of the Genus Pothocites, Paterson; with the Description of a 
specimen from Glencartholm, Eskdale. Annals Mag. Nat. Hist., London, 5th 
series, vol. 11, 1883, pp. 297-314, pl. ix-xii. 

On a new species of Schutzfa from the Calciferous Sandstones of Scotland. Ibid., 
vol. 13, 1884, pp. 77-80, pl. v, fig. 2. Proc. Royal Phys. Soc. Edinburgh, Session 
1883-1884, vol. 8,1884, pp. 127-131, pl. v, fig. 2. 

On a new species of Lycopodites, Goldenberg (L. Stockit), from the Calciferous 
Sandstone Series of Scotland. Annals Mag; Nat. I·Iist., London, vol. 14, 1884, pp. 
111-117, pl. v. 

On a new species of Psilotites from the Lanarkshire coal-field. Ibid., vol. 16, June, 
1886, pp. 494-496. 

Notes on some Fossil Plants collected by Mr. R. Dunlap, Airdrie, from the Lanark
shire coal-field. Trans. Geol. Soc. Glasgow, 1886, vol. 8, pp. 47-71, pl. iii. 

Notes on the Fossil Plants from Lochrim Burn, Corrie; in J. Macadam's Notice of 
a new fossiliferous bed in the Island of Arran. Trans. Geol. Soc. l!]djnburgh, vol. 
5, pt. 2, 1887, pp. 316-317. 

7 0n the Leaf-beds and Gravels of Ardtun, Carsaig, etc., in Mull, by J. S. Gard
ner, with notes by Gr.enville A. J. Cole: Quart. Jour. Geol. Soc. London, vol. 43, · 
1887, No. 170, pp. 270-300, pl. xiii-xvi. 

3 0n the Rocks at Bray Head, by Thomas Oldham: Jour. Royal Geol. Soc. Ire
land, vol. 3, 1844, p. 60-61. 

John Robert Kinahan: On Oldhamia, a genus of Cambrian fossils. Trans. Royal 
Irish Acad., vol. 23, 1859, pp. 547-562. 

On Annelidoid Tracks in the Rocks of Bray Head, County of Wicklow. Jour. 
Royal Geol. Soc. Ireland, vol. 7, 1855-'57, pp. 184-187, pl. v, figs. 1-5. 

On the Organic Relations of the Cambrian rocks of Bray (county of Wicklow), 
and Howth (county of Dublin); with notices of the m't>st remarkable Fossils. Ibid., 
vol. 8,'1857-'60, pp. 68-72, pl. vi, vii. 

The Cambrian Rocks of the British Islands, with especial reference to the occur
rence of this Formation and its Fossils in Ireland, by William Hellier Baily : Geol. 
Mag., London, vol, 2, 1865, pp. 385-400. 
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by Dr. Haughton and Professor Baily since 1856, but in 1852 Prof. 
E. Forbes 1 called attention to the presence of well preserved ferns 
in the Devonian flagstones of Knoctopher (Kilkenny) which he called 
Oyclopteris Hibernicus, a plant which has since played quite an im
portant role. Other vegetable remains were associated with this 
form. 

At the meeting of the Dublin Natural History Society for Novem
ber, 1858, Dr. Samuel Haughton presented some illustrations of 
fossil plants of the same geologic age as the last, from Harrylock 
Bay, Wexford.' In 1859 he founded his new genus Cyclostigma 
on specimens from Kiltorkan (Kilkenny) and described two species, 
both of which have since been found on Bear Island, in the Bergkalk,' 
and he has since published qther papers • relating to the same flora in. 
Ireland .. 

To Prof. William Hellier Baily is due the greater part of what 
is known respecting the paleontology of Ireland. His papers, which 
are too numerous to be discussed separately, range from 1864 to 1883. 
Many important plant localities have been developed through his 
energies, among which maybe mentioned those of Kiltorkan in Kil
kenny; Wexford, Tallow Bridge, and Salter Bridge near Lismore, in 
the county of Waterford; Cappagh, eight miles east of the last-named 
place; a bed near Cork; one at Tracarta, near Castle Townshend; 
Gokane Point, on the west side of the Gap of Dunloe; at Georte
lunny and Rossacossane,. in the county of Kerry; also points in 
the counties of Limerick, Tipperary, Tyrone, Queen's, and An
trim. • Especially important was the discovery of an Eocene bed 
in the last-named county on the Belfast and Northern Counties 

1 On the Fossils of the Yellow Sandstone of the South of Ireland, by Prof. E. 
Forbes: Proc. Brit. Assoc., 23d (Belfast) meeting, London, 1852, Trans., p. 43. 

2 Illustrations of the Fossil Flora of the Lower Carboniferous beds of Ireland, by 
Rev. Samuel Haughton: Proc. Nat. Hist. Soc. Dublin, vol. 2, 1856-'59, p. 122, pl. 
viii, ix. 

3 0n Cyclostigma, a new genusofFossilPlants, by Rev. Samuel Haughton: Jour. 
Royal Soc. Dublin, vol 2, 1858-'59, pp. 407-420. 

Oswald Heer: On the Carboniferous Flora of Bear Island (lat. 74° 30' N). Quart. 
Jour. Geol. Soc. London, vol. 28, 1872, pp. 161-169. 

On Cyclostigma, Lepidodendron and Knorria, from Kiltorkan. Ibid., pp.169-173, 
pl. iv. 

4 On som~ additions to theY ellow Sandstone Flora of Donegal. By Samuel Haugh
ton: Jour. Royal Geol. Soc. Ireland, voi. 9, 1860-'62, p. 13. 

6 William Hellier Baily: On Fossil Plants from the South of Ireland (read before 
the Nat. Hist. Soc. of Dublin, May 3 and June 7, 1866). Dublin, 1867, pp.1-11, 8°. 

Notice of Plant Remains from beds interstratified with the Basalt in the County 
of Antrim. Quart. Jour. Geol. Soc. London, vol. 25, 1869, pp. 162, 357-362, pl. xiv
xv. 

On Fossils obtained at Kiltorkan Quarry, Co. Kilkenny. Rept. Brit. Assoc. Adv. 
Sci., 39th meeting, 1869, p. 73-75. 

Notes on the Fossil Flora of Ireland. Geol. Mag., new series, vol. 9, London, 1872, 
pp. 90, 91. 
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Railway, between Templepatrick and Deoagh stations, about seven 
miles east of Antrim, from which he was the first to figure dicotyle
donous leaves and other cl;laracteristic Tertiary plants. 

In his Figures of Characteristic British Fossils, • he enumerates 
and figures most of the fossil plants of Ireland, giving in the explana
tions of his plates the localities at which they are found. As this 
work is arranged in the ascending order .of strata, it becomes an im
portant guide- to the-fossil flora of Ireland. 

In view of his well kno\vn ability as a paleontologist, the British 
Association did him the honor on four separate occasions to appoint 
him, with Professor Williamson, on a committee instructed to report 
on the Tertiary flora of the north of Ireland. These reports were all 
drawn up by Professor Baily. • .Among the localities at which this 
flora occurs may be mentioned: Sandy Bay, Lough N eagh, Ballypa
lady, Glenarm, and Glenalvy River, all in the county of Antrim. 
Some of these localities are mentioned by Gardner in his British 
Eocene Flora, although they were regarded by the committee as of 
Miocene age. Mr. Gardner, in a paper in the Linnooau Society's 
Journal for 1885,' has described certain fossil ferns from this district 
and others from the island of Mull. 

Several species of fossil plants of Pleistocene age have been dis
covered by Mr. Robert Lloyd Praeger, • in the estuarine clays at Bel
fast. 

FRANCE. 

Antoine Jussieu's study of the impressions on the rocks of St. 
Chaumont, 1718;• was alluded to in my Sketch of Paleobotany 

1 Figures of Charactedstic British Fossils, with descriptive remarks, by Willia~ 
Hellier Baily. Vol. 1, Paleozoic, London, 1875, lxxx, 126 pp., 42 pl., go. 

7 (1) Report of the committee, consisting of the Rev. Maxwell Cloae, Professor W. 
C. Williamson, and Mr. W. H. Baily, appointed for the purpose of collectin<; andre
porting on the Tertiary (Miocene) Flora, etc., of the Basalt of the North of Ireland; 
Rept. Brit .. Assoc. Adv. Sci., 49th (Sheffield) meeting, London, 1879, pp. 162-164. (2) 
Second report of the committee, consisting of Professor W. C. Williamson and Mr. 
W. H. Baily, appointed, etc. Ibid., 50th (Swansea) meeting, London, 1880, pp. 
107-109, pl. ii, iii. (3) Third report of the committee, consisting of Professor W. C. 
Williamson and Mr. W. H. Baily, appointed, etc. Ibid., 51st (York) meeting, Lon
don, 1882, pp. 152-154, pl. i, ii. (4) Fourth report of the committee, consisting of 
Professor ·w. C. Williamson and Mr. W. H. Baily, appointed, etc. Ibid., 53d 
(Southport) meeting, 1883, pp. 209-210, pl. i. 

3 Eocene Ferns from the Basalts of Ireland and Scotland, by J. Starkie Gardner: 
Jour. Linn. Soc., Bot., London, vol. 21, 1885, pp. 655-664, pl. xxvL 

4 The estuarine clays at the new Alexandra dock Belfast with a list of fossils 
by Robert Lloyd Praeger: Ann. Rept. and Proc. Belfast Naturalists' Field Club: 
1886-'87, 2d series, vol. 2, appendix 2; 1888, pp. 29-51,1 geol. plate. 

• Examcn des causes des impressions des plantes marquees sur certaines pierres 
des environs de Saint Chaumont, par Antoine Jussieu: Mem. Acad. roy. sci., Paris, 
ann. 1718, pp. 287-297, pl. xiii, xiv, 

8 GEOL--44 
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(U. S. Geol. Survey, Fifth Ann. Rept., p. 397) as a landmark in the 
history of the earliest record made in France. 

The fossil plants of the lavas of Rochesauve, and the marls of
Ohaumerac, in the Department of Ardeche, were the next to receive 
scientific mention, and were investigated by M. Barthelemy Faujas de 
Saint-Fond in 1803 and 1815.' The same author, as early as 1806, dis
covered the remains of both fish and plants in the gypsum beds of 
Aix in Provence, • since brought into so great prominence in the 
paleontological history of France by the Marquis Sa porta. 
· In 1811 Messrs. Cuvier and Alexandre Brongniart published their 
essay on the geography and mineralogy of the environs of Paris, • in 
which they note the presence of leaves and stems in the coarse lime
stone at Chatillon, St.-Nom, Saillancourt, Sevres, and other points. 
Some of these are figured on plate ii, and we recognize the Oauli
nites and several of the Phyllites of Adolphe Brongniart's subsequent 
reports. 

Alexandr,e Brongniart published a paper on the fossil plants of 
the Carboniferous series of France in 1821, • which seems to be the 
only one on the subject from his pen. The mines in which these re
mains were observed were those of St. Etienne, and this is therefore 
the first account of the vegetation of that important region. In this 
paper M. Brongniart makes the interesting statement that his son 
had a long time previously commenced a separate work on that 
branch of botany, clearly referring to the Histoire des vegetaux 
fossiles of Adolphe Brongniart. · 

The new editions of Ouvier and Brongniart's geological description 
of the environs of Paris • and of On vier's researches on fossil bones• 
both appeared in 1822, and both contained Adolphe Brongniart's de-

1 Faujas de Saint-Fond : Notice sur les plantes fossiles de diverses- especes qu'on 
trouve dans les couches fossiles d'un schiste marneux, recouvert par des laves, 
dans les environs- de Rochesauve, Departement de l'Ardeche: Annales Museum 
d'hist. nat., Paris, vol. 2, 1803, pp. 339-344, pl. lvi, lvii. 

Nouvelle notice sur des plantes fossiles renfermees dans un schiste marneux des 
environs de Chaumerac et de Rochesauve, Departement de l'Ardeche: Mem. Mu
seum d'hist. nat., Paris, vol. 2, 1815, pp. 444--459, pl. xv. 
~Notice sur le gisement des poissons fossiles et sur les empreintes de plantes d'uno 

des carrieres a platre des environs d'Aix, par Barthelemy Faujas de SaintcFond: 
Annales Museum d' hist. nat., Paris, vol. 8, 1806, pp. 220-226. 

3 Essai sur la geographie mineralogique des environs de Paris, avec une carte 
geognostique, et des coupes de terrain, par G. Cuvier et AI. Brongniart. Paris, 1811, 
278 pp., 2 pl. 4 o. Plantes fossiles; pp. 22, 126, pl. ii. 

4 Notice sur des vegetaux fossiles traversant les couches du terrain houiller, par 
Alexandre Brongniart: Annales des mines, Paris, vol. 6, 1821, pp. 359-370, pl. iii. 

5 Description geologique des environs de Paris, par Georges Cuvier et A-lexandre 
Brongniart. Nouv. ed., Paris, 1822, 428 pp. 17 pl., 4°. [Veg. foss. par Ad. Brongniart, 
pp. 353-371, pl. viii, x, xi.;] 3d ed., 1835, 685 pp., 8°, with atlas, 17 pl., 4°. [Veg. 
foss:, pp. 57, 69,649,650, pl. P, R, S.] 

"Recherches sur les ossemens fossiles, par Georges Cuvier, nouv. ed., Paris, 1822; 
4th ed., Paris, 1835, 
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scription of the fossil plants of the Tertiary deposits' of the Paris 
basin. This memoir underwent important revisions and received 
considerable additions in the subsequent editions of both these 
works. · 

The fourth volume of the Paris Annals of Science, 1824, contains a 
paper by Adolphe Brongniart on the Oolitic ferns of Mamers (Sarthe ), • 
and in the fifteenth volume, 1828, he takes up the Tertiary plants of 
Armissan, near Narbonne (Aude), • and also names the Carbonifer
ous forms from Ohardonet, department of Hautes-Alpes, which 
Elie de Beaumont labored so hard on stratigraphical grounds to 
place in the Jurassic. • 

In the second chapter of his Prodrome,' which appeared in 1828, 
he enumerates all the localities then known to him where vegetable 
fossils were found, among which occur the following in France: 
Montrelais (Loire Inferieure); Langeac (Haute-Loire); St. Etienne 
(Loire); Saint George-Ohatellaison (Maine-et-Loire); Saint Hippo
lyte (Doubs); Alais (Gard); Plessis and Litry (Oalvados); Montagne 
des Roussos en Oisans (Jura); Saint Priest (Oher); Anzin, Fresnos, 
Vieux~Oonde, and near Valenciennes (Nord); Ronchamp (Haute
Saone); Terrasson (Dordogne); and Aubin (Aveyron). 

The appearance of this work was 'followed by a series of short 
monographs of more or less imp.ortance on the floras of the various 
beds of France, which, as the localities are given in their titles, 
need not be specially dwelt upon. Thus Murchison and Lyell in 1829 
noticed plants at Aix • (Eocene) and Fuveau (Senonian). Pomel, 
1845, made further studies into those of Paris, • and Brongniart made 
a contribution on the Lower Triassic plants of Lodeve (Herault). • 

1 Description des vegetaux fossiles du terrain de sediment superieur, par Adolphe 
Brongniart. In Cuvier: Recherches sur les ossemens fossiles, 4th ed., vol. 4, Paris, · 
1835, pp. 645, 650; vol. 5, 1835, pp. 636-674. Atlas, vol. 2, 1836, pl. P to S. • 

11 Note sur les vegetaux fossiles de !'Oolite a Fougeres de Mamers, par Adolphe 
Brongniart: Annales sci. nat., vol. 4, Paris, 1825, pp. 417-423, pl. xix. 

BNotice sur les plantes d'Armissan pres Narbonne, par Adolphe Brongniart: An
nales sci. nat., vol. 15, Paris, 1828, pp. 43-51, pl. iii. 

4 Sur un gisement de vegetaux fossiles et de graphite, situe au col du Chardonet 
Departement des Hautes-Alpes), par L. Elie de Beaumont: ibid., pp. 353-381. 

6 Prodrome d'une histoire des vegetaux fossiles, par Adolphe Brongniart, Paris, 
1828, 223 pp., 8° • 

6 0n the Tertiary fresh-water formations of Aix in Provence, including the coal 
(field of Fuveau; by Sir Roderick Murchison and Sir Charles Lyell: Proc. Geol. 
Soc. London, vol. 1, 1826-'33, pp. 150, 151. Edinburgh New Philos. Jour., vol. 7, 
1829, pp. 287-298, pl. v, vi. 

'M.A. Pomel: Note sur des vegetaux fossiles nouveaux decouverts dans le calcaire 
grassier· des environs de Paris : Bull. Soc. geol. France, 2d series, vol. 2, Paris, 1845, 
pp. 307-316. 

Resume d'une flore fossile du calcaire grossier du bassin de Paris : Bull. Soc. 
d'hist. nat. Moselle, vol. 3, Metz, 1845, pp. 42-46. ·· 

8 Note sur les plantas fossiles des schistes de Lodeve, par Adolphe Brongniart: Ex
plication de Ia carte geologique de Ia France, vol. 2, Paris, 1848, pp. 145-147. 
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In Pomel's more extended memoir on the Jurassic flora of France, 
184!!,' the following localities are given: Chateauroux (Indre); St. 
Mihiel (Meuse); Seyssel (Ai:il); Morestel (Isere); Bourges (Cher); 
Hettange (Moselle); and Castellane (Basses-Alpes). 

In 1848 Bunbury renewed the discussion of the flora of Savoy 
(Qol de Chardonet, Col de Balme, Chamounix, Petit Cceur, etc.), 
and found twenty-four species of Carboniferous plants in the Turin 
Museum collected in that district.• This discussion was resumed in 
1857 by M. A. Sismonda' and Elie de Beaumont,' and the fossil -
floras of Tanninge and Col des Encombres were made known. 

M. Marie Rouault, in 1850, first called attention to the "problemat
ical organisms" of the Lower Silurian of Bretagne, • the nature of 
which have in recent times been so thoroughly discussed by Sa porta, 
Nathorst, and others. The posthumous works of this author were 
edited and published in 1883 by M. P. Lebesconte in a fine quarto 
memoir, in which the localities are carefully given (see infra, pp. 
699, 700). 

Coquand's "Synopsis,'' 1860," is merely a catalogue of the fossils 
of the two Charentes and Dordogne, which are chiefly shells. Only 
nine species of plants are enumerated,' all from his Gardonian stage 
(Lower Cretaceous), and all but one (Brachyphyllum Brardii Brong., 
from Pial pinson, Dordogne) were from the celebrated bed of the Ile 
d'Aix. 

As was stated in my Sketch of Paleobotany, • the Count (now Mar
quis) Sa porta set out on his remarkable phyto-paleontological career 
with a letter to M. Charles Gaudin, 1860, on the fossil plants of 
Provence, which the latter published in the Bulletin of theSocietyof 
Vaudois." The next year a much fuller Teport was published of this 

I Materiaux pour servir a Ia flore fossile des terrains jurassiques de la France, 
par A~guste Pomel: Amtl. Ber. iiber die 25. Versammlung deutscher Naturforscher 
und Aertzte in Aachen, Aix Ia Chapelle, 1849, pp. 332-354. 
~On Fossil Plants from the Anthracite Formation of the Alps of Savoy, by C. 

i F. Bunbury: Quart. Jour. Geol. Soc. London, vol. 5, 1849, pp. 130-142. 
3 Sur la constitution geologique de quelques parties de la Savoie, et particulier

emcnt sur le gisement des plantes fossiles de Tanninges, par Ange Sismonda: Comp· 
tes rendus Acad. Sci., vol. 45, Paris, 1857, pp. 612-617. 

4 Sur les gisements de fossiles vegetaux et ::.nimaux du col des Encombres, en Sa
voie, par Elie de Beaumont : Ibid. pp. 942-952. 

• Sur une nouvelle formation decouverte dans le terrain silurien inferieur de la 
Bretagne, par Marie Rouault: Bull. Soc. geol. France, 2d series, vol. 7, 1850, pp. 
724-744. 

6 Synopsis des animaux et des vegetaux fossiles observes dans les formations sec· 
ondaires de la Charente, de la Charente-Inferieure, et de la Dordogne, par H. Co-
quand. Marseille, 1860, pp. 1-146, 8•. · 

TOp. cit., p. 40. · 
8 U. S. Geol. Survey, 5th Ann. Rept., 1885, p. 383. 
9 Note sur les plantes fossiles de la Provence, par le Comte Gaston de Saporta: 

Bull. Soc. Vaud., Lausanne, vol. 6, 1860, pp. 505-514. 
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flora in Gaudin's translation of Heer's general discussion of the flora 
of Switzerland' which forms the latter part of the third volume of 
his Flora Tertiaria Helvetim. 

His great work on the Tertiary floras of the southeast of France 
began to appear in 1862 • and was completed in 1888. The several 
floras treated in this work were as follows: The Upper Cretaceous 
(Senonian) flora of Fuveau, the Eocene flora of .Aix, the Oligocene 
flora of St. Zacharie and Gar gas, the Miocene floras of the Marseilles 
Basin (Saint-Jean de Garguier, Fenestrelle near .Aubagne, Montes
pin near .Allauch, Camoins-les-Bains, Marseilles), of .Armissan and 
Peyrac near Narbonne (Aude), of the fish beds of·Bonnieux (Vau
cluse), of the lignites of Manosque (Basses-Alpes), and of the clays 
of Marseilles. 

In 1863, M. Paul Gervais supplemented Saporta's treatment of the 
flora of .Armissan by a contribution of considerable merit. • 

Four papers appeared in 1864, bringing to"light as many different 
floras of different ages and in different parts of France, viz, at .Ay
galades and Viste (Bouches-du-Rhone),' and Montpellier' in the Qua
ternary; near Martigues• on the Etang de Berre (Bouches-du
Rhone) in the Cretaceous; and a much older formation (Lias of La 
Caine and Tournay,Oxfordian of Vaches-Noires) in Calvados! In 
1866, Saporta contributed an important paper on the Miocene flora 

··-
1 Examen analytique des flores tertiaires de Provence, precede d'une notice geo-

logique et paleontologique sur les terrains tertiaires lacustres de cette region par M. 
Philippe Matheron: par le Comte de Saporta [Insere dans les Recherches sur le 
climat et la vegetation du pays tertiaire, par 0. Beer, traduit parCh. Th. Gaudin, 
Zurich, 1861, folio, pp. 133-171]. 

9 Gaston Comte de Saporta: Etudes sur la vegetation du sud-est de Ia France a 
l'epoque tertiaire: Annales des sci. nat., botanique: pt. 1, 4th series, vol. 16, 1862, 
pp. 307-345, pl. xvii; vol. 17, 1862, pp. 191-311, pl. i-xiv; vol. 19, 1863, pp. 5-124, pl. 
i-xi: pt. 2, 5th ser~es, vol. 3, 1864, pp. 5-152, pl. i-viii; vol. 4, 1865, pp. 5-264, pl. 
i-xiii: pt. 3, vol. 8, 1867, pp. 5-136, pl. i-xv; vol. 9, 1868, pp. 5-62, pl. i-vii: Supple
ment I, Revision de la flore fossile des gypses d'Aix, Ibid., vol. 15, 1872, pp. 277-351, 
pl. xv, xvi; vol. 17, 1873, pp. 5-44, pl. i-v; vol. 18, 1873, pp. 23-146, pl. vi-xviii: Der
nieres adjonctions ala Flore Fossile d'Ah-en-Provence, Ibid., 7th series, vol. 7, 
1889, pp. 1-104. 

3 Sur les empreintes vegetales trouvees ~ Armissan (Aude) et details geologiques 
.et paleontologiques sur cette locaJ.tte, par Paul Gervais: Mem. Academie des 
sciences et lettres de Montpellier, section des sciences, vol. 5, 1863, pp. 309-324, pl. 
x,xi. 

4 Sur les tufs quaternaires des Aygalades et de la Viste, par G. Saporta: Bull. Soc. 
geol. France, vol. 21, 1864, pp. 495-499. 

5 Etude des tufs de Montpellier au point de vue geologique et paleontolqgiq ue, par 
G. Planchon. Paris, 1864, pp. 1-73, pl. i-iii, 4°. 

6 Communication a propos des empreintes vegetales trouvees dans la craie moy
enne, aux bords de l'etang de Berre dans Ia course des Martigues, par Gaston Comte 
de Saporta: Bull. Soc. geol. France, vol. 21, 1864, pp." 499-502. 

'Note sur deux vegetaux fossiles trouves dans le Departement du Calvados, par J. 
Moriere: Mem. Soc. Linn. Normandie, vol. 14, Caen, 1869, no. 7, pp.1-4, pl. i, ii. 
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of Brognon, 1 and Bureau a note on the Carboniferous plant deposit 
of the Rhune.' 

In the same year there also appeared what should have been one of 
the most important, works of its time, namely, Watelet's description 
of the fossil plants of the Paris Basin. • The author had access to the 
accumulated material of half a century, and worked ii:t the time of 
Saporta, Heer, Unger, and Ettingshauscn, but it is generally agreed 
that he did not prepare a work commensurate with his advantages. 
For our present purpose, however, it has value, since his specimens 
seemed to have generally been well labeled, and he has told us the 
places from which they came. We may profitably enumerate a few 
of the localities: Jouy, Vaugirard, Montjavoult, Gentilly, Arceuil, 
Belleu, Courcelles, Lac de Rilly, Sezanne, Montmorency, Acy en 
Mulcien, Passy, Pontchartrain, Vervins, Lonjumeau, Sables de 
Bracheux, Mendon, V ailly ; and there are many others, most of 
which are in the immediate vicinity of Paris, but several, as Se
zanne, Bracheux, Vervins, and Belleu, at some distance and at a lower 
horizon. 

The flora of the travertines of Sezanne on the Lac de Rilly was 
made the subj~ct of an important memoir by Sa porta, which appeared 
in 1868, • in which he pointed out its earlier age and proposed for it 
and similar beds the name of Paleocene. 

In 1868 were also published Ebray's fossil plants of Beaujolais, 
department of Lyonnais (Devonian ?), • with excellent figures, Sa
porta's note on vegetable impressions from Saint Gely (Herault), • 
probably Eocene, and the first of a long and valuable series of con
tributions by M. Bernard Renault, on the Carboniferous plants of 
Autun (Saone-et-Loire), 7 a second appearing in 1869, • and a third in 

1 Notice sur les plantes fossiles des calcaires concretionries de Brognon (Cote-d'Or), 
par Gaston Comte de Saporta: Bull. Soc. geol., France, 2d series, vol. 23, 1866, pp. 
253--280, pl. ", vi. 

11 Note sur les plantes fossilesdu depot houiller de la Rhune (Basses-Pyrenees), par 
Ed. Bureau: Ibid., pp. 846-850, pl. xiv. 

3 Description des plantes fossiles du basin de Paris, par Ad. Watelet, Paris, 1866, 
264 pp., 4°. Accompagne d'un atlas de 60 planches, 4°. 

4 Prodrome d'une flore fossile des travertins anciens de Sezanne,par Gaston Comte 
de Saporta. Mem. Soc. geol. France, 2d series, vol. 8, 1868, pp. 289-436, pl .. xxii
xxxvi. 

5 V egetaux fossiles des terrains de transition du Beaujolais, par Theophile Ebray. 
Paris et Lyon, 1868, pp. 1-20, pl. i-xi, 8°, 

6 Note sur les calcaires concretionnes a empreintes vegetales de Saint-Gely (He
rault), par G. de Sa porta: Bull. Soc. geol. France, 2d series, vol. 25, 1868, pp. 892-895 .. 

'Note sur un petiole de fougere fossile de la partie superieure du terrain houiller 
d'Autun, par B. Renault: Annales sci. nat., botanique, 5th series, vol. 9, 1868, pp. 
282-286, pl. XV. . 

sNotice sur quelques vegetaux silicifies des environs d'Autun, par Bernard Re
nault: Annales sci. nat., botanique, 5th series, vol. 12, 1869, pp.161-190. Comptes 
rendus Acad. sci., vol. 70, 1870, pp. 119-121. Jour. cMm. med., vol. 6, 1870, pp. 
199-202. 
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1870. 1 Renault's researches were deemed of sufficient importance 
to be considered by the Academy, and Brongniart's report upon 
them was published in the Comptes Rend us for May 16, 1870. • 

Grand 'Eury began in 1869 to publish the :results of his protracted 
investigations into tho Carboniferous flora of St. Etienne, • and laid 
the manuscript before the Academy in that year for examination, 
which was not, however, reported upon until 1872. • 

Saporta's preliminary announcement of his studies in the Pliocene 
flora of Moximioux (Ain) was also made in 1869.' 

The paper of Prof. A. F. Marion on the fossil plants of the argil
laceous limestones of Ronzon (Haute-Loire), 1872, • is a careful piece 
of work and proves tho wisdom which tho Marquis Saporta displayed 
in associating him with himself in much of his later work. 

Sa porta's next great work, on tho Jurassic flora of France, com
menced to appear in 1873.' Throughout this gigantic undertaking 
tho same painstaking care is displayed, not only in the strictly scien
tific matter, but also in the points that pertain to good book-making. 
Tho only difficulty, therefore, that we experience in giving the local
ities which have yielded this rich flora is our inability for want 
of space to record more than a small fraction of tho data at hand. 
It can only be said in general that tho leading Rhetic beds in France 
are at Couche-les-Mines, near Autun, and at Chirac near Mende 

I Notice sur le gisement de vegetaux silicifies de la partie superieure du terrain 
houiller d'Autun, par B. Renault: Bull. Soc. botanique, France, vol. 17, 1870, pp. 
1-liii. 

2 Rapport sur un memoire de M. B. Renault, intituUi: Etudes sur quelques vege
taux silicifies des environs d 'Autun; par Adolphe Brongniart: Comptes rendus 
Acad. sci., Paris, vol. 70, 16 mai, 1870, pp. 1070-1074. 

3 F. C. Grand 'Eury: Observations sur les Calamites et les Asterophyllites. 
Comptes rendus Acad. sci., vol. 67, 1869, pp. 705-709. Annals Mag. nat. -hist., 4th 
series, vol.4, 1869, pp. 124-128. 

Sur les fon[\ts fossiles du terrain houiller. Comptes rendus Acad. sci., vol. 68, 
Paris, 1869, pp. 803-805. 

• Rapport sur un memoire de M. Grand 'Eury, intitule: Flore carbonifere du De
partement de la Loire; par A. T. Brongniart: Comptes nmdus Acad. sci., vol. 75, 
Paris, 1872, pp. 391-411. Annales sci. nat., botanique, vol.16, 1872, pp. 202-227. 

• Gaston de Saporta: Sur I' existence de plusieurs especes actuelles observees dans 
la flore Pliocene de Meximieux (Ain). Bull. Soc. geol. France, 2d series, vol. 26, 1869, 
pp. 752-773. 

Sur la flore des tufs pliocenes de Meximieux (Ain). Bull. Soc. bot. France, vol. · 
16, 1869, pp.117-124. 

6 Description des plantes fossiles des calcaires marneux de Ronzon (Haute-Loire), 
par A. F. Marion: Annales sci. nat., botanique, 5th series, vol. 14, .1872, pp. 326-
364, pl. xxii, xxiii. 

'Pal eontologie frangaise, ser. 2. V egetaux fossiles de Ia France, terrains juras
siques, par le Comte de Sa porta. Vol. 1, introduction generale, Algues, Equisetacees, 
Characees, Fougeres, Paris (1872-1873,) 1873, 506 pp., so, atlas, 70 pl,; vol. 2, Cy
cadees, (1873-1875) 1875, 352 pp., atlas, 58 pl.; vol. 3, Coniferes ou Aciculariees (1876-
1883), 570 pp., atlas, 98 pl.; vol. 4, Ephedrees, Spirangiees et types proangiosper
miques, 1885-1888, pp. 1-176, atlas, pl. i-xxii. (Incomplete.) 
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(Lozere); thost) of the Lower Lias are the sandstones of Hettange 
(Moselle), and the blue limestones of Mende; those of the Upper 
Lias, ·or Toarcian, are at St.-Romain, near Lyons, and in the vicin
ity of Digne (Basses-Alpes); those of the Bajocian or Lower Oolite, 
are at Vienne, along ·the Rhone, near Lyons, and at many other 
points; those of the Bathonian, or Oolite proper, are at Mamers 
(Sarthe), at Pont-les-Moulins near Baume-les-Dames (Doubs), etc;; 
those of the Cornbrash are at Etrochey near Chatillon-sur-Seine 
(Cote d'Or), at Arrey le-Franc (Yonne), and near Rians (Var); those 
of the Oxfordian are chiefly in the vicinity of Poi tiers (Vienne); 
those of the Corallian, or Coral Rag, are at Saint-Mihiel, near Ver
dun (Meuse), and at Tonnerre (Y onne); those of the Kimmeridgian 
are at Creys and Morestel (Isere), at Cirin, the Lac d' Arinaille and 
d'Orbagnoux in the department of Ain, etc.; those of the Portland 
are at Maninghen near Wimmille (Pas-de-Calais), while traces of 
Ohara have been found in the Purbeck beds of the Department of 
Doubs. 

Two papers by Saporta on the Pliocene flora of the Pas-de-la
Mougudo and St. Vincent in Can tal, • appeared in 1873, and three 
others of a local character in 1874, relating to the plants of the Kim
meridgian fish-beds of Cerin (Ain),' of the Molasse (Miocene) of 
Vaquieres (Gard),' and to the Quate.rnary beds of Paris! 

In that year, too, Adolphe Brongniart published his last important 
paper on fossil plants, namely, the preliminary sketch of his re
searches into the silicified seeds of Saint Etienne, • although the great 
work on that subject which he had projected has been published 
posthumously by his assistants as far as it was completed at the time 
of his death in a fine folio volume • with twenty plates, sixteen of 

I Gaston le Comte de Sa porta : Sur les caracteres pro pres ala vegetation Pliocene, 
a propos des decouvertes de M. J. Rames, dans le Cantal : Bull. Soc. geol. France, 
3d series, vol. 1, 1873, pp. 212-232. 

Forets ensevelies sous les cendres eruptives de I' ancien volcan du Can tal, observees 
par M. J. Rames, et consequences de cette decouverte pour la connaissance de la 
vegetation dans le centre de la France a l'epoque Pliocene: Comptes rend us Acad. 
sci., vol. 76, 1873, pp. 290-294. 

2. Notice sur les plantes fossiles du niveau des lits a poisson de Cerin, par G. Sa. 
porta: Ann. Soc.Agric., Lyon, vol. 5, 1873, pp. 87-142, pl. xiv. 

3 Sur les couches superieures a la Molasse du bassin de Theziers (Gard) et les 
plantes fossiles de Vaquieres, par Gaston de Saporta etA. F. Marion: Bull. Soc. 
geol. France, 3d series, vol. 2, 1873-'74, pp. 272-287, pl. vii, viii. 

4 Sur !'existence constatee du figuier aux environs de Paris a l'epoque quaternaire, 
par Gaston de Saporta: Bull. Soc. geol. France, 3d series, vol. 2, 1874, pp. 439-443. 

6 :Etudes sur les graines fossiles trouvees a l'etat silicifie dans Ie terrain houiller de 
Saint-Etienne, par Adolphe Brongniart: Annales sci., nat., bot., Paris, 5th series, 
vol. 20, 1873, 32 pp., pl. xxi-xxiii; Comptes rendus Acad. sci., Paris, vol. 79, 1874, 
pp. 343-351, 427-435, 497-500. 

6 Recherches sur les graines fossiles silicifiees, par Adolphe Brongniart, precedees 
d'une notice sur ses travaux, par J. B. Dumas. Paris, 1881. pp. i-xiv 1-93, pl. a-c, 
j-xxi, folio, with portrait. 



WARD.] FRANCE. 697 

which are colored, prefaced by a notice of his works by M. J. B. 
Dumas. 

The splendid illustrated ·memoir of Saporta and Marion on the 
. Pliocene flora of Meximieux (.Ain),' which appeared in1875, is unques
tionably the most important contribution thus far made to the botany 
of that geological formation. , 

The researches of M. Renault and Grand 'Eury, chiefly on the rich 
deposits of Autun, commenced about this time to assume special 
prominence. We can give only the titles of such of their papers as 
have a local character. • 

The most exhaustive work on the coal flora Qf France was that of 
M. Cyrille Grand 'Euryon that of the department of the Loire and 
central France. • The localities are stated with far greater minuteness 

I Recherches sur les vegetaux fossiles de Meximieux, par G. Sa porta, et A. F. 
Marion; precedees d' une introduction stratigraphique, par M. Albert Falsan: Nouv. 
archiv. du Mus. d'hist. nat. Lyon,. vol. 1, livraison 4, Lyon, 1876, pp. I3i-335, 
pl. xxii-xxviii. 

2 Recherches sur les vegetaux silicifies d' Autun. 
I. Etude du Sigillaria spimilosa, par B. Renault et C. Grand 'Eury: Mem. Acad. 

·sci. savants etrang., vol. 22, No. 9, 1876, pp. 1-23, pl. i-vi. 
II. Etude du genre Myelopteris, par B. Renault: Ibid., No. 10, 1876, pp. 1-28, pl. 

i-vi .. 
Bernard Renault: Recherches sur les vegetaux silicifies d'Autun et de Saint

Etienne. Des Calamodendrees et leurs affinites botaniques probables. Comptes ren
dus Acaa. sci., vol. 83, Paris, 4 Sept., 1876, pp. 546~549. 

Recherches sur quelques Calamodendrees et sur leurs affinites botaniques proba
bles. Ibid., 11 Sept., pp. 574-576. 

Nouvelles Recherches sur la structure des Sphenophyllum et sur leurs affinites 
botaniqucs. Annales sci. nat., botanique, 6th series, vol. 4, 1877,'pp. 277-311, pl. 7-9. 

Structure de la tige des Sigillaires. Comptes,rendus A cad. sci., vol. 87, Paris, 1878, 
pp. 114-116. . 

Structure comparee des tiges des Lepidodendrons, et dRs Sigillaires. Ibid., pp. 
414-416. 

Recherches sur la structure et les affinites botaniques des vegetaux silicifies re-· 
cueillisaux environs d'Autun et de St.-Etienne. Autun, 1878,216 pp., 30 pl., 8°. 

Structure comparee de quelques tiges deb fiore carbonifere. Nouvelles Archives 
Museum d'hist. nat., Paris, 2d series, vol. 2, 1879, mem., pp. 213-348, pl. x-xviL 

Sur !'organisation du faisceau foliaire des Sphenophyllum. Comptes rend us Acad. 
sci. Paris, vol. 97, 1883, pp. 649-651. 

Recherches sur les vegetaux fossiles du genre Astromyelon. Ann. des sciences geo
logiques, Paris, vol. 17, 1885, art. no. 3, pp. 1-34, pl. vii-ix. 

Sur les racines des Calamodendrees. Comptes rendus Acad. sci., vol. 102, Paris, 
25 jan., 1886, pp. 227-230. · 

Surles fructifications des Calamodendrons. Ibid., 15 mars, 1886, pp. 634-637. 
Sur le Sigillaria Menardi. Ibid., 22 mars, 1886, pp. 706-709. 
Sur les fructifications males des Arthropitus et des Bornia. Ibid., 15 juin, 1886,

pp. 1410-1412. 
3 Me moire sur la flore carbonifere du Departement de la Loire et du centre de la 

France, par F. Cyrille Grand 'Eury Mem. Acad. sci. Inst. France, vol. 24, Paris, 
1877, No.1, pp.1-624, pl. i-xxiii, A-D. 4°, 
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than it would be posE-ible to give them here, though most of them are 
in the vicinity of Saint Etienne. Among the most important may 
be classed the following: Forez (Loii·e); Saint-Foy-1' Argentiere 
(RhOne); Brassac and Saint-Eloi (Puy -de-Dome); Langeac and Cha- · 
pelle-sous-Dun (Haute-Loire); Blanzy and Autun (Sa6ne-et-Loire); 
Bruxiere-la-Grue, Bert, Commentry, and Doyet (Allier); Queune and 
Decize (Nievre); Champagnac and Mauriac (Can tal); Bosmoreau and 
Ahun (Creuse); Saint-Perdoux (Lot); Decazeville·(Aveyron); Car
meau (Tarn); Graissessac (Herault), Cevennes (Languedoc); Ron
champ (Haute-Saone); Saint-Pierre-la-Cour (Mayenne); Kergogne 
(Finistere); Littry (Calvados), and Plessis (Manche). The author 
also gives an elaborate account of all coal floras of the globe, with an 
attempt at their correlation and comparison with those of France. 
He had traveled extensively and much of his information is at first 
hand, but it seems to me (and I have carefully read it all) ·the work 
lacks clearness of presentation and of style as well as cogency of 
reasoning upon the principal problems treated. It has been thor
oughly discussed by Brongniart, Sa porta,' Zeiller, • Williamson, Now
berry, and others. 

Two papers by Saporta on the Quaternary beds of Moret (Seine
et-Marne) on the Celle, 1877,' and an Eocene leaf bed at Brives near 
Puy-eri.-Velay (Haute-Loire), 1878,' should be mentioned here. 
This latter, quite important, may be passed over, and we come to the 
researches of Crie in the west of France (Fye, Mans, Angers, etc., 
in Sarthe and Maine-et-Loire,) which began in 1877, • most of which · 

' Sur la flore carbonifere du Departement de la Loire et du centre de la France de 
M. Cyrille Grand 'Eury, par G. de Saporta: Bull. Soc. geol. France, 3d series, vol. 
5, 1877' pp .. 365-384. 

2 Determination des etages houillers a I' aide de Ta flore fossile. Resume des tra
vaux de M. Grand 'Eury, par R. Zeiller: Annales des mines, Paris, 7th series, me
moires, vol. 12, 1877, pp. 341-391. 

ssur le climat des environs de Paris a l'epoque du Diluvium gris, a propos de la 
decouverte du laurier dans les tufs quaternaires de la Celie, par G. Saporta: Assoc. 
fran g. A vane. Sci., vol. 5, 1876, Paris, 1877, pp. 640-654, pl. xiii. 

4 Essai descriptif sur les plantes fossiles des Arkose3 de Brives pres le Puy-en-Velay, 
par le Cointe G. de Saporta: Ann. de la Soc. d'agricult., sci., etc., du Puy, vol. 33, 
Le Puy, 1878, pp. 1-72, pl. i-vi. 

sL. Crie: Considerations sur la flore tertiaire de Fye (Sarthe). Bull. Soc. Linn. 
Normandie, 3d series, vol. 1, 1877, pp. 121-123. 

Note sur le Carpolites Decaisneana nob. des Gres Eocenes de la Sarthe. Ibid., pp. 
123-125. 

Note sur les Morinda de la flore eocene du Manset d'Angers. Ibid., vol. 2, 1878, 
pp. 46-50. 

Recherches sur la vegetation de I' ouest de la France a l'epoque tertiaire. Annales 
sci. geol., vol. 9, Paris, 1877, pp. 1-72, pl. viii-xxii. · 

Contribution a I' etude, des fougeres eocenes de I' ouest de la France. Comptes ren
dus Acad. sci., vol. 100, Paris, 1885, pp. 870, 871. 

Contribution a I' etude des palmiers miocenes de la Bretagne: Ibid., vol. 102, 1886, 
pp. 562, 563. 
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relate to Tertiary, but one to Silurian plants, with the comments of 
Saporta' and Heer upon them. 

In 1879 the Abbe Boulay published, in the Bulletin of the Natural 
History Society of Colmar, a little work on the Carboniferous plants 
of the Vosges, • giving the result of his activity in collecting them. 
The pri'ncipal localities are Ronchamp, Lalaye, Saint Hippolyte, 
Lubine, Honcourt, and Hury, several of which are in Alsatia. 
Nearly one hundred species are enumerated in this paper, most of 

. which are identified with Grand 'Eury's descriptions. 
In 1879 M. R. Zeiller, in addition Lo two illustrated papers on the 

Perii~:ian plants of Correze, • and on Devonian plants of Caffiers, • came 
out with his important work on the Carboniferous flora of France. • 

This is a systematic wurk in which the principal specie., found in 
any part of France are described and figured from fresh specimens 
in the author's hands, with copious synonymy, careful revision, and 
numerous bibliographical references. The localities are given with 
great precision under each species, and the geological formation of 
each bed is distinctly indicated. Among thosA set down as Permian 
we find Cham bois, Millery, Lally, Autun, and Charmois in Saone-et
Loire, Brive (Correze), Bert (Allier), Plan-de-la-Tour (Var), and 
Lodeve (Herault). The Carboniferous deposits are practically the 
same as given by Grand 'Eury, and those desiring more extended 
enumeration may find it in either of these works. 

In 1882 Messrs. Flicbe and Bleicher made known a fossil flora in 
the Oolite of Nancy (Meurthe-et-Moselle,)" and M. Cornuel a conif
erous bed in the Lower. Cretaceous of Saint-Dizier (Haute-Marne) ;7 

and in 1883 M. Parran, president of the Geological Society of France, 
noted the existence of plants in the lacustrine Tertiaries of Alais (Gard) 
between Mons and Rousson. • 

The same year M. P. Lebesconte presented to the Geological So-
' Sur une nouvelle decouverte de plantes terrestres siluriennes dans les schistes Ar

doisiers d'Angers due aM. L. Crie, par G. de Sa porta: Ibid.,vol. 87, 1878, pp. 767-769. 
2 Recherches de paleontologie vegetale sur le t(3rrain houiller des Vosges, par l' Abbe 

Boulay. Colmar, 1879, pp. 1-47, 8°, 
3 Note sur quelques plants fossiles du terrain permien de la Correze, par R. Zeil

ler: Bull. Soc. geol. France, 3d series, vol. 8, 1879, pp. 196-211, pl. iv, v. 
4 Note sur les empreintes vegetales des gres devoniens de ·caffiers, parR. Zeiller: 

Ibid., pp. 501-504. 
5 Vegetaux fossiles du terrain houiller, par R. Zeiller: Explication de la carte 

geologique de la France, vol. 4, 2d part, 1879, pp. 1-185, Atlas, pl. clix-clxxvi, 
Paris, 1880, 4°. 

6 Etude sur la fiore de l'Oolithe inferieure aux environs de Nancy, par MM. Fliche 
et Bleicher: Bull. Soc. sci. nat. Nancy, 14• annee, 13• fascicule, 1881, Nancy, 1882, pp, 
1-49, and plate. 

7 Note sur les cones de Pinus elongata decouverts a Saint-Dizier (Haute-Marne), 
et sur des cones de cedre du sable vert de la'Houpette (Meuse), par J. Cornuel: Bull. 
Soc. geol. France, 3d series, vol. 10, No. 4, 1882, pp. 259-263, pl. vii. 

8 Coupe des terrains tertiaires lacustres entre Rousson et Mons, arrondissement 
d'Alais (Gard), par M. Parran: Ibid., vol. 12, 1883, pp. 131-137. 
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ciety of France in a fine folio volume the posthumous works of Marie 
Rouault on the Lower _Silurian organisms of Brittany, with his own 
views on Rhysophycus and Cruziana.' The problematical forms were 
chiefly found in the department of Ille-et-Vilaine at Pontrean, Merque
lande near Janze, Paimpont, Plelan, Saint-Thurial, Laille, Bagaron, 
Saint-Aubin-du-Cormier, and Redon, though some came from Soul
vache, Sion, Chateaubriant, and Saint-Aubin-des-Chateaux in the de
partment of Loire-Inferieure, and from Bagnoles, department of Orne. 

Considerable attention has recently been paid to the development 
of the fossil floras of the north of France, by Fliche • in the Rhetic 
about Nancy; by Zeiller• and: Six• in the Carboniferous of Pas-de
Calais and Nord; by Gosselet in the Eocene sands of Ostricourt ·at 
Artres near Valenciennes, Lewarde and Buignicourt near Douai in 
Nord, and at Proix near Guise in Aisne, • and by Stanislas Meu
nier• and Charles Barrois' on the Bilobites and Nereites of Bou
logne-sur-Mer and Equihen in the department of Pas-de-Calais, 
Bagnoles (Orne), and Bourg-d'Oueil (Haute-Garonne). 

Next may be noted a series of papers in the Comtes Rend us of 
the Paris Academy, 1884-1887, relating to some interesting collec
tions made by M. Fayol in the Carboniferous of Commentry (Allier),' 

-· 

1 Presentation a la Societe geologique des reuvres posthumes de Marie Rouault, 
par P. Lebesconte, ~;~uivies d'une note ·sur les Cruziana et Rysophycus: Ibid., vol. 11, 
1883, pp. 466-472. 

CEuvres posthumes de MarieR uault; suivies de Les Cruziana et Rysophycus, con
nus sou~ Ie nom general de Bilobites, sont-ils des vegetaux ou des traces d'animaux, 
par M. Rouault and P. Lebesconte. Oberthur, 1883, pp. 1-73, pl. i-xxii, folio.· 

2 Note sur Ia flore de l'etage rhetien aux environs de Nancy, par P. Fliche: Bull. 
Soc. Sciences nat., Nancy, 2d series, vol. 8, fasc. xix, 1886, pp. 150-153. 

3 Note sur les Fougeres du terrain houiller du Nord de Ia France, par R. Zeiller: 
Bull. Soc. geol. France, 3d series, vol. 12, 1883, pp. 189-204. 

4 Les Fougeres du terrain houiller du Nord, par Achille Six: Annales Soc. geol. du 
Nord, vol. 11, Lille, 1884, pp. 201-212. 

•Quelques remarques sur la flore des sables d'Ostricourt, par J. Gosselet: Ibid., 
vol. 10, Lille, 1883, pp. 100-106, pl. v. 

o Sur quelques empreintes problematiques des couches boloniennes du Pas-de-Ca
lais, par Stanislas Meunier: Bull. Soc. geol. France, vol. 14, 1886, pp. 564-568, pl. 
xxix,xxx. 

7 Sur Ies ardoises a Nereites de Bourg d'Oueil (Haute-Garonne), par Charles Bar
rois: Annales Soc. geol. du Nord, vol. 11, 1884, pp. 219-226, pl. iii. 

s B. Renault et R. Zeiller: Sur un nouveau genre de graines du terrain houiller 
sup~rieur. Comptes rendus Acad. sci., Paris, vol. 99, 7 juillet, 1884, pp. 56-58. 

Sur !'existence d'Asterophyllites phanerogames: Ibid., 22 dec., 1884, pp. 1133-1135. 
Sur un Equisetum du terrain houiller superieur de Commentry: Ibid., vol. 100, 

5 jan., 1885, pp. 71-73. 
Sur des mousses de l'epoque houillere: Ibid., 2 mars, pp. 660-662. 
Sur un nouveau type de Cordaitee: Ibid., 23 mars, pp. 867-869. 
Surles troncs de fougeres du houiller superieur: Ibid., vol. 102, jan. 4, 1886, pp. 

64-66. 
Sur quelques Cycadees houilleres: Ibid., 8 feb., pp. 325-328. 
Sur !'attribution des genres Fayolia et Palreoxyris. Ibid., vol. 107, 17 dec., 1888, 

pp. 1022--1025. 
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all of which may be regarded as preliminary to their great work on 
this flora, the firSt part of which, prepared by M. Zeiller, has already 
a.ppeared.• In this work, so far as published, a very large number 
o.f species have been described and superbly illustrated in a folio atlas 
of forty-two plates. No attempt can,- of course, be here made tore
view this magnificent production, which can only be mentioned in 
terms of the highest praise. Most of the plants are from the coal 
mines in the immediate vicinity of Commentry, and the particular 
strata, mines, cuts, etc., are carefully stated. A few specimens, 
however, are figured from Terrasson (Dordogne), Blanzy (Sa6ne-et
Loire), Doyet (Allier), and La Machine near Decize (Nievre). 

We may conveniently mention here several short papers by the last 
named author, whose titles sufficiently indicate their geographical 
character, • as also V elain's note on the Permian flora of the Vosges, • 
one by Boule on some Tertiary plants discovered at Malzieu in the 
department of Lozere,' and a third by Moriere on a new cycad from 
Montigny (Calvados). • . . 

The Comptes Rendus of the Paris Academy for the years 1886 imd 
1887 contain summaries of more or le:::s important papers by Crie" on 
the floras of Bretagne and western France, in which the Eocene flora 
of th_at region is compared with that of Saxony and Dalmatia, and 
the Oolitic flora with that of England. 

1 Etudes sur le terrain houiller de Commentry, par Ch. Brongniart, H. Fayol, De 
Launay, Stanislas Meunier, B. Renaul~, Sauvage, et R. Zeiller: Bull. Soc. In
dustrje Minerale, Saint Etienne, 3d series, vol. 2, livraison 2. Saint Etienne, 1888; 
Livre 2, Flore fossile, par B. Renault et R. Zeiller. Premiere Partie par R. Zeiller, 
pp. 1-366, 8°. Atlas: Soc. Ind. Min., 3d series, vol. 2, livrais. 2, Livre 2, Flore 
Foosile, par B. Renault et R. Zeiller. Saint Etienne, 1888, pp.1-10, pl. i-xlii, folio. 

9 R. Zeiller: Note sur la flore et sur la riiveau relatif des couches houilleres de la 
Grande'Combe (Gard): Bull. Soc. geol. France, 3d series, vol. 13, 1884, pp. 131-149, 
pl. viii, ix. 

Determination, par la flore fossile, 'de l'age relatif des couches de houille de la 
Grand-Combe: Comptes rendus Acad. sci., vol. 100, Paris, 1885, pp. 1171-1172. 

Note sur la ftore des lignites de Simeyrols: Bull. soc. geol. France, 3d series, vol. 
15, 1S87, pp. 882-884. 

Sur la presence dans le gres bigarre des Vosges, de l'Acrostichides rhombifolius,. 
Fontaine. Ibid., vol. 16, 1888, pp. 693-699. 

8Le Permien dans la region des Vosges, par Charles Velain: Bull. Soc. geol. 
France, 3d series, vol. 13, No. 6, 1885, pp. 536-564. 

4 Note sur le Bassin tertiare de Malzieu (Lozere), par·M. 1\farcellin Boule: Ibid. 1 

vol. 16, 1888, pp. 341-345. 
6 Note sur une nouvelle Cycadee du Lias, par 1\L Moriere: Bull. Soc. Linne

enne de Normandie, 4th sm;ies, vol. 1, Annee 1886-87, Paris, 1888, pp. 125.:..134, pl. 
i-iii. 

6 Louis Crie: Recherches sur la vegetation miocene de la Bretagne: Comptes ren
. dus Acad. sci., vol. 103, Paris, 1886, No. 4, pp: 290-292. 

Sur les affinites des fougeres eocenes de la France occidentale et de Ia province 
de Saxe: Ibid., No. 10, pp. 487-489. (Note continued on p. 702.] 
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A very important work on the fossil plants of. the coal basin of 
Valenciennes, by R. Zeiller,' has recently been published by the 
French Department of Public Works, the atlas of which forms a 
volume of ninety-four plates, with figures of a large number of 
species of coal plants drawn by Ch. Cuisin. This beautiful series 
of fossils has been obtained from the coal mines of Anzin, Aniche, 
Vicoigne, Escarpelle, Douchy, in the department of Nord; those 
of Azincourt, Namx, Lens, Lievin, Bully-Grenay, Hardinghen, 
Meurchin, Ferfay, Dourges, Courrieres, Annceullin, Maries, Auchy
au-Bois, Bruay, Carvin, Courcelles-les-Lens, Flechinelle, in the de
partment of Pas-de-Calais, and from anum ber of localities in Belgium . 
which will be enumerated when treating of that country (infra, p. 
777). 

Finally may be mentioned a valuable memoir by M. Ed. Bureau, 
of the Paris Museum of Natural History, on certain fossil plants, 
chiefly monocotyledonous, from the coarse limestone of the Paris 
basin.• This paper derives its chief importance from being founded 
upon certain rare specimens not previously studied, which.the author 
discovered in the botanical gallery of the Museum and has thus 
brought to light. 

SPAIN. 

Little, indeed, is known of the fossil flora of Spain, there being few 
active workers in this department in that country. 

Brongniart' m_entions receiving Pecopteris dentata from ·Sarna, 
north of Oviedo in Asturias, collected by Le Play, and Lindley and 
Hutton described one fossil plant from Spain, a very perfect pine 
cone, which they were unable to disti~guish from that of P. CanCP 
riensis Lambert, and they actually described it under that name, • 
stating that "it was found in the year 1832 by Colonel Silvertop ina 
deposit of indurated whitish marie, containing powerful beds of sul-

[Continuation of note on page 701.] 
Sur les affinites des flores oolithiques de la France occidentale et de 1' Angleterre. 

Ibid., No. 11, p. 528-530. 
Contributions a !'etude des flores tertiaires de la France occidentale et de la Dal

matia. Ibid., No. 16, pp. 699-701. 
Sur les affinites des flores eocenes de la France occidentale et de la province de 

Saxe. Ibid., No. 11), pp. 894,895. 
Contribution a I' etude des fruits fossiles de la fl.ore eocene de Ia France occiden

tale. Ibid., No. 22, pp. 1143,1144. 
' Etudes des gites mineraux de la France. Bassin houiller de Valenciennes. De

scription de la flore fossile, par R. Zeiller. Ministere des Travaux publics, Paris, 
1888. Text pp. 1-731, 1 col. map folio. Atlas, Dessins Q.e Ch. Cuisin, Paris, 1886, 6 
pp., 94 pl., folio. 

9 Etudes sur la fl.ore fossile du calcaire grossier Parisien, par M. Ed. Bureau: 
Memoires publies par la Societe Philomathique a !'occasion du centenaire de sa 
fondation, 1788-1888. Paris, 1888, pp. 235-265, pl. xxii, xxiii, 4°, 

a His to ire des vegetaux fossiles, vol. 1, 1828, p. 346. 
4 Fossil Flora of Great Britain, vol. 3, p. 85, pl. clxxxil. 
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phur, near the town of Hellin, in the province of Murcia," which 
· they regarded as of Tertiary age. 

Later (1845) MM. Verneuil and d'Archiac' published the first 
Carboniferous plants from Asturias obtained at Arnas and Fer
roues. 

Of native workers Sr. de Areitio y Larrinaga seems to have been 
the earliest to grapple seriously with the subject, although Prado' 
in 1864 had determined a few species. The first of Areitio's papers, 
published in 1873, • consists of a bare list of twenty-nine species oi 
Carboniferous plants and one Cretaceous species from Reocin (San
tander), collected by a number of geologists and submitted to him 
for determination. The Carboniferous localities given are: Puerto 
de Leitariegos, Matallana, road from Arlanza to N oceda, Orzonaga, 
Toreno, Puerto Manzanal, Braffuela, all in Leon; San Juan de las 
Abadesas, in Gerona; and Espial and Belmez in Cordova, besides 
points in Asturias. · 

The second paper, published one year later, • besides describing one 
new species (Xilomides eradiatusj from the Carboniferous of Espial 
and Belmez gives tolerably full synonymy, contains some explan
atory remarks, aud enumerates one hundred and ten species from 
various parts of the kingdom and from several geological horizons, 
though chiefly Carboniferous. The following localities are Silurian 
and yielded the characteristic Silurian genus Rysophycus, Bytho
trephis, and Cruziana (Biolibites, Frmna, etc.): Guadalmes and Al
maden in Ciudad Real, Puebla de la Mujer Muerta, and el Atazar 
in Madrid. The following Carboniferous localities occur in addition 
to those given in the previous paper: Cangas de Tineo, el Rotan 
(puente de San Andres), Quiros, Sarna, Termino de Pajares, Ferroffes, 
Mieres, Sorriba, Ciano, Langreo, Forcada, Ballina de Sotrondio, Car
redo, valley of the Aller, and Santo Firme, in Asturias; Villanueva 
del Rio, and el Viar near CantiJlana, in Seville; 8abero, Canteras de 
Villahlin, Villajer, and la Magdalena, in Leon; Barruelo, la Florida, 
Orb6, Otero de las Duenas, Vergaffo, Guardo, Vegacervefa, Rio Os
curo, lake Lomas, and San Felices, in Palencia; San Adrian de Juar
ros, in Burgos; Coto de la Sec::t, Aurelio, valley of the Turon, and_ 
San Martin del Rey, in Salamanca; Retienla, arroyo Palencar, Tor
tuero; and Valdesotos, in Guadalajara; Puerto Llano and el Viso, in 

I Note sur les fossiles du terrain paleozoique des Asturies, par MM. Edouard Poul
litier de Verneuil et Etienne Jules de Archiac: Bull. Soc; geol. France, 2d series, 
vol. 2, 1844-1845, pp. 458--485, pl. xiii-xv. . 

2 Descripcion fisica y geologica de Ia Provincia de Madrid, por Casiano de Prado: 
Junta general de estadistica, Madrid, 1864, xvi, 219 pp., 4°. 

3 Materiales para la flora f6sil espanola, por Alfonso de Areitio y Larrinaga: An
ales Soc. espafi. hist. nat., vol. 2, 1873, pp. 379-383. 

4 Enumeraci6n de plantas f6siles espafiolas, por Alfonso de Areitio y Larrinaga: 
Ibid., vol. 3, 1874, pp. 225-259. 
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Ciudad Real; Berlanga in Badajoz; Fuente Ovejuna and arroyo del 
Albq_rdado in Cordoba; and Surroca in Gerona. · 

Two localities are set down as Triassic: Valle de la Uierva (Cu
enca), and Javacin (Morata de Jalon, Zaragoza), and one as Creta
ceous: Reocin (Santander), which last was treated as Carboniferous 
in the previous paper. 

Perhaps the most interesting part of the paper is that referring 
to Tertiary plants, which were found at Teruel in Aragon; at Hollin 
in Albacete, and at tho sanctuary of Santa Eulalia in the mountains 
of Totana, Banos de Mula, and Cabezos de la Trisca in Murcia, and 
at Zarra in Valencia. Thirteen Tertiary species are named from 
these localities, including one Ohara, two conifers, and ten dicotyled
onous £orms, all of which are identified with species previously de
scribed from the European Tertiaries. Unfortunately no figures of 
these Spanish fossil plants are published. 

M. Grand 'Eury, in 1877, had received quite a collection made by 
Gregorio de Aurre at Langreo, Santo Firme, and Arnao. He had 
also received from M. Reydellet a collection made at Puerto Llano, in 
the province of Ciudad Real, and MM. Heral, Estival, and Breuilhes 
had prior to that date sent to the School of Mines at Paris numerous 
specimens from the Carboniferous deposits at Belmez, near Cordone, 
Andalusia, in the Sierra-Morena, to which Grand 'Eury had access. 
He had also seen specimens from San Jumi de la Abadesas, Gerona 
(Flore Carbonif. de la Loire, pp. 429-433). 

Reydellet; in a paper published in 1875,' enumerates some of the 
forms from Pi1erto Llano, determined in part at Madrid and in part 
by Messrs. Zeiller and Grand 'Eury. 

M. Reydellet's collection contained a new species of Spirophyton 
from the Silurian or Devonian of Almaden, to which M. Bayan called 
attention in 1874. • 

Don Carlos Castel, in 1878, described a coniferous plant obtained by 
him in a Triassic deposit (probably Buntersandstein) between Cam
pillo and Molina, in the province of Guadalajara, • which was iden-
tified by Sr. Laguna as Albertia elliptica Schimp. · 

Barrois, in his large work on the Geology of Asturias, 1882, • which 
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must have been prematurely dated, describes Bilobites and Scolithus 
from the Silurian of Arniella, Cadebo, Fontaneira, Caroges, Caitero, 
Caba Busto, and other localities in that province; he also gives lists 
of all the plants found at different horizons in the Carboniferous 
series, which.were determined by Zeiller' and Grand 'Eury. They 
were found in the basin of Sarna de Langreo, on the river N alon at 
Santa Ana, Ciano, Felguera, Mosquitera, Carbayin, in the basins of 
Ferrofies, of Arnas, and of Tineo. . · 

No plants are figured in the atlas of this work. A Spanish transla
tion of this paper may be found in the Bulletin of the Commission. • 

In the catalogue of Spanish fossils in the mineralogical exhibition 
{)f Madrid in 1883, _prepared by Sr. Egozcue,' plants are represented 
from the Silurian, Carboniferous, and Triassic, but the localities are 
for the most part the same as those already enumerated. Th.e fol
lowing, however, are additional: Silurian-Sierra de Carrascalejo 
.and Villuercas (Caceres); Redipollos, and San Pedro de los Burros 
(Leon); Herrera, Suesme, Villafeliche, and Santa Cruz de A tea (Zar
agoza). Cm·boniferous-Erill-_Castell (Lerida); Venta Velasco (Leon); 
Rubagon and Revilla (Palencia); Arroyo de la Ermita (Cordoba). 
Tr·ias8ic-La Cierva, Hen."trejos (Cu~nca). 
· Plants from the Carboniferous and Miocene of the province of 

-Gerona are enumerated by Vid.al' in 1886, but no· localities an3 stated. 
Attention should also be called· to the papers of Rerolle and De

peret on the Miocene plants of Cerdagne, • and as some of these were 
collected at Bellver and Sanavastre, in the Spanish portion, they re
-quire to be mentioned here. 

PORTUGAL. 

In Portugal a number of beds have been discovere<J. yielding fossil 
plants, the first descriptive paper being by Bun bury;• later elaborated 

'Note sur la tlore houillere des Asturies, par R. Zeiller: Mem. Soc. geol. du Nord, 
vol. 1, Lille, 1882, No. 3; pp. 1-22. . 
. ··Notas acerca de la tlora hullera de Asturias, por R. Zeiller: Traduction por Justo 

.Egozcue, in Bol. Comisi6n del Mapa geol. de Espana, vol. 11, 1884,· pp~ 159-182 (1-24). 
3 Catalogo de los f6siles presentados en la Exposici6n de mineria en Madrid pn 

1883, por Justo Egozcue; Ibid., vol. 10, 1883, pp. 119~154 (27-62) . 
• • 4 Resefia geologica y miner a de la Provincia de Ger.ona, por D. Luis M. Vidal: 

, Boll. Comisi6n Mapa geol. de ·Espana, vol. 13, No.2, 1886. pp. 1'-172 . 
. • Etudes sur les vegetaux fossiles de Cerdagne, par L. Rerolle: Rev. Sci. nat. Mont

pellier, 3rd series, vol. 4, 1884-'85, Nos. 2, 3. 
Note sur la geologie et sur les mammiferes fossiles du bassin lacustre miocene 

'superieur de la Cerdagne, par Ch: Deperet et L. Rerolle: Bull. Soc. geol. France, 
3d series, vol. 13, No. 6, 1885, pp.488-506, pl. xvii, xviii. 

6 On the Carboniferous and Silurian Formations of the neighborhood of Bussaco, 
·in Portugal, by Scnhor Carlos Ribeiro; witli notes and a description of the Animal 
·Remains by Daniel Sharpe, J. 'W. Salter, and T. Rupert Jones; and an aqcount of 
the vegetable remains by Charles J. F. Bunbury: Quart. Jour. Gcol. Soc. London, 
-voL 9, 1853, pp. 135-163, pl. vii-ix. (Bnnbury, pp. 143-147, pl. vii.) 

8 GEOL--45 
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more thoroughly by Gomes, 1 Geinitz • and Feistmantel, • all relating 
to the Carboniferous formation. The Mesozoic and Tertiary plants, 
early collected by Ribeiro, were determined by Heer and the results 
published in 1881. • 

Ribeiro's specimens, and others previously collected by Choffat, • 
were obtained from Rhetic beds at Rapozeira and V acariga near 
Pego and Coimbra (Busaco), province ·of Beira; from the Lias 
(Toarcian) at Porto de Moz, and Casal Comba, north of Lisbon; 
from the Oolite (Dogger, Bajocian), at Verride Porto de Moz, Revel
los,. Quiaios, and Thomar, north of the Tagus in the province of 
Estremadura and not very far from Lisbon, at Cape Mondego and.' 
Soure in the province of Beira, and at Sagres in the province of 
A.lgarne in the extreme south ; from the Malm (Wealden ?) at Sao 
Louiz (peninsula of Sytubal), Sao Pedro near Cintra, and at the tun
nel of Chao de Ma<,;ans, province of Estremadura and south of Lis
bon, as well as at Cape Mondogo; from the Cretaceous (Neocomian 
or perhaps Wealden) at Almargem near Bellas, and the Valle de 
Lobos near Sabugo, on the road· from Lisbon to Mafra (Estre~a
dura); and finally, from the Tertiary (Miocene) at Agambuja (basin 
of the Tagus, lat. 39°), Bacalhao and the Portella road near Quinta 
da Cruz, and also at Campo Grande, all of which places are only 
a few miles northeast or north of Lisbon in the province of Estrema
dura. 

To the above-named Cretaceous localities may now be. added, 
through the continued activity of M. Choffat, of the Portuguese 
Geological Survey, those of Nazareth, Buarcos, and Alcantara, in 
the Upper Cenomanian, and those of Padrao and Busaco, in the 
Lower Cenomanian or Carentonian, specimens from which places 
were sent to the Marquis Saporta and made the subject of a short 
paper in the Comptes Rend us for _1888. • 

1 Flora fo~sil do terreno carbonifero das visinh~ngas do Porto, Serra do Bussaco, 
e Moinho d'Ordem proximo a .Alcacer do Sal, por Bernardino .Antonio Gomes: 
Comm. geol. de Portugal, vegetales fosseis, I, Lisboa, 1865, 44 pp., 6 pl. (Portuguese 
and French). 

2 Beitrage zur alteren Flora und Fauna, von Dr. H. B. Geinitz. I, Die fossile 
Flora in der Steinkohlen-Formation von Portugai nach B. .A. Gomes: N eues J ahrbuch 
fiir Mineral., 1867, pp. 273-290, pl. iii. 

3 Kleine palaontologisch-geologische Mittheilungen, v · n- Ottokar Feistmantel. 
Ueber Steinkohlenpflanzen aus Portugal: Lotos, vol. 25, October, 1875, pp. 149-155. 

4 Contributions a la flore fossile du Portugal, par Oswald Heer: Section des 
travaux geologiques du PortugaJ, Lisbonne; 1881, pp. 1-51, pl. i-xxviii, folio. 

5 Paul Choffat: Etude stratigraphique et Paleontologiquc des terrams jurassiques 
du Portugal. 1st liv., Le Lias et le Dogger du Nord du Tage: Section des travaux 
geologique;; du Portugal, Lisbonne, 1880, 72 pp., 4°. ' 

6 Sur les Dicotylees prototypiques du systeme infra-cretace du Portugal. Note de 
M.G. de Saporta: Comptes rendus Acad. Sci., vol.106, Paris, 1888, No. 22, 28 mai. 
pp. 1500-1504. 
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The extei:1sive series of Bilobites and other Silurian organisms 
that formed the subject of Delgado's prolonged studies and memoirs' 
were obtained at Portas-de-Rodam near Villa Velha, on the right 
bank of the Tagus; Penha-Garcia, Loredo, Sernadas-do-Galhano; 
Pe-do-Viso, Oassemes, Zuvinhal, Pedorido, Luso, Goes, Penacova, 
Portella-de-Oliveira, .Amendoa, and Aguiar-de-Sousa, in the province 
of Beira; at Freixo-d'Espada-a-Ointa, Moz near Torre-de-Moncorvo, 
Bruc6 bet,V.een Villar-de-Rei and ~agoaga, Poiares, Ligares, Este
vaes, etc., in the province of Tras-os-Montes; at or near Sardoal and 
Magao in Estremadura; on Mount San Miguel near Niza, i1i Alem
tejo; on the Serra Oolorada in Barrancas; and on the Serra de· Santa 
Justa, near Vallonga, in the province of Minho. · 

ITALY. 

One of Faujas de Saint-Fond's early papers, 1807, • related to sup
posed palm-wood and seeds found in the tufas Of Montecchio Mag-

, giore; in the province of Vicenza, Venetia, and this is perhaps the 
earliest mention of fossil plants in Italy. He was ·also the first to 
call attention to the rich beds of Monte Bolca .in Verona, which he 
did in 1815 in a paper already cited (supra, p. 690), treating them 
somewhat elaborately in two subsequent papers in 1819 and 1820.' 

Brocchi • states that he found among the manuscripts of Giovanni 
Targioni an extensive work on the fossil fucoids of Tuscany, chiefly 
from the Galestro limestones within seven miles of Florence. 

Rozan's Conjecture sur les plantes fossiles de Monte Bolca, 18:23, • 
a paper which I have not been able to consult, is the next notice I . 
find of the celebrated Eocene beds of that place. 

------------------
1 J. F. Nery Delgado: Sobre a existencia do terreno siluriano no Baixo Alemtejo. 

Terrenos paleozoicos di Portugal, Lis boa, 1876, pp. 1-35, [French, pp. 1-38,1 4 pl.; 
Mem. Acad. sci. Lisboa, new series, vol. 5, Lisbon, 1878, pt. 2, No. 2, pp. 1-56, pl. 
i, ii, with map. 

Note sur les echantillons de Bilobites envoyes a !'exposition geo·~raphique de Tou
louse. Bull. Soc. d'hist. nat., Toulouse, vol. 18, 1884, pp. 126-131., pl. i, ii. 

Etude sur les Bilobites et autres fossiles des quartzites de Ia base dn systeme sHu
rique du Portugal: Section travaux geol. du Portugal, Lisbonne, 1886, pp.1-113, 
pl. i-xli;, folio. Supplement, Lis bonne, 1888, pp. tl-78, pl. i-viii, viiia, ix, x. (Portu-
guese and French). · 

2 Faujas de Saint-Fond: Notice sur une portion de tronc de palmier ·trouvee a 60 
pjeds de profondeur, au milieu d'un tuffa ou breche volcanique de Montecchio Mag
giore dans le Vicentin. Ann ales l\f useum d'hist. nat., Paris, vol. 9, 1807, pp. 388-391. 

3 Faujas de Saint-Fond: Sur quelques-unes des plantes fossiles qu'on trouve dans 
les couche.s calcaires de Monte Bolca, dans le·Veronnais, et de Vestena Nova, dans 
le Vicentin, dans les memes gisements oil sont les poissons fossiles. Mem. Museum 
d'hist. nat., Paris, vol. 5, 1819, pp. 162-167, pl. xii. 

Notice sur quelques plantes fossiles qu'on trouve dans les couches calcaires du 
Monte Bolca. Annales generales des sci. phys. etc., vol. 4, Paris, 1820, pp. 45-50. 

4 Biblioteca Italiana, vol. 10, 1818, p. 206. 
6 Conjecture sur les plant~s fossiles de Monte Bolca par M. Rozan; (dans les '' Essais 

de litter. et d'hist. nat.", avec la traduct. ital. par Morcaldi); Naples, 1823, xii, 122 
pp., 40. . 
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/ Procaccini-Ricci's labors in theUpper Miocene beds of Sinigaglia, 
Province of Ancona, were first made known in a somewhat extended 
paper published at Rome in 1828,' discussing the geological and 
mineralogical conditions and laying special stress upon t4e leaf im
pressions (filliti), which abound in the strata of that place. This 
was followed by his two remarkable series of letters on the same 
subject, addressed to Lodovico Bianchini• and P~·ofessor Alessan-
drini, • 1838-1840. · · 

Viviani's letter to Pareto on the Tertiary gypsum beds of Stradella 
in Lombardy, which was published in 1833,' was accompanied by 
figures that have been much quoted by later writers. 

Three other papers, one by Philippi, who found· Amphitoites on 
tho island of Ischia, 1837,' one by Sa vi, who observed vegetable im
pressions in the Carboniferous of Monte Bamboli, 1843, • and one by 
Moretti, Visiani, and Parlatore on the leaf-prints of Montescano, 
1844,7 together with two by Tornabene em the :~;·ecent impressions 
found in the lavas at the foot of Mount Etna,' bring the record 
down to the year 1850 and the era of Massalongo and Zigno. 

Massalongo's papers are very numerous and relate to a number of 
1 Osser~azioni sulle gessaje del territorio Sinigagliesi, sui filliti, gl'ictioliti ed 

altri oggctti contenuti nelle medesime, fatte da Vito Procaccini-Ricci. Rome, 1828, 
102 pp.,5 pl., 8°, 

2 Vito Procaccini-Ricci: Lettera (I) al 'Cav. Lodovico Bianchini sulle filliti Sini
gagliesi. Il Progresso, Scien'ze, Letterc, etc., quader: xxx, Napoli, 1836, pp. 202-206. 

Lettera (II) al Cav. Lodovico Bianchini sulle filliti Sinigagliesi. Ibid., quader. 
xxxiv, Napoli, 1837, pp. 238-247. 

Lettera (III) al Cav: Lodovico Bianchini sulle filltti Sinigagliesi. Ibid., Napoli, 
1838. 

Lettera (IV) al Cav. Ludovico Bianchini sulle filliti Sinigagliesi. Ibid., quader. 
xlii, Napoli, 1838, pp. 197-214. 

3 Vito Procaccini-Ricci: Lettera prima a Prof. Ant.· Alessandrini, sull' anatomia 
delle filliti Sinigagliesi. Nuovi Annal. di Sci. nat., Ann. I, vol. 1, Bologna, 1838, PP. 
190-213, pl. iv, v. 

Lettera seconda al Prof. Alessandrini sull' anatomia delle filliti Sinigagliesi. Ibid., 
Ann. I, vol. 2, Bologna, 1838, pp. 14.:36, pl. i, ii. . · 

Lcttera ·terza al Prof. Alessandrini sui vegetabili delle colline Sinigagliesi. Ibid., 
Ann. II, vol. 4, Bologna, 1840, pp. 127-135. . · 

. 4 Lettre aM. Pareto sur les restes de plantes fossiles trouves dans les gypses ter
tiaires de la Stradella, pres de Pavie, pa,r Vine. Viviani: 1\f{:nu. Soc. geol. Fmnce, 
vol. 1, part 1, no. 7, 1833, pp. 129-135, pl. ix-xi. 

6 Ueber die subfossilen Seethier-Reste von Pozzuoli bei Neapel und auf der Insel 
Ischia, von R. A. Philippi: Neues Jahrbuch fUr Mineral., 1837, pp. 28.5-292, pl. iii, , 
figs. 4, ~-

6 Impronte vegE;ltabili osservate nel terreno carbonifero di Monte Bamboli, de Pietro 
Sa vi: · Miscel.med. chir., Pisa, 1843, 11t. 2, pp. 40-44. 

7 Moretti, Visiani e Parlatore: Sulle filliti di Montescano; Atti d. sesta riun. d. 
scienz. ital., ten uta· in Milano nel settembre, 1844, Milano, 1845, pp. 512, 526. 

8 Francesco Tornabene: · Intorno ad alcuni resti di vegetabili chc tmvansi nella 
forma.zione _dell' argilla presse Catania. .Atti Accad. Gioenia sci. nat. Catania, 2d 
series, vol. 2, 1845, p. 380. 

Sopra i tufi di Fasano e Leucatia al piede dell' Etna; con fossili vegetali .. Rend. 
R. Ace. d. sci. di Napoli, Anno V, Napoli, 1846,p. 394. 
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plant beds in' different parts of Italy, but his chief attention was 
directed to the development of those of Monte Bolca, and Siniga
glia. His prelude to the flora of Monte Bolca' appended. to his_ 
geognostic sketch of the valley of the Progno, 1850, • is a descrip
tive paper of merit, but unfortunately, like too many of Massa
longo's papers, without illustrations. His monograph of the N e
reids, 1855, • I have not yet seen, and can only presume that it treats 
of the riumerous rather problematical forms so abundant at the base 
of the Eocenes of most ·countries. The preliminary account of new 
discoveries there, published in the Neues Jahrbuch fiir Mineralogie, 
etc., for 1857: gives a list of additions made to that flora sinee the ap
pearance of the Prreludium. These and many others are uescribed in 
his Palreophyta Rariora, 1858, • the remainder of which is devoted to 
the somewhat higher (Oligocene) floras of Vegroni in Verona and 
Chiavon in Vicenza. 

His flora of Vicenza appeared in 1851, • a large octavo pamphlet 
with systematic Latin descl'iptio ns, to which is appended his Pros
petto of the Tertiary flora of Europe, enumerating in systematic 
order all the plants known to him at that time, which was also pub
lished in separate form in 1852.' The principal localities in Vicenza 
are Salcedo and Chiavon. 

One locality in Lombardy, • a number in Verona, •at Monte Spilecco, 

1 Prreludium florre Bolcensi. [This title covers the systematic part (pp. 21-77) of 
the Schizzo geognostico, by Abramo Massalongo, 1850.] 
~Abramo Massalongo: Schiz.zo geognostico sulla valle del Progno o torrente d' Il

lasi, con un saggio sopra la flora primQrdiale del Monte Bolca. Verona, 1850, 77 pp., 8'. · 
3 A. Massalongo: l\fonogra_fia delle Nereidi fossili del Monte Bolca. Verona, 1855, 

55 pp., 6 pl., 8'. 
4 Vorlaufige Nachricht tiber die neueren palaontologischen Entdeckungim am 

Monte Bolca, von A. Massalongo: Neues Jahrbuch fli.r Mineral., 1857, pp. 775-778. 
• A. Massalongo: Palreophyta rariora formation is tertiarire agri Veneti. Atti 

Adun. I. R. Ist: veneto sci., etc., 1857-'58, pp'. 729-793. -
6 A. Massalongo: Sopra le pi ante fossili dei terreni terziarj del' Vicentino, Osser

vazioni, etc. Padova, 18ii1, 264 pp., 8'. 
1 A. Massalongo: Conspectus florre tertiarire orbis primrevi. Patavii, 1852, pp. 

1-37, 12'. 
8 A. Massalortgo: Nota sopra due frutti fossili del bacino lignitico di Leffe nel Ber

gamasco. N uovi annali sci. nat., vol. 6, Bologna, 1852, pp. 253-258, pl. iii. 
9 A. Massalongo: Sopra un nuovo genere di pandanee fossili della Provincia Ve

ronese. Dissertazione. 1\fem. Accad. Agric., etc., vol. 29, Verona, 1853, pp. 187-
207, pl. i-iv. 

- . Descrizione di alcuni fuchi fossili della calcaria del Monte Spilecco nella Provincia 
· Veronese. Rivista Period. I. R. Accad. Padova, vol. 4, 1855-'56, pp. 207-233, pl. i-vi. 

Nuova scoperta di pianti fossili nelle Provincie Vcronesi. Notitizie scientifiche 
dell' Ibis, .Aimo I, Verona, 1856-'57 (Vegroni, p. 89: Ronca, p. 144). 

Musacearum Palmarumque fossilium Montis Vegroni (prov·. Veron.) Sciagraphia, 
Mem. I. R. Ist. veneto Sci., etc., vol. 9, 1861, pp. 339-357, pl. xiv-xxiv. 

A. Mass;-tlongo e Mauritius Lotze. Specimen photographicum animalium quo
rumdam.plantarum que fossilium agri Veronensis. Verona, 1859, pp. 1-101, 4'; 
Atlas, pl. i-xl, 4'. (Italian and Latin.) · 
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Monte Vegrm01i, Ronca, Monte Colle and Monte Pastello, and one, 
Zovencedo, in Vicenza, are mentioned. 1 In his Syllabus • of all the 
fossil plants of Venetia, 1859, we find additional localities: Colog
nola, Novale, Pugnello, Giabusa near Cavolo, Muzzolone, Scaluccie, 
Valle Rovina, Granella,Malo, Teolo, Leffe, Lavarda, Altissimo, Pur-· 
ga di V elo, Caldiero. 

In central Italy we find Massalongo describing plants from the 
Tertiary of Forli in Emilia, Cavaceppo in Marches, Bobbio in Lom
bardy, Sarzana in Liguria,' Sassateglo and Bologna (this of doubt
ful vegetable nature), province of Bologna,' and at Sinigaglia on the 
east coast (Marches).' It was upon the Upper Miocene flora of this 
last-named place that the only complete illustrated monograph" from 
his pen was written. This work, for which Scarabelli wrote a geolo
gical introduction, deserves more space than can be given to it here, 
restricted as it is to a single locality, but it may be said that it con
tains the full Latin description of three lnuidred and eighty-eight 
speeies, illustrated by forty-five large quarto plates, the figures being 
for the most part admirably drawn. 

Associated with Visiani, Massalongo, in 1854, further elaborated 
the flora of N ovale in Vicenza, 7 in a very complete monograph. 

The paleobotanical work of Baron Achille de Zigno has been con
fined almost exclusively to the Oolitic strata of the Venetian Alps. 
Aside from his great work, which will presently claim attention, we 
find half a dozen or more papers, the earliest of which were chiefly 

~ ' 
1 A .. Massalongo: Plan too fossiles novoo in formationibus tertiariis regni veneti nu-

~per inventoo. Veronoo, 1S53, 24 pp., sa. 
Flora fossile del Monte Colle nella provincia veronese. Mem. d. I. R. Ist. veneto 

Sci., vol. 6, 1856, pp. 557-575, pl. i-viii. ~ · 
Reliquie della flora fossile eocena del Monte Pastello nella provincia veronese. 

Atti I. R. Ist. veneto Sci., 3d series, vol. 4, 1S57-'5S, pp. 169-lS6, pl. i-viii. 
Sullo piante fossili di Zovencedo e det Vegroni. Lettera al Prof. Visiani. Vero

na, 1S5S, pp. 1-20, sa. 
2 A. Massalong'o: Syllabus plantarum fossilium hucusque in formationibus tertia

riis agri Veneti, detectarum. Veronoo, 1S59, pp. i-x, 1-179, sa. 
3 A. Massalongo: Descrizione di alcune piante fossiii terziarie dell' Italia meridio

nale. Nuovi annali sci. nat., 3d series, vol. S, Bologna, 1S53, pp. 193-201, pl. i, ii. 
4 Sopra una piantafossile della provincia bolognese. Lettera del Dottor A. Mas

salonga al Chiar. geologico Giuseppe Scarabelli d' Imola: Ibid., pp. _25S-261, pl. iii. 
5 A. Massalongo: Prodromus floroo fossilis Senogalliensis. Giorn. I._ R. Ist. sci., 

etc., new series, vol. 5, Milano, 1S53, pp. 197-230, pl. !i-v. 
Sulla flora fossile di Sinigaglia. Lettera a Scarabelli. Verona, 1S57, pp. 1-52, sa. 
Synopsis floroo fossilis Senogalliensis. Verona, 18fi8, pp. 1-13S, sa. 
6 A. Massalongo e G. Scarabelli : Studii sulla flora fossile e geologia stratigrafica del 

Senigalliese. Imola, 1S58-'59, pp. 1-504, pl. i-xlv, folio.· 
1 Roberto de Visiani and A. Massalongo. Synopsis plantarum floroo tertiarioo noval

ensis. Flora, new series, 12th Jahrg., vol. 1, Regensburg, 1S54. no. S, pp. 113-124. 
Flora de' terreni terziarii di Novale nel Vicentino. Meni. R. Accad., Sci. di Tori

no, cl:;tss. sci. fis. e math., 2nd series, vol. 17, Torino, 1858, pp. 199-244, pl. i-xiii. 
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geological, relating to this subject,' and several others • of equal or 
greater importance, which were based on his researches in this field. 

The first volume of Zigno's Flora fossilis formationis Oolithicrn• 
bears date 1856-1868, and the second volume, 1873-1885. A third is 
in preparation. The treatment is systematic, the' first volume em
bracing the Cryptogams, chiefly ferns; the second the Monocotyle- . 
dons, strangely (for a paleobotanist) placed before the Gymnosperms 
and the Cycadacern, w.~;ongly called dicotyledons; and the third is to 
treat the Coniferrn. I have thus far seen only the first two volumes, 
being all which at this time have been published. The entire Oolitic 
flora of the globe is intended to be embraced in the work, ·but- Italian 
localities are carefully given, and from them a few of the more com-. 
mon ones may be introduced here: Monte Pernigotti near San Bar
tolamio, in the Valle Tanaro and Valle Zuliani, at Salaorno near Ro
vere di Velo, Monte Alba near Campo Fontana; Monte Raut and 
Bienterle near Selva di Progno, and at·Scandolara and Squaranton, 
in Verona; at Monte Pisano, Monte Spitz, and in the Val d'Assa 
near Rotzo in the Septem Communes, Vicenza; and at Monte Re
pole in Etruria. 

Visiani's work in paleobotany was exclusively confined to the 
fossil flora of Venetia. In 1852 he wrote a critical review of Mas
salonga's TertiarY flora of Vicenza;• in 18ti4 ~ppeared his illus-

1 Achille de Zigno: Uebersicht der geschichteten Gebirge der venetianischen 
Alpen. Jahrbuch k.-k. geol. Reichsanstalt, Wien, I. Jahrg., 1850, pp. 181-196, 
~~ . 

Coup d'oeil sur les terrains stratifies des Alpes venitiennes. Haidinger abhandl., 
vol. 4, Wien, 1851, no.l,pp. 1-16, pl. i. 

Decouverte d'une fiore jurassique analogue a celle de Scarboroug, dans les 
·couches ooliiiques des Alpes Venitiennes. Bull. Soc. geol. France, 2d series, 
vol. 10, 1852-'53, pp. 268, 269. 

Decouverte de plantes fossiles dans les terrains jurassiqties des Alpes de la Vene
tie. Ibid., vol. 11, 1853-'54, pp. 289-29l. 

Sulle piailte fossili del trias di Recoaro raccolte dal Prof. A. Massalongo. Mem. 
I. R. Ist. veneto Sci., etc., vol. 11, 1862, pp. 1-31, pl. i-x. 

Descrizione di. alcune Cicadeacee fossili rinvenute sull' Oolite delle Alpi veneta. 
Atti I. R. Ist. veneto Sci., etc., 3d series, vol. 13, 1867-'68, pp.1213-1228, pl. iv. 

Fossile Pflanzen aus Marmorschichten im Venotianischen. Verhandl. k.-k. 
geol. Reichsanstalt, Wien, 1871, pp. 54, 55. 

~Achille de Zigno : Sulle Cicadee fossili dell' Oolite. Rivista Periodica, lavori 
I. R. Accad. sci., etc., Padova, vol. 1, 1851-'53, pp. 345-349. · 

Osservazioni sulle felci fossili deli' Oolite, ed enumerazione delle specie finora 
rinvenute nei. varii piani di quella formazione, etc. (Mem. letta all' I. R. Accad. sci. 
litt. ed arti di Padova, 11 Giugno, 1865.) Padova, 1865, pp. 1-40, chart .. 

Sulla distribuzione geologicae geografica delle conifere fossili. Rivista Periodica, 
lavori I. R. Accad. sci., etc., Padova, vol. 27, 1878, 16 pp., 3 charts. 

3 Achille de Zigno: Flora fossilis formationis Oolithicre. Le piante fossili dell' 
oolite. Vol. 1, Padova, 1856-1868, pp. l-223,-pl. i-xxv; vol. 2; 1873-1885, pp. i-vii, 1-
199, pl. xxvi-xlii. 

4 Relazione critica di un'opera '' Sopra le piante fossili dei. terreni terziarii del Vi
·centino" dell Dott. A. Massalongo; R. de Visiani: Atti adun. I. R. Ist. veneto Sci., 
-etc., vol. 3, 1852, pp. 98-104. . 
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trated memoir on the Tertiary feather-palins of Venetia~' in 1868, he-
described another new species of palm;• and in 1869 he established 
his new genera, Agavites and Aloites,' which he carefully figured 
and described in a larger paper in 1875. • 

Sismonda's two memoirs on the Miocene flora of Piedmont, 1859, 
1865, • have great value both from being the only treatment of that 
flora and from their own intrinsic merits as thorough; systematic, 
illustrated papers. The principal plant beds in Piedmont ~re: 
Guarone, Morra, San Damiano, Bagnasco, Brusasco, Cocconato, Tor·
tona, Astesan, Piobesi, and near Turin, but the author also describes 
species from Cadi bona, Sarzanello, San Remo, and Stella, in Liguria; 

-from Stradella ne_ar Pavia, in Lombardy, and from Mezzano, Bel-
-forte, and the valley of the Trebbia, in Emilia. 

Schauroth's two _papers on the .Triassic beds (Muscholkalk) of 
Recoaro in Vicenza, 1855, 1859, • give an account of the plants to 
which Zigno was the first to call attention in 1862, and which have 
since received fuller treatment by Schenk7 and Gumbel. • 

Gaudin's important researches into the Miocene and Pliocene· 
floras of Tuscany, Sicily, and the Lipari Islands were commenced in 
18579 by a short paper, with one plate, describing plants from the 
beds of Montajone, the valleys of the Arno and Magra, Massa Mar
ittima, Poggio-Montone, Alceto, Monte Fiascoiie, Abbruzes, ete., 
which was followed by a series of six "Contributions" in the Meni-

1 Roberto de Visiani: Palmre. pinnatre te~tiarire agri veneti. Mem. I. R. Ist. ven
eto Sci., vol. 11, 1864, pp. 435-460, pl. xii-xxiii. 

~Rob. de Visiani: Descrizione di una nuova specie di palma fossile. 'Atti Soc .. 
ital. sci. nat., vol. 11, Milano, 1868, pp. 360,361. 

a Rob. de Visiani: Di due nuovi generi di pianti fossili. Accad. sci., lett eel arti,. 
- Padova, Feb., 1869. , . - ' · 

. 4 Rob. de Visiani: Di alcuni generi di piante fossili. Mcm. I. R. Ist. veneto Sci:,. 
etc., vol. 18, 1875, pp. 457-466, pl. xix-xxvi. 

sEugtme Sismonda: Prodrome d'une flore tertiaire du Piemont. Mem. Accad. 
sci., Torino, classe sci. fis. e math., 2d series, vol. 18, Turin, 1859, pp. 519-547, pl. i-iv. 

Materiaux pour servir ala paleontologie du.terrain tertiaire du Piemont. Ibid;,. 
vol. 22, 1865, pp. 391-471, pl. i-xxxili. 

6 :Karl Schaur'oth: Uebersicht der geognostischen Verhaltnisse der Gegcnd von 
Recoaro im Vicentinischen. Sitzungsber. k. Akad. vViss., Wien, math.-na:turw. Cl.,. 
vol. 17, 1855, pp. 481-562, pl. i-iii, map. (Foss. plants, pp. 498, 499, pl. i). 

Kritisches Verzeichniss der V ersteinerungen der Trias im Vicentinischen. Ibiu. ,. 
vol. 34, 1859, pp. 283-356, pl. i-iii. 

7 Ueber die Pflanzenreste des 'Muschclkalks von Recoaro, von .A. Schenk .. 
Benecke: Geognostisch-palreontologischc Beitrage, vol. 2, MUnchen, 1866-'69 (18u8), 
pp. 71-87, pl. v-xii. 

8 C. W. Giimbel: Gli strati d' arenaria a piante fossili di Rocoaro. Bull. R. Com
itato geol. d' Italia, vol. 10, 1879, pp. 249-270. 

Die Pflanzenfiihrenden Sandstein-Schichtcn von Recoaro,· von C. W. Giimbel; 
Sitzung\)ber. k. bayer. Akad. Wiss., Miinchen, math.-naturw. Cl., vol. 9, 1879, Heft 
2, pp. 33-Sil. _ 

9 Note sur quelques empr:eintes vegetales des terrains superieurs de la _Toscano,. 
·par C. T. ·aaudin: Bull. Soc. Vaud., vol. 5, Lausanne, 1857, pp. 330-339, 1 pl. 
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oirs of the Swiss Society. The first of these was published in 1858, 
and treats a large collection chiefly made by the Marquis Strozzi, 
who contributed a stratigraphical introduction from the localities in 

.. Tuscany mentioned above. 
The second "Contribution" covers a somewhat wider field, em

pracing Siena, Monte Bam~oli, Castro, Montalceto; and other places 
in Tuscany, and also Sarzanello in Liguria and Sinigaglia in Ancona. 
The third is chiefly confined to the descr~ption of specimens from 
Massa,· J ano, and Poggio,. all in Tuscany ; the fourth to those of the 
Pliocene beds of Cava Rovis, Galleraje, Perolla, Prata, and Monsum
mano, in the s<:t:-:J.e province ; the fifth entirely to the volcanic tuffs 

. of the Lipari i::.lands, studied and collected by the Baron Piraino de 
Mandralisca, while the sixth arid last completes the description of un
published material from 1'uscany, representing the following local
ities not hitherto mentioned: Bozzone, Gaville, Castelnuovo, A vane,. 
Cafaggio, Parrane, Limone, Piombino, Puzzolente, Poggione, and 
Montemasso. These six memoirs run through three volumes of the. 
Swiss Society's Memoirs and extend from 1858 to 1862. 1 In 186.J. M. 
Gaudin gave an account of a leaf-bed at Palermo, in Sicily! 

In 1858 Santagata found Cylindrites funalis at Mongardino, near
Asti in Piedmont;3 Lyell, • Heer,' and especially Tornaoene, • have 
studied the Quaternary tufa beds of Bronte, Trappeto, Pietraperzia, 
etc., at the foot of Mount Etna; and in 1860 Capellini' supplemented 
Gaudin's work in the Val eli Magra (S. Lazzaro, S. Martino, and 
Sarzanello). · 

------------------------------
1 Contributions a la flore fossile italienne. _ [Memoirs 1-4 by Charles Theophile 

Gaudin and Carlo Strozzi.] (1st Memoir) Memoire sur. quelques gisements de
feuilles fossiles de hi Toscane: Nouv. Mew. Soc. Helvetique Sci. Nat., vol. 16, 
Zurich, 1858, no. 3., pp. 1-47, pl. i-xiii; (2!1 Memoir) Val d'Arno, ibid., vol. 17, 1860, 
no. 4, pp. 1-59, pl. i-x; (3d Memoir) [continuation] ibid., pp. 1-20, pl.-i-iv; (4th · 
Memoir) Travcrtins toscans, ibid., no. 7, pp. 1-?0, pl. i-vii; (5th Memoir) Tufs vol
caniques de Lipari, parCh. Th. Gaudin, et le Baron Piraino de Mandralisca: ibid., 
no. 7, pp. 1-12, pl. i-iii; (6th Memoir) [General and descriptive] parCh. Th. Gaudin 
et le Marquis Carlo. Strozzi: ibid., vol. 20, 1862,no. 3, pp. 1-31, pl. i-iv. 

2 Gisement de feuilles fossiles aux environs de Palermo, par C. T. Gaudin: Bull. 
Soc. vaud., vol. 7, Lausanne, 1864, Pll'. 414,.415. 

3 D. Santagata: Piante·fossiliche si trovano a Mongardino. Rend. Accad. sci.lst. 
Bologna, 1857-'58, pp. 69-71. · 

4 Leaf bearing tuffs _of Fasano, near Catania. In "On the Structure of Lavas 
which have Consolidated on Steep Slopes; with Remarks on the Mode of Origin of 
Mount Etna, and .on the Theories of Craters of Elevation," by Sir Charles Lyeli: 
Philos. Trans. Royal Soc. London, vol. 148, 1858, pp. 776, 777, pl. li. 

6 Remarks on the Fossil Plants from the Volcanic Tuff of Fasano, near Catania, 
on Mount Etna, by Oswald Heer. Extracted from a letter to_ Sir Charles Lyellr 
dated April, 1858 :·ibid., pp. 782, 783, pl. li. 

6 Francesco Tornabene: Flora fossile dell' Etna. Atti Accad. Gioen. Catania, 2d 
series, vol. 16, 1860, pp. 1-147, pl. i-x. 

7 Cenni geologici sul giacimen to delle lignitidella bassa Val di Mitgra, del Prof. 
Giovanni Capellini: 1\fem. R. Accad. Sci. Torino, 2d series, vol. 19, Turin, 1860, Cl. 
sci., fis. e J!lat., pp. 1-34, pl. i-iv. 
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In 1867 Molon' undertook a revision of the Tertiary flora of the 
Venetian Alps, and Geinitz• in 1869 maintained that the plants ob
tained by Curioni • in the Val Camonica and Val Trompia, in the 
southern Alps, and described as Carboniferous, really belong to his 
Dyas, or Permian. 

Sordelli's three contributions in the. Mili:m Society to the fossil 
flora of Lombardy are important.' He finds a Pliocene flora at 
Folia d'Induno, S. Colombano, Almenuo, N ese, and at Pontegana, 
near Balerna. He also finds a Carboniferous (Dyas ?) flora at·Manno, 
Collio,Val Trompia; Triassic plants at Regoledo, (Buntersandstein), 
Valsassina (Muschelkalk), Val Trompia, near Zigole, Varenna, Col 
di Zambla, Cappella S. Rocco near Oneta, Schilpario, Perledo, and 
Besano (the last se·ven places being placed in the upper Trias, or 
Keuper); Liassic plants on Lakes Piano and Coino, at Taleggio, Val 
Brembilla, Val Serina, Monte Misma, Moltrasio, andMombello, near· 
Laveno; Cretaceous at Mere in Brianza, Biandronno, Induno, Moro
solo, Fraschirolo, Casletto, Lake Oggionrio, Pusiann, Breno, Cente
mero, Camnago, and Camisasca; post-Pliocene plants at Leffe, 
Pianico, and Adrara; and Quaternary or recent impressions in the , 
tufas of Civate, Valmadrera,.and Brumano, and in the peat of Ro
geno, Bodio, Cerete, Bosisio, and on Lake V erese. 

Sordelli has also developed a small Tertiary (Upper· Miocene or 
Pliocene) florula near Bassano, in Venetia, discovered by Dr. Casati, • 
and still another at Badia, near Brescia (Lombardy), of somewhat 
earlier age. • 

1 Sulla flora terziaria delle Prealpe venete, etc., Francesco Molon: Mem. Soc. ital., 
sci. nat., vol. 2, Milano, 1867, No. 3~ pp. 1-140. 

2 Ueber fossile Pflanzenreste aus der Dyas von Val Trompia von Hans Bruno 
Geinitz: Neues Jahrbuch fUr Mineral., 1869, pp. 456-461, pl. v. 

a Giulio Curioni: Di alcuni vegetali dell' epoca carboniferi scoperti nei monti 
della Val Camonica. Rend. I. R. Ist. Lomb., vol. 2, Milano, 1865, pp.214-216. 

Osservazioni geologiche sulla Val Trompia. Rend. I. R. Ist. Lomb., 3d series, vol. 
·11, Milano, 1870, pp. 294-298; Mem. R. Ist. Milano, 1873, vol. 12, pp. 4l-100, 1 pl. 

Boll. Com. geol. ital.. vo1.1, 1870, Nos. 9, 10, pp. 249-257. 
4-F. Sordelli: Descrizione di alcuni avanzi vegetali delle argille plioceniche Lom

barde coll' aggiunta di un elenco delle piante fossili finora conosciute in Lombardia. 
Atti Soc. ital. sci. nat., vol. 16, Milano, 1874, pp. 350-429; pl. iv•-viii•. -

Le filliti della Folia d' Induno presso Varese e di Pontegano tra chiasso e Balerna 
nel canton Ticino, paragonato con quel e_ di altri depositi terziari e posterziari, etc. 
Atti Soc. ital. sci. Tiftt., vol. 21, Milano, 1879, pp. 877-897. 

Sulle pianti fosHili recentemente scoperte a Besano circondario di Varese. Ibid., 
vol. 22, Milano, 1879, pp. 81-94. 

• F. Sordelli : Cenno preventivo snl giacimento a filliti scoperto dal Dott. F. Bel
tramini de'Casati, presso Bassano Veneto. Atti Soc. ital. sci. nat., vol. 24, Milano, 
1881, 8 pp. 

6 Ferdinando ·sordelli: Sni fossili e sull' Eta del deposito terziario della Badia, 
presso Brescia. Ibid., vol. 25, Milano, 1882, 9 pp. 
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In 1876, Geyler described in Palmontographica' a collection of Up
per Tertiary plants fwm the sulphurous gypsum bed of Canna tone 
north of Raculmuto and Grotte, in the Province of Girgenti, on the 
island of Sicily, made by Emil Stohr and Dr. N ocito, in which he 
found twenty-one. species, most of which he identifi.eclwith Oeningen 
and Sinigaglia species. Kraus" has also found fossil wood in these 
Silician sulphur bods. 

In 1878, Gopport detected a leaf impression, which he named Lau
rns Gemellariana, in a specimen of amber collected by Dr. Gemellaro 
of Palermo, in the vicinity of Catania, Sicily. • 

The leaf-prints identified and enumerated by Capellini in the gab
bro diatom schists of the mountains of Leghorn in 1878, • received 
more special mention by him in a paper published in the Rendiconti 
of the Bologna Ii1stitute in 1881.' 

Dr. Cavara's still more recent memoir on the Pliocene flora of Mon
. gardino (Piedmont), on the northern slope of the Emilian Apennines, 
from which he reports some sixty species, with a dozen or more new 
forms, • may also be mentioned. 

The fossil plants from the Cambrian of Sardinia have been de
scribed by G. Meneghini7 and J. G. Bornemann, • the latter of 
whom has described several species of somewhat problematical or
ganisms. 

Finally should be noted Dr. Portis's notice of the discovery of Car
boniferous plants at Viozene, in the valley of the Tanaro, • in Pied-

' Ueber fossile Pflanzen a us den obertiaren Ablagerungen Sicilien's, von H. Th .. 
Geyler: Palreontographica, vol. 23, Cassel, 1876, pp. 317-328, pl. lxviii, lxix. 

' 2 Beitrage zur Kenntniss fossiler Holzer. I. Holzer aus den Schwefelgruben Sicil
iens, von Gregor Kraus : Abhandl. naturf. Gesell. zu Halle, vol. 16, 1882, pp. 77-111, 
pl. i, 4°. 

3fl. R. Goppert: Sull' ambra di Sicilia e sugli oggetti in essa rinchiusi. Mem
cl. sci. fis., etc., Accad. Lincei, Roma, 3d series, vol. 3, anno 1878-'79, pp. 51-62. 

4 G. Capellini: II carcare di Leitha il Sarmatiano e gli strati a congerie nei monti 
di Livorno, di Castellina marittin:la, di Miemo e di Monte Catini. Mem. cl. sci. fis., 
etc., Accad. Lincei, 3d series, vol. 2, Roma (3d marzo), 1878, pp. 275-291. 

• G. Capellini: Le filliti dei tripoli schistosi del Gabro nei monti Livornesi. Pre
sentazione della 1• parte. Rend. sess. R. Accad. sci. Ist., Bologna, anno, 1880-'81, Bo
l9gna. 1881, p. 142. 

6 Sulla flora fossile di Mongardino. Studj stratigrafici e paleontologici. Memoria 
del Dottor Fridiano Cavara: Mem. R. Accad. sci. Ist., Bologna, 4th series, vol. 7, 1886, 
pp. 701-752, pl. i-iii. . 

'G. Meneghini: Bilobiti cambriani di Sardegna. Atti Soc. Tosc. sci. nat., proc. 
verb., vol. 4, Pisa, 1885, pp. 184-189.-

8J. G. Bornemann: Palreontologisches aus dem cambrischen Gebiete von Canal
grande in Sardinien. Zeitschr. deutsch. geol. Gesell., vol. 35, 1883, pp. 27u-274. 

Die Versteinerungen des Cambrischen Schichtensystems der · Insel Sardinien, 
nebst vergleichenden Untersuchungen iiber analoge Vorkommnisse aus andern 
Landern. Nova Acta Acad. Leop.-Carol., vol. 51, Halle,. 1886, no. 1, pp. 1-83, pl. 
i-xxxiii. 

9A. Portis: Sulla scoperta delle piante fossili carbonifere di Viozene nell' alta 
valle· del Tanaro. Boll. R. Com._ geol. d' Italia, 2d series, vol. 8, Hl87, pp. 417-420. 
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mont, Senofonte Squinabol's contributions. to t4e Carb'oniferqus and 
Tertiary floras of Liguria, • not yet completed, ~nd a good ·paper by 
Luigi Meschinelli on the Miqcene flora of Monte Piano in Viconza~ 
describing twen'ty-six species and figuring one! 

GREECE. 

The fossil plants collected by the expedition to the Morea were
identified by Adolphe Brongniart in 1832, • and the now widely 
known Miocene species, Taxod·i·um Europceum, was originally 
named by him in 1833 from specimens collected by M. Virlet, on 
the island of Iliodroma, in the Devil's Archipelago, opposite the
Gulf of V olo. • 

In a paper by Doctor Landerer, professor of chemistry at Athens, • 
besides the Koumi beds soon to be mentioned, it is stated that well 
preserved impressions of Filices, Gramineru, and Marsiliacere have 
been found near Lamia (Zeitun), and dicotyledonous plants and lignite 
in the diluvial marl of Limni. 

The occurrence of fossil wood on the island of Lesbos was observed 
by Baron Prokesch-Osten in 1829, and a collection f~om the island was. 
made by the Archduke Johann about the year 1837, which he sent to. 
Professor Unger. The latter referred to this material in a paper that. 
appeared in 1842, • and also in his Chloris Protogrua (p. 37). It was· 
also made tho sub'ject of a JOint contribution by B~ron Prokesch. 
Osten and Professor Unger in 1852. 7 

The Tertiary deposits of Koumi on the island of Eubma, and Oropo. 
in the northern part of Attica, were further explored in 18til by M. 
Gaudry, whose collection was reported upon by Brongniart• an~ care~ 

t Senofonte Squinabol: Nota preliminare su alcune impronte fossili nel carboni-. 
fero superiore di Pietratagliata. Giorn.~ Soc. letter. convers. seientif., Genova, 
giugno 1887, pp. 1-8,1 pl, Contribuzioni alia flora fossiledei terreni terziarii della. 
Liguria. Pt. 1, Fucoidi cd Elmintoidee: Boll. Soc. geol. ital., vol. 6, 1887 (1888), 
pp. 545-561, pl. xiv-xix. 

2 Studio sulla flora fossile di Monte Piano, del Dottor Luigi Meschinelli: Atti Soc •. 
Veneto-'l'rentina., sd. nat., vol. 10, fasc. 2, Padova, 1889, 31; pp. pl. vi. 

3 Experlition scient~fique en Moree, entreprise et publiee par ordre du gouveine
ment franQais. Travaux de la Section des sciences physiques sous la direction de
M. le Colonel Bory de Saint-Vincent. Paris, 1832-37, large 4o; atlas, folio. Plantes. 
fossiles par Adolphe Brongniart, in vol. 3, Geologie, pp. 235, 364, pl. iii, xii. 

4 Notice sur une conifere fossile du terrain d'eau douce de l'ile d'Iliodroma, par~ 
Adolphe Brongniart: Ann ales sd. nat., vol. 30, Paris, 1833, pp. 168-176. 

5 Ueber die in Griechenland vorkommenden Petrefakte, von Landerer: Neues. 
J ahrbuch fUr l\Iineral., 1848, pp. 513-518. 

6ueoer die Untersuchung fossiler Stamn;te holzartiger Gcwachse, von Franz Un-. 
ger: Nenes Jahrbuch filr ~iineral., 1842, pp. 149-178. · 

'Die versteinerten Holzstamrne im Hafen von Sigri auf der Insel· Lesbos, von, 
Prokesch-Osten und Franz Unger: Sitzungsber. k. AQad. Wiss., Wien, math.-nat. 
Classe, vol. 9, 1852, pp. 8.55-858. 

s Note sur une collection de plantes fossiles recueillies en Grece par M. Gaudry;_ 
par Ad. Brongniart: Comptes rendusAcad. sci., vol. 52, Paris, 1861, pp. 1232-1239. 
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fully worked up by Count Sa porta,' who b.as since published several 
.Other papers upon its flora. 2 

Dr. Franz Unger, who gave an account of it jn 1862,' wrote a 
somewhat extended systematic paper on the fossil plants in 1867, • 
which, however, bears no internal evidence of his acquaintance with 
Saporta's memoir above·referred to. 

ROUMELIA. 

Four of the eleven species named by Unger in Tchihatcheff's '' Asie 
Minenre," 1860-1869, • were collected in Roumelia (Th.race), the leaf 
specimens (Quercus) between the Gulf of Grand-Pont and the vil
lage of Kumbourghas, and the fossil wood upon which he founded 
his two new genera, Constantinium and Tchihatcheffites,on the south 
:shore of Lake Derkos. · 

BOSNIA. 

From Bjelo Brdo, near Vysegrad in Bosnia, a small collection of 
'Tertiary (Miocene?) plants was made bY Dr. Ottomar Novak and 
described by Engelhardt in 1883. • They are all dicotyledonous 
leaves, and with the exception of one new species (Lomatia australis) 
wore prev~ously known in the European Miocene. The specimens 
are unusually well preserved in a fine marl, and the figures made.of 
them are clear and instructive. 

1 Notice sur les plantes fossiles de Coumi et d'OroDo, par le Comte Gaston de 
•Saporta. In A .. Gaudry, Animaux fossiles et geologie de l'Attique, Paris, 1S62, pp. 
1-17, pl.lxiv, lxv. 
~Gaston de Saporta: Note sur la flore fossile de Coumi (Eubee). Bull. Soc. geol. 

France, 2d series, vol. 25, 1S6S, pp. 315-32S. 
Examen critique d'une collection de plantes fossiles de ~oumi (Euhee). Annales 

:Scientif. Ecole Norm. Sup. 2d series, vol. 2, Paris, 1S73, pp. 323-352, pl. ii. 
Sur la presence d'une Cycadee dans le depot miocE'me de Coumi (Euhee). Comptes 

rendus, Acad. sci., Paris, vol. SO, 1S74, pp. 1318-1321. 
Notice sur l'Encephalartos Gorceixianus, Cycadee fossile, du depot miocene de 

Koumi (Eubee). Bull.· Soc. botanique et horticole de Provence, Marseille, 1SSO, 
pp. 41-44, 1 pl. . 

8 Wissenschaftliche Ergebnisse einer Reise in Griechenland und in den ionischen 
Inseln. Wien, 1S62, pp. i-xii, 1-213, pl. i-xxviii, so. Die fossilc Flora von Kumi 
:auf Eubooa, pp, 143-1S6, with numerous figures. 

4 Die fossile Flora von Kumi auf der Insel Eubooa, von Franz Unger Denkschr.: 
k. Akad. Wiss., Wien, math.-nat. Cl., vol. 27, 1S67, pp. 27-90, pC'i-xvii. 

• Flore tertiaire moyenne, par Franz Unger. In Pierre de Tchihatcheff: Asie 
.1\fineure. Description physique de cette con tree. Paris, 1S66-'69, so, IV• partie, 
Paleontologie, 1S66. See pp. 319-325. Atlas, fol. 1S66, pl. xvii. 

6 Ueber bosnische Tertiarpflanzen, von Hermann Engelhardt: Sitzungsber. nat
.urwiss. Gesell. Isis, Dresden, 1SS3, pp. S5-SS, pl. v. 
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AUSTRIAN EMPIRE. 

The political subdivisions of ~he Austrian empire are so much more 
distinct than those of France or Italy, and the literature is so vo
luminous, that it seems best to treat each of the provinces or Crown 
lands separately. In doing so they will be taken up as nearly as 
practicable in the general direction from southeast to northwest. 
The following possess plant-bearing strata, and the order named will 
be that in which they will be mentioned: 

Dalmatia, Croatia, Slavonia, Styria, Hungary, Transylvania, Ga
licia, Moravia, Austrian Silesia, Bohemia, Austria proper, Carniola, 
Carinthia, Tyrol, and V orarlberg. 

Notwithstanding the great number of papers and works on the 
fossil flora of Austria, the number of plant beds is not greater than 
in other countries. The literature has been chiefly swelled by repe
tition and the re-elaboration of the several florules. It .will there
fore be necessary in treating these localities to refer in one place to 
most or all of the titles that relate to each one, and the limits of 
space require that this be done largely at the expense of the more 

, important monographs, which will often receive very little more 
mention than do some of the minor ones. Wherever it is practica
ble, however, the relative importance of papers will be indicated in 
such manner as the case will permit. . 
_ Dalmatia.-The only locality for fossil plants'of any importance 

in Dalmatia is that of Monte Promina, northeast of Sebenico, first' 
mentioned by Leopold von Buch' in 1851 and chiefly studied and 
published by Baro~ von Ettingshausen', in 1854, whose papers, how
ever, were ably supplemented by one from Visiani in 1858.' 

Croatia.-Three fossil plant localities are known in Croatia, namely, 
Radoboj, Tergove, and Sused, the first of which has become one of 
the most celebrated in the world. It was first brought prominently 
into notice in 1839 by the. publication by Dr. Franz Unger in the 
Steiermarkische Zeitschrift of his Reisenotizen' of the year pre
vious, in which he enumerates about thirty species of plants, Mono
cotyle_dons, Dicotyledons, and Coniferre, that he obtained from the 
lignite beds of that place. 

1 Ueber die Lagerung der Braunkohlen in Europa, von Leop.old von Buch: Bencht. 
k. Akad. Wiss., Berlin, 18,51, pp. 683-701. Karsten Archiv, vol. 25,1853, pp.143-173. 

2 Constantin von Ettingshausen: Die eocene Flora des Monte Promina. Denkschr. 
k.Akad. Wiss., Wien, math.-nat. Cl., vol. 8,1854, pp. 17-44, pl. i-xiv. 

Nachtrag zur eocenen Flora des Monte Promina in Dalmatien. Sitzungsber. 
k. Akad. Wiss., Wien, math.-nat. Cl., vol. 12, 1854, pp. 180-182. 

3 Pianti fossili della Dalmazia, dell Dott. Rob. de Visiani: Mem.R.Ist; Veneto, 
sci. etc.' vol. 7, 1858, pp. 421-455, pl. i-vi. 

4 Reiscnotizen vom Jahre 1838, von Franz Unger: Steiermarkische Zeitschrift, 
neue Folge, 5th Jahrg., 1839, 54 pp. 
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When in 1841 he began the publication of his Chloris Protogma' 
he found himself in possession of a large amount of splendid material, 
which forms a large part of the matter of that noble work. In both 
his Iconographia, 1852, • and his Sylloge, 1859,' he made many fur
ther additions to this flora, and in 1869 he published his Fossil Flora 
of Racloboj: giving many 1iew forms and a complete list of the 
plants thus far known fi·om that place. This was supplemented the 
following year by Baron von Ettingshausen's paper on the same sub
ject, • which he treats in a similar manner, and he enumerates two 
hundred and ninety-five species as the total flora of Radoboj. The 
beds wete at one time thought to be Eocene, but are now generally 
regarded as Lower Miocene. 

The Carboniferous bed at Tergove is of less importance, and the 
flora has been studied by both Geinitz" and Stur, 7 1868. 

The Upper Miocene deposits of Sused, N edelja, and Dolje, in the 
vicinity of Agram, have been. the subject of two comparatively re- . 
cent papers, the first by V ukotinovic, in 1870, • in the B.ulletin 
(" Rad ")of the South Sclavish Academy of Science and Arts, describ
ing about thirty specimens collected by himsel~. The second is the 
'complete and excellent monograph of the li.,loraof Sused, by Profes
sor Pilar, of the same Academy, published in 1883,' at Agram, in 
Croatian and French en regard, and making a fine quarto volume 
of 163 pages and 15 plates of beau<;ifully drawn figures, a modeiof 
book-making, as well as of systematic treatment. 

1 Chloris protogrea. Beitrage zur Flora der Vorwelt, von Franz Unger. Leipzig, 
1841-1847, pp. i-cx, 1-150, pl. i-1, folio. 

2 Iconographia plantarum fossilium. Abbildungen und Beschreibungen fossiler 
Pflanzen; von Franz Unger: Denkschr. k. Akad. Wiss., Wien, ma,th.-nat. Cl., vol; 
4, 1852, Pi). 73-118, pl. xxiv-xlv. 

'Sylloge plantarum fossilium. Sammlung fossiler Pflanzen besonders aus der 
Tertiarformation, von Franz Unger. 3 parts (Pugilli), Wien, 1859-1865. I, 1859, 
pp. 1-48,-pl. i-xxi; II, 1862, pp. 1-36, pl. i-xii; III, 1865, pp. 1-76, pl. i-xxiv, 4°, 

4 Die fossile Flora von R.adoboj in ihrer Gesammtheit und nach ihrem Verhalt
nisse zur EntwickelungderVegetation der Tertiarzeit, von FranzUnge1·: Denkschr. 
k. Akad. Wiss., W·ion, math.-nat. Cl., vol. 29, 1869, pp. 125-170, pl. i-v. 

6 Beitrage zur Kenntniss der fossil en Flora von R.adoboj, von C. von Ettingshau
sen: Sitzungsber. k. Akad. Wiss., Wien, math.-nat. Cl., vol. 61, I. Abth., 1870, pp. 
829-906, pl. i-iii. 

6 Ueber die fossileri Pflanzenreste a us dem Schiefergebirge von Tergove in Croatien, 
von H. B:Geiuitz: Verhandl. k.-k. geol. Reichsanstalt, Wien, 1868, pp. 165-167. 

7 Fossile Pflanzenreste aus dem Schiefergebirge von Tergove in Croatien, von D. 
Stur: Jahrbuch k.-k. geol. Reichsanstalt, Wien, vol. 18, 1868, pp. 131-138. 

8 0 petrefaktih u oboe i o podzemnoj fauni i flori susedskih lapora. Ljndevit 
Vukotinovic: Rad Jugosl. Akedemije, vol. 13, Zagreb, 1870, 41 pp., pl. ii. 

9 Flora fossilis Susedana. (Flore fossile de Sused,) Descriptio plantarum fossilium 
qure in lapicidinis ad Nedelja, Sused, Dolje, etc., in vicinitate civitatis Zagrabiensis 
hucusque repertre sunt, Auctore Georgio Pilar: Acta Acad. Sci. Slav. merid., vol. 
1, No. 1, Zagrabiae, 1883, pp. 1-163, pl. i-xv. 
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Slavonia.-One unimportant Miocene plant bed has been made 
known in Slavonia, namely, ;1t Vrdnik, in the county of Syrmia,. 
where Dr, Lenz, in 1872, collected some twenty species, which were 
.determined by Stur.' None of them were probably new, but further 
explorations in that locality may reveal an important deposit of fos-
·.sil plants. . · 

Styria.-The principal localities for fossil plants iu Styria are 
Parschlug, Gleichenberg, Leo ben, and Kofiach, which· are Miocene, 
.and Sotzka, which is usually classed as Oligocene. But they have 
also been fouud at Rein, near Gratz" (Tertiary), in the so-called 
.Stangalpe,' at Schonstein,' Wurmberg, Voitzberg, Hauenstein, 
Wart berg, Arnfels, Winkel, and many other places. 

The Parschlug flora has been separate1ytreate(l"by Unger'' andEt
tingshausen,' besides entering largely, as do all the other localities 
mentioned, into the Chloris Protogrea, the Iconographia, and the 
Sylloge, of the first-named author. 

Sotzka, which lies west of Gonobitz and north of Cilli, had 
scarcely received more than a passing notice' prior to the appear
ance of Unger's large monograph on its fossil flora in 1850, 8 which 
was supplemented i11 1858 by a fine memoir by Ettingshausen, "'illus
trated with physiotypic figures of the most nearly allied living 
species. 

Gleichenberg was visited by Unger in his journey above mentioned 
in 1838, and plants from the beds in its vicinity were described in his 
Chloris Protogrea. In 1854 he published his monograph of its fossil 

1 Pflanzen-Restcvon Vrdnik in Syrmien, von D. Stur: Verhan.dl. k.-k. geol. Reichs
anstalt, Wien, 1872, pp. 340, 341. 

2 Geognostische Bemerkungen uber die Badelhohle bei Peggan, von Franz Unger: 
Steiermarkische Zeitschr., neue Folge, 5thJahrg., 1839,12 pp. 

"Ueberein LagerVorweltlicherPflanzen auf derStangalpe in Steiermark, von F. 
Unger: Ibid., vol. 6,Steiermark, 1840, 14 pp. · 

4 Di_e Pflanzenreste der Lignit-Ablagerung von Schonstein in U nter-Steiermark, von 
·Franz Unger:· Sitzungsber. k. Akad. Wiss., \Vien, math.-nat. Cl., vol. 40, 1860, pp. 
-47-52, pl. iv, v, with chart. 

5 Franz Unger: Die fossile Flora von Parschlug. Steiermar kische Zeitschr., neue 
Folge, 9th Jahrg., 1848, Heft 1, pp. 27-62. Neues Jahrbuch fiir Mineral., 1848, pp. 
505-510. . . . . 

6 C. Ettingshausen: Bericht iiber die fossile Flora von Parschlug. Sitzungsber. 
k. Acad. Wiss., Wien, math.-nat. Cl., vol. 5, 1850, pp. 136,137. 

Beitriige zur Kenntniss der fossilen Flora von Parschlug in Steiermark. I, Blatt
pilze und Moose. Denkschr. k. Akad. Wiss., \Vien, matl1.-nat. Cl., vol. 38, 1877, 
Abth. I, pp. 81-92, pl. i-v: 

7 Fossile Pflanzen von Sotzka, von C. von Ettingshausen: Jahrbuch k.-k. geol. 
.Reichsanstalt, vVien, vol. 1, 1850, No. 1, pp.175. 

8 Die fossile Flora von Sotzka, voU: Franz Unger: Denkschr. k. Akad. Wiss., Wien, 
rnath.-nat. Cl., vol. 2, 1850, pp.131-197, pl. xxii-lxviii. 

9 Beitriige zur Kenntniss der fossilcn Flora von Sotzka, in U ntersteiermark, von 
·C. von Ettingshausen: Sitzungsber. k. Akad. Wiss., Wien, math.-nat. Cl., vol. 28, 
1858, pp. 471-567, pl. i-vi. 
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flora,' which, with Andra's short note in 1856, • adding two species, 
and frequent mention in all later general works, is ·all we have for 
that locality. Besides the bed on a knoll near the village of Gleich
enberg, there are three others in the immediate vicinity at Gossen
dorf, in sandstone, at Wirrberge, in tufaceous basalt, and at St. Anna 
in marl. They are all of the same (Miocene) age: 

A collection of fossil plants was made at Koflach, near Gratz, hy 
Archduke Johann, and presented to the Austrian Reichsanstalt, an 
acknowledgment of which was made by the director, Dr. Haidinger, 
at the session of December 15, 1857. • This material was elaborated 
by Baron von Ettingshausen, and the results were communicated to 
the Reichsanstalt on the 12th of January, 1858. • 

In Stur's exhaustivE) paper on the flora of the Siisswasserquarze, • 
which will be more specially treated under Hungary, the beds of 
Karlsdorf, near Ilz, the mill-stone quarry at Gleiche"!J-berg, and the 
several beds at Waldsberg, Wirrebergen, Hermannskogel, Goss
endorf, Kapfenstein, Absotze, St. Anna, and Straden, in the vicinity 
of Gleichenberg, are systematically enumerated as contributing to 
that flora. 

To Ettingshausen we are indebted for a thorough knowledge of 
the fossil plants of Leo ben, which is contained in his paper on the Ter
tiary flora of Styl'ia, • 1869, chiefly confined to the comparison of his 
Leoben species with thoseof other localities, and to their description 
and illustration, but especially in his excellent monograph of that 
flora published in 1888, 7 in which he reviews the entire subject, de
scribes and figures a large number of new plants, and enumerates 
four hundred and eleven species as constituting the known flora of 
these beds at that date. The new material was chiefly collected by 
Rachoy and Adolf Hofmann at Unterbuchwieser and the Walpurgis 
shaft in the Seegraben and on the Miinzenberg and the Moskenberg, 
in the vicinity of Leoben. 

1 Die fossileFlora von Gleichenberg, von Franz Unger: Denkschr. k. Akad. Wiss., 
Wien, math.-nat. Cl., vol. 7, 1854, pp. 157-184, pl. i-viii. 

2 Zur tertiiiren Flora von Gleichenberg, in Steiermark, von C. J. Andra: Zeitschr. 
Naturwiss., vol. 7, Halle, 1856, pp. 395-398, pl. v. 

3 Jahrbuch k.-k. geol. Reichsaustalt, Wien, vol. 8, 1857, p.811. 
4 Die fossile flora von Koflach in Steiermark, von C. von Ettingshausen: Ibid., pp. 

738-756, pl. ii-iv. 
~ 5 Beitriige zur Kenntniss der Flora der Siisswasserquarze, der Congerien- und 
Cerithien-Sch_\chten in! Wiener und ungarischen Becken, von D. Stur: Ibid:, vol. 
17; 1867, pp. 77-188, pl. iii-v, tab. · 

6 Beitrage zur Kenntniss der Tertiarflora Steiermark's, von Constantin, Freiherrn 
von Ettingshausen: Sitzungsber. k. Akad. Wiss., Wien, math.-nat. Cl., vol. 65,1869. 
Abth. I, pp. 17-100, pl. i-vi. 

7 Die fossile Flora von Leoben in Steiermark, -von Prof. Dr. Constantin, Freiherrn 
von Ettingshausen: Denkschr. k. Akad. Wiss., Wien, math.-nat. Cl., vol. 54, 1888, 
Abth. I, pp. 261-384, pl. i-ix. 

8 GEOL--46 



722 DISTRIBUTION OF FOSSIL PLANTS. 

Hungary.-The chief localities for fossil plants in Hungary are 
those of Schemnitz and Kremnitz ; of Hegyallya, which includes 
Tokay, Tallya, Erdobenye, and Szanto; of Fiinfkirchen, and other 
points in Baranya County, and of Frusca-Gora ; all but one (Fiinf
kirchen) of which are probably of Miocene age .. 

Pettko in 1850 found his Astrochlcena Schemniciensis ( Osmunda 
Schemniciensis Stur), at Ilia, near Schemnitz,' and in 1852 Ettings
hausen described a fine series of specimens from Heiligenkreuz near 
Kremnitz. • 

The region about Tokay is still more fruitful. Kovats made a 
journey through Hegyallya in 1850, • and sent his collections to Et
tingshausen. With these and another collection which he had re
ceived from Professor H azslinszky he was able to prepare his well
known monograph of the flora of Tokay,< which appeared in 1853. 
This was followed three years later by two papers by Kovats on the 
floras of Tallya' and Erdobenye,' the latter of which is second only 
in importance to that of Ettingshausen; 

The Hungarian localities mentioned by Stur in the work quoted 
on the preceding page as furnishing fossil plants in the Siisswasser
quarze formation (Miocene) are as follows: Ilia, Hlin1k, Mocar, Tepla, 
Rybnik, Tisova, Skalamlin, and Torines, near Schemnitz; Lutilla, 
Kaiser Ferdinand-Erbstollen, and Jastraba, near Heiligenkreuz; 
Fony, Tallya, Telkiba,nya, Czekehaza, Erdcibeuye, and Szanto, in the 
Tallygallya district; Megyaszo, Gesztely, and Avashegy near Mis
kolcz; Erlau and Nagy Astoros, in that neighborhood; Scheibelberg 
and Hohe Drauschel, near Handlova; Szerednye between Munkacs 
and U ngvar, Bujak, places to the east and northeast of W aizen, and 
Szolliis near Paszt6. 

Szanto, which, with Tallya and Erdobenye, completes a triangle in 
this district, has since yielded fossil plants which the Hungarian Geo
logical Society had from time to time sent to Dr. Unger for identifi
cation. In 1869 he published his monograph of this fiorule,' which 
is characteristic of his ability as a phyto-paleontologist. Many very 

1 Tubicaulis von Ilia bei Schemnitz, von Johann von Pcttko: Haidinger, N aturwiss. 
Abhandl., vol. 3, Wien, 1850, Abth. I, pp. 163-169, pl. xx. 

2 Fossile Pflanzenreste a us dem trachytischen Sandstei:n von Heiligenkreuz bei 
Kremnitz, von Constantin von Ettingshausen: Abhandl. k.-k. geol. Reichsanstalt, 
Wien, vol. 1, Abth. III, 1852, No. 5, pp. 1-14, pl. i, ii. • 

3 Ergebnisse einer Reise in die Hegyallya bei Tokai, von Julius von Kovats: 
Jahrbuch k.-k. geol. Reichsanstalt, Wien, vol: 2, Abth. II, 1851, p. 178. 

4 Beitrag zur Kenntniss der fossilen Flora von Tokay, von C. von Ettingshausen: 
Sitzungsber: k. Akad. \Viss., Wien, ma.th.-nat. Cl., vol. 11, 1853, pp. 779-816, pl. i-iv. 

5 Fossile Flora von Tallya, von Julius von Kovats: Arb. geol. Gesell. fiir Ungarn, 
vol. 1, Pest, 1856, Heft 1, pp. 39-52, 1 pl. 

6 Fossile Flora von Erdi:ibenye, von Julius von Kovats: Ibid., pp. 1-34, pl. i-vii. 
1 Die fossile Flora von Szanto in Ungarn, von Franz Unger: Denkschr. k. Akad. 

Wiss., Wien, math.-nat. Cl., vol. 30, 1869, pp. l-15, pl. i-v, 



.. 

WARD.] HUNGARY. 723 

perfect specimens are figured in a manner at once artistic and scien
tific, being drawn by his own hand. 

At Fiinfkirchen and vicinity several horizons are represented.' 
Stur found plants in Boeckh's eollections from the Keuper and 

the Lias, while those collected by Boeckh in 1875 and sent to Heer 2 

were frqm a still lower horizon (Permian) at K6vag6-Sz6116s, T6t
t6s, and Boda, in the same district. Finally the later collections of 
Boeckh and Hofmann made in the Koml6thal, at Abaliget, Puszta
Szobak, Rakos, Magyar-Hidas, Nadasd, Tekeres, and 6-Falu, in 
Baranya County, which were elaborated by Staub in 1882, • indicate 
a flora which agrees in most respects with those of Sotzka, Radoboj, 
and Parschlug, and may be regarded as Lower Miocene. 

The flora of Frusca-Gora, elaborated by Staub in 1881, • is also re
garded by him as Lower Miocene (Aquitanian). 

The Jurassic (Lias) plant bed at Steierdorf in Banat, in the south
eastern part of Hungary, was known to Baron von Et~ingshausen 
in 1852, the date of his monograph of the Lias and Oolite flora, • and 
five of the species there described were from that place. This flora 
has been more fully treated by Andra. • 

In a report on the condition of the phyto-paleontological collection 
of the Hungarian Geological Survey in 1885, 7 Dr. Staub communi
cated a useful catalogue of the species, arranged by horizons and 
localities. The Hungarian specimens were collected in the Carbon
iferous of Eibenthal and Szekul, Krass6-Sz6reny County; the Upper 
Permian of Kovag6-Sz6ll6s, Toltos, Boda, and Cserkut, Baranya 
County; in the Upper Trias at Pees, and the Rhetic of the Nagy
banya Valley, both in Baranya County; in the Lower Lias at Do
man and Steierdorf-Anina, Krass6-Szoreny County; Pees, Somogy, 
Hosszu-Heteny, and Vasas, Baranya Count.y, and Varalja, in tht:J 

1 Joh. Boeckh: Neueste Ausbeute an fossilen Pflanzenresten in der Umgegend von 
Funfkirchen, von D. Stur. Verhandl. k.-k. geol. Reichsitnstalt, Wien, 1874, pp. 
115-118. 

~ Ueber Permische Pflanzen von Funfkirchen in U ngarn, von Oswald Heer: Mitth. 
aus Jahrbuch k. ~ngar. geol. Anstalt, vol. 5, Budapest, 1876, pp. 1-18, pl. xxi-xxiv. 

3 Mediterrane Pflanzen aus dem Baranyaer Comitate, von Dr. M. Staub: Ibid., 
vol. 6, 1882, Heft 2, pp. 23-45, pl. i-iv. 

4 A Frusca-Gora aquitaniai floraja. M6ricz Staub: Ertekezesek a termeszettud
om{myok korebOI. Kiadja a Magyar Tudomanyos Akademia, vol.11, No. 2. Buda
pest, 1881, pp.1-39, pl. i-iv. 

6 Begriindung einiger neuen oder nicht genau bekannten Arten der Lias- und der 
Oolithflora, von C. von Ettingshausen: Abhandl. k.-k. geol. Reichsanstalt, Wien, vol. 
1, No.3, Abth. III, 1852, pp.1-10, pl.i-iii. . 

6 C.J.Andra: Fossile Pflanzen der Tertiarformation von Szakadat und Thalheim 
in Siebenbfugen und der Lias Formation von Steierdorf in Banat. Zeitschr. Na-
turw:iss., vol. 5, Halle, 1855, pp. 201-207. . 

1 Stand der phytopalaontologischen Sammlung der konigl. ungarischen geologis
chen Anstalt am Ende des Jahres 1885, von M, Staub: Jahresb. k. ungar. geol. Ans
talt, 1885, Budapest, 1887, pp. 205--234. 
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county of Tolna; the Lower Cretaceous (Tithonian) at Solymos 
Bucsava, Arad County; the Cenomanian at Nadr6g, in the county 
of Krass6-Sz6reny; in the Eocene at Gyalu Rupdie, county Szat
mar, Nagy-Kovacsi, Pest-Pilis-Solt-Kiskun County, Odorin, Szepes 
County, Doro5h and Tokod, Esztergo:r;n County, Oszlop, in the county 
of Veszprem, and at Budapest; in the Lower Oligocene at Buda
pest, and the Upper Oligocene at V rdnik and Kameniocza, Szerem 
County, and at Budapest; in the Miocene at Salg6-Tarjan and Lo
rinczi, county of N6grad, 6-Falu, Nadasd, Magyar-Hidas, Nemet
Hidas, Abaliget, Tekeres, Rakos, and Pees, in Baranya County, 
Deveny-Ujfalu, Pozsony County, Rakos, Brennberg, Harka, and 
Lajta-Ujfalu, Soprony County, Mariafalva and Gyepiifiizes, county 
of Vas, Als6-Hagymas, Szolnok County, 6-Borleven, Mehadia, Petri
lava, Kricsova, Dalbosecz, Krass6-Szoreny County, Erdobenye and 
Megyasz6, Zemplen County, Czekehaza, Abauj-Torna County, Tepla, 
in the county of Bars, Valia-Lazuluj, Szatmar County, S?:ilisztye, 
Gi:imor County, Szliacs, Z6lyom County, Bodos; Parndorf, Mosony 
County, and Felsiibanya, Beqcsin, Paptelke, and Czemek, in Szatmar, 
Szerem, Szilagy, and Pozsega Counties, respectively; in the Pliocene 
at Keresztur and Szt.-Li:irincz, inPest-Pilis-Solt-Kiskun County; and 
in the Diluvium at Gan6cz and Szepes-Olaszi, Szepes County. Fos
sil wood had been collected at Fony, Zemplen County, Lutila and 
Gyekenyes, Bars County, Beregszasz, Bereg County, Gacs and Kekki:i, 
in N6grad County, Maria-Nostra, countyHont, Csomor, Puszta-Szt.
Mihaly, Pilis-Szt.-Kereszt, and Hidegkut, in Pest-Pilis-Solt-Kiskun 
County, and at Budapest. 

The silicified and opalized wood found so abundantly i.n Hungary 
has been made the subject of two excellent papers by Dr. Johannes 
Felix.' The specimens he studied were from Gyepiifiizes, Tapolesan, 
Medgyasz6, Sajba, Libet~Banya, Zamuto, Ranka, Selmecz-Banya, 
Budafok, and Blocksberg near Budapest, but many of the speci
mens were simply labeled "Hungary," without more definite desig-
nation. · 

Transylvania.-Ettingshausen, in 1851, mentioned the silicified 
wood of Vori:ispatak, in the gold mines of Siebenbiirgen (Transyl
vania)," but to Andra is due the greater part of what we know of 
the Tertiary (Miocene) flora of Szakadat, and 'fhalheim, which is set 

1 Johannes Felix: Die Holzopale Ungarns in palreophytologischer Hinsicht. 
Mitth. aus Jahrbuch k. ungar. geol. Anstalt, vol. 7,. Budapest, '1884, pp. ~-43, pl. 
i-iv. 

Beitriige zur Kenntniss der fossilen HOlzer Ungarns. Paliiophytologische Stu
dien. Ibid., vol. 8, Heft 5, Budapest, 1887, pp.145-162, pl. xxvii, xxvii•. 

2 Das verkieselte Holz von V6r6spatak in der Goldbergbau von V6r6spat.\k in 
Siebenbi.irgen, von C. von Ettingshausen: J ahrbuch k.-k. geol. Reichsanstalt, Wien, 
vol. 2, 1851, No. 4, pp. 73-74. In F. von Hauer: Der Goldbergbau von V6r6spatak 
in Siebenhfirgen. 
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forth in a paper already referred to (see foot-note 6 on page 723), and 
also in the later contributions. 1 Two other Miocene fl.orules are 
known in Transylvania, namely, that of the Zsily-Thal, in the south
eastern corner, described by Hofmann in 1S70, • and upon which Heer 
published a paper in 1S72' and Staub another in 1SS7; • and that of 
Felek, six miles south of Klausenberg, which has yielded only a few 
species thus far, but these few have been very carefully studied by 
Staub. • 

Besides these Tertiary floras, plant remains have been found in the 
Cretaceous (Cenomanian) of Deva, reported by Unger in 1S65, • and 
in the Lias of Hollbach and Neustadt, near Kronstadt, to which Stur 
called attention in 1S72.' 

In Staub's carefully prepared enumeration of the fossil plants of 
Hungary from which we have so freely drawn above for localities 
in that kingdom, he has, of course, included those of Transylvania 
which ceased in lSi'S to have a separate political existence. The fol
lowing completes his enumeration by including the counties (Hun
yad, Haromszek, and Szeben) that fall within the boundaries of the 
old principality of Siebenbiirgen or Transylvania, most of which have 
been previously mentioned: the Cenomanian and Miocene at Deva, 

1 C. J . .A.ndra: Tertiiir-Flora von Szakadat und Thalheim in Siebenbiirgen. Ab
handl. k.-k. geol. Reichsanstalt, Wien, vol. 2, .A.bth. III, No. 4, 1855, pp. 1-48, pl. 
i-xii. 

Ein neuer Beitrag zur Kenntniss der Tertiarflora Siebenbiirgens. Abhandl. Natur
wiss. Vereinfiir Sachsen und Thiir. Staaten, vol. 2; Berlin, 1858-1861, pp. 429-435, 
pl. i. 

Berichtigungen zu den '' Beitragen zur Kenntniss der fossil en :~flora Siebenbiirgens 
und des Banats." Ibid., 1861, pp. 435-436, pl. vi. -

2 Das Kohlenbecken des Zsily-Thales in Siebenbilrgen, von K. Hofmann: Jahr
buch k.-k. geol. Reichsanstalt, Wien, vol. .20, 1870, pp. 523-530. 

3 Ueber die braunkohlen-Flora des Zsily-Thales in Siebenbiirgen, von Oswald Heer: 
Jahrbuch k. ungar. geol. .A.nstalt, vol. 2, Pest, 1872, Lieferung I, pp. 3-25, pl. 
i-vi. 

4 Die Aquitanische flora des Zsilthales im Comitate Hunyad, von Moritz Staub: 
Mitth. aus Jahrbuch k. ungar. geol. Anstalt, vol.'7, Heft 5, 1887, pp. 221-417, pl. 
xviii-xlii. 

• Moritz Staub: Tertiiire Pflanzen von Felek bei Klausenburg. Jahrbuch k. ungar. 
geol. Anstalt, vol. 6, Heft 8, Budapest, 1883, pp. 263-281, pl. xviii. 

Adalek a Feleki palaszen Kerdesehez. Fiildtani Kozlony, vol. 14, Budapest, 1884, 
pp. 522-524. 

Die Schieferkohlen bei Frek in Siebenbiirgen. Verhandl. k.-k geol. Reichsan
stalt, Wien, 1884, No. 15, pp. 306-308. 

6 Ueber einige fossile Pflanzenreste aus Siebenbiirgen und Ungarn, von Franz 
Unger: Sitzungsber. k. Akad. Wiss., Wien, math.-nat. Cl., vol. 51, Abth. I, 1865, pp. 
375-380, pl. i. 

1 Beitrage zur Kentniss der Liasablagerungen von Hollbach und Neustadt in der 
Umgegend von Kronstadt in Siebenbiirgen, von D. Stur: Verhandl. k.-k. geol. 
Reichsanstalt, Wien, 1872, pp. 341-347. 
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the Oligocene in the Zsil Valley, the Miocene at Farkaspatak and 
Nagyag in Hunyad County, and the Pliocene .at Bibarczfalva and 
Kozep-Ajta in Haromszek County; and the Diluvium at Felek in 
Szeben County. 

Some of the specimens of fossil wood described by Felix in the 
papers mentioned above were also from Felek, Deva, and the Zsily
Thal; also from Nagy-Almas and Kristyor (Petrosza), in Hunyad 
County. 

Galicia.-Pusch in his Polens Palaontologie, 1836 (see infra., 
p. 782), reported Carboniferous plants from Niedzielisko, Dabrowa, 
Bobrek, and Strzyzowice, Cretaceous plants from Biala, Zywiec, and 
Trabki, and Tertiary plants from Busko and Lemberg, in Galicia. 
The two important plant deposits of Galicia, however, are those 
of Swoszowice and Wieliczka, both in the western part of that prov
ince not far from each other, the former quite near the Polish 
frontier and the city of Crakow. Zeuschner early sent specimens 
from Swoszowice to Dr. Unger for the determination not only of the 
species but of the age of the sulphurous deposit in which they occur, 
and in 1850 the latter, who had already described several of them 
in his Chloris Protogma, published a monograph of that flora in Haid
inger's Memoirs,' which was followed in the same volume by a geo
logical discussion by Zeuschner. • Twenty species from that locality 
were enumerated in Unger's paper. 

Almost at the same time appeared a similar monograph by the 
same author on the flora of the saline beds of Wieliczka, • previously 
studied by Gop pert. • Fifteen species were then known from that 
place, which, singularly enough, had only been increased by one 
species in 1873, when Stur undertook a revision of that flora. • The 
deposits are both Miocene. 

From another plant bed, probably of the age of the Oolite, at 
Grojec, • Dr. Stur has recently described a number of species, nine 
of which are new. 

Moravia.-Extensive Subcarboniferous plant-bearing deposits oc
cur along the boundary of Moravi·a and Austrian Silesia, and west-. . 

1 Blatterabdriicke aus dem Schwefelflotze von Swoszowice in Galicien, von Franz 
Unger: Naturwiss. Abhandl. von Haidinger, vol. 3, Abth. I, Wien, 1850, pp.121-128, 
pl. xiii, xiv. 

2 Geognostische Beschreibung des Schwefellagers von Swoszowice bei Krakati, von 
L.Zeuschner: Ibid., pp.171-178,pl.i. 

3 Die Pflanzenreste im Salzstocke von Wieliczka, von Franz Unger: Denkschr. 
k. Akad. Wiss., Wien, math.-nat. Cl., vol. 1, 1850, pp. 311-322, 1 pl. 

• Ueber V egetationsreste im Salzstock im W ieliczka, von H. R. Goppert : V er
handl. schles. Gesell. Vater I. Cultur, 1847, Breslau, 1848, p. 73. 

• Beitrage zur genaueren Deutung der Pflanzenreste aus dem Salzstocke von Wie
liczka, von D. Stur: ·verhandl. k.-k. geol. Reichsanstalt, 1873, pp. 6-10. 

6 Ueber die Flora derfeuerfesten Thone von Grojec in Galizien, von D. Stur: Ibid., 
1888, No. 4, pp. 106-108. 
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ward at the foot of the Riesenge birge across the northern part of 
Bohemia. These deposits have been studied from a phyto-paleonto
logical point of view since 1853, when Ettingshausen published a 
note on the fossil flora of Ostrau in Moravia.' In 1865 the sal}le 
author described quite a number of plants from strata of the same· 
age in Altendorf and Tschirm, and from five localities in Silesia. • 
This work was continued by Stur in several short notices in 1866,' 
preliminary to his great work on the Culm Flora. • 

Ettingshausen, in 1852, published a number of Wealden species from 
Murk, near Neutitschein, and from Blansko, in Moravia." 

The important Cretaceous (Cenomanian) deposit at Moletein was 
elaborately studied by Heer, whose memoir • upon its fossil plants 
has become well known to paleobotanists. The stone-quarries in the 
Moletein Valley are near Mahrisch-Altstadt, northwest of Olmutz, 
near the Bohemian frontier. · 

Austrian Silesia.-The following localities for the flora just de
scribed are in Austrian Silesia: Mohradorf, near Meltsch, Morawitz, 
Kunzendorf, Schonstein, southwest of Troppau, and Gratz, also near 
Troppau; and in addition we have in the Urgonian formation, 
Wernsdorf and Teschen, with the neighboring localities, Grodischtz, 
Stragonka, Lippowetz, Mistrowitz, Leipnik, Niedeck.' ·· 

Bohemia.-There is no province of Europe that has greater inter
est for the paleobotanist or in which the study of fossil plants has 

1 Ueber die fossile Flora der Steinkohlenmulde von Mahrisch-Ostrau, von C. von 
Ettingshausen: Jahrbuch k.-k. geol. Reichsanstalt, vol. 4, 1S53, pp. 434-435, 

2 C. von Ettingshausen : Die fossile Flora des miihrisch-schlesischen Dachschiefers. 
Sitzungsber. k. Akad. Wiss., Wien, math.-nat. Cl., vol. 51, Abth. I, 1865, pp. 201-
214. Denkschr., vol. 25, Wien, 1866, Abth, I, pp. 77-116, pl.-i-vii. 

8 D. Stur : Fossile Pflanzen aus der Steinkohlenformation von Rossitz und Oslawan. 
Verhandl. k.-k. geol. Reichsanstalt, Wien, 1866, pp, 70-72. 

Vorlage einer Sammlung von fossilen Pflanzen aus der Steinkohlenformation 
der Rossitzer Gegend. Ibid., pp. 80-84. 

Vorlage einer von Herrn Max Machanek geschenkten Sammlung von fossil en 
Pflanzen und Thierresten aus den Dachschiefern des mahrisch-schlesischcn Ges
enkes. Ibid., pp. 84-86. 

4 Beitrage zur Kenntniss der Flora der Vorwelt. Vol; 1, Die Culm-Flora, von D. 
Stur: Abhandl. k.-k. geol. Reichsanstalt, Wien, vol. 8, 1875-1877. Heft I, Die 
Culm-Flora des mahrisch-schlesischen Dachschiefers. Wien, 1875, pp. 1-106, pl. 
i-xvii. Heft II, Die Culm-Flora der Ostrauer und Waldenburger Schichten. Wien, 
1877, pp. 1-366, pl. i-xxvii (xviii-xliv). 

• Beitrag zur naheren Kenntniss der Flora dcr Wealdenperiode, von Constantin von 
Ettingshausen: Ibid., vol. 1, Abth. 3, No. 2, 1852, pp. 1-32, pl. i-v. 

6 Beitrage zur Kreideflora, von Oswald Heer. I; Flora von Moletein in Mahren. 
Neue Denkschr. allgem., schweiz. Gesell. Naturwiss., vol. 23, Zurich, 1869-'72, Mem. 
2, pp. 1-24, pl. i-xi. 

' Beitrage zur Flora der Vorwelt. III, die fossilen Pflanzen der W ernsdorfer 
Schichten in den Nordkarpathen, von August Schenk: Palaeontographica, vol.19, 
1871, pp. 1-34, pl. i-vii. 
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been more assiduously pursued than Bohemia. As tho home of 
Sternberg and Corda, this might have been expected, and well have 
their successors, Feistmantel, Engelhardt, Stur, Velenovsky, and 
the rest, sustained the character of those early workers. 

It will be convenient in this case, even at the expense of chrono
logie exactness, to treat the fossil floras of Bohemia, as nearly as· may 
be, in the order of their geological age, beginning at the lowest plant
bearing beds known. 

Silurian.-Barrande in 1852' announced the existence of fucoids in 
the Silurian of Central Bohemia, but no attempt to develop the Si
lurian flora seems to have been made until 1881, when Stur worked 
up the material collected and sent him by Novak, Dusl, and Laube. • 
Six species are elaborately treated in that memoir, all of which were 
collected at Srbsko, but three of them were also found at Hostin, 
and two of them occurred at a third locality, namely Hlubocep. 

Subcarboniferous.-The Culm of Stur, the flora of which he treats 
so elaborately in the large work already referred to, takes its name 
from, the city of Culm, in the northwestern part of Bohemia, but 
all the fossil plants, with a few trifling exceptions (Ebersdorf, Peters
wald, etc., near the boundary line), come from Moravia and Silesia, 
some of the localities for which have been given. 

Carboniferous.-At the time that Sternberg' and Corua• wrote their 
great works on fossil plants, a large amount of material belonging to 
this formation existed in the Museum of Prag, which had been col
lected from time to time from Chomle, near Radnitz, Swina, Bras, 
Wranowitz, Muhlhausen, Nachod, Neupaka (Permian), etc. The 
more noted localities that have since been worked are: Stradonitz, • 
Radowentz (where Goppert's petrified forest occurs)," PI·ilep, Lisek, 

1 Systeme Silurien du centre de la Boheme, par J. Barrande. Prague et Paris, 
1852, xxx, 935 pp., 4 o ; atlas, 52 pl. 
~Die Silur-Flora der Etage H-h, in Bohmen, von D. Stur: Sitzungsber. k. Akad. 

Wiss., Wien, math.-nat. Cl., vol. 84, Abth. I, 1881, pp. 330-391,·pl. i-v. 
3 Versuch einer geognostisch-botanischen Darstellung der Flora der Vorwelt, von 

Kaspar Maria, Graf von Sternberg. Prag. 1820-1838, 8 Hefte, folio, pl. i-lix, a-e; 
i-lxviii, a, b. Essai d'un expose geognostico-botanique de la flore d'un monde 
primtif, traduit par le comte F. G. de Bray. Ratisbonne, 4 Cahiers, with "Tenta
men," 1820-1826, folio. 

4 Beitrage zur Flora der Vorwelt, von A. C. J. Corda. Prag, 1845, pp. i-viii, 1-128. 
pl. i-lx, folio. 

& Die Steinkohlenflora von Stradonitz in Bohmen, von Constantin von Ettings
hausen: Abhandl. k.-k. geol. Reichsanstalt, Wien, vol. 1, Abth. III, 1852, No.4, pp. 
1-18, pl. i-vi. 

6 H. R. Goppert: Ueber den versteinten Wald von Radowenz bei Adersbach in 
Bohmen und iiber den Versteinungsprocess iiberhaupt. Jahrbuch k.-k. geol. 
Reichsanstalt, Wien, 8th Jahrg., 1857, pp. 725-738. 

Ueber dieversteinten Walder im nordlichen Bohmen und in Schlesien. 36th Jahr
esber. schles. Gesell., Breslau, 1858, pp. 41-49, pl. i-iii. 
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Miroschau;' Kralup • the so-called N yraner Gasschiefer, • Rakonitz, • 
Merklin, • Brandau, • and Schatzlar. 7 The number of papers and works 
relating more exclusively to the Radnitz flora is large, and Ettings
hausen," Krejci, • Feistmantel, '" and Stnr have contributed to its 
-------------------·-·----

1 Fossile Pflanzen von Miroschau, Bras, Swina, und Saserberg, von D. Stur ; Ver-
handl. k.-k. geol. Reichsanstalt, Wien, 1861, pp. 140-145. 

Karl Feistmantel: Die Steinkohlenbecken bei Pi'ilep, Lisek, Stilec, Holoubkau, 
Mireschau, und Letkow. Archiv fiir naturwiss- Landes-Durchforschung Bohmens, 
vol. 2, Prag, 1869, pp. 19-98. 

Zur Flora von l\1ir6schau (Aus ~inem Briefe an D. Stur). Verhandl. k.-k. geol. 
Reichsanstalt, Wein, 1874, pp. 256, 257. 

2 Steinkohlenflora von Kralup, in B6hmen, von 0, Feistmantel: Abhandl. k. bohm. 
Gesell. Wiss., 6th series, vol. 5, Prag, 1871, pp. 1--38, pl. i-iv. 

aottokar Feistmantel: Ueber Pflanzenpetrefackte aus dem Nyi'aner Gasschicfer 
sowie seine Lagerung und sein Verhiiltniss zu den Ubrigen Scliichten. Sitzungsber. 
k. b6hm. Gesell. Wiss., Prag, 1870, pp. 56-73. 

Beitrag zur Kenntniss der Ausdehnung des sogenannten N yraner Gasschiefers und 
seiner Flora. Jahrbuch k.-k. geol. Reichsanstalt, Wien, vol. 22, 1872, pp. 289-308. 

4 D. Stur: Odontopteri.s bifurcata St., sp. a us dem griiflich Nostitz.'schen Kohlenbau 
in Lubna bei Rakonitz. Verhandl. k.-k. geol. Reichsanstalt, Wien, 1874,pp. 262-266, 

Ueber das Niveau der in der Umgegend von Rakonitz abgebauten Fl6tze. Ibid., 
p. 267. 

J. Kusta: Der Brandschiefer von Herrendorf bei Rakonitz. Ibid., 1878, pp.354-358. 
Zur Kenntniss der Steinkohlen-Flora des Rakonitzer Beckens. Ibid., pp. 380-385, 
Ueber die fossile Flora der Rakonitzer Steinkohlenbeckens. Sitzungsber, k. bohm. 

Gesell. Wiss., Prag, 1883, pp. 157-186. 
W eitere Beitriige zur Kenntniss der Steinkohlenflora von Rakonitz. Sitzungsber. 

k. bohm. Gesell. Wiss., Prag, 1886, pp. 487-498, 1 pl. 
5 Ueber Pflanzenreste aus demSteinkohlenbeckcn von Merklin, von Ottokar Feist~ 

mantel: Sitzungsber. k. bohm. Gesell. Wiss., Prag, 1872, pp. 45-59. 
6 Ueber die Steinkohlenablagerung b:i Brandau im Erzgebirge, von Ottokar Feist

mantei: Sitzungsber. k. bohm. GeselL vViss., Prag, 1873, pp. 49-54. 
· 7Ueber die Steinkohlenflora der Ablagerung am Fusse des Riesengebirges, von 

Ottokar Feistmantel: Sitzungsber. k. bohm. GeselL Wiss., Prag, 1871, pp. 70-107. 
D. Stur: Funde von untercarbonischen Pflanzen, der Schatzlarer Schichten am 

Nordrande der Centralkette in den nordostlichen Alpen. Jahrbuch k.-k. geol. 
Reichsanstalt, Wien, vol. 33, 1883, pp. 189-206. 

Beitriige zur Kenntniss der Flora der Vorwelt, vol. 2; Die Carbon-Flora der 
Schatzlarer Schichten. Abhandl. k.-k. geol. Reichsanstalt, voL 11, Wien, 1885-
1887. Abth. I, Die Farne der Carbon-Flora der Schatzlarer Schichten. Ibid., Abth, 
1, 1885, pp. 1-418, pl. xviii-xxv, xxvb, xxvi-lxv. Abth. II, Die Calamarien der Car
bon-Flora der Schatzlarer Schichten. Ibid., Abth. 2, 1887, pp. 1-240, pl. i-ii, iib, 
iii-ivb, v-viib, viii-xib, xii, xiib, xiii, xiiib, xiv, xivb, xv, xvb, xvi, xvib, xvii. 

sc. von Ettingshausen: Ueber die Steinkohlenflora von Radnitz in Bohmen. 
Bericht. 29th Versamml., Deutsch. Naturf. in Wiesbaden, 1852, pp. 148-149. 

Die Steinkohlenflora von Radnitz in Bohmen. Abhandl. k.-k. geol. Reichsanstalt, 
Wien, vol. 2, Abth. III, 1855, no. 3, pp. 1-74, pl. i-xxix. 

9 J. Krejci: 0 kamenem a hnedem uhli zolaste v Cechach (Ueber Stein- und Braun
kohle, namentlich in Bohmen). Ziva, Prag,1853, pp. 33-41, 97-104, 146-154, 168-175, 
213-218, 353-361. 

.0 kamenouhelnem utvaru v Cechftch (Ueber die Steinkohlen-Formation Bohmens). 
casopis musea kralovstva ceskeho, 1865. 

10 Karl Feistmantel: Die Steinkohlengebilde in der Umgebung von Radnitz in 
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literature! Permian plants have also been found at Budweis,Z Kou
nova, Lhotitz, Nurschan, • and Radowentz. 

The Schatzlar region lies at the foot of the Riesengebirge and em
braces as its-principal localities those of Schatzlar, Schwad.owitz, and 
Zdarek, .near Hronow. The Kralup and Rakonitz district to the 
northwest of Prag embraces W otwowitz, Kladno, Zemech, Lana, 
Rapic, etc. The Lisek basin, in which Stradonitz is situated, con
tains also Hyskow, Zlejcina, and Dibri. To the Pilsen district be
long the plant beds at Blattnitz, T!·emosna, Mantau, Lihn, Zebnitz 
near Plass, Dobraken, B:l'iz, etc.; while the Radnitz basin includes 
Bras, Chomle, Swina, Wranowitz, Stupnai, Mostitz, and Locho
witz. 

Karl Feistmantel in his paper on Araucaroxylon 4 enumerates the 
following Carboniferous localities in central Bohemia for trunks 
and stems belonging to this genus, which have not been previously 
mentioned: Slatina, Klobuk, Hredl, Tui·an, Kriegern, Kottiken, 
Guseht, Liehn, Routhoujezd, Manetin, Prohoi\ Lochotin, Kreuzun
tersatz, Libowitz, Zabor, Ledec, Wscherau, Zwoln, Mutiowitz. 

Cretaceous.-Corda inl845" described a large series of fossil plants 
from the Planer- and Quader-sandstein (Cenomanian) of Bohemia, 
and among the localities mentioned by him we find Trziblitz, Laun, 
Perutz, Kutschlin, W eberschan near Polster berg, Hradek, Smolintz, 
H undorf, Czenczic, Drahomischel, N eu bid§lchow, l\.!sseno near Schlan, 
and Luschitz. 

The sandstones of Perutz have received the name of that place and 
Biihmen. Sitzungsb. k. biihlll. Gesell. Wiss., Prag, 1860, vol. 2, pp. 17-25. Ab
handl., 5th Folge, vol. 11, 1861, pp. 327-351. 

Beobachtum;en iibcr einige fossile Pflanzen aus dem Steinkohlenbecken von Rad
nic. .Abhandl. k. biihm. Gesell. Wiss., Prag, 1868, 6th Folge, vol. 2, pp. 1-24, 
pl. i, ii. 

Die Steinkohlen-Becken in der Umgebung von Radnic. Archiv. fiir naturwiss. 
Landcsdurchforschung von Biihmen, section 2, Geologische Untersuchungen, vol. 1, 
Wien, 1869, pp. 1-122, pl. i, ii. · 

1 D. Stur: · Pflanzenreste aus dem Hangenden des oberen Fliitzes der Steinkohlen
Mulde von Bras bei Radnitz in Biihmen. Verhandl. k.-k. gcol. Reichsanstalt, Wien, 
1873, pp. 151-153. . 

Zur Kenntniss der Fructification der Noeggerathia foliosa St., aus dem Radnitzer 
Schichten des oberen Carbon in Mittel-Bohll.len. Ibid., 1878, pp. 329-334. 

2 Vorlaufige N otiz·iiber die dyadische Flora der Allthracit-Lagerstiitten bei Budweis 
in Biihmen, von D. Stur: Ibid., 1872, pp. 165-168. 

3 Ueber den Niirschaner Gasschiefer, dessen geologische Stellung und organische 
Einschliisse, von 0. Feistmantel: Zeitschr. deutsch. geol. Gesell., vol. 25, 1873, pp. 
579--601, pl. xviii. 

•Ueber .Araucaroxylon in der Steinkohlenablagerungen von Mittel-Biihmen, von 
KarlFeistmantel: Abhandl. k. biihm. Gesell. Wiss., 6th series, vol. 12, Prag, 1883, 
No. 6, 24 pp., 2 pl. 

•Pflanzen beschrieben und gebildet von A. C. J. Corda. [In] Reuss (A. E.): 
Die Versteinerungender biihm ischen Kreideformation, Stuttgart, 1845-'46, pp. 81-
96, pl. xi vi-li, 4 o. 
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have been the subject of several papers by Krejci,' Feistmantel, • and 
Stur. • 

With the exception of a note by Feistmantel, in 1870, on a few 
forms found at Kuchelbad, • nothing further than the frequent men
tion of Cretaceous plants from: Bohemia in general works on paleo
botany appears until the year 1881, when Velenovsky came out with 
his preliminary report on the dicotyledonous plants of the Bohemian 
Cretaceous formation, • and announced the commencement of his large 
work, which began to appear in 1882, • and is still unfinished. 

His Gymnosperms of the Bohemian Cretaceous7 was published as 
a separate work through a subvention from the committee for the 
investigation of the natural history of Bohemia. The following 
localities appear to have yielded no dicotyledons: Nehvizd, Vysocan, 
Vojice near Jicin, Ho'fic, Chocen, Melnik on the Sazava, Landsberg, 
Lipenec near Laun, Citov near. Ber·kovic, Slavetfn, Knezivka, Hos
pazin, Raudnic, and Bezdekov in tho vicinity of Reichenau. 

Among the localities named by Velenovsky that have not already 
been mentioned occur those of Chlomek near Leipa, Hodkovic, 
Vyl.lerovic, Kaunic, Yydovle near Jinonic, Koza.kov, Trubejov near 
Nachob, Mseno, Lidic, Onjezd near Jicin, Weissenberg, Pocernic, 
and Hasen berg near Prague, Liebenau, Cibulka. 

Tertiary.-All the Tertiary plant beds in Bohemia are probably 
Miocene, although they doubtless represent quite different horizons 
of that formation. 

In 1839, Haidinger mentioned the occurrence of plants in the so
called Elbogener Kreis, • and, in 1840, Rossmassler published his re-

1 Casopis prirodnicky, vol. 1, 1853. 
~ Vorbcricht iiber die Perucer Kreideschichten in Bolunen und ihre fossilen Reste, 

von Ottokar Feistmantel: Sitzungsber. math.-nat. Cl., k. bohm. Gesell. Wiss., 
Prag, 1874, pp. 255-276. 

3 Vorkommen einer Palmenfrucht-Hiille, Lepidocaryopsis W estphaleni, n. g. et sp., 
im Kreide-Sandstein der Peruzer-Schichten bei Kaunitz in Bohmen, von D. Stur: 
Verhandl. k.-k. geol. Rcichsanstalt, Wien, 1873, pp. 1-3 . 

. 4 Ueber Reste der Kreideformation bei Kuchelbad. von Ottokar Feistmantel: 
Sitzungsber. k. bohm. Gesell. Wiss., Prag, 1870, pp. 73-75. 

5 Vorlaufiger Bericht iiber die dicotylcdonen Pflanzen der bohmischen Kreidefor
mation, von J. Vclenovsky: Ibid., 1881, pp. 212-219. 

6 Die Flora der biihmischen Kreideformation, von J. Velenovsky. Theil I: Beit
rage zur Palaontologie Oesterreich-U ngarns und des Orients, von Mojsisovics und 
Neumayr, vol. 2, Hefte 1, 2, Wien, 1882, pp. 9-32 (1-25), pl. iii-viii (i-vi); Theil II: 
Ibid., vol. 3, Heft 1, Wien, 1883, pp. 1-22 (26-47), pl. i-vii (ix-xv); Theil III: Ibid., 
vol. 4, Heft 1, Wien, 1884, pp. 1-14 (48__:61), pl. i-viii (xvi-xxiii); Theil IV: Ibid., vol. 
5, Heft 1, Wien, 1885, pp. 1-14 (62-75), pl. i-viii (xxiv-xxxi). 

1 Die Gymnospermen der bohmischen Kreideformation, von Josef Velenovsky. 
Prag, 1885 (veroff. mit Subvention d. Com. fiir die naturwiss. Durchforsch. Boll
mens), pp. 1-34, pl. i-xiii, folio. 

8 Ueber das Vorkommen von Pflanzenresten in den Braunkohlen- and Sandstein
Gebilden des Elbogner Kreises in Bohmen, von W. Haidinger: Abhandl. k. bohm. 
Gesell, Wiss., vol. 1, No. 3, Prag, 1S31l, pp. 1-12. 
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markable work· on the fossils of Aitsattel' in the same region. 
Ettingshausen's splendid series of papers on the flora of Bilin was 
commenced in 18512 and closed in,1869. Jok&y, 1858, enumerated 
the plants of the_ Saaz basin," and the tufaceous basalts of Alt
warnsdorf in northern Bohemia, 1862, • and Stur, 1866, those of Lei
nisch on the Elbe.' 

Then commenced the critical and carefully descriptive studies of 
Engelhardt on the fossil floras of the Leitmeritz Mittelgebirge 
(Salesl, Holaikluk), 1876;" of Tschernowitz, 1877;7of the Cypris shales 
of Egerufer between :H'alkenau and Konigswerth, the Krottensee, 
and Grasseth, 1879;" of Liebotitz and Putschirn, 1880;' of Grasseth, 
1881/" of Waltsch, 1884;11 and of the Jesuitengraben at Kundratitz, 
in northern Bohemia, 188[). ,. 

1 Beitrage zur Versteincrungskunde, von E. A. Rossmassler, Heft 1, Die Ver
. steinerungen des Braunkohlcnsandsteins aus der Gegend von Altsattel in Bi:ihmen 

(Elnbogener Kreises). Dresden und Leipzig, 1840, pp. 1-48, pl. i-xii, sa. 
_ 2 Constantin von Ettingshausen: Ueber fossile Flora der nachsten Umgebung, 

von Bilin und Teplitz. Jahrbuch k.-k. geol. Reichsanstalt, Wien, vol. 2, 1851, No. 
1, pp. 154--155. 

Die fnssile Flora des Tertiar-Beckens von Bilin. I. Theil, Denkschr. k. Akad. 
Wiss. Wien, math.-nat. Cl., vol. 26, Abth. I, 1867, pp. 79-176, pl. i-xxx; II. Theil, 
Ibid., vol. 28, Abth. I, 1868, pp. 191-242, pl. xxxi-xxxix; III. Theil, Ibid., vol. 29, 
Abth. I, 1869, pp. 1-110, pl. xi-xiv. 

3 Die Tertiarablagerungen des Saazer Beckens und der Teplitzer Bucht, von J o
harm Jokely: Jahrbnch k. -k. geol. Reichsanstalt, Wien, vol. 9, 1858, pp. 519-548. 

4 Pflanzenreste a us dem Basaltntuffe von Alt-W arnsdorf in Nord-Biihmen, von J o
hann Jokely: Ibid., vol. 12, 1861-1862, pp; 379-381. 

5 Blattabdriicke a us dem Polierschiefor am Fahrwege von Leinisch nach Aussig 
an der Elbe, oberhalb Priesnitz, von D. Stur: Verhandl. k. -k. geol. Reichsanstalt, 
Wien, 1866, pp. 138, 139. 

6 Tertiarpflanzen aus dem Leitmeritzer Mittelgebirge. Ein Beitrag zur Kennt
niss der fossilen Pflanzen Bi:ihmcns, von Hermann Engelhardt: Nova Acta Acad. 
Leop.-Carol., vol. 38, Dresden, 1876, pp. 341-440, pl. xvi-xxvii. 

'Ueber die fossilen Pflanzen des Siisswassersandsteins von Tschernowitz. Ein 
neuer Beitrag zur Kenntniss der fossilen Pflanzen Bi:ihmens, von Hermann Engel
hardt: Ibid., vol. 39, No. 7, Dresden, 1877, pp. 356-400, pl. xx-xxiv. 

8 Ueberdie Cyprissehiefer Nord-Bi:ihmens und ihre pflanzlicher Einsehliisse, von 
Hermann Engelhardt; Sitzungsber. naturwiss. Gesell. Isis. Dresden, 1879, pp. 131- · 
152, pl. vii-ix. -

9 Ueber Pflanzenreste aus den Tertiarablagerungen von Liebotitz and Putschirn, 
von Hermann Engelhardt: Ibid., 1880 (Dresden, 1881) pp. 77-86, pl. i, ii. 

10 Ueber die fossilen Pflanzen des Siisswassersandsteins von Grasseth. Ein neuer 
Beitrag zur Kenntniss. der fossilen Pflanzen Bi:ihmens, von Hermann Engelhardt: 
Nova Acta Acad. Leop.-Carol., vol. 43, Halle, 1881, pp. 275-324, pl. x-xxi. 

11 Ueber tertiare Pflanzenreste von Waltsch,von Hermann Engelhardt: Leopoldina, 
vol. 20, Halle, 1884, pp. 129-132, 145-148. 

12 Die Tertiarflora des Jesuitengrahens bei Kundratitz in Nordbi:ihmen. Ein neuer 
Beitrag zur Kenntniss der fossilen Pflanzen Bi:ihmens, von Hermann Engelhardt: 
Nova Acta Acad. Leop.- Carol., vol. 48, Halle, 1885, No.3, pp. 1-112, pl. viii-xxviii. 



WARD.) AUSTRIA PROPER. 733 

The late Dr. Sieber, in 1879-'80,' worked up the Miocene plant beds 
of Kutschlin, Sobrussan, Priessen, Preschen, Kostenblatt, Prohn, 
Waltsch, etc.; Wentzel in 1881, those of Sulloditz;' and Velenovsky 
the same year the burnt elays of Vrsovic near Laun. • 

Austria proper.-As compared with Bohemia, Hungary, Styria, 
and other acquired provinces, Austria proper furnishes little of in
terest to the paleobotanist. In the Tertiary beds of Vienna, both 
the Eocene (Nummulitic) algm' and the higher Miocene forms 
have been chiefly studied by Baron von Ettingshausen, whose Fossil 
Flora of Vienna appeared in 1851. • Some of the more exact locali
ties in the vicinity of that city from which fossil plants have been 
taken are Inzersdorf, Laa, Liesing, and Hernals; also, the oft-men
tioned Eichkogel near Modling, the plants from which were named 
by Unger and published by Karrer,' and the marine conglomerate 
of Kalksburg, where Wiesbaur' found fruits and nuts, and whence 
came the so-called" Palm of Kalksburg," which is in the natural 
history cabinet of that place. 

There is also a Miocene plant bed at Wildshuth, in Upper Austria, 
on the Salzach River, which was made the subject of a short mono
graph by Ettingsl1ausen in 1852. • 

The material from 'the Flysch, in the quarries of Bergheim and 
Muntigl, described by Fugger and Kastner in 1885," should be men-

1 Johann Sieber: Ein Beitrag zur Kenntniss der Flora der Diatomaceenschiefer von 
Kutsch lin bei Bilin. Verhandl. k. -k. geol. Reichsanstalt, Wien, 1879, pp. 241-243. 

Zur Kenntniss der nordbohmischen Braunkohlenflora. Sitzungsber. k. Akad. 
Wiss., Wien, math.-nat. Cl., vol. 82, 1880, Abth. I, pp. 67-101, pl. i-v. 

9 Die Flora des tertii.iren Diatomaceenschiefcrs von Sulloditz im bohmischen Mit
telgebirge, von Joseph Wentzel: Sitzungsber. k. Akad. Wiss .. Wien, math.-nat. Cl., 
vol. 83, Abth. I, 1881, pp. 241-265, pl. i. · 

3 Die Flora aus den ausgebrannten tertii.iren Letten von Vi'sovic bei Laun, von J. 
Velenovsky: Abhandl. k. bi:ihm. Gesell. Wiss., 6th series, vol.11, math.-nat. Cl., No. 
1, Prag, 1882, pp. 1-54, pl. i-x. 

4 Die fossilen Algen des Wiener und des Karpathen-Sandsteines, von Constantin 
Ritter von Ettingshausen: Sitzungsber. k. Akad. Wiss., Wien, math.-nat. Cl., vol. 
48, Abth. I, 1863, pp. 444-467, pl.i, ii. -. 

6 C. von Ettingshausen: Notiz iiber die fossile Flora von Wien. Jahrbuch k.-k. 
geol. Reichsanstalt, Wien, vol. 2, No. 4, 1851, pp. 39-46. 

Die Tertii.ir-Floren der Oesterr.eichischen Monarchie. No. I, Fossile Flora von 
Wien. Abhandl. k.-k. geol. Reichsanstalt, Wien, vol. 2, Abth. III, 1851, pp. 1-36, pl. 
i-v. 

sDer Eichkogel bei Modling, von Felix Karrer: Jahrbuch k.-k. geol. Reichsan
stalt, Wien, vol.10, 1859, pp. 25-29. 

1 Fossile Pflanzen im marinen Tertii.ir-Conglomerate zu Kalksburg bei Wien, von 
J. Wiesbaur: Verhandl. k.-k. geol. Reichsanstalt, Wien, 1874, pp. 157-165. 

• Beitrag zur Kenntniss der fossilen Flora von Wildshuth in Oberi:isterreich, von 
Constantin von Ettingshausen: Sitzungsber. k. Akad. Wiss., Wien, math.-nat. Cl., 
vol. 9, 1852, pp. 40-48, pl. ii-v. 

9 N aturwissenschaftliche Studien und Beobachtungen a us und iiber Salzburg 
• , . von Eberhard Fugger und Carl Kastner. Salzburg, 1885. 132 pp., 2 pl., 12 
text fig., 8°. [Die Steinbriiche von Bergheim und Muntigl, pp. 62-77.] 
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tioned here, as both these localities are located on the Salzach. The 
plant forms justify the statement of these authors that the beds are 
an extension of the Flysch of Switzerland. 

Stur, in- his Flora of the Siisswasserquarze (supra, p. 721), enu
merates most of the above-mentioned beds and adds those of the Bel
vedersandgruben, Arsenale, Laaerberg, Simmering, Gumpendorf, 
Reissenberg, Moosbrunn, Zillingsdorf, Tanzbodenberg in the Upper 
Danube Valley, Neufeld, the Breitensee, and Nussdorf. . 

There are also Cretaceous plant-bearing deposits in Austria; namely, 
one at Ischl, probably in the Lower Quader or Cenomanian, and two 
others, which, though widely separated, have been placyd in the· 
Gosau formation or Senonian system. One of these latter is at 
Sanct Wolfgang, in Upper Austria, and the other at Neue Welt, in 
Lower Austria, which must not be- confounded with another plant 
bed of the same name but different age in Switzerland. Plants from 
all three of these beds were studied by Unger in 1867.' 
. The Wealden beds of Zi:ibing, in L9wer Austria, were made 

known by Ettingshausen in his contribution to the flora of the 
Wealden period, published in 1852. 

An important Keuper (Lettenkohle) plant-bearing deposit occurs 
in the vicinity of Lunz, in Lower Austria, at the head of the river 
Ips, on the northern slope of the so-called North Kalkalp, near the 
Styrian boundary. It was surveyed in 18f!3-'64 by Stur, Lipoid, • 
Hertle, Rachoy, and Sternberg, and a collection of the plant remains 
was then made. A list of these plants was given in Stur's Geology 
of Styria, 1871, p. 250. :r'he subject rested here until1885, when the 
same author published a paper on this flora compared with that of 
Raibl in Carinthia• which had been much longer known, and the 
conclusion was here reached that the latter is considerably older than 
the deposit at Lunz, which is regarded as upper Keuper. On receipt 
of Prof; William M. Fontaine's Monograph of the Older Mesozoic 
Flora of Virginia, the distinguished Director of the Austrian Sur
vey was struck with the resemblance of the Virginia plants to those 
of Lunz, and req11ested Professor Fontaine to send him some speci
mens of that flora. Through the intervention of the U. S. Geolog
ical Survey this request was complied with, and a study of these 
specimens led him to the conclusion not only that the two floras were. 
practically identical and at the same geological horizon as those of 
Stuttgart and Neue Welt (near Basle, in Switzerland), but that a 
large number of Professor Fontaine's species were the same as those 

, 1 Kreidepflanzen aus Osterreich, von Franz Unger: Sitzungsber. k. .Akad. Wiss., 
Wien, math.-nat. Cl., vol. 55, Abth. I, 1867, pp. 642--654, pl. i, ii. 

9 Lipoid und Stur: Das Kohlengebiet in den nordi:istlichen .Alpen. Jahrbuch 
k.-k. geol. Reichsanstalt, Wien, vol. 15, 1865, pp. 1-163.-

3 Die obertriadische Flora der Lunzer-Schichten und des bitumini:isen Schiefers 
von Raibl, von D. Stur: Sitzungsber. k. .Akad. Wiss., Wien, math.-nat .. Cl., vol. 
111, .Abth. I, 1885, pp. 94-103. 
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named, but neither described nor figured, by him in the paper above 
quoted-one of the best illustrations of the futility of publishing new 
species in mere lists, which can have no meaning to any but the au
thor of such lists. These views were set forth in a recent paper pub
lished as soon as such comparisons had been completed.' 

Finally might be noted the recent mention by Gumbel • of the dis
covery of the remains of supposed algoo in the Silurian clay shales of 
the Schwarz-Leogang Valley near Saalfelden, west of Dienten, in 
Salzburg. 

Carniola.-The only important district in Carniola from which 
fossil plants have been obtained is that of Sagor, in the northeastern 
portion of the province, on the Save and near the Styrian boundary, 
although three dicotyledonous species were collected by Hauer at 
Laak, northwest of Laibach, and determined by Ettingshausen in 
1851. • With the exception of a small florule at Mottnig, to the 
north of Sagor, in which Stur in 1870 4 found two new species of 
fern, which he correlates with the Sotzka beds of Styria (Oligo
cene), the fossil flora of Sagor has been elaborated entirely by 
Baron von Ettingshausen from materials collected by Morlot and 
other officers of the Austrian Geological Survey and deposited in the 
museum of that institution. The plants have been found at a num
ber of points in the close vicinity of Sagor, among which the follow
ing are the principal ones: Friedhof, Bach, Francisci; Godredesch, 
Savine, Islaak, Hrastnigg, Bresno, Trifail, and Tiiffer, the last three 
of which are just over the boundary in Styria. These places are, 
however, of very unequal importance, Savine having yielded 313 
species, -Bach 79, Trifail 76, and Friedhof 40 of the 387 species that 
belonged to the Sagor flora in 1885. The splendid series of memoirs 
in which Ettingshausen has monographed this flora can not receive 
too great praise. It began iri 1851 and closed in 1885. • 

1 D. Stur: Die Lunzer-(Lettenkohlen-)Flora in den "olde.r Mesozoics beds of the 
Coal-Field of Eastern Virginia." Verhandl. k.-k. geol. Reichsanstalt, Wien, 31 Juli 
1888, No. 10, pp. 203-217. 

~ Algenvor kommen im Thonschiefer des Schwarz-Leogangthales bei Saalfelden, von 
C. W. von Gumbel: Verhandl. k.-k. geol. Reiehsanstalt, Wien, 1888, No. 9, pp. 
189-190. 

3 Fossile Pflanzenreste von Laak in Krain (Daphnogene einnamomifolia Ung., Fla
bellaria latania, Rossm.), von C. von Ettingshausen: Berichte iiber Mitth. Fr. Nate 
urwiss., Wien, von Haidinger, vol. 7, 1851, pp.112, 113. 

4 Ueber zwei neue Fame aus den Sotzka-Sehichten von Mi:ittnig in Krain von D. 
Stur: Jahrbuch k.-k. geol. Reichsanstalt, Wein, vol. 20,1870, pp.1-14, pl.i, ii. 

•Constantin von Ettingshausen: Ueber ·die fossile Flora von Sagor in Krain. 
Ibid., vol. 2,1851, part 2, pp.185, 186,188, 189. Anzeiger Akad. Wiss., Wien, Jahrg., 
1871, No. 10, pp. 88-90. · 

Die fossile Flora von Sagor in Krain. I. Theil, Denksehr. k. Akad. Wiss., Wien, 
math.-nat. Cl., vol. 32, 1872, Abth. I, pp. 159-202, pl. i-x. II. Theil, Ibid., vol. 37 ,. 
1877; Abth. I, pp. 161-216, pl. xi-xxvii. III. Theil, Ibid., vol. 50, 1885, Abth. ·I, pp. 
1-56, pl. x:xviii-xxxii. 
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As regards its geological position, the plants indicate considerable 
range of horizon from that of Friedhof, which may be Upper Eocene, 
to that of Sa vine, which is evidently Aquitanian, or Lower Miocene. 
The Bach and Trifail beds may perhaps be best, lassed as Oligocene. 

Plants of paleozoic age have also been noted near Assling by 
Stur,' who has assigned them to the age of the Upper Carbonifer
ous. 

Carinthia.-Fossil plants have been found in Carinthia at several 
horizons, namely :hn the Carboniferous of the southern portion be
tween tho Gail and Canal valleys at Vogel bach, N assfeld, W eissen
bach, Kovatsch, Rothenstein, and the Kron and Zirkel Alps, from 
which Unger described about twenty species in 1870;' the celebrated 
black shales of Raibl (Keuper) in the extreme southern point below 
the Canal valley in which Bronn • (1858), Schenk (1866), • Zwanziger 
(1871-1873), • and Stur (1868,' 18857

) have so successfully worked; in 
the Gosau (Senonian) formation at Althofon and Guttaring, in tho 
northeastern section, from which Unger described one species (Ros
thornia Carinthiaca) in the second supplement to Endlicher's Genera 
Plantarum, 1843, page 101; and in the Tertiary (Miocene) of Prevali 
in the Lavantthal, still farther to the northeastward and 53 kilome
ters east of Klagenfurt, which was the subject of a little paper by 
Unger" in 1855; and of Liescha, in the same, immediate district 

1 Obercarbonische Pflanzenreste vom Bergbau Reichenberg, bei Assling, in Ober
krain, von D. Stur: Verhandl. k.-k. geol. Reichsanstalt, Wien, 1886, No. 15, pp. 
383-385. 

2 Anthracit-Lager in Karnthen, von Franz Unger: Sitzungsber. k. Akad. Wiss., 
Wien, math.-nat. Cl., vol. 60, 1870, Abth. I, pp. 777-792, pl. i-iii. 

3 Beitrage zur triassischen Fauna und Flora der bituminiisen Schiefer von Raibl, 
etc., von Heinrich G. Bronn: Neues Jahrbuch fiir Mineral. 1858, pp. 1-32; 129-144, 
pl. i-x. [Reprint, Stuttgart, 1858, 63 pp., 10 pl., 8'.] Verhandl. Nat. Med. Ver. 
Heidelberg, ve~l. 1, 1857-1859, pp. 108-110. Heidelberg JahrbuchLit., 1858, pp. 342-
344. 

4 Ueber die Flora des schwarzen Schiefers von Raibl, von A. Schenk: Wiirz
burger naturwiss. Zeitschr., vol. 6, 1866-'67, pp. 10-20, pl. i-ii. 

• Gustav Adolf Zwanziger: Ein botanischer Ausflug nach Raibl. Jahrbuch natur
hist. Landes-Museums v. Karnten, Heft 10, Klagenfurt, 1871, pp. 85-113. 

Die Farn- oder Zapfenpalmen. Carinthia, 1872, No. 12, pp. 3i.J7-350. 
Sphenozamia augustre Zwgi'. Ein Cycadeenwedelabdruck von Raibl in Karnten. 

Jahrbuch naturh. Landes-Museums von Karnten, Heft 9, Klagenfurt, 1873, pp. 
212-218. 

6 Beitrage zur Kenntniss der geologischen V crhaltnisse der Umgegend von Raibl 
und Kaltwasser, D. Stur: Jahrbuch k.-k. geol. Reichsanstalt, Wien, vol. 18, 1868, 
pp. 71-122. _ 

7 Die obertriadische Flora der Lunzer-Schichter und des bituminoscn Schiefers 
von Raibl, von D. Stur: Sitzu]Jgsber. k. Akad. Wiss., Wien, math.-nat. Cl., vol. 
111, 1885, Abth. I, pp. 94-103. 

s Bemerkungen iiber einige Pflanzenreste im Thonmergel des Kohlenfliitzes von 
Prevali, von F. Unger: .Sitzungsber. k. Akad. Wiss., Wien, math.-nat. Cl., vol. 
18, 1855, pp. 28-33, plate. 
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where Zwanziger' has worked since 1872, and of the flora of which 
he published in 1878 a valuable lit.tle monograph of thirty-six species. 2 

Tyrol.-The celebrated leaf-bed at Ha-ring was known to Schlot
heim' and Sternberg,' and down to the year 1850 the general works 
of Gi:ippert and Unger had enumerated nineteen species from that 
place. It remained for Ettingshausen, in 1853, to develop it in a 
thorough manner, as was clone in his Tertiary Flora of Haring in 
Tyrol. • Its geological position has been definitively fixed as Olig6-
cen(;). 

No other important papers relating to the Tyrol have appeared, 
but Schenk, in 1875,' described eight species from Brandenberg near 
Brixlegg, in north Tyrol, belonging to the Gosau formation (Senon- · 
ian); Giimbel, 1877,' found Permian plants at N eumarkt on the Etsch, 
north of Trient; and Stur has more recently (1886)" discovered quite 
a flora in the interglacial (Quaternary) calcareous tufas or breccia 
of Rotting near Innsbruck, one species of which, Rhododendron 
Pont·icnm L., has been very fully discussed by Wettstein (1888).' 

Vorarlberg.----,-In Escher von der Linth's Da1;stellung der Gebirg
sarten in Vorarlberg, 1S53," Heer contributed the report on-the fossil 

1 Gustav Adolf Zwanziger: Die urweltliche Pflanzendecke Kiirntens. Carinthia, 
1872, No . .4, pp. 97-104. · 

Neue Fun de von Tertiarpfl.anzen a us den Braunkohlenmei·geln von Liescha. Ca
rinthia, 1873, No. 4, pp. 99-102. 

Nachtrag zu den neuen Funden von Tertiiirpflanzen aus den Braunkohlenmer
geln. Ibid., pp. 102-104. 

Neue Pfianzenabclriicke von Liescha. Klagenfurter Zeitung, No. 93, 24 April, 
1873, p. 629. 

9 Beitriige zur Miociinflora von Liescha, von Gustav Adolf Zwanziger: Jahrbuch 
natu~·hist. Landes-Museum von Kiirnten, Heft 18, Klagenfurt, 1878, pp. 1-111, pl. 
i-xx viii. 

3 Petrefaktenkunde, 18.20, pp. 393, 416. 
4 Sternberg, Flora cler Vorwelt, vol. 1, fas~. 2, 1820, p. 28. 
• Die tertiare Flora von Haring in Tirol, von C. von Ettingshausen: Abhandl. 

k.-k. geol. Reichsanstalt, Wien, vol. 2-, Abth. III, No. 2, 18ii3 pp. 1-118, pl. i-xxxi. 
6 Beitriige zur Flora der Vorwelt. VI. Ueber einigc Pfianzenreste aus der Gosau

formation Nonltirols, von Dr. A. Schenk: Palrnontographica, vol. 23, Cassel, 1875-'76, 
pp. 164-171, pl. xxviii-xxix. 

1 Vorliiufige l\:littheilung i.iber das Vorkommcn dcr Flora vom Fi.infkirchen im sog
ensuntcn Groclner Sanclstein Si."tdtyrols (Ullmaniensandstein), von C. W. Gi.imbel: 
V crhandl. k. -k. geol. Reichsanstalt, Wien, 1877, pp. 23-26. 

8 Beitrag zur Kenntniss der Flora des Kalktt!ffes und der Kalktuff-Breccie von 
Hbtting bei Innsbruck, von D. Stur: Abhamll. k.-k. geol. Rei<:hsanstalt, Wien, vol.1.2, 
188€i, No.2, pp. 33-58, pl. i, ii. 

9 Rhododendron Ponticum L., fossil in den Nordalpen, von Rich. R. v. Wettstein: 
Sitznngsbcr. k. Akad., Wiss .. Wien, math.-nat. Cl., vol. 97, Abth. I, 1888, pp. 38-
49, 1 pl. 

10 Geologische Bemcrkungen iiber das norclliche Voradberg und cinigc angrenzen
den Gegenden, von A. Escher von dcr Linth: N. Denkschr. schweiz. Gesell. natur
wiss., vol. 13, Ztirich, 1853, Mem. No.5. Beschreibung der angefi.ihrten Pflanzen 
und Insekten, von· Prof. 0. Heer. A, Pflanzen, Mem. Ibid., pp.117-135, pl. vi-viii. 

8 GEOL--47 
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plants. Besides the six diatoms, eight species of plants are described 
from Weissenbach, Thannberg in the Lechthal, and Val Trompia, 
and San Rocco near Oneta (Val Gorno in Val Seriana) over the 
boundary in Italy (see supra, p. 714), in strata 'ranging from the 
Buntersandstein to the Keuper. 

,SWITZERLAND. 

Our knowleclge of the fossil flora of Switzerland is so largely due 
to the herculean htbors of Oswald. Ueer that it might almost be set 
forth without the mention of other names. Yet looking at the sub
ject from a historical point of view we find that, aside from the old 
works of Lange, Scheuchzer, etc., and the accidental collections which 
found their way into the great museums and were mentioned in the 
early general works of Schlotheim, Sternberg, and Brongniart, at 
least one author, Peter Merian, had anticipated Heer'searliestmernoir 
by publishing a paper on the fossil floea-of the Keuper formation of 
Basle, 1885.' Ten distinct forms are descr;ibed in this memoir, chiefly 
ferns and Cycads. 

Heer began his investigations in 18!6 and a popular lecture, pub
lished in the proceedings of the Swiss Society, • gives an account of 
the fossil plants discovered in the Hohe Rhonen. In 1850 he contrib
uted an important paper to the Swiss Naturalist's Society,' on the 
Anthracite plants of the Alps, with a list of the species contained in 
the museums of Ziirich and Basle, which included many from the 
Tarentaise, but the greater number were from the Col de Balme and 
Erbignon in the canton of Valais. 

Three years later were published in the same serial his notes giving 
a summary of the Tertiary flora of Switzerland, which he had pre
pared and sent to Professor Studer at Berne.' This series of five 
papers presents a clear view of the history of the investigations that 
led to his great work on this flora. Especially important for our 
present pmpose is the desceiption of the localities at which his ex
tensive series of specimens was obtained. These, in the order given, 
were mainly as follows: The Hohe Rhonen, canton of Zng, ehiefiy at 
Greith, where he says he spent three vacations collecting; the Albis, 
in the samo general section of Switzerland; Saint Gall and Miin
zlen (Solitude), and Riethhiisli in that vicinity, also in the eanton 
of Appeu~ell adjacent; Eri~ in the Zulgthal hear the Thunersee 

1 Ueber die fossile Flora der Keuperformation in den Umgebungen von Basel, von 
Peter .Merian: Bericht tiber Verhandl. natnrf. Gesell., Basel, vol. 1, 1835, pp. 36-38. 
Bibl. Univ. volA, 1836, pp.182-183. -

2 Ueber die von ihm an der hohen Rhonen entdcckten fossilcn Pflanzen, von Os-- _ 
wald Heer: Verhandl. sch weizer. natnrf. Gesell;, 31st Versamml., 1846, pp. 35-38. 

3 Ueber die Anthra:;::itpftanzen dE>r Alpen, von Oswal<l Hccr: Mitth .. naturf. Gesell., 
Zurich, vol. 2, Nos. 48 uncl 49, 1850, pp. 129-153. 

4 Uebersicht der Tertiarflora der Schweiz, von 0. Hea:·. S<Jn:lschrciben an Herrn . 
Prof. B. Studer: l\fitth. naturf. Gesell., Zlirich, vol. 3, 1813, Nos. 8!-S8, pp. 88-153. 
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in central Switzerland, cant01i of Berne; Delsberg, in the nortlYwest. 
but still in Berne; Lausanne, on the north side of Lake Geneva, 
canton of Vaud; Stettfnrt, canton of Thurgau; the Irchel Mountain 
at Neftenbach, and Rorbas, in the northern part of the canton of 
Zurich; Moos Leerau, canton of Luzern; and Mornex near Geneva. 
He also includes in this enumeration the fossil plants of Ocningen 
near Stein, which is across the Untersee, in the Duchy of Baden, and 
will be considered in connection with that State. The whole num
ber of species enumerated in these papers was 308. 

From these and other materials was prepared his great work on the 
Tertiary flora o.f Switzerland, the first volume of wl1ich appeared 
in 1855, the second in 18513, and th~ third in 1859. 1 All paleobotan
ists may be assumed to be acquainted with this work, so that even 
if here were the place, an· analysis of its contents would be unneces
sary. The geographical and geological considerations, however, 
that occupy the early portion of the general part of the third volume, 
require special attention here. 

The localities are carefully specified and classified as follows: (1) 
Canton of Vaud: Valley of the Paudeze near Lutry; vicinity of 
Lausanne; Monod near Chexbres. (2) Canton of Be~'ne: Ralligen~ 
Eriz, Aarwangen, Weinhalde above Miinsingeu. (3) Jura-Mount
ains: Delsberg in Berne, La Chaux-de-Fonds and Locle inN eucha teL · 
·(4) Vicinity of Luzern: Waggil'l, Rossbcrg. (5) Valley of the Linth; 
Kapfnach southeast of Horgen, Oberalbis, Miihleberg, the Faletsche 
southeast of Zurich, Schwamendigen northeast of Zurich, Irchel 
Moui1tain north,vest of Winterthur; the above all in the canton of Zil
rich; HoheRhonen at Greith, and Wurf, canton of Zug;,Utznach andl. 
Ri.i.fi between Kaltbrunn and Schannis, canton of Saint Gall. (6) Saint; 
Gall: Solitude, Riethhi.'tsli, Lindau between Farnach and Alber-
Schwendi south of Brogenz. (7) Region of Steck born and Oeningen:: 
Berlingen on the J ohalde north of Frauenfeld, and east of Steckborm 
near the lake shore, canton of Thurgau; also at Oeningen and near 
Wangen in Baden, on the north shore of the opening of the Uutersee 
that forms the source of the Rhino. 

As regards the geologie age of the plant-bearing Tertiaries of 
Switzerland, Heer follows the classification of K. Mayer and regards. 
the entire Molasse as Miocene, dividing it into three general and five 
special stages :·The Lower Miocene, further subdivided into Tongrian 
and Aquitanian; the Middle Miocene, with its Mainz and Helvetic 
stages; and the Upper Miocene or Oeningew stage. This last was 
treated as Pliocene by Brongniart in 1849,' and is so regarded by some 

1 Flora tertiaria Helvetim, Die tertiiire Flora cler Schweiz, von Oswald Heer. \Vin
terthur, vol. 1, 1855, vi, 1-117 pp., pl. i-1 ; vol. 2, 1856, pp. 1-110, pl. li-e; >ol. 3, 
1859, pp. 1-378, pl. ci-clvii. 

2 Exposition chronologiquc des peri odes de vegetation et des flores· diverses qui se 
sont succede ala surface de la terre, par Adolphe Brongniart: Annales sci. nat., 
Botanique, 3rd series, YO!. 11, Paris, 1849, pp. 285-338. 
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geologists of the present day, while both the Tongrian and Aquita
nian are classed by most modern geologists as Oligocene. 

No plants are reported from the lowest or Tongrian deposits. To 
the Aquitanian are assigned the red Molasse beds at Monod-Rivaz, Pau
deze, Vi vis and Richevue in the canton of Vaud, Ralligen, in Beme, 
on the Thunersee, Wiiggis, and Horw in Luzern, Hohe Rhonen in the 
canton of Zug, Rothenthurm a1id Ross berg, in the canton of Schwyz, 
and R1ifi near Schannis, in the canton of Saint Gall. 

To the third stag~, or lower member of the Middle Miocene, that 
of Mainz (Mayeuce), are ascribed Eriz in the valley of the Zulg, can
ton of Berne, Aarwangen in the same canton, Delsberg, in the Berne 
Jura (Develier and Neucul), also in Berne, Lausanne and vicinity 
(Solitude, La Borde, Riant-Mont, Jouxtens), Calvaire, Rovereaz and 
the Tunnel, all in Vaud; Saint Gall, Ruppen, Utznach, Bolligen, can
ton of Saint Gall, Luzern, and O';erageri in Zug. 

The upper member of the Middle Miocene or Helvetic stage em
braces the marine Molasse of the canton of Vaud at Lausanne, Mou
don, Peterlingen, A venches, etc.; at Locle (N eucha tel), and the stone
g uarry in Saint Gall. 

Finally, to the Oeni1igen stage or Upper Miocene (upper lignite 
formation) are attributed the fresh-water white chalk of Locle, can
ton of Neuchatel, Montavon n~ar Delsberg (Berne), Albis and Irchel 
(Zurich), Schrotzburg, Wangen, and Oeriingen, in Baden. 

The first German edition of Heer's important popular work, Die 
Urwelt der Schweiz,.appeared in 1865 1 and a second in 1879. • A 
])'rench translation was made by Demole in 1872,' and an English 
.translation by Heywood in.1876.' The work is largely paleontolog
:ical, and, as might have been expected, pays con;;iderable attention 
',to the vegetable remains. Until1876 it contained about all the in-
1ormation there was relative to the fossil plants of formations other. 
than the Tertiary. The Carboniferous flora of Valais, the Arve, 
Ontre-Rhoue, Vernayaz, Col de BaJme, Grand-Chahle, Erbignon, 
:Etablou, Servoz, Taninge, Mont-du-Fer, Posettes (the last four of 
which are just over the boundary in Savoy); tho Keuper flora of the 
canton of l3asle at Hamiken, R1itihard, Pratteln near Monchellstein, 
and Pass wang; the Liassic flora of Schambelen in the canton of Aar
gau, Piz PadeHa north of St. Moritz, in the Upper Engadine, canton 
of Grisons; -the Oolite flora of Oberbuchsiten, canton Soloure; Villin-

1 Die Urwelt der Schweiz, von Oswald Heer. Zi.irich, 1865, xxix, 622 pp., 17 pl., So. 
2 Die Urwelt der Schweiz; zweite umgearbeitete und vermehrte Auflage, von Os

wald Heer. Ziirich, 1879, viii, 713 pp., pl. i-xii, 417 text figs., so. 
3 Le Monde primitif de la Suisse, par Oswald Heer, traduit de !'allemand par Is. De

mole. Geneve et Bale, 1872, xvi, 801 pp. 16 pl., 1 geol. map, so. 
• The primawal world of Switzerland, by Oswald Heer, edited by James Heywood. 

London, 1876, 2 vols. so; vol. 1, xv, 1-393 pp., pl. i-x; vol. 2, vii, 324 pp., pl. xi, 
and four landscapes. 
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gen, Effingen, Lauffohr, and Birmeustorf, canton of Aargau; summit 
of the Schilt, canton of Glarus; Zumikon, canton of Zi.lrich; Bargen 
nnd Ehrendingen, canton of Schaffhausen; Menveraud, Grenairon, 
Sommiswyl, and Olten, cai1ton of Soleure; Arveyes, Mont Risoux in 
the Val de Joux, and Vuargnez (Vaud), and Rubendorf, in Basle; 
the N eocomian fiora of St. Denis, .J ustithal and Repri:i..chter-Mahren, 
and Merligen (Berne), Chatillon-de-Taverne, the Ormonds, Meruet· 
below Argentine, canton of Vaud; Marwies on the Sentis (Appen
zell); the Eocene (Flysch) flora of the Col de P·anix and the Trinser
furkeli, Falki1is mid the Falmern, Grundel (upper valley of the Sihl7 

canton of Schwytz), as well as the great Miocene floras so exhaustively 
treated in the w0rk last noticed, are all rapidly passed in review 
in this volum.e, and in many cases the species are figured. 

The great need that these lower floras be systematically treated led 
Professor Heer to undertake another important work in which this 
object was secured. It was published in 1876 under the misleading 
title, "Flora fossilis Helvetim," • but the author's plan was to make 
this and the "Flora tertiaria Helvetim" constitute together a com-. 
plet,e manual of the fossil flora of Switzerland. The new work was 
therefore made to conform in size to the earlier one, and thus to form, 
as it were; a supplementary volume to it. It is, in fact, sometimes 
quoted as Volume IV. 

In this work many localities are given which have not been enu.-. 
merated here. A few of these ar;e as follows: 

Carboniferous.-Alesse, Dorenaz, Morcles, Croix de Boet, Sons los·. 
Gorges, Brayas, Combaz, all in the canton of Valais. 

Keuper.-Neue Welt, Moderhalde, Asp, Hammiken, Ormelingen, 
all in the canton of Basle. 

Lias.-Rauden, canton of Schaffhausen; upper Schambelen and 
Betznau on the Reuss, canton of Aargau; Stockhorn range on the 
Langeneckgrat (Fallbach), and Blattenheid, in the canton of Berne; 
Fremetlaz in the canton of Freiberg; Bouveret and Bex, canton of 
Vaud. 

Lower Oolite.-Alp Baldovana (Ticino); Moleson (Freiberg); Ganei 
(Grisons); Bottstein, Frickberg, and Betznau, in AargaU:: 

Upper Oolite.-Kostracher Strasse, Zuniken, Rassden, Endingen, 
Buron, Mohlin and Chasseral; canton of Aargau; Oberbuchsiten 
(Solothurn); St. Sulpice (Neuchatel); Schlit (Glarus). 

Neocomian.-Bendling and Merligen in Berne; Merver near Ar
gentine (V au d); St. Denis and Rapatz in Freiberg. 

Upper Cretaceous (Senonian ?).-Jaun and Niremont near Sem
sales, canton of Freiburg; Opetengraben and Rothenkasten in the 
Stockhorn range, canton of Berne. 

1 Flora fossilis Helvetire. Die vorweltliche Flora der Schweiz, von Oswald Heer. 
Ziirich, 1876--1877, vi, 182 pp., 70 pl., folio. 



742 DISTIUDUTION Oli' FOSSIL PLANTS. 

Eocene (Flysch, Nummulite, Dallenfluh).-Fahnern (Appeuze11); 
Prattigau and Falknis (Grisons); Part-Dim1, Mattenberg, and les 
Alpettes, canton of Freiburg; Bundelberg and Zimmerboden (Nie
-clcrhorns), canton Berne; Yberg (Schwytz); Walenbiitzalp (Ziirich?); 
Val d' IlEez (between Troistorrents and Morgins on the right bank 
of the Tine in the canton of Valais). 

Although Professor Heer published no paleobotanical papers in 
which other persons were associated with him, he still had the active 
:support and assistance, as well as the warm friendship, of several able 
workers in that field. Among these M. Charles Th. Gaudin, whose 
Teseai·ches into the fossil floras of Italy have already been noticed, 
Tendered him signal aid, and also himself published several papers 
on tho Swiss plants. As early as 184!J he read a paper before the 
Societevaudoise at Lausanne on the fossil flora of the vicinity of that 
place, having found plants at many of the localities that have since 
been made classic,' and in 185G he e·xpauded the subject by issuing a 
teatalogue of all the species he had met with, which was preceded by 
:a stratigraphical doscr'iption of that region by De la Harpe and a 
,general discussion by him.self. 2 

Besides a few other unimportant papers relating to the fossil flora 
<of Switzerland,' Gaudin translated considerable portions of Heer's 
works into French, particularly the introduction to his Flora ter
tiaria Helveti::e,' and the whole of the general discussion in the 
third volume of that work, • with important additions; also some of 
his popular lectures. • · 

The important and oft-quoted work of Fischer~Ooster on the fossil 
Fucoids of the Swiss Alps, 1858,' though antedating several of those 
by Heer, already considered, has been thus far left out of view in 
order to bring all of Hem·'s contributions into one unbroken series, 
and it may be conveniently mentioned here. 

1 Notice sur la flore fossile des environs de Lausanne, par C. Th. Gaudin: Bull. Soc. 
vaud. sci. nat., Lausanne, vol. 3, 1849-1853, pp. 247-252. 

2 C. Th. Gaudin: Flore fossile des environs de Lausanne. Ibid., vol. 4.", 1855, pp. 
347-365, 422-436. 

Sur la flore.de l'epoque tertiaire anx environs de Lausanne. Archives Bibl. univ. 
sci., Genevt>, vol. 32, 1856, pp. 28-38. 

a Nouveau gisement de feuilles fossiles a Lavaux, par C. Th. Gaudin: Bull. Soc. 
vaud. sci. nat., Lausanne, vol. 6, 1860, p. 456 .. · 

4 Introduction a la fiore tertiaire de la Suisse, par Oswald Heer. Traduite par 
Charles Th. Gaudin: Archives Bibl. univ. sci., Geneve, vol. 26, 1854, pp. 293-814. 

5 Recherches sur le climat ct la vegetation du pays tertiaire, par Oswald Heer. 
Traduite par Charles Th. Gaudin. Winterthur, 1861, vi, 242 pp., 3 pl., folio. 

6 Die Schieferkohlen von Utznach und Di.irnten, von Oswald Heer: ZUrich, 
1858. 

Les charbons feuilletes de Di.irnten et a Utznach, par Oswald Heer (Traduite 
parCh. Th. Gaudin): Archives Bioi. univ.' sci., Gcneve, vol. 2, 1858, pp. 305-339. 

7 Die fossilen Fucoiden der Sch weizer-Alpen, nebst Er6rterungen iiber deren geo
logisches Alter, von Carl von Fischer-Ooster. Bern, 1858, viii, 74 pp., 18 pl., 4'. 
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The localities at which these f\].coidal shales occur have for the 
most part been already enumerated, but Fischer-Ooster classifies 
them in the following manner: 1. The Fahnern, or Fahnern mount
ains in the canton of Appenzell where the"so-called Flysch is specially 
developed. The particular bed chiefly worked by him in this region 
lies in a. saddle between Kamor and Fahnern, on the eastern slope. 
2. Gi.i.rbe near Blumenstein, in the canton of Berne. 3. The Gurni
gel chain in the same canton,at Seeligraben, Ziegelhubel, and Schi.i.p
feu. 4-. Buncle~berg in the lower Simmen Valley, same canton. 5. 
Heustrich at the north foot of the Niesen. G. Hongrin Pass in the 
western Alps. 7. Aigremont, also in-the western Alps. 8. Yvorne, 
canton of Vaucl. 9. Habkeren Valley, between the Harder and the 
Hohgant, above Lake Thun. 10. Boleck, northeast of the last
nar:led place. 11. Teufonbachtobel above Gersau on Lake Lucerne, 
canton· of Schwytz. 12. Ei1isiedelen, in the same canton. 13. ·Hak
enpass, in the same vicinity. 14. W eisstannen Valley, canton of 
Grisons. 

·The localities which Fischer-Ooster referred to the Cretaceous were 
as follows: 1. Sulzi in the Justithal above Merligen on Lake Thun. 
2. Ringgenberg on Lake Brienz. 3. Glisibach near Brienz. 4. 
Leissigen on Lake Thun. 5. In the Stockhorn range on the south 

·side of the Ganterisch on the Riprechtenmahre, on the Buntschibach 
near Bad W eissenburg. 

From supposed Jurassic strata, fucoids were obtained in the Lange
neckgrat, at Blattenheid, in the Dent de Lys range (Vaud), above 
Montreux also in Vaud, at Ralligstocke and Beatenberg, north of 
Lake Thun. 

The geological conclusions of the writers of that date have since 
been considerably modified. 

A much more comprehensive work by W. A. Ooster and C. von 
Fischer-Ooster; entitled Protozoe Helvetica,' devoted mainly to ani
mal remains, describes a number of species of Zoophycos, a supposed 
fossil plant, Halymenites and Chondrites, from the Rhetic of Fegire 
in the Freiburg Alps, Gurnigel, Seeligraben, and Ziegerhubel in the 
Bernese Alps; the Upper Lias and Lower Brown Jura of Roes des 
Fares, Aux Pres sous Arveyes, Mont d' Arvel, Chillon, Tabusset on 
the Hongrin, Cierne aux Bocles on the Veveyse, in the canton of Vaud, · 
and Grand Caudon, in the Alps of Valais; Petit Ganey suT Charmey, 
Raspail von Dent de Lys, Beverot near Gruyeres above Pringy, Vie 
deN eirive, in the Freiburg Alps; Sulzgraben on the Fall bach, Lange
neckschafberg between Langeneck and Blattenheicle in the Stock-

1 Protozoe helvetica. Mittheilung aus dem Berliner Museum der Naturgeschichte 
iiber merkwlirdige Thier- und Pflanzenreste der schweizerischen Vorwelt. fieraus
gegeben von W. A. Ooster und C. von Fischer-Ooster. Basel and Genf, 1869-1871, 
vol. 1, 1869, pp. vi, 45, pl. 13; vol. 2, pt. I, 18.70, pp .. 27, pl. i-vi; pt. II, 1870, pp. 
28-88, pl. vii-xiv; pt. III, 1871, pp. 89-159, 1)!. xv-xix, 4°, 
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horn range; Hint.isberg on the north side of the Birren, a spur of tho 
Winteregg, in the Fa11lhorn range; and at Zweiliit.schinen in the 
Bernese Alps; and in the Cretaceous of Schwefelberg in the Stock
horn range of the last-named system. It also contains an account of 
the discovery by Jos. Cardinaux on the Paudeze near Conversion in 
the vicinity of Lausanne of a fossil fruit of Nuphar primcevum, with 
fignres and descriptions; also of plants (Equisetum, Carpolithes) 
from tho typical Tavigliana sandstone (Rhetic?) of the Dalletiuh, 
and N ullipora and Munsteria from the Opetengraben. 

One other and more recent paper relating to Switzerland requires 
special mention, namely, that of Rothpletz on the Carboniferous 
flora of the east side of the Todi, 1879,' where he found it similar 
to that of Valais ·and the Tarentaise. He identifies twenty-one 
species, most of which are figured. 

GER~IANY. 

In treating Germany the following geographical arrangement will 
be followed as nearly as the nature of the case will permit : 

Alsace-Lorraine. 
Baden. 
Wiirtemberg. 
Bavaria. 
Kingdom of Saxony. 
Silesia. 
Baltic Prussia. 

Prussian Saxony and Thuringia. 
Hesse (including Hesse Nassau). 
Schleswig-Holstein. 
Hanover and Brunswick. 
Westphalia. 
Rhenish Bavaria. 
Rhenish Prussia. 

As the reader will perceive, the attempt to conform to the exact 
mod.ern political divisions has been abandoned, and for a variety of 
reasons. In the first place, the geographical arrangement is the prin
cipal one, and it would obviously be a sacrifice of this to treat east8rn 
Prussia in immediate connection with Rhenish Prussia, separated 
from it, as it is, by a number of important states. Then, again, 
some of the subordinate political divisions-such as Silesia, for ex
ample-have assumed an importance from the paleobotanical point of 
view very disproportionate to their political significance. Finally, 
there must be cases, as in the Harz Mountains and the Thuringian 
Forest, where precise conformity to state lines would do violence to 
the facts of distribution as shown by the record. These and other 
considerations have led me to adopt the above arrangement as the most 
natural I could devise in order to pass with as little abruptness as 
possible from Switzerland through such of the German states as 
have contributed to the fossil flora of Europe and to reach the fron-

1 Die Steinkohlenformation und deren Flora an der Ostseite der Todi, von A, 
Rothpletz: Abhandl. Schweiz. palreontol. Gesell., vol. 6, 1879, Zurich, 1880, pp. 1-281 

pl. i, ii. 
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tier of Belgium and the N etherlancls, which will require attention 
when we have done with Germany. 

Alsctce-Lorraine.-ln 1828 Brongniart published an excellent paper 
in the French Annals of Suience' on the flora of the Buntersand
stein (Gres Bigarre) of the Vosges, b{tsed chiefly upon specimens 
which he had received from Murchison, collected by him at a stone
quarry at Soultz-les-Bains (Sul,z-Bad), to, the southwest of Strasburg, 
in a valley of the Mutzig called the Bruche, near Heiligenberg. 
In the same paper are also described several species from the same 
formation which Dr. Mougeot had sent him from the western slope 
of the Vosges at Bruyeres in France, and a still larger number col
looted by M. Voltz, chiefly at Sulz-Bad, and deposited in the museum 
at Strasbl}rg. 

In 1835 MM. Voltz and Schimper published a notice of the petri
factions of Sulz-Bad, 2 and in a communication of the latter author 
to the Neues Jahrbuch fiir Mineralogic" dated March 14, 1840, we 
find additional information relating to this interesting flora. 

The large and well known work of Schimper and Mougeot, which 
appeared in ISH,' was the final outcome of these investigations and 
a most valuable contributi_on to the science of phytogeology. Nearly 
all the specimens treated in this work were obtained from the famous 
quarry at Soultz-les-Bains, but a few were found at Jungholz near 
Mi.i.lhausen, Heiligenberg, Wasselonne, SoultZinatt, etc., while others 
were from Saute~le-cerf near Epinal, Rambervillers, Baccarat, and 
other points on the western slope of the Vosges, in France. 

Schimper's Palreontologica Alsatica appeared in 1853, • treating of 
different formations, as a preparation for his extensive treatise on 
the flora of the transition period, which he appended to Kochlin
Schlumberger's Geology of the Vosges. • Most of the plants described 

1 Essai d'une flore du gres bigarre, par Adolphe Brongniart: Annales sci. nat., 
vol. 15, Paris, 1828, pp. 435-460, pl. xv-xx. 

2 W. P. Schimper et M. Voltz: Notice sur le gres bigarre de la grande carriere de 
Soultz-les-Bains. ]\'[em. Soc. hist. nat. Strasbourg, vol. 2, 1835, No. 2, pp. 1-14. 

Notiz iiber den bunten Sandstein des grossen Steinbruchs von Sulz-Bad. Neues 
Jahrbuch fiir Mineral., 1838, pp. 338-342. · 

3 Baumfarne, Schachtelhalme, Cycadeen, lEthophyllum, Albcrtia . . . im 
bunten Sandstein der Vogcsen; Hysterium auf einem Pappel-Blatte der Wetterauer 
Braunhohle, von W. P. Schimper: Neucs Jahrbuch fiir 1\'[ineral., 1840, pp. 336-338. 

4 Monographie des plantes fossiles du gres bigarre de la chaine des Vosges, par 
W. P. Schimper etA. Mougeot. Leipzig, 1844, pp. 1-83, pl. i-xl, folio. 

• Paleontologica alsatica ou fragments paleontologiques des differents terrains 
stratifies qui se rencontrent en Alsace, par W. P. Schimper: Mem. Soc. hist. nat. 
Strasbourg, vol. 4, 1853, (HH), pp. 1-10, pl. i-i''· 

6 Le terrain de transition des Vosges; partie geologique par J. Koochlin-Schlum
berger, partie paleontologique, par W. P. Schimper: Mem. Soc. hist. nat. Stras
bourg, vol. 5, 1862, pp. 1-348, pl. i-xxx. Vegetaux fossiles du terrain de transition 
des Vosges, par W. P. Schimper; pp. 3?9-343, pl. i-xxx. 
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in this work were frm'P- the Grauwacke (Subcarboniferous) of the 
valleys of the Thann at Bitschwlller, Niederburbach, and Wesser-
ling, in Alsatia. -

Roehl, in 1878,' publishei a list of nineteen species from Carlingen, 
near St. Avold, Lorraine, which denoted an age equivalent to that 
of the Saarbriicken beds (Carboniferous). 

In 1886 Forster 2 made known the existence at Miihlhausen (Al
-satia) of a deposit which he regards as Oligocene, at which he finds 
·a number of characteristic European species. More recently (1886) 
Fliche,lms continued this work and developed four distinct florules 
probably of the same age at Spechbach, B~·unnstatt, Riedisheim and 
Dornach, aU in the vicinity of Miilhausen.' 
Bc~clen.-The two important sections of Baden at which fossil 

plants occur are the Upper Miocene deposits of Oeningen and the 
Carbon_iferous deposits of the Bad ish Sch warzwald, or Black Forest. 

There is no more famous spot for the paleontologist than Oeningen, 
some account of which was necessarily given when treating of Heer's 
labors in Switzerland. As all know, it was here that Scheuchzer 
obtained his Homo diluvii testis, which proved to be a batrachian.' 
But he also obtained many very beautiful specimens of leaves from 
this place, and figured quite a number of them in his Herbarium 
diluvianum; 1709.' Karg also (1805)" collected here and published 
an account of tho petrifactions, among which were some plants. 

In 1837 Alexander Braun prepared a catalogue of the fossil plants 
of Oeningen for Dr. Buckland, which the latter inserted in his 
Bridgewater Treatise on Geology and Mineralogy.' This list was 

,expanded and published with considerable descriptive matter in 
1845, • and Braun is also always credited with the list published in 

1 Flora der Zeche Carlingen bei St. A void in Lothringen von E. von Roehl: Ver-
handl. k.-k. geol. Reichsanstalt, Wien, 1878, p. 213. · 

2 Die oligocanen Ablagerungen bei Miilhausen i .. E., von B. Forster: Mitth. Com
mission geol. Landes-Unters, von Elsass-Lothr., Strasburg, 1886, vol. 1, pt. 1, pp. 
42-48. . . 

3 Note sur les flores tertiaires des environs de Mulhouse, par M. Fli<>hfl: Bull. Soc. 
lndvstrielle, Mulhouse, vol. 56, Aofit- Sept., 1886, Mulhouse and Paris, 1886, pp. 
348-362. 

4 ::Svvllw. Homo diluvii testis et 8waKon-or. J. J. Scheuchzer. Tiguri, 1726, 26 pp., 
1 pl., 4° . 

. 6 Herbarium diluvianum collectum a Johanne Jacobo Scheuchzero, Professor 
Tigurensi, etc., Tiguri, 1709; et Ed. Nov. Lugduni Batav., 1723, pp. 1-119, pl. i-xiv, 
folio. · 

6 Ueber den Steinbruch zu Oeningen bey Stein am Rheine und dessen Pelrefacte, 
von Jos. Max. Karg: Denkschr. vaterliind. Gesell. Aert7.te Naturforsch., Schwabens, 
vol. 1, 1805, pp. i-73. rPetrefacte aus dem Pflanzenrt>iche, pp. 47-54.] 

7 Catalogue of fossil plants of Oeningen, by Al. Braun. In Buckland : Geology and 
Mineralogy in Bridgewater Treatises, London, vol. 1, 1837, pp. 510-514. Letter 
dated November 25, 1835. 

8 Die TertiarcFlora von Oeningen, von Alexander Braun: Neues Jahrbuch fur 
Mint>ral., 1845, pp. 164-173. 
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1851 by Stitzenbergar. Bruc1munn, too (1850-'52), 1 tried his hand at 
list-m1>king, although he confesses that he did little more than follow 
after Braun's investigations. 

Stitzenberger's Summary of the petrifications of Baden (1851)' 
claimed to cover all parts of the grand duchy and all the formations 
represented in it. Thus he found paleozoic (Carboniferous and Per- · 
mian) plants at Baclenweiler, Diersburg, Zunsweier, Berghanpten, 
Gerolclseck near Lahr, U m wegen, Steinbach near Rastadt, and in 
the Murg valley near Sulzbach; Triassic (Buntersandstein) species at 
Dnrlach, Pforsheim, Rheinfelden, Villingen, Tannheim near Her
zogemveiler, and Rohrbach i1ear Heidelberg; Keuper species at Sins
heim, Unaclingen, Wittnau near Freiburg, Horrenberg, Eschelbach, 
and Diiren near Sinsheim, Ubstadt, Wiesloch, Hausen vor W alcl· 
near Donauoschingen, Durrheim, -and Oestringen; Liassic plants 
at Miirzhausen near Freiburg, \Valprechtsweier near Ettlingen, 
Ewatingen in the Hohgau, Hausbaclen near Badenwei1er, Rettig
heim, and Mundelfingen; a few coniferous stems in the middle Juras-· 
sic (Oolite) at Rimsingen in the Breisgau; Miocene plants (besides 
Oeningen) at Liebburg and Bettersl1ausen near Lake Constance, 
Haltnan near Meers burg, Oettlinger Mountain_ near Li:irrach, Kloin
kembs near !stein, and Ba11rechten; and three Quaternary species 
from the tufa of Schwauningen near Bonnclorf and the peat of Dar;hs-
landen. · · 

In 1857 Ludwig' and Geinitz' studied the geology of the Schwarz
wald district around Offenburg and published lists of Carboniferous 
plants, and, in 1864o,. S1.ndberger began a similar investigation for 
Baden-Baden, Hinterohlsbach, Oppenau (Lim·bach Valley), and Ger
oldseck. • He also corresponded with Geinitz• relative to the section 
in which he had been working, and published a short paper on Per
mian plants found at Oberkirch, Durbach, and Bottenau in 1866.' 

1 Flora Oeningensis fossilis. Die Oening'"r SteinbrLiche, das Sammeln in densel
ben und die bis jetzt dort gefundenen Pflanzenreste, von A. E. Bruckmann·: Jalu·eo
hefte Verein' vaterl. naturk. Wi.irttemberg, vol. 6, 1850, pp. 215-238; Nachtmg, vol. 
8, 1852, pp. 252-254. 

2 U ebcrsicht der Verst~inerungen des Grossherzogthums Baclen, von Ernst Stitzen
berger. Freiburg I. B., 1851, 144 pp., so. 

3 Die Steinkohlen-Formation von Offenburg im Grossherzogthume Baden, von Ru
dolph Ludwig: Jahrbuch k.-K. geol. Reichsanstalt, Wien, vol. 8, 1857, pp. 334-349. 

4 Ueber die Pflanzenreste, in der baden'schen Steinkohlen-Formation, von H. B. 
Geinitz: Ibid., pp. 350-351. 

5 Die Flora der obm·en Steinkohlenformation im badischen Schwarzwald, von F. 
Sandbergcr: Verhandl. naturwiss. Ver. Karlsruhe, vol. 1, Karlsruhe, 186i, pp. 30-· 
36, pl. ii-iv. 

6 Nachtrag zu dent von Geinitz gegebenen Ve1'zeichniss der fossilen Kohlenpflan
zen der Berghaupten Diersburger Mulde, von F. Sandberger: Neues Jahrbuch fiir 
Mineral., 1866, pp. 212-214. 

7 Bemerkungcn i.iber fossile Pflanzen a us de:n Rothliegenden des badischen 
St;hW.:tl'ZW_tll:ol3, vo:J. F. S.tnc11nrger: '11\Tiirzb~tr.sar n:tturwis3. Zeitschrift, vol. 6, 
1866-'67, pp. 74-77, pl. v. 



748 DISTlUBUTION m· FOSSIL PLANTS. 

WiiTternber·o.-J mger, in 1827, investigated the fiora of the Stuttgart 
building stone (Keuper),' and found plants not only at Stuttgart, but 
in the same formation at Hoilbronn, Wangen, Esslingen, Feuerbach, 
Herren berg, etc. This work was ably reviewed by Brongniart, and 
important corrections were made in the botanical determinations.' 

Zieten prepared a catalogue of all the petrifactions of Wiirtem
berg in 1889,' including fossil plants, and in 1845 Kurr published his 
contributions to the Jurassic flora of Wiirtemberg.' Plants were 
found in tho Black Jura (Lias) at Mohringen, Mittelbronn, W eid
ach, Plochingen, Schlierbach, Rommelsbach, Bempfiingen, Vaihiu
gen, Waschenbeuren, Plieningen, Echterdingen, Bodelshausen, GDp
pjngen, Boll, Hechingen (Hohenzollern), Balingen, Heiningen, and 
0hmden; in the Lower Oolite, or Brown Jura, at Tcufelsloch and 
Zell, near Boll, Aichelberg, etc.; and in the Upper Oolite, White Jura 
or coral formation at Schnaitheim, N euffen, and Gerhausen. 
' In 1866 Canon J. Probst began publishing a series of papers' on 

the geology and paleontology of the vicinity of Biberach, in Upper 
Swabia. In the second of these papers he made known the existence 
of deposits of Tertiary plants at Heggbach, and introduced a long 
list of species which he had sent to Heer for determination. They 
bore evidence of belonging to the Upper Miocene, not greatly differ
ent in age from the Oeningen deposits, In the third paper his field was 
somewhat enlarged and fossil plants were reported from the lower 
freshwater Molasse (Lower Miocene) of Berg, Rottenacker, Schaffel
klingen, Dietingen, Risstissen, Donaurieden, Ulm, Steinheim, and 
Reutlingendorf, also at Giinzburg in Bavaria; in the brackish-water 
Molasse (Middle Miocene) of Kirch berg and Hiittesheim; many ad
ditional species from the fresh-water molasse (Upper Miocene) of 
Heggbach, Biberach and HochgeHind, also a few from Heinrichs-

1 Ueber die Pflanzenversteinerungen, welche in dem Bausandstein von Stuttgart 
vorkommen, von Georg Friedrich Jooger. Stuttgart, 1827, pp. 1-40, pl. i-viii, folio. 

2 Sur les plantes fossiles du gres de construction de Stuttgart, par Adolphe Brong
niart: Annales sci. nat., vol. 15, Paris, 1828, pp. 92-98. 

3 Geognostisches Verzeichniss siimmtlicher petrefakte Wiirttembergs, mit Cit
aten ihrer Abbildungen, und Fundorte von C. H. von Zieten: Correspondenz-Blatt, 
'Viirttembergisches landwirthschaftl. Verein, vol. 1, Heft 1, Stuttgart, 1839, pp. 
1-6( 

4 Beitriige zur fossilen Flora der Juraformation Wiirttembergs, von Joh. Gottlob 
Kurr. Stuttgart, 1845, pp.1-21, pl. i-iii, 4°. 

s J. Probst: Geognostische Skizze der Umgebung von Biberach. Naturwiss. 
Jahreshefte, Jahrg. 22, Heft 1, Wiirttemberg, 1866, pp. 45-60. 

Tertiiire Pflanzen von Heggbach bei Biberach, nebst Nachweis der Lagerungs
verhiiJtnisse. Ibid., Jahrg. 24, 1868, pp. 172-185. 

Verzeichniss der Fauna und Flora der Molasse in Wiirttembergischen Ober
schwaben. Ibid., Jahrg. 35, 1879, pp. 221-304. 

Beschreihung der fossilen Pflahzenreste a us dcr Molasse von Heggbach 0. A. Biber
ach und einigen an<iern Oberschwiibischen Localiliiten. Abth. I. Dicotyledonen, 
Ibid., Jahrg. 39, Stuttgart, 1883, pp.166-242, pl. i, ii. 
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burg, Essendorf, and Randeck near Kircheim. The third paper is 
devoted to a more thorough discussion and description of the most 
important forms and contains two plates on which certain ones are 
figured. 

Bavaria.-Two only of the general sections of Bavaria possess im
portant systems of plant-bearing strata, namely, that of eastern 
Bavana and Upper Franconia, with Baireuth for its central point, 
but extending southward as far as Regensburg; and that of Lower 
Franconia or Aschaffenburg, for which Wi.irzburg has formed the 
nucleus of activity, but which extends westward to include the 
Steigerwald. These two districts are really confluent, and the plants 
have been almost exclusively found in the Rhetic formation, or 
passage beds between the Keuper and tho Lias. 

It was Count von Mi.inster who gave the original impetus to tho 
investigation of the paleontology of Bavaria, first in a series of pre
liminary papers beginning with 1834, 1 and then by his great work 
which appeared in parts from 1839 .to 1846. • 

Ih 1845 Gopi)ert described his Sphenop.ter-is-Muenster·i(tna from the 
Solenhofen Oolites,' and the fruits and other vegetable remains from 
the lithographic sandstone of that place have since been the subject 
of special notice by Unger, • Ettingshausen, Schenk, • and Dyer; • 
while Frischmann's list' embraces all the species from this formation, 
of both plants and animals, known to him in Bavaria. Schafhi1utl 
in 1851" reported Calamites grac,il-is from what must be a Carbon
iferous deposit at Vorderhausbm•d south of Partenkirchen, species 
of Chondrites, Muensteria, and Helminthoida (a genus which he here 

1 Georg Graf zu JYHinster: Fossile Fische Algaciten von Oenin-
gen . Glossopteris, Folliculites; Tertiar-Format.ion in Norddeut.schland. 
Ibid., 18ij.4, pp. 42, 43. 

Knochenhohle . . . Voltzia im Gypse des Steigerwaldes; Equisetum, etc., im 
Keuper daselbst; Trippel und dessen Pflanzen Rcste, bei Regensburg, etc. Ibid., 
1834, pp. 538-542. 

Ueber einige neue Pflanzen in der Keuper-Formation bei Bayreuth. Ncues Ja.hr
buch fiir .Mineral., 1836, pp. 509-517~ 

2 Beitriige zur Petrefactenkunde, von Georg 1\iiinster. Bayreuth, 1839-1846, 
Hefte 1-7, 121 pl., in 7 atlases, 4°, 

3 Ein Beitrag zur Flora des oberen oder weissen Jura., von H. R. Gop pert: Ueber
sic!tt schles. Gesell., 1845, Breslau, 1846, p. 149. 

4 Franz Unger : Ueber einige fossile Pflanzen aus dem lithographischen Schiefer 
von Solenhofen. Palae'ontographica, vol. 2, 1852, pp. 251-255, pl. xxxi, xxxii. 

Jurasische Pilanzenreste. Ibid., vol. 4, 1856, pp. 39-43, pl. vii-viii. 
5 Bemerkungen iiber einige Pflanzen ues lithographischen Schiefers, von A. 

Schenk: Wiirzburger Naturwiss. Zeitschr., vol. 3, 1862, pp. 174-177. 
6 Ori some Coniferous Remains from the Lithographic Stone of Solenhofen, by W. 

T. Thioolton Dyer: Geol. Mag., vol. 9, London, 1872, pp. 150-153; 193-196, pl. v. 
1 Versuch einer Zusammenstellung der bis jetzt bekannten fossilen Thier- und 

Pflanzen-Uberreste des lithographischen Kalkschiefers in Bayern, von Ludwig 
Frischmann. Eichstadt, 1853, 46 pp., 4o (Foss. plants, pp. 43-45). 

8 Geognostisohe Untersuchungen des siidbayerischen Alpengebirges, vom Con· 
servator Dr. Schafhautl. Mlinchen, 1851, xxxii, 206 pp., 43 pl., ge Jl. map, so. 
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names) from the calcareous marl, apparently Flysch (Eocene) from 
.the Halblech Valley at Halbammer, Kapellengraben neqr Unteram
mergau, H6rnlei1ear Kohlgrub, Miihlschartenkopf, Bregenzeraachen, 
Trauchherg, and on the right bank of Tegeru Lake, and ether fu
<.;oiJs south of the Reisolsbergerhiitte, the left bank of the Weiss
aacheil opposite the mouth of the Schwarzaachen. 

Dr. ·Fredrich Braun, in 1847, made an important list of the Rhetic 
plants of Veitlahm, near Culmbach;' and Popp, in 1863, treated 
with some care those of the same age found at Jrigersburg, near 
Forchheim. • 

The Keuper and Rhetic deposits in the Wiirzbnrg-Bamberg dis
trict have been very. thoroughly treated from a phytopaleontologic 
point of view by Gumbel, Schenk, and Kraus. Giimbel interested 
himself especially with the geological relations of these deposits and 
published two papers upon them noting the fossil plants. 3 Schenk 
took up the flora, as he was so eminently qualified to do, and after is
suing a long series of preliminary papers, commencing in 18584 and 
culminating with editing and providing a text for the elegant post
humous drawings of Schonlein,' he published his monograph of 
the Passage-beds between the Keuper and Lias of Franconia, which 
appeared in 1867. • This is a large, systematic work, in which are 
brought together the results of all his previous labors as well as 
those 'of other authors in this field, and to these is added much 

1 Die fossilen Gewiichse aus den Granzschichten zwischen dem Lias und Keuper 
des neu aufgefundenen Pflanzenlagers in dem Steinbruche von Veitlahm bei Culm
bach, von C. F. W. Braun: Flora, vol. 30, Regensburg, 1847,· pp. 81-87. 

'. Der sandstein von Jagersburg bei Forehheim und die in ihm vorkommenden 
fos~ilen Pflanzen, von Otto Popp: Neues Jahrbuch fUr Mineral., 1863, pp. 399-417. 

3 C. W. Gumbel: Ueber das Knochenbett (Bonebed) und die Pflanzen-S,phichten 
in der rhatisehen Stufe Frankens. Sitzungsber. k. baier. Akad. Wiss., vol. 1, Mun-
ehen, 1864-, pp. 215-278. , 

4 A. Schenk: Ueber einen in der Keuperformation bei Wiirzburg aufgefundenen 
fossilen Farnstamm. Verhandl. Phys.-med. Gesell., vol. 8, Wiirzburg; 1858, pp. 
212-216, pl. ix. 

Beitriige zur Kenntniss der fossilen Flora von Unterfrankcn. Ibid., ·vol. 9,Wiirz
burg, 1858, pp. 191-197, 271-274, pl. iv. 

Ueber die allgemeinen Verhaltnisse der Flora des Keupers und Bonebed. 'Vi.irz
burger naturwiss. Zeitschr., vol. 4, 1863, pp. 65-70. 

Beitrage zur Flora des Keupers und der rhatischen Formation. Bericht. naturf. 
Gesell., Bamberg, vol. 7, Bamberg, 1864, 91 pp. 8 pl., so. 
· Ueber einige der rhiitischen Formation angehorigen Pflanzen. 'Vi.irzburger na
turwiss. Zeitschr., vol. 5, Wiirzburg, 1864, pp. 53-65. 

Bemerkungen Ueber einige Pflanzen der Lettenkohle und des Schilfsandsteines. 
Ibid., vol. 6, 1866-'67, pp. 49-63. 

5 Abbildung von fossilenPfianzen ausdem Keuper Frankens, von Dr. J. L. Schon
lein; Mit erlauterndem Texte nach dessen Tode herausgegeben von Dr. August 
Schenk._ Wiesbaden, 1865, 22 pp., 13 pl., folio. 

6 Die fossilc Flora der Grenzschichten des Keupers und Lias Frankens, von Dr. 
August Schenk. Wiesbaden, 1867, xxiv, 23.2 pp., 4o, with atlas, 45 pl., folio. 
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that belongs peculiady to the author's own prolonged efforts. From 
it we learn that Rhetic plants had been found at. the following 
points additionaJ to those which have already beenmentio~wd: Theta, 

/ 
Eckersdorf, Donnclorf, Hart, Saaserberg, Forst, Oberwaiz, and Phan-
taisie, near Baireuth; Schwarzachen near Bergen; Strullendorf, Ho
fen, Reindorf, Contberg, and Sandhof near Bamberg; Thurnau and 
Oberleitersbach 1iear Ebensfeld; Hohengiissbach iwar Schesslitz; 
Burkersdorf and Kaltenbrunn near Sesslach; Teufelsgraben near 
Kiips; At~elsberg near Erlangen; Lichtenfels, Mistelbach. 

Kraus elaborated the silicified wood of this formation and pub
lished several papers i.1pon ·it.' 

Kingdom of Saxony.-The kingdom of Saxony contains plant
b3aring strata representing the Cambrian, the Gran wacke, or Sub
carboniferous, the Permian (Rothliegende, Kupferschiefer, Zech
stein, Dyas), the Cenomanian (Quadersandstein), the Oligocene, the 
Miocene, and the Quaternary. It will be convenient to take up the 
literature in this order. 

Cambrian.-Geiuitz, in a somewhat recent paper, • pointed out the 
occurrence of his Palceophyct~s rnacrocystoides in the Cam briai1 roof~ 
shales of Li.issnitz, and the supposed Calamites of W eesenstein,' if 
true plants, seem to point to a still more ancient date. 

Subcarboniferous.-In his great work on the Grauwacke of Saxony 
1852, • the same author enumerates only three species of plants, th~ 
localities of which in the kingdom of Saxony are Ebersdorf and 
Berthelsdorf, near Hainichen; Gunzenberg.near Plauen; Siebenhitze 
near Magwitz. Through the subsequent labors of Jentzsch, Siegert, 
Rothpletz, Weber, and especially of Sterzel,' this flora had in 1884 
been increased to seventeen species, each of which Sterzel has treated 
in an exhaustive historical aud scientific manner. 

Carboniferous.-Investigations into the Carboniferous flora of the 
Zwickau beds began in 1834,.when Gutbier commenced publishing 

1 Gregor Kraus : Einigo Bemerkungen tiber die verkieselten Stiimme des friinkis
ehen Keupers. Wii.rzburger naturwiss. Zeitsehr., vol. 6, 18{;6-'67, pp. 64-69. 

Ueber einige bayerische 'l'ertiiirhO!zer. Ibid., pp. 45-48. 
'H. B. Geinitz: Ueber Palreophycus ma-orocystoides Gein. am dem Dachschiefer 

von Lo~snitz. Sitzungsber. naturwiss. Gesell. Isis in Dresden, 1871, l}p. 1, 2. 
Ueber die iiltesten Spuren fossiler Pflanzen in Sachscn. Abhandl. naturwiss. 

Gesell. Isis in Dresden, 9th Jahrg., 1881, pp. 78-85, pl. i. 
"-Paliiontologische .M:ittheilungen aus dem minoralogischen Museum in Dresden; 

1, Calamiten-artiger Korper in dem Knotenschiefer von Weesenstein, von H. B. 
Geinitz: Sitzungsber. Naturwiss. Gesell. Isis in Dresden, 1872, pp. 126-128, pl. i. 

4 Die Versteinerungen der Grauwackenformation in Sachsen und den augrenz
enden Liinder-Abtheilungen, von H. B. Geinitz. Leipzig, 1852-'53, folio, 2 Hefte. 
Heft 1, 1852, pp. 1-58, pl. i-vi; Heft 2, 1853, pp. 1-95, pl. i-xx. 

5 Ueber die Flora und das geologische Alter der Kulmformatiori von Chemnitz
Hainichen, von Dr. T: Sterzel: 9th Bericht naturwiss. Gesell., Chemnitz, Jan., 1883-
0ct., 1884-., pp. 181-224, 1 pl. 
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his series of memoirs on the geology and paleontology of that re
gion.' Barrande also treated the floras of the coal basins of Saxony 
in 1854, 2 or just before the appearance of Geinitz's important works. 

The first of these latter' compares the flora of the Hainichen, Ebers
dorf, and Fli:iha basins with that of Zwiekau, and gives system
atic descriptions of many species. Besides the localities indicated 
by the title of this essay, plants were found at Berthelsdorf, Giick
elslJerg, Oberholmdorf, Ottendorf, Bockwa, etc., which lie within 
these and the Zwickau basins. 

In his large folio work on the fossils of the Carboniferous formation 
of Saxony, which immediately followed the last named, • and which is 
chiefly confined to the description of plants, a considerable number 
of new localities are given, such as Nieclerwiirschnitz, Niedcrcains
dorf, Planitz, Schedewitz, and Reinsdorf. 

Permian.-Geinitz's works relating to Saxony generally include the 
Saxon -duchies, which we shall here treat as Prussian Saxony; and 
this renders the treatment of the Kingdom of Saxony by itself some
what difficult. This is not only the case with his Leitpflanzen, 
185.8,' but with his larger treatises on the Dyas;• but among the-lead
ing localities for Permian plants are those of Chemnitz and vicinity, 
Lichtentanne and Reinsdorf near Zwickau, Possendorf between Dres
den and Dippoldiswalde. 

Sterzel, in 1875,' published a catalogue of the Permian species of 

'August von Gutbier: Geognostische Beschreibung des Zwickauer Schwarzkoh
lengebirges und seiner Umgehungen. Zwickau, 1834, xvi, 160 pp., 7 pl. 

Abdrikke und Versteinerungen des Zwickauer Schwarz-Kohlengebirges und 
seiner Umgebungen. Lieferung I, Text, Zwickau, 1835, pp. i-viii, 9-80, So; Atlas, 
1836, pl. i-xi, 4 o. 

Ueber einen fossilen Farrenstamm, Caulopteris Freicslebeni, aus dem Zwickauer 
Schwarzkohlengebirge. Zwickau, 1842, 16 pp·., 4 pl., 8°. 

'Notice sur deux ouvra.ges, par M. le Professcur Geirtitz, etc. Sur les flores des 
bassins houillers de la Saxe, par Joachim Barrande: Bull. Soc. geol., France, vol. 12, 
Paris, 1854-'55, pp. 678-683. 

3 Darstellung der Flora des Hainichen-EbersJ.orfer und des Flohaer Kohlenbassins, 
im V ergleich zu der Flora der Zwickauer Steinkohlcngebirges, von H. B. Geinitz. 
Preisschr. Fi.irstl. Jabl. Gesell., No.5, Leipzig, 1854, pp. 1-80; Atlas, 14 pl., folio. 

• Die Versteinerungen dcr Steinkohlenformat.ion in Sachsen, von Hanns Bruno 
Geinitz. Leipzig, 1855, vi, 01 pp., 36 pl., folio. 

'Die Leitpflanzen des Rothliegenden und des ZechsteingPbirges, oller !ler permi
schen Formation in Sachsen, von Hanns Bruno Geinitz. Programm. k. polytech. 
Schule Dresden, 1857-1858, pp. 1-27, pl. i, ii. 

G Hanns Bruno Gcinitz: Dyas oder die Zechsteinformation und das Rothliegende; 
Heft 2, Die Pflanzen der Dyas und Geologisches. Leipzig, 1862, pp. 131-342, pl. 
xxiv-xlii, 4 o. 

Nachtrage zur Dyas, I. Mitth. k. min.-geol. praehist. l\Ius. in Dresden, Heft 3, 
Cassel, 1880, pp. 1--43, pl. i-vii. 

7 Die Fossilen Pflanzen des Rothliegenden von Chemnitz, in der Geschichte der 
Palaontologie, voi1 J. T. Sterzel: Bericht naturwiss. Gesell., Chemnitz, vol. 5, Jan.
Dec. 1873-'74, Chemnitz, 1875, pp. 71-250. 
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Chemnitz, and a special paper on the Tamiopteridem of that flora. in 
187G.' We learn from the first of these that the particular beds in 
the vicinity of Ohemuit:a aee located at Hilbersclorf, Gahlem>., Ebers
dorf, Floha, Giickelsburg, ·Grima, and Pfaffenhaiu, and that Per
mian plants are also found at the following other points in Saxony: 
St. Egidien, Oelsnitz, Nieder-Wilrschnitz, Lichtenstein, N eu'dorfel 
near Zwickau, Riidigsdorf n 'ar Kohren, Salhausen near Oschatz, 
Weissig near Pillnitz; Windberg. and Possewlorf in the vicinity of 
Dresden; Burgstii,dtel near Lockwitz. -

Beyond a letter from Sterzel to Dr. Weiss, in 1881, on the flora of 
the Plauen beds,' little else of a local character was published on 
the Permian of Saxony until the appearance in 188f) of the important 
memoir by the former of these authors on the flora of the Rothlie
gende of 1~orthwestern Saxony,' which is the first of a series of four 
monographs projected by the author on the Permian and Carbonif
erous fjgras of Saxony. The present paper is divided into two 
parts, the first treating- the }ower Rothliegeiicle of Plagwitz,-Hom --· - .------------~ 
which only five species are enumerated, and the second the middle 
Rothliegende, yielding a rich flora which occurs chiefly at Saalb;:tu-
sen, Riidisgdorf and Leuk8l;sberg near Kohren, Buchheim, Kreis-
cha, Kleinragewitz, Rochlitz, W olftitz near Frohhurg, Limbach, 
Lonnewitz, Wechsclburg, J'!aundorf, Stochigt, Wilden-Brnch,,and 
Lastau (left bank of the Auerbach). 

Cretaceous.-We pass next to the Cenomanian beds, the principal 
of which is that of Niederschona, near Freiberg. Known to Stern
berg, Zenker, Broun, Cotta,' and Geinitz,' it was reserved for Baron 
von Ettingshausen, in 1807,' to do full justice to its flora. 

The only other important Cretaceous plant beds are those in the vi
cinity of Dresden and Dippolt1iswalde, where von Otto found Glock-

1 Taeniopterideen a us dem Rothliegonllt>n von Chemmtz~H1lber~dorf, von J. T. 
Sterzel: Neues Jahrbuch fur .llfmeral., 1876, pp. 369-385, pl. v-vi. 

~ Uehm· die F}ora der unteren Schichton des Plauenschen Grundc~. 'on J. T. Stcr
zel: Zmtschr. deutsch. geol. Gesell., vol. 33, Heft 2, Berlin, 1881, pp. 339-347. 

3 D1e Flora des Rothhegcmlen in nmdwestlichen Sachsen, von J. T. Sterzel: Dames 
and Kayser's Paleontol. Abhamll., vol. 3, Heft 4, Berlin, Hl86, pp. 1-73, pl. i-ix. 

4 C. Bernhard Cotta: Ueber dw Niedersohona-Sch1chten. N eues J ahrbuch fur .llfln
eral., 1!;36, pp. 584-588. 

Geognostische Wamlerungen; 1, Geognoshsche Beschreibung der Gegend von 
Tharaml, Dresden und Leipzig, 1836, viii, 176 pp, 3 geol. pi, map, so. [Seepp. 
57, 58, 125.] 

Ueber che Pflam:enabdrucke aus flem unteren Quadersa.nclstem (Wealden-Forma
tion) von N1ederschiina bei Fre1berg. Isis, von Oken, 1837. col. 442-443. 

5 Charactel'lshk der Schichten uml Petrefacten des Siich~ischen Kreidcgeb1rges, 
von Hanus Bruno Geinitz. Dresden, ·1839-'42 (Drittes Heft, Dresden and Lmpzig, 
1842), xxv, 116 pp , pl. i-xxiv. 

6 Die K1eideflom von Nwderschona in Sachsen. Ein Bmtrag zur Kenntniss der 
altcsten Dicotyledoncngew1'ichse, von C. von Etting~hau'3eu. Sitzungsher. k. Akad. 
Wiss, Wwn, math.-nat. Cl., vol. 55, Abath. I, 1867, pp. 235-264, pl.1-iii. 

8 GEOL--48 
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er's Gyrophyllites Kwnsstzensis, • and which were so carefully worked 
up in Otto's Additamente, 1852, 1854.' The plants came from the 
Quadersan<lstein of Malter, Wendischcarsdorf, Paulsdorf, and Ober
haselich, near Dippoldiswalde, and from Rippien, Goppeln, and 
W elschhufe, near Dresden. They arc low forms, and of a charac
ter entirely different from that of the Niederschona flora. 

Tortiary.-Tho earliest notice I have seen of 'rertiary plants in 
Saxony was in 1869, when ~ngelhardt mentioned the bed at Seifhen
nersdorf.' In hiS Flora of the Brown Coal Formation in the Kingdom 
of Saxony, 1870,' he describes over fifty species from that locality. 
In that work he also enumerates ten species from Bockwitz, near 
Borna (afterwards separately treated), • Grimma, Scoplau, and Mitt
weida, west of the Elbe; thirty-seven species from Bautzen, Zittau, 
Quatitz, Mirka, Kleinsaubornitz, Schmeckwitz, Tuercha~, Reich· 
enau, Oolditz, Harthau, and Berzdorf, near Bernstadt, east of the 
Elbe. A dozen or more of these latter were fnundAo on fossil wood. 

---~----·--·-rn. -1873 he published his a!lmirable monograph of. the Tertiary 
flora of Gohren, • between W echselbnrg :;mel Lunzenau, based on 
collections made by Richard Richter, engineer of the Gohren via
duct, in which over forty species are described and figured. Engel
hardt regarded these plants as Aquitanian, and Oredner' would place 
the Gohren bed in the Oligocene'; along with the Leipzig terrane. 

In 1882 Boek studied the Mittweida' district (Altmittweida, 
Frankenau) with soiue care, figuring a nuniber of plants, and called 
it Oligocene also; and in 1884 Hofmann pronounced the same judg-

1 Ueber die Kalkftihrende Sandsteinformation auf beiden se1ten der mittleren 
March, in der Gegend zwischen Kwassitz und Kremsier, von E. F. Glocker: Nova 
ActaAcad. Leop.-Carol.,vol.19, Suppl. 2,1841, pp. 3011-334, pl.Iv. 

'Additamente zur Flora des Quadergebirges in der Gegend urn Dresuen und Dip
poluiswalde, etc., von Ernst von Otto. Dippoldiswalde and Leipzig, 1852-'54. 
Part 1,1852, iv, 29 pp., 7 pl., folio; part 2, 1854, x. 53 :pp., 9 pl . folio, 

3 Ueber die Tertiarflora vtJn Seifhennersdorf, von H. Engelhardt: Sitzungsber. 
Naturwiss. Gesell. Isis, Dre'lden, 1869, pp. 151,152 

4 Flora der Braunkohlenformation irn Konigr<>!Ch Sachsen, von Hermann Engel
hardt: Preisschr., Furst. jablows. Gesell., No. 16, Le~pzig, 1870, pp. 1-59,4°, 15 pl., 
folio. 

s Ueber Bra.unkohlenpflanz~;n von Bockwitz bei Borna, >on Hermann Engelharut: 
Sitzungsber.Naturwiss. Gesell. Isis, Dresden, Hefte 3, 4, 1876, pp. 92-101. ' 

6 Die Tertuirflora von Gcihren. Ein neuer Beitrag zur Kenntniss der fossilen Pflan · 
zen des Konigreichs Sachsen, von H•·rmann Engelhardt: Nova Acta Acad. Leop.
Carol., vol. 36, No. 3, 1873, pp. 1-42, pl. >iii-xiii. 

'Das Oligocan des Leipziger Kreises, mit besonderer Benicksichtigung des mari
nen Mittel-OIIgocans, von Hermann Credner: Zeitschr. deutsch. g<'ol. Gesell , vol. 
30, Berlin, 1878, pp. 615-662, pl. xxiii, xxiv. 

"Das Ohgocan von Mittweida, mit besomlerer Beriicksichtigung seiner Flora, von 
Richard Beck: Ibid., vol. 34, 1882, pp. 735-770, pl. xxxi, xxxii. 
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ment upon the Meera.ne beds south of Altenburg,' where he found 
both leaves and trunks. 

Quaternary.-The so-called Diluvium in the neighborhood of Ka
meuz contains a. large amount of fossil wood, both in a partially 
lignitized form and also in a silicified state. Geinitz, • in 1878, gave 

·the first account of these remains. and in 1883 Morgenroth published 
quite a systematic treatise upon them.' From this we learn that th~ 
material belongs to two distinct horizons, the Oligocene lignite beds 
and the Permian (Rothliegende), and that they have been trans
ported from points to the northward by the Scandinavian ice during 
tho glacial epoch. The lignitized stems possess a coniferous struct-. 
ure of the Sequoia type (Oupressinoxylori); the silicified wood be
longs to two groups, the one that of fern stems (Protopteris), and the 
other with the archaic Araucarian struc.tnre referable to Oordaixy-
lon and Dadoxy lou. · 

Silesia.-As the home of Goppert, the most voluminous of all the 
writers on fossil plants, it would naturally be expected that the 
resources of Silesia in this department would have been thoroughly 
explored and made known; and in this we are not disappointed. 

One of Goppert's earliest memoirs on the subject was a review of 
the work of his predecessors in Silesia,' notably Sch.wenckfelt, who 
enumerated fossil plants in his catalogue of the plants and fossils of 
Silesia' (1861), Volkmann, who figured many in his Silesia Subt~r
ranea (1720), • ami Rhode, who, in 1820-1824, published a large illus
trated monograph of the fossil plants of the Subcarboniferous de
posit of Waldenburg, Neurode, and Landshut in Silesia.' 

As with Saxony, it seems most advantageous to treat Silesia in the 
ascending order of the geological formations: 

Devonian.-The only plant-bearing beds in Silesia that have been 
recognized as Devonian are those of Oberkunzendorf near Freiburg 

1 Ueber Pfianzenreste aus den Knollensteinen von Meerane in Sachsen, von H. 
Hofmaim: Zeitschr. Naturwiss., vol. 57, Halle, 1884, pp. 456-461, pl. iii. 
~Die verkiesclten Holzer a us dem Diluvium von Kamenz in Sachsen, von H. B. 

Geinitz: Sitzungsber. Naturwiss. Gesell. Isis, Dresden, Hefte 3, 4, 1878. 
3 Die fossilen Pfianzenreste im Dilu vi urn der Umgebung von Kamenz in Sachson, 

von E. Morgenroth: Zeitschr. Naturwiss., vol. 56, Halle, 1883, pp. 271-318, 1 pl. 
4 Ueber die Bestrebungon der Schlesier, die Flora der Vorwelt zu erliiutern, von 

H. R. Goppert: Schles. Provinzialbliitter, Aug. u. Sept., 1834, Breslau, pp. 1-26, 12°. 
Karsten und von Dechen, Archiv., vol. 8, Heft 1, 1835, Notizen, pp. 232-249. 

5 Stirpium et fossilium Silesire catalogus, in quo prrnter etymon, natales, tempus, 
natura et vires cum varijs experimentis affigiuntur. Auctore Casparo Schvvenckfelt. 
Leips1re, 1601, 407 pp., 16°. 

6 Silesia subterranea, oder Schlesien mit seinen unterirrdischen Schiitzen, Selt
samheiten, etc., von Georg Anton Volkmann. Leipzig, 1720,344 pp.,- pl. i-xxxiv,16°. 

'Beitriige zur Pfianzenkunde der Vorwelt, nach Abdrueken im Kohlenschiefer 
und Sandstein aus schlesischen Steinkohlenwerken, von J. G. Rhode. Breslau, 
1820-'24, 40 pp., 10 pl., folio. 
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and Ebersdorf, in the county of Glatz, from which several species 
have been reported by Gop pert,' Tietze,' and others since 1859. 

Subcarboniferous.-The Grauwacke of the Landshut and Leob
schiitz districts (the former in Glatz, the latter in Opp8ln), with the 
minor localities, Tschopsdorf, Ober-W ernersdorf. Schreibersdorf. 
Leppersdorf, Rudelstadt, Altwasser, Hausdorf, Falkenberg, and La
sitz, has long been celebrated for its vegetable remains, which were 
treated by Goppert in his Genera of Fossil Plants, 1841, • and more 
especially in certain later papers;• more recently Feistmantel has 
made those of Rothwaltersdorf, in the county of Glatz, the subject 
of a special memoir;" and still later Schiitze has gone over both this 
field and that of northern Bohemia, making lists of all the species.' 

Oarboniferons.-Plants occur in the Carboniferous strata both of 
low~r and upper Silesia. They have nowhere received systematic 
treatment, but were considered by G6ppert in his famous prize essay 
in 1848 7 and in speeial papert;.' 

In the lesser prize essay delivered to the same society by Beinert 

1 H. R. Goppert: Ueber die angcblich in dem sogenannten Ucbergangs-oder Grau
wackcngebirge Schlesiens vorhandenen Kohlenlager. Jahrbuch Schles. Ver. Berg.
Hiittenw., Breslau, 1859, pp. 185-189. (Seep. 187.) 

Ueber die fossile Flora der silurischen, dcr devonischen und unteren Kohlen
formatiou oder des sogenannten Uebcrgangsgebirges. Nova Acta Acad. Leap
Carol., vol. 27, Dresden, 1859, pp. 425-606, pl xxxiv-xlv. (Sec p. 562.) 

2 Emil Tietze: Ueber die devonischen Schichten von Ebersdorf unweit Neurode in 
der Grafschaft Glatz. Palmontographica, vol. 19, Cassel, 1870, pp. 108-158, pl. xvi, 
xvii. 

3 Die Gattungen der fossilen Pflanzen verglichen mit denen de~ Jetztwelt und 
durch Abbildungcn erlautert. ,[Les Genres des Plantes Fossiles, etc.] Von H. R. 
Giippert. Bonn, 1841-'45, xxx, 120 pp., 56 pl., 4". 

4 H. R. Goppert: Ein Beitrag zur flora des Uebergangsgebirges .. Nova Acta 
Acad. Leop.-Carol., vol.19, 1842, pp. 379-382, pl.lxviii. 

Ueber die fossile Flora der Grauw acke oder des Uebergangsgebirges, besonders in 
Schlesien. Uebers. Arbeiten schles. Gesell., 1846, pp.178-184. Karsten und von 
Dec hen, Archi v, vol. 23, Berlin, 1850, pp. 60-72. ' 

[Sec first title in foot-note 1.] 

5 Das Kohlenkalkvorkommen bei Rothwaltersdorf in der Grafschaft Glatz und 
dessen organische Einschliisse, von .Ottokar Feistmantel: Zeitschr. deutsch. geol. 
.Gesell., vol. 25, 1873, pp~ 463-551, pl. xiv-xvii. 

6 Geognostische Darstellung des niederschlesisch-bohmischen Steinkohlenbeckens, 
von A. Schiitze: Abhandl. zur geol. Specialkarte v. Preussen und Thiir. Staaten, 
vol. 3, H!)ft 4, Berlin, 1882, pp.1-278. 

'Preisschrift. Abhandlung, eingcsanclt als Antwort auf die Preisfrage: . . . ob 
die Steinkohlenlager aus Pflanzen entstanden sind, welche an den Stellen, wo jene 
gefunden werden, wuchsen, etc. Eine mit dem doppelten Preise gekronte Schrift, 
vonHeini·ich Robert Goppert: Natuurk. Vcrh. Holl. Maatsch. Wetcnsch., Haarlem, 
Tweede Verzamel., vol. 4, 1848, xviii, 300 pp., pl. i-xxii. 

8 Ueber die fossile Flora dcr alten Steinkohlenformatiou, besonders in "Schlesien, 
von H. R. Goppert: Karsten und von Decken, Archiv., vol. 23, Berlin, 1850, pp. 43-59. 
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and Goppert in 1849, 1 the flora and stratigraphy of the Walden burg. 
beds are thoroughly elaborated, and comparative lists of the fossil 
plants found in the three principal mines (Louise Auguste, Johan
nis, an~.Fuchs) '1re drawn up. 

Schiitze, in the work last quoted, gives many species both Hom the 
vValdenburg beds (which have been considered by some as Gran
wacke) and from the so-called Schatzlarer beds on the hqrizon with 
Saarbruck. They are in the same general region about Walden burg, 
Reichhennersdorf, Hartau, Gottesberg, Ruben,' etc. 

Permian.-The Wiinschendorfbeds, near Lauban, have been called 
Rothliegende by Weiss, who has published a monograph of their 
flora in the Prussian geological Specialkarte, 1879.' 

Oolite.-Cycadaceous plants have been described'by Goppert from 
Sternalitz and Wichrow,' near the Polish frontier, but beyond this 
the Jurassic is either absent or barren in Silesia. 

Cenomanian.-The only systematic treatment we have of the Qua
dersandstein flora of Silesia is that which Gi)ppert published in the 
Nova Acta in 1841' and his supplement thereto i;n 1848. • The beds 
are located at Kieslingswalde, Habelschwerdt, and W ehrau in the 
county of Glatz on the Queis; at Tillendorf and Doberau near Bunz
lau; at Giersdorf near Leo burg; and at Altwaltersdorf, Melling, Nie-
der- and Ober-Langenau. · 

Tertiary.-Two localities for Tertiary (Miocene?) plants in Silesia 
were. made known by Goppert in 1842, namely, Dirschel' in upper 
Silesia, and Wohlau near Breslau.' The next year he reported a 

IAbhandlung iiber die Beschaffenl1eit und Verhiiltnisse der fossil en Flora in den 
verschiedenen Steinkohlen Ablagerungen eines und desBelbe~ Reviers. Eine mit 
der goldnen Medaille g;ekronte Preisschrift, von C, C. Beinert und H. R. Goppert: 
Natuurk. Verh. Holl. Maatsch. Wetensch., Haarlem, vol. 5, Leiden, 1849, pp. 1-72, 
5 geol. pl. 

2 Ueber einige Pflanze!lreste a us der Rubengrube hei N 3nrode in Nieder-Schle~ien, 
von Ernst Weiss: J ahrbuch (Abhandl.) k. preuss. geol. Landesanstalt, 1884, Berlin, 
1885, pp. 1-8, pl. i. 

3 Beitriige zur fossilen Flora. II, Die Flora des Rothliegenden vorr Wunschen
dorf bei Lauban in Schleiscn, von Ch: E. Weiss: Abhandl. geol. Specialk. Preuss. 
u. Thi.iring. Staaten, vol. 3, part 1, Berlin, 1879, pp. 1-38; atlas, 3 pl. 

• Ueber die fossile Flora der mittleren Juraschichten in Obcrschlesien, von H. R. 
Goppert: Uebers. Arbeiten schles. Gesell., 1845, pp. 139-149, pl. i, ii. 

• Ueber die fossile Flora des Quadersandsteins von Schlesien und der Umgegend 
von Aachen, von H. R. Goppert: Nova Acta Akad. Leop-Carol., vol. 19, Breslau, 
1842, pt. 2, pp. 97-134, pl. xlvi-liii. 

6 Zur· Flora des Quadersandsteins in Schlesien. Als Nachtrag zu der friiher 
erschienenen Abhandlung tiber denselben Gegenstand, von H. R. Gi.ippert: Ibid., 
vo~, 22; pt. 1, Bonn and Breslau, 1848, pp. 353-365 (1-13), pl. xxxv-xxxviii. 

7 Ueber die fossile Flora der Gypsformation zu Dirschel, in Oberschlesien, als drit
ter Beitrag zur Flora der Tertiargcbilde, von H. R. Goppert: Ibid., vol. 1!!, pt. 2, 
Breslau und Bonn, 1842, pp. 367-378, pl. lxvi, lxvii. 

8 Erweiterung~n der fossilen Flora Schlesiens, von H. R. Gi.ippert: Uebers. Ar
beiten schles. Gesell. ,1842. Breslau, 1843, pp. 189, 190. 



758 DISTl~IBUTION OF FOSSIL PLANTtl. 

third locality near Grunberg at Schloin (Oligocene), in-the north
west quarter, 1 and in 1844 still a fourth at Laasan near Nissam, on 
the Striegau, not far from Charlottenbrunn. • In a more general 
paper which appeared in 1852,' he enumerates the following addi
twnallocalities: Striese and Prausnitz near Stroppen, Waldenburg, 

* Tarnowitz, Damratsch, Maltsch, Pschow, and Kreuzburg. 
In 1855 he published his Tertiary Flora of Schossnitz• near Canth, 

a short distance southwest of Breslau, which is his most important 
work on the plants of this formation. This, with a few unimportant 
notes,' closed his work upon the Tertiary of Silesia. 

From the sulphur springs of Kokoschiitz ncar Pschow, in upper 
Silesia, specimens collected by Lucke were 1iamed by Friedrich in 
1881. • A larger collection from the same locality was subsequently 
placed in the hands of Victor Steger, who made them the subject of 
his inaugural di$sertation at the University of Breslau in 1883, iden
tifying and describing them in a systematic way under the name: 
"Flora fossilis Kokositiensis."' 

All these Silesian Tertiary beds may be classed as Miocene. al
though they probably differ in geological position, and some may be 
found really to be lower or higher in the geological scale, but. the 
fossil wood of Karlsdorf, Ober·kassel, Langeuau, etc., on the Zobten 
Mountain near Schweidnitz, is considered by Conwentz, who de
scribed it, • to be Diluvial (Quaternary). 

Bal~ic Prttssia.-I use this designation for those localities from 

1 Nachrichten iiber die von ihm im April, 1843, besuchten Braunkohlengruben bei 
Grunberg, von H. R. Goppert: Uebers. Arbeiten schles. Gesell., 1843, Breslau, 1844, 
pp. 112-114. 

Ueber Tertil'irpflanzon von Grunberg in Schl. aus dem Provinzial-Museum zu 
Konigsberg in ·Pr., von Hermann Engelhardt: Schriften phys.-okon. Gesell. Ko
nigsberg, vol. 27, 1886, 2 pp. 

2 Ueber das Braunkohlenlager bei Laasan, von H. R. Goppert: Uebers. Arbeiten 
schles. Gesell., 1844, Breslau, 1845, pp. 224-227. ' 

3 Beitrage zur Tertiarflora Schlesien's, von H. R. Goppert: Palaeontographica, 
vol. 2, Cassel, 1852, pp. 2!>7-282, pl. xxxiii-xxxviii. 

4 Die tertiare Flora von Schossnitz in Schlesien, von H. R. Goppert. Gorlitz, 
· 1855, xviii, 52 pp., pl. i-xxvi, 4°, 

5 H. R. Goppert: Ueber die Braunkohlen-Formation in Schlesien. U ebers. Arbeiten 
schles. Gesell., 1856, Breslau, 1857, pp. 13, 14. 

Auf mehrfaches Befragen, wie es sich mit den in dem Braunkohlen-Lagcrn von 
Naumburg am Bober gefundenen von Heerals Nyssa bestimmten fossilen Fruchte. 
46th Jahresb. schles. Gesell., 1868, Breslau, 1869, pp. 123,124. 

6Ueber Tertiarpflanzen von Kokoschiitz, von Paul Friedrich: Zeitschr. deutsch. 
geol. Gesell., vol. 33, 1881, pp. 501, 502. 

'Die schwefelfiihrenden Schichten von Kokoschutz in Oberschlesien un\l.die in 
ihnen auftretende Tertiarflora, von Victor Steger. Ratisbon, 1883, pp. 1-30, so. 

8 Die fossilen Holzer von Karlsdorf am Zobten, ein Beitrag zur Kenntniss der 
im norddeutschen Diluvium vorkommenden GeschiebhCilzer, von H. Conwentz: 
Schrift. naturf. Gesell., Danzig, vol. 4. No.5, 1880, pp.4-47,pl.i-viii. 
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which the great amber flora of North Prussia has chiefly been de
rived, as also that of lignite deposits described by Heer in his Mio
cene Baltic flora·, although I am aware that some of this material has. 
been collected in the interior of Prussia, and that Goppert not only 
found amber, but specimens of his Pinites succin·ifer, or the amber 
tree, in Silesia in the vicinity of Breslau. 

The plants in amber, described by him in his first work, 1845,' were 
from the Museum of Danzig and tho private collections of Hagen, 
Bendel, Berendt and others, where they had long lain, and tho exact 
sources were in many cases not known. Some wore labeled from 
N eidenburg, Rauschon near Konigsberg, Danzig, .etc. 

In the revision of this work, begun by Goppert and Mongo in 1883, • 
and completed by Oonwentz in 1886,' very little could be added to 
our knowledge of 'the precise source of these specimens, further than 
to state where they were then to be seen. 

Some work of the same general character was also done by Zad
dach • and Oaspary, • but it was Heer who, in 186!:!, gave us the best 
systematic work from the geographical point of view that has been 
produced on the flora of the Baltic Tertiary. •. Menge and Zaddach 
had made extensive collections in Samland and also on the west of 
the Gulf of Danzig at Rixhoft and that vicinity, which they had 
sent to Heer for determination. The principal localities were Rau
schen and Kraxtepellen in Samland and Rixhoft, but a few were also 
from Gaussup, Kadolling-Spring in Samland. 

The age of the amber and overlying lignite beds has been much 

1 Der Bernstein und die in ihrn befindlichen Pfianzenreste der Vorwelt, von H. R. 
Goppert und G. C. Berendt. In Berendt's "Die im Bernstein befindlichen organ
ischen Reste der Vorwelt," vol.1, Berlin, 1845, Abth. I, pp.1-125, pl. i-vii, folio. 
~Die Flora des Bernsteins und ihre BeJ:iehungen zur Flora der Tertiiirformation 

und cler Gegenwart, von H. R. Goppertuncl A. Menge. (Heraugsgegeb.von der Nat
urf. Gesell. Danzig,) vol.1, Danzig, 1883, pp.1-63, pl. i-xvi, 4°. 

3 Die Flora des Bernsteins und ihre Beziehungen zur Flora cler Tertiiirformation 
uncl cler Gegenwa~t. von H. R. Goppert uncl A. Menge. Naeh d!;lren Hinscheiden 
selbststiindig bearbeitet und fortgesetzt von H .. Conwentz. (Herausgegeb. von 
der Naturf. Gesell. Danzig) vol. 2, Danzig, 1886, ix, 140, pp., pl. i-xiii. 
~E. G. Zaddach: Ueber die Bernstein- und Braunkohlenlager des Samlandes. 

Schriften phys.-okon. Gesell., Konigsberg, vol. 1, 1860, pp. 1-44, pl. i-iv. 
Das Tertiiirgebirge Samlandes. Ibid., vol. 8, 1868, pp. 85-197, pl. vi-xvii. 
5 Robert Caspary: Einige pfianJ:liche Bernsteineinschlusse . . . eine Weiss

kohlstaude . . . einige in Bernstein eingesehlossene fossile Zweige einer un
tergegangenen Gnetaceen-Gattung. Ibid., vol. 13, 1872, Sitzungsber., pp. 19, 21. 

Pfianzliche Bernsteineinschliisse. Ibid., Sitzungsber., pp.17, 18. 
Ueber einige pfianzliche Abclriicke und Einsehliisse in Bernstein. Ibid., vol. 21, 

1880, Sitzungsber., pp. 28-30. 
Ueber neue fossile Pflanzen der blauen Erde, d. h. des Bernsteins, des Schwarz

harzes und des Braunharzes. Ibid., vol. 22,1881, Sitzungsber., pp. 22-31. 
6 Miocene baltische Flora, von Oswald Heer: Beitriige zur Naturkuncle Preussens 

No.2, Herausgegeben, k. phys.-okon. Gesell., Konigsberg, 1869, 104 pp., pl. i"-xxx, 4o. 
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discussed. It was once supposed that the form~tion was quite recent 
or not older than Pliocene, but Heer pronouneod the plants of Sam
land and RixhOft Miocene, and Gi.ipport and Menge in their last work 
state that they are not more recent than Middle Miocene, while Con
wentz and others regard the flora as Oligocene. Lapparent regards 
the amber beds themselves as upper Eocene. while admitting the 
Oligocene character of tlte plant rf:)mains. Crednor and Neumayer 
place the whole in the lower Oligocene. · 

Much fossil wood of various geological ages has been found at 
Langenau near Danzig al).d along the shores of the Baltic in the 
northern drift of that region, of which Conwentz in his inaugural 
dissertation at the University of Breslau in 1876 has given some ac
count.' 

This is also perhaps the most appropriate place to-mention the sim
ilar material described .by Hoffman in l883' and Kobbe in 1 887,' 
from various points in the nortll of Mecklenburg near the Baltic, 
consisting of vegetable debris showing internal structure, most of 
which is·reported from tho '' Diluvium," but this does not necessarily 
indieate the true age of the specimens them solves, and they may all 
have belonged to the general lignite deposit of the Baltie coast. 
Those found at Sternberg east of Schwerin are placed by the author 
i;1 the upper Oligocene. The age of the Glauconite of Below qn not 
probably be ascertained. The other loealities are: Wismar, Alt
Gaarz on the Salz-Haff, Rabensteinfeld, Malliss, Conow near Damitz, 
Neu-Krenzlin, Lorenzhohe, Hohenwoos northwest of Bokup, Par-

" chim and Trotzenberg near Parchim, Sonnenberg in tho same vicinity, 
Zwenzow near Mirow, Litbtheen, and Grevesmiihlen. 

Pntssiwn Saxony and Thur'ingia.-I use this term in a somewhat 
loose sense, to embrace all that part of central Germany which is 
bounded by Bavaria, Saxony, Prussia proper, Hanover, and Hesse, 
and embraces Coburg, Reuss, Weimar, Alton burg, Gotha, Meiningon, 
Merseburg, Brunswick, Hildosheim, and Magdeburg, and therefore 
tho Thuringian Forest and the Harz Mountains, 'Saal Valley, etc. 
The most important plant beds are at or near Coburg, Blankenburg, 
Lo benstein, Gem, Altenburg, Eisenach, Mane bach, and Ilmenau in the 
Thuringian Forest, and in the Harz Mountains, at Bornstadt, W ettin, 
Lobojiin, Mansfeld, Stedten near Halle, Magdeburg, and Halberstadt. 
These places being located in mountainous districts, whore different 
formations occur in close proximity to one another, iy would be diffi
cult to adhere to the geological and geographical treatment at the 

1 Ueber die Versteinten Holzer aus dem nonldeutschen Diluvium, von H. Con
wentz. BreHlau, 1876, 34 pp., 8°. 

'Ueber die fossilen HCilzer aus dem mecklenburgischen Diluvium, von Hermann 
Hofmann. Neubrandenburg, 1883. pp, 1-45, SO. 

3 Ueber die fossilen Holzer derniecklenbl).rger Braunkohle, von Fr. Kobbe: Archiv 
Ver. Freunde Naturg. Mecklenburg, 41st Jahr., 1887, Gilstrow, 1888, pp. S9-142, 
pl. ii, iii. (Inaug.-Diss.) 
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same time, and it therefore seems best to take them up something 
in the order above nameJ and rapidly' designate the chief papers in 
which the floras have been monographed. 

The only monograph of the Keuper bE,Jds of Coburg is that of Ber-
ger in 1829.' -

The first author to describe and figure the celebrated Cretaceous 
(Senonian) leaves of the Blankenburg beds was Zenker, in 1833, • who, 
besides describing several specimens of fossil wood from .Altenburg, 
established the genus Credneria and named four species, as also his 
Sal·ix fragil·is, further treated by Roemer in 1840.' In 1856 Dunker' 
described another collection from the same place made by Hartig, 
i:n which he figured the supposed fruit of Credneria (pl. xxxv, fig. 1), 
and they have since been mentioned from time to time by Stiehler' 
and other authors. 

The Wurzbach deposits,_ near Lobenstein in Reuss, are of Cambrian 
age, and have been treated in a series of papers (1864-1871)" by Geinitz, 
who, witn Liebe, regarded them as equivalent to the American Ta
conic of Emmons. 
·Permian plants are reported from Leimnitz, Thieschitz Trebnitz, 

Ropsen, and Milbitz, near Gera (Reuss).' 
The Mtischelkalk of the Saal Valley at Wogau and the Rauh

Thal, near' J ena (Weimar), has furnished a n1,1mber of fossil plants, _ 
_ which have been noticed by Schmid and Schleiden;• and Cotta in 

1 Die Versteinerungen der Fische und Pflanzen im Sandsteine der Coburger Ge
gencl, von H. A. C. Berger. Coburg. 1829, 29 pp., 4 pl., 4°. 

'Beitragc zur Naturgeschichte .der Urwelt. Organische Reste (Petrefacten) aus 
der Altenburger Braunkohlen-Formation, dem Blankenburger Quadersanclstein, 
jcnaischen bunten Sandstein und bohmischen Uebergangsgebirge, von Jonathan 
Cad Zenker. Jena, 1833, viii, 67 pp., pl. i-vi, 4°. 

3 Die Verstcinerung<-'n des nordd!:lutschen Kreidegebirges, von Freiderich Adolph 
Roemer. Hannover, 1840, p. 1. 

4 Ueber rnehre Pflanzenreste aus dem Quadersandste:ne von Blankenburg, von 
Wilhelm Dunker: :Pa;aeontographica:, vol. 4, 1856, pp. 179-183, pl. -xxxii-xxxv. 

5 Beitrage zur Kenntniss der vorweltlichen Flora des Kreidegebirges im Harzc, 
von August \Vilhelm Stiehler. I, Allgemeine Bemerkungcn tiber das Kreidegebirge 
zu Blankenburg und in der Grafschaft Weinigerode: Palaeontographica, vol. 5, 
Cassel, 1855-1858, pp. 45-70, pl. ix-xi. 

6 Ueber organische Ueberrestc in- dem Dachschiefer von Wurzbach bei Loben
stein, von H. B. Geinitz: 'Neues JahrbuchfiirMineral., 1864, pp. 1-9, pl. i-ii. 

H. B. Geinitz und K. T. Liebe: Ueber oin Aequivalent der takonischen Schiefer 
Nordarnerika's in Deutschland und dessen goologisehe Stellung: Nova Acta Acad. 
Leop.-Carol, vol. 33, Dresden, 1866, pp. 1-52, pl. i-viii. 

[Palroophycus macrocystoides Gein. aus dem altsilurischen Dachschiefer von 
Wurzbach bei Lobenstein], von H.B. Geinitz: Sitzungsber. Isis, Dresden, 1871, p. 2. 

'Dyas oder die Zechsteinformation und das Rothliegenele, von Hanns Bruno 
Geinitz. Heft IT, Die Pflanzen der Dyas und Geologisches, Leipzig, 1862, pp. 131-
342, pl. xxiv-xlii, folio. 

8 Die geognostischen Verhaltnisse des Saalthales bei Jena, von E. E. Schmid und 
M. J. Sehlei!len. Leipzig, 1846, 1 Karte, 24 pl., folio. 

Die organischen Reste des Muschelkalkes im Saal-Thale bei· Jena, von E. Schmid: 
N eues J ahrbuch fiir Mineral., 1853, pp. 9-30. · 
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1834' mentioned a bed, probably of Permian age, near Eisenach, 
where ferns, equisetaceous and cycadean r'emains were found. 

The Culm (Subcarboniferous) flora of Saalfeld and Wurzbach has 
been thoroughly handled by Unger and Richter' and by Weiss;' that 
of Manebach was known to Hoff in 1814: and Geinitz gives a dozen 
species from ·there in Gaea von Sachsen ;" Richter in 1855,' and 
Schiitze in1878 7 made further contributions to it. 

Gi)ppert in 1854, • and quite recently Count Solms-Laubach, • have 
described the peculiar cones found at Ilmenau (Weimar) and Mans
feld (Merseburg), as also those of :b-,rankenberg in Hesse. 

The Keuper, or Lettenkohle, of Badeleben near Kolleda (Merse-
burg), Miihlhausen (Erfurt), and Apolda (Weimar), and the peculiar 
forms that it contains, have received attention from the following 
authors: Germar (1851)," Borneman (185G)," Hallier (1858, 1859)," 

1 Ueber Kalamiten-Reste in Keuper bei Eisenach; irn alten Kohlen-Gebilde von 
Hainchen., von Bernhard Cotta: Neues Jahrbuch fiir Mineral., 1S34, pp. 210, 211. 

'Beitrag zur Palaontologie des Thiiringer Waldes. von Reinhard Richter und Franz 
Unger: Denkschr. k. Akad. Wiss., Wien, math.-nat.-Cl., vol. It, 1S56, pp. S7-1S6. 
Erster Theil (Richter), pp. S9-13S,pl. i-iii. Zweiter Theil (Unger) pp. 139-1S6, pl. i-xiii. 

3 Beitrag zur Culm-Flora von Thiiringen, von Ernst We1s;: Jahrbuch k. preuss. 
geol. Landesanstalt u. Bergakad., 1SS3, pp. Sl-100, pl. xi-xv. 

4 Beschreibung des Triimmergebirgs und des alteren Flotzgebirgs, welche ·den 
Thiiringer \Vald umgeben, von K. E. A. von Hoff: Leonh. Taschenb., vol. S, 1S14, 
pp. 319--436, 1 pl. 

5 Die Versteinerungen von Obersachsen und der Lausitz,. von H. B. Geinitz und 
A. von Gutbier. In Gaea von.Sachsen, etc., bearbeitetvon C. F. Nauman, B. Cotta, 
H. B. Geinitz, A. v. Gutbier, M.A. Schiffner, und L. Reichenbach. Dresden, 1S43, 
pp. 61-142, so. 

• [Kohle bei Mane bach. Beschreibung ei_nes Calamites transitionis a us dem Culm,] 
von Reinhard-Riehter: Zeitschr.deutsch. geol. Gesell., vol. 7, Berlin, 1S55, pp.456-457. 

7 Ueber das angebliche Vorkomrnen der Sphenopteris distans in Mane bach, von A. 
Schiitze: Verhandl. k.-k. geol. Reichsanstalt, Wien, 1S7S, pp. 209--211. 

s Ueber die sogenannten ·Frankenberger, Ilmenauer und Mannsfelder Kornahren, 
etc. . . so wie iiber die Flora des Kupferschiefergebirges oder der Perm
ischen Formation iiberhaupt, von H. R. Goppert: 32d Jahresber. schles. Gesell., 
BrE>slau, 1S54, pp. 36-3S. 

• Die Coniferenformen des deutschen Kupferschiefers und Zechsteins, von H. 
Graf zu Solms-Laubach: Dames u. Kayser, Palaontolog. Abhandl., voL2, Heft. 
2, Berlin, 1SS4, pp. S1-116 (1-3S), pl. xii-xv (i-iii). 

10 Ueber Omphalomela scabra, eine neue Pflanzenversteinerung a us dem Keuper 
von Badeleben in Thiiringen, von E. F. Germar: Palaeontographica, vol. 1, Cas
sel, 1S51, pp. 26-29, pl. iii, fig. a-c. 

11 Ueber organische Reste der Lettenkohlengruppe Thiiringens. Ein Beitrag zur 
zur Fauna und Flora dieser Formation, etc., von J. G. Borneman. Leipzig, 1S56, pp. 
1-S5, pl. i-xii. • 

1' De Cycadeis quibusdam fossilibus in regione Apolderisi repertis descripsit Er
nestus Hallier. Jena, 1S5S, pp. 1-24, so. (Inaug.-Dissert.) 

Ueber die boi Apolda aufgefundenen fossilen Cycadeen von E. Hallier: Flora, 
Regensburg, 1859, No.4, pp. 49-54, pl. ii; No. 31, pp. 4S1-4S3, pl. iv; No. 33, pp. 513-
516, pl. ix. 
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Schmidt (1874),' and Compter(1874and 188:3). • Fossil wood and other 
vegetable remains have also been reported by Schmidt' from the Keu
per in the Wachsenburg (Gotha) .. 

The fossil flora of the Harz :\fountains in its several formlittions, 
as well as the rest of its paleontology, has been gloriously mono
graphed by Dr. Friedrich .Adolph Roemer. His Versteinerungen des 
Harzgebirges, 1843,' was the forerunner of his later work, which 
appeared in Palaeontographica from 1850 to 1866. • The first of these 
memoirs describes the flora of the later Grauwacke and Posidonomya 
shales (Subcarboniferous) as they occur in the Gosethal near Goslar, 
the Lautenthal, Clausthal, Innerstethal, Schulenberg near Grund, 
Hahnenklee, etc. The second contains a few from about the same 
horizon at Lauterberg aud Mag.desprung, all in Hildesheim; also at 
N ehden near Brilon, in Westphalia. The third mentions only two 
plants from the Culm of Zellerfeld (Hildesheim)., 

In the fourth, however, a very large number of Carboniferous 
species are described from the southern slope of the Harz, and also 
from Piesburg near Osnabruck in Hanover, and from Elzebachthal 
near Zorge, Gliicksburg, Flottwell, and Buchholz near Ibbenbiiren, 
in Westphalia, which it 'v,ould be difficult to treat separately. The 
leauing localities in the Harz are Poppen burg near Ilefeld, Meisdorf 
in the Selkethal, and Oppenrode. The first part of this memoir (pp. 
7-11) enumerates a few more from the Grauwacke of Trogthal and 
Schaufenhauerthal near Lauterberg, and from Pochthal near Claus
thai; and the last memoir (No.5) enumerates three others of practi
cally the same age from Kammerberg near Ilsenburg. 

Weiss has more recently studied the Carboniferous strata on the 
north slope of the Harz,' and also the lower Devonian flora of the 

I Ueber den unteren Keuper des ostlichen Thiiringens, von E. E. Schmid: Ab
han:il. geol. Specialkarte Preuss. u. Thiiring. Staaten, vol. 1, Heft 2, Berlin, 1874, 
pp. 1-66, pl. i. 

9 Gustav Compter: Ein Beitrag zur fossilen Keuperfiora. Nova Acta Acad. Leop.
Carol., vol. 36, Dresden, 1874, pp. 1-10, pl. xiv-xvii. 

Zur fossilen Flora der Lettenkohle Thiiringens. Zeitschr. Naturwiss., vol. 66, 
Heft 1, Halle, 1883, pp. 1-29, pl. i, ii. 

3 Die vVachsenburg bei Arnstadt in Thiiringen und ihre Umgebung, von E. E. 
Schmidt: Jahrbuch k. preuss. geol. Landesanstalt u. B9rgakad., 1883, Berlin, 1884, 
pp. 267-309, pl. xxi. · 

4 Die Versteinerungen des Harzgebirges, von Friedrich Adolph Roemer. Hannover, 
1843, 40 pp., 12 pl., 4°. . 

5 Beitrage sur geologischen Kenntniss des nordwestlichen Harzgebirges, von 
Friedrich Adolph Roemer: Abth. I, Palaeontographica, vol. 3, 1850, pp. 1-52, pl. 
i-x. Abth. II, Palaeontographica, vol. 3, 1852, pp. 68-111, pl. xi-xv. Abth. III,· 
Palaeontographica, vol.' 5, 1855, pp. 1-46, pl. i-viii. Abth. IV, Palaeontographica, 
Yol. 9, 1860, pp. 1-46, pl. i-xii. Abth. V, Palacontographica, vol. 13, 1866, pp. 201-
230, pl. xxxiii-xxxv. 

6 Die Steinkohlen-fiihrenden Schichten bei Ballenstedt am nordlichen Harzrande, 
von Ch. E. Weiss: Jahrbuch k. preuss. geol. Landesanstalt u. Bergakad., 1881, Ber
lin, 1882, pp. 595-603. 
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Harz' as he finds it at Oderthal, Schaufenhauerthal, Kammer berg 
near Ilsen burg, etc. 

The plants of the Mansfeld (Merseburg) copper shales (Permian) 
were known to Brongniart and Count Munster. They have been 
further treated by Kurtze in 1839, • Germar in 1840, • by Geinitz in 
Gaea von Sachsen, 1843, and by both Geinitz ami Gutbier in their 
fossils of the Zechstein and Rothliegende or Permian system of Sax
ony, 1848 and 1849;' a:Iso /by Geiuitz in his Dyas. A very similar 
deposit occurs at Possneck in Saxe-Meiningen, northeast of Saalfeld, 
where Zerrenner collected a series of specimens representing two 
species of Ullmannia which were studied and figured by Weber 
in 1851.' 

Tho celebrated Carboniferous beds of Wettin and Lobejiin, north
west of Halle in Merseburg, attmcted the attention of Germar in 
1837' and of Rost in 1839,' and a large illustrated folio work (German 
and Latin) in which the plants are magnificently treated, was begun 
by Germar in 1844 and completed by Andrii in 1853. • But the re
sources of this rich deposit are not yet exhausted. Councillor J. G. 
Beer's large collecti~n from that place was donated by his heirs to 
the Austrian Geological Survey in 1B73 and its contents were noted 
by Stur.' The fine geological monograph of the region north of 
Halle, prepared by Dr. Laspeyres and publishe~ in 181'5 as a memoir 
-----------------------------------------------------------------

1 Zur Flora der iiJtestcn Schichtcn des Harzes, von Ernst Weiss: Jahrbuch k. 
preuss. geol. ,Landesimstalt u. Bergakad., 1884, Berlin, 1885, pp. 148-180, pl. v-vii. 
- 2 De petrefactis quae in schisto bituminoso 1\iansfeldensi reperiuritur. Quam 

. . publice defendet Gustavus Adolphus Kurtze. • Halro, 1839, pp. 1-36, 4°. 
3 Die Versteinerungen des Man sf elder, Kupferschiefers, beschrieben von Ernst 

Friedrich Germar. Halle, 1840, 39 pp., 2 pl., 12°. (S:•e pp. 32-36.) 
4 Die Versteincrungen des Zechstcingehirges und Rothliegenden oder des per

mischen ·Systemes in Sachsen, von Hanus Br.uno Geinitz und August von Gut
bier. Leipzig, 1848-'49, 4°. Heft 1, Die Versteinerungen des dcutschen Zechstein
gebirges, von H. B. Geinit:r,, 1848, pp. 1-26, pl. i-viii. (Foss. pl. pp. 19-26, pl. viii.) 
Heft 2, Die Versteincrungen des Rothliegenden in Sachsen, von A. v. Gutbier, 
1849; pp. 1-32, pl. i-xi, with col. geol. pl. (Foss. pl. pp. 7-32, pl. i-xi). 

5 Zur niiheren Kenntniss dcr fossilen Pflanzen der Zechsteinformation, von C. 
Otto Weber: Z2itschr. deutsch. geol. Gesell., vol. 3, Berlin, 1851, pp. 315-319, pl. xiv. 

6 E. F. Germar : Bemerkungen uber einige Pflan:r,enabdriicke a us den Steinkoh
lengruben von W ettin und Lobejiin irn Saalkreise. · Isis, von Oken, 1837, col. 425--431, 
pl. ii. Ncues Jahrhuch fiir Mineral. 1839, pp. 498-501. 

7 Dissertatio de filicum ectypis obvii in li~mnthracmn W ettinensium Lobejunen_ 
siumque fodinis, von vV. Rost. Halre, 1839, 8". -

8 Die Versteinerungen des Steinkohlengcbirges von Wettin und Li:ibejiin im Saal
kreise. Petrificata stratorum lithanthracum W ettini et Lobcjuni in circulo Salre 
reperta, von Ernst Friedrich Gm·mar, 8 Hefte, Halle, 1844--'53, pp. 1-116; Atlas, Ill. 
i-xl, folio. [Plants in Heft 8, described hy C. J. Andrii.] 

Verzcichniss der in dem Steinkohlengebirge bei Wettin und _Li:ibejiin vorkom
menclen Pflanzen, von C. J. Andrii: Jahresber. Naturwiss. Vcr. in Halle, vol. 2, 
1850, pp. 118-130. 

"Eine beachtenswerthe Sammlung fossiler Steinkohlen-Pflan:r,en von Wettin; von 
D. Stur: Verhandl. k.-k. geol. Reichsanstalt, Wien, 1873, pp. ~63-270. 
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for the. Prussian Specialkarte, 1 gives long lists of these plants and 
shows that active work was still going on in this part of Germany 
at that time. 
' We will next consider the Tertiary floras of Prussian Saxony. 
These are chiefly located at Skopau, Stedten, Runthal, Weissenfels, 
Bornstiidt near Eisleben, Riestedt, Dorstewitz, and Trotha, in Merse
burg, and at Meuselwitz, in Altenburg, which is so far to the south 
that it might perhaps hava been appropriately treated in the preced-
ing subdivision. · 

Heer published a memoir in 18til • on the floras of Skopau, Stedten, 
Weissenfols and Helmstedt, the last in Brunswick; and in lSGD' 
another on that of Bornstaclt near Eisleben, having previously fur
nished a list of the species to Zincken,' who collected the specimens. 

Engelhardt in 1876 made some additions to 'the flora of Steel ten,' 
and in 1884 published a paper on that of Meuselwitz in Altenburg, • 
previously unknown. About the same time lfritsch' published a pa
per in the year-book of the Prussiau Geological Survey, in which he 
described new species from the Pliocene at Rippersroda in Thuringia. 
Finally Friedrich's two papers on the Tertiary flora of the vicinity 
of Halle" constitute a general monograph of this whole field and 
leave little to be desired. 

Concerning the age of these floras the Prussian Geologieal Survey 
regards them all as belonging to the Lower Oligocene, but possessing 
considerable range within this formation. 

1 Geognostische Darstellung des Steinkohlengebirges und Rothliegenden in der 
Gegend nordlich von Halle, a. d. Saale, etc., von Hugo Laspeyres: Abhandl. geol. 
Specialkarte Preuss. u. 'fhiiring. Staaten, vol. 1, Heft 3, Berlin, 1S75, pp. 1-603, 1 
col. geol. plate. 

2 Beitrage zur nahern Kenntniss der siichsisch-thiiringischen Braunkohlenflora, 
von Oswald Heer; nebst einem Anhange iiber einige Siebenbiirgische Tertiiirpflan
zen, von C. J. Andra: Abhandl. naturwiss. Ver. Prov. Sachsen, Thiiring., vol. 2, Ber
lin, 1S61, pp. 405_:_43S, pl. i-x. 

3 Ueber die Braunkohlenpflanzen von Bornstiidt, von Oswald Heer: Abhandl. 
naturf. Gesell. zu Halle, vol. 11, 1S69, pp. 1-22, pl. i-iv. 

4 [Ueber einige in einem untermiocanen Bralmkohlenlager bei Bernstadt unfern 
Eisleben aufgefundenen Pflanzenreste,] von C. Zincken: Neues Jahrbuch fiir Min
eral., 1S67, pp. S2-S3. 

5 Bemerkungen iiber Tertiarpflanzen von Stedten bei Halle a. S., von Hermann 
Eng~lhardt: Sitzungsber. naturwiss. Gesell~ Isis, Dresden, 1S76, pp. 97-101. 

6Ueber Braunkohlenpfianzen von Meuselwitz, von Hermann Engelhardt: Mitth. 
aus d. Osterlande,.new series, vol. 2, Altenberg, 1SS4, pp. 1-37, pl. i-ii. 

7 Das Pliociin im 'fhalgebiete der zahmen Gera in Thliringen, von K. von Fritsch: 
Jahrb. k. preuss. geol. Landesanstalt u. Bergakad., 1SS4, Berlin, 1S85, pp. 3S9-437, 
pl. xxiii-xxvi. 

8 Paul Friedrich: Ueber die Tertiarflora der Umgegend von Halle a. S. Halle, 
1SS3, 12 pp.' so. 

Beitriigo zur Konutniss der 'fertiiirflora der Provinz Sachsen. Abhandl. geol. 
Specialkarte Preuss. lh Thiit:ing. Staaten, vol. 4, Heft 3, Berlin, 1SS4, viii, 305 pp., 
map, so. Atlas, pl. i-xxxi, folio. · 
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In the region around Halberstadt and Quedlinburg in Merseburg, 
two plant-bearing horizons occur; one in the Lias, from which Dunker 
described a few species in 1846,' tbe other Upper Cretaceous (Seno

-nian), which has been thoroughly worked up by Geinitz,' Stiehler' 
and Heer.' 

Hesse, including Hesse-Nassau.-Under this geographical group 
we can make only a passing reference to the Silurian strata at Sinn, 
iu the vicinity of Dillenburg, which yielded to Ludwig the very per
fect forms of Bythotrephis, etc.; the Upper Devonian plants from the 
same place, and also from Bicken in that vicinity, and from Ock
stadt, near Bad Nauheim; the Culm (Subcarboniferous) plants from 
Hcrborn, Oberndorf, Kombach, Vi:ihl, Thalitter, Battenberg, Eckels
lmusen, Rachelshausen, Hornmertshausen, arid Buchenan, near Bied
enkopf, in Nassau, and at Holzhausen, in Hesse, all of which he 
treated in the seventeenth volume of Palaeontographica in 1869; • the 
Oarbonifm:ous plants to which the Sandbergers devote two plates of 
their Fossils of the Rhenish System inN assau • obtained from Steins
berg near Dietz, Kemmenau near Ems, Niederlahnstein, Astert near 
Hachenberg, Uckersdorf, Eisemroth, Rehberg, Gondersdorf, Eimel
rod, Fran~enberg, and Herborn; also across the border in Rhenish 
Prussia at Winningen, Karthause, Horhausen, Brohl, Vallendar, Ca
pellen, and Brodenbach, in the vicinity of Coblenz; the Permian 

1 Ueber die in dcm Lias bei Halberstadt vorkornmenden Versteinerungen, von 
·Wilhelm von Dunker: Palaeontographica, vol.l, 1846-1851, pp. 34-41, 10'7-125, pl. vi, 
xiii-xvii. Nachtrage, pp.l'76-18J, 319,320, pl. xxv, xxxvii. 

2 Ueber die Zusammensetzung und Lagerung der Kreide-Formation in der Gegend 
zwischen Halberstadt, Blankenburg, und Quedlinburg, von H. B. Geinitz: Neues 
Jahrbuch fi.\r Mineral., 1850, pp. 133-138. 

3 August Wilhelm Stiehler: Ueber fossile Pflanzen aus der Kreideformation von 
Quedlinburg. Ber. Deutsch. Naturf. Vers., vol. 31, 1854, pp. 69-71. 

Die Flora im Quadersandstein des Langenberges bci Quedlinburg. Zeitschr. 
Naturwiss., vol. 9, Haile, 185'7, pp. 452-455~ 

Beitrage zur Kenntniss dcr vorweltlichen Flora des Kreidegebirges im Harze. 
II, Die Flora des Langehirges bei Quedlinburg. Palaeontographica, vol. 5, Cassel• 
1855-'58, pp. 71-80, pl. xii-xv. 

4 Beitrage zur Kreideflora. II, Kreideflo~a von Quedlinburg, von Oswald Heer: 
Neue Denkschr. schweiz. Gesell. Naturw., vol. 24, Zurich, 1869, No. 2, pp. 1-13. 
pl. i-iii. 

5 Rudolph Ludwig: Fossile Pflanzenreste aus den palaolithischen Forrnationen 
der Umgegend von Dillenburg, Biedenkopf und Friedberg und aus dem Saalfeld
isehen. Palaeontographica, vol. 17, Heft 3, Cassel, 1869, pp. 105-128, pl. xviii-xxviii. 

Nachtrag zu der Abhandlung i.iber fossile Pflam:en aus den palaolithischen Forrna
tionen in der Umgegend von Dillenburg, Biedenkopf, und Friedberg, und aus dem 
Saalfeld'schen. 'Ibid., pp. 137-140, pl. xix, xx. 

s Die Versteinerungen des rheinischen Schichtensystems in Nassau, von Dr. Guido 
Sandberger, und Dr. Fridolin Sandberger. Wiesbaden, 18:)0-1856, pp. i-xv,1-564, 
4o; [Foss. pl. on pp. 421-432; 447.] Atlas, 1850-'55, 39 pl. folio. [Plants on pl. 
xxxviii-xxxix.] -
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plants jli,r Riechelsdorf, to which Althaus called atten~ion in 1851,' 
and which have since become well known; the historic "Kornahren" 
of Frankenberg, known to Winkelmannin1G97," Lehmann in 17GO,' 
Waldin in 1778,' and mentioned by all authors who have written 
on that ,subject down to Count Solms-Laubach, who has recently 
written up their history;• the Tertiary plants described by Ludwig 
in 1857 from the tufaceous basalt of Holzhausen near Romberg in 
Kurhessen,' and from the "Spatheisenstein" of Dernbach and Hor
ressennear Montabauerin 1861, 7 and thosetowhichGeyler drew atten
tion in 1874 as occurring at Elsheim and Stadecken in Rhein-Hessen~' 
and finally to the Miocene lignite beds of theW etterau in· the vicin
ity of Frankfurt, whose investigation was begun in 1856 by Fresenius 
and Meyer,' continued by Ludwig from 1857 to 1859,'" and closed by 
Ettingshausen in 1868. u This last district and the exhaustive mem
oirs upon it are of groat importance to the science and deserve more 
attention than space permits us to bestow. The localities have most 

I Ueber einige neue Pflanzen aus dem Kupferschiefer von Riechelsdorf, von J. 
Althaus: Palaeontographica, vol. 1, Cassel, 1851, pp. 30-33, pl. i, iv. 

2 Beschreibungen der Furstenthiimer Hessen und Hersfeld, etc., von J. F. Winkel
mann. Bremen,,l697. (Seep. 37.) 

3 Kurtze U ntersuchung derer sogenannten versteinerten Komahren, etc., von 
Frankenberg in Hesson, von .r. G. Lehmann. B~rlin, 1760, 16 pp., 4°. 

'Die Frankenberger Versteinerungen, nebst ihrem Ursprunge beschrieben von 
Joh. Gottlieb Waldin. Marburg, 1778, 32 pp., 2 pl., 4°. 

5 Die Coniferenformen des deutschen Kupferschiefers und Zechsteins, von Graf 
zu Solms-Laubach: Dames und Kayser, Pa1ooontolog. Abhandl., vol. 2, Heft II, Ber
lin, 1884, pp. 1-38, pl. i-iii. 

6 Fossile Pflanzen aus dem Basalt-Tuffe von Holzhausen, bei Romberg in Kur
hessen, von R. Ludwig: Palaeontographica; vol. 5, 1857, pp. 152-161, pl. xxiii-xxv. 

7 Fossile Pflanzen aus dem tertiiiren Spatheisenstein von Montabauer, von Rudolph 
Ludwig: Ibid., vol. 8, 1861, pp. 160-181, pl. lxiii-lxx. 

8 Ueberdie Tertiarflora von Stadecken-Elsheim in Rheinhessen, von H. Th. Geyler: 
Jahresber. Senckenberg. naturf. Gesell., 1873-'74, Frankfurt, 1875, pp. 103-111. 

9 Sphaeria areolata aus der Braunkohle der W ettorau, von Georg Fresenius und 
Hermann von Moyer: Palaeontographica, vol. 4, 1856, pp. 202, 203, pl. xxxvii, fig. 9-12. 

Ueber Phelonites lignitum, Phelonites strobilina und Betula Salzhausensis, von 
Georg Fresenius: Ibid., vol. 8, Cassel, 1861, pp.155-159, pl.lxii. 

10 R. Ludwig: Ueber mitteldeutsche Tertiiirbildungen. Zeitschr. deutsch. geol. 
Gesell., vol. 9, 1857, pp. 182-184. 

Fossile Pflanzen aus cler jiingsten Wetterau!)r Brannkohle. Palaeontographica, 
vol. 5, Cassel, 1858, pp. 81-109, pl. xvi-xxii. _ 

Fossile Pflanzen aus der mittleren Etage der Wetterau-Rheinischen Tertiar-For
mation. Ibid., pp. 132-151, pl. xxVIi-xxxiii. 

Fossile Pflanzen aus-der altesten Abtheilung der Rheinisch-Wetterauer Tertiar
Formation. Ibid., vol. 8, 1859, pp. 39-154, pl. vi-lx. 

Die fossilen Pflanzen in der \Vetterauer Tertiarformation. 7th Bericht Ober
hess. Gesell. Nat., Heilkunde, Giess ·n, 1859, pp. 1-12. 

" Die fossile Flora der iilteren Braunkohlenformation der Wetterau, von Con
stantin von Ettingshausen: Sitzungsber. k. Akad. Wiss., Wien, math.-nat. Cl., vol. 
57, Abth. I, 1868, pp. 307-893, pl. i-v, charts i-xi. 
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of them become familiar to paleobotanists as well as to geologists, 
especially tho leading ones, such as Salzhausen, Bommersheim, · Dor
heim, Weckesheim, Dornassenheim, Bauernheim, Wi\lfersheim . ' Frankfurt, Bonstadt, Burgel Kleinkarben, Kaichen, Bodenheim, 
Selzen, Miinzenberg, Hochheim,Gronau, Naurnburg, Hessenbrucker
Hammer, Steinheim, Rossdorf, Seckbach, Gambach, Dorfgill, Gund
helm, Hi.itten_, Zell, ::3chlechtenwegen, Grossallmerode, Hattenheim, 
and Oberingelheim. 

Finally, we have the very recent but important memoirs of Geyler 
and Kinkelin on the Upper Pliocene flora of the Klarbecken near 
Niederrad and H<'ichst on the Main,' describing some very remark
able coniferous and dicotyledonous fruits. 

Schles:wig-Holstein.-From a·quaternary peat-bed at Lauenberg 
on the Elbe, K. Keilhach • has obtained twenty-two species of vascular 
plants, sixteen of which are still found in the floi·a of the vicinity of 
that place. · 

Hcmu·ve7' and BT·unswick.-This geographical group will unavoid
ably include localities in Lippe, Cassel, and the upper portion of 
Hildesheim. Friedrich Hoffmann gave an account of the plants of the 
coal formation of Pies burg near Osnabriick in Keferstein's ''Deutsch
land," 1826. • Roemer, as already stated, included a full account· of 
this district in the last of his memoirs on the Harz flora, and Major 
von Roehl also stepped aside to include it in his Carboniferous flora 
of Westphalia, 1868 (see infra, p. 770). 

In the supplement to Roemer's Oolite Formation, 1836,' plants are 
described from the Deister and the Osterwald. 

TheW ealden deposits of Hanover are the most numerous. Dunker, 
in his Monograph of the North German Wealden formation, 1846,' 

1-Ueber den Schichtenbau, .die Pliociinflora urid die Diluvialgebild. des Untermain
thales, von F. Kinkelin: Zeitschr. deutsch. geol. Gesell., vol. 38, 1886, Heft 3, pp. 
684-()95. 

Oberplioeiin-Flora aus den Baugruben des Kliirbeckens bei Niederrad und der 
Sehleuse bei Hochst. a .. M., von Th. Geyler und F. Kinkelin: Abhandl. Seneken
berg. naturforseh. Gesell., vol. 14, No. 8, Frankfurt a.M., 1887, pp. 1-47, pl. i-iv. 

Die Geschichte des Mainzer Tertiiirbeckens, seine Thier und Ptianz-enwelt, von 
F. Kinkelin: Humbolt, 6th Jahrgang, 1887, (I) IIeft 9, Sept., pp. 333-337; (II) Heft 
10, Oct., pp. 371-374. • . 

2 Ueber ein interglaciales Torfiager im Dilu.vium_von Lauenberg an der lj}lbe, von 
K. Keilhach: Jahrbuch k. preuss. geol. Landesmstalt u. Bergakad., 1884, Berlin, 
_1885, pp. 211-238, pl. xi. 

"Ueber die Pflanzenreste des Kohlengebirges von Ibbenbi.ihren und vom Piesberge 
bei Osnabri.ick, von Friedrich Hoffmaim. In Keferstein's Deutschland geognostisch
geologisch dargestellt, etc., vol. 4, Weimar, 1826, so, pp. 150-168. 

4 Die Versteinerungen des i10rddeutschen Oolithen-Gebirges, von Friedrich Adolph 
Roemer. Hannover, 1835-'36, pp. (6) 1-218, pl. i-xvi, folio. Nachtrag, Hannover, 
1839, pp. (4) 1-60, pl. A (profile), xvii-xx. [Plants in Nachtrag, pp. 9, 10, pl. xvii.J 

5 1\ionographie cler norddeutsehen W ealdenbildung, ein Beitrag zur Geognosie und 
Naturgesehichte der Vorwelt, von W. Dunker. Braunschweig, 1846, xxxii; 86 pp., 
pl. i-xxi, 4 o. 
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describes plants from Harrel near Biickeburg and Egestorf, Oesede 
near Osnabruck, Si.i.n:tel, Bredenbeck, Salzhemmendorf, Koppen
graben, near Alefeld, and Suersser Brink, Rehburg, Duingen, Borg
loh, and at other points on the Deister and the Osterwald. Ettings
hausen noticed forms from the Deister clays in 1851,' and Schenk 
in his fourth and fifth "contributions" 2 adds to this list Stemmen 
and Knippenbrink. 

R'1emer in his fossils of the North-German Cretaceous formation 
already quoted (stlpra, p. 76l), reports Cretaceous plants from Peine 
in Hanover, and from Wrisbergholzen and Alfeld in Hildesheim as 
well as at Rothenfelde in Westphalia. 

The only important plant-bearing deposit in Brunswick is the Rhe· 
tic sandstone of Seiustedt, which Dr. Brauns has so well portrayed 
in his two memoirs in the ninth and thirteenth volumes of Palaeon
tographica, 1862-1866, • one of the supposed ferns from which N athorst 
regards as a species of Ginkgo. • 

In addition to this, however, should be mentioned the phosphorite 
and coprolite beds of Brnnswi.ck at Helmstedt, Buddenstedt, Schle- · 
w:ecke, HarlingeroJe, Rnmtedt, etc.,- near Harzburg, where a great 
abundance of fossil wood has been obtained and very thoroughly 
studied by Vater. • Both the geological and the-paleodendrological 
evidence favors the reference of these beds to the Upper Cretaceous, 
or Senonian: 

Westphalia.~The earliest account of fossil plants in Westphalia 
is in 1854 by Goppert, who made a journey through that province 
and found them at Stadthagen, Siilbeck, Obernkirchen, Ibbenbiiren, 

1 Notiz iiber einige besonders interessante fos3ilc Pllanzenreste aus dem Wealden
Thou. vom Deister, von C. Ettingshausen: In Fra.nz Hauer's Verzeiclmiss der an 
die k.-k. geol. Reichsanstalt; gelangten Einsendungen, cte. Jahrbnch k.-k. geol. 
Reichsanstalt, Wien, vol. 2, Heft II, 1S51, pp. 153, 157. 

'A Schenk: Beitrage zur Flora der Vorwelt. IV, Die Flora der nordwest
. deutschen Wealdenformation. Palaeontographica, vol. 19, Cassel, 1871,'pp. 203-276, 
pl: xxii-xliii. 

Beitriige zur Flora der Vorwelt. V, Zur Flora der nordwestdeutschen Wealden
formation. Ibid., vol. 23, Cassel, 1875-'76, pp. 157-163, pl. xxv, xxvi. 

3 D. Brauns : Der Sandstein bei Seinstedt unweit des Fallsteins und die in ihm ' 
vorkommenden Pflanzenreste. Palaeontographica, vol. 9, 1862--'64, pp. 47-62, pl. 
xiii-xv. 

Der Sandstein bei Seinstedt unweit des Fallsteins und die in ibm vorkommenden 
Pflanzenreste, nebst Bemerkungen i.iber die Sandsteine gleichen Niveaus anderer 

· Oertlichkeiten Norddeutschlands. (Ein Nachtrag zu Palaeontographica, vol. 9, p. 
47.) Ibid., vol. 13, 1866, pp. 237-246, pl. xxxvi. 

4 Om Gingko? cren:J.ta Brauns sp. fran sandstenen vid Seinstedt nara Braun
schweig, af A. G. Nathorst: Ofversigt Kongl. svensk. Vet.-Akad. Forhandl., vol. 
35, 1878, No. 3, pp. 81-85, pl. v. 

• Die fossilen HOlzer der Phosphoritlager des Herzogthums Braunschweig, von 
Heinrich Vater: Zcitschr. deutsch. geol. Gesell., vol. 36, Berlin, 1884, pp. 783-853, pl. 
xxvii-xxix. 

8GEOL--49 
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Dortmund, Bochum, etc.'. In the coal mines of Ibbenbi.i.ren he found 
certain fucoids which he n:;~med and one of which he figured. 

It is now known that the-different plant-bearing strata of West
phalia represent the Carboniferous, the Wealden, the Lower Creta
ceous (Gault and Neocomian), and the Upper Cretaceous (Seno1_1ian). 
The flora of the first of these formations has been chiefly elaborated 
by Ludwig, • Roehl,' Andra, • :Felix, • and Weiss. • Von Roehl's speci
mens came largely from Curl near Camen, Dortmund, and vicinity 
(Tremonia, etc.), Bochum and vicinity (Ritt~rburg, etc.), Wintrup 
near Arnsbergand Herbede and Hattingen near Dilldorf, on the Ruhr, 
Gelsenkirehen, Horde, etc., as well as from severalpoilits in Rhenish 
Prussia. Andra, in his Primordial Plants of the Carboniferous of 
the Prussian Rhine Landsand Westphalia, of which I have seen only 
three parts, 1865-1860, described many forms from the Hibernian 
mines· of Gelsenkirchen, from Dortmund, Bochum, and Camen. 
Most of the specimens which formed the subject or Dr. :Felix's 
investigations, published in 1886, were collected by Wedekind at 
Langendreer. They occurre.d in nodules, and the internal structure 
is remarkably well preserved. Dr. Weiss's memoir in the same 
volume on the Sigillarirn of the Prussian Carboniferous formation 
(Fav_ularirn) embraces a discussion of the structural morphology of a' 
large number of plants belonging to this group from various parts 
of the German Empire, but the greater number are from Westphalia, 
and especially from mines near Annen, Werne, Weitmar, Witten, 
Horde, Essen, N en-Essen, Vollmond, Langendreer, Hattingen, Dort
mund, and Bochum. 

The Wealden plant beds of Westphalia developed by Dunker and 
Schenk are located at Obernkirchen near Minden, Rosehof, Clus, and 
Bohlhorst, in the SiPile general section, and on the slope of the Deister. 

1 Bericht iiber eine . . . 1850 in dem westphalischen Hauptbergdistriet unter
nommene Reise zum Zwecke der untersuchung der in der dortigen Steinkohlen
formation vorkornmenden Jossilen flora, von H. R. Giippert: "Yerhandl. naturhist. 
Ver. preuss. Rheinl. Westfalens, new series, vol. 11, Bonn, 1854, pp. 225-264, pl. iii. 

2 Calami ten-Friichte a us dem Spatheisenstein bei Hattingen an der Ruhr, von Ru
dolph Ludwig. Palaeontographica., vol. 10, Cassel, 1861, pp. 11-16, pl. ii. 

3 Fossile Flora der Steinkohlen-Formation W estphalens einsehliesslich Pies berg 
bei Osnabriick, von E. von Roehl: Palaeontographica, vol. 18, Cassel, 1868-'69, pp. 
1-192, pl. i-xxxii. · 

4 Vorweltliche Pflanzen aus dem Steinkohlengebirge der preussischen Rheinlande 
und Westfalens, von Carl Justus Andra. Bonn, 1865-1869, folio; Heft 1, 1865, pp. 
1-18, pl. i-v; Heft 2, 1866, pp. 19-34, pl. vi-x; Heft 3, 1869, pp. 35-50, pl. xi-xv. . 

'Untersuchungen tiber den inncren Bau Westfalischer Carbon-Pflanzen, von 
Johannes Felix: Abhandl. k. preuss. geol. Landesanstalt u .. Bergakad., vol. 7, Heft 3, 
Berlin, 1886, pp. vi, 153 (I)--225 (73), pl. i-vi. 

6 Beitriige zur fossilen Flora. IV, Die Sigilla.rien der preussischen Steinkohlen
gebiete. 1, Die Gruppe der Favula.rien, von E. Weiss: Abhandl. geol. Specialkarte 
Preuss. u. Thii.ring. Staaten, vol. 7, Heft 3, Bm·lin, 1887, pp. 226-294 (1-68), pl. vii
xv (i-ix). 
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Probably. the Cretaceous plants of Westphalia have the greatest 
interest for paleobotanists. Roemer in his Cretaceous of North Ger
many (1840), several times referred to, described one species (Chon
drites jitrcillatus) fro !X!, s_tr?-ta of Cretaceous age (Planer) at Rotlien
felde. In 1863 Von der Marek'_described about a dozen species from 
the "Plattenkalk" at the station. of Drensteinfurth, between Dren
steinfurth and Albersloh, and at Arenfeld and Bracht near Senden
horst. In 1867 Sa porta published a note on a new locality at Haldem. • 
In 1869 Hosius introduced into his Geognosy of Westphalia• the gen
eral discussion of quite a number of Westphalian species belonging 
to this formation from Legden, Sendenhorst, Albersloh, etc. The 
same year appeared his monograph of the dicotyledons of the West
phalian Cretaceous formation, • treating a larger number of species 
of this subclass. . They. are chiefly from Legden near Coesfeld ~nd 
from Sendenhorst: 

The eleven years that elapsed between the publication of these pa
pers and the appearance of Hosius and Von der Marek's complete mon
ograph of the Cretaceous flora of Westphalia" is proved by the latter 
wo1;k to have been well employed. They here divide the Westphal
ian Cretaceous into two members, the Upper and the Lower Creta
ceous. To the former, or Senonian, belong the beds at Baumberge 
near Havixbeck, Haldem, Hopingen west of Munster, Legden, Aren
feld, Arenhorst, Bracht, Stromberg, Oehle, Dolberg, Drensteinfurt~ 
Albersloh, Rinkhove,. Darup Mountain, quarry on .the Ch:;tussee~ 
Lemforde, etc. 

The Lower Cretaceous they subdivide into two members, the Gault, 
which occurs at Ahaus (Frankenmi.ihle, Barler Berg), and the Neo
comian, whieh is found at Oerlinghausen, Ebberg, between the last
named place and Biel~feld, in ,the Teutoburg ·forest, and Teeklen
burg. They also describe specimens from Velmerstoot near Horn ill'. 
Lippe, and Hohnsberg near Iburg, in Hanover. No new localitief;J · 
are added in the supplement to this paper that appeared in 1885.' 

1 Fossile Fische, Krebse und Pflanzen aus dem Plattenkalk der jil~gsten Kreide in 
Westphalen, von Dr. W. von der Marek: Palaeontographica, vol.-11,-Cassel, 1863 
pp. 1-83, pl. i-xiv. 
~Note sur une collection de plante3 fossiles provenant de la craie a Belemnites mu

cronatus de Haldem en W estphalie, par G. de S~porta: Bull. Soc. geol. France, 
vol. 24, Paris, 1867, pp. 33-36. 

3 Beitrage zur Geognosie W estfalens. Die in der westfalischen Kreideformation 
vorkommeudenPfianzenreste, von Dr. A. Hosius. - Miinster, 1869, pp. 1-34, 8°. 

4 Ueber einige ·Dicotyledonen der westfiilischen Kreideformation, von A. Hosius: 
Palaeontographica, vol. 17, 1869, pp. 89-104, pl. xii-xvii. · 

5 Die Flora der westphalischen Kreideformation, von A. Hosius and W. von der 
Marek: Palaeontographica, vol. 26, Cassel, 1880, pp. 125-236, pl. xxiv-xliv. 

6 Weitere Beitrage zur Kenntniss der fossilen Pflanzen und Fische, etc. Nach~ 
trag zur Flora der westfalischen Kreideformation, von A. Rosins und W. von der 
Marek: Palaeontographica, vol. 31, Cassel, 1885, pp. 225-232, pl. xix-xx. . 
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Rhenish Bavaria.-The coal mines of St. Ingbert were early 
known to furnish vegetable impr~ssions, and some very good figures 
<:>f these were made by N au, in 1820,' wh~n the tropical origin of fos
sil plants was still under discussion. These plants have been fre
quently mentioned by later authors. "~ 

The Saar-Rhein district (Carboniferous and Permian) extendsfar 
into Rhenish Bavaria, and is well developed, not only at St. lug
bert, but at Cusel, • Bedesbach, Carlingen near Homburg, and other 
points. It will therefore be necessary to consider them together, 
and owing to the greater prominence which these beds assume in 
Rhenish Prussia-they can best be treated under that province, which 
next demands our attention. 

Rhenish Prussia.-Five geological formations are representeJ in 
t!te fossil flora of Rhenish Prussia, namely, the Carboniferous and 
the Permian by the Saar-Rhine flora; the Buntersandstein by plant 
beds at Ziilpich, on the Roer east of Aachen,' at Kreuznach, Beck
:ingen and Rehlingen near Saarlouis, and' at Mesenich and Winters
,dorf near Treves ;• the Cretaceous (Senonian) of Aachen, and the 
_Miocene of the Lower Rhine. The Triassic flora is not prominent, 
-.and need not be further mentioned. 

Carboniferous and Permian.--The Saar-Rhine district has been the 
subject of investigation from the earliest times, but the first paper 
in the nature of a local monograph was Goldenberg's inaugural dis
sertatio~l at tho Royal Gymnasium of Saarbrii.cken in 1835," though 
many of his specimens were from remote localities. In 1840 Stein
inger published an important geological account of tho region be
~tween the Lower Saar and the Rhine~· jn which he figured a numbe_: 

"Pfianzenabrlriicke und Versteinerungen aus dem Kohlenwerke zu St. lngbert, 
i.im b1derischen Rhein-Kreiss, vcrglichen mit lebenden Pflanzen aus wiirmcren 
~Zoricn, von BernhardS. von Nau: Denkschr. k. bayer. Akad. Wiss., vol. 7, 1818-
'-'20, Miinchen, 1821, pp. 283-288, pl. i-iv. 

'~ Pfianzenreste in den Cuscler Schichten von Cusel, von C. E. Weiss: Zeitschr . 
. deutsch. geol. Gesell., vol. 33, 1881, p. 704. -

• '"J\'Jax Blanckenhorn: Die Trias am Norrlrancle cler Eifel zwischen Corrnnern, 
ZC1lpich und dem Roerthale. Abhandl. geol. Specialkarte Preuss. u. Thiiring. 
Staaten, 'vol. 6, Heft 2, Berlin, 1885, pp. 134--269, 1-135, pl. i(rnap), ii (sect.), iii 

(invert.). 
Die fossile Flora des Buntsanclsteins und des Muschelkalks der umgegenrl von 

Commern. Palaeontographica, vol. 32, 1886, pp. 117-154, pl. xv-xxii. 
4 U eher Voltzia und andere Pflanzen des bun ten Sandsteins zwischen der untern 

Saar und dcm Rheine, von. C. E. \Veiss: Neues Jahrbuch fiir Mineral., 1864-, pp. 

279-294, pl. v. 
' Grundziige der geognostichen Verhiiltnisse \\Ud cler vorweltlichen Flora in der 

niichsten Umgegend von Saarbriicken, von. Fr. Goldenberg. In Ottemann's 
-offentl. Pri.ifung d. k. Gymnasiums, Saarbrftcken, 1835, pp. 1-32, 4". 

'Geognostische Beschreibung des Landes zwischen der untern Saar und dem 
Rheine. Ein Bericht an die Gcsellschaft niitzlicher Forschungen zu Trier, von J. 

, Steininger. Trier, 1810, pp. 1-149, pl. i-v (gaol.), 12 fig3. (plates) fossil plants,. 4". 
Nachtrage, 1841, pp. 1--49, figs. (plates) 13-18, 4". 
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of plants and tried to identify them with Brongniart's spec.ies; The 
first part of Goldenberg's Flora Sarmpontana Fossilis appeared in 
1855, the second in 1857, and the third in 1862.' He here describes 
specimens obtained at Saarstollen, Fischbach, in the Holzhauerthal, 
at Volklingen, Auerswald, N eunkirchen, .!.ltenwald, Duttweiler, 
Gersweiler, Hirshbach, Schnappbach, Friedrichsthal, Wellesweiler, 
Eschweiler, Essen, etc. 

Woiss began his investigations into this flora in 1860,' completing 
them in 1868, and publishing a very full synopsis in that year.' His 
great work on the Fossil Flora of the Upper Carboniferous and the 
Permian (Rothliegende) in the Saar-Rhine district, appeared inl8G9, • 
since which time no systematic works have been published on there
gion. Many new localities were then known, and we find tha:t collec
tions had been made from the Carboniferous at Reinitz, Gerhard, 
Reden, Steinbachstollen, Quierschied, Breitenbach, Hostenbach, Dils-
8urg, Labach, Jagersfreude, Ottenhausen, Russhiitte near Reden, 
Ziehwald, Luise near Urexweiler, Hirtel, Krughiitte, Bildstock, 
Hangard, between Rossberg and Adenbach, Spiemont, Miinchwies, 
Katzenloch, Altenbamburg, Schiffweiler, Bettingen, Reisweiler, and 
Abtsweiler near Meisenheim, etc.; and from the Permian at W ersch
weiler, Leitersweiler, Carlstollen, Lebach, Steimel near Meisenheim, 
Berschweiler west of Kirn, Eichen opposite Kirn, Diippenweiler, 
Reifelbach, Niederhausen and Nordheim near Kreuznach, Feil-. 
Bingert on the Kahleberg, Kirn, Marpingen, the tunnel between· 
Staudernheim and Boos on the Nahe, Buchenberg, Alsweiler, \Va-~ 
drill, and Saint Wen del. I 

In addition to the ab?ve localities in Rhenish Prussia, there occur 
many across the political boundaries in other States. Thus in 
Rhenish Bavaria plants are reported from t,he Carboniferous at Rom
'igiusberg southeast of Cusel, Briicken, Oberweiler on the Lauter,. 
St. Julian on the Glan, Bedesbach near Altenglan, Zweibriicken, and 
Rockenhausen; and from the Permian at Cusel, Altenwalcl near 
Quirnbach, Steckweiler in the Alsenz Valley, Danenfels near Bas
tenhaus, Meclart on the Glau, Kronnenborg near Lautere.~ken, Falk
enstein on the Donnersberg, Sitters near Obermoschel, Bledesbach, 
M iinsterappel, between Nieder-Kirchen and Hefersweiler, Ebern burg,. 

1 Flora Sanepontana fossilis. Die Pflanzenversteinerungen des Steinkohlenge
birges von Saarbriicken abgebildet und bcschrieben von Friedrich Goldenberg. 
Saarbriicken, 3 Hefte, 1855-'62. Text, 4 o, plates 'folio. 

2 Ueber ein Megaphytum der Steinkohlen-Formation vonSaarbriicken, von Ernst 
Weiss: Zeitschr. deutsch. geol. Gesell., vol. 12, Berlin, 1860, pp. 509-512. 

3 Begriindung von £iinf geognostischen Abtheilungen in den steinkohlenfiihren
den Schichten des Saar-Rheingebirges, von Ch. Ernst Weiss: Verhandl. naturhist. 
Ver. preuss. Rheinl., Westfalens, 3d series, vol. 5, Jahrg. 1868, pp. 63-134. 

4 Fossile Flora der jungsten Steinkohlenformation und des Roth liegenden im Saar
Rhein-Gebiete, von Ch. Ernst Weiss. Bonn, 1869-'72, pp. 1-250. pl. i-xx, 4°, 
Neues Jahrbuch fiir Mineral., 1870, pp. 373-375. 
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on the Bleckarsch southeast of Ulmet near Alteng1an, Odenbach, 
vVolfstoin, and J acobsweiler. In the principality of Birkenfeld 
()arboniferous plants were obtained from Oberhausen on the N ahe, 
~nd Permian Plants from Berschweiler, Sehwarzenbach, V citsroth, 
:J?ergen, Buhlenberg, and Schonewald. In Hesse Nassau, Schwal
l,mch, Niederw,orresbach, and .Wiesbach west of Hensweiler, all 
Carboniferous, are mentioned; and in Rhein-Hessen, Mauchenheim, 
W endelsheiln, and :F'lonheim, near Alzey, all Permian, occur. In 
Lorraine, Rosscln, Piittlingen near Vc.>lklingen, and l'Hopital de St. 
Avold, yielded Carboniferous species, as did also Hilsbach in Baden. 
Finally, in the Nether lands, plant-bearing Carboniferous strata are 
indicated at Keutenl;:Jerg near Wylre, and at Mt. St. Peter near -
Maestricht. 

1 . Cretaceous;-The Cretaceous flora of Aachen was first systemati
cally studied byGoppert in1841. 1 De bey commenced publishing upon 
it in1848, • and, assisted by Ettingshausen in 1856 to 1859,' succeeded 
in placing the cryptogamous vegetation of that interesting deposit 
in a condition which made it avaihtble to students of paleobotany. 
It was not until 1877 that anything further >vas known of the Coni
ferro of that flora, • and only one short paper, relating to the oak-like 
ilea£ prints, • has appeared upon the dicotyledons, although it is known 
that large collections have been made, which have been distributed 
since Dobey's death. 

t Fossile Pfianzenreste des Eisensandes von Achen, als zweiter Beitrag zur flora 
der Tertiargebilde, von ·H. R. Gi:ippert: NovaActaAcad. Lcop.-Carol., vol. 19, pt. 2, 
1841, pp. 139-160, pl. liv. · ' 

'M. H. Debey: Uebersicht der urweltlichen Pflanzen des Kreidegebirges ilber
haupt, und der AachenerKreideschichten insbesondere. Verhandl. naturhist. Ver. 
preuss. Rheinl., Westfalens, vol. 5, Jahrg. 1848, pp. 113-125. 

Ueber eine neue Gattung unveltlicher Conifercn a us dem Eisen sand der Aachener 
Kreide. Ibid., pp. 126-142. 

Entwurf zu einer geognostisch-geogenetischen Darstellung der Gegend von Aa
chen. Bericht 25. Versamml. deutsch. Naturf., 1849, pp. 269-328, pl. iv (sections). 

Bemerkungen :>mDebey's Entwurf einer gcognostisch-geogenctischen Darstellung 
.der Gegend von Aachen, von H. B. Geinitz: Nemes Jahrbuch fiir mineral., 1850, 
pp. 289-301. 

· 'Matthias Hubert De bey und Constantin von Ettingshausen: Ubcrsicht der ges
ammter Aachencr und Macstrichter Kreideflora. Bericht 32. Versamml. deutsch. 
Naturf., 1856. 

Die Urweltlichen.Thallophyten des Kreidegebirges von Aachen und Maestricht. 
Denkschr. k. Akad.Wiss., Wien, math.-nat. Cl., vol. 16, 1859, pp. 13t-214,.pl. i.:.iiL 

Die Urweltlichen Acrobryen des Kreidegebirges von Aachen und Maestricht. 
Ibid., vol. 17, 1859, pp. 183-248, pl: i-vii. . 

4 Eine Uebersicht ·der fossilen Coniferen der Aachener Kreide, von M. Debey: 
Verhandl. naturhist. Ver. preuss. Rheinl. Westfalens, Corr.-Blatt., vol. 34, 1877, P. 
110. . 

5 Surles feuilles querciformes des sables d' Aix-la-Chape.Ue, par M. De bey: Compte 
'rendu du Congres de botanique et d'horticulture, 1880, pt. 2, Bruxelles, 1881, pp. 
1-16, 1 pl. 
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Tertiary.-Goppert called attention to Tertiary plants in the so
called " Sch werspath" of Kreuznach in 1848,' and Weber. to those 
at Muffandorf, near Bonn, in 1850. • The researches of the latter au-

, thor, assisted in part by Wessel, into the Tertiary flora of tlw lig
nites of the Lower Rhine, began about that time, and the first of the 
series of important memoirs published by him on that subject ap
peared in 1851. • The pri1icipalloca1ities at which these remains were 
obtained were Rott~ Stosschen, Orsberg, Friesdorf, HaarJ.t, Lies
sem, Lieblar, Quegstein, Allrott, and Ofenkaule. · 
. Weber has also sho\vn the existence of a Tertiary plant bed at 

Pleidt, near Andernach, in the Saar. Rhine district.' 

BELGIUM. 

The earliest work relating to the paleontology of Belgium in which 
fossil plants received attention was Burtin's Oryctographia of Brus
sels, published in 178!. • His figures of fossil wood and fruits are 
often referred to by later authors. • Besides St. Gilles, Woluwe, 
Bcharbeeck, Melsbroeck, and Ever berg, in the close vicinity of Brus
sels, he mentions Alteren, farther to the westward and between 
'Ghent and Bruges, as yielding these remains, upon the fossil wood of 
. which place he had previously published a paper.' · 

In 1829 M. Jean Sauveur presented a paper to the Royal Academy 
of Belgium on the fossil plants of the Coal Measures of Belgium, • 

1 Ueber fossile Pflanzen irn Schwerspath, von H. R. Goppert: Uebersicht Arbeit. 
schles. Gesell., 1847, Breslau, 1848, pp. 71-73. 

2 Ueber die Silsswasserquarze von Muffendorf bei Bonn, von C. 0. Weber: Haid
inger Naturwiss. Abhandl., vol. 4, Abth. 2, 1850, pp. 19-45, pl. iii, iv. 

8 C. Otto Weber : Ueber die Tertiarfiora der niederrheinischen Braunkohlenforma
tion. Zeitschr. deutsch. geol. Gesell., vol. 3, Berlin, 1851, pp. 391-404 . 

. Die Tertiarilora der n'iederrheinischen Braunkohlenforrn ation. Palaeontograph
ica, vol. 2, 1852, pp. 115-236, pl. xviii-:x;xv. 

Philipp Wessel und C. Otto ·weber: Neu~t· B~itrag zur Tertiarflora der nieder
rheinischen'Braunkohlenformation. Ibid., vol. 4, 1856, pp. 111-168, pl. xx-xxx. 

4 C. 0. Weber: Einige Pflanzen-Aburiicke im alten vulkanischen Tuffe von 
Plaidt bei Andernach. Verhandl. niederrhein Gesell., vol. 13, Bonn, 1856, No. 6, p.III. 

Blattabdriicke irn vulkanischen Tuffe von Plaidt bei Andernach. Ibid., vol. 18, 
- 1861, pp. 19, 20. 

5 Oryctographie de Bruxelles, ou description des fossiles taut naturels qu' acci
dentcls, decouverts jusqu' a ce jom· dans les environs de cette ville, par Fran<;ois
Xavier Burtin. Bruxelles, 178!, 152 pp., 32 pl. folio. 

6 On the Tertiary Strata of Belgium and French Flanders, by Charles Lyell: 
Pt. II, The Lower Tertiaries of Belgium. Quart. Jour. Geol. Soc. London, v:ol. 8, 1852, 
Proc. pp. 277-369, pl. xvii~xx. (The Schaerbeeck fruits are mentioned onpp.343-351.) 

Note sur le gisement des fruits et des bqis fossiles recueillis dans les environs de 
Bruxelles, par Th. Lefevre: Annales Soc. geol. Belgique, Mem., vol. 2, Liege, 1875, 
pp. 42-51. 

'Verhandel. Hollandsche Maatschapp. Wettenschapp., vol. 21, p. 225. 
8 Memoire con tenant des recherches sur les vegetaux fossiles des terrains houil

lers de la Bel_~ique. Pre32lnte a l'Acadernie [royale de Belgique] par M.'[Jean] 
Sauveur, le 2 mai, 1829. 
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which, however, for some reason were not published until1848, when 
they appeared in the form of a splendid atlas of sixty-nine plates, 
illustrating the Carboniferous flora of Belgium,' but no text accom
panies it, and no intimation is given as to the localities from which 
the specimens came. The I_J.ames given at the bottom of the plates 
do not state the authorities, and without a careful comparison of the 
figures it is in many cases impossible to say whether the species are 
the author's own or those of Brongniart and earlier writers. In 
fact, in the list published in J. J. d'Omalius d'Halloy's Elements de 
geologie (Paris, 1831, pp. 302-305) which was furnished by M. D. Sau
veur fils, the new species seem to be credited to him. 

The Abbe Eugene Coemans studied the cones found at Baume (La 
Louviere) by Briart and Cornet in the Cretaceous of Hainaut and 
published them in 18G7, • Kickx making a part ~t least of the draw
ings. The geologists namedfixed the position of these beds at the 
base of the Gault. • 

Crepin's investigations into the Carboniferous and Devonian flora 
of Belgium began in 1873, and the last of his note~ that I have re
ceived is dated in 1881.' The Devonian plants treated by him were 
obtained from the "Psammites de Condroz" near Esneux and Com
blain-la-Tour, in the valley of the Ourthe, and at Evieux, and in the 
"Pudding stone of Bur not" at Tilff, Angleur, N aninne, Fooz-W epion, 
Rouveroy, etc. The Carboniferous plants were chiefly from the large 
collection made by the ~bbe Coemans and generally without indica-

t Vegetaux fossiles des terrains houillers de la Belgique, planches par Jean 
Sauveur. Bruxelles, 1848, 2 pp., 69 pl., 4°. 

2 Description de la flore fossile du premier etage. du terrain cretace du Hainaut, 
par Eugene Coemans et J. J. Kickx: Mem. Acad. Roy. de Belgique, vol. 36, No. 3, 
Bruxelles, 1867, pp. 1-21, pl. iii-v.' 

s Description mineralogique et stratigraphique de l'etage inferieur du terrain cre
tace du Hainaut, par A. Briart et F. L. Cornet: Mem. cour. Acad. Roy. de Belgique, 
vol. 33, No. 2, Bruxelles, 1867, pp. 1-46. pl. i, iii. 

4 Fran<;ois Crepin: Note sur un Caulinites recemment decouYert dans l'assise 
laekcnienne. _ Bull. Acarl. Roy. Belgique,2d series, vol. 36, Bruxelles, 1873, pp. 170-
172. 

Description de quelques plantes fossiles de l'etagedes psammites du Condroz (De
vonien superieur). Ibid., veil. 38, Bruxelles, 1874, pp. 356-366, pl. i-iii. 

Fragments pale<mtolQ.~iques pour sen•ir ala flore du terrain houiller de Belgique. 
Premier fragment. Ibid., pp. 56R-o77, pl. i, ii. 

Observations sur quelques plantes fossiles des depots dhoniens ra.pportf~s par Du
mont a l'etage quartzoschisteux inferienr de son systeme eifelicn. Bull. Soc. roy. 
bot. Belgique, vol. 14, Gand, 1875, pp. 214-230, pl. i-vi. 

Notes paleophytologiques. Premiere note: Observations sur les Sphenophyllum. 
Compte rendu Soc. roy; bot. Belgique, Bulletin, vol. '19, part 2, Gand, 1880, pp. 25-29. 

Deuxieme note: Observations ,;ur quelques Sphenopteris et sur les cotes des Cal
amites. Ibid., pp. 49-55. 

Troisicme note: I. Revision· de quelques especes figurees dans l'ouvrage intituh'l: 
Illustratians of Fossil Plants. II. Nouvelles obsen·ations sur le Sphenopteris Sau
veurii. Ibid., vol. 20, pt. 2, Gand, 1881, pp. 42-50. 
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tion of the p::~.rticular spot from which they came, but some were la
beled Mariemont-St. -Catherine, Trazegnies, etc., and M. Crepin 
discovered others at Forchies, Levant du Flenu, Couchant de Mons; 
Belle et Bonne, Hornu, W asrries, etc. The specimens described by 
Gilkinet in 1875' related to the same material as those discussed by 
Crepin. 

The pnly other paper relating to Paleozoic plants in the vicinity 
known to me is that of Malaise, on an Oldhamiabed near Tubize, 
between M·ont-St. -Guibcr and· Beaurieux, in-Brabant, 1883. • 

Many of the species figured in Zeiller's coal flora of Valenciennes 
(supra, p. 702) were obtained from adjacent Belgian territory, chiefly 
in the vicinity of Mons, at Levant du Flenu, Grand Buisson, Belle
et-Bonne, Produits, Crachet-Picquery, Bernissart, and Quaregnon. 

Some of the Cretaceous plarits Qf the Limburg deposits occur at 
·Herve in Belgian Limburg. They will ba noticed presently. 

The Lower Eocene (Paleocene) deposits of Gelinden near Heers 
(Marnes Heersiennes) in Belgian Limburg, southeast of St. Trond, 
on the road to Liege have assumed extraordinary prominence in the 
history of paleobotany, partly in consequence of the number and the· 
beauty of the specimens found there and partly from the, interest 
attaching to a flora of about thfl same age as that of Sczanne, but 
also largely from thCJ thorough ·all(l exhaustive treatment which they 
have received at the hands of the Marquis Saporta and Prof. A. F. 
Marion in the two memoirs that they have devoted to their elabora- · 
tion.' 

NJJ:THERLANDS. 

The Maestricht Cretaceous (Senonian) beds of Limburg at the same 
horizon as those of Aachen are the only ones in the Netherlands that 
have yielded any vegetable remains that have ever been reported 
upon. These were studiefl by De bey, in 1851, • toget:Q.er with those of 
the Aachen sands from speQimens obtained at Vaels, Kunraed, and 
Maestricht. 

1 Alfred Gilkinet: Sur quelques plantes fossiles de l'ctage des Psammites du Con
droz. Bull. A cad. roy. Belgique, 2d series, vol. 39, Bruxelles, 1875, No. 4, pp. 363-
366, 384-398, 3 pl. 

Sur quelques plantes f03siles de l'etage du poudingue de Burnot (devonien infe
ricur). Ibid., vol. 40, Bruxelles, 1875, No.8, pp. 70-74, 139-145, 3 pl. 

'Sur un nouveau gisement de !'Oldhamia radiata, Forbes, dans le Brabant, par C. 
llblaise: Ibid., 3d series, vol. 5, Bruxelles, 1883, pp. 749-750. 

"G. de Saporta et A.-F. Marion: Essai sur l'etat de la vegetation a l'epoque des 
rnarnes heersiennes de Gelinden. Mem. com-. Acad. roy. Belgique, vol. 37, Bruxelles, 

-1873, No. 6, pp. 1-94, pl. i-xii. 
Revision de la Flore Heersiennc de Gelinden, etc. Ibid., ''ol. 41, Bruxelles, 1878, 

No. 3, pp. 1.:.112, pl. i-xiv. 
4 Beitrag zur fossilen Flora der hollii.ndischen Kreide (Vaels bei Aachen, Kunraed, 

Maestrieht), von M. H. Debey: Verhandl. naturh. Ver. preuss. Rhcinl., Westpha
lens, vol. 8, Jahrg. 18tH, pp. 568-569. 
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In 1853 Miquel published the only good monograph of these plants.' 
His principctl localities were Kunraed, Mt. St. Pieter, Maestricht, 
Schuller, and Keutenberg near Wilze. In 1861 Bosquet• enumer
ated one lni1idred species from Limburg, the names of· which are 
given in his catalogue of the fauna and flora of the chalk of Lim
burg, in 1866.' His localities are Maestricht, Gulpen, and Herve 
this last being in Belgian Limburg. ' 

DENMARK. 

No important plant beds have been developed in Denmark, but on 
the Island of Bornholm at Arnager occurs a Cretaceous (Cenoma
nian?) deposit, whose vegetable remains have attracted attention 
since Prince Christian of Denmark, sent specimens from that lo
cality to Brongniart, who found a number of new species among 
them, "'hich are described in his Histoire des vegetaux fossiles 
(Oonferv~:tesfasciculatus, C. mgagropiloides, F·ucoides Lyngbianus). 

Forchhammer also figures a number of these forms, together with 
animal remains, in his monograph of the coal formation of Born
holm, 1837. • 

NORWAY. 

Scarcely more can be said for Norway than for Denmark, but 
Brongniart described Cho.ndrites antiquns, from the Lower Silurian 
of the island of Linoe, where Goppert afterwards rediscovered it in 
1860, • along with another alga (Dictyonema Hisingeri Gopp.). Gop
pert also saw in Hausmann's collection from Idre and Sarna, near 
the Swedish frontier, other unqoubted vegetable remains resembling 
Sigillaria, which probably indicate a Devonian age for the rocks in 
wl1ich they occurred. _ 

The only other locality is the little island of Ando, which prop
erly belongs to the continent of Europe, and lies immediately off the 
northwest coast of Norway in latitude 68° 51" N., and therefore only 
a little more than two degrees within the Arctic circle. The fossil 
plants from this locality were collected and described by Heer in 

1 De fossiele planten van het Krijt in het hertogdom Limburg, door F. A. W. Mi
quel: Verhandl. Geol. Kaart. Nederl., vol. 1, Haarlem, 1853, pp. 33-56, pl. i-vii. 

2 Coup d'reil sur la repartition geologique et.geographique d.s espeees d'animaux 
et de vegetaux citees dans le tableau des fossiles cretaces du Limbourg insere dans 
la derniere livraison de l'ouvrage du Dr. W. C. H. Staring sur le sol de la Neerlande, 
par J. Bosquet. Verslag k. Akad .. Wet., Naturk., vol. 11, Amsterdam,.1861, pp .. 
108-120. 

3.Fossiele fauna en flora van het Krijt van Limburg, door J. Bosquet. In Star
ing's Bodem van Nederland, vol. 2, Amsterdam, 1866, 60 pp., so. 

4 Om de Bornholmske Kulformationer, af Georg Forchhamnter : Sel. N aturvid. 
og mathem. Afh., vol. 7, Kjobenhavn, 1837, pp.1-64, pl. i-iv. . 

5 Bemerkurigen iiber die Vegetations-Verhaltnisse Norwegens, von H: R. Goppert: 
38. Jahresber. naturwiss. Section schles. Gasell., 1860, Breslau, 1861, pp. 36-50. 
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his Flora fossilis arctica in 18(7.' Eight species were recognized, 
representing characteristic Lower Jurassic types, such as Baiera and 
Brachyphyllum. Both these and the animal remains point to the 
Rhetic formation as the most probable position of these beds. 

SWEDEN. 

The firBt to cultivatG the science of paleobotany in Sweden was 
Sveno N{lsson, who, in 1820, and 1824, • figured and described im
merous forms from the Rhetic beds of southern Sweden (Skane), 
on lake Ringsji:in at Hi:ir and other places, and in 1831 he figured 
dicotyledonous leaves from a more recent formation at Ki:ipinge. • 

Brongniart visited th0selocalitiesand made sketches of some forms, 
obtained others from Nilsson, and published a valuable paper upon 
that flora in 1825. 4 Agardh, in a special paper in 1823, determined 
some supposed fossil seaweeds from Hi::iganas, in the same section but 
01i the coast, • and introduced these and others i11to the later .parts of 
both his Species algarnm, 1821-1828," and his Systeina algarum, 
1824-1825.' Risinger embodied the results of this work into his 
more general treatises, 1831-1840.' 

Between these early investigations and those. of the later and living 
students of the paleontology of Sweden, Linnarsson and Nathor_st, 
a long period intervened. Linnarsson has confined his labors chiefly 
to the ancient formations, and necessarily, therefore, mostly dealt 
with animal remains; but at least one of his papers relates to sup-

1 Ueber die Pfianzen-Versteinerungen von Ando in Norwegen, von Oswald Heer. 
Flora fossilis arctica, vol. 4, pt. 3, ZUrich, 1S77, pp.1-15, pl. i, ii. 

2 Sveno Nilsson: Om forsteningar och aftryck af tropiska triidslag och deras blad, 
funne i ett sandstenslager i Skane. Kongl. svensk. Vet.-Akad. Handl., 1S20, pp. 
108-122. 

Om Forsteningar och aftryck af tropiska triidsbg, blad, ormbunkar och rorvax
ter m. m. samt triidkol, funna i ett sandstenslager i Skane. Ibid., pp. 27S-2S5, pl. 
iv, v. 

Underrattelse om fossila landtviixter so~1 finnas tillsammans med hafsmusslor, 
sniiekor m. m. i den Skanska Gronsands-Kalken. Ibid., 1824, pp. 143-14S, pl. iii. 

3 Fossil a vaxter funna i Skane och beskrifne, af S. Nilsson: Ibid., 1S31, pp. 340-351, 
pl. i-iii; Forsta Stycket, pp. 340-347, pl. i, ii; Andra Stycket, Fossila viixter i Sl!:anes 
Stenkols-bildning, pp. 34S-351, pl. iii. 

4 Observations sur les vegetaux fossiles renfermes dans le gres de Hor en Scanie, 
par Adolph Brongniart: Ann. sci. nat., vol. 4, 1825, pp. 200-224, pl. xi, xii. 

5 Narmare bestarnmande af nagra vextaftryck funne uti Hoganiis Stenkolsgrufvor 
af Carl Adolph Agardh: Kong!. svensk. Vet.-Acad. Handl., 1823, pp.107-111, pl. ii. 

6 Species algarum rite cognitoo, cum synonymis, differentiis specificis et descrip
tionibus sucginatis. C. A. Agardh. Vol. 1, pt. 1, 1S21, pt. 2, 1S22; vol. 2, pt.1, 
Gryphioo, 1828, so. 

1 Systemaalgarum. C. A. Agard h. 3 Fasc., Lund ire, 1S25,Gryphire, Mauritius, so. 
8 Wilhelm _von Risinger: Esquisse d'un tableau de.s petrifications de Ia Suede. 

Stockholm, 1S23; nouvelle Mit., Stockholm, 1S31, 43 pp.; so. 
Lethoo<t suecica seu petrificata Suecire, iconibus et characteribm illustra.ta. Hoi

mire, 1S37, pp.1-124, pl. i-xxx:vi (xxxix); Supple;n •ntum secundum, Holmioo, 1S40, 
.pp. 1-11, pl. xxxvii-xxxix. 
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posed plants (Cruziana, Frmna, Dictyonema, Eophyton, etc.) which 
he found at Lugnas, Kinnekulle near Rabacks, Kallangen, Stolan, 
Mosseberg, Billingen, Presttorp, etc., in west Gothland! 

N athorst's indefatigable labors began in 1870 and still continue, and 
it is to them chiefly that we owe our know ledge of the fossil plants of 
Swede~"!. He seems to have begun with the study qf certain recent 
or glacial impressions that occur in considerable abundance near 
Alnarp, N or,dana, Klagerups, Hyby, Svedala, Snapparp, Hofgards, 
Nasbyholmssjon, Gerdslof, Bfirringe, Thorsjo, Bjersjoholm; Krag~ 
eholm, Skegrie near Trelleborg, Benestad, Kan, Djurrod in Andra
rum, between Greflunda and Biistekille, Lodahusen, Horrod, Ma~ 
molla southeast of Gaddarod, Slatteberga, NobbelOf, southeast of 
Hallarod in Onnestad, Trane, Linderod, Gunnarp, Qvesarum east of 
Hor, Akarp, etc., all in Scania, or South Sweden! His very inter
esting recent paper on the occurrence of the fruits of TTapa natans 
in Sweden in a subfossil state showing modifications of form should 
be mentioned here as belonging to this general class. • 

His investigations into the Rhotic flora of Scania, which until hiE 
time was the only one known, have been very extensive. First ap
peared three short papers on the plants of Tinkarp north of Helsing- _ 
borg, 1875,' of Palsji:\, 187.5,' a collection from which pl;:tee he sent to 
the Austrian Geological Survey, • and of Bjuf, 1876,' in which year 
the first part of his Swedish Fos.sil Flora' appeared, being a complete 

1 Geognostiska och Pal:::eontologiska iakttagelser ofver Eophytonsandstenen i V es
tergotlanu, af J. G. 0. Linnarsson: Kong!. svensk. Vet.-Akad. Hand!., vol. 9, No.7, 
Stockholm, 1871, pp.1-19,pl.i-iv. 

2 A. G. Nathorst: Om n?tgra arktiska vaxtlemningar i en sotvattenslera vid Alnarp 
i Skli.ne. Acta Univ. Lund., vol. 7, No.9, 1870, pp. 1-18,1 pl. 

Om arktiska vaxtlemningar i Sknes sotvattens-bildningar. Ofvcrsigt, Kong!. 
svensk. Vet.-Akad. Forhandl., No.2, Stockholm, 1872, pp.123-142. 

Nya fyndorter for. arktiska vaxtlemningar i Sk&ne. Geol. Forening. Stockholm, 
Forhandl., vol. 3, No. 10, 1877, pp. 293-319._ 

3 Om de fruktformer af Trapa natans L., som fordom funnits i Sverige, af A. G. 
Nathorst: Bihang Kong!. svenska Vet.-Akad. Handl., vol. 13, pt. 3, No. 10, Stock
holm, 1888, pp. 1-40, pl. i-iii. 

4 Om en cycadekotte fran den ratiska formationens lager viu Tinkarp i Skane, af -
A. G. Nathorst: Ofvcrsigt Kong!. svensk. Vet.-Akad. Forhandl., vol. 32, No. 10, 
Stockholm, 1875, pp. 25-31, pl. xiii · 

5 Fossila vaxter fran den Stenkolsforande formation en vid Palsjo i Sldine, af A. 
G. Natlwrst: Geol. Forening. Stockholm, Forhandl., vol. 2, No.10, 187G, pp. 373-392. 

a Pflanzenreste aus dern Rhat von Pii.lsjo in Schonen; ein Geschenk des Hrn. Dr. 
A. H. Nathorst. Von D.Stur: Verhandl. k.-k. geol. Reichansanstalt, Wicn, 1877, pp. 
35-38. 

7 Anrnarkningar om den fossila floran viu Bjuf i Skanc, af A. G. Nathorst: 
Ofversigt Kong!. svensk. Vet.-Akad. Forhan\1.1., vol. 33, No.1, Stockholm, 1876,pp. 
29-41. 

s Bidrag till Sveriges fossila flora., af A. G. ~athorst: I, Viixter fran Ratiska for
rnationen viu Palsj"o i Skane. Kongl. svensk. Vet.-Akad. Hamll., vol. 14, No. 3, 
Stockholm, 1876, pp. 1-82, pl. i-xvi. II, Floran virl Hoganas och Helsingborg. Ibid., 
vol. 16, No.7, 1878, pp. 1-53, pl. i-viii. 
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monograph of the flora of Pa,lsjii, north of HeJsingborg. The second 
part of this WOJ'k came out two years later, and it is in like manner 
complete for the points in the neighborhood of Hoganas and of Hel
singborg. This was followed almost immediately by his equally com
plete flora of Bjuf, the first part of which appeared in 1878' and the 
second in 1870, but the remainder was deferred, the third part not 
coming out till1886. 
Fron~ these works it appears that fossil plants have been obtained 

from the following Rhetic beds in south Sweden: Hor, Hoganas, 
Bjuf, PaJsjo, Helsingborg, ValH\,kra, Sofiero, Bosarp, Billesholm, 
Stabbarp, Skromberga, besides minor points in the vicinity of these. 
A few other papers relating to this formation have since appeared. • 

As regards the more ancient floras, Dr. N athorst, as all geolo
gists know, has taken strong ground against claiming the vegetable 
or even organic origin of many of the forms that have passed for 
plants,' but he has been careful not to deny the possibility of find
ing vegetable rem'1ins of a clearly distinguishable nature in Silu
rian or even Cambrian strata, and we have at .least one paper' ad
mitting the presence of a species of Sphenothallus resembling 
Hall's S. ang ttstij'olius in the Silurian of V estergotla.nd. 

RUSSIA. 

In Russia much active work has been done. Following, and in part 
contemporary with, the life-long labors of Fischer de Waldheim," 

1 Om floran i Skanes kolforande bildningar, af A. G. Nathorst: vol. 1, Floran Vid 
Bjuf. Sveriges Geol. Undersi:ikning, series C, Nos. 27, 33, 85, Stockholm, 1878,1879, 

, , 1886, (3Hiifte),pp.1-131,pl.i-xxvi,4°, 
2 Alfred G. Nathorst: Om de vaxtforancle lagren i Skanes kolforancle bildningar och 

dcras plats i lagerfoljden. Geol. Forening. Stockholm, Forhandl., vol. 5, 1880, No. 
6, pp. 276-284 . 
. Nya fynd af fossila viixter i unclre delen af Stabbarps Kolgrufva. Geol. Fore

ning. Stockholm,Forhandl., vol. 6, 1883, Heft 10, pp. 405-408. 
3 A. G. Nathorst: Om spar af nagra Evertebrerade djur M. l\f. och deras paleon

togiska betydelse. Kong!. svensk. Vet.-Akad. Hand!., vol. 18, No. 7, Stockholm, 
1881, pp. 1-57, pl. i-xi. 

Memoire sur quelques traces cl'animaux sans vertebres, etc., et sur leur portee 
palt)ontologique. (Traduction abregee par F. Schulthess.) Ibid., pp. 61-104, pl. i-xi. 
. Nouvelles observations sur des traces d'animaux et autres phenomenes d'origine 
purement mecanique decrits com me "Algues fossiles." Ibid., vol. 21,,No. 14, Stock-
holm, 1886, pp. 1-58, pl. i-v. · 

4 Om fi:irekomsten af Sphenothallus cfr. angustifolius Hall, i silurisk skiffer i 
Veste:gotland, af A. G. Nathorst: Geol. Forening. Stockholm, Fi:irhandl., vol. 6, 
No. 8, 1883, pp. 315-319, pl. xv. 

•Gotthelf Fischer de Waldheim: Naturhistorische Fragmente. Frankfurt, 1801, 
- 5 pl.. 4 °. 

Oryctographie du gouvernement de l.\foscou. Moscou, 1830-1837. See pl. xliii, 
xliv, folio. 

Bois fossiles, in: Etude3 paleontolo.::;iques sur les environs de Moscou, par Charles 
Rouillier: Jubilreum semis::ecularem, Moscou, 1847, folio, pp. 20-.24. 
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ranging from the early part of the century to 1847,' in the course of 
wh:lch he described plants from Moscow, from Petrofka in the govern
ment of Kharkow, Belebei, government of Orenburg, and from other 
localities, we have the important contributions of Eichwald, begin
ning in 1830 and not entirely closing until 1866 ;' the paleontology 
of Poland, in 1837,' by Pusch, who found plants in the Lias at 
Dziurow and Michalow in the K~miona Valley, Modrzeowina, Gro
madzice, Walka, Grocholice, Porszow, Wirzbnik, Szewno, and Brody, 
all in the Sandomir district; in the Carboniferous at Niemce, Bend
zin and Sielce; a~d in the Tertiary at Zwerzyniec and Lipowiec 
in the Lublin district, and at Borkow between Pinczow and Busko; 
several memoirs by Kutorga, treating the Permian plants of 
Belebey and Perm, Cretaceous wood from the Don, and fossil Con
fe~vrn from Tokarewo, near Porchow in the Government of Pskow 

G. Fischer de Waldheim: Notice sur quelques plantes fossiles de la Russie. Bull. 
· Soc. imp. des naturalistes Moscou, vol. 2, 1840, pp. 234-:-240. 

Nachtrag zu Wangenheirn von Qualen's geognostischen Beitragen zur Kenntniss 
des westlichen Urals. Ibid., vol. 13, pt. 2, 1840, pp. 488-494; Neues Jahrbuch fi.ir· 
MineraL, 1842, pp. 483, 484. 

Zweiter Nachtrag zu den von Hrn. Major von Qualen am westlichen .Ahhange 
des Urals gesammelten Versteinerungen. Bull. Soc. imp. des naturalistes Moscou, 
vol. 15, 1842, pt. 1, pp. 462-467, pl. iv. 

1 Note sur les plantes fossiles du systeme Permien recueillies, etc., par Cap. Planer; 
par G. Fischer de Waldheim: Ibid., vol. 20, 1847, pt. 2, pp. 513-516, pl. x. 

2 Edourd d'Eichwald: Naturhistorische Skizze von Lithauen, Volhynien und Podo
lien, etc. Wilna, 1830, 3 pl., 4°; Nova Acta .Acad. Leop.-Carol., vol. 16, p. 16. 

Die Thier-und Pflanzenreste des alten rothen Sandsteins und Bergkalks im Nov
gorod 'schen Government. Bull. sci. vol. 7, .Acad. imp. sci. St. Petersburg,"1840, 
coL 78-91. Neues Jahrbuch fii.r Mineral., 1840, pp. 620-,-629. 

Die Urwelt Russland durch .Abhildunge~ erlautert. Petersburg, Heft 1, 1840; 
Heft 2, 1842; Heft 3, 1845, 10 pl. In Baer's Beitrage zur Kenntniss des russichen 
Reiches. · 

Ueber einige fossile Pflanzen des Kupfer-fi.ihrenden Sandsteins im Perm'schen und 
Orenburg'schen Govt. Neues Jahrbuch fi.ir MineraL, 1844, pp. 142-147. 

Geognosie de Russie, 1846 (en langue russe). 
Naturhistorische Bemerkungen, etc. Moskau, 1851, vi, 465 pp., 4 pl., 4°. 
Einigo paliiontologische Bemerkengen tiber den Eisensand von Kursk. Bull. 

Soc. Imp. Nat. Moscou, vol. 26, 1853, pt. 1, pp. 209-231. 
Letham Rossica ou Paleontologic de la Russie, decrite et figuree. Plantes fossiles: 

vol. 1, pt. 1, Stuttgart, 1860, pp. 33-268, 4o, Atlas vol. 1, pl. i-xxi, 4a, vol. 2, pt. 1, 
1865-'68, pp. 1-71, .Atlas vol. 2, pl. i-v . 

. Die vorweltliche Fauna und Flora des Grii.nsandes dcr Umgegeud von Mosh,,a, 
Bull. Soc. Imp. Nat. Moscou, vol. 35, 1862, pt. 2, pp. 355-410. 

Beitrag zur Geschichte der Geognosie und Paliiontologie in Russland. Ibid., vol. 
39, 1866, pt. 2, pp. 463-533. 

3 Polens Palaontologie, oder .Abbildu.ng und Beschreibung d_er vorzii.glichsten und 
der noch unbeschriebenen Petrefakten aU:s den Gebirgs-Formationen in Polen, Vol
hynien und dcr Karpathen, von Georg Gottlieb Pusch. Stuttgart, 1836-'37, 218-pp., 
16 pl., folio. 
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(1838-1842) ;1 a few notes by Brongniart, 1842, • 1845,' in Demidoff and 
Murchison's voyage3, relating to fossil plants from~ Kaffa in the 
Crimea, and from Nijni-Troi'sk Bielebei, etc.; the work of John Mor
ris, who named and figured many of the species of the Murchison ex
pedition;' the report of Dr.Goppert in the Murchison expedition, • and 
minor contributions of his on the Carboniferous Flora of Malowka 
and Tawarkowa in the Government of Tula, central Russia; • there
searches of Mercklin, chiefly relating to fossil wood, culminating in· 
his Palreodendrologikon Rossicum, the most valuable work on the in
ternal structure of the wood of recent formations, that had thus far 
appeared;7 Ludwig's papers on the Carboniferous flora of the western· 
slope of the Ural Mountains at Kiselowski-Rudnik, Iwanowka, Bo
rowitschi on the Waldai, Nischni Parogi on the Uswa, Gubacha on 

1 Stephan Kutorga : Beitrage zur Kenntniss des Kupfersandsteins vo1_1 Perm. St. 
Petersburg, 1838. 

Beitrag zurKenntniss der organischen Ueberreste des Kupfersandsteins am west
lichen Abhange des Urals. ·Schrift. k. r. mineral. Gesell., St. Petersburg, 1838, pp. 
1-38, pl. i-vii,·so. 

Beitrag zur Palreontologie Russlands. Verhandl. k. r. mineral. Gesell. St. Peters
burg, 1842, pp. 1-34, pl. i-vi. 
~Note sur des impressions des plantes recue illies a Kaffa en Crimee par J\f. Huot 

par Adolphe Brongniart. Voyage dans laRus3ie meridionale et la Crimee . . . 
par Anat. de Demidoff. Paris, 1842, vol. 2; pp. 825-828, pl. vii. 

3 Geologie de la Russie d'Europe, et des montagues de l'Oural par R. I. Murchison, 
E. de Verneuil, etA. de Keyserling. Vegetaux fmsiles, par Ad. Brong'niart, vol. 2, 
London-Paris, 1845, pp. 1-4, pl. A, B,' c: E, F. · 

(Ad.Brongniart's letters.] lbid.,pp.5-12, 503,504, pl. A, B, C, D, F: 
•[Description of Permian plants, by John Morris.] Ibid., vol. 1, 1845, pp. 78,79, 

113, 219, 240, pl. A, C, F. 
• Lettre de M. Goppert, aM. Murchison, par H. R. Goppert. Ibid., vol. 2, 1845, pp. 

501-503, pl. ix. 
· 6 H. R. Goppert: Ueber die Kohlen Centralrusslands. In: Mehrere Beitriige zur 

fossilen Flora Russlands. 38. Jahresber. Schles. Gesell., 1860, pp. 33-36. 
Bemerkungen tiber die Steinkohle zu Maliowka und Tawarkowa im Gouverne

mcnt Tula. Bull. Acad. imp. sci., St. Peters bourg, vol. 3, 1S61, col. 446-448. 
Ueber die Kohlen von Malowka in Central-Russland. Sitzungsber. k. bayer. 

Gesell., Miinchen, 1861, math.-nat. Cl., pp. 199-209. 
7 C. E. von Mercklin: Prospectus der Paliiontologischon Pflanzeniiberreste in 

Russland, sowie ihrer Erforschung. Bull. Cl, phys.-math., Acad. imp. sci., St. 
Petersbourg, vol. 10, 1852, col. 373-384. 

Verzeichniss aller in Russland bis jetzt (November, 1852) aufg-efundener, beschrie
bener, unbeschrieberier oder zweifelhafter fossiler Pflanzen. Ibid., vol. 11, 1853, col. 
300-305. 

Palreodendrologikon Rossicum, Vergleichende anatomisch-mikroskopische Unter
suchungen fossiler HOlzer aus Russland. Ein· Beitrag zur vorweltlichen Flora. 
Eine von der kaiserlichen Akademie der Wissenschaften zu St. Petersburg des 
zweiten Demidowschen Preises gewiirdigte Schrift. St. Petersburg, 1856; Text; 99 
pp., 4o; Atlas, 20 pl., Abbildungen vom Verfasser n. d. N. gezeichnet., folio. 

Sur un echantillon de bois petrifie provenant du gouvernei;nent de Rjiisan. Bull. 
Sci. Acad. imp. sci., St. Petersbourg, vol. 29, 1884, pp. 243-250. Melanges biol., vol. 
12, 1884, pp. 1-11. 
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the Koswa, Malowka in the Government of Tula, Lithwinsk, etc., 
and the Permian flora of the Government of Perm at Kungur, Mor
gunowa, Janytschi, Poshwa on the Kama, and near Lithwinsk;' and 
on the Carboniferous flora of the province of the Don Cossacks at 
Petrowskaja near Izymn, Lissitschinskaja Balka near Privolnoi, 
Uspenskoi, Lugan above Luganskoi Sawod, Popopowskoi in the 
valley of Gruchewska, Krepenskoi, Zuwarewaja Balka near Ekater
inskoi, Nowo-Pawlowsk on the Mins, Krinitschenaja, Chrystalnoi, 
Dolschik, etc.;" the fine illustrated memoir of Trautschold on the 
flora of the Ci·etaceous (N eocomian ?) sandstone of Klin,' at IGin, Ta
ratowa, and Karrowa or Garjainowa, in the governments of Moscow, 
VJadimir, and Kaluga, respectively; a note by Sttu• reporting upon 
Muller's collections from the Carboniferous deposits of Ukrainsk, 
and Petrowskoje, in Charkow, Uspenskoie, near Lugan, in the gov
ernment of Ekaterinoslaw, and Gorodischte near Slavianoserbsk, 
and from the Culm (Subcarboniferous) strata of Ilinsk, the river 
Koswa, Gubaschinskaja Pristav, Utkinsk, the river Bulanasch, 
mouth of the Irbit, the river Bobrowka, etc.; the more Important 
memoir of Schmalhausen' on the Eocene plants in the vicinity of 
Kiew, the Oligocene plants of Mogilno in Volhynia, and the fossil 
woods of the same and numerous other localities (e. g., J ekaterino
polje, Shurowka, W yschgorod, Swenigorodka, Kremenez, Salesetz); 
and lastly the fine memoir by the last named author' in the Russian 
language, fortunately with a German. resume, on the "Permo-Car
boniferous" (Artinskische) and Permian plants collected by Stou
kenberg, I wanow, and Krotow, in the governments of Perm and 
Kasan, at Kotlowka, Tschistopo1, Kitjak, Konkino, Molebski-Sawod, 
Torgowskoje-Selo, Tass, Jugowski.- and Moto-wilichinski-Sawocl, 
Golubzow Mill between Krasnoufimsk and Atschit, Kotlowka, Kor-

1 Zur Paliiontologie des Urals, von Rudolph Ludwig: Palaeontographica, vol. 10, 
Cassel, 1861-63, pp. 17-:-36; 270-275, pl. iii-vi; xlvi. Ptlam:enrestc aus der Steinkoh
len~Formation des Urals, pp. 27-36, pl. iv-vi. Pflanzen aus dem Rothliegcnden im 
Govcrnement Perm, pp. 270-275, 'pl. xlvi. 

2 Rudolph Ludwig: Die Steinkohlenformation im Lande cler Don'sehe.n Kosake.n. 
Bull. Soc. imp. des haturalistes, Moscou, vol. 46, pt. 2, No.4, 1873, pp. 290-331, pl. ii, iii. 

Fossile. Pflanzen aus der Steinkohlenformation irn Lande der Don'schen Kosaken, 
Ibid., vol. 51, pt.1, No.1, 1876; pp. 8-25, pl. i. 

3 Der klin'sche Sandstein, von H. Trautschold: Nouveaux Mern. Soc.. imp. des 
naturalistes, Moscou, vol. 13 (livr. 3), 1871, pp. 189-236, pl. xviii-xxii. 

4 Ein Beitrag zur Kenntniss der Culm- und Carbon-Flora-in Russland, von D. Stur:. 
Verhandl. k.-k. geol. Reiehsanstalt, Wien, 1878, pp. 219-224. 

5 Bcitriige zur Tertiiir-Flora Siid-west-Russlands, von J. Schnialhausen: Paliion
tologische Abhandlungen herausgegeb!3n von W. Dames und E. Kaiser, vol. 1, Ber-
lin, 1884, Heft 4, pp. 285-336 (1-58), pl. xxviii-xli (i-xiv). · 

6 Die Pflanzenreste dcr Artinskisehen und permischen Al5lagerungen im Osten des 
europiiisehen Russlands, von J.Schmalhausen: Mem. Comite geol., vol. 2, No.4, 
St. Petersburg,-1887, pp.l-30(Russian); followed by a" Beschreibung der Pflanzen
reste," pp. 31-42 (German), pl. i-vii. 
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gala near Orenburg, Tetenina oil. the Koswa, Krasnoufimsk, mouth 
of the Bojak, on the Bar.dyn River, at Kitjak, Podbelskoje, Kam
skaja, Urma, and Swinogorje. 

The following are a few of the localities given by Eichwald which 
have not hitherto been mentioned: 

Devonian.-Tscho_udowo, government of St. Petersburg, Logoza
witsche, government of Pskow, banks of the Sjass. 

Subcarboniferous.-Roodsikiille on the island of Oesel, Erras and . 
Haljal near Wesenberg in Esthonia, Nouveau-Kuigaugh, island of 
N uck near Lyckholm, Sutlep in Esthonia, Pawlowsk, Fockenhof near 
N arva, Reval, Kirrimaggi, Kirna, banks of the Slawanska, Oranien
baum and Zarskoje Selo, near St. Petersburg. 

Carboniferous.-Mount Kaschkabasch, river Mjous near Krasny
koute, Donetz Mountains, rivers Prikscha and Msta (N ovgorod), Ka
menskaja near J'ekaterinebourg, Artinsk, Valino Sloboda (Toula), 
[sjoume (Kharkoff), Jegorgiewsk on the Occa (Kalouga), Zoubaraw
aja (Jekaterinoslaw). 

Permian.-Kamskowotkinsk (Wjatka), copper mines of Klout
schewsk ,and Dourassow on the Dioma, Kargala, N ovoberschetzk 
near Yougowsk, Novosyranowsk near Motawillisch(Perm), Preobra
gensk, Stepanova, Santogoulowsk, Blagovetschensk, Pyskorsk (Oren-
berg). · 

Cretaceous.-(Gres vert, N eocoruian) Berezow ravine, district of 
Sysran, Troitzkoye Kouroyedowo (Simbirsk), Kaloughino, Kirssanow 
(Tarnbow),'Tim (Kursk), Klenowka and Lytkarino, near Klin, Kotel
niki, Tatarowa (Moscow), Karowa, banks of the Oka (Kalouga), 
Novgorod Sewersk, Ossinowa (Tschernigow), Biassala (Crimea). 

Jurassic (Lias).-Kamenka near Izoume, Petrowskaya, district of 
Izoume, Dziurow, Miktzailow, valley of the Kamiona near Sando
mir (Poland), Iletzkaya-Zaschtschita (Orenberg). 

Oolite (Oxfordian).-Khoroschowo, Mucowniki, Schtschoukino 
near Moscow, Soudagh, Katarasse (Crimea), Petschora River, Iletz
kaya, near 0J;AUberg, Popiljani (Wilna). 

The numerous specimens of petrified wood which found their way 
into Merklin's hands were collected in various parts of the empire, 
and represent several horizons. The following are some of the local
ities given in his Palmodendrologikon Rossicurn: 

Permian.-A few points in the government of Perm. 
Jurassic-Popiljani (Wilna), Windau River (Curlandia), Moscow. 
Cretaceous (Greensand, properly N eocomian). -Dltrasovka (Sara-

tov.) . · 
Tertiary.-Podkumok River near Pjatigorsk, Alexandoovsk (Eka

terinoslaw), Kursk, Kamischin (Saratow), Stalipino, Goroditsche 
(Pensa), Szysran (Simbirsk), Podol~a on the river Dniester near 
Mogilev. · 

8 GEOL--50 
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ASIA. 

SIBERIA. 

Beginning with Siberia, we find that Calamites nodosus from the 
banks of the Yenesei, at Krasnojarsk, was known as early as 1834,' but 
systematic research practically began with Tchihatcheff's voyage, 
during which he collected fossil plants from Carboniferous strata at 
the village of Afonino and on the banks of the Inia, which were 
studied and described by Goppert, and published in 'l'chib,atcheff's 
"Voyage scientifique dans l' Altai oriental e~ Jes parties adjacentes 
de la frontiere de laChine," 1845 (pp. 345-3!JO, pl. xxv-xxxv). 

Goppert also worked up the fossil wood of Middengorf's Siberian 
voyage, found at Tundra, on the river Boganida, 71 o north latitude, 
and on the banks of the Taimyr, 74-75° nor.th latitude," and Merklin 
described other fossil wood from Gishiginsk in Kamtschatka col
lected by Brevarn, and published in 1852.' 

Geinitz worked up the plant-remains obtained by Cotta in 1866 
from the Carboniferous strata of the Altai Mountains at Meretskaja, 
Sokolowa, Monastyrskaja, Salair Range and Inja. district, • and a 
year later Trautschold mentioned the locality on the Angara, near 
U st-Balei, below Irkutsk, from which so many species were subse-.: 
quently described by Heer. • - -

But the principal works in this line have been by Heer and Schmal
hausen. The former published, in 1876, the first of his important 
"Beitrage zur Jura-Flora Sipiriens," the second in 1878," and his 
final N achtrage to the same in 1880.' 

The plants described in the first of these memoirs were collected by 
Czekanowski. Those from Siberia were found at U st-Balei on the -
Angara, about forty miles north of Irkutsk, in latitude 51 o north, at 
the mouth of the Kaja River! and on the· Tapka. The Amoor plants 

1 Notice sur la localite du Calamites nodosus, par Kaspar Sternberg: Bull. Soc. 
imp. des naturalistes Moscou, vol. 7, 1834, pp. 412-419. 

2 Fossile Holzer, von H. R. Goppert. Middendorf's Reise in dem aussersten Nor
den und Osten Sibiriens wahrend der Jahre 1843 und 1844, etc., vol. 1, Theil I, St. 
Petersburg, 1848, pp. 225-234, pl. vii-x. ' 

3 Ueber fossiles Holz und Bernstein in Braunkohle aus Gishiginsk, von C. von 
Merklin: Bull. Classe phys.-math. Acad., imp. sci. St. Petersbourg, vol. 11, Nos. 
6, 7, 1852, col. 81-93, 1 pl. 

4 Ueber fossile Pflanzen aus der Steinkohlenformation am Altai, von H. B. Gein
itz: Neues Jahrbuch fiir Mineral., 1869, pp. 462-465, pl. vi, fig. 4, 5; and in a more 
extended form with two plates as a Separatabdruck aus B. v. Cotta's: Der'Altai, 
sein geologischer Bau und seine Erzlagerstatten, Leipzig, 1871, 15 pp., pl. ii, iii. 

5 Fossile·Pflanzen von der Angara, von O;wald Heer: Neues Jahrbuch fiir Min
eral., 1870, pp. 589, 590. 

6 Mem. Acad. Imp. Sci. St. Petersbourg, 7th series; vol. 22, No. 12, 1876, pp. 1-122, 
pl. i-xxxi. and vol. 25, No. 6, 1878, pp. 1-58, pl. i-xv. 

'Ibid., vol. 27, No. 10, 1880, pp. 1-34, pl. i-ix. 
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were found on the Upper Amoor River and at Bureja. The second 
memoir describes plants collected by Hartung and others from Ust
Balei and the Tapka, from Mount Petruschina near Irkutsk; by Czek
anowski from the district of the Lena at N aschim, Ajakit, Bulun, Tu
mul Kaja, mouth of the Olenek, Yngyr Kaja, on the Buotar; also in the 
Tundra on the Atyrkan (Cretaceous?), Tertiary plants at Tschirimyi 
on the Lena, from Simonowa in the western part of eastern Siberia, 
latitude 56° north, 20 miles below Atschinsk in the Government of 
J enisseisk, and from the lower Bureja ; also from Possiet Bay and 
Kengka Lake in Mantschooria. , 

The plants described in the Supplement to the Jurassic Flora of 
eastern Siberia wei·e all from U st-Balei, collected by Richard· Maack 
in the summer of 1878. 

-Her;e should also belong two important papers on the fossil flora of 
the island of Sachalin, off the east coast of Siberia.' The plants de
scribed in the first of these memoirs were collected by Schmidt, 
Glehn, and Koppen, at the Russian post Dui on Cape Dui, at Ser
tunai between Sachkoran and N ajassi, and at Mgratsch farther to the 
northwest, and above the fifty-first parallel of north latitude. The 
smaller collection described in the second paper was made by ]'uruh
jelm in 1860, and although the labels did not indicate the locality 
with precision, Heer presumes from the character of the rock and 
the nature of the plants that it was made at Dui. 

All these papers were afterwards incorporated into his great work 
entitled "Flora fossilis arctica," • which will receive special treat
ment when we come to consider the more strictly Arctic fossil floras. 

Schmalhausen commenced his investigatiop.s into the Siberian fos
sil floras by a study of the so-called Ursa-Stufe, on the River Ogur," 
and probably of Subcarboniferous age. He hadalao begun his study 
of the Jurassic flora of Lower Tunguska and Kusnezk before the 
date of Heer's first publication, and in 1879 appeared his Beitrage 
zur Jura-Flora Russlands,' read before the Imperial Academy at St. 
Petersburg, which was followed in March, 1888, by a supplementary 
paper in the Bulletin' of the same society. In the same year he pub-

1 Primitiffi floral fossilis Sachalinensis. . ll!id., vol. 25, No. 7, 1878, pp. 1.:.61, pl. 
i-xv. Beitrage zur miocenen Flora von Sachalin. Kongl. svenska Vet.-Akad. 
Handlingar~ vol. 15, No. 4, 1878, pp. 1-11, pl. i-iv. 

2 Cf. vol. 4, pt. 2 ; vol. 5, parts 2; 3, 4 ; vol. 6, pt. 1. 
•3 J. Schmalhausen: Die Pflanzenreste aus der Ursa-Stufe im Flussgeschiebe des 

Ogur in Ost-Siberien. Melanges phys. et chim. tires du Bull. Acad. imp. sci. St.
Petersbourg, vol. 9, 1876, pp. 625-645, pl. i-iv; Bulletin, vol. 17, pp. 227-291, 4 pl. 

Ein fernerer Beitrag zur Kenntniss der Ursastufe Ost-Sibiriens. Meianges phys. 
et chim. tires du Bull. Acad. imp. sci( St.-Petersbourg, vol. 10, 1877, pp. 733-756, 
pl. i, ii; Bulletin, vol. 25, pp. 1-17, 2 pl. · 

4 Mem. Acad. imp. sci. St.-Petersbourg, 7th series, vol. 27, No. 4, 95 pp., f6 pl. 
5 Pflanzenpalaontologische Beitrage, von J. Schmalhausen: I, Nachtrage zur 

Jura-Flora des Kohlenbassins von Kusnezk am Altai. Melanges bioi. tires du Bull. 
Acad. imp. sci. St.-Piitersbourg, vol. 11, ·1883, pp. 545-55.2, pi,. i, 
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lished a pa:9er il~ustrated by four plates on some Carboniferous plants 
from the eastern slope of the Ural Mountains,' and in 18872 an ex
cellent contribution in Palaeontographica on the Tertiary (Pliocene) 
plants of the valley of the Buchtorm·a River. 

JAPAN. 

The fossil flora of Japan, after Geyler broke the way by his short 
memoir in Palaeontographica (1877)' describing· the vegetable re
mains collected by Rein in the valley of the Tetorigawa, on the 
island of Niphon, apparently of Jurassic age, first began to be well 
known through the collections of that indefatigable traveler, Baron 
N ordenskiold, which· have been elaborated by D~. A. G. N athorst, 
of Stockholm. 

But two other references to the fossil flora of Japan seem to have 
been made' before the earliest paper resulting from N athorst's re
searches appeared in 1881,' and N ordenskiold was able to use some 
of the results reached at the time of the publication of his Voyage of 
the Vega.• 

In the second volume of the Vega-Expeditionens V etenskapliga 
Ar beten (Stockholm, 1883), occurs N athorst's first important descrip
tive paper on-the flora of Mogi, near Nangasaki. The hotizon is· 
upper Tertiary or perhaps Quaternary.' A French translation of 
this paper appeared in the Memoirs of the Swedish Academy of 
Science of the same year. • 

Baron von Ettingshausen's strictures upon some of N athorst's de
terminations' and the reply of the latter thereto 10 throw further 

1 Mem. Acad. imp. sci. St.-Petersbourg, 7th series, vol. 31, No. 13, 20 pp., 4 pl. 
2 Ueber tertiiire Pflanzen a us dem Thale des Flusses Buchtorma am Fusse des 

Altaigebirges, von J. Schmalhausen: Palaeontographica, vol. 33, 1887, Lief. 4-5, pp. 
181-216, pl. xviii-xxii. 

· 3 Ueber fossile Pflanzen aus der Juraformation Japans, von H. T. Geyler: Palaeon
tographica, vol. 24, Cassel, 1877, pp. 221-232, pl. xxx-xxxiv. 

4 Botanische Mittheilung, von H. Th. Geyler. Carpinus grandis Ung. in der Ter
Wirformation Japans. Frankfurt a. M., 1880, pp. 16, 17, pl. ii, 4°. 

Vorlaufige Notizen uber Vorkommnisse der Jura-Formation in Japan, 1880, von 
D. Brauns. 

5 Forutskickadt meddelande om tertiiirfloran vid Nangasaki pa Japan af A. G. 
Nathorst: Geol. Forening. Stockholm, Forhandl., vol. 5, 1881, No. 12, pp. 539-551. 

6 See English edition, New York, 1882, pp. 690--693, 4 figs. 
7 Bidrag till Japans fossila Flora, pp. 119-225, pl. iv-xix. 
8 Contributions ala flore fossile du Japon, par A. G. Nathorst: Kongl. svensk. Vet.

Akad. Handl., vol. 20, No. 2, 1883, 92 pp., 16 pl. 
9 Zur TertiiirfloraJapans, von C. von Ettingshausen: Sitzungsbe'r. k. Akad. Wiss., 

Wien, math.-nat. Cl., vol. 88, Abth. I, 1883,·pp. 851-864. 
10 Bemerkungen uber Herrn v. Ettingshausen's Aufsatz zur Tertiarflora Japans, 

von A. G. Nathorst: Bihang till Kongl. svensk. Vet.-Akad. Handl., vol. 9, 1884, 
Heft 2, No. 18. ' 
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light upon the general subject, ~s does also the somewhat elaborate 
criticism of the Marquis Sa porta.' . 

A later contribution has come to hand by a native Japanese,' Mr. 
· Matajiro Yokoyama, who has obtained twenty-four species of Juras

sic-plants from the following localities: Shimamura, Y anagidani, 
and Ozo, in the province of Kaga; Hakogase and ·Tanimura, in 
that of Echizen; Okamigo and Ushimaru, in that of Hida. 

Relative to the geological formation it may be remarked that in
asmuch as some of the supposed Jurassic plants determined by Gey
ler appear to be related to forms found by Professor Fontaine in the 
Potomac formation of Virginia, supposed to be of Lower Cretaceous 
age, there is at least a possibility not only that Godfrey• was right· 
in assigning the leaf-bed of Kiushiu to the Cretaceous, but that those 
beds are of the same age as those of Kaga, where Rein obta~ned his 
specimens. 

Material for the preparation of a monograph of the pre-Pliocene 
and post-Miocene flora of Japan began to reach Dr. N athorst soon 
after the appearance of his Flora of Mogi. A collection made by 
Mr. Yokoyama in the northern and central· portions of the empire 
was sent to him in 1883 by Dr. Edmund Naumann, of the Japanese 
Geological Survey, of which he gave a preliminary account in the 
following year. • This was followed by a second collection made 
during Dr. Naumann's journey through southern Japan from the 
middle and southern portions of the principal island (Hondo), and 
also from the more southern islands of Sikoku and Kiushiu. In1887 
Mr. Yokoyama sent still a third collection, this from Shiobara, in 
central Japan; and, in addition to thi;,;, certain material of the same 
nature, which had been sent to the Berlin museum, was placed in 
Dr. N athorst's hands for identification. Putting all these collections 
with the excellent ones which Messrs. Julius Petersen and J. C. 
Smith at Nagasaki had presented to the University of Upsala, he 
found himself in possession of fossil plants from no less than thirty
two localities in Japan. His able monograph of this flora, which 
appeared in 1888,' leaves little to be desired. It is especially satis
factory for our present purpose on account of the extreme care and, 

I Nouvelles observations sur la flore fossile de Mogi dans le Japon meridional, par 
G. de Sa porta: Annales sci. nat., botanique, 6th series, vol. 17, 1884, ,PP· 73-106, pl. 
vi-ix. ' 

2 On the Jurassic plants of Kaga, Hida, and Echizen, by Matajiro Yokoyama: 
Bull. geol. Soc. Japan, vol. 1, pt. 1, Tokio, 1886, pp. 1-10, so. 

3 Notes on the geology of Japan, by J. G. H. Godfrey: Quart. Jour. Geol. Soc. Lon
don, vol. 34, 1878, pp. 542-555, with map. 
· ~Beitrage No.2 zur Tertiarflora Japan's, von A.·G. Nathorst: Botanisches Cen-
tralblatt, vol. 19, Cassel, 1884, No. 29. · 

• Zur fossilen Flora Japan's, von A. G. Nathorst: Palooont. Abhandl., herausgegeb. 
von Dames u. Kayser, vol. 4,. Heft 3, Berlin, 1888, pp. 197-250 (1-56), pl. xvii-xxx 
(i-:&iv). 
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attention given to the geographical part. We will follow him in 
classifying the localities under the two geological horizons, which 
he calls respectively Prepliocene and Postmiocene, by which terms 
he aims to denote a considerable difference of age without commit
ting himself further than to claim· that the former lies below the 
Pliocene, while the latter can not be Miocene, and may be Quater
nary. To the lower of these horizons belong, according to him, the 
following localities: Moriyoshi, Kayakusa, and Shimohinokinai, in 
the province of Ugo; Aburado, province of Uzen; Yamakumada, in 
the province of Yechigo; Koya, in the province of Jwaki; Kami
kanazawa, in the province of Hitachi; Kita-Aiki, in the province 
·of Shinano; Todohara and Jtsukaichi, in the province of Musashi; 
Kongodji, in the province of Yetchin; Otsuchi and Ogoya, in the prov
ince of Kaga; Ama-~o-hashidate, in the province of Tango; Azano, 
in the province of Shinano; Oya, in the province of Kii; the above all 
on the island of Hondo; Mioga and Kamibayashi, in the province of 
Iyo, and an unknown locality on the island of Sikoku; Nobata and 
Mori, in the province of Bungo; Kagokinzan, in the province of Sat
suma; Yamantsuri, in the province of Buzen; Nakano, in the prov
ince of Higo; Takashima and J wojima, in the province of Hizen; all 
on the island of Kiushiu. ·To the Postmiocene belong, besides Mogi, 
province of Hizen, on the island of Kiushiu (which has yielded by 
far the largest representation of fossil plants of all ·the localities in 
Japan), Nogami,' province of Bungo, on the same island; Kwannon
saka (Sekimura), on the small island of Sado; Ushigatani, province 
of Yechizen; Shiobara, province of Shimozuke; and Yokohama 
Bluff, near the city of Yokohama, on the main island. 

COREA. 

Gottsche, in· his geological sketch of the Corea (1886),' mentions 
the occurrence Of plant remains in the Carboniferous of Kyong
sangdo, Mungyong, and Udong, and silicified wood in a supposed 
Tertiary bed on the base of the hill upon which Phyongyang stands. 

CHINA. 

The fossil plants of China have chiefly been "investigated by New
berry and Schenk, from the collections of Pumpelly and Baron 
Richthofen. Professor, Pumpelly's well known expedition through 
various parts of China was made during the years 1862-'64, and the 
results were published in 1867 • as one of the Smithsonian Contribu
tions to Knowledge. Dr. Newberry's report upon the fossil plants 

1 Geologische Ski?:?:e von Korea, von C. Gottsche: Sitzungsber. k. preuss. Akad. 
Wiss. zu Berlin, 18ti6, No. 39, pp. 857-873, pl. viii (map). 

2 Geological researches in China, Mongolia, and Japan, during the years 1862 to 
1865, by Raphael Pumpelly: Smithsonian Contributions to Knowledge, No. 202,1866 
(vol. 15, art. 1, 1867), pp. 1-161, pl. i-ix. (pl. i-viii, maps and sections.) 
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collected forms the first appendix to that article. Only seven species 
of plants are described, but these all point to a Mesozoic age for the 
beds of the K wei basin and of Pyiinsz, where these remains were o b
tained. One of the species was the widely diffused Podozamites lan
ceolatus (LH) Brongn., found in the Jurassic of England, Siberia, 
Japan, Spitzbergen, India, in the Rhetic of Sweden, and even in 
N eocomian strata of Kootanie Pass, Britisli America, according to 
Dr. J. W. Dawson; but this may prove to be lower than he supposes. -
Another war; identified with the plant found in North Carolina by 
Dr. Emmons, and published asP. lanceolatus, but which differs from 
the former, and was named P. Emmonsii by Dr. Newberry. 

The fossil plants of Tinkiako collected by the Abbe David showed, 
when determined by Brongniart in 1874,' that the coal mines of 
southern Shensi were not of Carboniferous age, as had been sup
posed, but Jurassic allied to the Oolite beds of England and the 
Rhetic of Bavaria. 

In 1883 Dr. Newberry published in the American Journal of 
Science• a list of ten species of Carboniferous fossil plants obtained 
by Mr .. Arnold Hague in the coal basin of the Pin-hsu-hoo, in the 
southern peninsula of Mantchuria, on the east side of the gulf of 
Liantung, and about one hundred miles northeast of Niuchwang. 
All but two of these (Lon-chopteris Hagueana, n. sp., and Archce-
epteris spat1.tla, n. sp.) were European forms. _ 

The great expedition of Baron von Richthofen has undoubtedly 
done more to reveal to the western world the subterranean treasures 
of China than all others combined .. The vegetable remains collected 
from a large number of points throughout the country, including 
some from· M9ngolia, were placed for determination in the hands 
of the distinguished paleobotanist, Dr. August Schenk, professor of 
botany at the University of Leipzig, who elaborated them and pre
. pared a report, which was published in the fourth volume of Richt
hofen's "China," 1883. • Both the localities which furnished plant re
mains to the Pumpelly expedition were represented in the Richt
hofen collections, and in addition numerous others of Jurassic age. 
But the most important result was the first scientific investigation of 
the extensive beds of productive coal me!lsures, and the discovery 
in these of a large number of characteristic specie$ of Carbonifer
ous plants. Of the forty-one species of these latter described by 
Schenk, twenty-five are either themselves found or have near ana
logues in the coal beds of other parts of the world. A few are of 

1 Note sur les Plantes fossiles de Tinkiako (Schensi meridional) envoyes en 1875, 
par M. l'abbe A. David, par Ad. Brongniart: Bull. Soc. Geol. France, 3d series, 
vol. 3, 1874, p. 408, pl. ii. · · 

2 Notes on some Fossil Plants from Northern China, by J. S. Newberry: Am. Jour. 
Sci., 3d series, vol. 26, 1883, pp. 123-127. 

3 Pp. 211-269, pl. xxx-liv. 
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Subcarboniferous affinities, and quite a large number range upward 
into the Permian. The collection is furthermore interesting from 
the number of Cordaitean and Taxinean forms which it embraces. 
Included among the Gymnospermous remains are two specimens 
which Schenk referred to the Cycadacere, and described under the 
name of Pterophyllum carbonicum Schenk. 1 Such a reference would 
be prima facie questionable, and the Geological Survey is so fortu
nate as to have come into the possession of the late Dr. H. R. 
Goppert's private copy of Schenk's contribution, in which the above 
name is stricken out and in its stead is written in Dr. Goppert's 
characteristic hand" Cordaites spec. ramulus." I am not aware that 
Goppert published anything on this point. 

Besides the Carboniferous and Jurassic plant~, Baron von Richt
hofen collected one fossil plant from Tertiary strata, the only Ter
tiary fossil obtained. Schenk refers it without hesitation to the 
genus Rhus, and describes it as Rhus atavia Schenk, illustrating 
it by two very good figures (pl. i, figs. 9, 10). 

The fossil plants collected by L6czy, geologist of Count Szechenyi's 
expedition, which were also elaborated by Schenk, 1885, • possess a 
special interest, not only from the large number of localities not 
hitherto represented, but also from their geological range from the 
Carboniferous to the Tertiary. Twenty-three forms are enumerated, • 
of which two are Carboniferous, fifteen Jurassic, two Eocene 
(Flysch), two "Tertiary," and the remaining two (fruits) from Schan
tschou, province of Schen-si, probably Carboniferous. The recog
nized Carboniferous deposits are at Teng-tjan-tsching, Wu-so-ling, 
Lun-kuan-pu, and Lo-pan-san, in the province of Kansu, andY oung
ssho-Shien, in the province of Schen-si. Ni-tourand. Lin-tschin
shien, in the province of Se-,tschuen are put down as Lias, Quan-juon
shien, and Hoa-ni-pu, in the same province as "Jura." The locali
ties yielding forms characteristic of the Flysch (Palreodictyon a:t;td 
Caulerpites) are Ton-go-lo and Schiri-go-lo, in the last-named prov
ince, while the dicotyledonous leaves referred to in the Tertiary 
came from Kjan-tschuen-tschou, and Lan-tjen, province of Y unan. 
The latter forms were not generically, and many of the others were 
not specifically determinable. 

COCHIN-CHINA. 

The French expedition to Tong-King made by Fuchs and Saladin 
during December, 1881, and January to March, 1882, for the pur
pose of investigating .the coal and metalliferous deposits at'that 
place, result~d in the collection of upwards of twenty species of 

1 Ibid., p. 214, pl. xliv, figs. 4, 5. 
2 Die wahrend der Reise des Grafen Bela Szechenyi in China gesammelten fos

silen Pflanzen, von A. Schenk: Palaeontographica, vol. 31, Cassel, 1885, pp. 163-
182 (1-19), pl. xiii-xv. ' 
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fossil plants. These were elaborated by M. R. Zeiller, of the School 
of Mines of Paris! and the results were published in the Annales des 
Mines in 188.2. 1 They bear a lower Jurassic facies, many of them 
being identical with the forms found in the Rhetic beds of Fran
conia and Scania, but upon the whole this flora is most nearly allied 
to that of the Lower Gondwanas of India. Similar forms are also 

· found in Australia and South Africa, pointing to wide-spread homo
taxis in the principal plant-bearing beds of the land areas of the 
soutp_ern portion of the eastern hemisphere. 

Four years later two additional collections from the same general 
localities were made by MM. J ourdy and Sarran, and also studied by 
M. Zeiller. • By these collections the number of species is raised to 
thirty, of which eight are found in the Rhetic of Europe, five in the 
Gondwana system of India, and the remainder thus far peculiar to 
Tong-king. ' 

BURMAH. 

Among the fossils and other objects brought by Mr. J. Crawfurd 
from Farther India, which he collected on his embassy to Ava in the 
years 1826 and 1827, were pieces of silicified wood in a fine state of 
preservation. According to Buckland, who published an account 
of that expedition in 1.828,' they occurred along the course of the Ira
wadi from its mouth, near Rangoon, up to Ava, but principally in a 
new tract of. country extending over a square of more than twenty 
miles on the east bank of the Irawadi, near the town of Wetmasut, 
about half way between Ava and Pro me, between latitude 20° and 
21° north. 

Buckland states that the structure of this wood indicates that the 
trees were in part dicotyledonous and in part monocotyledonous, and 
that some of it resembles the tamarind wood, although no figures are 
given and it is not distinctiy stated that it had been subjected to 
microscopic investigation. 

INDIA. 

The extensive plant beds of India have been the subject of scien
tific investigation for many years. Specimens collected by Voisey 
were in the hands of Brongniart in 1828, and are described in his His
toire des vegetaux fossiles (pp. 223, 224:). , In 1839 Royle • described 

1 Examen de la flore fossile des couches de charbon du Tong-King, par R. Zeiller: 
Annales des Mines, 8th series, vol. 2, livraison 5, 1882, pp. 299-352, pl. x-xii. 

2 Bull. Soc. Geol. France, 3d ser., vol. 14, 1886, pp. 454-463, 575-581, pl. xxiv, xxv. 
3 Geological Account of a Series of Animal and Vegetable Remains and of Rocks, 

collected by J. Crawfurd, esq., on a·voyage up the Irawadi to Ava, in 1826 and 1827, 
by W. Buckland: Trans. Geol. Soc. London, vol. 2, 1828, pp. 377-39.2, pl. xxxvi-xlv. 

4 J. Forbes Royle: Illustrations of the Botany, etc., of the Himalaya Mountains, 
London, 1839, vol. 1, p. xxix*, vol. 2, pl. ii. 
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four species from the Burdwan Coal, and in 1849 McClelland • figured 
some of these same forms and some new ones. 

A somewhat more extensive paper was published by Sir Charles 
Bun bury 2 in 1861, entitled," Notes on a collection of fossil plants from 
Nagpur, Central India." Seventeen forms are enumerated and fig
ured, but about half of these were regarded as too uncertain to be 
specifically designated. 

In 1862 appeared thE\ first important systematic contribution to 
the flora of India, which was the product of the joint labors of Dr. 
Thomas Oldham, Superintendent of the Geological Survey of India, 
and Prof. John Morris, of University College, London." Though 
published separately, this paper now forms the first of that impor
tant series of memoirs on the._fossil flora of the Gondwana system.' 
This was an exclusively descriptive paper and formed a substantial 
basis for the subsequent voluminous reports of that .indefatigable 
paleobotanist Dr. Ottokar Feistmantel. · 

These plants were collected at Bindrabun, Ghutiari, Jamkoondih, 
Soorujbera, Onthea, near Salempur, Shahabad, Ainrapara, Murrero, 
Burio, Moorcha Pass, etc., in the Rajmahal Hills. 

Feistmantel's minor contribution to the fossil flora of India,in the 
Records of the Geological ·Survey of India,'· in the Journal of the 
Asiatic Society of Bengal, • in Palaeontographica,' and in other scien
tific periodicals, are far too numerous to be mentioned here in detail, 
and it must therefore suffice to speak briefly of the important series 
already referred to as continued by him .. 

The first of these in order of date is his "·Jurassic (Oolitic) Flora 
of Kach," which was published separately in 1876, but for some 
reason found its way into the second volume of the Fossil Flora of 
the Gondwana System • instead of the. first. It is a thorough and 
systematic paper with excellent illustrations, and describes a number 
of new species. As the title indicates, the plant-bearing strata of 
Cutch are regarded as of Oolitic age, and F.eistmantel would assign 

1 Rept. Geol. Survey India, 1848-'49, pl.-xv. 
2 Quart. Jour. Geol. Soc. London, vol. 17, 1861, pp. 325-346, pl. viii-xii. 
3 The Fossil Flora of the Rajmahal Series, in the Rajmahal Hills, Bengal, by 

Thomas OldhamandJohn Morris: Mem. Geol. Survey India, Palmontologia Indica, 
series 2, vol. 1, pt. 1, Calcutta, 1862, 52 pp., 35 pl. 

4 Mem. Geol. Survey India, Palmontologia Indica, series 2, 11, 12, vols. 1-4. 
• Notes on the age of some fossil floras of India, Nos. 1-19, by Ottokar Feistman

tel: Records Geol. Survey India, vols. 9, 10, Calcutta, 1876, 1877. 
6 Ottokar Feistmantel: Contributions towards the knowledge of the fossil flora in 

India. Jour. Asiatic Soc. Bengal, vol. 45, pt. 2, No.4, 1876, pp. 329-382, pl. xv-xxi. 
A sketch of the history of the fossils of the Indian Gondwana System. Ibid., vol. 

5Q, pt. 2, 1881, pp. 168-219. 
'Palaontologische Beitrage, von Ottokar Feistmantel: Palaeontographica, Sup

plement 3, Lieferung 3, Heft 1, Cassel, 1876, pp. 1-24; pl. i-vi; Heft 2, 1877, pp. 25--
51, pl. i-iii. . . 

8 PalaJontologica Indica, seri3s t1, vol. 2, pt. 1, 1876. pp. 1-80, pl. i-xii. 
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t.hem t.o the Lower Oolite and correlate them most nearly with the 
Yorkshire deposits. The localities for plants are Goonari, Throm
bow, Kukurbit, Boojooree, Doodaee, and Loharia. 

Three memoirs are dated 1877, viz: (l) Flora of the Jabalpur 
Group (Upper Gondwl:mas) in the Son-Narbada region (Jabalpur, 
Sherin the Satpura Basin, South Rewah, Naogao·n, Upper Godavari 
district), which forms the second part of the same volume; (2) Jur
assic (Liassic) Flora of. the Rajmahal Group in the Rajmahal Hills, 
forming the second part of volume 1, and in which only one locality 
(Buskoghitt) is added to the number given by Oldham and Morris; 
and (3) Jurassic (Liassic) Flora of the Rajmahal Group from Golap
ili (near Ellore), South Godavari diHtrict, forming the third part of 

. the same volume. 
Two papers bear date 1879, viz: (1) Upper Gondwana Flora of the 

Outliers of the Madras Coast, forming part 4 of volume 1, embrac
ing the -Ragavapuram shales _near Ellore, the Sripermatur area; 
Budavada, Vemavaram, Deronadula, Idupulapadu, and Punur, in 
theNellore-Kistna district; Naicolum, Utatur, Terany, Kari, Kull
paudy, and Maravatur, in the Trichinopoly district; and Chirakunt 
and Naogaon in the Middle Gondavari Basin. (2) The Flora of the 
Talchir-Karharbari Beds, forming part 1 of volume 3, and describ
ing the plants from Passarabhia, Buriadi, Karaon, Karanpura, Ma- · 
thadi, Mohpani, Kotmi in the Shalpur area, Dolari, Deoghur, Dom
ahni, J ogitand, Chunka, Lumki (Komaljore) Hill, and Bhuddua Hill. 

The Flora of the Damuda and Panchet divisions, which forms the 
second part of volume 3, bears date 1880, a conclusion to it forming 
part_ 3 of the same volume, being dated 1881. This extensive paper 
covers much of the area of several previous ones, but the follow
ing additional localities may be noted: Raniganj, Jharia, Hur
deeamo, Sarun, Bokaro coal field, Nala field, Garjan hills, Raigarh 
coal field, Bajbai east of Gopat River, Chanduidol, Mahan River 
near Minarra, and Gajar, Baricondam, Harapala, Maitur, north
west of Assensole, north west branch of N unia River, Bharatwada, 
Dubrajpur, Gopicandar area, Layeo, Auranga coal field west of 
Murup, Pachmari, Upper Donwa Valley, Sikkim, Mussinia, Burgo, 
Kumerdhubi, Sendur River west of Mitgain, Ledho Nala near Ka-

. ramdiha, Majurdaki, Suknai N ala north of Sarsera, Gopalprasad, 
Mardanpur, Umret coal field (Barkoi), Gouri, Ghui, Morne River, 
Parasdiha, Sohagpur, Sone River, Garara, Tansar, Kamthi, Ton
dakheri, Hingir coal field, Girundla; Kodaloi and on the Bilpahari, 
Wardha Valley coal field (Kawarsa), Kulti, Guraru, Arahura south 
of Ohepa-Jugra, Isapur near Chanda, Silewada, Latiahar Hill, Lo-
hundia, Kunlacheru. · · 

The first part of the fourth volume is the fossil flora of the South 
Rewa Gondwana Basin, and appeared in 1882. Most of the localities 
given in this paper have already been recorded, but the following 
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appear here for the first time: Son River opposite Sarsi, Chota 
Chauri on the Son, Kunuk, Kurabar east of Pali, Hardi, Dhobgata 
near Khodargaon, Behia Bargaon, northeast of Anukpur, Umrar, 
Parsora, Beli, hill between Karkote and Malhadu, Son River near its 
junction with the Murna, Bansa on the Machrar River, small stream 
south of Chandia, Kurabar, Ghogri, Kachodhar, Simaria, Harri, 
Kedoundi, Kichri, Dumarkachar, Khaira, Umeria-Kaleshar, Dai
gaon, Chiriapani, Kachodhar, Chatan, Sandabah River, and Barwar. 

The second part of this volume did not appear until 1886. It 
treats of the fossil flora of some of the coal fields of western Bengal, 
the principal localities being Karanpura, Auranga, Hutar, Dalton
ganj, Sukri River west of Gurtur, Garhi River southeast of Tand
wa, N aikori River near J ainagar, Ganespur River west of Burgaon, 
Singra, Rikba in the Chano Basin, Raj hera, N owadih, Bishanpur 
River, Daigaon on the Johilla, and Jaguldagga. Many of the minor 
points of occurrence had been enumerated in the preceding memoirs. 

These several contributions of Feistmantel taken together make 
617 pages of text, and contain 176 plates, filling three ponderous 
(folio) volumes and part of a fourth. One marvels at the seem
ingly inexhaustible resources from which he is able to draw, not less 
than at the powers of application and endurance displayed in the 
prosecution of so great a work. 

From the titles given to these several papers it is seen that all 
this vast flora and the extensive geographical range of the beds are 
embraced within the lower portion of the Jurassic formation, no 
species being regarded as necessarily lower than the Lias or higher 
than the Middle Oolite. There are, however, Tertiary plant-bearing 
beds in India and in Burmah, but thus far very little has been done 
in the direction of making them known to science. 1 

TURKESTAN. 

Fossil plants have oeen discovered in Turkestan by Milasche
witsch, • and by Mushenkoff • on the Yagna River, seven versts north 
of the station Sarvada, and by Mushketoff in the Kuldja district • 
from the Karatau Mountains, Buguni, and other localities. 

To these works may be added the chapter devoted to fossil plants 

1 See Feistmantel's "Note on remains of palm leaves from the (Tertiary) Murree 
and Kasauli beds in India:" Records Geol. Survey India, vol. 15, pt. 1, 1882, pp. 
50-53, pl. XV. 

~Nachrichten d. Gesell. fiir Naturgesch. Anthropol. u. Ethnograph., vol. 8, Lief.1, 
Moskau, 1869, p. 378. 

8fOOAOrH'IeCKill HaB,JiOAeHill BO BpeMR 3apaBmancKoii 9KcneAnQin.-A. K. MbilllPHKOBa: 3auncKn 

IIMueparopcKaro Pyccimro reorpa<t>nqecKaro osiQecrBa, St. Petersbourg, Vol. 4, 1871, pp. 
265-287. RpaTKiii OT'Ieb 0 feOJOTU'IeCKOMb llyremeCrBiH un TypKecrany B'b 1875 roJy.-11. 

MYmKeroBa. 
4 Verhandl. russ. k. Mineral. Gesell. zu St. Petersburg, 2d series, vol. 12, 1877, PP. 

117-224, pl. x-xiii. 
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• in Romanowski's Geologie von Turkestan,' in which are described 
and figured some very interesting vegetable remains from a forma
tion corresponding to the Rhetic of Europe, and to the older Mesozoic 
of Virginia and North Carolina. 

The plants are found in the vicinity of W ernoie in the Semiret
schinsk country; at Iliisk and Kuldscha and on the River Pilitschi 
in the Chodschend district ; in the Syr-Darja country ; northeast 
from Taschkend; in the Karschanyn-Tau Mountains. Most of the 
species come from the Kara-Tau Mountains, the Tatarinowschen 
mine being the chief locality, though they are also found at the 
Uigam mine and Isyndy-Bulak, in the eastern border of the same 
range. 

PERSIA. 

The earliest fossil plants collected in Persia were those which Dr. 
Gobel obtained from the southeastern shore of the Caspian Sea, in 
the province of Astra bad, east of the village of Tasch, in the Alborus 
chain, which he sent to Dr. Goppert at Breslau for determination; 
The latter regarded them as indicating the Liassic age of that forma
tion, and included them with some other forms from the Cauca:sus, 
presently to be mentioned, in a short report published in 1861. • 

Later Tietze, and after him Pohlig, visited this same general re
gion and made collections at_ Schachrud, near Tasch, at Hif, near 
Kaswin, and at Ah on Mount Siodsher, all of which, as well as those 
of Gobel which remained at the University of Breslau after Gop
pert's death, found their way into the hands of Schenk, who pre
pared a valuable monograph of that flora and published it in 
Palaeontographica in 1887. • He distinguished twenty-seven differ
ent forms, most of which were specifically determinable; all but four 
were referable to species already known from Jurassic or still older 
strata of Europe and other countries, and Schenk concludes that 
this flora is practically one with that of Tong-king, and referable to 
the Rhetic age.-
- The fossil plants brought from Persia by Dr. Wahner in 18864 

came from the Carboniferous strata at Rudbar and Sapuhin. 

1 Materialien zur Geologie von Turkestan. I. Lieferung: Geologische und pala
ontologische Uebersicht des nord westlichen Thian-Sohan und des sudostlichen Theiles 
der Niederung von Turan, von G. Romanowski. St. Petersburg, 1880 (Fossil Plants, 
pp. 126-137, pl. xxii-xxix). 

2 Ueber das Vorkommen von Lias-Pflanzen im Kaukasus und der Alborus-Kette, 
von H. R. Goppert: Abhandl. Schles. Gesell., Breslau, 1861, pp.189-194. Verhandl. 
Russ. k. Akad., 1861, pp. 657-666. 

3 Fossile Pflanzen a us der Albourskette gesammelt von E. Tietze, besprochen von 
A. Schenk: Bibliotheca Botanica, Abhandl. aus dem Gesammtgebiete der Botanik 
von Dr. Oscar ID1lworm und Dr. F. H. Haemlein in Cassel, Heft No. 6, Cassel, 1887, 
4o,pp.1-12, pl.i-ix. 

4 Vorlage der von Dr. Wallner a us Persien mitgebrachten fossilen Pflanzen, vqn 
D. S~ur: Verhandl. k.-k. geol. Reichsanstalt, Wien, No. 16, 1886, pp. 431-436. 
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TR.ANSCA UCASIA. 

In 1860 Goppert determined as of Liassic age the plants sent him 
py Abich in 1845 from Tquirbul in 'Okriba north of Kutais, in Imer
thien on the Asiatic side of the Caucasian Mountains, which re
ceived brief mention in the paper considered on the preceding page. 

More recently Georg Gurich, • in Breslau, has described a new spe
cies of fossil wood collected in the Cretaceous at Pechthor Arwak, 
near the village of Saglik, in the province Gaudschak (Elisabeth
pol). A more, definite geological age is not stated. 

Abich in two of his papers • has mentioned the existence. of well 
preserved dicotyledonous leaves and reed-like grasses of apparently 
about the age of the Oeningen beds (Miocene), at the .foot of Mount 
Ararat. 

ASIA MINOR, 

The first important mention of fossil plants from Asia Minor 
seems to be that of Schlehan, in 1852, • of those found in the Carbon
iferous deposits at Amasry, and Tyrla-asy. 

In 1853 Theodor Kotschy traveled through parts of Asia Minor 
and brought a few specimens of fossil plants from the southern 
slope of the Cilician Taurus near the village of Nimrum, on the 
estate of Emir Hassen Aga Kalch Agassi. They were intrusted to 
Dr. Unger for determination and proved to be of Tertiary age. • 

Foetterle • speaks of plant remains from beds of red sandstone 
interstratified with quartz conglomerate between Eregli and Ama
soora, in the coal-bearing rocks of Paplilagonia, on the northeast coast 
of Asia Minor, which he regards as of Permian (Rothliegende) age. 
Tchihatcheff, during his expedition into Asia Minor, had visited 
this locality, and the fossil plants which were regarded as Carbonif
erous were elaborated by Brongniart and published in Tchihatcheff's 
Asie Mineure. • The species, s9 far as determinable, were the 'Same 
as are found in European strata. 

1 Ein neues fossiles Holz. aus der Kreide Armeniens nebst Bemerkungen iiber Pal
aozoische Holzer, von Georg Giirich: Zeitschr. deutsch. geol. Gesell., vol. 37, 1885, 
Heft 2, pp. 433-440. 

2 Ueber das Steinsalz und seine geologische Stellung im Russischen Armenien, 
von H. Abich: Mem. Acad. imp. Sci., St. Petersbo11rg, 6th series, vol. 7,1857, pp. 61-
150,9 pl. 

Ueber Dumouilt's neue geologische Karte von Europa, soweit vie den Kaukasus 
. betrifft, von H. Abich. (Auszug aus einem bei der Naturforscher-Versammlung in 

Bonn, 1857, gehaltenen Vortrage.) Neues Jahrbuch fiir Mineral., 1857, pp. 769-774. 
3 Versuch einer geognostischen Beschreibung der Gegend zwischen Amasry und 

Tyrla-asy, aus der Nordkuste von Klein-Asien, von Herrn Schlehan: Zeitschr. 
deutsch. geol. Gesell., vol. y, 1852, pp. 96-142, pl. i-iii. . 

4 Notiz iiber ein Lager Tertiarpfianzen im Taurus, von Franz Unger: Sitzungsber, 
k. Akad. Wiss., Wien, math.-nat. Cl., vol. 11, 1853, pp. 1076, 1077. · 

• Jahrbuch k.-k. geol. Reichsanstalt, Wien, vol. 9, 1858, (verhandl.) p. 86. 
8 Asie Mineure, l'aris, 1866-'69, Palreontologie, pp. 75-81. 



WARD.] ARABIA -AFRICA •. 799 

The Tertiary plants collected on the same expedition at Boulgar
dagh, in Cilicia, were described by Unger.' The plate is devoted to 
the illustration of his two new genera of fossil wood, Constantinium 
and Tchihatcheffites, founded on their internal structure, the first of 
which presented so close an analogy to the wood of the Proteaceoo 
that the author felt safe in referring it to that order. Both these 
forms, however, and two of the others, were coliected in Thrace, and 
not in Asia Minor, and were mentioned while treating the fossil 
plants of Europe under the title Roumelia. 

In the same work"' Tchihatcheff gives a list of fossils sent him by 
Mr. Barkley, from Kosloo, 30 miles east of the town of Erekli, the 
site of ancient Heraclea, which is probably the same locality as that 
mEmtion~d by Foetterle. 

In 1877 Rear-Admiral Spratt of the British navy, read a paper 
before the Geological Society on his visit to the last-named place, 
made in 1854,' where he obtained a number of plant remains. Ap
pended to this paper, as published in the Quarterly Journal of the 
society, is a list of the species contained in his collection, which 
were determined by Mr. R. Etheridge. The formation is Carbonif
erous. 

ARABiA. 

A specimen of Lepidodendron, received by Sir Roderick Murchison 
from an officer traveling in Arabia, which the latter had picked up 
in the desert of Sinai, formed the subject of a paper by Mr. J. 
W. Salter, read before the Geological Society of London on June 17, 
1868.' Unable to identify it with any known species, he gave it the 
appropriate name of L. JJ1.osaicum. · · 

AFRICA. 

SOUTH AFRICA. 

Sir J. D. Hooker figured a plant in 1845 • that Bain had discovered 
·in the Roggeveld (Fish River), and he mentioned in a note a collec
tion made by Rubidge at Smithfield, Orange River Sovereignty. 
These plants were of Lower Jurassic age. · _ 

On'June17, 1851, Dr. Adamsonexhibited totlte Linnooan Society• 

1 Asie Mineure, Paris, 1866-'69, Paleontologie, pp. 319-325, atlas pl. xvii. 
2 Ibid., IV• Partie. Geologie. I. Paris, 1869, pp. 709, 710. 
3 Remarks on the Coal-bearing Deposits near Erekli, (the anCient Heraclea Pon

tica, Bithynia), by T. Spratt: Quart·. Jour. Geol. Soc. London, vol. 33, 1877, pp. 
524-533. 

4 On a true coal-plant (Lepidodendron) from Sinai, by J. W. Salter: Ibid., vol. 24, 
1868,pp.509,510. 

b Note on a Fossil Plant from the Fish River, South Africa, by J. D. Hooker: 
Trans. Geol. Soc. Lou'don, 2d series, voL 7, 1845-'46, p. 227, pl. xxviii, fig.l. 

dNotice of several Vegetable Fossils from South Africa, by Dr. Adamson·: Proc. 
Linn. Soc. London, vol. 2, 1851, pp. 145, 146. - · 
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several veget~ble fossils from South Africa, in the neighborhood of 
the Cape of Good Hope, near Wynberg, in the sandstone district. 
They were described as of two kinds, "one occurring as upright 
cylindrical bodies, and the other in the form of spreading aloe-like 
groups of fleshy leaves." 

Among the fossil remains collected by Atherstone and Bain from 
the Sunday River and Zwartkop, South Africa, and desci·ibed by 
Sharpe, • occurred fucoidal remains, calcareous wood, and lignite (p. 
202), and at Roggeveld, on Fish River, in the Karoo Desert,' was 
found, besides fossil wood, a very remarkable fossil plant resembling 
a Williamsonia, described by Dr. Hooker (p. 227) and figured in the, 
transactions of the Geological Society (pl. xxviii, fig. 1). 

In 1867 Mr. Ralph Tate communicated to the Geological Society an 
important paper "On Some Secondary Fossils from South Africa."' 
In this paper are enumerated the fossil plants, so far as known, from 
the Karoo beds, the Geelhoutboom series, and the wood-bed series. 
These three deposits represent considerable vertical thickness of 
strata, but from their organic remains (especially the vegetable) 
they seem to agree in'homotaxy with the Secondary (Jurassic) depos
its of India. 

Mr. George Grey, in a communication to the Geological Society of 
London on December 7, 1870, • mentions the discovery of Carbonif
erous plants in the Karoo district on the northeast margin of the 
Stormberg Range, from the Lower Albany, and at Port Alfred. In 
the region of the Zambezi River, plants have been found at Moatise 
in Tete, among which Zeiller' has identified eleven species common 
to the Carboniferous of France and other countries. 

EGYPT. 

The fossil forests of the Libyarl. deserts have been made historic 
by tourists and travelers from very early times, and numerous descri p
tions of the objects observed have been published, a few of which . 

. have some scientific value. The names of'Nicol, Russegger, Monro, 
Nasq, Lefevre, Hericourt, Holroyd, Wilkinson, Murray, and numer
ous others have become associated with them in this way. Holroyd 

1 Description of Fossils from the Secondary Rocks of Sunday River and Zwart
kop River, South Africa, collected by Dr. Atherstone and A. G. Bain, esq., by D. 
Sharpe: Trans. Geol. Soc. London, 2d series, vol. 7, 1852, pp.193-203, pl. xxii, xxiii, 
xxviii. 

2 Notes on some Fossils from the Karoo Desert and its vicinity, by Daniel Sharpe, · 
Dr. Hooker, and Sir P. D. M. Egerton: Ibid., p. 225, pl. xxviii. 

3 Quart. Jour. Geol. Soc. London,vol. 23, 1867, pp.139 -175, pl. v-ix. 
4 Remarks on some sp~cimens from South Africa, by George Grey: vol. 27, Ibid., 

1871, pp. 49-51. 
5 Note sur la Flore du bassin houiller de Tete (Region du Zambeze), parR. Zeiller: 

Annales des Mines, 8th series, vol. 4, 1883, livr. 6, pp. 594-598. 

; 
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supposed the trunks he saw to belong to the Doom-Palm. (Hyphc~ne 
Theba,icn), and prior to 1818 they were commonly regarded as palm 
wood. But Newbold 1 submitted specimens to Robert Brown, who 
pronounced them dicotyledonous. Unger as early as 1843" had ex
amined specimens and named the species Nicol,ia ..lEgy}Ji'i£tca U ng. In 
1845 3 he published a description and a figure of a cross-section which 
was infested by a fungus (Nyctornyces entoxylinus Ung. ), but classed 
it among his "Ligna." In his Genera et Spec_ies, published in 1850, 
he repeats the description (p. 523) but still places the plant in his 
"Plantro incertm se<lis." 

The first systematic attempt to make known the character of this 
material was also made by Unger in 1858. • In this, besides giving 
a very good historical account o.f the whole subject, he describes the 
Nicolia anew, and illustrates it with two figlires, a transverse and a 
longitudinal tangential section showing the spiral vessels, wood cells, 
and medullary rays to good advantage. In addition to this he de
scribes three coniferous species, Dadoxylon AJ:gyptiacttmt, D. Rollei, 
and Taxoxylon cretacett?n, all of which are shown in rqdial section. 

Carruthers in 1870 reviewed the subject of Nicolia' from abundant 
material in the British Museum, and established a second species, 
.ZV. Owenii. This same genus, and probably the original species also, 
were collected in Abyssinia in 1862 by Dr. Th. von Heuglin, an ac
count of which was published by Unger in 1866.' 

Prior to 1874 no other vegetable remains than the silicified trunks 
of trees had been discovered in the Libyan deserts, but during that 
year Dr. Georg Schweinfurth obtained certain fruits from the oasis 
of Ohargeh, west of Thebes, in about latitude 25° north. These he 
afterwards placed in the hands of .Dr. Oswald Heer for identification, 
and as might have boon expected a valuable paper was the result.' 

Of those fossil fruits Heer clistinguiRhed two ebenaceous genera, 
Diospyros and Royena. He also found palm-like fruit which he 
called-Palrnacites 1·imosns. Ten fig·ures of Diospyros Schwwinfurthi 
and six of Royenct (lese1'torum are gi \ren. 

1 On the geological position of the silicified wood of the Egyptian and Libyan De-
serts, etc., by Lieut. Newbold: Quart. Jour.Geol. Soc. London,vol. 4,1848, pp. 349-352. 

2 In Endlicher's Genera Plantarum, Supplement 2, p. 102. 
ssynopsis plantarum fossilium, p. 262; Chloris protogrea, p. 89, pl. i, fig. 7. 
4 Der versteinte Wald bei Cairo unJ einige andere Lager verkieselten Holzes in 

Agypten, von Franz Unger: Sitzungsber. k. Akatl. Wiss., Wien, math.-nat. Cl., vol. 
33, 1858, pp. 209-233, pl. i-iii. 
~on the petrified forest near Cairo, by vV. Carruthers: Geol. Mag., London, vol. 

7, 1870, pp. 306-310, pl. xiv. 
6 Notiz iiber fossile Holzer aus Abyssineen, von F. Unger: Sitzungsber. k. Akad. 

Wiss., Wien, math-nat. Cl., vol. 54, 1866, Abth. 1, pp. 289-297, pl. i. 
1 Ueber fossile Frilchte cler Oase Chargeh, von 03wald Heer:' Neue Denkschr. 

Schweiz. Gesell. gesammt. Natunviss., vol. 27, Abth. 1, Article .2, Ziirich, 1876, 11 
pp., 1 pl. 

8 GEOL--51 
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The celebrated expedition made by Rohlfs in 1873 and 1874' formed 
the basis for renewed investigation. 

The first pint of Zittel's exhaustive investigation of the Libyan 
deserts as a result of Rohlfs's expedition (1874?) occupies the whole 

-of volume 30 of Palaeontographica, 1883. In the geological·part 
mention is made (page 141) of some vegetable remains found in the 
calcareous tufa beds around certain springs in-the oasis of Chargeh. 
The remains were studied by the Marquis Sa porta, who detected, be
sides stems of an Arundo, fragments of a dicotyledonous leaf which 
he pronounces to be Quercus Ilex L., of the living flora. One of 
these fragments he. figures with-a restoration of the leaf. 

The report upon the fossil wood for this treatise was made by Dr. 
August Schenk. Thirty-nine specimens were subinitted to him for 
investigation, eighteen of which were found to belong to Nicolia 
.JEgyptiaca, and six others to as many other dicotyledonous genera, · 
each representing, as the author believes, a different natural order 
of plants. His new genus J ordania • is believed by him to belong to 
the Ebenace::e and agrees quite closely with Royena in internal struct
ure. As this is the genus whose fruits were discovered by SchweiJ..l
furth at the oasis of Chai:geh, it seems not improbable that Jordania 
ma.y be the same. BesidAs these Dicotyledoi1s there were one conif
erous species (Arancarioxylon .JEgyptiacum Kraus), and two species 
of palm wood (Palmoxylon Zitteli and P. Aschersoni), both new. 

As to the geological age of these remains, it is generally believed 
by geologists that they belong to the Upper Cretaceous, although it 
must be confessed that if the genera have been corr{'ctly det.ermined 
the internal evidence points to a more recent date. 

·Dr. G. Schweinfurth • found at the 'Vady Arabah; in what he sup
poses to be a Carboniferous limestone, specimens of fossil wood he
longing to the genus Araucarioxylon. 

NUBIA. 

The fossil wood of the Libyan Desert extends southward into Nu
bia, and as early as -1839 Lefevre gave an acc·ount of its discovery at 
the well of the Bayondeh desert. • ' 

1 RE>ise_bericht: "Bermerkungen," [following Jordan's account of Rohlfs's Expedi
tion in the Libyan Desert] von George Rohlfs: Petermann's geogr. Mittheilungen, 
vol. 21, 1875, pp. 211-214. -

2 The name· is pre-occupied by Bossier's caryophylhweous herb (Diagn. viii, 93) of 
the present flora of central Asia, which, however, is united with Acan'lhophyllum 
by modern botanists. 

3 Sur nne reccnte exploration geologique de l'Ouady Arabah, par G. Schweinfurth: 
Bull. de l'Inst. Egyptien, 2Ll series, Annee 1887, No. 8, Cairo, 1888, pp. 146-162. 

4 Lettre addressee a 111. .Cordier, par M. Lefevre: Bull. Soc. geol. France, vol. 
10, 1839, pp. 144-148. 
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ABYSSINIA, 

The specimens collected by Heuglin arid described by Unger 
_(supra, p. 8Gl) were found in the high lands around the Djidda 
and the Baschilo, in Wadla, and especially in Woro-Heimano, near 
the fortress of Magdala, north· of Schoa, and the W ollo-Galla land, 
at an altitude of 9,000 to 11,000 feet. 

WESTERN AFRICA AND ALGERIA. 

Ad vices from West Africa (Benito),' and also from Algeria (Beled
bemfrour, near Orelean ville),' though thus far indicating small results, 
give hopeful signs that other sections of the "Dark Continent" will
yet reveal to ~s the nature of its primeval vegetation. 

SUNDA ISLANDS. 

Fossil plants have been found on all of the three principal i::;lands 
of this group, Borneo, Sumatra, and Java. In all these cases most 
of them seem to have come from substantially the same geological 
horizon, namely, the Lower Tertiaryor'Eocene formation. Though 
few in number thus far, their comparatively recent geologic age 
renders them more interesting to the student of geographical distri
bution, since from their g\·eater similarity they admit of more sat
isfactory comparison with the living flora of the same and other 
regions of the globe. 

JAVA. 

Perhaps the earliest mention of vegetable remains in J aYa waS'· 
that in 1839' by Hornm·, who saw petrified wood scattered over thw 
'vhole extent of the tufa formation in Bantam, nearLebak (seep. 47) ;: 
and Rigg, the same year,' and Hasskarl, 1841,' speak of fo::;sil wood! 
in South Bantam and J asinga. 

The fossil plants collected by Junghuhn during his stay in Java 
were elaborated by Dr. H. R Gi:ippert, and published in a very ex
haustive paper in 1854." They were derived 'from three localities: 

1 Eine A nzahl Gesteine aus Westafrika gesammelt von Capitain Rudolph Raben: 
· 1\orst, von H. B. Geinitz: Sitzungsber. Gesell., Isis, Dresden,1886, p. 28. 

2 Lignites d'Algerie, par C. T. Gaudin: Bull. Soc. Vaud. Sci. Nat., vol. 6, Lau
sanne, 1859, pp. 255-257. ' 

3 Vc'rslag van eene mineralogisehe reis in de reside.ntie 'Bantam op Java, L. Hor
ner: Verhand. Batav. Genootsch. Kunst. vVetensch., vol. 17,1839, pp. 29-57. 

•Sketch of the Geology of Jasinga., hy J. Rigg: Ibid., vol. 17, 1839, p. 133. 
5 Bijdragen tot de kennis van Zuid-Bantam, J. K. Hasskarl: Tijdscltr. voor 

Neerl. Indie,·Jaarg. 4, Batavia, 1841-'42, p. 227. 
6 Die Tertiarflora auf der Insel Java naeh den Entdeckungen des Herrn Fr. Jung

huhn beschrieben uncl erortertin ihrem Verhaltnisse zur Gesammtflora. der Ter
tiarperiocle, von Heinrich Robert Giippert. Mit vierzehn farbig gedruckten Tafeln. 
Herausgegeben auf Veranlassung un:l mit Untersttitzting des lliinisterium's der 
Kolonien. S'Gra.venhage, 1854, 16~-pp., 14 pl., 4°, 
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(1) ·Tho left, or southeast side of the Tji-Buni Valley, district ot 
Djampang; (2) near the village of Pesawahan, in the interior of the 
same. district; (3) the upper Tji-Tjolang Valley, near the villag13 of 
Selo. In the first two of these localities remains of leaves were found. 
The entire flora, as described by Goppert, consisted of thirty-nine 
species, all but eight of which were dieotyledonous, and no conifer
ous forms occurred. There were one fungns (Xylornites st·igrnari
wforrnis Gopp.), five palmaceous plants, all but· one of which were 
referred to. the genus Amesoneuron, one CamiaJike plant (Canna
phyll-ites Vrieseanus Gopp.) represented :by leaves· and a stem, and 
fragments of a banana-like leaf (JJftLsophyllurn tr·uncat·um Gopp. ). 

Aside from the three new genera (Junghuhnites,· Bredroa, and Mi
quelites) founded on fragments of wood, all the remaining dicotyledo
nous forms were referred either to living genera or to extinct genera 
allied to living ones, and classified in their proper botanical families. 
Thus, according to Goppert, there occur three species of Piperites, 
three of Quercus, two of Ficus, two of Daphnogene, two of Lauro
phyllum, one of Diospyros, two of Apocynophylhim,_ one of Cornus, 
three of Magnoliastrum, one of Malpighiastrum, one of Ceanothus, 
.one of Rhamnus, and five of Celastrophyllum. 

In 1883 Baron von Ettingshausen revised Gi:ippert's work on the 
fossil flora of Java, 1 and made a few changes in the above deter
minations, altering some of the genera, but not seriously affecting 
the family relationships. 

The geological age of the beds yielding these fossil~ was orig
:inally regarded as Eocene, and there is nothing in the flora that in
-dicates a different age, while the strong representation of palms seems 
:rather to confirm this determination. More recent stratigraphical 
•evidence, however, has led the Duteh geologists, especially K. 
:Martin, director of the geological museum of Leyden, to regard them 
r.as Miocene. 

Another plant-bearing deposit has more recently been discovered 
by Engineer Dolprat' while tunneling through the Goenoeng Kendang 
Mountain, situated to the east of Soekaboemi and southeast of Tjiand
jjoer, in the Preanger Regentschappen .. A fairly representative suite 
of specimens collected in this tunnel was sent to the Leyden museum 
and referred by Director Martin to Professor Crie for determination. 
Nine species are described in the paper by Crie, which appeared in 
1888, • consisting of two glumaceous species, o:tie palm ·ap.d six dicoty
ledons, five of which were founded on leaves, the other one on spec-

1 Beitrag zur Kenntniss der Tertiiirflora dcr Insel Java, von C. von Ettingshausen: 
Sitzungsber. k. Akad. Wiss., Wien, math.-nat. Cl., vol. 87, Abth. I, 1883, pp. 175-
193, pl. i-v. 

2 Recherches sur la flore pliocene de Java, par M. L. Crie: !3amml. geol. Reichs
Mus. Leiden, No. 17. I, Beitr. Geol. Ost-Asiens u. Australiens, herausg~geb. von K. 
Martin u. A. Wichmann; vol. 5, Heft I, pp. 1-22, pl. i-viii. 
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imens of silicified wood. This wood, however, was obtained from a 
different locality, in the western part of the province of Buitenzorg, 
and sent to the museum of Leyden by M. Musschenbroek. These 
deposits are regarded as more recent than those last mentioned, and 
are placed by the geologists who have studied them in the Pliocene. 

SU~IATRA. 

Two collections of fossil plants made by Verbeek in Sumatra were 
sent to Dr. Oswald Heer in 1874 aml1875. The first lot was reported 

• upon promptly.' 
The report upon the second lot was deferred mitil the year 18tH. • 

The plants were all obtained from clay shales on the west coast of 
the island, in the so-called Padang Bovenland, the high land of Su
matra. The first coilection came from two localities not more defi
nitely indicated, the second and much richer one from the rivet! Sang
karewang, six kilometers from Telaweh and three kilometers west 
of Kollok, in the Tamah-Datar division, and the beds were of the 
same age. Thirteen species were described from the first installment 
and nineteen additional ones in the second, making the total !lora, so 
far as known, to consist of thirty-two species. They consisted chiefly 
of leaves, many of which were well preserved, and their character 
made it quickly apparent that the beds were of Tertiary age. They 
bear a close general resemblance to the flora of Java, last described, 
and two of the species (Xylo1nites stigmariwfonwis Gopp., and Dnph-. 
nophyllum • Beilschmieclioides Gi:ipp.) are common to the two islands:. 
Besides these two plants, three other genera, Ficus, Diospyros, and'. 
Apocynophyllum, occur in b<;>th floras; and Heer's Piper ant:iqtvnm: 
bears sufficient resemblance to Gi:ippert's Piperites 1Jfiqttel1:antts, 
whose affinities to Piper Baron von Ettingshausen questions, to sug
gest the probability that they both belong at least to the same family, 
But the presence of a Casuarina and a Eucalyptus in the Sumatran 
flora distinguishes it sharply from that of Java as made known by 
Gopport. · ~ • 

The other genera not occurring in the Java flora are the following: 
Bambusium, Cau1i'nites, Sapotacites, Dombeyopsis, Dipterocarpus, 
Sapindus, Rhus, Dalbergia, .and Cassia. Especially noticeable is the 
absence of palms, which, so far as it goes, is favorable to He8l·'s 
earlier view that the beds of Sumatra that yielded these plants were, 
:Miocene and not Eocene. This view, however, he distinctly with-

1 Ueber fossile Pflanzen von Sumatra, von Oswald Heer: Abhandl. schwciz. 
paliiont. Gesell., vol. 1, Basel, 1874, No.2, 26 pp., 3 pl. 

2 Beitrage zur fossilen Flora von Sumatra, von Oswald Heer: Neue Denksehr. 
schweiz. Gesell. gesammt. Naturwiss. vol. 28, Abth. I, Zurich, 1881, No.1, 2.2pp., 
6 pl. 

3 Laurophyllum of Goppert. 



806 IHSTHIBUTION OF FOSSIL PLANTS. 

drew iu his second paper (p. 4) in favor of their Eocene age, as m-
(licated by animal remains. · 

In Ettmgshausen's short paper' on the subject, Heer's Rhus 
lridens . is reg:wded as an oak, and Gi:ippert's Lattrophyllum Beil
schmiedi(rides, referred to·Daphnophyllum by Heer, becomes Bombax 
Heer·i Ett .. These changes, howeve=, do not materially change tho 
general character of the flora. 

BORNEO. 

. . 

The small collection of fossil plants made by Verbeek at Pengaron 
was elnborated by Geyler, and the results were published in 18.75. 
The material was scanty and poorly preserved, and only thirteen dis
tinct forms were recognized. All but three (Litsrea Boettgeri, En
toneuron melastomacenm, and Nepheliwn Verbeek:ian:nm, all uew 
species) were too obscure to be definitely named and classified, and 
were thrown into Phyllites, Carpites, and Legumin.osites, with an 
indication qf their apparent generic relationship. 

Geyler's work on these specimens was revised in 188:.3' by Baron 
von Ettingshausen, and the following changes were indicated: Phyl
;lites (Hopea) prrecursor becomes Alnus In·recnrsor, Phyllites ( Gru
milea) mephitio'i_des becomes Castanopsi.~ mephitioides, Phyllites · 
(Pterosper?nttm) g•racile becomes Cinnamorwnm grcteile, and Nephe
l·i·nm Verbeekianum becomes Phyll·ites Geyleri Ett. 'fhis last case 
is in the direction of greater indefiniteness, but the other three, if 
correct, add considerable character to this small fossil flora. 

The question asked, whether this anll the other floras last consid
ered belong to the Eocene or to the Miocene age, could not, it must' 
be confessed, be determined by the evidence afforded by the plant 
remains alone, although this evidence would be sufficient to indicate 
with certainty that all the beds are of Tertiary age and that they 
do not probably differ greatly from one another in stratigraphjcal 
position. 

In all of Ettingshausen's papers above cited relative to the fossil 
floras of the Sunda Islands, he has taken special pains to correct the' 
impression naturally made upon those who have studied them that 
they were essentially Indian in their character, and to point out 
their resemblance to the Tertiary flora of Europe. He maintains 
that the facts sustain the general proposition that the Tertiary flora 

· ~f the globe was far more uniform than· its present flora, a pro
. position which may be said to be now established. 

1 Beitrag zur Kenntniss der Tertiarflora von Sumatra, von C. von Ettingshausen: 
Sitzungsber. k. Akad. Wiss.,Wien, math.-nat. Cl., vol. 87, Abth. I, 1883, pp. 395-403, 
1 pl. 

2 Zur Tertiarflora von Borneo, von C. vou Ettingshausen: Sitzungsber. k. Akad. 
Wiss., Wien. math.-nat. Cl., vol. 88, Abth. I, 1883, pp. 372-384, 1 pl. 
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Labuan may be regarded as a part of Borneo. In 11353 Mr. J. 
Motley, who had visited the island and found vegetable remains as 
well as other fossils, made a communication to the Geological Society 
of London describing its geology.' In this paper he ~tated that he 
had procured identifiable specimens of nine species of dicotyledons, 
two or three species of feh1s, a large flag-shaped leaf like a crinum, 
and something closely resembling a large thick-stemmed usnea or 
confervoid alga, also four or perhaps five species of palms.· 

These statements of the occurrence of plant remains on the island 
of Labuan were abundantly confirmed by N ordenskii.:ild's visit, that 
traveler having brought back from there a considerable collection 
of them. These were deposited in the museum at Stockholm in 
charge of Dr. Nathorst, who subsequmitly sent them to Dr. Geyler
for determination. The report of the latter has just come to hand' 

·and possesses a special interest for our present subjeut. The matei·ial 
was very fragmentary, but yielded thirty-four distinct forms, nearly 
all impressions of leaves, all but seven dicotyledonous. In nam
ing these plants the author has adopted Dr. N athorst's system of 
affixing the ending "phyllum" to the supposed nearest living genus. 
Upon analysis he concludes that there is no reason to regard this 
Labuan flora as distinct in geologic age from the Tertiary flora of 
Borneo and the other islands of the Sunda group. 

AUSTRALASIA. 

Fossil plants have been found in Australia, New Zealand, Van 
Piemen's Land, and New Guinea, representing the Carboniferous, 
the Mesozoic, and the Tertiary formations. 

AUSTRALIA. 

Perhaps the earliest mention of vegetable petrifactions in Austra
lia is that made by Niemeyer in 1821' of silicified trees or forests 
in the sand dunes of Decres Isla~tcl, on the north coast, the format.ion 
and process of petrifaction of which he offers a theory to explain. 

Brongniart was acquainted with two species of Carboniferous 
plants from the Hawkesbury River, 10 miles north of Port Jackson, 
New South Wales ( Glossopter1:s Browniana, var. attstralasica, arid 
Phyllothecct cmstmli'!, cf. Prodrome, pp. 169, 175; Hist., vol. 1, p. 
223). 

1 On the Geology of Labuan, by J. Motley: Quart. Jour. Geol. Soc. London, 
vol. 9, 1853, pp. 54-57. 

• Ueber fossile Pflanzen von Labuan, von H. Th. Geylfir. Vega-Expeditionens 
Vetenskapaliga.Jakttagelser, af Nordenskiii:d, vol. 4, Stockholm, 1887, pp. 473-507, 
pl. xxxii-xxxix. 

8 Geologisehe und andere naturhistorische Bamerkungen iiber Australien, von 
Chr. Niemeyer: Ballenstedt und Kriiger's Archiv., vol. 2, Heft 2, 1821, pp. 249-258. 
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Specimens of fossil wood collected by Wilton and Burnet at Castle 
Hill and in the sandstone on the coast in the vicinity of Newcastle, 
New South Wa;les, were studied microscopically by Nicol in 1833, • 
and found to be coniferous. . 

The earliest paper on the fossil flora proper of Australia is con
tained in Strzelecki's Physical Description of New South Wales and 
Van Diem en's Land, 1845, and was prepared by Mr. John Morris. • 

Four of the eight species described in this work from the Carbon
iferous formation came from the Newcastle coal mines of New 
South Wales. They embrace two species of Sphenopteris, one of 
Pecopteris, and one of Phy llotheca; the remainder are from Van 
Diemen's Land and will be mentioned later. 

The Rev. \¥illiam Branwhite Clarke discovered a fossil pine for
est at Kurrurkurran, in the inlet of Awaaba, on the east coast of 
Australia, which 'he made the subject of a short communication to 
the Geological Society of London, iu 18±6.' 

A year later Mr. Frederick McCoy made a report upon the fossil 
plants collected by Mr. Clarke and sent to Professor Sedgwick, who 
intrusted the elaboration of the fossil remains, both animal and 
vegetable, to Mr. McCoy.' 

The plant remains occurred in the shales and clays of Mulullimba, 
the sandstone of Clarke's Hill, the siliceous flags of Arowa, and in 
the ·gray shale of Guntawang in New South Wales. They consist 
chiefly of ferns, but one species of V ertelJraria and three of Phyllo
theca are also described. 

Twenty genera of alleged Carboniferous plants, said to embrace 
about sixty species, are enumerated by Mr. Clarke in his paper On 
the Genera and Distribution of Plants in the Carboniferous System 
of New South Wales,• 1848, but a number of these most probably 
belong to the Mesozoic system. . 

Prof. J. D; Dana, in the first appendix to his report on the Geology 
of Wilkes' Exploring Expedition, 1849 (pp. 714-720), describes a con
siderable number of species, three of which are referred to Noeg
gerathia, but the most of them are of Mesozoic type. The new 

· species are figured on pl. xii~xiv of the atlas. They were collected 
at Illawarra··and Newcastle, near the mouth of Hunter River. 

In 1871 Baron von Mueller commenced describing the fossil plants 

1 On fossil woods from Newcastle, New South Wales; with a plate. In a letter 
to Professor Jameson, by William Nieol: Edinburgh New Philos. Jour., vol. 14 
No. 27, 1833, pp. 155-liiS, pl. iii. 

2 Fossil flo~a, pp. 24ii-254, pl. vi-viii. 
"Proe. Geol. Soe. London, vol. 4, 1846, pp. 161-164. 
4 On the fossil botany and zoOlogy of the roeks assoeiated with the coal of'Aus

tralia, by Frederick McCoy: .Annals Mag. Nat. Hist., vol. 20, London, 1847, pp. 
145-157; 226-236; 298-312; pl. ix-xvii; fossil plants, pp. 145-157, 308-312, pl. ix-xi. 

5 Quart. Jour. Geol. Soc. London, vol. 4, 1848, pp. 60-63. 
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of the Auriferous Drifts,' supposed by him to be of early Pliocene 
age, which work he has continued down to quite a recent date. • The 
principal localities are : Smythe's Creek, Nintingbool, and Haddon, 
in the Haddon gold field, Victoria; on the Tanjil, at Orange, Beneree, 
Carcoar, Gulgong, and Eldorado near Beech worth, New South 
Wales ; and on a branch of the Tamar opposite Georgetown; also on 
Geilston Bay, Tasmania. 

The number of the fruits made known by Baron von Muelle1· in 
these important contributions is very large, and their character is of 
extraordinary interest. The forms are so anomalous as to shed com
paratively little light upon the age of thi.s formation, and upon the 
relations that subsist between its flora and that of the present clay. 
It is to be regretted that the eminent author of these researches has 
nowhere given us such a careful discussion and comparison of his 
results as their importance dennnds, and as he is alone qualified to 
prepare. 

In 1872 Mr. R. Daintree published some important Notes on 
the Geology of the Colony of Queensland, with an appendix con
taining descriptions of the fossils by R. Etheridge and William 
Carruthers. • The last-named author described the fossil plants.' 
Lepidodendron nothwn Ung. is here described from the Devonian 
formation. It has been found at Mount Wyatt., Ryedale, and in the 
Mount Lambie Range. 

From Mesozoic strata five species are descril>ed from the Tivoli 
coal mine, including the well known 'J'reniopteris Daintreei lVIcCoy, 
about whose affinities so much discussion has taken place. 

In 1874 Mr. McCoy commenced publishing his important Prodro
mus of the Palmontology of Victorian Organic Remains, in which the 
fossil flora of Victoria is carefully revised and much new material 
added. 

Decade II (1875) contains a description of a number of Mesozoic 
plants· ( Gangamopteris ang·Ltst~fol·ict McCoy, 'l'wniopieris Dcu>nt1·eei 
McCoy, a.ud Pecopteris aust1·alis Morr.), from Cape Peterson, the 
Barabool hills, Murundal, the Wannon River, and Belerine, near Gee
long, all of which are more carefully figured than in any previous 
work. 

Decade IV (187G) deals with some Devonian forms (A-rchwopteri.<; 
Howitt'i McCoy, Sphe·nopteris Igttetnens·is McCoy, and Oordwiie.<; 
cmstralis McCoy) from Iguana Creek. Here is also described and 

1 New Vegetable Fossils of Victoria., describe(! by Baron Ferdinand von JYHiller :. 
Reports of the Mining Surveyors and Registrars for quarters ending 30th of June, 
1811; 30th September, 1871; 30th September, 1873; 31st December, 1873; 30th Sep
tember, 1874; 30th June, 1875; 30th September, 1876. 

2 Observations on New Vegetable Fmsilsof the Auriferous Drifts, by Baron Ferdi
naml von Mueller, Melbourne and London, 1874; second decade, 1883. 

3 Quart. Jour. Geol. Soc. London., vol. 28, 1872, pp. 271-360, pl. ix-xxvii. 
4 Ibid., pp. 350-356, pl. xxvi-xxvii. 
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figured an extremely interesting fossil species of Eucalyptus (E. Plut'i 
McCoy) from Pliocene strata at Dayksford, and two Miocene spe
cies ( Oinnnmmnnm polymorphoicles McCoy and Laurns Werribe
e.nsis McCoy) from near the junction of the Werribee and Lyell's 
Creek. 

Feistmantel's extensive study of the flora of eastern Australia, 
which appeared in 1878 and 187!!,' next demands our attention. 

Tho work was the result of his careful elaboration of an extensive 
series of fossils, sent to him by Mr. W. B. Clarke, at Sidney, New 
South Wales, at the beginning of the year 1876, which included 
fishes and other animal remains and represented the Upper Devonian, 
the Carboniferous, and the Mesozoic formations. The material is 
treated in tho geological order above named; we are concerned only 
with the fossil plants. The work consists of two parts, tho second 
part being of a supplementary character, • but containing many ad
ditional data. In the :first part sixty distinct forms are enumerated, 
only one of which ( Cyclostigm,a australe Feistm.) is from the lowest 
or Upper Devonian formation; seventeen are from Carboniferous 
strata, and the remainder from four distinct beds of Mesozoic ago. 

The second part is devoted to the elaboration_ of another collection 
which the author received from Mr. Clarke shortly before his death, 
in June, 1878. It was found to contain a large number of the forms 
already described,· but in addition to these occurred several new 
species not found in the other collection. Prominent among these 
latter may be mentioned Lepiclo1.'lenclron not hum (U ng.) Carr., early 
reported by Carruthers. This lowest formation, which was repre
sented by only one species in the first collection, is here represented 
by six species, and the Mesozoic forms are proportionally less numer
ous. In this entire work the ·n~w species and the more interesting 
specimens of the many previously known species are fully described 
and thoroughly illustrated in thirty plates. 

According to Feistmantel, as set forth in this elaborate memoir, 
there are in Australia below the Cretaceous the following plant-bear-
ing formations andloealities: . 

Devonian.-Goonoo-Goonoo on Peel River, Back Creek diggings on 
Barrington River, in New South Wales; Iguana Creek on Mitchell 
River, in Victoria; and Mount Wyatt, Canoona River, and Broken 
River, in Queensland. 

Lower Carboniferous.-Port Stephen, Smith's Creek, near Stroud, 
Greta, Stony Creek, Anvil Creek, Rix's Creek, Raymond Terrace, 
Arowa, most of which are near Newcastle, in New South Wales; 
Avon River andRouchel River (district of Durham), in Victoria. 

Trias (Newcastle, Wianam::ttta, and Hawkesbury beds).-New-

1 Palaeontologische Beitrage. III, Palaeozoischc und Mesozoische Flora des 
.OStlichen Australiens, von Ottokar Feistrnantel: PaJaeontographica, Supplement 3, 
Lieferung ·3, Hefte 2-4, Cassel, 1878-'79, pp. 1-195, pl. i-xxx. 

~Ibid., Heft 4., '' N achtrag zur eratern Abha.ndlung, 1879." 
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castle, Mulubimln, Bowanfels, Wallongong, Illawa1·a, Blackman 
Swamp, Guntawang-Mudgee, Cockatoo Island, and ;Mount Victoria, 
on the Hawkesbury River, Wianamatta, Paramatta, Clark's Hill, in 
New South vVale>; aml Bv;chus M•trilh, northwest of Melbourne, 
Victoria. 

Jurassic.-S::mthgate on the Clarance River, New South Wales; 
Cape Patter:s:m, B::tra.bo::Jl Hills, Coleraine, on the Wannoon River, 
Belerine near Ge3long, in Victoria; Ta~gai, on the Condamine River, 
the Ipswich and Tivoli mines, near Brisbane, in Queensland; aTtd 
Springs Hill, in the J erus•ilem ~as in, Tasmania. 

On December 6, 1882, Mr. J. E. Tenison-Woods read before the 
Royal Society of New South Wales a paper describing A Fossil 
Plant Formation in Cc:mtra.l Qaeensland.' This locality is- situated 
o'n the central line of railway which i·uns westward from Rockhamp
ton to the Drummond Rtnge, 2:35 miles from the former place,.1,8±0 
feet above sea level. Four species are described (Lepidodendron 
Felthemianum Sternb., Cyclostigm~ anstmle Feistm., Calamites 
?'nd·ic~tns Brongn., and Calamites varia-ns Sternb., the character of 
which indicates a position for this bed at the base of the Carbonifer
ous formation (Subcarboniferous) or possibly the Devonian. The 
figures are mere photographs and not sufficiently clear to enable 
paleobotanists to recognize the species without the specimens. 

On February 28, 1883, Mr. Tenison-Woods read another paper be
fore the same society.' In this the plant-bearing deposits of Aus
tralia are again reviewed in the light of previous literature, and the 
following geological formations are indicated with their character
istic species: Uppsr Devonian (Victoria), Lower Carb0niferous 
(Queensland, New South Wales, Victoria, also TasmaJ1ia), Newer 
Coal, Trias? (Queensland, Victoria, also Tasmania), Rhetic or Lower 
Lias (Queensland), Jurassic (Queensland, New South Wales, also 
Tasmania). The following localities were not mentioned by Feist
mantei: Lower Carboniferous: C"'nowindraand Cqwra in New South 
Wales; Medway River and Bobuntangen in Queensland; Trias: 
Dawson River basin, and Comet River in Queensland; Rhetic or 
Lower Lias: Talbragar River, Ballinore near Dnbbo, Clifton, and 
Darling Downs, in New South Wales, and Burnett River in Queens
land; Uppar Lias: Bnrrum River near Maryborough. This classi
fication is exclusive of the beds at Rosewood west of Rockhampton, 
yielding Pt.ilophyllum, Vertebraria, Sequoiites, Pecopteris and 
Equisetum, the geological age of which is regarded as uncertain. 
The remainder and principEtl part of the paper is devoted to the de
scription of nearly a hundred forms from the above-mentioned de
posits which he had examined. 

1 Jour. Royal Soc. New South Wales, vol. 16, 188.2, pp. 179-19.2, pl. xi, xii. 
2 On the fossil flora of the coal deposits of Australia, by J_ E. Tennison-Woods: 

Pt·oc. Linn. So~. New South Wales, vol. 8, part 1, Sydney, 1883, pp. 37-167, pl. i-xA. 
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A paper by Milne Curran on the fossil plants of Ballinore and 
Dubbo (probably Permian),' 1885, and another by Woodward on 
Austraiian Mesozoic plants' which appeared ii1 the same year, may 
be mentioned in passing. 

It remains to consider the important contributions of Baron von 
Ettingshausen to the fossil flora of Australia.' · 

The Tertiary flora of Australia, as distinguished from that of the 
Auriferous Drifts, had received very little attention prior to the date 
of these papers. Prof. A. Liversidge, of the University of Sydney, 
sent a large collection of fossil plants, the property of that university, 
to the British Museum for investigation and determination. Mr. 
C. F. Wilkinson, State geologist of New South \Vales, sent another 
collection, made by Mr. J. K. Hume, for the same object. These 
collections were turned over to Baron von Ettingshansen to be ex
amined and reported upon, and the first of the papers above quoted is 
the result. 

Five distinct localities are represented as follows: (1) Dalton near 
Gunning in New South.,Va1es; (2) Wa11erawang, New South 'Vales; 
(3) near Hobart Town, Tasmania; (4) Nintingbool, Haddon, Tangil~ 
Smythe Crook, Eldorado, etc., in Victoria; (5) Gulgong, Bathurst, 
and Lumpy Swamp, in New South Wales. The last two groups 
belong to the Pliocene formation and represent tho same horizon froll). 
which Baron von Mueller obtained the fruits and seeds mentioned 
above. The first-named locality is regarded as of Eocene age, and 

' the remaining four are considered as Miocene. 
Sixty-one species are described in this paper, all now to science. 

It would be interesting to discli.ss the elements of this extensive flora, 
but this can be more profitably done in connection with the other 
species of tl-ie Tert.iary formation which have been made kuowll~ by 
other authors, and Barmi von Ettingshausen has rendererl this 
task easy by the preparation of a table of distribution of the entire 
Tertiary flora of Australia. :B'rom this it appears that ninety-eight 
species of Tertiary plants had been described at that elate. Of 
these but a single cryptogamous species occurs (Pteris HLtmei Et.t.), 
from the Eocene of Dalton, New South Wales, a. femn which he com
pares with P. inreqnalis Heer, from the Tertiary flora of Europe, 
and with P. trerrL'Ula L., from the living flora. Almost as remark
able is it that only two coniferous species occur (Sponrlylostrobns 

1 On some fossil plants from Dubbo, New South Wales, hy J. M:ilne-Curran: Proc. 
L'nn. Soc. New South Wales, vol. 9, 1884-, Sydney, 188fi, pp. 250-254, pl. ix. 

2 Notes on some 'Mesozoic Plant-Remains from South Australia, by Henry vVood
ward: Geol.Mag., 3d series, vol. 2, London, 1885, pp. 289-292, pl. vii. 

3 Beitragc zur Kenntniss der Tertiarflora Amtraliens, von C. von Ettingshausen: 
Denkschr. k. Akad. Wiss., Wien, unth.-nat. Cl., vol.47, Abth.I, 1883, pp.101-148, 
pl. i-vii. Zweite Folge. Ibid., vol. 53, Abth. I, 1886, pp. 81-142, pl. viii-xv. 
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Smythii F. v. M., and ArcH&caria Johnstoni·i F. v. M.), and scarcely -
less so that only one monocotyledonous species (llficrorrhagion · 
Liversidgei Ett.) appears. The Tertiary flora of Australia is seen 
to consist chiefly of dicotyledonous plants. Of these thirty-one 
are placed under apetalous genera, thirty-six under polypetalous, 
and eleven under gamopetalous; besides these there are seventeen 
whose systematic position is uncertain. Of the apetalous genera 
Quercus has·five species, Oinnamomum four, Lg,urus three, Betula, 
Fagus, and Conchotheca two each. The Proteace::e, however, to 
which the last genus belongs, are represented by eight species. 'vVe 
find also the genera Myrica, Alnus, Oastanopsis, Salix, Ficonium, 
and Artocarpidium. The other proteaceous genera are Lomatia, 
Knightia, Banksia, Conchocaryon, Oelyphina, and Dryaudroides. 
The largest polypetalous genus is von Mueller's Peuteune, which he 
places in the Sapindace::e, and of which there are four sp':lcies of poly
petalous orders; the order Sapindace::e is the best represented, em
bracing with Penteune ten species, one of which is a true Sapi_ndus 
(S. Tctsmanictts Ett. ). Of other orders the Capparide::e_ are repre
sented by four genera and five species, the Myrtace::e by three species 
of Eucalyptus, the C::esalpinie::e by two species of Cassia and one 
Leguminosites, the Magnoliace::e by two species of Magnolia, the 
Saxifragace::e by two of Bom bax. The followii1g orders are each rep
resented by one species: Menispermace::e, Tiliace::e, Olacine::e, Pit
tospore::e, Ce1astriue::e, Rhamne::e, Oalyciflor::e, and Papilim1ace::e. 

The Gamopetal::e embrace plants of the Rubiace::e, one- species; 
Apocynace::e, five species; Boragine::e, one species; Verbenace::e, two 
species; and Sapotace::e, two species. 

From the comparatively small number of myrtaceous, proteaceous, 
and leguminous plants, together with the considerable sprinkling of 
cupuliferous species, it is obvious that the author of this paper has 
good gL"Ound for maintaining that the Tertiary ·fiora of Australia is 
analogous to other well known Tertiary floras rat.he1· than to the liv
ing flora of Australia, and he regards these facts as furnishing an 
important confirmation of his views on this general question. It is 
true, however, as Dr. N athorst has pointed out,' that the specimens 
figured by Ettingshausen are too fragmentary to render his deter
minations a sufficiently safe guide for deducing such important con
clusions. 

The second contribution is the result of the elaboration of a fine 
collection sent by Mr. C. S. Wilkinson, chiefly from Vegetable Creek, 
near Emmaville, but also from Rocky Creek, Tingha, and Elsmore, 
in New South Wales. From this material the baron has obtained 
one hundred and twenty-eight additional species, the character of 
which, compared with other floras of known age, would place them 
in the Lower Eocene. An analysis of the results shows a quite dif-

1 BC?tanisches1Centralblatt, vol. 2;}, Cassel, 1886. 
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ferent character from the Miocene flora. It contained but two 
cryptogamous and one cycadac~ous species, but the Conifer::e are here 
represented by eleven species belonging to almost as many genera. 
The largest dicotyledonous orders are the Proteacem (20 species), Ou
pulifer::e (14) Myrtace::e (10), and Laurine::e (7). The largest genera. 
are Quercus (9 species), Banksia (7), Ficus (5), Lomatia (5), Fagus, 
Apocynophyllum, Aralia, Eucalyptus, and Oallistemophyllum (± 
each). 

The preponderance in this collection of elements related to the 
present flora of Australia is difficult to explain, in ·view of their 
meager representation in the previous one. On any theory of the L'e
velopment of the present flora out of these past ones the living ele
ments should increase in relative prominence as the geologic an
tiquity diminishes. This is the reverse of the present case. It must 
therefore be assumed that as we come to know the later extinct floras 
better we shall find these elements to increase in importance. 

The illustrations are much better and the specimens more perfect 
than in the first collections, so that whatever objections may be raised 
to the baron's conclusions, he has furnished satisfactory d.ata for his 
critics to proceed upon. 

In a letter dated November 2, 1887, Mr. I. C. Russell informs me 
that when in Australia he .obtained good specimens of Glossopteris . 
and other Jurassic plants from blocks of light-colored calcareous rock 
that had been detached from the sea-cliff on the coast at the mouth 
of the harbor of Sydney, New South Wales. 

TASMANIA. 

In the foregoing attempt to treat the fossil flora of Australia as 
distinct from that of Tasmania, mention has been unavoidably made 
of the latter colony. In the earliest paper to which reference was 
made, viz, Morris's contribution to Strzelecki's Physical Description 
of New South Wales and Van Diemen's Land, half of the species 
enumerated were from the Jerusalem basin of Van Diemen's Land, 
which were referred to the Rhetic or Lower Lias. They em brace 
Pecopteris nustral·is Morr., P. (Thinnfeldia) odontopteroides Morr., 
Zeugophyllites elongatus Morr., and one species of Sphenopteris be-
longing to the section of S. linearis Sternb. · 

In Tmiison-W oods's enumeration of localities for fossil plants the 
following points in Tasmania are mentioned, with the characteristic 
species found at each: The Mersey coal-field, Don River, Spring Bay, 
and the valley of the Derwent, yielding Glossopteris, Phyllotheca, 
and Vertehraria doubtfully referred to the Permian formation; 
Jerusalem Brtsin and Spring Hill yielding the forms mentioned by 
Morris from the first of these localities. 

It was also seen in Baron von Ettingshausen's work just consid
ered that one of the prominent localities for Tertiary plants was 
nea1· Hobart Town in Tac;mltnia, where ·Darwin examined them in 
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1836.' A larga number of species were obtained from the following 
points. in this vicinity: Risdon, Shoebridge's lime kiln, Geilston, 
Pipeclay Bluff, Cornelian B:.ty, Sandy Bay, One Tree Point. Ettings
hausen refers these beds to the_Miocene formation, and the species 
were unavoidably included in tho discussion of that paper. 

More recently Mr. R. M. Johnston has reported Jurassic plants 
from Adventure Bay on Bruni Island," Compton, Old Beach,' in 
the Longford Coal basin at Norwich, 4 and at Lord's Hill, New Town ; • 
as also of Tertiary plants at Table Cape. 6 He has also prepared a 
valuable Reference List' of all the Cenozoic species described down 
to 1886, in which it appears th(lt, in addition to the localities already 
mentioned, Tertiary plants have been found at Stevenson's Bend, 
Launceston, Breadalbane, W aratah, and Macquarie Harbor, and 
Pliocene fruits at Beaconsfield, Muddy Creek, and Launceston. 

In the large and admirable work by this author on the Geology of 
Tasmania, • which has reached rue too late to receive adequate tt•eat
ment, the ·fossil plants have received special attention. The follow
ing localities are either new or are more definitely stftted than in 
earlier papers: Cambro-Silurian: Cabbage-Tree Hill, Beaconsfield; 
Mesozoic: Mount Nicholas, Mount Cygnet, Campania, Spring Hill, 
Mount Wellington, Richmond, Okehampton, Ben Lomond; Ter
tiary: Mount Bischoff near The Forest, Glenora, Wallerwang, 
Beaconsfield Deep Lead, Corra Lynn, Wind Mill Hill (Launceston). 

NEW ZEALAND. 

The first plant remains that were described from New Zealarid 
were those collected by Hochstetter and elaborated by Unger in the 
report of the N ov~ra e-xpedition, 1864. • 

The plants of this collection belong to two horizons, Mesozoic and 

1 Journal of Researches, etc., New York, 1871, p. 448. 
• Notes on the geology of Bruni I~land, by R. IlL Johnston: Papers and Proe. Roy. 

Soc. Tasmania, 1886, pp. iv, 18-26, with sections (geologic). · 
3 Remarks regarding coal seam opened out by 1\fr. Brock at Compton, Old Beach, 

by R.l\LJohnston: Ibid., pp. 1G5, 156. · 
4 Remarks on the Longford Coal Basin, by R.1\L Johnston: Ibid., pp: 156-160. 
5 Fresh contribution to our knowledge of the plants of Mesozoic age in Tasmania, 

by R.M.Johnston: Ibid., pp.160-182, 1 chart. 
6 Note on the discovery of plant remains in the Tertiary Marine Beds at Table 

Cape, Tasmania, by R. li'L Johnston: Ibid., pp. xx, xxi. 
7 Reference Li.st of the Tertiary Fossils of Tasmania, by R. l\L Johnston: Ibid., 

pp.124-14Q. 
8 Systematic account of the Geology of Tasmania, by Robert M. Johnston, Tas-

mania, l888, xxii, 408 pp., lvii pl., 4 o. · 

9 Reise der Chterreichischen Fregatte Novara urn die Erde in den J ahreu 1857, 
1853, 18:-i[), etc. Wien, 186!. Geologischer Theil, vol. 1, Abth. II, Palaontologie von 
Neu-Seeland; I, Fossile Pilanzenreste aus Neu-Seeland, beschrieben von Dr. Franz. 
Unger, pp. 3-13, pl. iv. 
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Tertiary; from the former only two recognizable species are described 
(Asplen·inm pnlceopteris Ung. and Polypod·itm~ Hochstetteri Ung.), 
from a point between the mouth of the Waikato and Whaingaroa on 
the west coast of New Zealand, in the province of Auckland, re
ganlcd by Unger as probably in the Wealden formation. Frag
ments of a palm (Phcenicites), of an equisetaceous plant (Equisetites), 
and of a fern (Neuropteris ?) were also found in the coal-bearing 
strata of Pakawau on Massacre Bay, province of Nelson, South Island,· 
also regarded as of Mesozoic age. · 

Thirteen species of dicotyledonous plants are described from the 
Tertiary strata of New Zealand, ch1efly from a coal bed at Drury 
near Auckland, and another near Nelson; only four of these were 
suffiCiently well preserved to be referred to their proper genera. 
One of these was a beech (Fngus Ninnis·innn U ng.); two are referred 
to Loranthophylium (L. Griselinict Ung. and L. dubium Ung.); the 
.remaining species is his Myrt·ifoli·um, Lingnn, which he doubtfully 
refers to the Myrtacern. The nine species of Phyllites are supposed to 
represent the orders U rticacern· ( Artocarpe<B), Laurin ern, Leguminosm 
(Myrtacern), Cupuliferrn, and perhaps some other orders. 

Three species are described from silicified trunks, one of which is 
a new species of Nicoiia (N. Zelctndicn Ung.), from the Drift at 
Mutere Hills near Nelson, and from Hunua Range near Drury. 
Another is a Dammara (D. fossilis Ung.), from fossiliferous sand
stone near Richmond, which was scarcely distinguishable in its inter
nal structure from the living species D. nu,str-nlis, and the age of 
which is not further indieated. The remaining species is Podoca?·
pimn clacrydioicies U ng., from the trachyte of Great Barrier Island 
and from the River W aiau, the structure of which is intermediate 
between that of Podocarpus and that of Dacrydium. 

Qnite recently Baron von Ettingshausei1 has published the results 
of his investigation of a fine collection of fossil plants which Dr. J. 
Haast and Prof. T. J. Parker have sent him from fifteen distinct 
localities in New Zealand,' and which represent the Triassic (Rho
tic?), the Cretaceous (Senonian?), and the Tertiary (Eocene) formac 
tions.· The Triassic plants are from Mt. Potts, Haast Gully, Mal
vern Hills, Mataura, and W aikawa, and number twenty-three spe
cies. ~he Cretaceous plants were collected from Pakawau, Grey 
Rive1;, Wangapeka, and Reefton, and embrace thirty-seven species. 
The Tertiary plants were found at Shag Point, Dunstan, Landslip 
Hill, Malvern Hills (at a higher horizon), Roca Cliff Gu11y, ·vreka 
Pass, and Murderer's Creek, and have yielded fifty-one species. 

In the memoir which has just reached me from the author the 
Eocene and the Cretaceous plants alone are described, the Triassic 

1 Beitrage zur Kenntniss der fossilen Flora Neuseelands, von Constantin von 
Ettingshausen: Denkschr. k. Akad. Wis;;., Wien, math.-nat. Cl., vol. 53, Abth. I, 
1887, pp.141-192 (1-52), pl. i-ix. 
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forms being reserved for a second part. The Eocene flora here por
trayed consists of fifty-two species, including one problematicarfruit 
whose botanical position is uncertain. The remaining fifty-one species 
are distributed through the system as follows: cryptogams (ferns), 3; 
Cycadacere, 1 (Zamites sp. indet.); Coniferre, 10; monocotyledons, 2 
(one a palm); a petalous dicotyledons, 22; gamopetalous dicotyledons, 
3; polypetalous dicotyledons, 10. The largest genus is Quercus, with 
four species; .Myrica and Fagus have ea,ch three species, and Aspid
hun, Araucaria, Dammara, Podocarpus, Apocynophyllum, and Cassia 
have two each. No other. genus is represented by more than one 
species. Among these are to be observed many which are still living 
in Australia. 

The Cretaceous flora consists of four ferns, eight Coniferre, four 
monocotyledons (one a palm), thirteen apetalous dicotyledons, and 
.seven polypetalous dicotyledons, making a total of thirty-six species. 
The genera Podocarpium and Quercus have each three species, while 
Fagus, Ulmophylon, and Dalbergiophyllum have each two, the re
mainder being represented by only a single species each. 

In this paper the author has not entered into a discussion of the 
·elements of these floras, as he will probably do at a subsequent time. -' 
They certainly are not less remarkable from the point of view of the 
-origin and geographical distribution of plant life than others which 
he has discussed. 

NEW GUINEA. 

Hardly anything is yet known of the fossil flora of New Guinea, 
the only mention of which occurs in some notes on rocks and 
minerals from that island, read before the Royal Society of New 
·south Wales, by Rev. A. Liversidge.' He· found there numerous 
specimens of fossil wood, chiefly silicified, with the vegetable struct
ure well preserved. They were only seen in the natives' fire-places, 
.and their source was not discovered; no attempt was made to iden
tify the genera or species, nor any suggestion given as to their geo
logical age. -

KERGUELEN LAND. 

It is an interesting fact ,that silicified wood has been discovered on 
Kerguelen Land. Specimens were first observed during the Ant
.arctic voyage of Her Majesty's discovery ships Erebus and· Terror, 
1839-1840, and received mention by Dr. Hooker in Part II of his 
Flora Antartica• (p. 219.), published in 1847.' 

1 Notes on some rocks and minerals from New Guinea, etc., by A. Liversidge: 
..Jour. and Proc. Roy. Soc. New South Wales, vol. 20,1886, Sydney,.1887,pp., 227-230. 

2 Flora Antarctica. Part II: The Botany of Feugia, the Falklands, Kerguelen's 
Land, etc. Under the general title, ''The Botany of the Antarctic Voyage of Erebus 
:and Ter1·or, 1839-1843;" London, 184(, 40, pp. 219,220. 

3 See J. N. Mosely: Notes by a Naturalist on the Oha!lenger. London, 1879, p. 195. 
8 GEOL-· -52 

' 
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Collections were also made by Baron von Schleinitz. The speci
mens were found in Tertiary strata permeated by veins of basalt. 
They were examined by Dr. Goppert,' and two species, Araucarites 
Schleinitzii Gopp. and A. Hookeri Gopp., were distinguished. 

MADEIRA. 

The existence of lignite in the valley of St. Jorge,· on the north. 
coast of Madeira, was first made known by Mr. James Smith • in 
1841, and formed the basis of Professor Johnston's opinion that they 
had been formed by the deposition of peat, which argued for the ex
istence of a colder climate at that period. Subsequently Prof. Os
wald Heer visited the place in hope of finding the remains of fossil 
plants associated with the lignite, but the excavations necessary 
were too great for the facilities he possessed and his efforts were un
successful. . Still later Sir Charles Lyell, accompanied by Mr. (later 
Sir) Charles J. F. Bunbury, spent considerable time among the Ma
deira Islands and made special efforts to investigate the lignite bed 
of St. Jorge, which were rewarded by the verification of Heer's pre
diction that recognizable plant remains would be found. In a paper, 
consisting of extracts of letters of Sir Charles Lyell to Mr. L. Horner, 
communicated to the Geological Society of London on March 22,1854, • 
an accou!lt is given of the geology of the Madeiras, and special men
tion is made of the plant remains discovered. The material was ex
amined by Mr. Bunbury, who was an authority on Carboniferous 
plants, and who suppo~ed he recognized the genera Pecopteris, 
Sphenopteris, Adiantum, and Woodwardia, but he seems not to have 
realized how recent the deposit was. Specimens collected in this bed 
by Hartung and Ziegler-Steiner were forwarded to Heer, who gave 
them a thorough investigation, figuring the principal ·specimens. 
An important monograph published in the memoirs of the Swiss 
Natural History Society in 1855 was the result. • · Twenty-five spe
cies are described, a large proportion of which belong to the living 
flora of Madeira and the adjacent parts of Africa and Europe, but 
seven species were regarded as extinct. The collections by Lyell 
and Bun bury were elaborated by the latter, and his report was com
municated to the Geological Society of London on April 28, 1858. • 

I Revision meiner Arbeiten uber die Stainme der fossilen Coniferen, von H. R. 
Goppert: Botanisches Centralblatt, voL 6, Cassel, 1881, pp. 27-30, 98-101, 170-174, 207-
212. ' 

2 On the Geology of the Island of Madeira, by James Smith: Proc. Geol. Soc. Lon
don, vol. 3, 1841, pp. 351-855. 

son the Geology of some parts of Madeira, by Chas. Lyell: Quart. Jour. Geol. 
Soc. London, vol. 10, 1854, pp. 325-328. 

4 Ueber die fossil en Pflanzen von St. Jorge in Madeira, von Oswald Heer: Denkschr. 
schweiz. Gesell. gesammt. Naturwiss., vol. 15,1885, No.2, 40 pp., 3 pl. 

50n some vegetable remains from l\iadeira, by Charles J. F. Bunbury: Quart. 
Jour. Geol. Soc. London, vol. 15, 1859, pp. 50-59. 
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He was then acquainted with Heer's paper, and his material for the 
most part agreed with that of the Swiss author, but he distinguished 
a few additional species of. ferns and dicotyledons, the latter of 
which he referred to Phyllites. No figures accompany his paper. 

WEST INDIES. 

The only one of the West Indies from which fossil plants have 
been reported is the island of Antigua, one of the lesser Antilles. 
This bed, containing silicified wood, seems to have been discovered 
very early in the history of the country. Scheuchzer' speaks of. it 
as a fact long known and refers it to Lhwyd's genus Lithoxylon. 

·Since that time specimens have been distributed quite generally 
throughout Europe. In 1818 some specimens came to the hands of 
Benj. Silliman• and formed the basis of a notice in the Ameriqan Jour
nal of Science. Mr. William Nicol stated in 1833' that he had exam
ined upwards of a hundred specimens from the island of Antigua 
and found them chiefly dicotyledonous, but a few monocotyledo
nous, and no Coniferffi. · 

Prof. S. ·Hovey gives an interesting account of this locality in the 
American Journal of Science and Arts for January, 1839,' founded 
partly on personal observation, but also drawn largely from the
papers of Dr. Nicholas Nugent' and those of Dr. Thomas Nicholson.~ 

He states that-in addition to the silicified wood, or chert, so com
mon on the island, petrified leaves have been found in the clay 
formation near its junction with the trap at Drew's Hill, and that 
these leaves belong to trees of the dicotyledonous class, among which 
Dr. Nicholson thought he recognized those of Ficus pertusa Nich. 
and a species of Melastoma. Professor Hovey gives a glowing de
scription of the silicified remains, among which he imagined to occur 
petrifactions of Pisonia s1tbcordata Nich. and of the cocoanut tree. 

Not to mention numerous other allusions to this deposit, the rece:q.t 
elaborate paper of Dr. J. Felix, of Leipzig, on the fossil wood of the 
West Indies, 7 demands special mention. This paper is chiefly de
voted to the wood of this locality, sixteen species being descr.ibed 
from Antigua, five of which are palms, the remainder being dicoty
ledonous species. Dr. Felix has carefully studied these forms, and 

1 Herbftrium Diluvianum, ed. nov., 1723, p. 102. 
2 Petrified wood from Antigua, by B. Silliman: Am. Jour. Sci., vol. 1, 1818, pp. 

56, 57. 
'Observations on the structure of Recent and Fossil Coniferre, by William Nicol: 

Edinburgh New Philos. Jour., vol. 16, 1834, pp. 137-158,310-314. (Seep. 155.) 
4 Geology of Antigua, by S. Hovey: Am. Jour. Sci., vol. 35, 1839, pp. 75-85. 
5 A sketch of the.geology of the Island of Antigua, by Nicholas Nugent: Trans. 

Geol. Soc. London, vol. 5, 1821, pp. 459-475. 
6 Antigua Almanac and Register. 
7 Die Fossilen Holzer W estindiens, von J. Felix: Sammlung palaeontologischer 

Abhandlungen, series 1, Heft 1, Cassel, 1883, pp.1-29, pl. i-v. 
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establishes a number of new genera founded upon them. His genus 
Tmnioxylon, which he places in the order of Leguminosre, near to 
Cresalpinia and Mimosa, receives three of these species; his Zittelia, 
haYing a somewhat similar structure and probably belonging to the 
sam.e faniily, furnishes one species (Z. elegans Fel.); and his Cassi
oxylon one (C. anomalum), making seven species of that family. 
The Sapindacore are represented by Schmidel-iopsis ~irrkelii Fel., the 
Anacardicere by Anacardioxylon spond-iaeforme Fel., and the Ebe
nacere by Ebenoxylon diospyroidPs,: besides these are described three 
species of his geims Helictoxylon, fouJ?.ded in 188B,' ha¥ing numer
ous and very sinuous medullary rays indicating its relation to the 

-lianes of the tropics. ' 
The palms are all p~aced under the unnatural genus Palmoxylon. 

SOUTH AMERICA. 

Vegetable remains have been discovered in Chili, the Argentine 
Republic, Bolivia, and Brazil. 

CHILI. 

In 1835 Mr. Charles Darwin found "great prostrate silicified trunks 
of trees embedded in a conglomerate" near the house of his host, Don 
Benito, above Potrero Seco, wesfof the Upsallata Pass of the Cor
dilleras, the structure of which, he says, was perfectly preserved, 
and one of which measured 15 feet in circumference. • 

Mr. Dar.win, in his <;elebrated voyage round the world in Her Ma
jesty's steamship Beagle, noted" fragments of wood" and "leaves of 
trees" on the eastern coast of Terra del Fuego on Sebastian Bay,' 
now absorbed in Chili. Dr. Hooker informed him that some of the 
latter belonged "to three species of deciduous beech, different from 
the two species which compose the great proportion of trees in this 
forest-clad lan<t." • 

Messrs. Mallard and Fuchs brought from Ternera, Chili, in the 
district of Atakama, some specimens of fossil plant of Jurassic age • 
which were determined by Messrs. Zeiller• and Schimper. The im
pressions occur in fine-grained grayish-blue sandstone schists, and 
are referred by the geologists above named to 'the base of the 
Jurass~c or Rhetic formation. The only species described is Pecop-

- . 
1 Untersuchungen tiber fossile Holzer, von J. Felix: Zeitschr. deutsch. geol. 

Gesell., vol. 35, Berlin, 1883, pp. 59-91, pl. ii-'-iv. (See page 66.) 
2 Journal of Researches, New York, 1871, p. 353. 
a Geological Observations on South America, London, 1851, p. 118. 
4 J. D. Hooker: Botany of the Antarctic Voyage, H. M. S. Erebus a~d Terror, · 

1'839-1843, vol. 2, London, 1847, p. 212. 
5 Bull. Soc. Geol. France, 3d series. vol. 3, 7 Dec., 1874, pp. 56. _ 
• Note sur les Plantes fossiles de la Ternera (Chili), par R. Zeiller: Ibid., 1875, pp.

.'i72-574, pl. xvii. 
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teris Fuchsi Schimp., b~t fragments determinable as Jeanpattlia 
Miinsteriar;a Presi, Angiopte1·iclium ]fiinsteri (Gopp.) Schimp., Pe
copfe·ris Goppertianct (Miinst.) Schimp., Dictyophyllum acutilobum, 
Fr. Br., Podozamites cUst6.ms Presl., and Pal-issya Brauni·i Endl., ac
companied the collection. 

Coi).sul Ochsenius discovered at Coronel, in southern Chili, latitude 
36° south, in a lignite deposit probably of Miocene age, some interest
ing plant remains, which were elaborated by Dr. F. Kurtz and found 
to embrace one species of Sequoia allied to S. Tournalii Sap., a fern 
related to Pteris eocenica Ett. & Gard. ,.and numerous dicotyledon
ous leaves resenibling those of N ectandra and Tetranthera in the 
Laurinem.' 

ARGENTINE REPUBLIC. 

Mr. Darwin seems to have been the first to discover vegetable re- · 
mains in the Argentine Republic. While on his return from Men-. 
doza to Valparaiso through Upsallata Pass, on March 29, 1835, lie 
observed a veritable silicified forest, which is described on page 
332 of the New York edition of his Journal of Researches. From 
the fact that it was on the next day that the party reached the cus
tom-house, which must have been on the line between Chili and the 
Argentine Republic, it seems a safe inference that this region was 
within the territory of the latter country . 
. .Alfred Steltzner, of Freiberg, while professor at the University of 

Cordoba, Argentine Republic, made in the years 1871-'73 two geo
logical excursions, the one to the provinces of Catamarca and La 
Rioja, the other to the provinces of San Juan and Mendoza: The 
general results of the expeditions were published in theN eues J ahr
buch fiir Mineralogie, etc. (1872, pp. 630-636; 1873, pp. 726-744), and 
the more special results form Supplement 3 to. Palaeontographica, 
1876. Fossil plants were collected from five distinct localities: (1) 
Las Gredas on the eastern slope of the Sierra Famatina, province.of 
La Rioja; (2) Las Mareyes in the province of San Juan, in the Sierra 
de la Huerta; (3) Punta de la Laja; (4) Challao (the last two on the 
eastern slope of Sierra Mendoza); (5) Cuesta Colorado, province of 
La Rioja. Most of the plants are found in the bituminous shale 
of Mendoza. At Ag11a de la Zorra occur numerous silicified trunks 
of trees standing erect, which did not escape the keen eye of Mr.
Darwin' when in that country. The latter traveler submitted spec
imens of this wood to Mr. Robert Brown, the eminent botanist, who 
examined it microscopically and pronounced it coniferous, "partak-

·- ing of the character of the Araucarian· tribe, with some curious. 
pqints of affinity with the yew." 

1 Of. Engler's Versuch einer Entwicklungsgeschichte · der Pflanzenwelt, Theil 2, 
p.l1. 
~Geological Observations on South America, London, 1851, P: 202. 
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The fossil plants and a few animal remains obtained on this ex
pedition were investigated by Dr. Hanus Bruno Geinitz.' Seventeen 
different forms are distinguished, ten of which are from the coaly 
.sandstone shales of Mareyes, in the province of San Juan. The 
plants all belong to the ferns, cycads, and Coniferm, and include such 
characteristic Mesozoic genera as Thinnfeldia, Pachypteris, Ptero
phyllum, Otopteris, Baiera, and Pali$sya, which point to the base of 
the Jurassic, or Rhetic formation, as the probable age of these beds. 

An apparently new locality, viz, at Cacheuta, south of Mendoza, 
but obviously of the same age as the beds last mentioned, has re
cently been brought to light by Dr. R. Zuber, fossil plants from 
which are described by Dr. Ladislaus Szajnocha of Cracow, to whom 
they were sent. 2 The forms present a remarkable resemblance to 
those of the Jerusalem,beds of Tasmania and of the Tivoli and Ips
wich mines of Queensland, classed as upper Trias, and even the 
supposed exceptional paleozoic type, Oardiopteris Zuberi Szaj
nocha, is pronounced by N athorst to b.elong to the Rhetic genus 
Ptilozamites.' 

In 1879 General Roca, of the Argentine army, con.ducted an expedi
tion to the Rio Negro. On the south bank of that river Captain 
Rhode, of that expedition, collected eighteen specimens of silicified 
wood, which were subsequently sent to Dr. Hugo Conwentz, of Dan
zig, so well known for his researches into the amber inclusions of 
north Prussia and into the minute histology of fossil plants. His 
paper describing the forms detected in this collection was publisb,ed 
by the Argentine Government in 1885.' The particular localities 
were west of Fresno-Menoco, Picu-Pren-Leuvu, and Katapuliche, in 
a formation believed to correspond to the Lower Oligocene of Eu
rope. Dr. Conwentz found in this collection six distinct forms, to · 
four of which he gives specific names, i·egarding them as distinct 
from any species hithe"rto described. Three of these forms were 
referable to the genus Cupressinoxylon, one to Glyptostroboxylon, 
and one to Araucaryoxylon. It is to be regretted that these struct
ures a.re not figured in the report. 

1 Ueber Rhatische Pflanzen- und Thierreste in den Argentinischen Provinzen La 
Rioja, San Juan, und Mendoza, von Hanus Bruno Geinitz. Beitrage zur Geologie 
und Palaeontologie der Argentinischen Republik. · II, Palaeontologischer Theil: 
Abtheilung II. Palaeontographica, Supplement III, Cassel, 1876, pp.l-14, pl. i, ii. 

2 Ladislaus Szajnoclia: Ueber die von Dr. Rudolf Zuber in Sud-Argentina und 
Patagonien gesammelten Fossilien. Verhandl. k.-k. geol. Reichsanstalt, Wien, 
1888, No. 6, pp. 146-151. Sitzungsber. k. Akad. Wiss., Wien, math.-nat. Cl., vol. 
97, Abth. 1, 1888, 27 pp., 2 pl. 

3 Neues Jahrbuch fiir Mineral., 1889, vol. 1, Heft 2, p. 202. 
4 Sobre Algunos Arboles F6siles del Rio Negro, por el Dr. H. Conwentz: Boletin 

de Ia Academia N acional de ciencias en Cordoba (Republica Argentina), vol. 8, En
trega 4• Buenos Aires, 1885; pp. 435--456. 
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BOLlVIA. 

M. Alcide D'Orbigny, in the paleontological part of the third volume 
of the report of his voyage in South America,' describeti and figured 
two species of Cruziana from the Upper Silurian of Bolivia. Both 
were found between Cotani and Sacava, in the province of Qocha
bamba, at Tiquipaya and Quillacollo, and to the east of Yamparaes, 
in the department of Chuquisaca. 

A few vegetable remains of Tertiary age have recently been ob
tained by Dr. Ochsenius' at Cerro de Potosi, in Bolivia, which have 
been studied by Dr. Engelhardt.' · 

In the latter of these papers he describes and figures six new 
species founded on small but tolerably well preserved leaves, which 
he refers to Myrica, Cassia, Sweetia, and Phyllites. 

BRAZIL. 

Although the coal beds of the southern provinces of Brazil have 
long been known, no fossil plants were reported from them prior to 
1869. The Geological Magazine for April Of that year contains a 
short paper by Mr. Nathaniel Plant On the Brazilian coal fields, 
giving some account of these beds, which is followeJ by Mr. Car
ruthers's description of some specimens placed in his hands for identi
fication.• The specimens came from the shales above the coal in the 
province of Rio Grande do Sul, and consist of one species of N oeg
gerathia (N. obovata Carr.), one of Odontopteris ( O, Plantiana 
Carr.), a.nd one of Mr. Carruthers's genus Flemingites (F. Pedroantts 
Carr.), founded on its peculiar strobilus, which differs from that of 
Lepidostrobus in having a double row of sporangia under each scale. 
The character of these remains places the Carboniferous age of the 
Brazilian coal fields out of question. 

Prof. Orville Derby, of the Brazilian Geological Survey, collected 
at Rio Trombetos and Rio Curua some specimens showing peculi~r 

I Voyage dans l' Amerique Meridionale (le Bresil, la republique orientale de 
!'Uruguay, la republique Argentine, la Patagonie, la republique du Chili, la repub
lique de Bolivia, la republique du Perou), execute pendant les annees 1826,1827, 1828, 
1829, 1830, 1831, 1832 et 1833 [Publie sous les auspices de M. le Ministre de l'In
struction publique], par Alcid~ D'Orbigny. Vol. 3, Geologie; 4• partie, Paleontol
ogie, Paris et Strasbourg, 1842, pp. 1-188, pl. i-xxii. (Foss. plants, pp. 30, 31, pl. i.) 

2 Ueber das Alter einiger Theile des Sudamericanischen An den, II, von Carl Och
senius: Zeitschr .. deutsch. geol. Gesell., vol. 39, Heft 2, 1887, pp. 301-313. 

3 Ueber fossile Blattreste vom Cerro de Potosi in Bolivia, von I:L Engelhardt: 
Sitzungsber. naturwiss. Gesell. Isis in Dresden, 1887, Abh. V, pp. 36-38, pl. i, fig. 
10-16. 

4 0n the Plant Remains from the Brazilian Coal Beds, with Remarks on the Genus 
Flemingites, by William Carruthers: Geol. Mag., vol. 6, London, 1869, pp. 151-156, 
pl. v, vi.· 
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spores, which he brought to Washington and submitted to me for 
examination in 1882 or 1883. With them were other specimens ex
hibiting fragments of Lepidodendron or Sigillaria embedded in 
quartz. The latter were too imperfect for identification, but the 
former interested me greatly; and knowing that Dr. J. W. (now Sir· 
William) Dawson, had been making investigations of similar spores, 
I suggested that these be sent to him for determination. The results 
of his study of these objects were laid before the geological section 
of the American· Association for the Advancement of Science at 
its thirty-second meeting, in Minneapolis, August, 1883. In his 
paper he described them as· Sporangites (Protosalvinia) Brazil
iensis, and S. (P.) bilobatus, from their analogy to forms found in 
the Devonian in Canada. The supposition that the Brazilian beds 
belong to that age is 'natural, though it is, of course, merely a sup
position. 

While investigating these specimens Dr. Dawson discovered that 
he was already in possession of certain other spore cases, collected by 
the late Professor Hartt at Rio Tapagos above Haituba, in Brazil, and 
that he had prepared, but not yet published, a brief description of 
them under the name of Sporangites. 1 

.Dr. Dawson also states • that Professor Hartt had found plants be
longing to the genus Spirophyton of Hall in beds referred to the Car
boniferous period on the Rio Tapajos, in Brazil, and that he had 
described the "!species as S. Braziliense and sent the manuscript to
Professor Hartt for publication in his reports. 

HONDURAS. 

The. only report that has reached me of the dis~overy of fossil 
plants in any part of Central America is contained in two recent 
papers by Dr. J. S. Newberry• giving an account of material sent 
him by Messrs. Ohas. M. Rolker and T. H. Leggett, mining engi
neers, from San Juancito, Honduras, from which he has· described 
fourteen species of cycads and ferns. the characters of which p~int 
to an upper Triassic (Rhetic) age for the bed that yielded them, ap
parently contemporaneous with that on the Y aki River, Sonora, 
Mexico, presently to be considered, and also probably with the one 
in the vicinity of the city of Mexico made known by Senor Barcena. 

I On Rhizocarps in the Palreozoic Period, by J. W. Dawson: Canadian Record or 
Science, vol: 1, Montreal, 1885, pp. 19-27. . 

2 Quart. Jour. Geol. Soc. London, vol. 37, 1880, p. 303. 
3 J. S. Newberry: Triassic plants from Honduras. Trans. N.Y. Acad. Sci., vol, 

7, Jan. 30, 1888, pp.113-115. 
Rhretic Plants from Honduras. Am. Jour. Sci., 3d series, vol. 36, November,. 

1888, pp. 342-351, pl. viii. 
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MEXICO. 

Dr. J. S. Newberry, in his report on the Geology of the Macomb 
Expedition, 1 made in 185H, described thirteen species of fossil plants 
from the Trias of Los Brouces and the Yaki River in Sonora, Mex
ico, collected by Messrs. Romond and Hartley. They represeilt the 
genera Otozamites, Pterophyllum, J eanpaulia (Baiera), Tmniopteris, 
Camptopteris, Pecopteris, and Alethopteris. 

In the National Museum collection there are a few specimens col
lected by Mr. Ellis Clarke at the city of Mexico. These specimens 
were recently sent to Prof. Leo Lesquereux, at Columbus, Ohio, for 
identification, and have since been returned. Professor Lesquereux 
describes them in a contribution to the Proceedings of the United 
States National Museum. • One of these specimens (Museum No. 
2151) is Calamites approxirnatus Schloth., var. 'crtw·iatus Lx. (p. 22);. 
another (No. 2202) is a new species of Pecopteris (P. Powelli·i, p. 26, 
pl. i, fig. 1 1a); the third (No. 2270) is a species of Cordaites (p. an 
not sufficiently definite to be named. 

Senor Mariano Barcena, professor of geology in the preparatory 
>chool, City of Mexico, brought to Washington in 1884 a few speci-· 
mens of fossil plants collecteci in the vicinity of the City of Mexico, 
which he had provisionally named, and which were referred to me 
for verification. The forms indicated such a decided Jurassic facies 
that I decided to send them to Prof. William M. Fontaine, at the 
University of Virginia, author of the Older Mesozoic Flora of Vir
ginia, who, I was sure, would be able to express an opinion as to· 
their age. The specimens were shortly after returned with a letter, 
which, as it has not been published, I introduce here. 

UNIVERSITY OF VIRGINIA, VA., 
November 11, 1884. 

DEAR SIR : I must ask your pardon for not having replied sooner concerning the· 
plants sent by Mr. M. Barcena. 

I should say that these plants indicate positively that the age of the beds con- · 
taining them is Rhretic, and not Triassic. The fern marked No.4 belongs to the 
Jurassic type of which Pecopteris Whitbiensis is the most widely spread form. 
Beer considers these plants to be Asplenium; I think that this fern may be con
sidered a new species. In the absence of fructification, it seems to me to be better 

. to retain the name Cladophlebis, which Schimper gave to the group (!f which 

1 Report of the Exploring Expedition from Santa Fe, New Mexico, to the Junc
tion of the Grand and Green Rivers of the Great Colorado of the West, in1859, un
der the command of Capt. J. N. Macomb: with a Geological Report by Prof. J. S. 
Newberry, Geologist of the Expedition. Washington, 1876, 152 pp., 8 pl., 4°. (Foss. 
pl., pp. 141-148, pl. iv-viii.) 

2 List of recently identified fossil plants belonging to the United States National 
Museum, with descriptions of several new species, by Leo Lesquereux: Proc. U. S. 
Nat. Mus., vol. 10, 1887, pp. 21-46, pl. i-iv. 
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Pecopteris Whitbiensis is the type. I would then regard this plant as most proba
bly a new species of Cladophlebis. It is a good deal like some of the narrow sterile 
forms of my Mertensides bullatus, Bunbury's Pecopteris bullatus. 

On the specimen marked No. 3, there are probably two distinct cycadaceous 
plants, viz, the one with larger and wider leaves, marked" FtilophyllumHerrarre," 
and a plant with smaller and short~r leaves, which is of the same type with the 
larger. This smaller plant, probably considered by Mr. Barcena to be the same as 
the larger and hence unmarked, is, I think, distinct. It belongs to the type Cteno
phyllum Brauniamtm, so characteristic of the Rhretic. It is, I think, the same with 
the plant from the North Carolina Rhretic that Emmons called Fterozamites ob
tusus, and which I have called Ctenophyllum Emmonsi. The larger plant, marked 
No.3, and called by Mr. Barcena Ptilophylhtm Herrarre, is not inserted by the lower 
part of the bases of the leaflets, as Ptilophyllum is, The tips of the leaflets are nar
rowed after the peculiar fashion of Ctenophyllum Braunianum ; it is not identical 
with any plant known to me. It is something like ·the Podozamites longifolius of 
Emmons, from the North Carolina Rhretic, which I have called Dioonites longifolius. 
It is, however, a different species, and being probably a new one, I would suggest 
the name Ctenophyllum Herrarre. · 

The plant marked No. 1, and called Ftilophyllum? rigidum, is the same, I think, 
with Ctenophyllum Emmonsi, being simply a larger specimen of the same species. 

The very large leaflets, marked No.2, and called Pterophyllum? Ferrarii, belong 
certainly to my'Ctenophyll1tm grandifolium from the Virginia Rhretic. 

The plants are decidedly Rhretic. 
Yours truly, 

WM. M. FONTAINE. 

Prof. LESTER F. WARD. 

ARCTIC REGIONS. 

. ' 

Probably the most important result of paleobotanical science is 
the light' it has shed upon the geologic and the climatic history of 
the Arctic regions. The numerous Arctic expeditions which have 
been sent out for various objects in most cases have brought back 
valuable scientific material of different kinds. But especially within 
the last forty years the records and collections of Inglefield, McClin'
tock, Richardson, Steenstrup, N ordenskiold, Blomstraud, and others, 
whose attention has been particularly directed into scientific chari
nels, have furnished a basis for a correct solution of most of the 
.problems of Arctic research. ' 

By far the greater part of the fossil plants from these regions were 
placed in the hands of Prof. Oswald Heer, whose published reports 
upon them form an enduring monument to his indefatigable zeal 
and scientific ability. ·No less than twenty-three distinct papers, 
some of them quite extended, were published by him on this subject 
between the years 1868 and the year of his death, 1883. His first re
port, which he·seems at the time to have regarded as complete, ap
peared in 1868 as the '.'Flora Fossilis Arctica : Die fossile Flora der 
Polarlander" (Zurich, 1868) and forms volume 1 of the complete 
work. The remainder appeared at intervals as contributions to the 
Memoirs of the Swedish Academy of Sciences, the Philosophical 
Transactions of the Royal Society of London, Memoirs of the I,m-
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perial Academy of Sciences at St. Petersburg, and other scientific 
serials. These papers were collected into volumes of convenient size 
and published as the continuation of the Flora Fossilis Arctica, which 
now consists of seven volumes. ,The last of these bears date 1883. 

NOV A ZEMBLA. 

In the summer of 1875 N ordenskiold collected a number of fossil 
plants at Goose· Cape, in Nova Zembla, which were sent to Heer and 
described in the memoirs of the Swedish Academy of Science, vol. 
15, No. 3. The paper now forms part 5 of the fifth volume of the 
Flora Fossilis Arctica. All the plants belonged to the genus Corda
ites, of which there were four species, exclusive of a fruit which 
was called Rhabdocarpus, but was probably the fruit of a Cordaites; 
the formation is therefore no doubt Carboniferous, although Heer 
seems to suppose that"it may be at the base of the Permian. 

BEAR ISLAND, 

This small island, which lies between Lapland·and Spitzbergen, in 
latitude 74° 30' N., has been frequently visited by scientific expedi
tions, beginning with those of Sir Edward Perry and B. M. Keilhau, in 
1827, and followed by those of Loven {1837), Robert {1838), Lamont 
{1858), and the Swedish expeditions of 1858, 1861, 1864, and 1868. It 
was during the last named of the above voyages that Nordenskii:ild 
and Malmgren made a collection of some three hundred and sixty 
specimens of fossil plants. Heer's determinations of these specimens 
were published in the Memoirs of the Stockholm Academy (vol. 9, 
No. 5, 1871) and now form the first part of the second volume of his 
Flora Fossilis Arctica. The plant remains confirm the views of the 
geologists who had studied this formation, according to which it 
represents the Bergkalk of Europe, which underlies the productive 
coal measures. 

Of the eighteen species occurring in this collection only four were 
new, the remainder being all old, well-known species, found in the 
Ursa-Stufe, Bergkalk, and Culm, of Europe. Among them are the 
wide-spread Lepidodendron Veltheimianum Stern b., K norria imbri
ca{a Sternb., and Stigmariajicoides (Sternb.) Brongn. Cyclostigma 
Kiltorkense, and C. mfnutum of Haughton, from the Devonian of 
Ireland, also occur. 

SPITZBERGEN. 

The first installment of fossil plants from Spitzbergen that Heer 
elaborated was collected by N ordenskiold and Blomstrand in their 
several expeditions of 1858, 1861, and 1864. Accordi~g to Heer's 
geological conceptions, they were of Miocene age, and consisted 
chiefly of conifers and dicotyledons. Besides these, two ;ferns and 
two monocotyledonous plants are described. ·The conifers embrace 

• 
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two species of Taxodium and one o{ Pinus; also three species of 
Pinites, described by Cramer in tho appendix to Heer·'s paper (ibid., 
pp. 17 5-177). Among the dicotyledons we find the well known Alnus 
Kefersteini-i Gopp., Coryltts 2l1cQuarrii (Forbes) Heer, Fagus Deu
calionis Ung., and Platanus aceroides Gopp., of _European Miocene 
strata. The remainder of the species were new to science, and of 
these Populus Richardsoni, P. arctica, and Tilia Malrngreni have 
since played an important- role in the fossil floras of the polar dis
tricts and of America. 

The most of these forms were collected at Bell Sound and King's 
Bay, but the fossil wood came from Green' Harbor . 

.This small collection was supplemented in 1868 by a much larger 
one made by N ordenskiold, Malmgren, and N auckhoff, consisting of 
some seventeen hundred specimens, five hundred of which were from 
King's Bay, the remaining twelve hundred from a new locality on 
Cape -8taratschin. This last locality appears to be of the same, age 
as the others, but on Advent Bay was found a much'more recent 
bed containing Mytilus edulus L. and other recent shells, which also 
yielded thirty-one species of plants, chiefly mosses, that were deter
mined by Professor Schimper, at Strasburg. Besides mosses oc
curred Fucus canalicu,latus, a species of Laminaria, and Equiseturn 
variegatum Schloth. This bed is of Quaternary ag53. 

The entire collection of plants fo'rmed the subject of a memoir by 
Heer, read before the Swedish Academy of Sciences on December 30, 
1869, and published in vol. 8, No. 7, of its transactions. It was ulti
mately mcorporated into the Flora Fossilis .Arctica (vol. 2, pt. 3). 

The Miocene flora of Spitzbergen had now assumed considerable 
prominence, numbering one hundred and thirty-two species, divided 
as to the larger systematic groups as follows: cryptogams, 8; gym
nosperms, 2ti; monocotyledons, 33; apetalous dicotyledons, Hi; poly
petalous dicotyledons, 22; gamopetalous dicotyledons, 6. The re
maining 21 are fruits (Carpolithus) which, if distributed among 
these groups, would somewhat increase these figures. 

In the summer of 1870 N athorst and Wifander visited Spitz bergen 
and found at Klaas Billen-Bai a Subcarboniferous deposit containing 
fossil plants, and from materials collected there and submitted to
Heer five species were identified, three of .which were the same as 
those found on Bear Island, but one new species ( Cyclosh:grna Na
thorsti Heer) was des01·ibed in his memoir presented to the Swedish 
Academy on July 16, 1873 (Handlingar, vol. 12). 

Two years later (August, 1872) N ordenskiold again visited Spitz~ 
bergen and re-investigated the geology of Cape Staratschin. This 
time he fou:rtd an<;>ther bed of fossil plants lying some two or thr,ee 
thousand feet below the Miocene shales. This proved to be of Lower , 
Cretaceous age, probably equivalent to the Gault or the Urgonian, 
and to the Kome beds of Greenland. The fossil 'plants were de-
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scribed in Heer's Kreide-Flora der Arctischen Zone,' which is now 
incorporated in his Flora Fossilis Arctica, vol. 3, pt. 2. Fifteen 
species are enumerated in this report, five of which are ferns and 
eight Coniferre. There were no dicotyledons and only one mono
cotyledoil, described as Hypoglossidium antiquurn, a small elliptical 
leaf with longitudinal nervation. 

In the Robert Valley, north latitude 77° 33', Nordenskii:ild discov
ered fossil plants lying in a black carbonaceous shale, favorable for 
their preservation; they proved to be of Carboniferous age, some
what more recent than the Bergkalk of Klaas Billen-Bai and of Bear 
Island. Twenty-six species from this locality are deseribed in the 
first part of Heer's memoir presented to the Swedish Academy on the 
23d of August; 1875 (Handlingar, vol. 14, No. 5, Stockholm, 18'i'6), 
which forms part 1 of the fourth volume of the Flora Fossilis Arctica. 
A considerable number of these are new species, but we still find 
such common forms as Lepidodendron Sternbergii Brongn. and Cor
daites borassifolius (Sternb.) Ung. One species of Walchia (W. 
linearifolia Gi:ipp.) serves to indicate that the deposit occupies the 
. upper portion of the Carboniferous formation. 

In the year 1872 there were collected at Cape Boherri.an (latitude 
78° 22' N.), by Nordenskii:ild and Oberg, certain plant remains which 

·proved upon investigation to belong to the Jurassic formation. 
Among them occurred numerous cycadaceous forms, chiefly of the 
genus Podozamites. The Coniferre were represented by several ex
ceedingly interesting species of Ginkgo, two of which had lqng been 
known, from Oolite of Scarborough, England. Thirty-two species 
were enumerated in the second part of Heer's memoir last referred 
to (pp. 26-47, pl. vi-x). 

In the third part of the same paper several additional species of 
Cretaceous plants collected by N ordenskit)ld in 1873,· at the same 
locality on Cape Staratschin where the principal collection was made 
the previous year, are enumerated, and a few new species are de
scribed. 

Finally, a large addition was made to the Miocene flora of Spitz
bergen by N ordenskii:ild's discoveries, in 1863, at Cape Lyell, entrance 
to Bell Sound (lat. 77° 50' N.), at the Scott Glacier on Recherche Bay 
(lat. 77° 30' N.), and at Cape Heer, Griinhafen (lat. 78° 5' N.). These 
plants were described in the fo_urth ·paJ:t of the same memoir (pp. 
51-93, pl. xi....:xxxii). · Seventy-one species are enumerated in this 
paper, a large number of which are new to science, but the general 
facies of these three floras is essentially the same as that of King's 
Bay and Bell Sound, described in a former paper. 

' 1 Kongl. svimsk. Vet.-Akad. Handl., vol.12, No.6, Stockholm, 1874. 
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ICELAND. 

Although Iceland lies entirely outside the Arctic Circle, still it 
naturally belongs to the general group of localities now under con
sideration, and can be better treated here. than elsewhere. 

Professor Steenstrup, in 1838 and 1839, obtained fossil plants at 
Brjamslaek, Hredavatn, Laugavatsdlr, and Tindarfell, and brought 
them to Copenhagen. Inl857 Dr. Winkler, of Munich, visited Ice
land and collected fossil plants at Husavik, Gaulthvamr, Sandafell, 
and Tindarfell. Both these collections found their way into Profes
sor Heer's hands, and the plants are described in the first volume of 
the Flora Fossilis .Arctica (pp. 139-155, pl. xxiv-xxviii). The de
posits belong to Heer·'s Arctic Miocene, and forty-two speciAs were 
'distinguished; nevertheless, a comparatively small number are specif
ically identical with those found at localities within the Arctic Cir
cle, and most of the species are new. The Coniferro and the apetal
ous dicotyledons are the groups best represented, the genus Pinus 
furnishing seven species, and the Betulaceoo four species. 

In 1886 Paul Windisch made the Tertiary flora of Iceland the sub-· 
ject of his inaugural dissertation for the degree of doctor of philoso-. 
phy at the Uni;versity at Leipzig.' Besides furnishing a valuable 
historical account of antecedent discoveries, he undertook the elabo
ration of a collection which Dr. C. W. Smith, of Berlin, had brought 
from Iceland in 1883. The collection contained petrified wood from 
Husavik and Bodvarsdalr; lignite from the Surturbrand, and other 
determinable remains from Trollatunga, Brianslaekr, Husavik, and 
Vindfell. 

GREENLAND. 

Of all the lands belonging to the Arctic regions none has furnished 
so extensive, so rich, or so varied plant-bearing deposits as Green
land. Captain Inglefield, in his third Arctic voyage in 1854 in com
pany with Lieutenant Colomb, visited the petrified forest of Atane
kerdluk, opposite Disco Island, on the west coast of Greenland, and 
collected fossil plants there. Those obtained by Inglefield· were 
turned over to the British Geological Survey at London, and those 
obtained by Colomb to the Museum of the Royal Society of Dublin. 
Olrik, on his return trip in 1859, touched at the. Greenland locality 
and brought from the same beds another rich collection of these 
fossils, which were also sent to the Dublin Museum after passing 
through the hands of Sir Leopold MacClintock. Whether the 
specimens brought by Dr. ·Torrell, of Stockholm, were from the same 
locality is somewhat doubtful, though Heer inclines to 'think they. 
were. Those collected by Dr. Lyall and placed: in the museum at 

1 Beitrage zur Kenntniss der Tertiarflora von Island (Inaugural-dissertation), von 
Paul Windisch. Halle, 1886, 52 pp., so. 
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Kew were obtained on the east side of Disco Island, near sea level. 
Besides these localities yielding foRsil plants, that of Kome, in the bay 
of Omenak at the north of Greenland, had been visited by Rink and 
others, and a few fossil plants had been obtained. 

All this material was eventually intrusted to Heer for determina
tion, and its description formed a large part of volume 1 of the Flora 
Fossilis Arctica (pp. 78-129, pl. i-xix; xlii-1). 

The plants from Kome, of ·which sixteen species are described. 
indicate a Lower Cretaceous age, which has been correlated with the · 
Urgonian or next lowest member of the Cretaceous. They consist 
chiefly of ferns and Coniferm, but one cycadaceous species (Zamites 
a1·cticns Gopp.) and one supposed monocotyledon (Fascicnlites Gr(J!/n
lanclicns Heer) 9ccur. The bed at Atanekerdluk is placed in the 
Miocene, though a large proportion of the forms are new. · It shows 
the usual preponderance of apetalous dicotyledons, characteristic of 
the Arctic Tertiary flora. 

A large collection made by Mr. Edward Whymper in 1867, at 
Ujararsusuk and Kudliset, on the island of Disco, and at Ataneker
-dluk (chiefly from the last named place); furnished the subject of an 
important memoir of Heer, communicated by Professor Stokes to 
the Royal Society of London.' 

Of the seventy-three species from Atanekerdluk forty-eight had 
been previously descri bed,)ea ving twenty-nine new to science. Four
teen spf?cies were obtained from Disco Island, two of which (Seqnoia 
Conttsire Heer and Platanus Guillelmre Gopp.) appear to have been 
very abundant. "It appears, therefore," says Professor Heer, "that 
at the Miocene epoch the woods of this part of Disco Island were 
chiefly composed of Planes and Sequoias." These important addi
tions to the Miocene flora of Greenland do not· materially alter its 
general relationship to that of Europe. · 

In 1871 Freis and N auckho:ff brought to Stockholm some fossil, 
plants which they collected at Ujararsusuk. Upon examination by 
Heer, to his great surprise, they were found to represent, besides 
the Miocene as in former cases, the Carboniferous and the Cretaceous 
formations. From the Carboniferous one species (Protopteris punc
tata (Sternb.) Presl., is represented by seven specimens, which agreed 
so completely with the European forms that he found it impossible to 
l:leparate them from it. Cretaceous forms (two species of Gleichenia 
and two of Sequoia) were found, • all of which were new. 

In his Kreide-Flora der Arctischen Zone (Flora Fo8silis Arctica, 
vol. 3, pt. 2; Kongl. svenska Vet.-Akad. Handl., vol. 12, No.6, Stock-

1 Contributions.to the Fossil Flora of North Greenland, being a Description of the 
Plants collected by Mr. Edward Whymper during the summer of 1867, by Oswald 
Heer: Philos. Trans. Royal Soc. London, vol. 159, 1869, pp. 445-488, pl. xxxix
lvi; Flora Fossilis Arctica, vol. 2, pt. 4. 

2 Flora Fossilis Arctica, vol. 3, pt. 1, p. 7; pt. 2, p. 90. 
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holm, 1874) both the Upper and the Lower Cretaceous floras of Green
land are treated systematically; the material for the report was 
obtained by the Swedish expeditions of 1870 and 1872. The Lower 
Cretaceous or U rgonian deposits lie on the north side of the peninsula 
of N oursoak at Kome, on Kook River (lat. 70° 37' N. ), at Pattorfik (lat. 
70° 42' N.), at Karsok (lat. 70° 43' N.), at Avkrusak and at Ekkorfat in 
the same v:icinity. Seventy-five species are enumerated from these 
places, thirty-four of which (excluding the two species of J eallpaulia, 
then regarded as ferns) were ferns, nine species were cycads, and 
nii1eteen (including the J eanpaulias) were conifers, but the most 
notable fossil plant discovered was his Popul·us prim03va, described 
on page 8~ (pl. xxiv, fig. 6), which remains to this day the most 
ancient dicotyledonous plant thus far 'published. 1 

The Middle Cretaceous flora of Greenland~ which Heer corr:elates 
with the Cenomanian of Europe, is represented by the now c_elebrated 
Atane beds, which lie at the base of the same eminence in which, at 
the height of 1,200 feet above sea level, the rich "Miocene" deposits 
occur. Sixty-two species are given in this report from that locality; 
tho proportion of ferns is sa,mewhat smaller and that of conifers 
much less than in the Kome beds; but on the other hand the dicoty
ledonous.flora now forms a prominent feature, furnishing more than 
half of the forms enumerated. Among these are represented the 
genera Populus, Myrica, Ficus, Sassafras, Proteoides, Credneria, An
dromeda, Diospyros, Magnolia, Sapindus, and Rhus. 

A short supplement to this report was published in 1882 and forms 
the second part of the sixth volume of the Flora Fossilis Arctica. 
Nine species of Lower Cretaceous plants from Pattorfik and thirty-
·One Miocene species are added in this supplement. ' 

But these numerous and important memoirs were destined to form 
merely· a beginning of Heer's researches into the fossil flora of 
Greenland. The. Danish commission for the geological and geo
graphic.al investigation of that country sent able explorers, geolo
.gists and collectors, to all the principal points of scientific interest, 
who returned to Copenhagen during the years 1878, 18'79, and 1880 
with a much larger mass of material than had been previously ob
tained. Steenstrup, Pfaff, Jorgensen, and Krarup Smith not only 
re-investigated the old localities but discovered new ones. Especially 
important were the beds on Upernavik Island, UmenakFiord, and 
at Patoot: At the last named place a formation occurs in which 
fossil plants had not been found before, being more recent than 
the Atane beds. Heer correlates this formation with the Fox Hiils 
group of the western United States and the f'enonian of Europe. 

1 The name first appears in a paper entitled: Forutskickade anmarkn'ingar ofver 
Nordgronlands ~ritflora, grundade fra den·svenska expeditionens upptiickter 1870, 
.af Osw. Heer: Ofversigt af Kongl. sevensk. Vet.-Akad. Forhandl., No. 10, Stock-
holm, 1871, p.1182. · 
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These collec;tions w·ere turned over in 1880, like the preceding, to 
Professor. Heer, in .twenty-five large boxes, and although then sev
enty yaars olcl".he- undertook; not without serious misgivings, the for- ~ 

· midable task of their elaboration. Some idea of his remarkable in
dustry may be gained when we are told that on the first day of July, 
188'3, the last of the one hundred and nine plates which it required 
to figure these plants was received by the commission for publica
tion. These illustrations were primarily published as an atlas to 
the fifth part of the commissioners' report on Greenland. 1 An elab
orate report by Dr. Heer accompanying the plates was published in 
the text of the fifth volume of the Meddelelser om Grfpnland, after 
having been translated into the Danish language (pp. 7\.l-202) but 
in it the species are not described. . This latter work was reserved 
for the Flora Fossilis Arctica, in which the plates of the Danish 
commission are reproduced, accompanying an elaborate descriptive 
text, the whole constituting a second Abtheilung of the sixth and 
the whole of the seventh volume of that work. 

It would carry us-qti).te too:·far to .undertake a1i·extended reyiew 
of this imp::>rtant contribution, and we shall be oblige::l to confine 
ourselve3 to a brief resum3. B:Jginning with the lowest or Kome 
beds (Urgonian) we find them- to have yielded 88 species from six 
localities, namely: Kome, 38; Kaers\mrsuk, 11;- Pagtorfik, 32; Kaer
sut, 12; Slibestensfield, 44; and Ekorgfat, 3:3. It will be seen that 
92 species were common to two or more of these localities. The ad
ditions made to this flora did not appreciably affect the systematic 
relations as .already given above, and no other dicotyledons than the 
one species there mentioned have yet been found. 

The Middle Cl'etaceous or Atane beds had now furnished 177 spe
cies from seventeen distinct localities, the most pi·odueti ve of which 
was the Ll.rioclendron heel at Atanekerdluk, with 96 speeies; the other 
rieh deposits being Igdlokungual~·with 44 speeies, Kitcllusat with 24 
species, U pernavik with 17 species, Ka,rcllok; Isunguak, and the fern 
bed at Atanekerclluk eaeh with 16 species, ancl I vnanguit with 15 
speeies. The other and less productive localities are: Lower Atane
kerdluk (11 species), Atane and Ritenbenk's coal mine (9 each), Alia
naitsunguak (8), Lower Patuot sandstone C7), Asuk (5), Ujaragsugsuk 
and Skandsen (4 eaoh), and Kook angnertnnek (3). In this large 
flora the dicotyledons, eonifers, ancl ferns about hold their ·own, 
while the CyeadaceEe and the monocotyledons are somewhat increased. 

-The Upper Cretaceous or Patoot deposits here treated for the first 
time have a more special interest. The flora amounts in Q,ll to 118 
species, 21 of which are cryptogams, all but two•(Sphceria Cretacea 

1 Mecldelelser om Grjmland, ud_gi\!Oe af Co;:nmissionen for Ledelsen af de geolo
giske og geographiske Un::lers~g;eher i Gr/mland. Tillar; til Femte Hefte, Flora 
fossilis Gr~nlandica. Afbildninger af Gr\1'1:1lan "ls fossile Flora, ved Dt·. Oswald He~r. 
Kiobenhavn, 18'33, 27 pp,, lOi:l pl., nnp, and landscapes, 4 o. 

8 GEOL--53 
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Heer and Eqnisetwn ·:~misswn Heer) being ferns; There are no cy
cads, only 11 conifers, 5 of which belong to Sequoia, and 5 monoco
tyledons, leaving 75 dicotyledons, or about five-eighths of the speeios. 

In addition to these Cretaceous forms the later collections con
tained a very large number of specimens from the Miocene deposit, 
bringing the total number up to 282 species. The follow'ing are the 
Tertiary localities with the number of species yielded by each: Up
per Atanekerdluk, lower siderite bed, 143, upper marl bed, 78; Ha
seninsel (Harelsland), 53; Naujat, 33; Pnilasok, 30; Ritenbenk's coal 
mine, 29; Kugisnek, 21; Kardlunguak and Sinigfik, 20 each; Isuug
uak, 19; Ifsorisok and Igdlokunguak, 15 each; Ujaragsugsuk, 1;!; 
Ingnerit and Unartok, 11 each; Asakak, 9; Schanze, 6; Kanginsak, 
5; J\farrak and Kitingusait, 4; and Flakkerhuk, 4; with 256 spee_ies 
common to two or more of these localities. 

We thus have a general summary of the flora of Greenland at that 
date: One Carboniferous species; 3:)5 Cretaceous speeies, of which 
latter 88 belong to the Lower, 177 to the Middle, and 118 to . .the Up
per Cretaceous, 33 overlapping; and 28.2 Tertiary species; making 
618 fossil plants from Greenland. 

ffRINNELL L.\ND. 

The highest latitude on the globe at which fossil plant remains 
have been discovered is near 'Vater Course Bay, on the north side of 
Grinnell Land (lat. 81 o 46' N. ), where, on the 16th and 17th of August, 
1876, Captain Feilden and Dr. Moss, of the English expedition com
manded by Captain Sir G. Nares, after nearly a year's stay in the 
vicinity, in ignorance of their existence and only two days previous 
to their final departure, discovered them and made a small but val
uable collec.tion. They fonud them in a gulch fbur miles north of 
Discovery Bay, in the vicinity of ·capo Murchison, at an altitude of 
about two hundred feet above the-.sea level and one mile from the 
coast. They were in a bed of coal whieh, had it been previously 
known, might have furnished abundant fuel ~luring thelong arctic' 
winter whieh was passed at Discovery Bay. · 

This material upon examination yielded 30 species, and proved 
. that the coal-beCJ. was of Tertiary age, similar to other Aretie Ter
tiary beds. The Coniferm were well represented, furnishing 11 spe
cies, i> of which belonged to Pinus, and 5 .to the new genus Feilclenia. 
There wore 12 dicotyledons, including 2 species of Populus, 2 of Be
tula, and 2 of Corylus, all of which occur in other localities of the 
Arctic regions. Only 7 of the species are new, and several of them 
are well known European Miocene forms. · 

BATHURST ISLAND. 

Taking up the islands of the Arctic American Archipelago that 
have yielded -plant remains, from east to west, we meet first with 
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Bathurst Island, where a single species (Pinus Batht~1'Sl'i Heer) was 
collected by Sir L. 1\facOlintock in the coal of Graham 1\foo.re Bay; 
which is probably of the same age as the other Arctic Tertiaries . 

. MEL VILLE ISLAND. 

The same explorer discovered a Subcarboniferous deposit on Mel
ville Island, in Skene Bay near the promontory of Bridport, and 
at Cape Dundas, which yielded ten species; all but one of which we1;e 

· new, but several were too fragmentary for specific determination. 
The coal·bed at Village Point, from which he obtained the conif
erous species Thnyites Pauyanns, is probably of Mesozoic age, per
haps Jurassic. 

BANKS'S LAND. 

Finally, six spacies were obtained on Banks's Land by MacOlint0ck. 
and MacOlure, two of which (Pinns ~{acCl't~Tei Heer, and P. Arm
strungi Heer), were represented by cones; tlHJse~ of the first-named . 
species were in a fine state of preservation. This, together with 
three species of Cupressinoxylon aml one of Betula (B. ~/I!IacClin

tockii Cram.), were represented by stems and trunks, which, together 
with other fossil wood from Greenland and Spitzbergen, were studied 
by Cramer and published in the first volume of the Flora Fossilis 
Arctica.' 

NORTH A:VIERICA. 

~IACKENZIE RIVER. 

vVe may commence our description of North American localities 
for fossil plants, with the interesting bed discovered on the Mackenzie 
River (lat. 65° N., or 8° outside of the Arctic Circle) by Dr. Richardson, 
and brought to London in 1848. This collection forms an integral 
part of the Arctic flora as described by Hoer, and the species were 
named in the Flora Fossil is Arc£ica." 

Seventeen species are there enumerated, ten u"f which are.new. All 
hut six were dicotyledons, and among these occur the wide-spread 
Miocene species, Corylus J.vfcQwwrii (Forbes) Heer and PlcdanHs 
ftcero,icles Gi:ipp., while among the Oonifene we find GlyptostTob1ls 
Enropm1ts (Brongn.) Heer anrl Seqnoic~ LangsclO?:fi'i Brongn. The .. 
deposit appears, therefore, clearly to he of Tertinry ago, and is prob· 
ably the same as the other Arctic Tertiary flora. 

Many efforts wore snbseqt!§ntly made to obtain additional material 
from this' locality, and the Hndsr5n Bay Company several times col-

' Heer's treatment of the American archipelago OCyUpies pp. 131-135 of the first 
\'olume of the Flora Fossilis Arctica, and Cramer's description of the fossil wood of 
the Arctic regions, pp. 167-180, pl. xxxiv-xlii of th9 same volume. 

• Flora Fossilis Arctica, vol. 1, pp. n~-t:J9, pl. xxi-xxiii. 
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lected fossil plants there; but, with the exception of one box, all these 
specimens were lost on their way to London. This box contained fo'ur
teen"s'pecies, seven of which had already been described in the above 
mentioned report. The total flora, therefore, of the Mackenzie-River 
1·egion; so far as known, now amounts to twenty-three species, the 
later collections having added Xylomites boreal·is Heer, 1'axocliurn
distichltm rniocenum Heer, Jnglans acum·inata Al. Braun, Vibnr
num Norclenskiolcli Heer, Magnolia Nordenskiolcli Heer, Pterospe?·
mites spectabiUs Heer, and Tilia. Malrngren·i Heer. 
· The report upon this new material forms the third part of the first 

Abtheilung of the sixth volume of the Flora Fossilis Arctica, in which 
the author enters into a somewhat lengthy discussion of the probable 
age of these .beds, defending his views, so persistently adhered to. that 
the 4-rctic Tertiary flora is Miocene. 

BRITISH COLUMBIA. 

The earliest mentio_n of fossil plants in British Columbia is con
tained in the geological volume of the report on the \Vilkes Explor
ing Expedition, by Prof. J. D. Dana, published in 1849. At the 
mouth of Frazier River there was picked up by that expedition a 
:slab containing.the imprint of a number of leaves, stems, etc. This 
slab is figured in the atlas accompanying that volume (pl. xxi, fig. 
10), and a brief account of its discovery is given in Appendix I (pp. 
~29-730) of that report. One of the specimens figured was regarded 
liby Professor Dana as belonging to Smilax, but the dicotyledonous 
leaves, though tolerably well preserved, are pronounced uncertain. 
The figures are not sufficiently clear ~o render their determination 

::safe without access to the specimens; but the genera Carpinus, 
:Rhamnus, and perhaps Berchemia appear to be represented. The 
"Taxodium is the common Tertiary form (7'. distich·um miocen~tm 
:,Heer) and the other coniferous branch is doubtless Glyptostmbus . 
ffi}uropceus or G. Ungeri. The cone belongs to Taxodium,. and the 
reed-like stems represent either Phragmites or Arundo. 

l'he next· report from this district that we have in order of date 
is contained in a paper contributed by Prof. Leo Lesquereux to 
the American Journal of Science in 1859' (report upon a collection 
made by Dr. John Evans, United States geologist of the Territory 
()f Oregon, at Nanaimo, on Vancouver Island), in which six species 
are described from that point along with a number from Belling
ham Bay, Washington Territory. Although the formation yielding 
these plants was supposed at the time to be Miocene, it is now known 
to be Upper Cretaceous. 

1 On some Fossil Plants of Recent Formations, by Leo Lesquereux. I, Species of 
Fossil Plants collected by Dr. john Evans at Nanaimo (Vancouver Island), and at 
Bellingham Bay, Washington Territory: Am. Jour. Sci., 2d series, vol. 27,1859, pp . 
. 360-363. 
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In 1863 Dr. J. S. Newberry published a report upon another col
lection made at the same place by Mr. George Gibbs,' but consisting 
of only four species, which are described, along with a number of 
others, from Orcas Island, Bellingham Bay, and Birch Bay, iu 
Washington Territory. 

A third collection was made in 1859 by Dr. C. D. Wood, not only at 
N anaimo but also at Burrard Inlet and Lea Beach, British Columbia, 
and sent to Sir J. D. Hooker, at London, who turned it over 
to Heer for determination. It forms the subject of a valuable 
memoir published in 1865. • Seven species are described, chiefly 
from Burrard Inlet, though Sequoia Langsdorfii occurred from 
Nanaimo. The most abundant species was Diospyros lancifol'iCL 
Lx., first noted .at Bellingham Bay. Very fine specimens of that 
species are figured. 

In the Report of Progress of the Geological Survey of Can
ada, 1871-'72 (Montreal, 1872, pp. 58, 59),-Dr. A. R. C. Selwyn gave 
an account of some.lignite beds on the Pacific coast, near Kamloops 
Lake and Quesnel Mouth, from which were obtained a few plant re"' 
mains. Aniong them Dr. Dawson recognized Taxod·i1~11i ctunecdtL?n 
Newb., and fragments of Quercus, Platanus, Pterospermites, Aeer, 
and Populus. . 

On pages 87 and 88 of the same volume Mr. James Richardson speaks 
of certain fragments of tree-stems and well-formed broad leaves, 
discovered by him at N anaimo and North Saanich, Vancouver Island~ 
These were also examined by Dr. J. W. Dawson, and a list of then11. 
isgiven on page 98. Twelve distinctforms were found, three ot 
which were specifically determinable as Taxod·it~m ctmeat·wn Newh,.. 
Seqtwic~ Lcmgs(lorfii (Brongn.) Heer, and Cinnamomum Heerii Lx, 
There also occurred two palm leaves and fragments of the leaves of 
Populus, Quercus, and Platanus. 

During the explorations of 1877-'78 collections were made from 
three points on tho northwest coast in deposits regarded as Mio- . 
cene. The species determined from these beds· were described by 
Dr. Dawson, in Appendix B (p. 186 B) of the Report of Progre;s 
for that year (Montreal, 1879). The localities are (1) Coal Brook 
on the Iwlian Reserve, North Thomp~on River, from which three 
species of Populus were obtained; (2) Vermilion Cliff, three miles up 
the Tulameen, or North Fork of the Similkameen River, where Tax
od·iwn distichum 1niocenum, Heer, Myr,ica partita Lx., and a leaf 

1 Descriptions of the Fossil Plants collected by Mr. George Gibbs, geologist to the 
United States Northwest Boundary Commission, under Mr. Archibald Campbell, 
United States Commissioner, by Dr. J. S:Newberry: Boston Jour. Nat. Hist., vol. 7,. 
1863, pp. 506-524. 

2 Ueb\)r einige fossile Pflanzen von Vancouver und Britisch-Columbien, von Os
'\vald Heer: Neue Denkschr. schweiz. Ges ll. gesammt. Naturwiss., vol. 21,1865, No. 
3, pp.1-10, pl. i, ii. 
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of Paliurus were found; and (:3) Nine Mile Creek, 1\There were col
lected different forms, mostly in a fragmentary state. Among these 
was one new species (Equisetwn Similkamense). Besides conifers 
there 1vere represented the genera Platanus, Myrica, Populus, Cory
lus, Betula, Juglans, Sapindus, Carpinus, and Nelumbium, but in 
many cases the species are not determinable. -

The above seem to be all the data obtained from this district prior to 
the appearance of Dr. J. W. Dawson's paper on the Cretaceous and 
Tertia~·y Floras of ·British Columbia and the Northwest Territory. 1 

This paper was founded upon collections that had been previously 
made by Dr. G. M. Dawson and Mr. J. Richardson, a considemble 
part of which were from the Pacific coast, and represented several 
localities, Beaver Harbor, Baynes' Sound, Protection Island, and 
N anaimo. Thirty-three species from these points, more than half 
of which are dicotyledons, are nanwd in the comparative table of 
Cretaceous rocks g-iven on page 19 of this report. These beds are 
-correlated with the Fox Hills group of Ha.yrlen, the Maestricht aiJ(l 
Foxoe beds, or Danian of western Europe. 

Other Tertiary beds were fouu_d in the interior of British Colum
bia, on Quesnel, Blackwater, and Similka.meen Rivers, the Indian Re
serve and North Thompson River, which were also mentioned hy Dr. 
J. W. Dawson on pages 33 and 34 of the memoir last considere(l. 

There a1·e in the National Museum collection two specimens of 
fbssil wood, marked '.'Jurassic," from Skoomei, and Port .M:assett_. 
British Columbia; and three from Susk, Graham Island, British 
Columbia, collected by James G. Swau, none of which have as yet 
·been prepared for microscopic study. 

In 1885 a collection of fossil plants was made by D1:. George M. 
Dawson, on the northeast coast of Vancouver Island on the north 
shoTe of Port MeN eill. They were reported upon by Sir William 
Dawson in 1888, who regards theni as indicating a Cretaceous age 
somewhat more recent than the N anaimo heels, and nearly equiva
lent to those of Protection Island. • 

BRITISH NORTHWEST TERRITORY. 

The recent extensive geological explorations made by the Cana
dian government in the Rocky Mountain region of British Ameriea 
Jmve demonstrated the existence of a series of plant-bearing beds in 
that section, extending from near the base of the Cretaceous upward 
to include a considerable poi'tion of the Tertiary formation. The 
first report upon the flora of these formations appears to have been 
made by Dr. J. W. Dawson, in Appendix A to the Report on the Go-

1 Proc. Trans. Royal Soc. Canada, vol. 1, 1883, section iv, pp. 15-34, pl. i-viii. -
2 On Creta~eous Plants from Port McNeill, Vancouver Island, by Sir W. Dawson 

and Dr. G. M. Dawson: Ibid., vol. 6, 1888, section iv, pp. 71, 72. 



WARD.] JHUTlSH NOUTII\\"EST TERRITORY. 839 

ology and Resources of the region in the vicinity (')f tho forty-ninth 
parallel, by Dr~ G. M. Dawson (Montreal, 1875). The plants which 
forni the subject of this report were collected on the.Souris and in 
the Great. Valley. They occurred in connection with beds of lignite, 
and though their age was very little known at the time, it is now 
tolerably well settled that at least the bed on the Souris River cor
responds to the Fort Union group of Dakota and Montana. The 
other may have been somewhat higher, agreeing perhaps with our 
Green River group. The species found byDr. Newberry on tho 
Yellowstone and Upper Missouri Rivers, such as Corylns Arnericana. 
(vValt.) N ewb., C. rostmta (Ait.) N wwb., Sap·incZ.us ajfin·is, and Ca1·yu. 
antiqtwrum figure prominently in this report. Besides eight or ten 
species founded upon internal struct,ure of silicifie'd wood that was 
found scattered over the plains, twenty-five distinct forms are here 
enumerated, only seventeen of which are assigned specific names, 
and of this latter only two (Lemna scttiata and.AEsndns cm#qtta) were 
new. The fossil wood is figured on pl. xv, and the more interesting 
forms and new species on pl. xvi. 

In the Report of Progress of the Geological Survey of Canada for 
1879-'80 (Monti·eal, 1881) five species of fossil plants are tlescribed by 
Dr. J. W. Dawson in a note which forms Appendix II. Tho speci
mens were collected in the same formation last considered at Roche 
Percee. Besides one new species (Sassafras Selwyni) there occurrecl 
in this collection Plc~twnus nobilis Newberry, Taxites occiclentalis 
Newberry, and T. OlTilc:i Heer; also a1~ unnamecl specie3 of Quercus. 

The recent report upon the flora. of these formations occurs in the 
paper above mentioned in the transactions of the Royal Spciety of 
Canada, presented May 2i3, 1883, which, in addition to the enumera
tion of the fossil plants from the Pacific coast, also embraces an ac
count of the flor·a of the ·Peace and Pine Rivers, on the eastern 
slope of the Rocky Mountains, correlated in the section above re
ferred to with the Niobrara of Hayden and the Senonian of western 
Europe. Twenty-two species from. this formation are described in 
this report, t'vo of which belong to the Cycadacern and three to the 
genus Protophyllum, hitherto confined to the Dakota group. Other 
forms, such as tlte Popviites cyclophylla Heer, serve to give this flora 
a decidedly Mesozoic facies. 

The Laramie group was also represented in these collections, and 
a list of thirty-seven species is given on page 32, without description. 
These plants were collected on Porcupine Creek and Souris River, 
As this flora is treated more at length in a later ;paper we need not 
consider it further in this place. 

'fhe second of this series of papers; presented to the Royal Society 
of ·canada on May 2, 1885,' describes further additiqns to the Cre
taceous flora of the interior of British Columbia, the most important 

1 On the Me~ozoic Floras of the Rocky Mountain R~gion of Canada, by Sir J. W. 
Dawson: Proc. Trans. Rnyal SDc. Cana.lh, vol. 3, 188:3, section iv, pp. 1-2.2, pl. i-iv. 
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part of which treats of three successive deposits not hitherto known 
to hold vegetable remains. These are-

(1) The Kootanie series, which is correlated with theN eocomian and 
_furnishes twenty-two species. No dicotyledons occur in these beds, 
but seven species of Cycadacem and Cretaceous forms of Ginkgo give 
to the flora a strong Mesozoic aspect. The localities for these beds 
are situated in the Rocky Mountains at Martin Creek, North Fork 
of Old Man River, Canmore, Uoal Creek, Crow's Nest Pass, and
Kootanie Pass. 

(2) The intermediate series. Above the Kootanie beds and appar
ently separated by a considerable interval of barren strata there oc
curs on the midddle branch of the North Fork of Old Man River 
another deposit, yielding two species of dicotyledonous plants (Ster
cnlia _vetustula Dawson, n. sp., and La.urus crassinervis Dawson), 
which are supposed also to belong to the Lower Cretaceous, and are 
correlated with the Urgonian. Should this conclusion be sustained 
we have in these two species the second case on record of dicotyle-
dons at that horizon. -

(3) The Mill Creek series. On Mill Creek, a tributary of the south 
branch of Old Man River,, occurs another plant-bearing bed, which 
is regarded as higher t-han the last named but older than the Peace 
and Pine River series described in a previous paper. This the au
thor correlates with the Cenomanian of Europe, the Dakota group 
of the United States, and the Atane beds of Greenland. Twenty
three species are described £roni this place, the great majority of 
which (seventeen species) are dicotyledons. There were four ferns 
and one supposed cycadaceous form, his Williamsonia 1'ecentior. 
Among the dicotyledons occur a large proportion of the lobed and 
digitate leaves belonging to the alleged genera Platanus, Aralia, and 
Sterculia, one of which (his Sterculia vdustttla, pl. iii, fig. 2) re
sembles very closely some of the forms found by Professor Fontaine 
in the younger Mesozoic clays of Virginia. 

( 4) The Belly River series, correlated by the author with the :F'ort 
Pierre group of Hayden, or Senonian of Europe. These beds are lo
cated at a point called Medicine Hat, on the Belly River, ·and from 
them three species of plants were collected by Mr. T. C. Weston, of 
the Canadian Geological Survey, namely; Brasenia antiqtra, Poptt
lns lofidentatn and Acer Saskcdchewense, all new to science. The 
first o_f these, which is carefully figured on page 15, is an especially 
interesting form. 

Above all those beds was fo1~ntl a group which is regarded as Lower 
Laramie aud from which ten species were· obtained. From the oc
currence of Platctnns nobilis Newberry, and P. Raynolclsii New
berry, which ;lro characteristic of our Fort Union group, there se.ems 
no reason to suppose that these beds are lower than those of Dakota~ 
and therefore are rather Upper than Lower Laramie. 
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The thi1:ci of this-series of papers is On the fossil plants of the 
Laramie formation of Canada.' This paper includes a revision of • 
work done on this horizon as noted in the treatment of the several 
foregoing papers, and the study of new material collected princi
pally by Mr. J. B. Tyrrell and Mr. T. C. Weston, in the more westerly 
section of the Laramie district of British America. It may, there
fore, be regarded as embodying all the information relative to the 
Laramie flora of that region, in possession of the author at the date 
of'its publication., · 

It is here confessed that little distinction can be detected between 
the Lower and the Upper Laramie, as they have been separated in 
this and the previous pape·r, and also that the Belly River series 
mentioned in the last paper, possesses a flora that may practically be 
regarded as Laramie. 0nly eight species were found in the lower 
division of the Laramie, and all but two of these occurred also in the 
upper division, while of the nine species now known from the Belly 
River series four are also found in the true Laramie. If then we 
include, as we probably should, the Belly River in the Laramie series 
we find the total number of fossil plants thus fa1; known in that series 
to amount to fifty-six. Among these there are only two' ferns ( Ono
clea sens·ibiUs L. and Davallic~ tenuifolia Sw.), both of which, singu
larly enoi1gh, agree so closely with living species, that they have 
been regarded as such. There are six coniferous plants, most of 
them widely distributed species, and four monocotyledonous species, 
only one of which (Lernna sctdata Dawson) was in a sufficiently good 
state of preservation to be specifically determined. The remainder 
are dicotyledons. Judging from the figures given in this report, 
the material for it must have been quite fragmentary and the deter
minations are therefore correspondingly unsatisfactory. Many are 
allowed to go without specific,names, and those referred to species 
already known are not refigured. Nearly all of these latter cases are 
Fort Union species, but some of them belong to He01·'s Arctic Mio
cene. It is of special interest to observe that among the platanoid 
leaves found in this district there occur some with a well defined· 
basal.lo be, such as I have described from the Lower Yellowstone 
Valley, under the name of Platamts basilobcda. • There is no doubt 
that Sir J. Vv. Dawson's fig. 7 of pl. i represents the same species 
as figured by me and described more than a year before I be
came acquainted with the memoir here under consideration, but 
whether it should be regarded as a lobed form of Platanus nobilis, 
as he supposes, or as a new species, can not be decided until we have 
sufficient material to demonstrate the variability or constancy of this 
character. After what was said in the paper last qnoted, not only 

1 Proc. Trans. Royal Soc. Canada, vol. 4,1886, section iv, pp.19-34, pl. i, ii. 
2 Types of the Laramie flora, by Lester F. Ward: Bull. U.S. Geol. Survey, No. 37,. 

1887, p. 35, pl. xvii-xix; Sixth Ann. Rept. U.S. Geol. Survey, 1884--'85, pl. xlii, xliii. 
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under this species but also under Aralia notata (pp. ·GO, 61), it is 
·. scarcely necessary to add that I regard his two species of Sassafras 

figured on pl. ii, if not his V1:bnrnwn oxycoccoides· on the same 
_plate, as belonging to the general platanoicl group.' His Symphoro
r:arpophyllwn (pl. ii, fig. 17, Ul) seems to have much the same nerva
_tion as my Popv.lus cmspedoclronw (Types, etc., pl. viii, fig. 3), though 
the general outline is quite different, and is scarcely distinguishable 
:from that of his PopulHs w;ctica, var., figured on the preceding plate. 

The last of this series of papers to reach my hands treats of the 
fossil wood of the Cretaceous and Laramie formations of the western 
territories of Canada.' Sections from about sixty distinct trees are 
here described; which had been collected in the Belly River and Fort 
Pierre series at Ribstone Creek, Vermilion River, Medicine Hat, 
Twenty Mile Creek, South Saskatchewan, Swift Current, and at 
points on the Bow, Belly, aw'l Saskatchewan R.ivers; from the Lower 
Laramie series at A1~tler Hill, Edmonton, and Scabby Creek; from 
the Upper Laramie series at vVood End Depot, Coteau, Turtle 
Mountain, Souris Valley, Edmonton1 McKenzie River, Red Deer 
River, Middle Fork, Old Man River, Swift Current, Rocky Mountain 
House, and North Saskatchewan. 

A still later and doubtless very important contribution to this 
series is announced, • which unfortunately has not reached me. 
It promises to add many localities for fossil plants in this -part of 
Canada, and greatly to increase our knowledge of the flora of the 
Cretaceous deposits of the Northwest Territories, especially of the 
Kootanie series at their base, the interest in which is so much in
creased by the nearly equivalent flora of the Potomac formation,· 
which Professor Fontaine's :Monograph. now in press, will soon bring 
prominently into view. ' · 

Although Brongniart hatl received one species (F-uco'ides sern(, 
Brongn.) from Point Levi, near Quebec, collected by Mr. Stockes, • and 
Dr. Harlan in 1825 t:>tated that F. Brongm:artii Harlan was said to 
abonn~l on the W elland Canal, • nevertheless scl.ence is almost exchi.-

1 See my paper on The Paleontologic HiHtory of the Genus Platanus: Proc. U. S. 
Nat. M:us., vol. 11, 1888, pp. 39-42, pl. xvii-xxii. 

2 Notes on Fossil Woods and other Plant Rbmains, from the Cretaceous and Lara
mie Formations of the Western Territories of Canada·, by William Dawson: Proc. 
Trans. Royal Soc. Canada, vol. 5, 1887, sec. iv, pp. 31-37. 

3 Cretac\eous Floras of the Northwest Territories of Canada, by William Dawson: 
American Naturalist, vol. 22, November, 1888, p. 953-959. See foot-note top. 953. 

4 Prodrome, p.165; Histoire des veg. foss., vol. 1, p. 71. 
• Description of a new extinct Fossil Vegetable, of the Family Fucoides, by Richard 

Harlan: Med. and Phys. Researches, or Original M:emoirs, etc., Philadelphia, 1835, 
pp. 398, 399, 1 pl. 
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si vely indebted to Sir \Villiam Dawson, of :M·ontreal, for the develop
ment of the fossil flora of Canada and the other British provinces on 
the Atlantic. His investigations into this subject date back to a very 
early period. In 1850 he made a commmiication to the Geological 
Soeiety of London On Fossil Plants from the Devonian rocks of 
Canada,' in which he described some vegetable remains from the 
peninsula of Gaspe Bay, Lower Canada. The genera Psilophyton 
and Prototaxites (N ematophyton)' were established in this paper, and 
numerous forms figured in t~1e text. It was reprinted in tho Can
adian Naturalist, vol. 5, pp. 1-14. 

In 1861 he read a paper before the Natural History S'ociety of 
Montreal On the Precarboniferous flora of New Brunswick, 1\'Ia.ine, 
and eastern Canada.' This paper is chiefly devoted to describing 
plants from the first named localities, but two species (Selaginites 
forrnostts and Psilophyton p1·inceps) were collected in the Gaspe 
sandstones, and are figured on page 17G. 

In the summer of 1862 Mr. R. Bell made further collections at this 
1)oint and added the two species LeptophluYn?n rhombicttrn and Didy
-mophyZZ,nm reniforme, and also two species of a peculiar kind of 
fossil -\vood forming Dawson's new genus Nematoxylon. These are 
described in the Quarterly J onrnal of the Geological Society of Lon
don.' 

In his important paper On the flora of the Devonian period in 
northeastern America,' which will be further tr'eated later on, 
Devonian beds holding fossil plants are noticed at Kettle Point on 
Lake Huron, as well as at Gaspe; eight speeies are reported from the 
more western locality. 

The Gaspe beds are further treated in his report on The fossil 
l)lants of the Devonian and Upper Silurian formations of Canada, 
made to the Director of the Geological Survey of Canada in 1871, 
and in the supplement to this paper published in 1882. Between the 
dates of these two papers other deposits were found at Scaumenac 
Bay on the Restigouche River opposite Dalhousie, and also in the 
vicinity of Campbellton on the same river. 

Besides these Devonian and Silurian beds, highei· ones occur in 

1 Quart.Jour. Geol.Soc. London, vol.15, 1859, pp. 477-488. 
2 For his reasons for preferring the name Nematophyton to Prototaxites see his 

Geological History of Plants, New York, 1888, p. 21. For an exhaustive study of 
this and allied forms, see a paper entitled: On Nematophyton and Allied Forms 
from the Devonian (Erian) of Gaspe and Bay des Chaleurs, by D. P. Penhallow 
(with Introductory Notes by Sir William Dawson): Proc. Trans. Royal Soc. Can~ 
ada, vol. 6, 1888, Montreal, 1889, section iv, pp. 27-47, pl. i, ii. 

· 3 Canadian Naturalist, vol. 6, 1861, pp.161-180. 
4 Further Observations on the.Devonian Plants of Maine, Gaspe, and New York, 

by J. W. Dawson: Quart. Jour. Geol. Soc. London, vol.19, 1863, pp. 458-469, pl. xvii
xix. 

5 Quart. Jour. Geol. Soc. London, vol. 18, 186.2, pp. 29G-330, pl. xii-xdi. 
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Gaspe and on the Bay of Cha1eurs, which are referred to the Lower 
Carboniferous, and treated in a report of the fossil land plants of 
the Lower Carboniferous and Millstone G-rit formations of Canada, 
made in 1873. · 

Other collections made by Mr. A. H. Ford at Scaumenac, opposite 
Dalha:usie, and by Mr._ Weston near Campbellton, -are treated in a 
short paper on New Devonian plants from tho Bay de Chaleur, in' 
1883. I 

The Post-pliocene deposits in the vicinity of Montreal received 
early attention, the first mention of plant rerru~ins from them having 
been made in 1857 -in a paper On the Newer Pliocene and Post
pliocene deposits of the vicinity of Montreal,' with notices of fos~ 
sils recently discovered in them, three recognizable species of living 
plants (Popttlus bQlsam'ifera L., Potentilla. Norvegica L., and Tlwya 
occi(lental·is L.) being enumerated, besides the remains of Algoo. 

In a later paper' mention is made of "leaves and stems of grasses, 
needles of pines and a moss," also a well preserved small dicotyled
onous leaf. 

Having received additional material from other bods of this age, 
Dr. J. W. Dawson, in a paper published in 1866,' reviews this flora, 
enumerating twelve distinct. forms, making several specific changes, 
and figuring some of the best preserved specimens. From the data 
thus got together he draws certain conclusions both as to the cli
mate indicated and the age of the deposits. He thinks that the sum
mer of that period must. have been colder than at present to an ex
tout equal to about 5° of latitude. The plants are chiefly found in the 
bowlder drift associated with Lecla truncata, deposits of which ex
tend along the St. Lawrence River, sometimes at a height of 500 
feet, and also on the Ottawa River at Green's Creek, where the best 
specimens are obtained. 

In· an elaborate paper on the Post-pliocene geology of Canada, pub
lished in 1872,5 the author gives a list of the plants ·chiefly from 
Green's Creek (p. DD), and states that no additional material has been 
obtained since the appearance of the paper last treated. 

Much interest has recently attached to certain spore cases found 
associated with fL'agments of Calamites and Lepidodendron, in tho 
coal bed at Kettle Point, which is of Upper Devonian age. The first 

1 Canadian Naturalist-, vol.10, 1883, pp. 8-11. 
2 Canadian Naturalist and Geologist, vol. 2, 1857, pp. 401-426. (Plants, p. 422.) 
"Additional Notes on the Post-pliocene deposit of the St. Lawrence Valley, by J. 

W. Dawson: Ibid., vol. 4, 1859, pp. 23-39 (see p. 37). 
· 4 The Evidence of Fossil Plants as to the Climate of the Post-pliocene Period in 

Canada, by J. W. Dawson: Canadian Naturalist, new series, vol. 3, 1866, pp. 69-76. · 
"Notes on the Post-pliocene Geology of Canada, with especial reference to the 

Conditions of Accumulation of the Deposits and the .M:arine Life of the Period, by 
J. W. Dawson: Canadian Naturalist, new series, vol. 6, 187.2, pp.1-112, pl. vii. 
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paper on this subject was published by Dr. J. W. Dawson, in the 
,American Journal of Science for April, 1871. 1 One speciE:lS of Spo
rangites (S. Huronensis), a name proposed by him in 1866, is here 
figured. In a paper read before the American Association for the Ad
vancement of Science, at Minneapolis (1883), previously quoted (supra, 
p. 824), in which he described some Brazilian forms, he gives his 
reasons for supposing that these spore cases represent fossil Rhizo
carps. 

Most of the objects of problematical character, regarded by some 
authors as fucoids,. that have been found in the Silurian rocks of 
Canada are described in Mr; E. Billings's contributions to the Geo
logical Survey of Canada on Paleozoic fossils. • Such objects were 
found in the Potsdam group at Anse au Loup on the north shore of 
the straits of Belle Isle, in the township of. Landsowne, near Beverly, 
in the township of Bastard, near Ste. Anne, and at Ste. Genevieve; 
in the Calciferous at Beauharnois, Edwardstown, near Norton's 
Creek Mill, county of N apierville, and at L'Original, county of Pres
cott; in the Chazy group at. the head of the Grel).yille canal; -in the 
Black River group and base of the Trenton near Hilton village, and 
on the island of St. Joseph in Lake Huron; in the Trenton group at 
Belleville, Peterborough, and the city of Ottawa; and in the Hudson 
Rivergronp OI\ Manitouwaning Bay, Lake Huron. 

NEW BRUNSWIC&. 

This province has proved very rich in Paleozoic plants. In the 
paper already quoted on the Pre-carboniferous flora of New Bruns
wick, etc., 1861, seven species, six of which were new, are described 
from the ·Devonian beds in the vicini tv of St. John, and in the more 
extended paper also previously quotecl, on the flora of the Devonian 
Period in Northeastern America, 1862, thirty-nine of the sixty-nine 
species given in the list, on page 327, were from this locality. 

In his Synopsis of the Flora of the Carboniferous Period in Nova 
Scotia, 1862; presently to be more fully treated, Dr. Dawson reported 
Carboniferous plants from Dorchester, Miramichi, Coal Creek, 
Grand Lake, and Bathurst, in New Brunswick. 

Most of the plants enumerated in his Descriptive list of Car
boniferous Plants found in Nova Scotia and New Brunswick,' were 

• 1 On spore-cases in Coals, by J. W. Dawson: Am. Jour. Sci., 3d series, voLt, 1S71, 
pp. 256-263. Canadian Naturalist, n. s., vol. 5, 1870, pp. 369-377. 

2 E. Billings: New species of Lower Silurian fossils. I, On some new or little 
known species of Lower Silurian Fossils from the Potsdam Group(Primordial Zone). 
Geol. Survey Canada, Montreal, 1S61, 24 pp., so. 

Palreozoic fossils, vol. 1, containing descriptions and figures of new or little known 
species of organic remair'ts from the Silurian rocks. Geol. Survey Canada, Mon
treal, 1861-1S65, 426 pp., so. 

3 Appendix to his memoir "On the Conditions of the Deposition of Coal, etc." 
Quart. Jour. Geol. Soc. London, vol. 22,1866, pp. 145-166,-pl. v-xiii. · 
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from Nova Scotia and Cape Breton, but a few were co1leuted on the 
Bay de Chaleurs and Norton Creek, in New Brunswick. 

In the careful revision of this flora published by the Geological 
Survey of Canada in 1871,' much new material was found to have 
accumulated, and seventy Middle Devonian species from St. John 
and Lepreau, New Brunswick, are given in the list on pages 85 and 
86, and in the supplement to this paper, published by the Canadian 
Survey in 1882, • several new speci~s of ferns previously described iu 
the Quarterly Journal of the Geological Society of London (vol. ~7, 
1881, pp. ~303-306), are added to this number. 

In his report of the fossil land plants of the Lm,;er Carbonifer
ous and Millstone Grit, 1873, to which reference has already been 
made, a few species from Norton Creek and. Hillsborough, New 
Brunswick, are described. · 

PRINCE EDWARD ISLAND. 

~ The first mention of fossil plants from Prince Edward Island was 
made by Dr. J. W. Dawson in 1854-, in a short paper On fossil conif
erous wood from Prince Edward Island.' 

The localities from whicl;!. these specimens were taken were on the 
south shore of the island at Gallo:ws Point, Des Sables, and Crapaud. 

In 1871 appeared the Report on the Geological Structure and Min
eral resources of Prince Edward Island, by J. W. Dawson and B. J. 
Harrington (Montreal, 1871, 8°), in which are described all the fossil 
plants of the island known at that time. They represent the Upper 
Carboniferous with sixteen species, and the Trias with five species. 
The Carboniferous species are from Gallows Point, Miminigash, and 
Campbellton, and the Triassic species from Indian River and from a 
bed on Gallows Point belonging to that age, also from Murray Har
bor and near Penn Point. Twq new .speCies are found in this forma
tion (Dadoxylon Edvard·iamtm and Cycadeoidea Abequ,iclensis). Be
sides these arc figured forms of Knorria and of Sternbergia, which, 
if correctly determined, would indicate a lower horizon. The paper 
is illustrated by three plates. 

In a paper On the Upper Coal-formation of Eastern Nova Scotia 
and PrincJ Edward Island, in its relation to the Permian,' Dr. J. W. 
Dawson enumerates the fossil plants from the Upper Coal Formation:' 
of P.rinee Edward Island known at that date, which, it appears, had 
not been increased since the date of the report last quoted. 

An enumeration of the Permo-carboniferous plants of Prince Ed-

1 The Fossil Plants of the Devonian and Upper Silurian of Canada, Part 1, pp. 
11-86. 

2 The Fossil Plants of the Erian (D3vonian) and Upper Silurian formations of 
Canada, pt. 2, pp. 114-118: 

3 Proc. Philadelphia Acad. Sci., vol. 7, 18.54, pp. 62-64. 
4 Quart. Jour. Geol. So~. London, vol. 30, 1874, pp. 209-218. 
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ward Island, amounting to fourteen species, was embodied by Dr. J. 
vV. Dawson in his remarks on the paper presented to the Royal 
Society of Canada by Francis Bain, and published in the Canadian 
Record of Science (vol. 1, pp. 154-161) for 1884 and 1885 (page 158), 
and in the same connection some interesting forms from the so-called 
Trias of that island are commented upon and figured. 11Talchic~ 

·imbriccdulct is here for £he first ti'me madc,known (page 1Gl, fig. :!). 

, NOV"\. SCOTIA. 

The formation from whieh fossil plants have chiefly bee{l obtained 
in Nova Scotia is the Carboniferous. Lyell refers to tliem in his 
travels (vol. 2, p. 195), and a large number of papers-principally 
geological, but containing allusions to this flora and descriptions of 
some species, especially accounts of remarkable erect fossil trees from 
these beds_:_appea;red from time to time in the Quarterly Journal of 
the Geological .Society of London,' in the Canadian Naturalist, 
and in other scientific periodicals. Teschenuicher in 184G had alsQ 
received some material from Pictou which he mentions in his Fossil 
Vegetation of AmP-rica. 2 But prior to th_e year l8G3 no systematic 
summary of the paleobotanical results had been published. 

The Canadian Naturalist for that year' contains Dr. Dawson's 
Synopsis of the Flora of the Carboniferous Period in Nova Scotia, 
-\vhich is a catalogue of the plants in his collection and in the col
lections made by Bun bury, Lyell, and Brown. In this list of nearly 
two hundred species from the Lower, Middle, and Upper Carbonifer
ous occur a large number not hitherto known, and these are for the 
most part briefly described. The following are the localities enum
erated in this paper: Joggins, Malagash, Pictou, Horton, Tatama
gouche, Parrsboro', and Salmon River. This miumeration is exclu
sive of points in Cape Breton and New Brunswick. 

In his illustrated paper On the conditions of the deposition. of · 
coal,' a large number of these species are figured and. many new 
ones added. 

Again, in 1873, in the Reports of the Geological Survey of Canada, • 
the plants of the Lower Carboniferous and Millstone Grit, as they oc
cur at Horton Bluff, Pictou, Windsor, etc., are systematically treated 
and carefully figured in ten plates. 

1 Vol. 1, 1845, pp. 322-330; vol. 2,1846, pp.l32-136, pl. viii; vol. 7,1851, pp. 194-196; 
vol. 9, 1853, pp. 58-63; vol. 10, 1854, pp.1-42, 42-51; vol. 17,1861, pp. 522-524, pro
ceedings, p. 5. · 

. 2 Boston Jour. Nat. Hist., vol. 5, pt. 3,1846, pp. 370-385; pl. xxxiii-xxxvi. 
3 Vo1.8, 1863, pp.431-457. 
"Quart. Jour. Geol. Soc. London, vol. 22, 1866, pp. 95-169, pl. v-xiii. 
5 Report on the Fossil Plants of the Lower Carboniferous and Millstone Grit Forma

tions of Canada, Montreal, 1873. 
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A list of the plants of the Upper Coal Formation known in 1874 
to occur in Nova Scotia, is given on page 216 of voh{me 30 of the 
Quarterly Journal of the GeologicaL Society of London, and contains 
forty-two species. 

CAPE BRETON. 

Although, in treating Dr. J. W. Dawson'~ papers on Nova Scotia, 
Cape Breton was necessari~y included, it seems proper to give special 
recognition to an important paper by Bunbury' antedating most of 
Dawson's work and based on collection-s made in the Sidney coal 
field by Mr. Richard Brown. In this paper forty-eight distinct 
forms are recognized, of which seven are new species. The latter 
are very well figured on the four accompanying plates. 
· In another p'lper • the same author treats an additional and re- · 
markable specimen, apparently from the same collection. 

Besides the principal beds at Sidney, Dawson in his synopsis notes 
the occurrence of Carboniferous plants at Port Hood, Glace Bay, 
and Mabon oil O~pe Breton Island. 

NEWFOUNDLAND. 

Carboniferous fossil plants have been collected on St. George's 
Bay, Newfoundland, and four species also common to other beds of 
the British provinces are mentioned in the Geological Survey Re
port on the fossil plants of the Lower CarbQniferous and Millstone 
Grit formations of Canada, 1873, already several times quoted (pp. 
2!J, 3'!, and34). 

It is proper to state that the entire subject of the paleobotany of 
eastern British America was carefully reviewed in the first edition 
of the Acadian Geology, published. in 185,, and the work accom
plished between that time and the appearance of the second edition 
in 1868 was revised and· brought down to that date, and also that 
the supplement, which was appended to the second to make the third 
edition, and published in 1878, embodies the results of the author's 
labors during the preceding decacle. 

UNITED S'l'ATES . 

. In harmony with the general plan thus far pursued, which con
templates the subject primarily from a geographical stand-point, I 
shall considei· the various deposits in the United States that have 
yielded fossil plants in the usual geographical order of States, with 
the exception that the Territories will be arranged in a single series 
,along with the States, and not separated from them as is customary 

1 On Fossil Plants from the Coal Formation of Cape Breton; by C. J. F. Bunlmry: 
Quart. Jour. Geol. Soc. London, vol. 3, 1847, pp. 423-438, pl. xxi-xxiv. 

2 Description of a peculiar Fossil Fern from the Sidney Coal Field, Cape Breton, 
by C. J. F. Bunbury: Quart. Jour. Geol. Soc. London, >ol. 8, 1852, pp. 31-35, pl. i. 
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in official reports. Subordinate to the geographical order theinform
.ation tliat is obtainable in reference to the fossil flora of each State 
will be treated in the chronological order of its discovery and of 
publication. While it will, of course, be impossible in some of the 
States whose floras have· long been known and studied, such as New 
York and Pennsylvania, to mention every minute locality from 
which vegetable remains have been taken, or to refer to every indi
vidual publication, great and small, that has ever appeared, still it 
is hoped that the data here collected will be sufficient to afford a 
fairly correct idea of the extent and value to science of the fossil 
flora ·Of the United State.s, and of the history and progress of its dis
·Covery and development.-

Maine.-In 1846 Dr. Ebenezer Emmons,. while writing tho first vol
ume of the Agriculture of New York,' described Nereites Jacksoni, 
N. ptignus, N. Loomisi, and N. lan.ceolata, from the Taconic (Cam
brian) slate of Waterville, :M:e. 

The town of Perry, on Passamaquoddy Bay, opposite. Deer Island, 
has yielded a number of species of plants of Devonian age, which 
wore first noticed in a paper, to which reference has already been 
made, On the Pre-carboniferous flora of New Brunswick, Maine, 
.and eastern Canada, by J. W. Dawson, • where eight different forms 
are mentioned, four of which were specifically determinable, two of 
them ( Cyclopteris J acksoni and Lepidostrobus Richardsoni) being 
in a very good state of preservation, as shown by figures on pages 
173 and 174. 

In 1862, in another paper by the same author, • this flora is revised 
.along-with those of Canada, two new species ( Cyclopteris Brownii 
and C. Hitchcockiana) are added, and the affinities of some of the 
former doubtful ones are worked O'!Jt. In the appendix to the paper 
(opposite page 329) a short account is given of a visit made by the 
.author to this locality and of several additional forms discovered by 
him. 

On the 3d of March- of the same year C. H. Hitchcock • read a 
_paper before the Portland Society of Natural History, in which the 
.same new species froin Perry are described and illustrated from notes 
.and drawings by J. W. Dawson. 

Still a third paper by Dawson relating to this flora was published 

1 Agriculture of New York : Comprising an account of the classification, composi
·tion, and distribution of the soils and rocks, and the natural waters of the different 
geological formations ; together with a condensed view of the climate and the 
agricultural productions of the State, by Ebenezer Emmons: Nat. Hist. of N.Y., 
·pt. 5, Agriculture, vol.1, pp. i-xi, 1-370, pl. i-x'x (see pp. 68, 69, 365, pl. xv, xvi). 

•canadian Naturalist and Geologist, vol. 6, 1861, pp.161-180. (See pp.172-175.) 
3 0n the Flora of the Devonian Period in Northeastern America, by J. W.Daw

·son: Quart. Jour. Geol. Soc. London, vol.18, 1862, pp. 296-330, pl. xii-xvii (pl. xvii). 
•Notes on the Geology of Maine, by C. H. Hitchcock: Proc. Portland Soc. Nat. 

:Hist., vol. 1, pt. 1, 1862, pp. 72-85, pl. i. . 
8 GEOL--54 
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in the Quarterly Journal of the Geological Society of London, for 
1863,' in which the number of distinct forms is increased to eighteen 
and fuller descriptions are given. 

·These plants are also included in his report on the fossil plants 
of the Devonian and Upper Silurian formations of Canada, pub
lished by the Geological Survey of Canada (Montreal, 1871). 

Vermont.-The fossil fruits of Brandon have been known since· 
185{, in which year Dr. Edward Hitchcock published a description 
of them with good figures," but without attempting to correlate them 
with similar objects previously found, or to assign them a place in 
the vegetable kingdom. 

In 1861 this paper was published in an enlarged form, with many 
additional figures, in the Report on the Geology of Vermont.' 

The task qf identifying these fossils was underta~en the same year 
by Professor Lesquereux, who made his report on the fossil fruits 
found in connection with the Lignites of Brandon, which appeared 
both in the American Journal of Science • and in the Report of the 
Geology of Vermont. • He distinguishes twenty-three species of 
plants, the most abundant of which are referred to the genus Carya 
and regarded as lignitized hickory-nuts. In addition to these he 
finds one species of Fagus or beech-nut, two of Apeibopsis, three of 
Aristolochia, one of Sapindus, one of Illicium, one of Carpinus, and 
three of Nyssa, besides eight other forms not distinctly referable to 
any known genus, most of which he classes under Carpolithes, 
though several of them may belong to Carya. 

There is no doubt that these lignite beds of Brandon are of Ter
tiary age, and Dr. Hitchcock regards them as belonging to the Plio
cene. Professor Lesquereux compares the fossils with some obtained 
from Kentucky and other Southern States, and his view that this 
formation is the same as the so-called Eocene lignite beds, and once 
had an extensive development in the United States, has been strength
erred by later discoveries.' 

Certain forms of doubtful affinity (Palwophycus incipiens, P. con
grega:tus and Scolithus Canadensis) were descr~ bed by Billings 7 in 

I Further Observations on the Devonian Plants of Maine, Gaspe, and New York, 
by J. W. Dawson: Quart. Jour. Geol. Soc. London, vol. 19, 1863, pp. 458-469, pl. xvii
xix. 

2 Description of a Brown Coal Deposit in Brandon, Vermont, with an attempt t() 
determine the geological age of the principal Hematite Ore Beds in the United 
States, by Edward Hitchcock: Am. Jour. Sci., 2d series, vol. 15, 1853, pp. 95-104. 

s Rept. Geol. Vermont, vol.1, 1861, pp. 226-234. 
•Am. Jour. Sci., 2dseries, vol.32, 1861, pp.355-363. 
s R~pt. Geol. Vermont, vol. 2, 1861, pp. 712-718. 
ssee Dana's Manual of Geology, 2d ed., 1875, pp.494, 498,774. 
1 E. Billings : On some new or little known species of Silurian Fossils from the 

Potsdam Group (Primordial Zone). Appendix to the Report on the Geology of Ver
mont, vol. 2, 1861, pp. 942, 960. Palreozoic Fossils, vol. 1, Montreal, 1865, pp. 2, 3, 96. 
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an appendix to the Report on the Geology of Vermont, above re
ferred to, and enumerated in his catalogue of Paleozoic fossils as 
having been found in the Lower Silurian. The first and third were 
from the Cambrian at Swanton; the other was. found in the same 
formation one mile south of the- boundary line, between Moor's 
Corners and Saxe's Mills in Highgate. 

JJlassachusetts.-As early as 1823 Dr. Edward Hitchcock' noted 
the presence of vegetable remains in the valley of the Connecticut 
in Massachusetts, some of which he figured without names, in rock 
probably of Triassic age found at Gill, Sunderland, andNewgate. 

In the Trias of the Connecticut Valley the remains of plants are 
in most cases fragmentary. All those figured by Dr. Hitchcock in his 
Final Report on the Geology of Massachusetts, vol. II, 1841, whether 
in the text (pp. 451-457) or on pl. xxviii (described as pl. xxix), are 
so imperfect as to remain problematical. They were found on an -
island at Turner's Falls, on Agawam River in West Springfield, in 
Sunderland and Northampton on the Connecticut River, on the 
Chicopee River at Chicopee Factory Village, in Springfield, at Hoyt's 
quarries in Deerfield,and near the county jail in Greenfield. 

In 1843 Dr. Hitchcock' gave an account of several fossil plants 
discovered in a large bowlder of dark gray sandstone on Mount 
Holyoke, Massachusetts, among which he recognized Treniopteris 
vittata Brongn., which he figured on plate xiii (fig. 2). In the same 
paper he figures (pl. xiii, figs. 3-5) a second species, which he refers 
to the genus Voltzia, from that formation found at Montague in Mas
sachusetts. 

During the summer of 1854 a specimen of fossil fern ( OlatMop
teris rectiuscula Hitch.) was found in the sandstone of Mt. Tom 
in East Hampton, which was described by Edward Hitchcock,. jr., 
in the American Journal of Science (2d series, vol. 20, 1855, pp. 22-
25). The plant is figured on page 24.: the geological age is the same 
as in former cases. 

Further details in regard to this species were presented by the 
elder Hitchcock to the American Association for the Advancement 
of Science, at its Newport meeting in 1S60.' 

Dr. J. ,S. Newberry, in an important work just published: con-

1 A Sketch of the Geology, Mineralogy, and Scenery of the Regions contiguous to 
the River Connecticut; with a Geological Map and Drawings of Organic Remains; 
and occasional Botanical Notices, by Ed ward Hitchcock: Am. J olir. Sci., vol. 6, 1823, 
pp.l-86, 201-236, pl. ix; vol. 7, 1824, pp.l-30. 

2 Description of several species of Fossil Plants, from the New Red Sandstone for_ 
mation of Connecticut and Massachusetts, by Prof. Edward Hitchcock: Philadel
phia Assoc. Am. Geol. and Nat., 1843, pp. 294-296, pl. xiii. 

3 Proc. Am. Assoc. Adv. Sci., 14th (Newport) meeting, 1860 (1861), pp. 158, 159. 
4 Fossil Fishes and Fossil Plants of the Triassic Rocks of New Jersey and the 

Connecticut Valley, by John S. Newberry: Monogr. U. S. Geol. Survey, vol. 14, 
Washington, 1888, 152pp., 26 pl. (Part III, Fossil Plants, pp. 77-95, pl. xxi-xxvi.) 
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siders the Connecticut Valley Trias as equivalent in age to the Rhetic 
beds of Germany and to the older Mesozoic of Virginia. The local
ities in Massachusetts at which his specimens of fossil plants were 
obtained were Turner's Falls, Sunderland, Westfield, and East
hampton. 

Vegetable remains from Wrentham and Mansfield have also been 
mentioned by Dr. C. T. Jackson.' Teschemacher, in his paper on 
the fossil vegetation of America, 2 enumerated quite a list of ferns 
from the Carboniferous of the latter place, some of which he figured. 
·The coal plants figured by Dr. Hitchcock are all referred by him 

to the Graywacke. They were chiefly obtained from the Rardon 
coal mine at Mansfield, from an excavation for coal in the southern 
part of Wrentham and from stone walls in Norton. 

The discovery in 1885 of specimens of Lepidodendron (L. acurni-
1taturn Gopp.) by Mr. Joseph H. Perry in the graphite beds of W or
cester,' seems to prove that these beds are much less ancient than 
was formerly supposed, and perhaps not older than Subcarboni
ferous. 

One of the localities for Scolithuslinearis Hald., as given by Hall, • 
is Adams, Mass. 

Dr. Edward Hitchcock, in the ]'inal Report on the Geology of 
Massachusetts, vol. 2, 1841, mentions the occurrence of vegetable 
remains at a number of points within the State. The submarine 
fQrests of the alluvium are noted in the harbor of Nantucket, at 
Holmes's Hole, and also at the southwestern extremity of Martha's 
Vineyard, on the north side of Cape Cod opposite Yarmouth on · 
Barnstable Bay, and at Provincetown. In the lignite bed at Gay 
Head were found leaves that are almost certainly dicotyledonous, 
but the figures given of them on pl. xix are not sufficiently dis
tinct to indicate with certainty their generic affinities. Some of 
them seem to belong to the genus Rhamnus or Berchemia. This 
formation is Tertiary, and is placed in the Eocene by Dr. Hitchcock. 

Prof. N. S: Shaler, who has been investigating the coast geology 
of southeastern Massachusetts, in a letter to me dated February 28, 
1888, expresses the opinion that the formations at Nantucket Har
bor, Holmes's Hole, and Martha's Vineyard, as well as at Barnstable 
Bay and Provincetown, are of post-glacial age, a1id that the deposit 
at Gay Head is pre-glacial and probably Pliocene. Professor Shaler 
also notes the presence of a submerged forest at a point on Cape 
.Ann, about midway between Gloucester Harbor and Rockport, show-

' Geology of Rhode Island, 1840, p. 12, pl. iii, v, vi. 
• 2 Bos'on Jom:. Nat. Hist., vol. 5, No.3, 1846 (1847), pp. 370-385, pl. xxxiii-xxxvi. 

a Note on a Fossil Coal Plant found at the Graphite deposit in .mica schist, at 
Worcester, Mass., by Joseph H. Perry: Am. Jour. Sci., 3d series, vol. 29, 1885, pp. 
157,158. 

4 Natural History of New York, Palreontology, vol. 1, 1847, p. 3. 
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ing the roots in normal position below high-water mark and extend
ing downward below tide level. In Boston Harbor, in Lynn Bay, 
and ~:m Nantucket, peat-bog material containing abundant vegetable 
impressions occurs below high tide. · . 

Rhode Islancl.-The first mention of fossil plants from Rhode Isl
and was made by Dr. C. T. Jackson, who published a report in 1840,' 
in which some dozen species are figured from Portsmouth, Warren, 
Bristol Neck, Warwick Neck, and Newport Neck. They include t1:J.e 
genera Pecopteris, N europteris, Asterophylites, etc. 

Teschemacher, in the paper already m~ntioned (supra, p. 852), 
figures three species (Pecopteris longifolia Brongn., Cyatheites 
Sr:.hlotheirnii (Sternb.) Gi:ipp., and Odontopteris Brarclii (Brongn.) 
Sternb.) from the same locality. 

Between this date and 1884, however, considerable. collections had 
accumulated, especially from theN ewport and Mt. Hope coal mines, 
from Valley Falls, and from Cranston. Those from the Newport 
and Mt. Hope coal mines, amounting to sixty-nine species, are de
scribed by Professor Lesquereux in his Coal Flora of Pennsylvania, 
where figures of most of them inay be found. 

In the American Naturalist for September, 1884, • Professor Les
quereux published a list of eighty-eight species of_ which fifty-six are 
ferns. They were collected at Valley Falls, near Portsmouth, and 
at Cranston. A second collection from Pawtucket, Valley Falls, and 
Bristol was reported on by him in the American Journal of Science 
for March, 1889 (3d series, vol. 37, pp. 2.29-230). It contains twenty
fou~ species," only seven of which occurred in the previous list. 
These lists and the one published in the Coal Flora include all the.
fossil plants thus far known from Rhode Island, amounting to one 
hundred and five species, only three of those of the earlier lists not 
appearing in the later ones. Two new species (Sphenopteris fu~i
formis and Callipteri(liurn sp.) are described in the earlier of the two 
last named papers. Substantially the same -list as that which ap- • 
pea red in the· American Naturalist is included in a report of a com
mittee of the Franklin Society of Providence on the Geology of 
Rhode Island, published in 1887. • Besides containing descriptions 
and figures of the two last named species, a ne\V one, Sphenopteris 
Sa_lisbnryi is described and illustrated from manuscript furnished 
by Professor Lesquereux. Among the localities given in this list are 
found the names Pawtucket, Sachuest Point, Providence, and East 
Providence. 

1 Report on the Geological and Agricultural Survey of the State of Rhode Island, 
· by Charles T. Jackson. Providence, 1840, pp. 1-312, pl. i-vi, so. 

2 The Carboniferous Flora of Rhode Island, by Leo Lesqeureux: Am. Naturalist, 
vol. 1S, pp. 921-923. 

3 Report on the Geology of Rhode Island. Providence Franklin Society, Provi
dence, "18S7, pp. 1-J2S, pl. i-iii, so. ("Carboniferous Flora of Rhode Island," pp. 6S-
79, pl. ii, iii.) 
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Connecticut.--A brief list of miscellaneous localities of miner
als, contributed to the American Journal of Science by J. P. Brace, 1 

contains a notice of the occurrence of "agatized wood" in the south 
part of the town of Southbury~ 

In an extended paper by Dr. Edward Hitchcock, published in 
· 1828, • mention is made of "a siliceous petrifaCtion of a trunk of a tree 
eight or ten inches in diameter," discovered at Southbury, which he 
found in .the possession of Dr. Smith, of that place. The Report 
on the Geological Survey of Connecticut, by Charles Upham Shep
ard,' 1837, refers to the occurrence of vegetable remains in the red 
sandstone at Middletown, and in the cupriferous sandstone-slate at 
Enfield Falls, in. Suffield, and at Southington and Durham. In 1843 
Dr. H_itchcock. gave a fuller account of the Southbury specimen 
in the proceedings of the Philadelphia Association of American 
Geologists and Naturalists: embracing the report made upon it by 
Prof. J. W. Bailey, of West Point, who had subjected it to a micro
scopic examination and pronounced it coniferous. 

Most of the Triassic (Rhetic) plants described from Connecticut 
by Dr. Newberry in the work quoted above were from Durham, but 
he states that some were collected at Middletown, and his Dendro
phycus 'l'riassicus was obtained at Portland. 

New York.-The earliest account that I have met with of. vegetable 
remains in New York State is Prof. Jacob Green's Notice of a Min
eralized Tree, etc., found near the village of "Chitteningo," in Sulli
van County, in 1822. • Aside from its early date this discovery is of 
comparatively small importance. 

In view of the recent discussions relative to the problematical organ
ism that goes by the names of Bilobites, Cruziana, etc., the vegetable 
nature of which has been so strongly claimed by certain paleobotan
ists, it may be appropriate to mention that the first paper on this sub
ject was written by Dr. J. E. Dekay in 18~3,' and contains descriptions 

:uf certain of these forms in the cabinet of the Lyceum, which were 

1 Miscellaneous Localities of Minerals, communicated by various persons. No.6, 
by J.P. Brace: Am. Jour. Sci., vol. 6,1823, pp. 250,251. 

2 Miscellaneous Notices of Mineral Localities, with Geological Remarks, by Ed
ward Hitchcock: Am. Jour. Sci., vol. 14, 1828, pp. 215-230. See especially page . 
228. Also mentioned in Final Rept. Geology Mass., vol. 2, 1841, p. 456. 

3A Report on the Geological Survey of Connecticut, by Charles Upham Shepard. 
New Haven, 1837, pp.1-188, so. (See pp. 62,166.) 

4 Description of several species of Fossil Plants from the New Red Sandstone 
Formation of Connecticut and Massachusetts, by Edward Hitchcock: Philadelphia 
Assoc. Am. Geol. and Nat., 1843, pp. 294-296, pl. xiii, fig.1. 

5Am. Jour. Sci., vol. 5, 1822,pp. 251-253. Chittenango is in Madison County, and 
it remains doubtful as to where this locality is. 

6 Note on the Organic Remains termed Bilobites, from the Catskill Mountains, 
by J. E. Dekay: Annals Lyceum Nat. Hist. N.Y., vol. 1, 1823, pp. 45-49,1 p1. 
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collected by Mr. James Pierce at Cairo, in the Catskills, and in the 
Toto way Mountain in New Jersey. This paper establishes the pri
ority of the name Bilobites, which will have to be credited to Dekay, 
although he states that the specimens were labelled "unde-r the name 
of Bilobite." Dr. Dekay did not regard them as plants, but inclined 
to the belief that they might be molds or casts of an extinct species 
of Cardium, though he also quoted from a report by Mr. Say the 
opinion of that author that they belong to the genus Productus, a 
brachiopod. 

Dr. Richard Harlan in describing his Fucoides Brongniartii,' 
1835, mentions the western part of the State of New York as one 
of the localities at which it has been collected. 

Mr. T. A. Conrad, in the first -annual report of the Geological 
Survey of New York, 1837', mentions the occurrence of vegetable 
remains in the Third District at various localities (pp. -167, 168, 169, 

. and 171), chiefly of the different fucoids (F.Brongniart,ii and F. Al
leghaniensis), and in the second report of the same survey (Report 
of T. A. Conrad on the Paleontological Department of the Survey, 
pp. 107-119), he enumerates the fossil plants along with the other fos
sils under the. different geological groups. In the sixth group, or 
Black Limestone of Trenton Falls, or Grauwacke Slate of the Hud
son River, eight species of fucoids are named. In the same volume 
Mr. Lardner Vanuxem calls attention to these same forms in the 
Third District (p. 283), and Prof. James Hall in the Fourth District 
(pp. 357, 358). 

In 1840 Professor Haldeman founded the genus Skolithus,' which 
he regarded as a fucoid from the Potsdam sandstone of Pennsylva
nia. It also occurs in the valley of Lake Champlain, and has since 
been found to have a wide distribution.' 

Dr. Ebenezer Emmons (Nat. Hist: of New York,,Agriculture, vol. 
1, 1846, pp. 68, 69, pl. xiv-xvii) mentions Gordia marina, numerous 
fucoids, and a number of species of Nereites and Myrianites from 
the Taconic at McArthur's Quarry, in Jackson, Washington County. 

V anuxem's final report of the Geology of the Third District of 
New York' contains figures of a large number of fuc0idal remains 
and other vegetable fossils. Good figures of Ftwoides Harlani Conr., 
from the Medina sandstone, are given on page 71, and Spirophy
ton veltvrn, from the Hamilton group at Lewis's Quarry, near Sols
ville, Madison County, is figured on page 160 (Fig. 39). Here, too 

11\fedical and Physical Researches, etc., by Richard Harlan. Philadelphia, 1835, 
1). 398, fig; 2. See also Trans. Geol. Soc. Pa., vol. 1, 1835, p. 110. 

~supplement to Number One of a :Monograph of the Limnaides, etc., by S. S. 
llaldeman, 1840. 

3 Natural History of New York, Palreontology, vol.1, 1847,p. 3. 
4 Natural History of NewYork,Geology of New York, pt.3,Albany, 1842;4°. 
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_ (p. 175), occurs the first figure of the now well known form Ptilophy~ 
ton Vanuxemi Dawson from the Ithaca shales, about whose vege
table origin he was not less doubtful than are many at the present 
time, and Sigillaria Vanuxemi Gopp., from the Chemung at Owego, 
which, following a mistake initiated by Goppert, is commonly quote<l 
as Oswego. From the Catskill group (pp. 190, 191) are figured a. 
number of other plants (Sigillaria simpl·icitas Vanux., from Mt. Up
ton and North Bainbridge, Lepidodendron Gaspianum Dawson, etc.). 
- These researches were continued by Prof. James Hall in the subse

. quent reports on the Natural History of New York. . In part 4 of 
the Geology of New York, comprising the survey of the Fourth 
Geological District (Albany, 1843), a number of Vanuxem's figures: 
arc reproduced, many others added, and names and descriptions. 
given to many pre-Carboniferous forms,' among which were Sphen-
opteris laxa from Pine Valley, Chemung County, and Sigillaria 
Chemungensis from Black Creek and Wisner's Quarry, near El-
mira, both from the Chemung. 

In the Paleontology of New York, volume 1 (1857), some at
tempts at systematic descriptions were made. Thus, on page 2 we· 
have a description of Scolithus l·inearis figured on pl. i, from the
valley of Lake Champlain and tho base of the Green· Mountains;
on pages 7 and 8, two new species of Pal::eophycus and one of 
Buthotrephis from the Calciferous Sandstone of various parts of the· 
State (Mohawk Valley, Amsterdam, Fort Plain, Canajoharie, Chazy, 
Keeseville, etc;); on pages 38-40, two species of Phytopsis from the· 
Birds-eye Limestone of the same and some other localities; on pages. 
62, 63, two spe.cies of Buthotrephis- and two of Palroophycus from 
the Trenton limestone of J acksonburgh, Middleville, West Canada. 
Creek, Glens Falls, and Prospect Hill; on pages 261-264, two species; 
of Sphenothallus, two of Buthotrephis, and two of Pal::eophycus,. 
from the Utica slate and Hudson River group, from the Mohawk 
Valley, Schoharie, Turin, Martinsburgh, Loraine, Pulaski, Jackson,_ 
Union Village, Salem, and Rome. Gordia marina of Emmons, from 
McArthur's Quarry, Jackson, Washington County, is also figured 
here (pl. lxxi). -In the tabular list, pp. 322-330, the number of species·:' 
referred to the vegetable kingdom, including the genera Gordia and 
Phytopsis, amounts to seventeen, representing six genera, and dis--
tributed geologically as follow: · 

Potsdam Sandstone, 1 (Scolitlius linearis Hald.). 
Calciferous Sandstone, 3 (Pal::eophycus and Buthotrephis). 
Birdseye Limestone, 2 (Phytopsis). 
Trenton Limestone, 4 (Pal::eophycus and Buthotrephis). 
Hudson River Group, 6 (four genera). 

1 PageR 28, 46, 47, 68, 69, 77,241,273,275, pl. i. 
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Dr. Asa Fitch in 1849 • enumerated five species of Paheophycus: 
and one of Phytopsis from th'e Potsdam and Calciferous on the west 
side of Skene's Mountain, at Fort Ann, in the slates of Greenwich_ 
and Salem, at Hartford~ and below the last falls of the Mettowee, 
near East Fort Ann. 

In the second volume of the Paleontology of New York, 1852, 
fossil plants are described from the Medina sandstone (pp. 4-7) and-_ 
from the Clinton group (pp. 18-26). These consist for the former 
horizon of about eight species of Arthrophycus, Scolithus, Palmo-
phycus, Dictuolites, and other problematical forms, from the Os
wego River, Rochester, Lockport, Medina, etc., and for the latter
horizon of twice as large a number representing the genera Butho
trephis (six species), Palmophycus, Rusophycus (Cruziana), and Ich
nophycus. These forms are all carefully figured in the plates (pl. i-iii, 
v-x). This is not the place to enter into_ any discussion as to the veg
etable nature of any of these remains. Many of these species are found:_ 
in the Taconic system of Emmons, and are described from the same
localities in the American Geology of that author. • 

In his description of the Paleozoic Basin of New York, Bigsby,"' 
in 1858, mentions Smyrna and De Ruyter among the localities in the· 
Chemung at which fossil plants are found. 

In one of the more important papers by Dr. J. W. Dawson, which 
has been referred to when treating of his Canadian researches,' oc
curs his report upon the collections of Devqnian plants from the· 
State of New York which were intrusted to him by Professor Hall. 
From this material he identified seven species from the Catskill 
group, ten from the Chemung group, and seventeen from the Ham
ilton group; in all, thirty-four species, fifteen of which were here de-
scribed for the first time. -AmoJ!g those from the last named group· 
was mentioned somewhat doubtfully the Siluriau species Oordaites
Robbii occurring perhaps at Cazenovia. 

In reviewing this paper by Dr. Dawson in the sixteenth annual 
report of the New York State Museum of Natural History, 1863 (pp. 
108, 109), Professor Hall has changed the geological arrangement so. 
as to refer the supposed Catskill species to the Chemung and Port
age groups. He also here reproduces,. on pages 79_:_82 and 110-117, a. 

t A historical, topographical, and agricultural survey of the county of Washing-
ton, by Asa Fitch: Trans. N. Y. State Agricultural Soc., vol. 9, Albany, 1850, pp. 
753-944. (Fossil plants of Washington County, p. 862.) 
~American Geology, containing a Statement of the Principles of the Science, with. 

full illustrations of the characteristic American fossils, with an atlas and a geolog-
ical map of the United States, by Ebenezer Emmons. Vol.1, Albany, 1855, So; pt. 
1, pp. i-xvi, 1-194, pl. i; pt. 2, The Taconic System, pp.1-251, pl. i-xviii. 

•On the Paleozoic Basin of the State of New York, etc., by J. J. Bigsby: Quart .. 
Jour. Geol. Soc. London, vol~ 14, 1858, pp. 335--452. (Seep. 391.) 

4 On the Flora of the Devonian Period in Northeastern America, by J; W. Daw
son: Quart. Jour. Geol. Soc. London, vol. 18, 1862, pp. 296-330, pl. xii-xvii. 



858 DISTRIBUTION OF FOSSIL PLANTS. 

number of the figures that had previously appeared in the large 
wqrks above ·mentioned, and gives a more thorough and systematic 
account of them, with important changes in nomenclature. He also 
{pp. 84-91) describes the genera U phantamia and Dictyophyt.on from 
the Chemung group of Steuben, Allegany, and Cattaraugus Coun
ties. Good figures of these species are found not only in the text, 
but on the plates ii-v, of that report. 

In 1870 excavations in Schoharie County revealed the presence of 
certain trunks, which Dr. Dawson referred to the genus Psaronius. 
This formed the subject of a paper by Professor Hall before the 
British Association.' 

In 1872 Hall and Whitfield • published the new genus and species 
Hippodophycus Cowlesi, from the Chemung of Cattaraugus County. 
They were found at Salamanca, Randolph, and South Valley. 

In 1879 Professor Hall published a brief paper on the genus Plu
malina, with excellent figures, in which he proposes to refer the 
Ptilophyton Vanuxemi of Dawson- to the family Plumularidm (Hy
drozoa) under the name of Plumalina and of which he thinks he de
tects two species (P. plumaria Hall and P. densa .. )' 

In Dr. Dawson's Notes on New Eria1i (Devonian) Plants, • a 
number of new forms from the Devonian of New· York are' 
described: Asteropteris novebo.racensis Dawson, n. g. and sp. n., from 
the Portage group of Milo, Equisetites Wrightiana Dawson and 
Cyclostigma ajfinis from that of Italy, and Celluloxylon primce·vurn 
Dawson, n. g. and sp. n., from the Hamilton of Canandaigua. 

The same year Mr. C. D. Walcott published his Fossils of the 
Utica Slate,' in which are described two species of Cyathophycus 
and one of Discophycus, two new genera from Trenton, Oneida 
County. They are illustrated in figures Hi-18 of plate ii, and were 
believed by him to be algm. 

In 1881 Prof. H. S. Williams defended the vegetable origin of Ptil
ophyton from the Devonian shales of Ithaca, • and in 1882 Dr. J. W. 
Dawson published a paper' in the first part of which he treated the 
subject of The Nature and Affinities of Ptilophyton, giving his views 

1 On the occurrence of trunks of Psaronius in an erect position resting on their 
<>riginal bed, in rocks of Devonian age in the State of New York;. etc., by James 
Hall: Rept. Brit. Assoc., 42d (Brighton) meeting, 1872, trans., p.103. 

2 Remarks on some peculiar impressions in Sandstone of the Chemung group, New 
York, by James Hall and R. P. Whitfield: 24th Ann. Rept. N.Y. State Mus. Nat. 
Hist., Albany, 1872, pp.201-207, 1 text-fig. 

3 30th Ann. Rep. N. Y. State Mus. Nat. Hist., Albany; 1879, pp. 255-256, 4 pl. 
4 Quart. Jour. Geol. Soc. London, vol. 37, 1881, pp. 299-308, pl. xii, xiii. 
5 Trans. Albany Inst., vol. 10, 1883, pp. 18-38, pl. ii (printed in advance, June, 

1879). 
6 Proc. Am. Assoc. Adv. Sci., 30th (Cincinnati) meeting, 1881 (1882), p. 204. 
7 Recent Discoveries in the Erian (Devonian) Flora of the United States, by J. W. 

Dawson: Am. Jour. Sci., 3d series, vol. 24, 1882, pp. 338-345. 
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upon . the relations of the Ithaca forms to those of Scotland and 
of Pennsylvania, and re-affirming his opinion that they are of veg
etable origin. The second part of this paper relates to some speci
mens of silicified trunks found by Professor Hall in the Hamilton 
group of New York, which he recognizes as belonging to his genus 
·Dadoxylon. The third part discusses some forms referable to 
Cladoxylon and to Celluloxylon, discovered by Prof. J. M. Clarke 
in the Hamilton group, and certain cryptogamous plants (Asterop
teris, Equisetites and Cyclostigma) collected by Mr. B. H. Wright, 
of Penn Yan, N. Y., in the Portage and Chemung groups. The 
fourth and last part of this paper merely calls attention to the pres
ence of Rhodea in the Ithaca shales associated with the Ptilophyton. 

In 1883 Dr. J. S. Newberry founded his new genus Spiraxis, upon 
specimens collected in the Chemung rocks of southern New York 
and northern Pe1~nsylvania, and described two species.' 

In some Notes on the Geology of Yates County, New York, • Prof. 
Berlin H. Wright reproduces Dawson's descriptions and figures of 
the three species (Equisetites Wrightiana, Cyclostigma affinis, and 
Asteropteris noveboracensis) from the Chemung of Italy and the 
Portage of Milo, New York, and mentions the occurrence of other 
forms in the Genesee shale. 

In a paper On Devonian spores' Prof. J. M. Clarke announces 
the discovery of spores, similar to those described by Dr. J. W. 
Dawson, in the Marcellus beds of Ontario County and in the Gene
see shales, especially in Canandaigua, East Bloomfield, and at 
Padelford's, on the New York Central Railroad. He distinguishes 
the species Sporangites Huronensis and 8. bilobatus in New York 
strata. Bodies of this nature had already been mentioned as occur
ring in New York," but they had l).Ot hitherto been correlated with 
the Canadian and Brazilian forms. 

In 1885 Clarke • published a paper in which fossil plants are men
tioned as occurring in the Genesee shales at Naples, Bristol Centre, 
and Biack Point on Canandaigua Lake; in the Naples shales (Port
age) at Naples and at Sparta (Livingston County); and in the Portage 
at Naples and High Point. . 

Mr. N. H. Darton is authority for the occurrence of Devonian 
plants near Monroe and Woodbury Falls, Orange County. • 

J Descriptions of some Peculiar Screw-like Fossils, from the Chemung Rocks, 
by J. S. Newberry: Ani).als N.Y. Acad. Sci., vol. 3, No.7, 1883, pp. 217-220, pl. xviii. 

2 35th Ann. Rept. N. Y. State Mus. Nat. Hist., Albany, 1884, pp. 195-206, 'pl. xv. 
3 Am. Jour. Sci., 3d series, 1885, vol. 29, pp. 284-289. 
4 See Dawson's paper on Rhizocarps in the Paleozoic Period. Proc. Am. Assoc. 

Adv. Sci., 32d (Minneapolis) meeting, 1883 (1884), pp. 260-264. 
5 On the higher Devonian Faunas of -Ontario County, N. Y., by John M. Clarke: 

Bulletin U.S. Geol. Survey, No.16, 1885, pp.l-86, pl. i-iii. · 
6 In a letter from Mr. I. C. Russell, dated November 2, 1887. 
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New Jersey.-The forms of Bilobites from the Totoway Mountains 
described by Dekay in 1823 have already been referred to (supra, p. 
855), but it is only within the past eight years that the most im
portal).t plant beds of New Jersey have been discovered. 

In his" Notes on Later Extinct Floras of North America," read 
before the Lyceum of Natural History ~f New York April 22, 1867, 
Dr. J. S. Newberry placed his Cupressites Cookii and Salix mem
branacea in his preliminary list (p. 9), but described only the latter 

. (p. 19) as from Lower Cretaceous strata, Raritan River, Now Jersey., 
In 1879 Prof. H. Carvill Lewis found a fossil fucoid at Milford, 

N.J., a photographof which he sent to Professor Lesquereux, who 
pronounced it a Paheophycus. This figure was published in the pro
ceedings of the Philadelphia Academy of Sciences·, as Palreophycus 
limaciformis Lewis. The principal interest that attaches to this dis
covery is its occurrence in so recent a formation, which is supposed 
to be a fresh water deposit, the genus Palreophycus being a very 
ancient (DevQnian or Silurian) type. 

The first authentic announcement we have of the existence of a. 
Cretaceous flora in New Jersey was made by Dr. J. S. Newberry in 
the columns of Nature for June 30, 1881. • Between this date and 
November 10, 1885, there appeared occasional indications that this 
flora was being thoroughly elaborated at the School of Mines,· Co
lumbia College, New York, and Dr. Newberrywas able at the meet
ing of the Torrey Botanical Club of that date to give a further ac
count of it. • He also read a paper on the subject before the N a
tiona! Academy of Sciences, at Albany, the same year (Transactions, 
vol. 5, 1885, p. 18). 

Progress in making this flora known has been exceedingly slow,. 
and the first published indicatiol}. of its c·haracter appeared in the· 
Transactions of the New York Academy of Sciences for January, 
1886. • The plants occur in what have long been known as the Rari
tan or Amboy clays, and are accompanied by lignite. They were· 
first found along the Raritan River, but owing to the perishable 
nature of the impressions lit~le could be done with them. More 
recently better material has been obtained at Woodbridge and South 
Amboy, also in the Kreischerville fire-clay, in which the leaf-printsc 
are permanent: In this paper we have the first intimation of the 
botanical relations of this flora. At that time "~bout a dozen species 
of conifers, as many ferns, two or three cycads, fifty to sixty an
giosperms (dicotyledons)> with many fruits and I SOffie flowers "had 

1 A new Fucoidal Plant from the Trias., by Henry Carvill Lewis: Proc. A cad. 
Nat. Sci. Phila., vol. 32, 1880, pp. 293,294. (Read Nov. 24, 1879.) 

2 American Cretaceous Flora, Nature, vol. 24, London, 1881, pp.191, 192. 
3 0n the fossil plants of the New Jersey Cretaceous, by J. S. Newberry: Bulletin· 

of the Torrey Botanical Club, vol. 12, 1885, p. 124. 
- 4 The Cretaceous Flora of North America, by Dr. J. S. Newberry: Trans. New-

York Acad. Sci., vol. 5, 1886, pp. 133-137. 



WARD.) NEW JERSEY. 861· 

been identified. Among the conifers, there. were represented the 
genera Pinus, Brachyphyllum, Moriconia, Sequoia, Juniperus, 'rhuya, 
and Dammara. Species of Gleichenia, Dicksonia, and Aspidium 
were detected among the ferns, while the cycads resembled Podo
zamites as found in the Cretaceous of Greenland. The dicotyledons 
embracea the genera Liriodendron, Magnolia, Sassafras, Aralia, 
Celastrus, Celastrophyllum, Salix, Hedera, Ficus, Diospyros, Jug
lans, Bauhinia, and Hymenffia. 

With the exception of the last two genera, this flora is not widely 
different from what might have been expected in Middle Cretaceous 
strata of North America, corresponding in horizon with the Dakota 
group of the west. The "Helianthoid composite flower" may repre
sent a later modified form of the group of plants found in Lower 
Mesozoic strata which have gone by the name of Williamsonia. Two 
specimens of this last named type have been discovered in the Poto
mac formation on the James River, which is supposed to be of Cre
taceous age, though of course much. older than the Raritan clays. 

In the abstract of his paper before the Torrey Botanical club on 
The Flora of the Amboy c1ays, published in the Bulletin of that club 
for March, 1886, Dr. Newberry enters somewhat more fully into the 
character of this flora.' 

In the same publication for May of that year • he gives a De
scription of a species of Bauhinia from the Cretaceous clays of New 
Jersey, with figures of the fossil species and of three living species, 
which appear to leave no doubt that the impressions belonged to 
that genus. 

Another still more important contribution has since been made 
by Dr. Newberry to the same subject. • Three new species of Lirio
dendron (L. oblongijoliu:n, L. quercijolium and L. simplex) are here 
described and figured from the New Jersey Cretaceous. They rep
resent the extremes in the matter of lobation, L. simplex being less 
lobed than L. Meekii Heer, of the Dakota group, while the other two 
species are more lobed, one of them much more so than our living 
L. Tulipifera. 

It is known that Dr. Newberry has prepared an extensive series of 
drawings of the plants of this formation, and it is greatly to be de
sired that he may soon publish a final monograph on this subject. 

In 1884 Mr. J. B. Marcou made.a small collection of leaf prints 
from a bed of Pleistocene or Quaternary age at Bridgeton, N. J. 
Professor Lesquereux' finds among them the shingle oak (Quercus 

1 Bull. of the Torrey Botanical Club, vo1.13, 1886, No. 3, pp. 33-37. 
2 Ibid., No. 5, pp. 77, 78, pl.lvi. 
3 The Ancestors to• the Tulip Tree, by J. S. Newberry: Ibid., vol.14, 1887, No.1, 

pp.1-7, pl. lxi.lxii. 
4 Proc. U.S. Nat. Mus., vol.10, 1887, pp. 39-46. 
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imbricar·ia, Michx.), and other forms that he fails to identify with 
any known genus (Phyllites fraxineus and P. mimusopsoicleus).-

Later collections made by Mr. Frank Burns and Mr. John I. Nor
throp, from the same deposit, are now in process of elaboration by 
the latter gentleman at the School of Mines, Columbia College, New 
York. 

In the graphite found in the white crystalline (Archrnan) lime
stone of Sussex County: Dr. N. L. Britton' has discerned certain 
forms which he has figured and described as A rchceophyton Newberry
anttm, representing a now genus, whose affinity he assumes as per
haps nearest the algrn. That it is highly problematical peeds scarcely 
to be stated. 

From the sandstone quarries near Newark, Dr. Newberry, in his 
Monograph above quoted, describes Equisetum JJ1r;riani Brongn., 
Dioonites longifolius (Emm.) Font., and a species of Palissya. He 
also reports Cheirolepis Miinsteri from Milford. , These, with Palce
ophycus limacifolius mentioned above, constitute the present known 
Triassic flora of New Jersey. 

Pennsylvania.-The general impression prevails among paleobot
anists that the paper published in the first volume of the Transac
tions of the American Philosophical Society at Philadelphia in 
1818, by the Rev. Henry Steinhaue. On Fossil Reliquia of unknown 
Vegetables in the Coal Strata, which was the first paper containing 
descriptions and figures of fossil plants with generic and specific 
names attached, related to the Pennsylvania deposits and the plants 
found in them. I examined the paper several years ago and could 
find no reference to American localities. • A second careful examin
ation of this paper confirms all that was then ascertained relative to 
it,' and I mention it here only because some might be surprised at its 
omission from the literature of the fossil plants of Pennsylvania. 

The earliest collector of vegetable remains in the coal regions of 
that State was Mr. Zachariah Gist, who published several papers in 
the American Journal of Science • relative to the coal, incidentally 
mentioned the impressions associated with it, and sent invoices of 
these specimens to Adolphe Brongniart in Paris for determination. 

The plants thus sent are enumerated in Brongnlart's Prodrome, 
1828, and described and illustrated in his Histoire des V cgctaux Fos
siles, 1828. The principal species are Calamites Cisti·i, C. Suckowi·i, 
Neuropteris Cistii, Pecopteris polymorpha, P. gigantea, P. puncitt-

1 On an Archrean Plant from the White Crystalline Limestone of Sussex County, 
N.J., by N. L. Britton: Annals N.Y. Acad. Sciences, vol. 4,1888, No. 7, pp. 123-124, 
pl. vii. • 

2 Fifth Ann. Rept. U.S. Geol. Survey, 1883-'84, Washington, 1885, p. 403. 
3 SeeH. C. Wood's Catalogue of Carboniferous Plants in the Museum of the Acad

emy of Natural Sciences, with corrections in Synonomy, descriptions of new Species, 
etc., in Proc. Acad. Nat. Sci. Philadelphia, vol. 12, 1860, pp. 436-443. • 

4 Vol. 4, 1822, pp.1-16 ; vol. 9, 1825, pp. 165, 166. 
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lata, Sigillaria Sillimani, S. obliqua, Sphenophyllum emarginat1.Lm, 
Lepidoclendron mamillare, L. varians, L. aMtleatum, L. Oistii, St·ig
maria intermeclia, S. tuberc1tlosa, Anmtlaria fertilis, and A. longi
folia, all from the .W.ilkes Barre coal beds. 

On March 8, 1831, Dr. Richard Harlan read before the Academy 
of Natural Sciences of Philadelphia a Description of an Extinct 
Species of Fossil Vegetable of the family Fucoides.' The species 
described in this paper was his F. Alleghaniensis, which had been 
collected from the Alleghany Mountains near Lewistown, on the 
north side of the Juniata River, in Miffiin County. 

This plant was also figured by Richard C. Taylor in Loudon's 
Magazine of Natural History, 1834 (p. 20),' and in the Transactions· 
of the Geological Society of Pennsylvania (vol. I, pt. 1, Philadel
phia, 1834), in his paper On the Geological Position or certain Beds 
which contain numerous fossil Marine Plants of the family Fucoides, 
near Lewistown, Miffiin County, Pennsylvania, he goes quite exten
sively into the subject, describing his journey through that region 
and giving figures of this plant and other organic remains. 

In the same volume Dr. Richard Harlaii mentions the occurrence 
of" dicotyledonous lignite" in the deep cut of the Chesapeake and 
Delaware Canal, and enumerates (pages 107, 108) most of the fossil 
plants from the coal. measures of Wilkes Barre, which had been de
scribed by Brongniart, certain fucoids and ferns (Pecopteris obsoleta, 
P. 11Iilleri, and a N europteris), also Equisetum stellifolium, all of 
which were from different localities in the Lehigh and Schuylkill 
coal mines. • 

In 1831 Prof. Benjamin Silliman mentioned the existence of vege
table remains at Mauch Chunk, • seen by him on his visit to that 
place on May 13, 1830. A year later Maximilian, Prinz zu N euwied, 
also visited these coal mines and noted their presence in his Journey_ 
into the interior of North America. • He carried away with him 
specimens of these plants, which he submitted to Dr. Goppert for 
identification. The latter prepared a systematic paper upon them, 
which was published as an appendix to that volume. • They included 
species of Odontopteris, Calamites, and Sagenaria. 

1 Jour . .Acad. Nat. Sci. Phila., vol. 6, 1831, pp. 289-295, pl. xv. 
2 .A description of a Fossil Vegetable of the Family Fuc6ides in the Transition Rocks 

of North America, etc., by R. C. Taylor: l\fag. Nat. Hist., vol.. 7, London, 1834, pp. 
2'7-32. 

3 Trans. Geol. Soc. Pennsylvania, vol.1, pt. 1, Philadelphia, 1834, pp. 46-112; pt. 2, 
1835, 256-262,pl.xiv. 

4 Notes on a Journey from New Haven, Conn., to Mauch Chunk· and other An
thracite regions of ·Pennsylvania, by Benjamin Silliman: Am. Jour. Sci., vol. 19, 
1831, pp. 1-21. (See p.17.) 

5 Reise in das Innere Nord-America in den Jahren 1832, bis 1834, von Maximilian, 
Prinz zu Wied, vol. 1, Coblenz, 1839, p.1-653, 4°. (Seep. 111.) 

6 Ibid., Beilage, A. A., pp. 636-642. 
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The much discussed fossil, ScoUthw;, lirwaris, was first discovered 
by Haldeman at a_ point south of Reading a.nd north of Columbia, 
in 1835, and described by him as Skolithos linearis, but his descrip
tion does not seem to ha:ve been published till 1840, • when he had 
.changed it to "Fucoides." · 

On May 30, 1843, Mr. Richard 0. Taylor communicated to the 
_1\.merican Philosophical Society aN otice of fossil Arborescent Ferns, 
-of the Family of Sigl.llaria, and other Coal Plants exhibited in the 
Roof and Floor of a Coal Seam in Dauphin County, Pennsylvania, • 
.at the close of which he gives a list of the- plants found at that 
place, aniounting to twenty species. 

Mr. · J.' E. Teschemacher made a second communication On the 
fossil vegetation of America in 1847, • in which he described some 
.coal plants from Carbondale, Pa., accompanied by a few wood cuts. 
-About sixteen different forms are enumerated which are either iden
tified with European species or are not specifically determined. His 
note in the twelfth volume of the same periodical• does not add any
thing to this number, but merely discusses some questions raised by 
Goppert as to the-method of the formation of coal plants, based on 
material in his collection, and he further strengthened the views 
there expressed 1n a subsequent paper read before the Boston Society 
-of Natural History on April 7, 1852. • 

In the last named publication for April, 1854, Dr. Alfred T. King, 
-of Greensburgh, Pa., published two short communications describ
ing certain petrified trunks and fruits in W,estmoreland and Beaver 
·Counties. • 

In 1851 Prof. Leo Lesquereux commenced his important researches 
upon the coal flora of Pennsylvania. His first paper appeared in 
1854.' This paper, which is preceded by some introductory observ:.a
tions by Prof. Henry Darwin Rogers, director of the Pennsylvania 
Geological Survey, describes one hundred and ten species, a very 
large percentage of which were here first made known to science. 

1 Supplement to Number One of "A Monograph of the Limiliades, or Freshwater 
Univalve Shells of North America," containing descriptions of apparently new ani
mals in different classes and the names and characters of the subgenera in Paludina 
.and Anculosa, by S. S. Haldeman. Published October, 1840, for gratuitous distri
·bution. (See p. 3). 

g Trans. Am. Philos. Soc., vol. 9, Philadelphia, 1843, pp. 219-227. 
3 Am. Jour. Sci., 2d series, vol. 3, 1847, pp. 86-90. 
4 Note on the Vegetation of the Coal Period, by J. E. Teschemacher: Am; Jour . 

. Sci., 2d series, vot 12, 1851, pp. 438,439. 
5 Proc. Boston Soc. Nat. Hist., vol. 4, 1851...:1854, pp.199-202. 
6 Description of Fossil Trees in the Coal Rocks near Greensburgh, Westmoreland 

County, Pennsylvania, by Alfred T. King: Proc. Acad. Nat. Sci. Phila., vol. 7,1854, 
pp. 64, 65. (Description of Fossil Fruit found in the Carboniferous Rocks of Beaver 
'County, Pa.; Ibid., p.66.) · 

7 New species of Fossil Plants from the Anthracite and Bituminous Coal-fields of 
.Pennsylvania, by Leo Lesquereux: Boston Jour. Nat. Hist., vol. 6, 1854, pp. 414-431. 
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T_he inaugural dissertation of Mr. James P. Kimball, of Salem, 
Mass., prepared for the degree of doctor of philosophy of the Uni
versity of Gottingen, in 1857, entitled "Flora from the Appalachian 
Coal Fields," is devoted to a systematic description of a number of 
fossil vegetable impressions collected by Prof. Ferdinand Roemer 
when in North America, chiefly from the Appalachian region in 
Pennsylvania and Ohio. It embraces twenty-two species, two of 
which (Neuropteris Rogersi Lx. and Lepidodendron Beyrichii) were 
new. T4e remainder are correlated with species already known, 
chiefly from European strata, and a full bibliography and synonymy 
accompanies the descriptions. The work contains three pl~tes, on 
which the new species and other forms are figured with great care 
and fidelity. All but three of the species here described were found . 
in the coal formations of Pennsylvania, but the exact localities are 
not stated. 

Professor Lesquereux's second paper appeared in 1858.' This 
paper, as the title implies, consists of a catalogue of the fossil 
plants in the cabinet of the Pottsville Scientific Association, which 
had been studied and identified by Professor Lesquereux, but among 
which there were found to occur quite a number not previously de
scribed. At the close of the paper is a summary of the data made 
by a committee on publication that had analyzed its contents, from 
which it appears that thirty-five genera and three hundred species 
were contained in the collection. 

Mr. Samuel Lewis's paper on Impressions of Vegetables on Coal, 
which immediately follows the one last considered (page 24), men
tions three species identified by Professor Lesquereux, from Penn
sylvania coal mines, in which the imprints of the plants were recog
nizable upon the surface of pieces of coal. 

But it was in the reports of the Pennsylvania Geological Survey 
that the great results of these and subsequent 'investigations were 
laid before the public, and those may be found in the second volume, 
part 2, of the Geology of Pennsylvania, under the direction of Prof. 
Henry Darwin Rogers, State geologist, published in Philadelphia in 
1858. With the exception of the naming of one species (Lepidoden
dron pr-imcevis, page 828, Fig. 675), by Professor Rogers himself, 
and the figuring of a few others, the work on the fossil plants was 
performed exclusively by Professor Lesquereux: His contributions 
to this volume consist first of some "General Remarks on the Dis
tribution of the Coal Plants in Pennsylvania and on the formation 
of the Coal" (pp. R37-847); second, "Description of the Fossil 
Plants found in the Anthracite and Bituminous Coal Measures 
nf Pennsylvania" (pp. 847-878, pl. i-xxiii); and third, "Catalogue 

1 The Fossil Plants of the Coal Measures of the United States, with descriptions of 
the New Species in the Cabinet of the Pottsville Scientific Association, by Leo Les

_quere)lx: [Read before the PottsvilleSci.Assoc., Feb. 13,1858.] Pottsville,1858, 22 
~p., pl. i, ii. 8°, 
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of the Fossil Plants which have been named or described from the 
Coal Measures of North A:qterica" (pp. 878-884). . Under the second 
of these titles a very large number of hitherto unknown coal plants 
are described. It will thus appear that this volume contains a com
plete account not only of the coal flora of Pennsylvania as known at 
that' time, but of the Carboniferous flora of the United States. The 
localities are, of ·course, carefully given, but to avoid duplication it 
seems best to postpone their enumeration until his later final re
ports, published by the Second Geological Survey of the State, are 
considered. 

In 1860 Dr. Horatio C. Wood, jr., published his .Contributions to 
the Carboniferous Flora of the United States,' in which he de
scribes thirty new species found in the cabinet of the Academy, 
chiefly from the Pennsylvania coal measures. The localities were 
generally unknown, but Shawer's Drift, East N orwegia, Milnes 
Mine, St. Clair, Broad Top Coal Region, and Mine Hill in the Black 
Heath Colliery, Ashland, and the Hazleton Mines are mentioned. 

In Dr. J. W. Dawson's important paper On the Flora of the De
vonian Period in Northeastern America, which has been so often 
referred to (supra, page 843), the Devonian species mentioned by 
Rogers in the Geology of Pennsylvania (vol. 2, pt. 2, 1858, pp. 828-830) 
are taken up and more accurately determii~ed. The form figured on 
page 829, fig. 677, is identified as Lepidodendron Gaspianum Dawson. 
L. primwvis is believed to be identical with Sagenaria Veltheim
iana Presl., and Lesquereux's Noeggerathia obtusa is referred to Cy
clopteris. · This appears to be the same as Rogers's "Ponent Fern" 
(p. 830, fig. 684). 

On May 18, 1866, Professor Lesquereux made a communication to 
the American Philosophical Society on Fucoides in the coal forma
tion, • in which he describes a new species of Caulerpites (C. margi
natus) found on Slippery Rock Creek, opposite Wurtemburgh, Law
rence County, Pa., which was regarded as belonging to the lower 
portion of the Carboniferous formation, although the form consid
ered in itself would indicate a lower horizon. 

The same volume • contains I)r. Horatio C. Wood's Contribution 
to the Knowledge of the Flora of the Coal Period in the United 

·States, which is a review of the previous papers presented by him 
to the Philadelphia Academy of Sciences, as a result of his studies 
of the material in the cabinet of the Academy. About fifteen new 
species are added to the originai lists. The illustrations are excellent. 

The two papers by Prof. Herman L. Fairchild on the structure of 
Lepidodendrol). and Sigillaria and on the variations of the leaf~ 
scars of Lepidodendron aculeatum Sternb., published in the An-. ' 

I Proc. Acad. Nat. Sci. Phila., vol. 12, 1860, pp. 236-240; 519-522. 
• Trans. Am. Philos. Soc., vol. 13, Philadelphia, 1869, pp. 313-328, pl. vii. 
a Ibid., pp. 341-349, pl. viii-ix, 
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nals of the New York Academy of Sciences, vol. 1, Nos. 2 and 3, 
were based upon material from the Carboniferous strata of Wilkes 
Barre, Scranton, Lackawanna Valley, and Nanticoke, in Pennsyl
vania. 

On January 5, 1877, Professor Lesquereux read a paper before the 
American Philosophical Society On the progress of the North Amer
ican Carboniferous Flora, in preparation for the Second Geological 
Survey of Pennsylvania,' in which he indicates the nature of the 
important work already undertaken and which we shall presently 
have occasion to consider. 

As a second precursor of this great work, Professor Lesquereux 
published in the same society a revision of the American species 
of Cordaites • in which he refers to the plates already prepared for 
the forthcoming monograph. Some of these species were especially 
interesting in showing the inflorescence and fructification of that 
ancient type of vegetation. A case of this kind received special 
treatment in a second short paper read before the same society on 
April 4, 1870,' in which we have, as it were, an immature Rhabdo
carpus bearing the remains of the male inflorescence upon its sum
mit, which certainly throws a flood of light upon the nature of this 
form of vegetable life. . . 

The first two volumes of the Coal Flora of Pennsylvania, • bound 
in one, appeared in 1880, and embodied the results of all previous 
investigations into the Carboniferous flora, not only of the State of 
Pennsylvania but of the entire United States, with complete descrip
tions and synonymy, and· accompanied by an· atlas of eighty-five 
double lithographic plates. 

The third and last volume of this work appeared in 1884, and con
sists of a systematic revision of the previous volumes and the em
bodiment of the information from all sources in the possession of 
the author at that date. This work is unquestionably the most im
portant contribution to the Paleozoic flora of the United States that 
has been produced, and it constitutes a complete manual of the same 
for the entire country. The total number of species embraced in 
the work amounts to eight hundred and thirty-five, from fifteen 
States of the Union, and ranging from the Devonian to the tQp of 
the productive coal measures. -

1 Proc. Am. Philos. Soc., vol. 16, Philadelphia, 1S77, pp. 39'1-416. 
2 On the Cordaites and their related generic divisions in the Carboniferous forma

tion of the United States, by Leo Lesquereux: Ibid., vol. 17, 1S7S, pp. 315-335: 
3 0n a Branch of Cordaites, bearing Fruit, by Leo Lesquereux: Ibid., vol.1S, 1S79, 

pp. 222-223, pl. iii. 
• 4 Second Geological Survey of Pennsylvania, Report of Progress P: Description of 

the Coal Flora of the Carboniferous Formation in Pennsylvania, and throughout the 
United States, by Leo Lesquereux: Vol. 1 (1) Cellular Cryptogamous Plants, Fungi, 
Thalassophytes; (2) Vascular Cryptogamous Plants, Calamariro, Filicacero (Ferns); 
Vol. 2 (1) Lycopodiacero; (2) Sigillarire; (3) Gymnosperms, 2 vols. in one, Harrisburg, 
1S80, i-xvi, 1-694, i-lxiii, map, and. pl. lxxxvi, lxxxvii; with atlas, 1S pp., pl. A. 
B., i-lxxxv, so. Vol. 3, Harrisburg, 1S84, pp. 695-977, pl. lxJtxviii-cxi, so. 
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The following are the localities arranged according to horizons 
in the ascending scale, from the Middle Devonian to the bitumind"us 
coal beds·: · · 
Middle Devonian: 

Huntingdon, Huntingdon County, 1 species. 
Chemung group: 

Vergent series, perhaps on the Juniata River, locality not 
stated (seep. 396; also Rogers's Geol. Pennsylvania, 1858, pp. 
829-756), 1 species. 

Catskill group: 
Meshoppen, Wyoming County, 6 species. 

· Cox ton Narrows, 5 species. 
Montrose, Susquehanna County, 1 species. 
Tioga County, 2 species. 

Pocono Sandstone: 
Mauch Chunk, 3 species. 
Pottsville, 2 species. 
Sideling Hill, Huntingdon County, 7 species. 

Subconglomerate: 
Mauch Chunk, 1 species. 
Pottsville, 4 species. 

Interconglomerate: 
Campbell's Ledge, near Pittston, 101 species. 
West Pittston, Brewery Cut, 4 species. 
Slippery Rock Creek, Lawrence County, 1 species. 
,Venango County, near Oil City, 1 species. -

Middle or Productive Qoal Measures: 
Shamokin, Northumberland County, 22 species. 
Lehigh Summit, 6 species. 
Trevorton (Low Coal) Northumberland County, 12 species. 
Coxton and Everhart Creek, 8 species. 
Johnstown, Cambria County (Low Coal), 3 species. 
Gaines, Tioga County, 2 species. 
Broad Top, Huntingdon County, 1 species. 
Archbald, Lackawanna County, 13 species. 
Carbondale, Lackawanna County, 20 species. 
Boston Mine, Pittston, 18 species. 
Ontario Colliery, Pittston, 18 species. 
"Butler Dam," Pittston, 9 species. 
Hughestown Deep Shaft, Pittston, 6 species .. 
Brown Colliery, Pittston, 48 species. 
Butler Mine, Pittston, 57 species. 
Pennsylvania Coal Company (Shaft No. 6), Pittston, 11 species, 
Port Griffith Railroad Cut, below Pittston, 33 species. 
Seneca Mine, Pittston, 12 species. · · 
Pittston, not further defined, 5 species, 
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Carbon Hill Shaft, Old Forge, Lackawanna County; 2 species. 
Carbon Hill Tunnel, Old Forge, 13 species. 
Tompkins Mine, Pittston, 12 species. 
Wilkes Barre, not further defined, 34 species. 
Oakwood Colliery, Wilkes Barre, 32 species. 
Stanton and Empire Mines, Wilkes Barre, 53 species. 
Connell's Mine, Minooka, Lackawanna County, 2 species. 
Taylorville, Bucks County, 6 species. 
Susquehanna Anthracite Coal Company Mine, 1 species. 
Rausch Gap, 7 species. 
Pottsville (Mammoth Vein), 6 species. 
Yatesville (railroad cut), 17 species. 
Port Griffith, Switch-back, 15 species. 
Kingston, Luzerne County, 3 'species. 
Plymouth, 27 species. 
Orchard Mine Vein, 28 species. 
Maltby, 9 species. 
Olyphant, Lackawanna County, 92 species. 
Enterprise Colliery, Plainsville, Luzerne County, f) species . 

. Gate and Salem Vein, Pottsville, 49 species. 
South Sale~ Vein, Pottsville, 8 species. 
Gate Vein, New Philadelphia, 17 species. 
Salem Vein, Port Carbon, 7 species. 
Salem Vein, Tremont; 7 species. 

Localities of uncertain horizon: 
Tremont, New Vein, Schuylkill County, 3 species. 
Pottsville and vicinity, 11 species. 

Bituminous coal region: 
Cannelton, Beaver County, 241 species. 
Beaver County, 1 species. 

Almost simultaneously with the appearance of the first two vol
umes of the work last mentioned, there issued from the same press 
another work, second only to this in importance, namely, The Per
mian or Upper Carboniferous Flora of West Virginia and South
western Pennsylvania, by Wm. M. Fontaine and I. C. White.' 

The greater part of the plants described in this work are from West 
Virginia and will be considered in treating that State. The follow
ing occur in Pennsylvania: Little Washington, Annularia minuta 
Brongn.; Carmichael's, Greene County, Pecopteris Miltoni Artis, P. 
Merianiopteroides F. & W., Rhacophyllum lact1wa (Stern b.) Schimp., 
and R. speciocissimum Schimp.; Jollytown, Greene County, Neu
ropteris sp. ?; Gre~ne County not more definitely stated, Odontopteris 
pachyderma F. & W.; near Washington, Washington County, Sigil
laria Brardii Brongn. 

1 Second Geological Survey Pennsylvania, Report. of Progress P P, Harrisburg, 
1880, ix, 143 pp., 38 pl., 8°. 
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Professor Lesquereux's Report on the recent additions of fossil 
plants to the Museum collections of Harvard College' mentions the 
accession to that museum of a cop_siderable number of Carbonifer
ous plants collected by Mr. I. C. Mansfield, of Cannelton, Pa. From 
the list given it appears that they add nothing to the flora as pub
lished in the report of the Second Geological Survey. 

In mentioning under New York Dr. Newberry's paper on Spiraxis 
(supra, p. 859) it was stated that specimens of this form occurred in 
northern Pennsylvania. One of the species there described (S. Ran
dall-i) was collected at Warren, Pa., by Mr. F. A. Randall. 

In 18R3 Dr .. James Hall figured in the Transactions of the Ameri
can Institute of Mining Engineers Some new plant forms lately 
found in the Peach Bottom slates of southeaste~n York and southern 
Lancaster counties, doubtfully referable to Halymenites and Butho
trephis. • The horizon is Low..er Silurian, and Dr. Hall believes it to 
lie in either the Hudson or the Quebec group. 

Among .the miscellaneous collections that have recently been sent 
from the National Museum to Professor Lesquereux for identifica
tion, and whiqh were published in the proceedings of the Museum,', 
the following were from Pennsylvania: Calamites Oistii Brongn., 
locality not definitely stated; Archmopter·is minor Lx., Towanda, 
Bradford County; Neuropteris Carrii Lx., N. cordata Brongn., Pseu
dopecopteris anceps Lx., P. Plukenetii. (Schloth. )Lx., Sigillaria 
monostigma Lx., Cordaites borassifo_lius (Stern b.) U ng., C. costatus 
Lx., and C. JJfansfieldi Lx., Cannelton, Beaver County; N. h·irsuta 
Lx., and N. Loshii Brongn., Saint Clair, Schuylkill County; also N. 
obscura Lx., N. rarinervis Bunb., Pecopteris dentata Brongri., and 
P. v·illosa Brongn. var. mierophylla Lx., Greene County. 

Maryland.-The only locality in Maryland from which Carbonif
erous plants-have been reported is at Frost burgh, Allegany County, 
in the Cumberland coal mining region. Lyell passed through this 
place during his travels in the United States, • and collected a number 
of specimens, which he submitted to Bnnbnry for determination. 
Bun bury's report on the material was published in the Journal of 
the Geological Society of London. • Twenty-one species are described 
in this report, a few of which were new at the time. 

In the first report of the State agricultural chemist to the House 

1 Bull. Mus. Cump. Zo61. Harvard Coli., vol. 6, No.6, Oct., 1881, pp. 225-230. 
2 Vol. 12, Easton, 18{33, pp. 357-358, pl. A, B, C. 
3 List of recently identified Fossil Plants belonging to the U. S. Nat. Mus., with 

descriptions of several new species, by Leo Lesquereux: Proc. U. S. Nat. Mus., vol. 
10, 1887, pp. 21-46, pl. i-iv. 

4 Travels in North America, with Geological Observations on the United States, 
Canada, and Nova Scotia, by Charles Lyell. Vol. 2, London, 1845, so. (See pp. 8-22.) 

6 On some remarkable Fossil Ferns from Frost burgh, Maryland, collected by Mr. 
Lyell, by Chas. J. F. Bunbury: Quart. Jour. Geol. Soc. London, vol. 2, 1845, pp. 
82-91, pl. vi, vii. 
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of Delegates of Maryland in 1860, Tyson' mentions the occurrence of 
coniferous plants in the Cretaceous, and silicified coniferous wood 

- and remains of cycads in the iron-ore clays (Potomac) of the same 
formation. 

In the early part of July, 1887, Mr. W J McGee discovered a bed 
of fossil leaves at Grove Point, on tlie eastern shore of the Chesapeake. 
Bay near its head, and brought specimens for my i:tispectiop.. He 
stated that they came from undoubted Potomac strata .. The. im
pressions were very indistinct and easily effaced, and few of them 
gave any certain characters. They were chiefly dicotyledonous and 
seemed to present a very different appearance from any other plant 
remains that I had seen from that formation. I did not hesitate to 
say that they indicated a more recent geologic age than do those of 
the localities in Virginia visited by me. This collection was also 
seen a few days later by Dr. Newberry, who confirmed my opinion 

· and thought he could detect some of the forms that he was then 
studying from the Raritan clays of New Jersey. 

On the 22d of October of that year, I visited the locality myself 
in company with Mr. McGee, but failed to discover any strata in 
which the impressions were better preserved. I made another small 
collection which I brought safely to Washington; and which still 
awaits a careful study. As all the plant remains previously found 
in Potomac strata are believed to have come from the lower member 
of that formation, only silicified wood and lignite having been knowh 
from the upper member, it is probable that this bed belongs to the 
latter member, which would sufficiently account for the difference 
in the floras. 

Prof. P. R. Uhler has very thoroughly explored the country in the 
vicinity of Baltimore, and finds many plant beds in the Potomac 
clays. Exceptional facilities were afforded him by the excavations 
made within the city limits and he was thus able to examine many beds 
which were sQon afterward destroyed. Lignite is abundant at nearly 
all points and silicified wood is also found. But in addition to these 
he has met with several localities where ferns, conifers, and even 
dicotyledons occurred, In October, 1886, I not only ha·d the pleasure 
of examining his collection, but also, under his guidance, of visiting 
one of these last named beds on Covington street, Baltimore, at the 
foot of Federal Hill, where grading was still going on. I obtained 
quite a collection of recognizable impressions which I sent to Pro
fessor Fontaine to be incorporated in his flora of the Potomac 
formation. It should also be publicly stated that Professor Uhler 
has generously placed his collection at Professor Fontaine's disposal 
for the same purpose. 

I 
1 First Report of Philip T. Tyson, State Agricultural Chemist, to the House of Dele-

gates of Maryland. Annapolis, 1860, pp.1-145; ·Appendix, pp. 1-20, 8°. (S~e p. 42.) 
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Much lignite and silicified wood is to be .seen among the iron mines 
to the west of Baltimore, and,in railroad cuts between Baltimore 
and Washington, particularly on Deep Run, near Hanover station,
on the Baltimore and Ohio Railroad. Some remarkable cycadean 
trunks were also found in Maryland by Dr. Tyson, Professor Uhler, 
and others. · 

In a letter dated January 28, 1888, Professor Uhler gives the pre
cise· localities for these 'discoveries as follows: "Only one specimen 
(a , broken piece) of cycad was found on the surface. That pie.ce 
carrie from the iron-clay on the south shore of the 'Middle Branch,' 
of the Patapsc~ River, opposite South Baltimore. One large (almost 
complete) specimen was dug out of the iron-clay several feet beneath 

· the surface on property of Mr. Emack, near Beltsville. The other 
(nearly complete) one was dug seven feet beneath the surface, to
gether with a fragment of some type of cycad, from the iron-ore 
bed of Mr. Latchford, situated half a mile south of the sixteenth 
milestone beyond Washington. A- small piece of cycad was dug out 
of the iron-ore clays on the property of Dr. J. D. Jenkins, near 
Latchford's. These clays seem to lie above those of our iron-ore 
series around Baltimore, and may turn out to be equivalent to those 

. immediately next beneath my Albirupean for·mation. I have pro
visionally classed them with the Baltimorean, but they seem to lie 
next beneath the Cretaceous near Washington, D. C." 

In a paper by Professor Uhler, published since the above-named 
letter was written,' he has repeated these statements and given addi
tional information respecting these remains. 
· Quite recently (December, 1887) Mr. J. B. Hatcher has found at 
Coffin's Engine Mine, near Beltsville, in typical Potomac iron-ore 
shales, beautifully preserved Sequoia cones in considerable abun
dance. . This is an exceedingly important discovery as c~mfirming 
in a most satisfactory manner the determinations made by Prof. F. 
H. Knowlton, of the silicified wood and lignite of the Potomac 
formation, • most of which he refers to the genus Cupressinoxylon 
of Gi:ippert, the internal structure of which differs only slightly 
from that of the living Sequoias. Associated .with these cones Mr. 
Hatcher found the osseous remains of vertebrates which Prof. Marsh 
does not hesitate to pronounce Ju-rassic types. 

District of Columbia.-All the higher portions of the city of Wash
ington rest upon the Potomac formation, and it extends over all the 
eastern portions of the District of Columbia, passing under the 

1 Sketch of the History of the Maryland Academy of Sciences, by P.R. Uhler: 
Trans. Md. Acad. Sci., vol. 1, Dec. 19, 1888, pp. 1-10. (See pp. 7, 8.) 

• The fossil wood and lignites of. the Potomac Formation, by F. H. Knowlton: ,Bull. 
U.S. Geol. Survey, No. 56; Proc. Am. Assoc. Adv. Sci., 37th (Cleveland) meeting, 
1888, pp. 207, 208; Arn. Geologist, vol. 3, No.2, 1889, pp. 99-106. 
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· Eocene to the southeastward and capping the hills to the northwest
ward, where it rests upon the Archrean gneisses of the Potomac Val
ley. No impressions of leaves, fronds, or recognizable stems have 
thus far been detected within the District, but silicified wood and 
lignite are common, and some of the former has been found 'to show 
structure admirably and has been referred by Professor Knowlton 
to its proper genus. 

Virginia.-Dr. Thomas Nuttall appears to have been the first to 
draw attention to the existence of. vegetable remains in the Richmond 
coal fields, • where in 1821 he observed impressions of ferns, Equi
setum, and a broad-leafed plant, which he supposed to belong to the· 
Canna family; also palms and cycadaceous plants. · 
. Brongniart, in his Prodrome and Histoire, gives Richmond, Vir

ginia, as the locality for Calamites Suckowii, var. o, which he must 
have received from some of his American correspondents (Silliman, 
Cist, Wickham, or Granger), and Harlan states that his Fucoides 
Brongniartii • occurs in the mountains of western Virginia, although 
this may have been in what is now West Virginia .. 

The same volume in which the paper last mentioned' was pub~ 
lished contains Mr. Richard C. Taylor's Review of Geological 
Phenomena and the deductions derivable therefrom, in 250 miles 
of sections in parts of Virginia and Maryland; also notice of cer
tain Fossil Acotyledonous Plants in the secondary strata of Fred
ericksburgh. In the plate accompanying this paper are figured 
a number of plants from the Fredericksburgh strata, which were 
collected by Mr. F. Sheppard. They consist chiefly of ferns, and 
were referred by Mr. Taylor to the genera Sphenopteris and Pec
opteris, but figures 1 and 5 are evidently remains of some conifer
ous plant, as indeed the author surmised with regard to figure 5, 
which he thought might belong to the genus Thuyites. The particu
lar in~erest attaching to this paper arises from its being the :first 
mention of fossil plants from tbe Younger Mesozoic of Virginia, 
which has since been so thoroughly studied by Professor Fontaine. 

Prof. W. ·B. Roger's paper on the age of the Coal Rocks of 
Eastern Virginia,' gives the names of quite a number of species 
from this same formation and compares the flora to that of the 
Oolite of Yorkshire, England. He had previously designated the 
formation as the "Upper Secondary Strata," and in the paper im
mediately following this on Fossil Plants of the Oolite Coal Rocks 
of Eastern Virginia, he enumerates and discusses somewhat at length 

1 Observations on the Geological Structure of the Valley of the Mississippi. 
Jour. Acad. Nat. Sci., Phila., vol. 2, pt.l, 1821, pp.14-52. (See pp. 35, 36). 

2 Trans. Geol. Soc. Pennsylvania, vol.l, pt.1, 1834, p. 110. 
3 Ibid., pt. 2, 1835, pp. 314-325, pl. xix. _ 
• Philadelphia Assoc. Am. Geol. and Nat., 1843, pp. 298-301. 
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twelve species from his Lower Oolite, figuring three of them in an 
accompanying plate. 

These coal beds were visited by Lyell, and a paper describing their 
geological character was published by him in 1847.' ·He here treats 
(p. 278) the fossil plants and arrives at the conclusion that "'the 
coal measures are probably of the age of the inferior Oolite and 
Lias." The plants collected by him were described by Bunbury, 
in a paper immediately following that of Lyell. • Some dozen differ
ent forms are characterized in this paper, including two new species, 
Neuropteris Unnmmfolia and Pecopteris (Aspidites) bulla£a. 

Hitchcock, in his paper on the fossil ~ruits of Brandon, Vt. (supra, 
p. 85.0), quotes a statement of Prof. Jeffries Wyman (pp. 101, 102) 
relative to tlie discovery by him at Richmond of similar fruits in the 
'rertiaries of that place, probably in the Eocene. · 

The only other vegetable fossil reported from the Eocene forma
tion of Virginia of which I have seen any account is the supposed 
nut, described by Mr. Edmund Ruffin, of Marl bourne [perhaps Marl
borough], Virgip.ia, in 1850.' The figures given are too indefinite 
to base any conjecture upon them as to the real nature of the object. 

On June 15, 1872, Mr. F. B. Meek read before the Philosophical 
Society of Washington a paper giving Descriptions of New Species 
of Fossil Plants from Alleghany County, Virginia, with some Re
marks on the Rock seen along the Chesapeake and Ohio Railroad, near 
the White Sulphur Springs of Greenbrier County, West Virginia, 
which was not published until 1876. • The six species here treated 
are of Carboniferous age and are thoroughly illustrated in the two 
accompanying plates. The types are now in the Museum collection. 

In 1883 Mr. Benjamin Miller, of Georgetown, D. C., communicated 
two specimens of Sphenopteris flaccida Crepin to the National Mu
seum (No. 2223) £rom Rawley Springs, Rockingham County, and 
Mr. H. R. Geiger, in 1884, collected six specimens of Triphyllopteris 
Lescuriana Meek at Whetstone Hill, Augusta County. Specimens 
of Ostrya Walkeri? Heer, and Acer vitifol,ium Al. Br., obtained by 
Mr. Howard Shrive, at Wytheville, Wythe County, reveal the pres
ence there of a Tertiary bed that calls for closer investigation. • 

1 On the Structure and Probable Age of the Coal-Field of the James River, near 
Richmond, Virginia, by Charles Lyell: Quart. Jour. Q-eol. Soc. London, vol. 3,1847, 
pp. 261-280. -

2 Descrip~ions of Fossil Plants from the Coal Field near Richmond, Virginia, by 
C.J. F. Bunbury: Ibid., pp. 281-288, pl. x, xi. 

3 Description of a Nut found in Eocene marl, by Edmund Ruffin: Am. Jour. Sci., 
2d series, vol. 9, 1850, pp. 127-129. 

4 Bull. Philos. Soc. Washington, vol. 2, 1874-1878, Appendix; Art. viii, pp. 26-44, 
pLi, ii. 

5 The four species last named are published in Professor Lesquereux's List of Re
cently identified fossil plants belonging to the U. S. National Museum, etc. Proc. 
U.S. Nat. Mus., vol. 10, 1887, pp. 23, 25, 38, 44. -
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According to Mr. Darton, Carboniferous p_ants also occur on 
Price's Mountain 6 miles west of Christiansburgh, Montgomery 
County, on Brushy Mountain in the same county, and on Cloyd's 
Mountain in Pulaski County. 

In 187!) Prof. William M. Fontaine, of the University of Virginia, 
published a continued article' giving the results of his studies into 
the geology and paleontology of the Mesozoic strata of the State, 
and indicating in advance the nature of the flora that he was then 
engaged in elaborating. 

His Contribution to the Knowledge of the Older Mesozoic Flora 
of Virginia' contains the results of many years of study in this 
field. The first part of it (pp. 1-96) is devoted to the systematic 
description of the plants found in Virginia, of which forty-two 
different species are distinguished. A comparison of these spe
cies with those of the Old World leads the author to the conclu
sion that the formation is more or l.ess homotaxial with the plant
bearing beds of Franconia, Sc::tnia, and other European localities, 
which have been regarded as of Rhetic age, and with this conclu
sion any one who carefully studies this subject will be likely to 
agree,' the views of Dr. Stur (see supra, p. 734) to the contrary not
withstanding. 

The principal locality for these plants was at Clover Hill, but 
many were found at Carbon Hill, Midlothian (Gowry shaft), Mana
kin (Aspinwall shaft), Deep Run, Black Heath mines, and in the 
Cumberland area. A few also came from ncar Hanover J unctjon in 
Hanover County. Plants of the same geological age have also been 
found one-half mile southeast of Dover, in the Norwood mines on 
the James River, and at a point one mile southwest of the Norwood 
mines (see Mr. Russell's letter above cited). 

In view of what has already been said' respecting this flora, it 
may not be premature to call attention to the work upon which 
Professor Fontaine is now engaged, in further making known the 
fossil floras of his State ; but it is already well known to some, 
and can not but be of interest to all paleobotanists, that he has 
now completed a large and important monograph, to be published 
by the U. S. Geological Survey, on what he denominated the 
"Younger Mesozoic Flora of Virginia," which is the same that 
Rogers called the Upper Oolite. Mr. W J McGee, in view of the 
doubts that still exist with regard to the age of these beds, has 
proposed for them the ·name of Potomac Formation, which name 

1 Notes on the Mesozoic Strata of Virginia, by William M. Fontaine: Am. Jour. 
Sci., 3d series, vol. 17, 1879, pp. 25-31!.; 151-157; 229-239. 

2 Mon. U.S. Geol. Survey, vol. 6, 1883. 
3 See Science, vol. 5, 1885, pp. 280, 281. 
4 Evidence of the Fossil Plants as to the Age of the Potomac Formation, by Lester 

F. Ward: Am. Jour. Sci., 3d serfes, vol. 36, 1888, pp. 119-131. 
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has been adopted by the U. S. Geological s·urvey. It extends from 
Baltimore to the Roanoke, and fossil plants have been found in the 
clay beds of Baltimore, White House Landing, Telegraph Station 
anQ. Brooke on the Atlantic Coast Line Railroad, Potomac Run, 
Acqnia Creek, Fredericks burgh, and along the James River, in the 
vicinity of the Dutch Gap Canal. 

West Virginia.-Professor Fontaine, in ah article on The "Great 
Conglomerate" on New River, West Virginia,' mentions' a number 

. of species of fossil plants as occurring in the roof deposits of the lower 
coal rocks in this-vicinity (p. 574), which would: therefore, be of Sub
carboniferous age. The Devonian plants (Chemung or Catskill) 
mentioned by him in the same article (p. 578) at the Lewis Tunnel, 
six. miles. east of White Sulphur Springs, lie outside the lim,_its of 
this State, in Alleghany County, Virginia. ' 

Professors Fontaine and White, in the introduction to their valua
ble monograph on The Permian or Upper Carboniferous Flora of 
West Virginia and Southwestern Pennsylvania,' give a sketch of 
the geology of the Carboniferous formation in West Virginia, from 
the Vespertine group to their supposed Permian, with a list of the 
plants that have been found in each group. Eight species are thus 
credited to the Vespertine group, consisting of two species of Lepi
dodendron, two of Triphyllopteris, and four of Archooopteris, but 
the chief locality for these is said to be Lewis Tunnel, which, as 
stated above, is in Alleghany County, Virginia, though near the State 
line. The Umbra! or Lower Carboniferous limestone and the Um
bral Shale group are without plant remains, but the Conglomerate 
group, described in Professor Fontaine's article above mentioned,. has 
yielded eighteen species, chiefly on New River at Quinnimont and at 
Sewell Depot. 

The lower productive coal measures have furnished fourteen 
species, namely, five from the Kittanning coal seam, four from the 
upper Freeport, and five others common to both these horizons, rep
resenting altogether the genera N europteris, Odontopteris; Pecop
teris, Asterophyllites, Sphenophyllum, Lepidodendron, Lepidostro
bus, and Lepidophyllum. Most of the species were named by Bron
gniart. 

The flora of the lower barren ·coal measures consists of twenty
eight species, all of which were obtained in the vicinity of Wheeling; 
of these six belong to N europteris and seven to Pecopteris. 

The upper barren coal measures of West Virginia constitute the so
called Permian of the monograph, the plant-bearing shale lying at the 
very base of the section. One hundred and seven species are described 

1 Am. Jour. Sci., 3d series, vol. 7, 1874, pp. 459-465; 573-579. 
2 Second Geol.Survey Pennsylvania, Report of Progress, PP, 1880. 
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from this horizon; a few of which, as already stated, occur within 
the limits of Pennsylvap.ia, but these are for the most part also found 
in West Virginia. The principal locality for these plants is the roof 
shales of the Waynesburgh coal at West Union, Doddridge County, 
and Cassville, Monongalia County, but the following additional lo
calities are noted : Brown's Bridge and Arnettsville between Fair
mont and Morgantown, Monongalia County; Bellton and Mounds
ville, Marshall County; and near Wheeling. 

North Carolina.-Dr. Ebenezer Emmous,-in his Geological Report 
of the Midland Counties of North Carolina (New York and Raleigh, 
1856), chapter xxxix, describes a number of vegetable remains which 
are figured on plates i-iv. They were from his Permian and Triassic 
formations. The Permian forms embraced, according to him, Chon
drites, Gyinnocaulus, Equisetum, Cheilanthites, and Dyctuocaulus; 
and the Triassic forms, which were much more numerous, were re
ferred to Acrostichites, Pecopteris, N europteris, Treniopteris, Cyclop
teris, Calamites, Equisetum, Stangerites, Zamites, Pterozamites, Po
dozamites, Cycadites, Lepacyclotes, and W alchia, while from the 
Keuper sandstone and mads he obtained his Sphenoglossum quad
rifolium and a species of ,Pecopteris. Several of these genera were 
his own and have not been accepted by paleobotanists. 

In the sixth part of his American Geology,' Dr. Emmons re
views these floras, giving fuller descriptions, introducing numerous 
figures in the text, and adding one plate. He thus brings the flora 
up to about forty species; but not having devoted himself especially 
to paleobotany, many errors occur in both his descriptions and his 
delineations, and the entire work upon the fossil plants of this State 
was long in great need of thorough revision. 

Such a revision was undertaken by Professor Fontaine, in the third 
part of his admirable monograph of the U. S. Geological Survey, pub
lished in 1883.. It was based, however, entirely upon the figures and 
descriptions of Emmons, the specimens themselves having been do
destroyed during the war, but it was sufficiently complete to make it 
altogether probable that the North Carolina Trias of Emmons is the 
same as the Virginia Trias of ~ogers, or the Richmond coal field, 
which, as we have seen, bears a close relation in its plant remains to 
the Rhetic beds of Europe. Professor Fontaine has already succeeded 
in identifying the greater part of Emmons's figures with Virginia 
species stp.died by him. He thus recognizes forty-one species of 
Mesozoic plants from. North Carolina, sixteen of which are also 

1 .American Geology, containing a statement of the principles of the science, with 
full illustrations of the characteristic American fossils, etc., by Ebenezer Emmons: 
pt. 6, Albany, 1857. (See chapter xv, pp. 99-134, pl. iii, iv, iva, v, vi.) 

• Contributions to the Knowledge of the Older Mesozoic Flora of Virginia, by 
Wm, M. Fontaine: Mon. U, S. Geol. Survey, No.6, 1883, pp. 97-128, pl. xlviji~lii, 
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found in the Virginia Mesozoic, and fifteen in the Rhetic formations 
of other countries; eight are common to the Jurassic plants of other 
countries, and nine peculiar to North Carolina. 

The principal localities for these beds are at Haywood, Egypt, 
Lockville, and Ellingto1i's, Chatham County; Madison, Stokes 
County; and Farmville, ·Pitt County. 

With the exception of the discovery by Mr. W. C. Kerr, State geol
ogist of North C;trolina, of petrified wood at a place locally known 
as Paint Hill, in Moore County, • and by Prof. J. A. Holmes, of the 
·University of North Carolina, of petrified remains of the bald cy
press ( Taxodium distichum Rich.) beneath a Quaternary shell deposit 
in Craven County, on the Neuse River below New Berne,' no other 
vegetable remains have, to my knowledge, been recorded in the 
State. 

Georgia.-Professor Lesquereux in the third volume of his Goal 
Flora enumerates some thirty species of Subconglomerate fossil 
plants from Dade County, Geqrgia, in the collection of Mr. R. D. 
Lacoe. I learn from Mr. Lacoe that they were collected by Mes·srs. 
Daniel M. and John R. Evans from mines near Cole City. 

Alabama.-Mr. Charles Lyell observed in the coal fields of Ala
bama several plant-bearing strata, and in a letter to Professor Silli
man dated at Mobile, February 19, 1846, he called attention to the 
presence of species of Calamites, Pecopteris, N europteris, Sigillaria, 
and Lepidodendron, which he saw at Tuscaloosa, collected by Pro
fessor Brumby on the Warrior River, a tributary of the Tombigbee, 
which he afterwards visited and observed for himself. He gave the 
locality as in latitude 33° 10' north, which he said constituted "the 
extreme southern limit to which the peculiar vegetation of the ancient 
Carboniferous era has yet been traced (in the northern hemisphere) 
·whether on the western or eastern side of the Atlantic." • A little 
later the same author again calls attention to the plants of this lo
cality: having previously submitted the specimens collected there to 
Mr. C. J. F. Bunbury, who identified the species and whose report 
accompanies this paper. 

Other collections seem to have been made from time to time in 
the coal beds of Alabama, and in 1875, Prof. Eugene A. Smith, 
at that time State geologist, sent these specimens to Professor Les-

1 Distribution and character of the Eocene deposits in eastern North Carolina, by 
W. C. Kerr: Jour. Elisha Mitchell Sci. Soc. for the year 1884-'85, Raleigh, 1885, pp. 
79-84. (Seep. 80.) 

2 Taxodium (Cypress) in North Carolina Quaternary, by J. A. Holmes: Ibid.,pp. 
92, 93. . . 

3 Coal field of Tuscaloosa, Ala., being an extract of a letter to Prof. Silliman from 
Charles Lyell: Am. Jour. Sci.,·2d series, vol. 1, 1846, pp. 371-376. 

4 Observations on the Fossil Plants of the coal field of Tuscaloosa, Ala., by C. 
Lyell, esq., with a description of some species by C. J. F. Bunbury: Ibid., 2ll series, 
vol. 2, 1846, pp. 228-233. 
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quereux: at~Columbus, Ohio, for determination. According to the 
latter's statement! published in 1876,' some of these specimens were 
without labels to show localities, while others were from Helena, 
Shelby County, from Finley's Mine, Tuscaloosa, from the Warrior 
vein, from Montevallo, also in Shelby County, Black Lick seam, J ef
ferson County, etc. The list contains seventy-eight species, none of 
which are described, although ten of them are set down as new. 
They are all of Carboniferous age, and many of them had been 
previously observed by him in the coal formations of other States, 
while an equally large number are common to the coal flora of the 
Old World. 

In the Coal Flora of Pennsylvania Professor Lesquereux revises 
this list and describes and figures all the plants known to him from 
the Carboniferous formation in Alabama, the principal formation in 
that State which 'yields fossil plants. 

A large number of the specimens enumerated by Professor Les
quereux iU: the Proceedings of the U. S. National Museum for 1887 
(vol. 10, pp. 21-46) were collected by Mr. Frank Burns on Warrior 
Creek, Jefferson County, also at Blount Springs, Blount County. 
They are of Carboniferous age and for the most part well known 
species. The U. S. National Museum collection contains other speci
mens, labeled La Grange, Colbert County (B. Paybos), Baugh Bend, 
Walker County, also Saint Clair County (C. McKinley). 

Mr. I. C. Russell, in the letter above quoted, reports Carbonif
erous plants from the south end of Lookout Mountain, along the 
borders of Black Creek,_ and about one mile northwest of Gadsden. 

His collection was subsequently sent to Prof. Lesquereux: andre
ported upon in 1888. • It embraced twenty-seven species, two of 

_which (Rhabdocarpus Russellii and Stigmaria Russell_ii) were new, 
and forms of Neuropteris and Sphenopteris furnished important 
characters not usually preserved in a fossil state. 

During the summer of 1887, Prof.' William M. Fontaine visited 
Tuscaloosa, and with his practiced eye discovered fossil plants 
agreeing with those of the Potomac formation in the vicinity of 
that place. M) information is derived from letters from him giv
ing an account of his reconnoissance. 

Mississippi.-Dr. Eugene W. Hilgard, state geologist of Missis
sippi, published in ·1860, in his Report on the Geology and Agri-

1 Partial list of coal plants from the Alabama fields, and discussion of the Geo
logical positions of several coal seams, by Prof. LeoLesquereux. Geol. Survey Ala
bama, Rept. Frog., 1875, pp. 75-82. 

2 List of fossil plants collected by Mr. I. C. Russell, at Black Creek, near Gadsden, 
Ala., with descriptions of several new species, by Leo Lesquereux, compiled and 
prepared for publication by F. H. Knowlton: Proc. U.S. Nat. Mus., vol. 11, 1888, 
pp. 83-87, pl. xix. 
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cuiture of the State of Mississippi (p. 108), the names of a few 
fossil plants that had been found in the gray clays and sands of 
Tippah, Lafayette, Calhoun, and Winston Counties, as furnished 
him by Professor Lesquereux, to whom the specimens had been sub~. 
mitted. They all belong t() the so-called lignite of Mississippi, now 
commonly regarded as Eocene, and the genera_ Quercus, Carya, Pop
ulus, Morns, Ficus, Laurus, Persea, Cornus, Olea, Rhamnus, Ter-
minalia, Magnolia, Dryandroides, Rhus, Cinnamomum, Smilax, and 
Cycas, were supposed to be represented. 

Professor Lesquereux in submitting these determinations had only 
made a prelimi~ary investigation of the material in hand. In subse
quent years, however, he found time to elaborate it very thoroughly, 
and in 1869 published in, the Transactions of the American Philo
sophical Society his important paper On species of fossil plants 
from the Tertiary of the State of Mississippi.' In· this paper thirt.y 
species were described, most of them being new to science. The 
cycadaceous species previously reported is eliminated. Two spe
cies of palm occur. Salisburia binervata Lx. is the only conifer
ous plant; the remainder are alL dicotyledonous, and include, in 
addition to the genera mentioned in the previous report, Salix, Bank
sia, Ceanothus, Sapindus, J uglans, and Asimina. On the other hand 
eight of the genera previously mentioned are eliminated as follows: 
Carya, Morns, Cornus, Olea, Terminalia, Dryandroides, Rhus, and 
Smilax. The following four species, as I have before stated, • have 
since been found in the Laramie group, and show the close relation
ship of this flora to the-Laramie flora: Sabal Grayana Lx., Populus 
monodon Lx., Magnolia Hilgardiana Lx., and M. Lesley ana Lx. 
The full discussions and the well executed figures of this paper ren
der it one of the most important of the lesser contributions to North 
American paleobotany. 

Professor Lesquereux, who has always insisted upon the Eocene 
age of the Laramie group, in Hayden's Annual Report of the U. S. 
Geological and Geographical Survey of Colorado for 1873 (page 379) 
included all these Mississippi plants in his list of the species of the 
first group of that formation which comprised the principal Laramie 
localities in Wyoming and Colorado: 

Louisiana.-In a recent letter to Science• Prof. E. W. Hilgard 
mentions a collection of "well preserved leaves and fruits" made by 
him in 1869 on the Upper Red River in Louisiana and deposited at 
·the University of Mississippi at Oxford. So far as I am aware this 
collection has not been studied. Still more recently Mr. Law17ence 
Johnson, of the U. S. Geological Survey, has made quite extensive 

1 Trans. Am. Philos. Soc., vol. 13, 1869, pp. 41l-430,pl. xiv-xxii. 
2 Sixth Ann. Rept. U. S. Geol. Survey, 1884-'85 (1886), p. 529. 
3 The Equivalence in Time of American Marine and Intracontinental Tertiaries, 

by E. W. Hilgard: Science, vol. 9, 1887, pp. 535,536. 
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collections from various points'in Louisiana, especially from Camp
bell's quarry, Cross Lake near Shreveport, and at MeLee's, two miles 
north of Mansfield, De Soto County. The beds are of Tertiary age 
and probably Eocene. These collections were reported upon by 
Prof. Lesquereux in 1888, 1 and assuming the identity in age o{ these 
beds with those of Mississippi called Eocene, they are remarkable 
in adding four species to the four above enumerated as being origi
nal Laramie plants. These are the following: Sapindus caudatus 
Lx., La1tr-us socialis Lx.,· Rhamnus Clebur-ni Lx., and Ficus spec
talril,is Lx. There are also several others found in the Laramie 
group but also occurring elsewhere, such as Quer-cus angustiloba 
Al. Br., Phmgmites Oeningensis Al. Br., and Platanus Guillelmce 
Gopp. 

The same collector o otained in 1886 several specimens of. palm 
stems or wood in a. silicified state in Rapides Parish which have re
cently been studied by Prof. F. H. Knowlton and referred to two 
species of Palmoxylon (P. Quenstedti Felix, and P. cellulosum, 
n. sp.)" 

Tennessee.-Near Somerville, Fayette County, occurs a bed of 
fossil plants of Tertiary age,· probably Eocene, from which Prof. 
J. M. Safford, State geologist of Tennessee, collected numerous speci
mens. This material was submitted to Professor Lesquereux and 
tho pl::tnts were named in 1869.' 

.Two species (Rharnnusmarginatus Lx. and Quercus Saffordii Lx.) 
from the red shales of Tennessee, collected by Professor Safford, were 
first described in 1860 in the Geological Report of Arkansas (p. 319, 
pl. vi). • 
.. Another list from the same locality, consisting to a considerable ex
tent of the same species, but -including also three species from La 
Grange, is given in Professor Safford's Geology of 1'ennessee (1869, 
pp. 425-428), and here the most characteristic of them are figured on 
pl. vii (K). · -

Carboniferous plant beds are also found in the State, especially at 
Tracy City, and a list of the plants from this locality as determined 

I Recent determinations of fossil plants from Kentucky, Louisiana, Oregon, Cali
fornia, Alaska, Greenland, etc., with descriptions of new species, by Leo Lesquereux. 
Compiled and prepared for publication by F. H. Knowlton: Proc. U. S. Nat. Mus., 
voL 11, 1888, pp. ll-38, pl. iv-xvi. (Plants from Louisiana, pp. 24-25.) 

2 Description of two species of Palmoxylon-onc new-from Louisiana, by· F. H. 
Knowlton: Ibid., pp. 89-91, pl. xxx. 

3Species of Fossil Plants collected near Sommerville, Fayette Co., Tenn., by Prof. 
J. M. Safford, State geologist of Tennessee (Fossil Plants of Recent Formations), 
Am. Jour. Sci., 2d series, vol. 27, 1859, p. 364. 

• Second Report of a Geological Reconnaissance of the middle and southern coun
ties of Arkansas, made during the years 1859 and 1860, by David Dale Owen. Phila
delphia, 1860. Botanical and Palreontological Report, by Leo Lesquereux, pp. 295-
319, pl. i-vi. 
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by Professor Lesquereux was publishAd in 1869.' Thi'rty-two species 
are contained in this list, five of which came from theJEtna mines, and 
the remainder from the Main Sewanee and Jackson coal horizon. 
The most of th€lm are old species described by Brongniart, Sternberg, 
and Lindley and Hutton. 

In his Coal Flora of Pennsylvania the only localities in Tennessee 
mentioned are Tracy City, in Grundy County; Sewanee, in Franklin 
County; and Rockwood, in Roane Coui1ty. Much additional mate
rial must have accumulated in the interval between the publication 
of Professor Safford's report in 1869 and .the completion of the coal 
flora in 1880. Over sixty species are described in the latter work 
that are not enumerated in the former, the most of these being from 
the Subconglomerate of Tracy City, Lower Sewanee, and Rockwood. 
The total coal flora of the tltate, according to this report, was eighty-
four species. . 

Mr. Ira Sayles has recently discovered another locality in the vi
cinity of Centerville, Hickman County, from which he has sent a 
number of specimens to the U. S. Geological Survey. These have 
been investigated by Professor Lesquereux and two species identified, 
namely: Annularia sphenophylloicles (Zenk) Gutb. and Rhabdo
carpus multistriatus (Presl) Lx. Fragmer1ts of Stigm-aria, Sigil
laria, and Cordaites also accompany this collection. They are pub
lished in the Proceedings of the U. S. National Museum for 1887, 
pp. 23-33. 

Kentucky.-At the fourth meeting of the American Association 
for the Advancement of Science, held at New Haven in August, 
1850, Prof. George C. Schaeffer road a paper on Fossil Coniferous 
Wood from the-Lower Devonian strata, Lebanon, Marion County, 
Kentucky. 2 He states that this "wood is found in very large quan
tities between Lebanon and the foot of the 'Knobs,' at a distance of 
about three or four miles from the latter." · 

The first serious study of the coal measures of Kentucky from the 
point of view of vegetable paleontology, was made by Professor Les
quereux during the years 1856 and1857, and the results were published 
in the Third Report of the Geological Survey in Kentucky. • During 
three explorations Professor Lesquereux found fossil plants at many 
of the horizons, particularly at Bell's mine in Crittenden County, 
Casey's mine on the west side of Trade Water River, near Casey
ville; at Union mines, Crittenden County, 20 miles belmv Casey-

1 Geology of Tennessee, by James M. Safford, State geologist, Nashville, 1869, pp. 
408,409. 

• Proc. Am. Assoc.Adv. Sci., 4th (New Haven) meeting, 1850 (1851), pp.193, 194. 
3 Palreontological Report of the Fossil Flora of the Coal Measures of the western 

Kentucky Coal Field, by Leo Lesquereux, palreontologist. In Third Rept. Geol. Sur
vey Kentucky, made during the years 1836 and 1857, by David Dale Owen. Frank
fort, 1857, pp. 499-556, pl. vi, vii. 
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ville; at Hawesville, Hancock County; at Giger's Hill, Union 
County; in the Curlew & Mulford mine, Union County; and at 
Airdrie, Muhleubei·g County. In this report about a dozen species 
are figured, with brief descriptions accompanying the expla1iation of 
the plates (p. 556}. Only one of these species (Lepidodendron poli
tnm) was new. In tho same report (p. 122) Owen records the presence· 
of Spirophyton velum (Vanux.) Hall, 'at Rockport, Lewis County, in 
rock probably of Subcarboniferous age. . 

The fourth volume of tho Kentucky Geological Survey contains 
another and still more elaborate paper by the same 0>uthor.' This 
paper is chiefly geological, but closes with a description of about 
twenty species, which are figured in the atlas; they are from the 
Union mines, Livingston County; West Liberty and Hazel Green, 
Morgan County, etc. The Coal Flora of Pennsylvania contains a de
scription of seventy-three species; eight of which are from Critten
den County, twenty-six from Union County, fourteen from Greenup 
and Carter Counties, and twenty-six from Hopkins and Christian 
Counties. 

Besides this large coal flora there is at least one bed of much more 
recent vegetable remains in the State; this is located on the Missis
sippi Riv~r, near Columbus, and was mentioned by Dr. David 
Dale Owen in the first volume of the Geological Survey of Ken
tucky (p. 22). It is probably of Pliocene age. .A small collec
tion from this place was examined by Professor Lesquereux in 
1859, and ten species were enumerated in his paper On some fossil 
plants of recent formations, already referred to. • The plants, so 
far as determinable, belong to species still living, and include the 
live oak, the pecan, the honey locust, the winged elm, the chinqua-
pin, etc. _ 

From the Niagara limestone near Louisville, Hall and Whitfield' 
described Dictyonema pergracilis in 1872. 

Rev. H. Herzer, of Louisville, has collected specimens of Astero
phycus Ooxi·i Lx., at Rock Castle, Trigg County, in the Carboniferous 
formation,' and the same gentleman communicated to Profe.ssor Les
quereux a specimen of Psilophytttm gracillimum Lx., found by Mr. 

1 Report of the Fossil Flora and of the Stratigraphical Distribution of coal in the 
Kentucky Coal Fields, by Leo Lesquereux. Fourth Rept. Geol. Survey of Ken
tucky, made during the years 1858 and 1859, by David Dale Owen. Frankfort, 1861, 
pp. 333-437, pl. i-iv. · 

2 Fossil leaves collected in the chalky banks of the Mississippi River near Colum
bus, Ky., by Dr. David Dale Owen and Leo Lesquereux: Am. Jour. Sci .. 2d series, 
vol. 27, 1859, pp. 364-366. 

3 Description of new species of fossils from the vicinity of Louisville, Kentucky, and 
the Falls of the Ohio, by James Hall and R. P. Whitfield: 24th Rept. N. Y. State 
Cabinet of Nat. Hist., Albany, 1872, pp. 181-196. · 

4 Species of fossil marine plants from the Carboniferous Measures, by Leo Les
quereux: Seventh Ann. Rept. Geol. Survey Indiana, 1876, 8°. (See p.142.) 
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Edward Ulrich in the bed of Licking River, near Covington, oppo
site Cincinnati, in the Cincinnati group.' 

Mr. M. P. Lightfoot has collected two specimens of Calamites · 
Suckowii Brongn., at Commercial Summit, Whitley County, which 
were identified by Professor Lesquereux• and are deposited ii\, the 

·National Museum (No. 2154). 
A small collection of fossil plants made by Prof. R. H. Loughridge 

from the Eocene, or Lignite group, at \Vickliffe, in Ballard County, 
and fron~ a much higher horizon (Upper Tertiary or Quaternary) at 
Boaz, in Graves County, has recently been determined-by Professor 
Lesquereux, whose report has been published in the proceedings 
of the U. S. National Museum (vol. 11, pp. 12, 13, pl. iv, v). One of 
the species, Juglans rugosa Lx., is a Laramie type. There were 
eight others, omi of which was new. 

Ohio.-Next to Pennsylvania, Ohio possesses the most extensive 
deposits both of coal and Of fossil plants. The latter have been 
long known, and as early as 1820 we find that Mr. Ebenezer Granger 
had undertaken their investigation. In that year he wrote to the 
editor of the American Journal of Science a Notice of Vegetable 
impressions on the rocks connected with the coal forJllation of 
Zanesville, Ohio, which was published with comments by the edi
tor.' The figures accompanying this notice are vei·y clear, and 

' especially interesting in view of their early date. 
About the same time Dr. S. P. Hildreth commenced to investigate · 

the geology of Ohio, and some of his letters to Mr. Caleb Atwater 
contained allusions to the discovery of fossil plants. In one of these, 
speaking of the petrifactions in the neighborhood of Zanesville and 
of Marietta,' he says: "Vegetable productions are also found in a 
petrified state. I have in my possession a petrifaction which appears 
once to have be01i a large poke-root (Phytolacca decandra) 
I have discovered at two different places, within a few miles of 
Marietta, ~orne very curious impressions of vegetables in a loose 
slaty stone, and in a red ocherous earth that was in a middle state 
between o~her and slate. The impressions in the first resembled 
the leaves of white clover, and were very perfect. They appeared to 
be distributed through the whole mass of stone, which easily sepa
rated into thin layers, and between the contiguous layers was to be 
seen the perfect impression of clover leaves. Those in the ocherous 
bed were the perfect impressions of fern leaves. They wore to be 

1 Land plants recently discovered in the Silurian rocks of the United States, by 
Leo Lesquereux: Proc. Am. Philos. Soc., vol. 17, 1877, pp. 163-175, pl. iv .. (See 
p.165.) 

2 Proc. U. S. Nat. Mus., vol. 10, 1887, p. 23. 
3 Am. Jour. Sci., vol. 3, 1821, pp. 5-7, pl.i-ii. 
'Facts relating to certain parts of the State of Ohio, by, Dr. S. P. Hildreth: Ibid., 

vol.10, 1826, pp. 1-8. 
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found in almost every place that I examined, and what is a little 
curious, the impressions were all of the. same kind of leaf, and as 
perfect and fair as if made but yesterday." Hildreth seems at this 
time not to have been acquainted with the works on fossil plants 
that had already been published by Steinhauer, Sternberg, and 
Brongniart; but Granger, in the paper just referred to, quotes the· 
first of these works, ·and it was he, as is known, who sent Brongniart · 
many of the American specimens which he described in his Histoire 
des V egetaux Fossiles. 

In the twelfth volume of the same journal Hildreth called atten
tion to certain fossil trees observed by him about two miles above 
Gallipolis, near the Ohio River. • 

In a letter to Professor Silliman, dated Cincinnati, April 30, 1833, 
Rev. Sayles Gazlay gave an account of the discovery of pieces of 
fossil wood at a number of points in the State of Ohio, especially 
.near Palmyra, Springfield, and Cincinnati. These specimens were 
chiefly found whUe digging wells, but from the descriptions given 
it is difficult to judge of their nature. 

The first important paper on the geology and paleontology of Ohio 
was published by Hiidreth in 1836, • with an appendix by Dr. Samuel 
George Morton, • who elaborated the organic remains collected on 
Hildreth's expeditions. Twenty-five of the thirty-six plates by 
which this paper is illustrated are devoted chiefly to fossil plants, 
and a more or less successful attempt was made by Dr. Morton to 
identify them with species figured by Brongniart and Steinhauer. 
They all appear to be of Carboniferou,; age, but the exact locality at 
which each of the specimens was found is nowhere clearly set forth. 

The thirtycfirst volume of the same journal contains a long anony
mous article • of a similar character to the one last considered and 
which is known to h:_we been also from the pen of Dr. Hildreth. In 
this paper he figures a number of vegetable impressioits obtained 
on the expedition at Mariner's Mills and on the Mahoning River.· 
Among these were his Ca,rpolithus trilocularis, Syr1:ngoclenclron 
Kirtlancli1tm, Sig·illaria nwrineria, and Ficoiclites scabros·us. 

Mr. John Locke's Notice of a prostrate Forest underthe Diluvium 
1 Notice of Fossil Trees near Gallipolis, Ohio, by S. P. Hildreth: Am. Jour. Sci., 

vol.12, 1827, pp. 205, 206. . 
• Observa;tions on the Bituminous Coal deposits of the valley of the Ohio and the 

accompanying rock strata; with notices of the fossil organic remains and the relics 
of vegetable and animal bodies, illustrated by a geological map, by numerous 
drawings of plants and shells, and by views of interesting scenery, by S. P. Hildreth: 
Am. Jour. Sci., vol. 29, 1836, pp. 1-148. 

3Appendix. Being a Notice and descriptionof the Organic Remains embraced in 
the preceding paper, by Samuel George Morton: Ibld., pp. 149-154, pl. i-xxxvi. 

4 Miscellaneous observations made during a tour in May, 1835, to the Falls of the 
Cuyahoga, near Lake Erie; extracted from the Diary of a Naturalist [by S. P. Hil
dreth]: Am. Jour. Sci., vol. 31,1827, pp.1-84. 
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of Ohio, • and Mr. Charles Whittlesey's Dascription of a Plant sup
posed to be new, 2 constitute about tho only other papers relating to the 
fossil plants of Ohio that appaared prior to the earliest contribu
tions to the subject oy Prof. Lesquereux and Dr. Newberry. 

On January 7, 1852, Professor Rogers presented to the Boston Soci
ety of Natural History, in the name of Prof. Leo Lesquereux,' some 
observations on the coal measures of Ohio. In the notes thus com
municated Professor Le3quereux refers to fossil plants found by him 
in the coal bed of Zanesville; on the Ohio River, three miles west of 
Marietta; at Barlow, ten miles west of Marietta; and at Cuyahoga 
Falls, of which latter point Dr. Newberry had furnished him with 
a section. The species were of course Carboniferous, and, fQr the 
most part,. were recognized by him as the same that he had met with 
in Pennsylvania. 

A number of very important papers relating to the coal flora of 
Ohio, chiefly by DJ·· Nmyberry, appeared in 1853 and 1854 in' a 
publication entitled "The Annals of Science; being a record of the 
Inventions and Impr,overneuts in applied Science; including the 
Transactions of tho American Association for the Advancement of 
Science," conducted by Hamilton L. Smith, Cleveland, 1853 and 1854, 
of which one volume and a part of the second only are extant. 
These papers were evidently the result of prolonged research, and 
were presented to the :American Association for the Advancement of 
Science. The first was entitled "Fossil Plants from the Ohio coal 
basin,"' which consists of a catalogue of nineteen sp3cies, with re
marks on some of the more important ones. No figures accompany 
this paper. 

Then follows a series of four papers, entitled, "New [species of] 
Fossil Plants from Ohio."' These new species are illustrated by 
wood-cuts. The first describes a plant collected by Mr. Charles 
vVhittlesey from a coal mine two miles southeast of Cuyahoga 
Falls, a notice of which was published in the American Journal of 
Science, as mentioned ·above, and gives it the name of Whittle
seya elegans. The second is important in being the first attempt 
made in this country to characterize the fruits of the coal measures. 
Eight species of Cardiocarpus are here made known, from the coal 
measures at Cuyahoga Falls, Summit County, and at Youngstown, 
Mahoning County. The third describes four species of Sigillari_a 
from the same localities and from Coshocton. The fourth, which 
comes in the second volume (pp. 2, i3) under the name of Antholites, 
gives figures of the inflorescence of Cordaites found in Mahoning 

1 Philadelphia Assoc. Am. Geol. and Nat., 1843, pp. 240,241. 
2Am. Jour. Sci., 2d series,-vol. 8,1849, pp. 375-:377. ·· 
a Annals of Science, vol.1, 1853, pp. 95-97; 106-108. 
• Ibid., pp.116, 117; 152,153. 
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County associated with the lowest stratum of coal in the coal basin 
of Ohio. 

Between the first and second of these papers, and apparently 
forming a part of them, is another bearing the same title but cred
ited to Mr. J. W. F·oster,' in which three Carboniferous fruits, one 
species of Sphenophyllum, and one of Sigil1aria, from Guernsey 
County, and from ZanesvillE), Muskingum County, are figured and 
discussed. 

Volume 1 of the Annals of Science contains two other papers by 
Dr. Newberry on the Str~wture and affinities of certain fossil plants 
of the Carboniferous era (pp. 268-270), and on the Characteristics of 
the Carboniferous flora of Ohio, with descriptions of fifty new spe
cies of fossil plants (pp. 280, 281). . The first of these contains fig
ures of a Trigonocarpus, of a species of Asterophyllites, and of 
Sphenophyllum, with remarks upon these and other forms. The 
second does not give the descriptions of the fifty species, but merely 
an account of them, with a list of the genera and a number of spe
cies belonging to each genus. 

The second volume of the Annals of Scie.nce contains another 
short illustrated paper by Dr. Newberry. 

Iu the Sixteenth Annual Report of the Regents of the University 
of the State of New York, 1863 (pp. 84-91, pl. iii-v), Prof. James Hall 
describes some vegetable fossil remains from the Waverly Sand
stone (Devonian) at Cuyahoga Falls, Richfield, Summit County, and 
Harrisville, Medina County, which are referred to the genus Dictyo
phyton (D. Newberryi Hall and D. Redfieldi Hall): This genus, al
though the name signifies a plant, seems now to be definitively rele
gated to the sponges. 

In several catalogues and in the various issues of his little publi-
cation called The Paleontologist, Mr. U. P. James, of Cincinnati, 

. between the years 1871 and 1881, published a considerable number of 
·species of so~ called plants from the Cincinnati group found at Cincin
nati, or within a range of forty or fifty miles of that city. • Among 

1 Annals of Science, vol. 1, 1853, pp.128, 129. 
· 2 U. P. James: Palaeontology. Catalogue of the Lower Silurian Fossiis, Cincin
nati Group, found at Cincinnati and vicinity, within a range of forty or fifty miles. 
Cincinnati, 1871, 14 pp., 8°. "Additions" to the same publ. at Cincinnati, 1873, pp. 
15-17. 

The same, new edition, much enlarged, with Descriptions of some New Species of 
Corals and Polyzoa; Cincinnati, Hl75, pp. 1-12, so. 

Descriptions of newly-discovered species of fossils and remarks on others, from 
the lower and upper Silurian· rocks of Ohio. The Paleontologist, No. 2, Sept. 14, 
1878, pp. 9-13; No. 3, Jan. 15, 1879, pp. 17-23. 

Supplement to Catalogue of Lower Silurian Fossils of the Cincinnati Group, etc., 
Ibid., No. 4, July 10, 1879, pp. 29-32. 

Contributions to Paleontology: Fossils of the Lower Silurian Formation: Ohio, 
Indiana, and Kentucky. Ibid., No.5, June 10, 1881, pp. 33-44. 
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the special localities for these plants he enumerates Lebanon, Obanon 
Creek, Clermont County, and Crawford Run,·in the eastern part of 
Cincinnati, as well as a point in Kentucky opposite that city, and 
another in Dearborn County, Indiana, but for the most part they are 
entered on his lists wi thout any local designations. 

The work of Dr. J. S. Newberry, thus far outlined, was all pre
liminary to the important contribution which he made in 1S73, to 
the Report of the Geological Survey of Ohio, vol. 1, pt. 2, Paleon
tology, Columbus, 1873 (pp. 359-385, pl. xli-xlviii). This paper 
shows the result of mature study, and although only a small part of 
the material in hand was here published, the descriptions and deline
ations, so far as they go, are careful and thorough. All but five of 
the twenty-ninespecies relate to fruits, and the figures, which are well 
drawn and engraved, are constantly referred to as the best that had 
appeared prior to Brongniart's latest investigations. Those fruits, as 
well as tho five ferns described, ~ere taken from the vicinity of coal 
seams at Tallmadge, Summit County; at Youngstown, Mahoning 
County; at Zanesville, Muskingum· County, and at Massillon, Stark 
County. · · 

The second volume of the paleontological report of the Geolog
ical Survey of Ohio contains a paper by Mr .. E. B. Andrews.' This 
paper is confined to a collection made by himself at·a point two miles 
east of Rushville, in Perry County. Seventeen species, representing 
the genera Mogalopteris, Arc:hmopteris, Orthogoniopteris, Alethop
teris, Hymenophyllites, Eremopteris, Lepidophloios, Lepidodendron, 
Asterophyllites, and Cardiocarpon are described. All the species, as 
also his genus Orthogoniopteris, were new. In the preliminary no
tice of this discovery presented to the Detroit meeting of the Amer
ican Association, 1875: Mr. Andrews was disposed to regard these 
plants as of Devonian age, but in the geological report he is inclined 
to place them at the base of the coal measures. 

In 1874 Professor Lesqu8reux offered the first evidence of the ex
istence of well defined vegetable remains in the Silurian formation 
of Ohio.' It is here stated that the "two specimens representing 
branches or small stems of a species referable to Sigillaria,': were 1:e
ported to have been found by Dr. S. S. Scovil1e on Longstreet Creek, 
near Lebanon, Ohio, in the Cincinnati group. This report was sub
sequently confirmed, and Professor Lesquereux identified the species 
as closely allied to S. Serl'i'i Brongn., and also to S. Menardi Brongn. 
Speaking of the age of this deposit he says that "with the exception 

1 Descriptions of Fossil Plants from the coal measure~ of Ohio, by E. B. Andrews: 
Rept. Geol. Survey Ohio, vol. 2, Geology and Palmontology, pt. 2, Columbus, 1875, 
pp. 413-426, pl. xlvi-liii. 

2 Notice of New and Interesting Coal Plants, by E. B. Andrews: Am. Jour. Sci., 3d 
series, vol. 10, 1875, pp. 462-466. . 

3 On remains of Land Plants in the Lower Silurian, by Leo Lesquereux: Ibid., 
vol. 7,1874, pp. 31-34. 
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of the Lebanon specimen the geological formations of the United 
States have not afforded as yet any records of land plants earlier 
than those of the Lower Devonian." 

Notwithstanding the opinion of Professor Lesquereux so confi
dently expressed as to the character of these remains, Dr. Newberry, 
in a paper read before the National Academy of Sciences in April 

· ()f that ·year, after careful study of the same s-pecimens, figures of 
which he had prepareJ, did not hesitate to pronounce them of doubt
ful affinity, and he strongly questioned their reference to land plants,' 
regarding them rather as fucoidal remains. 

The interest aroused by these two papers led Professor Lesquereux 
not only to inv~stigate the specimens found by Dr. Scoville, and to 
make drawings of them for himself, which were submitted to several 
eminent geologists and botanists, but also to collate and publish a 
systematic monograph of all the land plants that had been reported 
fr(Jm strata_ below the Devonian! Such plants are here shown to 
have been met with in Kentucky, Michigan, and Ohio, as well as in 
Nova Scotia and some parts of Europe. An additional specimen of 
the same nature as those previously considered had been found near 
Cincinnati, in the Cincinnati group, and this presented better char
acters than any hitherto found. Upon it he founded the new genus 
Protostigma, considered as related to Sigillaria, and he applied to 
these fossils the name Protostigma sigillarioides. 

In July, 1877, Professor Claypole discovered in the vicinity of 
Eaton, Preble County, Ohio, a vegetable impression bearing marks 
or scars similar to those of Lepidodendron. After studying this 
carefully he described it in the American Journal of Science' as 
Glyptodenclron Eatonense. In the expanded form in which this pa
per·appeared in the Geological Magazine, a figure of this impression 
is introduced.' 

In the third number· of the Cincinnati Quarterly Journal of 
Science, for July, 1fl71 ( vol. 1, pp. 2:35, 236), Mr. S. A. Miller de
scribed his Bnthrotrephis ramttlosa from the banks of the Ohio 
River, in the first ward of Cincinnati, which he also found on the op
posite shore in Kentucky, and among the twelve new species which 
he described in the same journal for July 1879 (vol. 2, pp. 10-i-118), 
is one Trichophycns venosus (pp. 112, 113, pl. ix, fig. ·5, 5a), which 

1 On the so-called Land Plants from the Lower Silurian of Ohio, by J. S. New-
berry: Ibid., vol. 8,1874, pp. 110-113, two wood-cuts. . 

2 Land Plants recently discovered in the Silurian Rocks of the United States, 
by Leo Lesquereux: Proc. Am. Philos. Soc., vol. 17, 1877, pp. 163-17B, pl. iv. 

3 On the occurrence of a tree-like fossil plant, Glyptodendron, in the Upper 
Silurian (Clinton) Rocks of Ohio, by E. W. Claypole: Am. Jour. Sci., 3d series, vol. 15, 
1878, pp. 302-304. . 

4 On the occurrence of a fossil tree(Glyptodendron)in the Clinton limestone (base 
of Upper Silurian) of Ohio, U.S., by E. W. Claypole: Geol. Mag., decade 2, vol. 5, 
London, 1878, pp. 558-564. 
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lie regarded as a plant from the Hudson River group, also at Cin
cinnati. 

Messrs. S. A. Miller and C. B. Dyer, in 1878 • described a number of 
the so-called fucoids of the Cincinnati group, collected at Cincinnati, 
near Lebanon and Morrow, Warren County, and at Bantam, Cler-
mont County. · 

Mr. James Geikie states • that Mr. Hinde has discovered plant re- . 
mains in Newberry's "laminated clay series" (Quaternary?) at 
Cleveland, but no further details are given. 

Mr. Edward Orton, of Columbus, Ohio, has discovered that the 
bituminous matter in the black shales of Ohio, which are equivalent 

. to the Hamilton, contains vast numbers of yellow translucent 
disks ranging from 2 h to 1 bo of an inch in diameter, and presenting 
the appearance of empty and flattened spherical sacs. • They were 
believed by him to be tho empty envelopes of Lycopodiaceous spores, 
probably Sporang'ites Hnronens'is Dn., or such as have been described 
by Williamson and Binney in the British fire-clays, iron-ore, and Bog
head cannel-coal of Great Britain, and he thinks that they may make 
up a large proportion of these beds hitherto regarded as barren of 
fossils. .Qne of the principal hcalities for these spores is at Kings
ville, Ashtabula County. 

This would be the proper place to notice these perplexing little ob
jects from the Devonian of the Falls of the Ohio, resembling Ohara 
fruits, which have been several times independently described under 
different names, and whose history was for the first time written by 
Prof. F. H. Rnowlton in 1889.' His name, Calcisphmra Lemoni, is, 
however, anticipated by Ulrich's name, Mmllerina Oreene,i, 1886, • 
who treated them as Foraminifera, which, indeed, they may be. 

Prof. E. W. Claypole has commenced the study of certain silicified 
trunks found in Holmes and Highland Counties. He read a prelim
inary paper on the subject before the American Association for the 
Advancement of Science, at its Buffalo meeting, in 1886. • In that 
paper he identifies two species of Dadoxylon (D. antiquius Dawson, 

1 Contributions to Palreontology, by S. A. Miller and C. B. Dyer. No. 1. Jour . 
Cincinnati Soc. Nat. Hist., vol. 1, 1878, pp. 24-39, pl. i-ii; No. 2 [published sepa
rately], Cincinnati, 1878, 11 pp., pl. iii-iv, so. 

2 Geol. Mag., decade 2, vol. 5, 1878, p. 78. 
3 A source of the bituminous matter in the Devonian and Sub-carboniferous 

black shales of Ohio, by Edward Orton: Am. Jour. Sci., 3d series, vol. 24, 1882, pp. 
171-174. -

4 Description of a ·problematical organism from the Devonian at the Falls of the 
Ohio, by F: H. Knowlton: Ibid., vol. 37, 1889, pp. 202-209, 3figures on p. 203. 

5 Descriptions of New Silurian and Devonian Fossils, by E. 0. Ulrich: Contribu
tions to American Palreontology, vol. 1, Cincinnati, May 1, 1886, pp. 3-35, pl. i-iii. 
(See pp. 34-35, pl. iii, figs. 8-Se.) 

6 Preliminary note on some fossil wood from the Carboniferous Rocks of Ohio, 
by E. W. Claypole: Proc. Am. Assoc. Adv. Sci., 35th (Salem) meeting, 1886, pp. 219-
220. . 
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and D. Newberryi Dawson). No figures accompany this paper, 
which is only an abstract of the one presented: 

The coal flora of Pennsylvmiia, which is claimed to embrace all 
the paleozoic fossil plants of Ohio, contains d~scriptions of one 
hundred, and thirty-two species, derived as follows as to geological 
horizon and geographical location, which includes twenty duplica
tions: 
Waverly Sandstone (Subconglomerate or Subcarboniferous): 

Newark, Licking County, 3. 
Rushville, Fairfield County, 29. 

In tercong lomera te: 
Youngstown, Mahoning County, 12. 
Cuyahoga Falls, Summit County, 15. 
Tallmadge, Summit County, 9. 
Jackson's Shaft, Perry County, 3. 

Bituminous coal region (Carboniferous): 
Massillon, Stark County, 6. 
Buchtel, Athens County, 9. 
Nelsonville, Athens County, 11. 
Shawnee, Perry County, 1. 
Coshocton, Coshocton County, 3. 
Pomeroy, Meigs County, 8. 
Barnesville, Belmont County, 3. 
Saint Clairsville, Belmont Coui1ty, 21. 
Athens, Athens County, 1. 
Marietta, Washington County, 4. · 
Zanesville, Muskingum County, 8. 
Guernsey County, 1. 
Middlebury, Summit County, 1. 
Salineville, Columbiana County, 4. 

Indiana.-N otwithstanding the existence of extensive coal mines 
in Indiana with the usual plant. beds accompanying them, it was not 
until 1876 that any account was published of the coal flora of the 
State. In the seventh annual report of the Geological· Survey of 
Indiana for the year 1875 (Indianapolis, 1876, pp. 134-145, pl. i, ii) 
Prof. Lesquereux contributed a short paper on species of fossil 
marine plants from the Carboniferous measures. In this paper only 
fucoidal forms are treated and four new species of Palreophycus and 
Asterophycus are characterized and illustrated. The three species 
of Palmophycus were found imbedded in concretions of carbonate 
of iron on the banks of a branch of Salt Creek, one mile south of 
Bruilette Creek, Vigo County, and were collected by Professor Cox 
and Mr. J. F. Miller. The spacies of Asterophycus (A. Coxii) was 
discovered by Professor Cox in the "Cut-off" of the Wabash near 
New Harmony, Ind. Four additional plants from New Harmony 
are described in the Coal Flora of Pennsylvania, though in the sum-
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mary (·vol. 3, p. 879) the Vigo and the New Harmony plants are er" 
roneously put under Illinois. 

In the second annual report of the Department of Statistics and 
Geology (Indian~); 1880, 1 Dr. C. A. White gives four ferns and one 
Annularia, mainly from Shelburn, Sullivan County, and Spring 
Creek and Perrysville, Vermillion County, Indiana, quoting the de
scriptions of Professor Lesquereux for the species represented. 
These were mostly from the cabinets of Judge John T. Scott, Mr. 
William Gibson, and Professor John Collett. Dr. White gives in 
the same connection a fern from Grape Creek, Vermilion County, 
Illinois, furnished from the cabinet of Mr. Gibson. N~me of the 
species are new to science. 

Including two duplicationR, fifty-four species of Indiana plants are 
described in the Coal Flora of Pennsylvania according to the sum
maries. Ten are from the subconglomerate Whetstone Beds of 
Orange County; thirty-three are from Spring Creek, Newport, 
Eugene, and other points in Vermillion County, and eleven from Sul
livan County, in t~e bituminous coal region. 

Professor Collett has collected two specimens of Alethopteris Serlii 
(Brongn.) Gijpp . .at Eugene; Ind., which, having found their way to 
the U. S. National Museum, were ident~fied by Professor Lesquereux 
in the Proceedings of the National Museum in 1887 (vol. 10, p. 27). 

IZU,nois.-With the exception of the description of a fossil tree in 
recent strata of northwestern Illiliois on the Des Plaines River adja
cent to its junction with the Kankakee, by Governor Lewis Cass and 
Mr. Henry :R. Schoolcraft, in the year 1821, • no account of tho fossil 
flora of that State was published until the year 1866, when Prof~ssor 
Lesquercux made ~is first contribution on that subject to the Reports 
of the _Illinois Geological Survey. • This report is in the nature of a 
catalogue of the plants that had been submitted to him for deter-

. mination and bears no evidence of his h~ving had an opportunity to 
study them in the field; nevertheless he found in this· material no 
less than thirty-four species new to science, and many of the speci-. 
mens of species already known exhibited forms so instructive that 
it became essential to figure them. 

1 Second annual report of the Department of Statistics and Geology [Indiana]. 
(See pp. 520-522~ pl. ·ix-xi.) The same matter appears as a reprint in Indiana Geo
logical Report, 1879 (1880), Indianapolis, 1881, pp. 152-154, pl. ix-:xi. 

2 Remarkable fossil tree, found about fifty miles southwest of Lake Michigan, by 
his excellency Gov~rnor -Lewis Cass and M:r. Henry R. Schoolcraft, in August, 1821, 
on the River Des Plaines, in the northeast angle of the State of Illinois. Extracted 
from a paper presented by l\'Ir. Schoolcraft to the American Geological Society. 
Am. Jour. Sci., vol. 4, 1822, pp.285-291. 

3 Report on the Fossil Plants of Illinois. An enumeration of the fossil plants 
found in the coal measures of Illinois, with descriptions of the new species, by Leo 
Lesquen)ux: Geol. Survey Illinois, vol. 2 (Palreontology), Chicago, 1866, pp. 425-470, 
pl. :xxxiii-1. 
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The localities at which these coal plants were obtained were Mazon 
Creek (most profuse deposit in the State), andMoh·is, Grundy County; 
Colchester, McDonough Conn ty; Murphys borough, Jackson County; 
Duquoin and Saint John, Perry County; Grayville and Carmi, White 
County; Pope County, especially. at Carroll's place; Rock Island 

·County; Crooked Creek; Springfield, Sangamon County; Big Ver
milion River; Neelyville, Morgan County; Mercer County; Carlin
ville, Macoupin County. 

The continuation of this report is contained in the fourth v:olume of 
the same publication (pp. 375-508, pl. v-xxxi). This is a much more 
important contribution, and embraces descriptions of seventy-seven 
additional new species. Appended to this report is a list,' in tabular 
form, enumerating all the species known at the time (March, 1870) 
from the coal measures of Illinois, and indicating the localities 
where the specimens representing them had been found. Besides 
those mentioned in the previous report the following occur: Mar
seilles, La Salle County; Rushvnle, Schuyler County; Alton, Little 
Vermilion River. The total number of species enumerated here is 
two hundred and fifty-six. The horizon of Mazon Creek has some
times been regarded as Permian, but is probably Upper Carbonifer
ous. The beautiful impressions from this place contained in nodules 
of argillaceous iron ore are among the most perfect examples of the 
p1;eservation of plants in the earth;s stl;ata known to paleontology. 

In the coal flora of Pennsylvania, including about one hundred 
and seventy-five duplications, some five hundred and ten species are 
enumerated by Professor Lesquereux from the Carboniferous of Illi
nois. Thirty-five of these are from the subconglomerato of the 
Chester group and Port Byron, Rock Island County, the remainder 
are from the productive bituminous coal measures, and are distrib
uted as follows: Murphysborough, 31; Mazon Creek, 201; Morris, 107; 
Colchester, 41 ; Neelyville, 2; 1\[arseilles, il; Grape Creek, 20; Duquoin, 
28; Saint John's, 8; Stark County, 11; Peoria County, G; Grayville, 
9; Carmi, 6; McDonough County, 1 ;. Vandalia, 1. 

Mich·igftn.-Very few fossil plants have over been discovered in 
Michigan strata. As early as 1851 Hall, in Foster and Whitney's re
port on the geology of the L3>ke Superior land district,' gave lists 
of fossil plants from the Potsdam, the Calciferous sandstone, the 
Trenton, Hudson River, and the Clinton and Niagara groups of the 
Lake Superior district, presumably from Michigan, but the only 
species definitely located is the new one, Dicty01iema fenestrata, from 
the Lower Devonian of Mackinac. -

1 Geol. Survey Illinois, vol. iv, 1870, pp. 471-475. 
2 Report on the geology of the Lake Superior la.nd district, by J. W. Foster a.nd 

J.D. Whitney. Pa.rt 2, The iron region, together with the genera.! geology. Wash
ington, 1851, pp. 1-xvi, 1-406, pl. i-xxxv, so. (Fossils described by James Hall, 
pp. 203-231, pl. xxvi-xxxv.) · 
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In 1864 Alexander Winchell' named and described Palruophycus 
articulatlLS from the Potsdam on the north fiank of the Porcupine 
Mountains, Lake Superior, and P. inform'is from the same forma
tion on the Montreal River, Lake Superior. 

The same author has noted the presence of vegetable remains in 
the Marshall group, • in this State, supposed by him at the time to 
be of Upper Devonian age, but no definite localities are given. 

Dr. C. Rominger,' in describing the Paleozoic rocks of Michigan, 
in part 3 of volume 1 of the geological report of that State, refers 
to the occurrence of plants in the Niagara, near the mou_th of the 
Manistique River, and in the Trenton, near the mouth of the Me
nominee River, and on the Encampement d'Ours Island. · 

Wisconsin.-Among some fossils from the Potsdam at Devil Lake 
and Baraboo Bluffs, in Sank County, Prof. Alexander Winchell was 
able, in 1864, to identify Scolithus z,inearis Hald. (see his paper cited 
above). The same species, along with Oklhamia racl,iata Forbes, was 
reported in 1876 by Mr. J. W. Porter,' in a letter to the editors of 
the American Journal of Science, as occurring in the same forma
tion in the vicinity of Eau Claire. 

Prof. T. C. Chamberlin, in the first and second volumes of the 
Geology of Wisconsin, Survey of 1873-1879, published in 1877 and 
1883, mentions the existence of undoubted or supposed vegetable 
remains in the Potsdam (Cambrian), Trenton, Hudson and Cincin
nati (Lower Silurian), Niagara and Lower Helderberg (Upper Silu
rian), Hamilton (Devonian), but the precise localities are not always 
given. The general areas, however, occupied by these several forma
tions are clearly represented by maps. The following genera are 
reported: Palreochorda, Phytopsis, Cruziana, Palreophycus, Bu
thotrephis, Sphenothallus, and Fucoides, and fourteen species alto
gether are enumerated, of which six belong to Palreophycus and three 
to Buthotrephis. These two genera are chiefly represented in tho 
Potsdam and Trenton. Scolithus also occurs, but is not classed with 
the- plants. Among the localities for the ·potsdam species are Men
dota, Dane County; Bartholomew's Bluff in Kingston Township, Tus
cola County; and Berlin, Green Lake County; for the Trenton, Janes
ville and Center, Rock County; Waterloo, Jefferson County; Ripon, 
Fond dn Lac County, and Flintville, Brown County; for the Niagara, 
Sturgeon Bay, Door County. 

1 Notice of a small collection of fossils from the Potsdam Sandstone of Wiscon
sin and the Lake Superio~ sandstone of Michigan, by Alexander Winchell: Am. Jour. 
Sci., 2d series, vol. 37, 1864, pp. 226-232. 

• On the geological age and equivalents of the Marshall group, by A. Winchell: 
Proc. Am. Philos. Soc., vol. 11, 1869-'70, pp. 57-82,385-418. 

3 Geological Survey of Michigan. Upper peninsula, 1869-1873. Accompanied 
by an atlas of maps, vol. 1, New York, 1873. Pt. 3, Paleozoic rocks, by C. Romm
ger: pp. 1-105. 

4 0ldhamia in Wisconsin [from a letter to the editors], by J. W. Porter: Am. Jour. 
Sci., 3d series, vol. 12, 187G, p. 22G. 
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Minnesota.-The evidence of vegetable remains in the Paleozoic 
rocks of Minnesota is somewhat doubtful. Dr. David Dale·Owen' 
has figured several specimens supposed to be fucoids from the north
westshore of Lake Superior, probably in this State. They were found 
in a red sandstone which he was inclined to consider Triassic, but 
which, from the fact that he asserts its identity with that on Kewee
naw Point, may perhaps be considered as Keweenawian, and at Ma
rine Mill in the St. Croix River, in the Trilobite Grit, probably of 
Cam brian age. 

The Dakota group, so prominent in Kansas and Nebraska, extends, 
as is well known, for some distance into Iowa and northward into Min
nesota. Professor Lesquereux; in his Cr.etaceous Flora, described 
three species collected by Prof. James Hall near New Ulm, in the 
last named State (Cretaceous Flora, pp. 6, 7). They are as follows: 
F·icus Halliana Lx.: Laurophyllum. reticulatum Lx., and Legumino
sites Marcouanus Heer. 

Iowa.-The collections from the Dakota group of Iowa were some
what more numerous than those of Minnesota, chiefly in the vicinity 
of Sioux City. It is also probable that some of the specimens labeled 
Big Sioux were found on its left bank and should therefore be cred
ited t9 tb.e former State. 

Prof. Erasmus Haworth, of Penn College, Oskaloosa, informs me 
that he has in his possession a specimen of a dicotyledonous leaf from 
that place which he believes to belong to the Dakota group. He 
states that other specimens have been collected in the northwestern 
part of that (Mahaska) county, also that Carboniferous-plants occur 
at Oskaloosa. 

There are other Carboniferous beds in Iowa and two species (Lepi
dodendron Veltheimianum and SigillariaBaullii) from Ottumwa, W a
pollo County, in the southeastern part of the State, are enumerated 
in the Coal Flora of Pennsylvania. 

Fossil plants from a still lower (Subcarboniferous) formation were 
mentioned and figured by D. D. Owen in 1852, in his report referred 
to above. They were found in the Muscatine Bluffs near the mouth 
of Pine Creek, at Cedar Bluffs on the Des Moines River two miles 
above Soap Creek, near the mouth of Turkey Creek, and on the Mis
sissippi about three and one-half miles below Hampton. 

A fossil trunk from Keokuk was described in l873"by Mr. Samuel 
J. Wallace! · · 

Specimens of fossil wood sent to Mr. W J McGee by Rev. E. M. 
Glasgow, of Estherville, Emmet County, Iowa, from that place have 
recently been microscopically studied by Prof. F. H. Knowlton, who_ 

'Report of a geological survey of Wisconsin, Iowa, and Minnesota, and incident
ally a portion of Nebraska Territory. Made under instructions from the United States 
Treasury Department, by David Dale Owen: Philadelphia, 1852, folio, pp. i-xxxviii, 
1-638, pl. i-xv. Owen, pp. 1-206, pl. i-viii A. (See pp. 187-189, pl. i, i c, i ",and ii.) 

2 Am. Jour. Sci., 3d series, vol.15, 1878, p. 396. 
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~finds it belongs to the genus Capressinoxylon. Relative to tho.age 
of the deposit in which this wood occurs, Mr_ McGee in a letter to 
Professor Knowlton, dated January_ 4, 1888, says: "There is every 
probability that the Emmet County (Iowa) wood is from the Creta
ceous, though it is found in the drift, the Cretaceous strata from 
which it was originally derived having formerly extended over con
tiguous parts of Minnesota and been largely removed by glacial ero-
sion during the Quaternary." · 

j)tfissown:.-In Dr. B. F. Shumard's Description of a geological 
section on the Mississippi River from Saint Louis to Commerce; 
published in the first and second Annual Reports of the Geological 
Survey of Missouri (in one volume), by G. C. Swallow, State Geolo
gist, ,Jefferson City, 1855, part 2 (pp. 139-208, pl. A-E), mention is 
made of the occurrence of impressions of Calamites and Lepidoden
dron on the North Missouri Railroaq, between seven and eight miles 
from Saint Louis (p. 177), and in the descriptive part of this report (p. 
208) one species (Filicites gracilis Shumard) is mentioned with an 
account of its mode of deposition, and figured on pl. A (fig. ll). 
It was found at Louisiana and Elk Spring, Pike County, and on 
North River in Marion County. This form has since been identi
fied as the Ptilophyton of Dawson. 

Two of the species of Cordaites which Professor Lesquereux in
cludes in his monograph of that genus, published in the proceedings 
of the American Philosophical Society, March 1, 1878, were obtained 
by Dr. J. H. Britts, from Clinton, Henry County, Missouri. This 
locality has yielded eighty-five species of Carboniferous plants 
and is regarded by Lesquflreux a~ belonging to the same horizon 
as the abundant plant-bearing beds of Cannelton, Pa. The only 
other locality in the State mentioned in the Coal Flora is in Vernon 
County, about half way between Nevada and Fort Scott, where two 
species of Conostichus were obtained by Prof. G. C. Broadhead and 
sent to the author. Three other species are mentioned as coming 
from the State, but definite localities are not given. The total fossil 
flora of the State, therefore, amounts to over ninety species. 

Arkansas.-Dr. Nuttall, in the paper which has been referred to 
(supra, p. 873), published in 1821, recorded his observations upon the 
various petrifications which carne under his eye while traveling 
through Arkansas. These are mentioned on pages 24 and 45 of 
that paper. 

In 1850 Mr. Theodore F. Moss presented to the Philadelphia Acad
emy of Natural Sciences a brief account, accompanied by a drawing, 
of Trigonocarpus Woodruffii Moss, n. sp., which was found in clay 
slate "ten miles north of Little Rock, Ark., and forty miles east of 
the coal formation, where it is probably in place." 1 

1 Description of a new Carpo1ites from Arkansas, by Theodore F. Moss: Proc. 
Acad. Nat. Sci. Phila., vol. 5, 185~, p. 59. 
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The first considerable contribution to the fossil flora of Arkansas 
was made by Prof. Lesquereux and published in the Second Re
port of the Geological Reconnaissance of the Middle and Southern 
Counties of Arkansas, made during the years 1859 and 1860, by David 
Dale Owen, principal. geologist, Philadelphia, 1860 (pp. 297-319, pl. 
i-vi). Twenty-two species were systematically treated and figure~ 
from tho Paleozoic formation (Subconglomerate) in this report, four
teen of which were new; and in a list given on pages 314, 315, forty
eightspecies were enumerated and their localities stated. These local
ities are: Male's coal bank on the middle fork of White River, Lee 
Creek, Frog Bayou, Crawford County; Jenny Lind Prair·ie, Sebas
tian County; and James Fork of the Poteau River. This number 
had increased to one hundred and twenty species at the date of the 
publication of the Coal ;Flora. of Pennsylvania, in 1884. 

A specimen in the National Museum collection (No. 2226) collected 
by Dr. G. H. Horn at Liberty Springs, Van Buren County, Ark., 
proved to belong to Lepidodendron clypeaturn Lx. (See Proc. U. S. 
Nat. Mus., vol. 10, 1887, p. 28.) 

1'exas.-In some Observations on the geology of the Trinity coun
try, Texas, m[l,de by Dr. J. L. Riddell' in -1839, I find mentioned 
the occurrence of opalized wood, lignites, and "minor cauline 
plants" in the Tertiary formation (probably Eocene) on the T1·inity 
River. The exact locality is not definitely stated, but the vicinity of 
New Cincinnati seems to be understood. 

Dr. Ferdinand Roemer, who traveled through Texas in 1847, dis
covered fragments of silicified wood near La Grange and Gonzales 
not far from Peach Creek, and in many other places in middle Texas. 
They were submitted to Dr. Gi:ippert, of Breslau, who regarded them 
as representing two undescribed genera from the family of the Le
guminosm and two coniferous genera~· one in the Cupressime, and 
the other a truePinites. These latter \vere obtained from tho vicinity 
of Fredericks burgh, Gillespie Count.y, and from the Llano River. A 
portion of this material, as it appears, was also submitted to Professor 
Unger at Vienna, who detected three genera in it, two of which were 
new. Of these, his Sillimania (S. Texana. Ung.), already published in 
the Genera et Species Plantarum Fossilium (p. 524), and the Roemeria 
(R. Americana Ung.), were dicotyledonous genera. The remaining 
species, Thuyoxylon AmeTicanum U ng., was found at New Braunfels, 
the others at Gonzales. • Roemer regarded these deposits as of Creta-

1 Observations on the Geology of the Trinity Country, Texas, made during an ex
cursion there in April and l\fay, 1839, by J. L. Riddell; Am. Jour. Sci., vol. 37,1839, 
pp. 211-217. 

2 Texas. Mit besonderer Riicksicht auf deutsche Auswanderung und die physi
schen Verhaltnisse des Landes, nach eigener Beobachtung geschildert, von Dr. Fer
dinand Roemer: Bonn, 1849, 8°. (Fossiles Holz, pp. 369-370.) 

3 Die Kreidcbildungen von Texas und ihre organischen Einschliisse,-von Dr. Fer
dinand Roemer; Bonn, 1852, folio. (Fossil wood by Unger, pp. 94, 95.) 
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ceo us age, but Unger thought the fossil wood belonged rather to the 
Tertiary. Fossil wood was also found by Dr. Arthur Schott and 
mentioned in his Substance of the Sketch of the Geology of the Lower 
Rio Bravo del Norte.' These petrifactions occurred in great abun
dance in the valley of the Rio Bravo [Grande], especially at the 
:q.wuth of Elm Creek; also in Eagle Pass, as well as in the vicinity 
of Santa Rosa, Mexico. Dr. Schott states that most of this fossil 
wood apparently posse ses the structure of the palm wood, though 
the specimens from Santa Rosa had a different structure, and he 
thinks that some of it may be referred to the Coniferm. 

It was not until1860 that any fossil leaves were reported from the 
strata of Texas. In that ye(l,r Dr. B. F. Shumard found in Lamar 
County, near Red River, a large number of dicotyledonous ieaves be
longing to the genera Salix, Ilex, Laurus, etc. • 

Dr. S. B. Buckley, State geologist of Texas, in his First Annual Re
port of the Geological and Agricultural Survey of Texas (Houston, 
1874, page 25), mentions the occurrence of "impressions of leaves 
and palms, some two and three feet long; also many leaves of trees 
or shrubs of exogenous plaJ!ts, nearly all of which are entire; only 
one specimen of a lobed leaf being found. This is a Platanus. Some 
of these· entire leaves are very large and have prominent veins. 
They evidently belong to the Eocene of the .Tertiary, and are in 
strata overlying the coal. In none of the Tertiary coals of the State 
have we seen vegetable remains in ·good preservation in the shales 
in contact with the coal, excepting in Fayette County, where are 
oblong ribbed fruits about an inch in length." He also found a Ter
tiary fruit in the 'shale above the coal in Fayette County, near· the 
southern boundary of the Eocene .. 

One Carboniferous species (Calamites d1.tbius Artis) has been col
lected in Texas strata by A. R. Roessler in Jackson County, of which 
two specimens are deposited in the U. S. National Museum (No. 
2155) .• 

The records of the National Museum show that Dr. R. E. C. Stearns 
collected one' specimen of fossil wood two miles east of Eagle Pass 
and another at Bryan, Brazos County; that Mrs. J. L. Sinks secured 
a specimen of Stigmaria at Giddings, Lee County, and that J. W. 
Pearson has communicated a supposed fossil seed pod from Colorado, 
Mitchell County. These specimens have not yet come up for exam
ination. 

Indian Territory.-At Eufaula two species of Carboniferous plants 
(Borniaradiata (Brongn. )Schimp. and Cardiocarpusconglobatus Lx.) 

1 Report on the United States and Mexican Boundary Survey, made under the 
direction of the Secretary of the Interior, by William H. Emory: Washington, 1857, 
vol. 1, part 2, pp. 28-48, 4°. (Lignite Coal, pp. 35, 36. Fossil Wood, pp. 39, 40.) 

2 Trans. A.cad. Sci. Saint Louis, vol. 2, No. 1, 1863, p. 140. 
3 Proc. :U.S. Nat, Mus., vol.lO, 1887, p. 22. 
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have been obtained by Mr. H. F. Buckner and identified by Professor 
Lesquereux. They are in the National Museum collection, NOS. 
2164 and 2388, respectively. 

Mr. Lawrence Johnson, of the U. S. Geological Survey, has col~ 
lected four species of fossil dicotyledonous plants (Quercus furci
nerv·is (Rossm.)Ung., Per·sea speciosa? Heer, Laurus primigenia 
Ung., and_Eucalyptus sp. Lx.) at Selma, Chei·okee County, the age 
of which is uncertain but seems to be Tertiary. • 

I{'ansas.-The early papers relating to the discoveries of fossil 
plants from the Dakota group of Kansas and Nebraska do not dis
criminate carefully as to the precise localities at which they were 
found. • Dr. Newberry in his Later Extinct Floras (p. 23) giV\')S his 
Fagus cretacea as from Smoky Hill, Kansas. 

Profet;sor Lesquereux in his early and important paper published 
in the American Journal of Science' for July, 1868, states that the 
plants therein described came from the vicinity of Fort Ellsworth, 
Nebraska, but the old Fort Ellsworth was located in central Kansas, 
so that there seems no doubt that the fifty-three new species of fossil 
plants described in it should be credited to that State. This error is 
perpetuated in his paper On fossil leaves from Fort Ellsworth, N e
braska: in which nine additional species are treated. In his contri
·bution to Hayden's (Fourth Annual) Report for 1870, • the Kansas 
localities given are Fort Ellsworth and Northwest Salinas, from 
which twelve of the forty-nine species in his list of Cretaceous plants 
on pages 379 and 380 were obtained. 

Twenty-two species, eleven of which were new, were described in 
Hayden's Annual Report for 1872, • which Professor Lesquereux had 
himself collected in that year from a point nine miles above Salina, in 
the Salina Valley, and from another six miles south of Fort Harker. 

The Fifth Bulletin of the U. S. Geological and Geographical Sur
vey of the Territories (Washington, 1876), contains another paper 
by the same aut~ or on N e.w Species of Fossil Plants from the Cre-

tProc. U.S. Nat. Mus., vol. 11, 1888,p. 36. 
2 Remarks on the Lower Cretaceous beds of Kansas and Nebraska,' by F. B. Meek 

and F. V. Haydim: Proc. Acad. Nat. Sci., Phila., vol. 10, 1858, pp. 265, 266. Am. 
Jour. Sci., vol. 27, 1859, pp. 219-227. 

Les Phyllites cretacees du Nebraska, par J. Capellini et 0. Heer: Nouv. Mem. Soc. 
Helv. Sci. Nat., vol. 22, No. I, Zurich, 1866, pp. 1-22, pl. i-iv. 

a On sofue cretaceous fossil plants from Nebraska, by Leo Lesquereux: Am. Jour. 
Sci., 2d series, vol. 46, 1868, pp. 91-105. 

4 Trans. Am. Philos. Soc., vol. 18, 1869, pp. 430-433, pl. xxiii. 
5 On the Fossil Plants of the Cretaceous and Tertiary formations of Kansas and 

Nebraska, by Leo Lesquereux: Preliminary Report of the U. S. Geol. Survey of 
Wyoming, etc., 1870, Washington, 1872, pp. 370-385. 

6 Description of species of Fossil Plants from the Cretaceous of Kansas, by Leo 
Lesquereux: Sixth Ann. Rept. U.S. Geol..Survey of the Territories, etc., for 1872. 
Washington, 1873, pp. 421-427. 
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tacoous formation of the Dakota Group.' These were collected prin
cipally by Messrs. H: C. Towner and Charles Sternberg, in Kansas, 
but the precise localities are not here stated. Thirty species, the 
greater part of which were new, are here described without figures. 

These species ar..-J for the most part reproduced in Professor Les
quereux's much more extended paper in the Annual Report for 1874: 
which is illustrated by eight plates. As this paper was prepared after 
the quarto report next to be considered was in type, and is mostly 
em bodied in that report, it will not be necessary to discuss it sepa
rately. The author states, however, ·that all the new material for it 
was collected in Kansas by Messrs. Charles Sternberg, H. G. Towner, 
and B. :H'. Mudge. 

'fhe sixth volume of the final quarto reports of Dr. Hayden's Sur-· 
VeY forms Professor Lesquereux's now -well known Cretaceous 
Flora. • In ~his report are thoroughly characterized, discussed, and 
illustrated all the fossil plants from the Dakota group that had been 
made known to that date, amounting to one hundred and thirty 
species. They were chiefly from the strata within the States of Kan
sas and Nebraska. 

The localities in Kansas are as follows: Fort Harker and vicinity, 
eight miles above Salina Station; Smo~y Hills, Salina R_iver, eight 
miles above its mouth; Smoky Hill River or Fork, Brooksville, Saline 
county, and Fort Larned; many of them, however, are labeled merely 
"Western Kansas in concretions," or still less definitely. The almost· 
criminal carelessness which characterized most of the collecting done 
by Dr. Hayden's Survey merits tho severest reprehension. 

According to Professor Lesquereux's Report on the recent ad<li
tions of Fossil Plants to the Museum collections, • "more than six 
hundred specimens of Cretaceous Fossil Plants have been obtained 
in the Dakota group of Kansas by Mr. Charles H. Sternbei·g" during 
that year; but this report fails to state the points at which Mr. Stern
berg collected them. 

A second important contribution to the Dakota group flora was 
made by Professor Lesquereux in 1883, and forms the .first chapter 
of tho third final quarto report of the Hayden Survey, namely, his 
Cretaceous and 'l'ertiary floras (pp. 25-107). At the close of this 
chapter he gives a table of distribution which shows that the flora 
of the Dakota group had now reached four hundred and forty~two 

1 Bull. U. S. Geol. and Geogr. Survey of the Territories, vol. 1, 1874-'75, No. 5, 
2d series, pp. 391-400. - ' 

'Report on the Cretaceous and Tertiary Floras of the Western.Territories, by L.
·Lesquereux: Ann. Rept. U: S. Geol. and Geogr. Survey of the Territories, 1874, 
Washington, 1876, pp. 333-365, pl. i-viii. " 
, 3 Contributions to the Fossil Flora of the Western Territories. Pt. 1, The Creta
ceous Flora, by Leo Lesquereux. Report of the U.S. Geol. Survey of the Territories, 
by F. V.Hayden, U.S. Geologist in charge, vol.6, 1874,136 pp., 30 pl., 4°. 

4 Bull. Mus. Comp. Zoo I. Harvard Coll., vol. 7, No. 6, 1881, pp. 2\l&-2~0, 
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species, or three t'imes the number known in 1874. The new species 
are described and figured in. this work, although many of those from 
Kansas were the re-sult of more thorough exploration ·of the old 
localities. The following additional ones appear: Glasco, two and 
one half miles north of Glasco, Cloud County; seven miles north
east of Glasco; Clay Centm·, Clay County; Bluff Creek, Ellsworth 
County; four miles northeast of Minneapolis and eight miles north
east of Minneapolis, Ottawa County, principal locality not stated. 

Mr. Sternberg has recently made further very extensive collections 
from the Dakota group plant beds of Kansas, and Prof. F. H. Snow has 
also obtained fine specimens of these le(l,f prints for the cabinet of 
the University of Kansas. All these collections have passed through 

_ the hands of Professor Lesquereux, who will consider them in a large 
work, now nearly completed, on the Florq, of the Dakota Group. 

Besides these extensive deposits of Cretaceous plant-bearing beds, 
Kansas possesses in its more easterly districts some Carboniferous 
deposits from which vegetable remains have been taken. Mr. R. 
D. Lacoe has obtained many specimens from various localities which 
he permitted Professor Lesquereux to examine and to embody in his 
report upon the Coal Flora of Pennsylvania. About twenty-five 
species are described hom Kansas in that work, the localities being: 
Osage City, Osage County; Lawrence, Douglass County; Garnett, 
Anderson County;Thayer, Neosho County; Ottawa, Franklin County. 

Nebraska.-The first paper describing fossil plants from Nebraska 
was published in the Proceedings of the Academy of Natural Sciences 
of Philadelphia for December, 1858. Messrs. Meek and Hayden had 
obtained a numberofleafimpressions from the formation in that State 
which had previously been regarded as Triassic, which they had sent to 
Professor Heer, of Zurich. His report upon them was inserted in the 
communication made by them at that date.' Heei·'s report embrac~d 
eigh~ species but no localities are given. The plants were typical 
Dakota group forms. Messrs. Meek and Hayden republished por
tions of their paper in the American Journal of Science for March, 
1859, adding sketches of three of the most important species, Lirio
dendron Meekii Heer, Populus litigiosa Heer, and Sasscifras Cre-
tacetLm Newberry. · 

In another paper which preceded this in the same journal, • these 
authors continue to argue against the Triassic ~ge of this group, and 
adduce as evidence a report by Dr. J. S. Newberry (p. 33), in which 

I Remarks on the Lower Cretaceous beds of Kansas and Nebraska, together with 
descriptions of some new species of Carboniferous fossils from the valley of the 
Kansas River, by F. B. Meek an:d F. V. Hayden: Proc. Acad. Nat. Sci. Phila., 
vol. 10, 1858, pp. 256-266. Descriptions of the Fossil Plants, by Professor Heer, pp. 
265-266. 

2 On the so-called Triassic Rocks of Kansas and Nebraska, by F. B. Meek and 
F. V. Hayden: Am. Jour. Sci., 2d serie~, vol. 27,1859, pp. 31-35. 
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he gives a list of thirteen genera, eleven of which are dicotyledonous, 
and insists that the formation can not be oldel' than Lower Cre

·taceous. 
We may pass over the mere discussions, interesting though they 

were, which took place at about this time relative to the age of this 
formation, and confine ourselves more especially to the geographical 
considerations. It was in 1867 that the :first systematic paper on the 
flora of the Dal:ota group appeared.' This paper consists of an in tro
duction by Capellini on the stratigraphical position of the beds, fol
lowed by Heer's desc~ip'tion of the fossil plants that had been sent 
to him. From these seventeen species were identified, all of which 
were dicotyledons,. and embraced some of the best known types of 
the peculiar vegetation of the Dakota group. The localities in N e
braska were Tekamah, Burt County, and Black Bird Hill, Holt 
County, from which places twelve of the species had been obtained. 

Dr. J. S. Newberry, in his Later Extinct Floras, read April22, 1867: 
was able to enumerate thirty-seven species from the Cretaceous of 
Nebraska (pp. 8, 9), and sixteen of these are described in that paper, 
the localities being Blackbird Hill, Sage Creek, Big Sioux River, and 

·Cedar Spring. 
The greater part of the plants described by, Professor Lesquereux 

in the American Journal of Science for July, 1868, although credited 
to Nebraska, came, as already remarked, from Fort Ellsworth, Kans. 

The list of Cretaceous plants given by Lesquereux in Hayden's 
Fourth Annual Report, for 1870 (pp. 379, 380), were chiefly from Ne
braska, namely, from Decatur, Burt County; from Beatrice, Gage 
County; from the Platte River, Cass County, and from Lancaster 
County. 

No additional localities in Nebraska are enumerated in the Cre
taceous Flora as having furnish!=Jd fossil plants, neither do we find 
any others in the revision of the Dakota group flora in his Creta-
ceous and Tertiary Floras. · 

The alleged Permian at Nebraska City, has also furnished a very 
few plant remains, which were identified by Geinitz. • One of these 
is the Guilielmites permianus Gein., which is characteristic of the 
Rothliegende of Germany. . 

Dalwta.-As early as 1815 the extinct vegetation of the Bad Lands 
of Dakota had been observed. In a letter of G. H. Crossman, of 
the U. S. Army, published in the Illinois Magazine in 1830, a con
siderable portion of which is quoted by Dr. Harlan in his paper 
published in 1834, already referred to, • a specimen "broken off 
-----------~------- --~----------

1 Les Phyllites Cretacees du Nebraska, par MM. J. Capelliniet 0. Heer: Nouv. Mem. 
Soc. Helv.Sci. Nat., vol. 22, No.1, Zurich, 1867, pp.l-22, pl. i-iv. 

• Annals Lyceum Nat. Hist. New York, vol. 9,1868, pp.l-76. 
3 Carbonformation und Dyas in Nebraska, von H. B. Geinitz: Nova Acta Acad. 

Leop.-Carol., vol. 33, Dresden, 1866, No.4, xii, 91 pp., 5 pl. (See p. 73.) 
4 Trans. Geol. Soc. Pennsylvania, vol. 1, 1835, p. 106. 
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· from one of the many large stumps and limbs of trees found near 
Yellowstone River, Missouri Territory, and brought away by some 
of the officers attached to the Yellowstone_expedition, in 1815," is 
described. In this letter it is further stated that " for a distance of 
twenty or thirty miles over an open prairie upon the west hank of the 
Missouri River, and a few miles below its junction with the Yellow
stone near.latitude 48°, these remains are most abundant." 

It was not, however, until Dr. Hayden's researches, commenced in 
1864 or 1865, that the study of these remains was undertaken. 
Large collections were made by his parties in the upper Missouri re
gion, particularly at Fort Clark; at Red Spring, thirteen miles above; 
at Fort Berthold; at Fort Union; at Crow Hills, one hundred miles be
low Fort Union; and at the mouth of the Yellowstone. These collec
tions were placed in the hands of Dr. J. S. Newberry for determina
tion, and described by him without illustration, in the Annals of the 
Lyceum of Natural History for .April, 1868. 1 Twenty-seven of the 
species here treated came from the strata from within the Territory of 
Dakota; they are typical Fort Union group species, and, although thit 
group was supposed at that time to be Miocene, it is now generally re
garded as Laramie, or at least not later than Eocene. Dr. Newberry 
would place it in thelastnamedsystem. 2 Amongthemareincluded the 
hazel leaves, Corylus Americana (Walt.) Newb. and C. rostrata (Ait.) 
Newb., which, in the absence of fruit, it is still impossible to distin
guish from the living North American species. The illustrations 
which had been prepared ·to accompany this paper were published 
by Dr. Hayden's Survey in 1878,' with notes by Professor Lesquereux. 

Plant beds have also been found in the Potsdam (Cambrian) 
formation or the Black Hills, and, from the specimens collected by 
Newton and Jenney in their exploration of the geology and resources 
of this region, and afterwards referred to R. P. Whit1ield, the lat
ter was able to describe, in 1877 and 1880, in both his preliminary 
and final paleontological reports of the expedition, • two species of 

1 Notes on the Later Extinct Floras of North America, with descriptions of some 
new species of fossil plants from the Cretaceous and Tertiary strata, by J. S. New
berry: Annals Lyceum Nat. Hist. New York, vol. 9, 1868, pp. 1-76. 

2 The Coals of Colorado, by J. S. Newberry: School of Mines Quarterly, vol. 9, No. 
4, New York, 1888, pp. 327-341. (Seep. 331.) 

3 Illustrations of Cretaceous and Tertiary Plants of the Western Territories of the 
United States [by J. S. Newberry]. Washington, 1878, 26 pl., 4°. 

4 R. P. Whitfield: Preliminary report on the paleontology of the Black Hills, con
taining descriptions of new species of fossils from the I;'otsdam, Jurassic, and Cre
taceous formations of the Black Hills of Dakota. U.S. Geol. Survey, 1877, pp. 1--49, 
so. 

Newton and Jenney: Report on the Geology and Resources of the Black Hills 
of Dakota, with atlas, by Henry Newton and Walter P. Jenney, Dept. Interior, U. 
S. Geol. Survey, 1880, pp. i-xiv, 1-566, 4°. Paleontology of the Black Hills of Da
kota, by Whitfield, pp. 329--468, pl. i-xvi. 
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fucoids, Palreochorda _prima and Palreophycus occidentalis, both 
from the head of the Red Water Valley, in the Black Hills. 

A collection of fucoidal remains made by Mr. H. Newton in 1875, 
at the head of Red Water Valley and on Red Canon Creek in the 
Potsdam formation of the Black Hills of Dakota, consisting of twenty
nine specimens, is deposited in the U. S. National Museum. Pro
fessor Lesquereux finds two species among these (Palreophycus irreg-

, ularis Hall and P. itLbularis Hall).' 
Several additional new species from Fort Union and Fort Berthold 

were described in a much recent_ paper by the same author, pub
lished in the ·Proceedings of the U. S. National Museum.' These 
appear to have been partly the result of a re~elaboration of the 
original material and of the study of other material collected by J. 
M. Rothammer on .the expedition of General Alfred Sully. It is 
very: desirable that figures of these new species, as well as the others 
described in this paper, be published, since it is impossible to avoid 
the duplication of names where only descriptions are available for 
comparison. 

The collections made by Professors Denton and McBride fro~ the 
Bad Lands of Dakota were studied -by Le:-;quereux, and his report 
upon them forms a chapter in his Cretaceous and Tertiary Flora 
(pp. 21-237). Though classed by him as Miocene, they appear to be 
Fort Union species, and have been included by me in the- flora of 
the Laramie group.' 

Drs. If. V. Hayden and A. C. Peale made colledions in 1883 from 
the following localities in Dakota : One-half mpe from the Little 
Missouri River, on the Northern Pacific Railroad; Sims, Morton 
County; Gladstone, in the clay of which brick is made, and two 
miles· east of Gladstone on the north side of Heart River. These 
collections appear to be all from the Fort Union group. 

While descending the Missouri River in tho year 1883 I discovered 
a few localities along its banks below Fort Buford, and therefore 
within the Territory of Dakota, which, had there been time for thor
ough exploration, could not have failed to yield important results. 
Among these was one on tho left bank of the Missouri about one 
hundred miles below Fort Buford, and another at Little Knife Creek; 
still a third near Fort Stevenson, all in the Fort Union group.' 

Monta.na.-A considerable number of the species contained in Dr. 
Newberry's notes on Later Extinct Floras of North America, to which 
reference has just been made, were collected on the banks of the 

1 Proc. U.S. Nat. Mus., vol. 10, 1887, p. 21. 
2 Brief descriptions of Fossil Plants, chiefly Tertiary, from Western North America, 

by J. S. Newberry: Proc. U.S. Nat. Mus., vol. 5, 1882, pp. 502-514. 
3 Science, vol. 5, April 24, 1885, p. 348. Sixth Ann. Rept. U.S. Geol. Survey, 1884-

'85(1886), pp.'\105-557, pl.xxxi-lxv. (Seep. 406.) 
48ixth Ann. Rept. U.S. Geol.- Survey, 1884-'85 (1886), p. 549. 
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Yellowstone River, but the exact position of these deposits is not· 
in any case stated; it can only be surmised that they. came from 
localities within the present Territory of Montana. Among these 
were the new species Sabal Gampbellii, Alnus serrata, Catalpa crassi
folia, Popttlus cordata, nm·vosa, nebrascensis, c1tneata, and genetrix J. 

Platanus Raynoldsii and P. Haydenii, Aristolochip cordifolia, and . 
most of the conifers. 

The localities usually designated Sage Creek, three miles above 
Spring Canon, and six miles above Spring Canon. near Fort Ellis 
(Gallatin County)," are also in Montana, and from them quite anum
ber of plants have been obtained." 1 

The plants collected by Prof. N. H. Winchell at Barr's Bluff and 
other points in the Yellowstone Valley, and published by Lesqueroux 

. in his Cretaceoml and Tertiary Floras (pp. 221-237), are also to be 
credited to Montana. , 

In 1882 Dr. C. A. White made a valuable collection from the Lower 
Yellowstone Valley in the vicinity of Glendive, Dawson County. The 
specimens bore labels from the following localities: Iron Bluff, on the 
right bank of the river, 13 miles above Glendive; Cracker Box Creek, 
left bank of .the Yellowstone, 18 miles abov:e Glendive; Clear Cree~, 
14 miles above Glendive; Upper Seven Mile Creek, 4 miles above 
Glendive; Lower Seven Mile Creek, 10 miles below Glendive, on 
the left bank; near Gleason's Ranch, 28 miles below Glendive, also 
on the left bank. With the exception of the first and the last men
tioned of these localities, which are close to the river's bank, they 
are situated from five to ten miles from the river along the ter
races and smaller streams whose names they boar. 

In 1883 I visited these localities, and made extensive collections 
from them, of which partial reports have already been published. • 

I also visited during that same year a number of plant beds along 
the Upper Missouri River. At a point seven miles below Coal 
Banks, Ol'l; the right bank, in clark carbonaceous jronstone of Upper 
Cretaceous age, a few dicotyledonous impressions were obtained.' 

During the same year Drs. F; V. Hayden and A. C. Peale visited 
several points farther up the Yellowstone than those at which I made 

1 Prelim. Rept. U.S. Geol. Survey of Montanaandportionsof adjacent Territories, 
being Hayden's Fifth Ann. Rept. of Progress for 1871, pp. 290-299; Ibid., Sixth, 
1872, pp. 404-408; Ibid., Seventh, 1873, p. 384. Lesquereux's Tertiary Flora, pp. 
314-321 (1st group). 

• Science, vol. 1, June 15, 1883, p. 559, 1st column. Fifth Ann. Rept. U. S. Geol. 
Survey, 1883-'84, Washington, 1885, pp. 55, 56. Sixth Ann. Rept. U. S. Geol. Sur
vey, 1884-'85, Washington, 1886, pp. 542-557, pl. xxxi-lxv. Types of the Laramie 
Flora: Bull. No. 37, U.S. Geol. Survey. Remarks on an undescribed vegetable or
ganism from the Fort Union group of Montana: Proc. Am. Assoc. Adv. Sci., 37th _ 
(Cleveland) meeting, 1888, pp. 189-201. 

3 Am. Jour. Sci., 3d. series, vol. 27,1884, p. 300. Fifth Ann. Rept. U.S. Geol. Survey, 
Washington, 1885, p. 56. 
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my collections. They found fossil plants on the Bull Mountains, 
forty miles from Billings, in the Br)zeman coal mines, in the bluffs 

. back of Stillwater, and on the top of the bluff opposite Livingston.' 
·These plants, so far as they have been studied, appear to be Fort 
Union types. 

Professor Lesquereux informed me in a letter dated August 9, 
1887, that he had recently "received from Prof. N. H. Winchell, of 
Minneapolis, a number of specimens taken four miles above the 
mouth of Powder River, the leaves quite well preserved upon a hard 
whitish limestone shale and of Upper Senonian types." Professor 
Lesquereux has figured some of these leaves for a report to be pub
lished by the U. S. Geological Survey. I presume the bed from 
which these specimens came was of nearly the same age as that at 
Coal Banks. 

W:yoming.-The earliest collections of fossil plants made in Wy
oming seem to have been those brought' back by Capt. J. C. Fre
mont, referred to Prof. James Hall for identification, and published 
in the report of Fremont's First and Second Expedition, in 1845.' 
These plants were collected, according to this report, in latitude 41~0 

N. and longitude Ill o W. from Greenwich. This, according to 
present boundaries, would bring the locality within the Territory, of 
Wyoming, but very near the Utah line, also quite close to the south
east corner of Idaho. The formation was supposed by Professor 
Hall to be of Jurassic age, and his comparisons are for the tnost 
part with the figures of Phillips, as published in the Geology of 
Yorkshire. Although the most of them are 'ferns, there are cer
tainly dicotyledonous species among them. • A remnant of this col
lection has found its way to the U. S. National Museum and has. re
cently been investigated by Professor Lesquereux, whose report 
upon it is included in the paper already several times referred to.' 

Since the commencement of Dr. Hayden's Survey, the plant beds 
of Wyo~ing have been explored with great thoroughness, especially 
along the line of the Union Pacific Railroad. 

To an article by Dr. F. V. Hayden in the American Journal of Sci
ence for March, 1868,' a postsm·ipt is added (pp. 205-208), in :vhich 

1 Descriptions of organie remains collected by Captain J. C. Fremont in the Geo
graphical Survey of Oregon and North California, by James Hall, paleontologist to 
the State of New York. In Fremont's First and Second Expedition, 1842-'44, 
Washington, 1845, pp. 304--310, pl. i-iv. 

2 Professor Heer was also of this opinion, as stated by Mr. Jules Marcou in his 
"American Geology. Letter on some Points of the Geology of Texas, Ne;y Mex
ico, Kansas, and Nebraska;" addressed to Messrs. F. B. Meek and F. V. Hayden. 
Zurich, 1858, 16 pp., so. (See p. 13.) 

3 Proc. U.S. Nat. Mus., vol. 11, 1888. (See pp. 37, 38.) 
4 Notes on the Lignite Deposits of the West, by F. V. I'I:o.yden, U. S. Geologist. 

Published by permission of the Commissioner of the U. S. General Land Office: 
Am. Jour. Sci., 2d series, vol. 45, 1868, pp.198-208. 
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:Professor Lesquereux reports upon the fossil plants which had been 
referred to him for identification. The most of these were from 
points in Colorado, but six_species are enumerated from Rock Creek 
on the Laramie plains. These.species represent the genera Populus, 
Quercus, and Platanus, and three of them were new to science. The 
exact locality is· not known. I proved from actual observation that 
no Laramie strata exist in the immediate vicinity of Rock Creek sta
tion, and it :qmst therefore be assumed that the plant bed lies on that 
stream some distance from the railroad. This report was published 
in the Third Annual Report of the U. S. Geological Survey of the 
Territories.' The subsequent reports contain Professor Lesquereux's 
lists of the plants that were collected by that survey and discussions 
as to their probable age as well as th~ descriptions of the new spe
cies. In the Fourth Annual Report for 1870 (p. 383) one specie·s (Pop
ultLS cequalis Lx.) is added from the locality last mentioned, a,nd on 
the following page four species are described from Henry's Fork, one 
of the latter being Lygodium neuropteroides Lx., since that time 
found so abundantly in the Miocenes of Oregon and at other locali
ties. Notwithstanding the attempts of Ettingshausen to identify this 
with Heer's L. Kaulfussi, from the Lignites of Skopau, • it certainly 
is not that species. · 

The Fifth Annual Report for 1871 (pp. 283-318) contains a third 
paper, a large part of which is devoted to Wyoming plants, namely, 
from Henry's Fork; Muddy Creek; Blake's Fork; Barrel Springs; 
Washakie; Creston; Medicine Bow; Green River; Point of Rocks; 
Carbon; Evanston; etc.; and the supplement to the same report con
stitutes an additional paper relative to other material from the bame 
localities. 

During the summer of 1872 Professor Lesquereux visited a number 
of these localities in person, and the Sixth Annual Report for that year 
(pp. 31't-427)· contains a full account of his investigations, and the 
systemati~ treatment of a large number of species collected by him
self. At the conclusion of this paper he gives a table of distribu
tions, with all the species that had been identified up to that time 
from each of the various localities. 

In the Seventh Annual Report (187:3, pp. 379-390) Professor Lesquer
eux, as I have already stated, attempted the geological classification 
of these, and all the other western plant beds, with lists of species 
belonging t.o each group. As this work was revised in his final 
report, it need not _be further discussed in this place. 

The Eighth Annual Report for 1874 (pp. 296-:315) has a descriptive 
1 First, Second, and Third Annual Reports of the United States Geological Survey 

of the Tenitories for the years 1867, 1868, and 1869, under the Department of the 
Interior, Washington, 1873, pp.195-197. 

2 Beitrage zur nahern Kenntniss der Sachsisch-thuringischen Braunkohlen flora, 
von Oswald Heer: Abhandl. Naturwiss. Ver. Prov. Sachsen, vol. 2, Berlin, 1861, pp. 
407-438, pl. i-x. (Seep. 403, pi. viii, fig. 21, pl. ix, fig. 1.) 
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paper, largely devoted to plants collected at Point of Rocks, by Mr. 
William Cleburne, but also dealing with specimens from other parts 
of the Territory. This paper reappeared as a bulletin of that survey 
(vol. 1, 1874-~75, pp. 363-389). 

At Fort Fetterman, Lieut. A. W. _Vogdes collected a specimen of 
a dicotyledonous leaf which was figured by Professor Lesquereux 
in his Tertiary Flora and named for its discoverer Betnla Vogclesii 
Lx. (p. 1:3'7, pl. xvii, figs. 18, 19). The stratum is probably Laramie, 
but may·be more ancient. 

The substance of all these varied contributions, together with 
much other matter, is embodied in,Professo'r Lesquereux's Tertiary 
Flora,' which was the second final report made by him on fossil bot
any of the west. Of the three•hundred and twenty "nine species which 
this volume contains, one hundred and seventy-one had been taken 
from Wyoming strata. The localities, most of which have already 
been mentioned, are as follows: Henry's Fork; Black Buttes station; 
Point of Rocks; Alkali stage station; Carbon; Rock Creek; Wash
akie; Medicine Bow; Fort Fetterman; Barrell Springs; Green River 
station; Evanston; Troublesome Creek, and Bridger's Pass. The 
beds at Green River station and at -Alkali stage station belong to 
the Green River group. Those at Black Buttes station, Point of 
Rocks, and probably those of Evanston and Carbon, belong to the 
Laramie group. The remainder are somewhat doubtful. 

Professor Lesquereux's Cretaceous and Tertiary Floras brings the 
investigation of the fossil floras of the Western Territories down to 
the year 1883. In this work he endeavors to separate the La;ramie 
group for1p.s from those of the Green River group, and although 
adding nothing to the former from Wyoming, the chapter on tho 
Green River group embodies some additional data for that TmTitory. 
It is probable that the locality called Randolph County is really in 
the Territory of Wyoming, it being sometimes credited to that Ter
ritory and sometimes to Colorado, although there is no such county 
in either. It is probably the same as Bell's Fish Cliff, which lies 
very near the Utah line opposite Randolph County, Utah, but within 
the Territory of Wyoming. About a dozen species are hme intro
duced for the first time frorri that locality and half as many more 
from other points in Wyoming. 

The localities visited by me in 1881 were Carbon station; Black 
Buttes station ; Point of Rocks ; Green River; Hodges Pass on the 
Oregon Branch of the Union Pacific Railroad;-Bell's Fish Cliff, al
ready mentioned, and two fossil forests to the north of Granger 
station. My operations at each of these localities were set forth in 
my administrative report for that year,' and the paleobotanical re-

I Contributions to .the Fossil Flora of the Western Territories. Pt. 2, The Tertiary 
Flora, by Leo Lesquereux: Rept. U. S. Geol. Survey of the Territories, vol. 7, i878, 
ix, 366 pp., 65 pl., 4°, 

• Third Ann. Rept., U.S. Geol. Survey, 1881-'82, pp. 26-29. 
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suits were summed up in the Synopsis of the Flora of the Laramie 
Group in the Sixth Annual Report of the U. S. Geological Survey 
(pp. 538-541). 

National Yellowstone Par·k.-Dr. Otto Kuntze, during his visit to 
the geyser region of the National Park in October, 1874, discovered 
a considerable amount of w()od in and around the hot springs and 
geysers in process of petrifaction. He gives an account of these dis
co~8l·ies and a theory of the process of silicification in a paper Ueber 
Geysirs und-nebenan entstehende verkieselte Baume, published in 
"Das Ausland" in 1880 (pp. 361-364; 39Q-393; 669-672; 684-689) and 
reprinted as a Separat-Abdruck at Leipzig. 

Besides the interesting and now well-known silicified trunks of 
Amethyst Mountain, in the Yellowstone Park, described by Mr. W. 
H. Holmes in 1878, 1 he also collected a few dicotyledonous leaves at 
the same points. Professor Lesquereux has determined some of the 
latter and finds among them Juglans ac1tminata Al. Br., and Mag
nolia .Inglefieldi Heer. • 

In Dr. Newberry's paper published in the Proceedings of the U. S. · 
National Museum, 1883, already frequently referred to, twenty-four 
new species of fossil plants from Wyoming are described. They 
were nearly all collected by Dr. F. V. Hayden at two localities not 
hitherto mentioned in any of the reports, one of which is' on the 
Yellowstone River, and therefore probably within the Yellowstone 
Park, and the other on Tongue River. 

Since the geological work of the Park has been in the hands of 
Mr. Arnold Hague, geologist, U. S. Geological Survey, other col
lections of leaf impressions have been made, which, through the 
courtesy of Mr. Hague, I was permitted to examine in the spring 
of 1887. 

Among the remarkable vegetable products from the Y ellowstoL.e 
Park obtained by Mr. Hague is an almost perfectly preserved pine 
cone transformed into chalcedony. The form of the cone and the 
character of tho scales are so w_ell shown that I doubt not it can be 
specifically determined. 

Impressed by the importance of the occurrence of these remains 
in intimate association with the silicified trunks, I spent the month 
of August and most of Septeniber of that year in theN ational Park, 
and made a large collection of leaves from the shales interstratified 
with the eruptive deposits. The greater part of this material was 
obtained from the northern slope of Amethyst Mountain, along the 
East Fork of the Yellowstone (Lamar River of Mr. J. H·. Renshawe's 
topographical map), and especially at numerous points and different 

1 Fossil Forests of the Volcanic T~tiary Formations of the Yellowstone N a tiona} 
Park, by W. H. Holmes: Bull. U. S. Geol. and Geogr. Survey, F .. V .. Hayden, U.S. 
Geologist in charge, vol. 5, No. 1, 1879, Art. Vii, pp. 125-132. 

2 Proc. U. S. Nat. Mus. vol. 10, 1887, pp. 40, 46. 
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horizons on the escarpments of the spurs known as Fossil Forest and 
Specimen Ridge, but plants were also found in the vicinity of Yan
cey's, in the hills to the west of Elk Creek. Prof. F: H. Knowlton, 
of the U. S. National Museum, accompanied me on this expedition for 
the purpose of making a collection of the fossil wood of the region, 
with a view to the study of internal structure. He obtained a large 
number of specimens from the extensive fossil forests that every
where abound in this section of the Park. During a reconnaissance 
that was made from August 1 to 10 to the east and south of Amethyst 
Mountain the presence of these forests was demonstrated as far east 
as the Hoodoo district, outside of the Park and as far south as the 
mountains that overlook Beaver Creek and the Upper Yellowstone. 
Fragments of wood were found in the bed of the latter, five miles 
above its debouchure into the lake, and also along the southern shores 
of the South Arm, near the mouth of Grouse Creek. A few speci
mens were even found Oil the western shore of the lake, but these 
may have originally _come from mountains to the eastward, forced 
across by ice action or by other agencies. 

Professor Knowlton· also spent the season of 1888 in the Park mak
ing extensive collections of leaf-impressions and silicified wood; a 
few from the localities visited in 1887, but mostly from deposits dis~ 
covered 'by himself or by other members of Mr. Hague's party. A 
small but inter\=)sting collection of leaves was made near the summit 
of Mount Evarts, opposite the Mammoth Hot Springs. The most 
extensive deposit explored was on the left bank of the Yellowstone 
River, about one-half mile below the mouth of Elk Creek. The 
bluff at this point is about 300 feet in height, for a considerable por
t~on of the distance being a perpendicular cliff of moderately fine 
ash. The leaf-impressions occur at the base and at the top of the 
bluff as well as at a few intermediate points. On tho north and east 
sides of Crescent Hill deposits containing leaves were discovered, the 
former yielding an abundance of Platanus leaves, and the latter 
numerous conifers and an undetermined monocolytedon. On the 
eastern side of the hill above (north of) Lost Creek, at five horizons, 
plant-remains were collected, among them, many conifers and a fern. 
The Yancey fossil forest is on the southwestern side of this hill, 
and at about the same elevation. A few leaves and a large quantity 
ot silicified wood were obtained on Mount Norris opposite Soda Butte, 
and a few pieces of wood also upon the southe~·n end of the Thun
derer. A considerable amount of valuable material was obtained 
from a bluff on the_north bank of the East Fork, midway between 
Calfee Creek and Miller Creek, including leaves and silicified wood. 
A silicified forest as extensive as the original Fossil Forest was 
discovered on Cache Creek about 10 miles from its mouth, and a 
large series of specimens was obtained. A few fragmentary leaves 
were also obtained from the same locality. Small quantities of silici-
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fied wood were also secured from Bis(ln Peak, head of Hell Roaring 
Creek, Pelican Creek, and Miller Creek. 

Colorado.-Professor Lesquereux'sreport to Dr. Hayden, referred 
to when treating of Wyoming, which formed the postscript to the 
article of the latter in the American Journal of $cience_for March, 
1868, and which was republished in his Third Annual Report, enumer
ates ten species froni Marshall's mine, near Denver, and two from 
Golden. Seven of these were new species, and some of them have 
since been found abundantly in Laramie strata. The descriptions 
of these sp!Olcies were republished with ~orne changes in the Fourth 
Annual Report, for 18'/0·(pp. 382, 383). . 

Twenty-one Laramie species from Fischer's Peak of the Raton 
Mountains, and also one new species (Juglans thermalis), from the 
hot springs of Middle Park, Colorado, were described by Professor 
Lesquereux in the s1:1pplement to the Fifth Annual Report, for 1871 
(pp. 12-17). 

The Sixth Annual Report, for 1872 (p. 371), contains the first notice 
of the plant bed in South Park, near Castello's Ranch, at Florissant. 
It had been discovered by Mr. S. A. Allen, who collected a fe"\\'" of the 
plants. Among these occurred the two ~bundant forms, Salvinia 
(then taken for an Ophioglossum) Alleni, and Planera longifolia, 
which Professor J.,esquereux there describes for the first time. He 
also enumerates in this report plants from Gehrung's coal bed, near 
Colorado Springs, from Marshall's estate, and the Erie mines in 
Boulder Valley, and a large number from Golden. In the same re
port (pp. 372-375) are described seven additional new species from 
the Raton district in the vicinity of Trinidad. 

In the descriptive part of Professor Lesquereux's contribution to 
·the Seventh Annual Report (1873, pp. 391-419) we find many additional 
species from that State, both of his own collections of the year pre
vious and of those of Dr. Hayden and his assistants. Among the 
localities not already mentioned .we find that eollections had been 
made by Rev. Arthur Lakes, at South Table Mountain; by Messrs. 
A. Gardner, W. H. Holmes, and A. R. Marvine, from the roof of 
coal rnines on Sand Creek, at a point east of Colorado Springs; by 
Dr. A. C. Peale; by Mr. Holmes, on Troublesome Creek, at Mount 
Brosse,· Willow Creek, and other points in Middle Park. 

A portion of the same author's contribution to the Eighth Annual 
Report (1874, pp. 308-315) is little else than a continuation of the one 
last considered, and gives the following new localities for fossil 
plants in Colorado: Grand Eagle Junction, Pleasant Park, and Plum 
Creek. 

Dr. A. C. Peale found plant beds in 1876 in the Grand River dis
trict at two different horizons, namely, on the Grand Hogback Range, 
just east of Cactus Valley, in Laramie strata, three species of Ficus, 
one of Diospyros, and fragments of Salix and Cinnamomum ;. and at 
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Cliff Spring and at his Camp Thirty-seven, in Green River strata; 
numerous typical Green River species.• 

The compilation of the data obtained in this manner, as this was 
accomplished in Lesquereux's Tertiary Flora, shows that up to that 
date (1878) the fos:;;il flora of that f'tate was next only in magnitude 
to that of Wyoming, but in the Cretaceous and Tertiary floras large 
additions from Colorado were introduced. Ii1 that volume an at
tempt was made to separate the plants of the Laramie group-from 
those of the Greim River group. Only a few new species of Colo
rado plants, chiefly collected by Mr. Lakes at Golden, were added to 
the former, but quite oxtensi ve collections l1ad been made in Green 
River strata, the principal of which was that of Prof. Samuel H. 
Scudder at Florissant, otherwise known as Castello's Ranch, in South 
Park. Professor Scudder had purchased for the Geological Survey, 
of Mrs. Charlotte Hill, to whom the land on which this plant bed 
belonged, the collection made by herself, which was very large in 
individual specimens, though containing a great number of dupli
cates of the leading species. Another collection from the same 
locality, made by Messrs. Scott, Osburn, Speir, Libbey, and McCosh, 
of the faculty of Princeton College, was also submitted for deter
mination to Professor Lesquereux, who was permitted to publish the 
new species for this report. About ninety such were thus added, 

. together with a large number of species already known but not 
hitherto mot with in the United States. 

At a point near Morrison, some distance south of Golden, Mr. 
Lakes has- discovered a plant bed which Professor Lesquercux re
gards as Cretaceous, probably Dakota group. A small collection of 
plants from this locality was sent to the Museum of Comparative 
Zoology at Harvard College and reported upon by Professor Les
quereux in 1881. • Other collections from this sarne locality have 
been rocei ved and studied and will be published by tho U. S. Geo
logical Survey, in Professor Lesquereux's forthcoming monograph, 
devoted to a revision of the flora of the Dakota group. . 

Another and very unexpected discovery was made b.y Mr. Lakes 
-in 1882 at a point near Fairplay, in South Park, of vegetable re
mains in strata apparently of Permian age. These specimens wore 
contributed through Professor Lesquereux to the Museum of Com
parative Zoology at Harvard College, and were reported upon in _ 
the Eighth Bulletin, October, 1882: • This is remarkable as being the 

1 Tenth Ann. Rept. U. S. Geol. and Geogr. Survey of the Territories, 1876, Wash-. 
ington, 1878, pp. 181, 184, 185. · 

2 Report on the recent additions of fossil plants to the Museum collections, by Leo 
. Lesquereux; Bull. Mus. Comp. Zool. Harvard Coll., vol. 7, No. 6, Oct., 1881, pp. 

225-230. 
3 0n some specimens of Permian Fossil Plants from Colorado, by Leo Lesquereux: 

~bid., No.8, 1882, pp.243-247. 
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only locality in the Unitsrl States at which the diagnostic Permian 
genera Walchia and Ullmannia have been found. 

The plant-bearing beds visited by me in 1881 in Colorado were: 
Giranlot's coal mine, 14 miles north of Fremont Orchard; mouth of 
the $t. Vrain, near Platteville; and Golden and vicinity, including the 
southwestern slope of South Table Mountain.' 

A small collection, made at Golden in 1881 by Mr. Whitman 
Cross, was placed in my hands for identification, and studied in con
nection with my own specimens from that locality. Some of the 
former have proved- to be new, and are described in Bulletin. No. 37 
of the U. S. Geological Survey. 

Colorado plants from the following localities occurred among the 
collections of the U.S. National Museum, which were recently elabo
rated by Professor Lesquereux and publishe9. in the tenth volume of 
the Proceedings of the U. S. National Museum: Crested Butte, Gun
nison County, by Mr. George H. Eldridge, from strata which would 
appear to be Subcarboniferous; the Rhyolite beds of Silver Cliff, by 
Messrs. Whitman Cross and W. H. Holmes, Cretaceous or Tertiary; 
Las Animas, by Dr. C. A. White, probably Dakota group. 

The fossil flora of Golden has recently been greatly increased by 
a colleetion made by Mr. A. Lakes, which; as in former cases, was 
sent to the Museum of Comparative Zoology at Cambridge, and by 
that Museum to Professor Lesquereux for determination. The lat: 
tor's report on this collection forms a Bulletin of that· Museum. • 

This collection contained 873 specimens, representing 118 species, 
28 of which were new to science and 32 others new to the flora of 
the Laramie group. Of these latter the greater part are Miocene 
species, in which the Golden flora docs not greatly differ from the 
Laramie flora in general. 

Messrs. S. F. Emmons, Whitman_ Cross, and J. H. Eldridge, of 
the U. S. Geological Survey, have recently made a careful study of 
the stratigraphical relations of the Golden deposits with the result, 
as· they are convinced, that two distinct plant-bearing horizons are 
represented by them, one of which, called the Denver Formation, is 
considerably higher than the other, ai1d entirely overlies the Laramie 
group. It can only be said here that, from present appearw1ces, the 
plant-remains do not sustain this view, but it is too early to say that; 
upon closer study with better material, they may not indicate some 
difference of age corresponding to the two very different kinds of 
rock in which, as it has always been known, the plants ocqur.' 

1 Third Ann. Rept. U. S. Gt>oL Survey, 1881-'82, p. 27. Sixth Ann. Rept. U.S. GeoL 
Survey, 1884-'85, pp. 537,538. , 

2 Specimens of Fossil Plants collected at Golden, Colorado, "1883, fm'"the Museum 
of Comparative Zoology at Cambridge, Mass., examined and determined by Leo Les
quereux: BulL Mus. Comp. Zoo!. Harvard Coli., voL 16, No. 3, 1888, pp. 43-59. 

3 The Denver Terti[try Formatioh, by Whitman Cross: Am. Jour. Sci., 3d series 
>Ol. 37, 1889, pp. 261-28.2. 
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New 1\fexico.-In the report of Lieut. J. vV. Abert to Lieut. Col. 
W; H. Emory's report of his expedition of 1846-'47 1 he makes what 
was probably the first mention of the extensive leaf beds of the Raton 
MouDtains, which are now known to form a southern extension of'the 
Laramie plant-bearing strata of vVyoming and Colorado. He says: 
"vV e; however, obtained several specimens of the fossil leaveR of 
dicotyledonous plants. These were of two sorts: ,one a lanceolate 
leaf resembling that of a willow; and the other a large cordate leaf 
like that of the catalpa, and both sorts of leaves are distinctly marked 
\Yith branching veins. This formation extends throughout the 
Raton, according to the report of my hunters" (p. 523). A figure 
of each of the two sorts of leaves is given on a plate facing this page. 
He further states that the specimens had been submitted to the in
spection of Professor Bailey, of West Point, and the report of the 
latter immediately follows that of Lieutenant Abert. • He adds noth
ing to the statement of Lieutenant Abert relative to the character of 
the leaves, but thinks they may indicate an age for the coal beds in 
which they occur corresponding to that of the BroraCoal. Ariother 
of the cordate leaves is figured on a plate facing page 547, and two 
specimens of silicified wood from W ett. Mmi.ntain and Santa Ana 
are mentioned (p. 548). Mr. Jules ~Iarcou, in the paper cited above 
(supra, p. 906, notE~), expresses the opinion that the lanceolate leaf 
belongs to -Laurus primigenia Ung., and that the cordate one is a 

- species of Fic{ls (p. 12). In the same year (1858) Mr. Marcou reported 
"numerous fragments of fossil silicified· trees" from his Camp 28. 

· at Alamo, in New Mexico, in" New Red Sandstone rocks" which he 
placed in the Upper Cretaceous epoch. • 

The fossil plants discovered in 1859 by Dr. J. S. Newberry w'hile 
accmnpanying the Macomb Expedition from Santa Fe to the junc
tion of the Grand and Green Rivers, and described by him in the re
port of that officer,' came frorr. the shale roof-stone of the copper 

1 Notes of a military r·~L<JHr.oissance from Fort Lea>enworth, in Missouri, to San 
Diego, in California, inelud.ing part of the Arkansas, Del Norte, and Gila Rivers, by 
Lieut. Col. W. H. Emory, made in 1846--'47, with the ad>anced guard of the "Army 
of the vVcst." Washington, 1848, 30th Cong., first sess., Ex. Doc. No. 41, so; Report· 
of Lieut. J. W. Abert of his examination of New Mexico in the years 1846-'47, pp. 
41'7-546, 3 pl. 

2.Notes concerning the minerals and fossils collected by Lieutenant J. W. Abert, 
while engaged in the geographical examination of Newl\:lexico, byJ. W. Bailey, pro
fessor of chemistry, mineralogy, and geology at the U. S.l\:lilitary Academy. Ibid., 
pp. 547,548. -

3 Geology of North America; with two reports on the prairies of Arkansas and 
Texas, the Rocky Mountains of New Mexico, and the'Sierra Nevada, etc., by Jules 
l\Iarcou. Zurich, 1868, 144 pp., 9 pl., 4°. (Seep. 58.) 

4 Report of the exploring expedition from Santa Fe, New Mexico, to the junction 
of the Grand and Green Rivers of the Great Colorado of the West in 1859, 11nder the 
command of Capt. J. N. Macomb, with geological report by J. S. Newberry, geolo
gist of the' expedition. Washington, 1876,4°, (See pp. 69, 141-148, pl. iv-viii.) 
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mines near Abiquiu, some fifty miles northwest of Santa Fe. AI. 
though it is stated that "thousands of impressions of plants" oc- / 
curred there and that "abundant specimens were procured?' (p. 69), 
nevertheless only two of the fourteen species described by Newberry 
in the report are credited to this locality, the rest being from Mexico, 
and already considered (supra, p. 825). These were Ofozarnites J1,1a-
cornbi·i and Zamites occidentalis, here for the first time made known. 
The formation is given as ·Triassic. 

Dr. John L. LeConte was the next to make collections of plants 
from New Mexican strata while on a survey .to the Rio Grande.' 
These found their way into the hands of Professor Lesquereux and 
were reported upon in his early paper already referred to. • Three 
Laramie species from Raton Pass and one from the upper end of 
Purgatory Canon, only one of which had been met with elsewhere, 
are recorded here. · 

In the supplement to the Fifth Annual Report, for 1871 (pp. 12-17), 
eight species from Placer Mountain, collected by Dr. Hayden and 
his assistants, are added to the Laramie Flora of that territory. 

The tota) inni1ber of New Mexican species finally recognized in187S, 
after careful study of all the material, and enumerated in the Ter
tiary Flora, was twenty-five. 

This of course is exclusive of the species found 1y Dr. New.berry, 
and. the latter author describes one more (Pteris Russellii) in the Pro
ceedings of the U. S. National Museum, 1882 (vol. 5, Washington, 
1883, p. 503), collected by Mr. I. C. Russell in Vermejo Canon. 

In the fall of 1887 the Director of the Geological Survey, .1\faj. J. -J 
W. Powell, visited this section n,nd brought back both fossil wood and1 

lenf impressions. The wood from the copper mines six miles north--
west of Abiquiu is permeatec1 by the green copper ore and is very 
heaYy. The other vegetable impressions from near the mines are, 
scarcely recognizable and have a Jurassic facies. They occur in a:. 
stratified deposit of volcanic ash. He also brought fairly well-pre-
served leaf impressions in a coarse brown sandstone resembling that 
of the Dakota group from the lower portion of the upper cliff on 
the west of theN acimiento range, six miles northwest of station 1; 
and fossil wood from the highest cliff, six miles east of the Mexican 
settlements on the road from Jemez to Cop11cr City (San Miguel), 
from creek drift eight miles from the same settlements, from the 
Gray Sandstone Cliff in San Pueblo Canon (high on the mountain), 
and from the Middle Cretaceous seven miles southea_st of San Jose 
CorraL 

1 Notes on the geology of the survey for the extension of the Union Pacific Rail
road, E. D., from the Smoky Hill River, Kansas, to the Rio Grande, by John L. Le-
Conte. Philadelphia, 1868,76 pp., 8°. . 

2 Am. Jour. Sci., 2d series, vol. 45, 1868, pp. 207, 208. 1st, 2d, and 3d Ann. Repts. 
U. S. Geol. Survey of the Territories, ltl67-'6!:l (in one vol.), pp. 196-197. 
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One of the huge logs that nE>w lies in front of the U. S. National 
:M:useum was obtamed by Col. P. T. Swaine, U. S. Army, from a 
mesa two miles north of Fort Wingate, and an account of its collec
tion and its transportation to Washington is given fn vol. 5 o£ the 
Proceedings of the U. S. National :M:useum, p. 3. 

The internal structure of both of these trunks has recently been 
studied by Prof. F. H. Knowlton from l:llides prepared by himself. 
He concludes that they are the same as Goppert's Amttcarites JYioll
hausianus, collected by :M:ollhausen, as above stated, which is not 
Araucarites, as that· genus is now understood, but Araucarioxylon, 
and he proposes 'for it the name Araucarioxylon Arizonicum, from 
the fact that the greater part of this fossil wood, as we shall pres
ently see, is found in Arizona.' 

Arizona.-On the 2d of December, 1853, :M:i:illhausen• discovered a 
. petrified forest in a ravine or gulch that went by the name of Rio 

Secco, near the Colorado Chiquito, in what is now Arizona. Besides 
giving a general· accomit of the nature of the vegetable debris, he sub

. mitted specimens of it to Dr. H. R. Gi:ippert, whose scientific rep_ort 
·:npon it he gives as a note (p. 492). He pronounces the wood conifer
,cms, and as belonging to the Abietinere, without indicating its generic 
.affinities more closely. 

It must haVE) been in the same immediate vicinity as the last that 
Dr. Newberry observed the silicified wood described by him in· his 
_report upon the geology of the Ives Expedition," since the Big Dry 
:.Fork of Dr. Newberry's map seems to be the Rio Secco of :M:ollhau
osen, and the vegetable debris lay between Camp 89 at the mouth-of 
~tthat stream and Camp 90, at the edge of the Blue :M:esa to the north
·ward. But the latter explorer, in continuing his journey northward 
:among the :M:oki villages, discovered other beds containing impres
~,sions of leaves (see pp. 81-85 of the same report), particularly near 
'the limestone spring at Camp 92 (see his map), and made some col
lections which were described in the paleontological part of the 
;report (pp. 129-132). and figured on plate iii. He regarded the for
:mation as Lower Cretaceous,· although containing dicotyledonous 
}Plants. The plant named Nettropteris angulata (fig. 5) has been 
shown to be a 'l'rapa, • and the other two dicotyledons might well hav~ 
belonged to the Laramie group. 

1 New species of Fossil Wood '(Araucarioxylon Arizonicum) from Arizona and 
New Mexico, by F. H. Knowlton: Proc. U.S. Nat. Mus., vol. 11, 1888, pp. 1-4, pl. i. 

• Tagebuch einer- Reise vom Mississippi nach den Kiisten der Siidsee, von Balduin 
Mollhausen. Leipzig, 1858, 4°. (See pp. 299, 300.) 

3 Report upon the Colorado River of the West, explored in 1857 an?- 1858 by Lieu
tenant Joseph C. Ives, etc. Washington, 1861,4°. Geological Report, by Dr. J. S. 
Newberry, geologist to the expedition, pt. 2, pp. 1-154, pl. i-iii, landscapes, text-
figs., 2 geol. maps. · 

4 Lesquereux, in Hayden's Ann. Rept. U. S. Geol. and Geogr. Survey of the Terri-
tories, 1874, p. 304; Tertiary Flora, p. 295. 



WARD.] ARIZONA~ 917 

·Most of the vegetable remains thus far reported from Arizona have 
been those of trunks found scattered about upon the surface in va
_rious conditions of silicification, an·d all have been found within 
quite a recent date. One of the localities is known as "Lithoden
dron," a ravine heading at Bear Spring, twenty miles from the regu
lar mail route to Prescott, at Navajo Springs. It ·was from this 
place that the second of the great petrified logs at the entrance to 
the U.S. National Museum was obtained, and the late Lieut. J. T. C. 
Hegewald's description of the journey from Fort Wingate and of 
the exhuming and transportation of the specimen to Washington 
forms the first paper of the fifth volume of the Proceedings of the 
U. S. National Museum, 1882. 

Another nqted locality is the one known as Chalcedony Park, 
eight miles south of Corriza, on the Atlantic and Pacific Railroad, 
in Apache County, twenty~four miles southeast of Holbrook. In 
an illustrated paper by Mr. George F. Kunz,' this·weird :.:egion is 
graphically described and most of the scientific facts thus far made 
known are set forth. Mr. Kunz also read a paper on this subject 

' before the American Association for the Advancement of Science at · 
its N e:w York meeting in August, 1887. 

These remarkable petrifactions are believed to occur in the Shina
rump group of Powell, and their mode of occurrence is described by 
him in his Geology of the Uintah Mountains, 1876, p. 69. These 
great trees of stone are believed by the Indians to be the shafts of 
their thunder god Shinauav, and from this Major Powell namecL 
.the group, which he regards as of Cretaceous age. j 

Two species of Cam brian plants, Cruziana Linnarssoni and 0: 
rustica, collected· from the Tonto shale of the Grand Canon of the 
Coiorado River, Mohave County, by the Geographical and Geolog
ical Explorations and Surveys west of the One Hundredth Meridian, 
were described by Dr. C. A. Wl1ite• preliminarily in 1873, and again 
in a final report dated 1875. 

Mr. C. D. Walcott, who also collected much silicified wood in the 
Grand Canon district, discovered a leaf-bed in tl;te Deer Creek coal 
field in 1884. Among the collections made there by him, Professor 
Lesquerel)x has identified Drya1~droides lignit?.mi (U ng.) Ett., Diu
spyros brachysepala Al. Br., T.axodium dubi1Hm (Stern b.) Heer, and 

1 The Agatized and Jasperized Wood of Arizona, by George F. Kunz: Pop. Sci. 
·Monthly, vol. 28, 1886, pp. 362-367. 

2 C. A. Whi~e : Preliminary report upon Invertebrate Fossils collected by the ex
peditions of 1871, 1872, and 1873, with descriptions of new species. Washington, 
1874, pp. 1-27, 8°. 

Report upon the Invertebrate Fossils collected in portions of Nevada, Utah, Colo
rado, New Mexico, and Arizona by parties of the expeditions of 1871, 1872, 1873, 
and 1874. In Report upon Geographical and Geological Explorations and Surveys 
West of the One Hundr:edth Meridian, in charge of Lieut. George M. Wheeler, etc., 
pt. 1, vol. 4, Palreontology, 1875; pp. 1-219, _pl. i-xxi. (See pp. 22,32-34, pl. i.) 
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a fragment of a le~tf of the genus Lcmrus. 1 Mr. Walcott considers 
the deposit, to be of Laramie age. 

Utah.-Two species (Quercus antiqna and Q. simtata), collected 
.. on the banks of the Rio Dolores, in southern Utah, are described by 
Newberry in his Notes on L-:tter Extinct Floras (pp, 26, 27) and re
ferred by him to the Lower Cretace:ms and by Lesquereux; to the 
Dakota group. They are not figured in the Illustmtions of Cre
taceous and Tertiary Plants, which is a sort of atlas to that work. 

A.single specimen was collected by Dr. Hayden's party at Coal
-ville, Utah, containing "small fragments of dicotyledonous leaves, 
none of which are large enough to be recognizable even for generic 
Teference.'" In the report from which this quotation is taken (pp. 
29V395) Evanston is located in Utah, although in later reports it is 
correctly placed in Wyoming; as, however, it lies very near the 
line between thes_e- two Territories, the plants enumerated here may 
have been collected at a sufficient distance to the westward of the 
town to have really come from Ub-:th soil; but this is not p1;obable, 
as the correction seams to have b8en made in nearly all cases in 
·the 'rertiary Flora. 

The locality at the junction of the White and Green Rivers;nsu
·ally designated as "Mouth of White River," yielded to Prof. Will
iam Denton a numper of species, which aTe described by Professor 
Lesquerenx in the Eighth Annual Report of Dr. Hayden's survey for 
1874 (pp. 308-315), .in the Tertiary Flora, $,nd in the Cretaceous and 
'Tertiary Floras, under the Green River group, to which this locality 
is referred. 

'rhe only considerable collection that has been 1~ade from Utah
was that of Mr. C. D. Walcott, from the Upper Kanab Valley. 
Twenty-one species from this locality have been identified by Pro
fessor Lesquereux; they embrace monocotyledons and dicotyledons, 
as well as such coniferous genera as Sequoia, Abietites, etc., in-

. dicating a Tm:tiary or Upper Cretaceous age. Dr. White found a 
specimen of Stigmarict ficoides in 18f5, two miles west of Wales, 
Utah, and Mr. G. K . .Gilbert obtained a specimen of Oissns lcev-igata 
Lx. ncar False C1;eek, southeastern Utah. All these are recorded in 
Professor Lesquereux's late paper in the Proceedings of the U. S. 
National Museum for 1887 (vol. 10, pp. 21-46) and the specimens are 
deposited in the collection of the Museum. The following additional 
lcicalities in Utah are represented by specimens of fossil wood in the 
Museum: Rabbit Valley, collector, G. K. Gilbert; Pine Cr~ek, south
eastern Utah, collector, G. K. Gilbert; Vermilion Cliffs, collector, C. D. 
Walcott, 1882; east side of Sink Valley, collector,O. D. \\Talcott, 1879; 
Ashley, collectors, Pard and Dodd, 1883; Toquerville, collector, Lieu-

-c----------

1 Proc. U. S. Nat. Mus., vol. 10, 1887, pp. 34-41. 
~Hayden's Fifth Ann. Rept. U. S. Geol. and Geogr. Survey of the Territories, for 

1871, -washington, 187·2, p. 290. 
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tenant Wheeler; Dry Canon, Ashley's Fork, collector, J. W. Powell, 
1874. -

I saw in 1875 great numbers of petrified logs of a clark color, but 
showing concentric rings very distinctly, lying strewn about on the 
surface of the ground on the slope of Thousand Lake Mountain, and 

, even as low as the bottom of Rabbit Valley, between this and Aqua-
rius plateau.. . 

Nevada.-The only important plant bed in Nevada that has thus 
far been discovered is at Elko, a station on the Central Pacific Rail
rmicl. The specimens occur in a white, fine-grained calcareous shale 
similar to that of Florissant, Bell's Fish Cliff, and other beds of the 
Green River group. Three species from this locality were identified 
among the· early collections of Dr. Hayden in 1871, and published in 
his Fifth Annual Report, for that year (p. 286), and four more, three 
of which were new, collected by S. W. Garman, in the Sixth Annual 
Report (p. 372). · 

Prof. E. D .. Cope's collection from the same place yielded some 
uozen new species; which were described in the Seventh Aminal Re
port, for 1873 (pp. 409-418), and the flora of Elko, as given in the 
table of distribution in the Tertiary Flora in 1878, amounted to &ev
enteen, which had not been increased at the date of publication of 
the Cretaceous and Tertiary Floras in 1883. 

Fragments of silicified wood and other vegetable remains were col
lected by Mr. C. D. Walcott in 1880 southwest of Strahlenberg 
Mountain, and in1882 at Eberhardt, White Pine County, and Mr. I. 
C. Russell obtained other specimens in 1883 at Pyramid Lake. 'l'hese 
specimens are all in the collection of the U.S. National Museum and 
await investigation. 

Oalifornia.-During the exploration of Lieutenant R. S. William
son for railroad routes in California in 1856' several localities were 
encountered at which silicified wood was observed in large quanti
ties. One of these was on the Posuncula, or Kern River, on the 
western slope of the Sierras, and ~-nother near Pilot Knob not far 
from Fort Yuma in the southern part of the State. Still a third was 
.near the summit of the Sierra Nevada at the pass called the C~fiada 
de las Uvas. Specimens of these fossils were submitted to Prof. J: 
W. Bailey, of West Point, and also to Prof. George C. Schaeffer, and 
a magnified section made by the former is published in the report. 

There is a specimen in the U.S. National Museum collection (No. 

'I Explorations and Surveys for the Pacific Railroad, vol. 5, Washington, 1856, 4"; 
Report of Explorations in California for railroad routes to connect with the routes 
near the 35th and 3.2d parallels of north latitude, by Lieutenant R. S. Williamson, 
Corps of Topographical Engineers. Pt. 2, Geological Report, by William P. Blake, 
Geologist and Mineralogist of th'l Ex]Jedition, [dated] ·washington, 1857, xvi, 370 
pp., plates, maps, etc. (Cf. pp. 36, 37, 117, l18,'Appendix Articles IV (Bailey) and 
V (Schaeffer), pp. 337-339, pl. xii.) • 
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2334) labeled Placer County, Cal., \Villiam P. Blake, collector, 1853, 
showing a leaf which Professor Lasr1uereux on examination pro
nounced Quercus chrysolepis Liebm., fonrw montanct (P1·oc. U. S. 
Nat. Mus., vol. 10, 1887, p. 38) .. 

In October, 1870, Prof. 0. C. Marsh visited remarkable fossil forests 
at a locality which he describes as "situated on a high rocky ridge 
in Napa County, Cal., .about five miles southwest of Calistoga Hot 
Springs, and perhaps ten miles south of Mount Saint Helena," of 
which he gives an account in the American Journal of Science for 
April, 1871. 1 

· In the course of· this article Professor Marsh states -
that Dr. M. C. White, who subjected some of the material to a mi
~roscopic examination, found it to agree substantially with the wood 

. of the living Sequoias. As to their age .he says that "as· they rest 
unconformably on distorted and metamorphic Cretaceous strata, 
they are apparently as recent as Tertiary, and will probably .prove to . 

. be Pliocene." 
This locality, which was first discovered by Mr. Charles H. Deni

son,' was visited by John Holtz, of Danzig, in 1876, who obtained 
specimens, which he submitted to the eminent paleodendrologist, 
Dr. H. Conwentz, for microscopic investigation. That author pub
lished a report upon them in theN eues J ahrbuch fiir Mineralogic, etc., 
for 1878 (pp. 800-813, pl. .xiii, xiv). He found all his material to 
belong to the genus Cupressinoxylon, which most closely resembl~s 
the genus Sequoia, and he correctly regards this as confirmatory 
of Professor Marsh's remark that they closely resembled the red
woods that still flourish in the same region. The only species de
scribed is Ott.pressinoxylon taxodioides, whieh was· established for 
the reception of the specimens. 

Three other specim~ns from the same locality which were subse
quently sent him were thought to be specifically distinct from the 
last named, and one (probably two) of them bore evidence of having 
belonged to roots which, according·to his rather objectionable termi
nology, would place it in the genus Rhizocupressinoxylon. 3 

The first plant determined from leaf impressions from California 
strata was collected by Prof. J. D. Whitney, State geologist of Cali
fornia, in clay beds of the Spanish Mountains, and identified by 
Professor Lesquereux in 1873' as Querens fu.rcinertlis (Rossm.)Ung. 

It is not to be supposed that these few localities are the only ones 
from which remains of fossil plants have been taken.· Prof. J. D. 

~~··~-- -------- ------
1 Notiee of a Fossil Forest in the Tertiary of California, by 0. C. Marsh:· Am. Jour. 

Sci., 3d series, vol. 1, 1871, pp. 266-268. 
2 San Franeiseo Bulletin between July and Oct., 1870. 
3 H. Conwentz: [Holzproben von Bitumen des veTsteinertenWaldes von Calistoga 

in Californien.] Verhandl. natnrh. Vw·. preuss. Rhein!. 'Vestphal., 34th Jahrg., 1868, 
Sitzungsber. pp. 160-161. 

4 H?yden's Seventh Ann. Rept. U.S. G.eol. aml Geogr. Survey of the Territories for 
1873, p. 398. 
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Whitney, formerly State geologist of California, has remarked "that 
the remains of vegetable life, in the form of trunks of trees, impres
sions of leaves, and the like, are of common occurrence in the strata 
worked by the hydraulic mining process. This is indeed the case; 
for fron;t the most southern to the extreme northern localities men
tioned in the detailed description of the gravel region, there seem 
to be but few districts where such remains liave not been noticed." 1 

The fossil plants collected by Professor W'hitney in his survey 
of the State were investigated. by Professor Lesquereux, who pre
pared a most valuable report upon them. 2 The number of species 
made known in this report was fifty, all· but one of which (Sabalites 
Californicus Lx.) were dicotyledonous plants, the largest. genera. 
represented being Quercus (eight species), and Ulmu~?, Ficus, and 
Aralia, witlt-three species each. The localities at which they were 
collected were as follows: Chalk Bluffs, Nevada County, lat. 39° 12" 
N.; Table Mountain, Tuolume County, lat. ·38° N.; Bowen's Claim, 
fifteen mpes southeast of Chalk Bluffs; and Roach Hill. In the ap
pendix to this report three species of Quercus and two of Acer are 
described from a tunnel near the Bald Mountain Tunnel, on the 
North ;Fork of Oregon Creek, twenty miles north of Chalk Bluffs, 
at an altitude of 4,500 feet above sea level. The Auriferous Gravels 
are commonly regarded as of Pliocene age; but if the existence of 
glacial drift is to be accepted as the true line of demarkation between 
the Tertiary and the Quarternary (and no more definite one can be 
selected) these gravels will have to be referred to the latter formation. 

In Lesquereux's Cretaceous and Tertiary Floras (pp. 239-255) a 
number of additional California plants are treated and credited to 
the Miocene formation. The localities are Corral Hol1ow, San J o
aquin Co~nty; Contra Costa; Table Mountain,_ Plumas County; Old 
Field claim, Placerville, ElDorado County; and Rock Corral, Placer 
County. The five species enumerated on page 265 of the same work, 
from the Chalk Bluffs, had all been previously described in his Flora 
of the Auriferous Gravels. . 

Prof. J. S. Diller, while operating in the vicinity of Mount Shasta 
in 1883, made a small collection of fossil plants in the neighborhood of 
Pence's 'Ranch in strata overlying the Auriferous Gravels. The spec
imens which Professor Diller shQwed me were too meager and badly 
preserved to establish any opinion relative to the age of the deposits 
and it is hoped that additional material may yet be obtained. • · 

1 The Auriferous Gravels of the SieiTa Nevada of California, by J. D. Whitney: 
Mem. Mus. Comp. Zoi:\1. Harvai·d Coli., vol. 6, No.1, 1880, xvi, 569 pp., 24 pl., 2 ~naps. 
(See p. 231.) 

• Report on the Fossil Plants of the Auriferous Gravel Deposits of the_ Siet;ra Ne
vada, by Leo Lesquereux: Ibid., No.2, 1878, 62 pp., 10 double pl. 

3 Notes on the Geology of Northern California, by J. S. Diller : Bull. U. S. Geol. 
Survey, No. 33, 1886. (Seep. 16.) 
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Mr. George F. Becker sent to the U. S. Geological Survey a small 
collection made at Clear Lake, Cal., from a very recent deposit, 
which have been reported upon by Professor Lesquereux in his recent 
paper in the Proceedings of the U. S. National Museum.' Two of 
the plants froni that locality are doubtfully referred to :JY.[iocene 
species of Europe (Andromeda protogc;ea? Heer, Poacites Mengeanus? 
Heer). The supposed Caulinites which Professor Lesquereux named 
in honor of the collector is believed by Mr. Becker to be nothing 
more thim the tule of the western country, which is the true bulrush, 
Scirp~ts valiclus, which there attains a great size. Thif1. collection 
should ~e re-examined and carefully compared with the living flora 
of the immediate vicinity . 
. A catalogue of Californian fossils drawn up by Dr. J. G. Cooper, 

in which the list of plants was revised by Lesquereux, is contained in 
the Seventh Annual Report of the State mineralogist for the year 
ending October 1, 1887·. Among the localities given out are found 
Forest City, Sierra County; Monte.Christo Tunnel and Spanish Peak, 
Plumas County; and Lassen County. 2 

A collection made by Mr. H. W. Turner in Corral Hollow, and a 
second much larger one by Professor Diller from Monte Christo 
Tunnel, summit of Spanish Peak, and from Shasta and Lassen 
Counties, have recently been elaborated by Professor Lesquereux 
with important results. • The flora of the last-named beds, whose 
age is in doubt, points to late Tertiary rather than Eocene or Lara
mie, but at the sa~e time it possesses other special affinities which 
will have weight in the settlement of this question. 

Oregon.-In addition to the fossil plants described from Wyoming 
by Prof. James Hall in Fremont's report, 1845, already mentioned 
(supra, p. 906) there were two specimens of dicotyledonous leaves 
from the Cascades of the Columbia River. They are mentioned (p. 
309) as -"doubtless belonging to a very modern Tertiary deposit," 

· and figured on plate iii (figs. 14 and 15). 
One species (Abies robusta Dana) was collected by Prof. J.D. Dana 

at Astoria on the return of the Wilkes Exploring Expedition. It is 
recorded on page 729 of the report of that expedition. The figure 
(pl. xxi, fig. 9), given of it is not sufficiently distinct to enable one to 
judge of its true character. There is a specimen of lignite (Lot No. 
175) in the U. S. National Museum collection, which was also col
lected by Professor Dana at Astoria at the same time. 

Silicified wood and other vegetable remains were discovered in 
1855 by Dr. J. S. Newberry in the Warm Spring district, between 

1 Proc. U. S. Nat. :Mus., vol. 10, 1887, p. 35, pl. i, fig. 3, pl. ii, fig. 1-4. 
2 Catalogue of Californian Fossils, by J. G. Cooper; in 7th Ann. Rept. of the State 

:Mineralogist for the year ending October 1, 1887, William Irelan, jr., State miner
alogist. Sacramento, 1888, 8°. (Foss. plants, pp. 300-308.) 

3 Proc. U.S. Nat. Mus., vol. 11, 1888, pp. 25-31, pl. xi-xv. 
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Mount Jefferson and the Des Chutes River, one of the localities being 
on the Psuc-see-que Creek, a tributary of the Des Chutes flowing 
down from Mount Jefferson, and the other in the valley of the W am 
Chuck River among the metamorphosed tufas produced by the hot 
springs. He also obtained a specimen of fossil wood from the hot 
springs at the head of Pit River from a gentleman who had visited 
that region.' 

The U. S. National Museum collection contains five as yet unde
termined leaf specimens collect.ed by B. F. Dowell in 1873, ·at Jack
sonville, Jackson County, Oregon (Lot No. 7). They were ~·eceived 
through Mr. J. B. Marcou, December 16, 1884. 

Prof. Joseph LeConte collected specimens of Quercusf~wcinervis 
(Rossm.) Ung. under the lava beds of the Cascade Mountains, but 
the precise locality is not stated. • 

Among the Miocene plants intrusted to Professor Lesquereux by 
Professor Whitney for description in the Cretaceous and Tertiary 
Floras were a number from the John Day Valley, Oregon, some of 
which are said to have been collected on Cun~ant Creek and some on 
Bridge Creek, but most of the specimens were not thus definitely 
located. In this material Professor Lesquereux found twelve species, 
which he has duly 1·ecorded in that work (pp. 239-255). 

The large and valuable collection. made in 1881 by Capt. Charles 
Bendire from this same rich region, although not yet all-published, 
may as well be mentioned here. It arrived at theN ational Museum· 
in the fall of that year, and in the following spring I spent some time 
in its study, but was compelled by pressur.e of other work to relin
quish the task, and to send the entire collection to Professor Lesque
reux, who has already reported upon two important loc~lities, viz : 

· Van Horn's Ranch in the John Day Valley, and Cherry Creek, 
Wasco County (see Proc. U.S. Nat. Mus., vol. 11, pp.13-24), describ
ing and figuring a number of n!'JW species. The largo collection from 
Bridge Creek is still in his hands and his work upon it is understood 
to be nearly completed. The specimens are for the most part beauti
fully preserved, but the number of distinct forms will be small in pro
portion to the profusion of impressions. 

Dr. J. S. Newberry also received a collection from Bridge Creek 
and Currant Creek, made by. Mr._ Thomas Condon, from which he 
described fourteen new species in 1882. • 

Wash·ington Territory.-Dr. J. S. Newberry seems first to have 
called attention to tho existence of vegetable remains in the coal beds 

I Reports of Explorations and Surveys, etc., vol. 6, 1854-'55, Washington, 1857, 4o; 
Pt. 2, Geological Report, by J. S. Newberry, M. D., geologist and botanist of the . 
expedition, 85 pp., 5 pl. (See pp. 47-56.) 

2Lesquereux, in Hayden's Seventh Ann. Rept. U. S. Geol. and Geogr. Survey of 
the Territories, for 1873, p. 398. 

J Proc. U. S. Nat. Mus., vol. 5, 1882-'83, Washington, 1883, pp. 502-514. 
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of Bellingham Bay in his geological report of the survey of that re
gion published in 1857, already referred to,' in which he notes the 
pi·esence there of species of Platanus, Acer, Alnus, Taxus, Taxodium, 
and Juniperus. · 

A collection made by Dr. John Evans at this place was reported 
upon by Professor Lesquereux in the May number of the American 
Journal of Science (2d series, vol. 27, 1850, pp. 360-363). Eight of . 
the fourteen ·species here described were from Bellingham Bay, the 
remaindei; being froin N anaimo, on Vancouv.er Isla1~d, and since 
shown to be of a different age (supra; p. 836). 
· A glowing letter from Professor Heer, of Zurich, relative to this 

flora, addressed to Professor Lesquereux, who had sent him drawings 
of some of the plants collected by Mr. Evans, was published in the 
July number of the same jou~·nal (second series, vol. 28, 1859, pp. 
85-88). 

On October 1, 1882, Dr. Newberry read a paper before the Boston 
Society of Nat ural History, giving descri ljtions of the fossil plants 
collected by Mr. George Gibbs, geologist to the United States North
west Boundary Commission under Mr. Archibald Campbell, United 
States Commissioner. • Mr. Gibbs had not only revisited the original 
localities at N anaimo and on Bellingham Bay, but he had discovered 
a new one at. Point Doughty, on Orcas Island, which belongs to. the 
United. States and forms a part of San Juan County, Wash. ' This 
bed Dr. Newberry regards as Cretaceous and of the same age as that . 
of Nanaimo. Mr. Gibbs made collections from still a fourth point, 
located on Birch Bay aboye Bellingham Bay. Omitting the Van
couver plan~s already treated (supra, p. 837), we find that these col
lections, as determined by Dr. Newberry, contained sixt.een species, 
eight from Birch Bay and 'four from Orcas Island. One species 
(Glyptosb·obus E~~mpams) was common to the two Miocene localities . 
.Alaskc~.-A small collection made by Lieutenant Doroschin on 

the peninsula of Alaska and on the neighboring Aleutian Islands, 
Kadjak, Uyak, Atka,and Hudsnoi, in latitude 59° N. was turned over 
by State Councillor Pander and General Holiman, in August, 185.D, 

. to Dr. H. R. Goppert, of Breslau, for determination. His report 
upon the same >vas laid before the Silesian Society on the 12th of 

· December, lSGO, and was also communicated to the Imperial Acad
emy of $ciences of St. Petersburg on the Sth of March, lSGl.' The 

1 Reports of Explorations and Surveys, etc., vol. 6, 1857, Pt. ·2, p. 64. 
2 Description of the Fossil Plants collected by Mr. Gibbs, Geologist to the United 

States Northwest Boundary Commission, under Mr. Archibald Campbell, United 
States Commissioner, by J. S. Newbe•Ty: Boston Jour. Nat. llist., vol. 7, 1883, pp. 
506-524. . 

3 Ueber diE> Tertiarflora der Polargegenden, von H. R. Goeppert: 3!l. Jahres-Ber
ieht und Abhandl. schles. Gesell., 1861, Breslau, 18G2, pp. 195-207; Ibid., 44th, 1866, 
Breslau, 1867, p. 50; Bull. Acad. Sci. St. Petersburg, vol. 3, 1861, col. 448-461; Me
langes phys. et chem., vol. 4, 1861,,PP· 704-712. 
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specimens from U goluu Bay, pemnsula of Alaska; from. near the 
vtllage of Nemltcluk; from Taketschck or Ostpnago; from the bay 
of Beketmztsnaklknn; from near Katmoschen aud the coast of tho 
bay of Nukhahlek; from Unga, on the west eoast of Saharosch Bay; 
from the extreme southwestern end of the Isla.nd of Ung1, an<l from 
the islands of Atka and Hudsnoi bore evidence of belongmg to 
the Tertiary formation, while specimen::; collected on the northeastern 
shore of the peninsula, north of J aklok, on the south bank of a small 
nvcr, seemed to belong to the lower Octrbomferous or Graywacke. 
Among the Tertmry remains Dr. Gop pert Identifie-; a number of spe
cies wtth those of Schossnitz and other European botls, bnt one SlJecws 
of Sahx (S. wtegra) and one of Alnus (A }JI>lr'ttdoglutwow) weie e-;
tablished as new. · 

A more important contributiOn was Heet·'s Flora fossihs Alaskana, 
originally pubhshed in the etghth volume of tho Memoirs of the Royal 
Swedish Academy of Sciences (No.4), 18G!J, and now fol'J,niug an m
tegral part of the Flora fossilis Arcttca (vol. 2, pt. 2). Tho speci
mens wluch are the subJect of tlus memoir were collected by l\fr. 
FuruhJelm of Helsingfors, who had spent nine years m Ala::.ka 
Most of }us collectiOns were unfortu.nately lost on the Ill-fated ves
sel that was bearing them away. The remainder reached Helsing
fors in safety, and through the mtervention of Professor N onlenskwld 
were submitted to Heer at Zurich. Only two localities are repre
sented, the one on the small Island of Kuju m the Inrhan Archipel
ago, ncar Sitka, the other on Cook's Inlet opposite _the peninsula of 
Alaska. They show no thfference in age, and belong to the forma
twn that Heor always regarded as Mwcene. Fifty-six species are 
carefully described and figured on ten plates. Nmeteen were new 
species, most of the remamdor having been previously found at 
other points m the flistrict embraced m the Arctic Fossil Flora. 

In 1870 Dorosehin sent a collectwn of these Alaskan plants to Dr 
Erchwalcl, who correlated most of them with Goppert's and He01··s 

· spemes, but found throe that were now. His speCimens were from 
supposed Miocene beds on the bay of Katschekmak, on ~he Island of 
KuJU, opposite S1tka, on the island of Unga, on the shore of English 
Bay, and ncar the village of N emltschik, m Alaska, and in a bed 
probably of Subcarboniferous age on the northeastern coast of Alaska 
on the south bank of the Jaklok River. The plants are descnbed m 
a work by EIChwalcl on the geology and paleontology of the penin-
sula of Mangischlak and the Aleutian Islands.' ' 

The third contributiOn to the Fossil Flora of Alaska was ma~e by 
Professor Lesquereux in 1883 • upon material collected by Prof. W. 

1 Geognosti§ch-palaeontologtsche Bemerkungen uber die Halbmsel Uangtschlak 
und dte Aleuttschen Inseln, von Dr. Eduard von Ewhwald. St. Petersburg, 1871, 
8°, (See pp. 107-116, pl IV [tteated as pi v1]) 

2 Contnbution to the l\110:::ene Flom of Alaska, by Professor Leo Lesquereux. 
Ptoc. U.S. Nat. Mu3., vol. 5, 1882-'83, pp. 443-149, pl. 1-v. 



926 DISTI'tiBU1'10N OF FOSSIL PLANTS. 

H. Dall at Coal Harbor, Unga Island, Shumagin group, south side of 
the peninsula of Alaska, Chugachik Bay, Cook'(3 Inlet, and Chignik 
Bay. Seven new species arehere described and a number of others 
treated. The material was in some cases abundant, but for the most 
part fragmentary. The figures are very poor. The species here 
treated are reprodu.ced in Professor Lesquereux's Cretaceous and 
Tertiary Floras (pp. 257-263), but· unfortunately without. the fig
ures, which, if they had been re-drawn and made to harmonize wit:h 
the·rest of that work, would have been a great addition. -

Dr .. Newberry in the paper so often referred to, published in the 
same volume as the one last mentioned (pp. 502-514), describes seven 
new species from Alaska, chiefly collected on Cook's Inlet and Ad
miralty Inlet, by Captain Howard, U.S. Navy. ·The locality for one 
of these .plants (Alnus Alas kana), however, is given as "Kootzanoo 
Archipelago, latitude 57° 35' N., longitude 134° 19' W., Alaska Ter
ritory." 

A few specimens collected at Sitka by E. W. Nelson, are I_J.oted by 
Professor Lesquereux in the Proceedings of the U. S. National 
Museum (vol. 10, pp. 35-38), and one lot of four specimens collected 
by Henry D. W o.olfe at Cape Lisburne, besides furnishing a new lei-· 
cality, prove to belong to a new species (I rites Alaskan us Lx., Mus. No. 

· 2320). A much larger collection, or perhaps the same collection from 
which the four specimens last mentioned .had accidentally become 
separated, by Mr. W oolfe from the same place was reported on by 
Professor Lesquereux a year later (Proc. U. S. Nat. Mus., vol. 11, 
1888, pp. 31-33). .These forms includtJ species of Ginkgo, Baiera, 
Podozamites, Zamites, and other genera that indicate a lower Creta
ceous, or possibly an upper Jurassic age. 
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EXPLANATION OF THE J,VIAP. 

PLATE LXI.-1\fap showing the distribution of known fossil plant 
localities in.the United States. 

The plate exhibits the distribution of known fossil plant·localities 
in the United Statesbymeansof the numbered' dots and the geolog~c 
formations in which the fossils occur by means of colors. The num
bered localities, with the formations, are enumerated in the follow-

. ing table: 

[Those localities which are without numbers are too ne~r other loc::tlities of the sam~ geological age 
to admit of individual designation on the map.] 

MAINE. 

1. Perry ..................... Devonian. 

VERMONT .. 

2. Brandon ................ Eocene. 
3. Swanton ................. Silurian. 

MASSACHUSETI'S. 

4. Mount Holyoke ........... Trias. 
5. Montague.................... Do. 
6. Mount Tom . . . . . . . . . . . . . . . Do. 
7. Mansfield ................ Subcarboniferous. 
8, Adams ............ , ....... Trias~ 
9. ·wrentham. . . . . . ......... Subcarboniferous. 

394. Nantucket Harbor ........ Quaternary .. 
395. ·Holmes' Hole ....... ·...... Do. 
s·;6. Gay Head ................. Pliocene. 
397. Cape Cod, opposite Yar-

mouth .................. Quaternary. 
398. Provincetown, . . . . . . . . . . . . Do. 
399. Turner's Falls ............ Trias. 
400. Agawam River, in West 

Springfield . . . . . . . . . . . . . Do. 
401. Sunderland . . . . . . . . . . . . . . . Do. 
402. Northampton............. Do. 
. . . . jChicopee. .. .. . . .. . .. . . . . ·no. 

Springfield....... . . . . . . . . Do. 
.. . ·lDeerfield. ... . . . . . ... . . . . .. Do. 

Greenfield . . . . . . . . . . . . . . . . Do. 
403. \Vorcester ................ Carboniferous. 
404. Norton .•... ........ .. .• .. Do. 
. .. Cape Ann ................. Quaternary. 
.. . . Roston Harbor. . . . . . . . . . . . Do. 
. ... Lynn Bay .. ,.............. Do. 

RHODE ISLAND. 

10. Portsmouth ....•.•.....•.. Carboniferous. 
ll. ~Newport ...............••• 

Newport Neck .....•...... 
s~lount Hope ............ . 

12.? Warren ............ · ...... . 
Bristol Neck ............. . 

Do. 
Do. 
Do. 
Do. 
Do. 

13. Warwick Neck............ Do. 

CONNECTICUT. 

14. Southbury ................ Trias. 

NEW YORK. 

15. Chittenango .............. Silurian. 
16. Trenton Fall;i ... , . . . . . . . . . Do. 
17. Ithaca·....... . ........... Devonian. 
18. Fort Plain . . . . . .......... Silurian. 
19. Glens Falls................ Do. 
20. Schoharie County: ........ Devonian, 
21. Pulaski. .... ; . . ........ , . Silurian. 
2'~. Rome . . . . . . . . . . . . . . .. . . . . . Do. 
23. Oswego River.... .. . . . . . . Do. 
24. Rochester. . . . . . . . . .. . . . . . Do. 
25. Canandaigua ............. Devonian. 
26. Cairo ...................... Silurian. 
27. Amsterdam............... Do. 
28. Canajoharie ........... .'. . Do. 
29. Chazy. .. . .. . . .. .. .. .. .. Do. 
30. Keeseville. . . . . . . . . . . . . . . . . Do. 
31. Jackson burgh............ Do. 
32. Middleville................ Do. 
33. Turin .. . .. . .. . .. .. . .. . . .. Do. 
34. Martin.sburgh............. Do. 
35. Loraine .. . . . . . . .. . . . . . . . . Do. 
36. Jackson................... Do. 
37. Salem..................... Do. 
38. Union Village............. Do . 
39. Lockport ........... ,...... Do. 
40. Milo ....................... Devonian . 
41. Italy .. .. .. .. .. .. .. .. .. .. .. Do. 
42. Jllarcellus .. .. .. . . . .. . .. .. . Do. 
43. PRdelford's.... ..... .. . .. Do. 
44. East Bloomfield........... Do . 
45. Cattaraugus County . . . . . . Do . 
46. Allegany County.......... Do .. 
47. Steuben County.... .. . .. .. Do. 
48. Chemung County......... Do. 

· 49. Washington County ...... Cambrian .. 

405_ fi11onroe .. .. . .. . .. ........ Devonian. 
Woodbury Falls.......... Do. 

NEW JERSEY. 

50. Milford .................... Trias. 
51. South Amboy ............. Cenomanian. 
52. Woodbridge .. .. . . . . . . .. .. Do. 
53. Raritan River.. . . . . .. .. . . . Do. 
54. Bridgeton ...•............. Quaternary. 
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PENNSYLVANIA. 

I 
10!. "'ythevillc ................ Tertiary. 
105. Augusta Cour1ty ......... Subcarboniferous. 

5;;. Wilkes Barre .............. Carboniferous. 407 ) Price's l\1ountain. . ....... Carboniferous. 
56. Lewistown.··.············· Do. ·!Brushy Mountain... Do. 
57. Carbondale............... Do. I 

1 408: Cloyd's.............. Do. 
58. Greensburgh .......... · .. · Do. ' 409 l\l'dl th·a · Rhetic 
59. Scranton.................. Do. I · 1 0 1 n ...... · .... · · · · 

, 410. Manakin .. . . .. .. .. . . .. . . .. Do. 
60. Washington... .. .. .. .. .. . Do. I l J t' D 
61. Towancla .. . .. .. .. .. .. . .. Do.. 411. l~:;;~e~· .. -~-~~ .'.~'~::::::: D~: 
6~. Pottsville ................. Devonian and Sub-

412 
N ,, es Do 

carboniferous. 

63 5 Pittston ... .. , . ; , ..... , .... , Do. WEST VIRGINIA. 

I

. . orwoou mm .. .. .. . . . .. . 

. 'lcnxtoh Narrows ......... _.Devonian.. . 106. 'Vheeling ................. Carboniferous. 
64. YVurtemburgh ............ Subcarbomferous. 107. West Union............... Do. · 

· 65. Lacknwnnna ............. Carboniferous. 108. Qninnimont ........ ·, ...... Subcnrboniferous. · 
GB. Nanticoke................. Do. 109. Sewell Depot.............. Do. 
67. J ollytown .............. : . . Do. llo.t Arnettsville ................ Carboniferous. 
68. Oil City ................. Subcarboniferous. Brown's Bridge ......... _. Do. 
69. Shamokin ........... !" .... Carboniferous. 111. Cassville.................. Do. 
70. Lehigh Su!llmit........ .. Do. 112. Belton .. .. . .. . .. . .. .. . .. . Do. 
71. Trevorton.. .. . . .. . . .. . . .. . Do. 113. Moundsville.. .. .. .. . . . .. . . Do. 
72. ·Johnstown.. . . . . . . . . . . . . . . Do. 114. Freeport.................. Do. 
73. Gaines . . . .. . .. .. .. .. .. .. .. Do. 
74. Brond Top................ Do. 
75. Archbald.. .. .. .. .. .. .. .. .. Do. · 
76. "Old Forge ............. ,... Do. 
77. Hazleton ......... _......... Do. 
'1'8. Johnston, Allegheny 

County.................. Do. 
79. Cannelton. .. . .. .. . . .. . .. .. . Do. 
80. Rauch's Gap .. . . .. . .. .. .. Do. 
81. Plymonth.... .. .. .. .. .. .. . Do. 

jNew Philadelphia......... Do. 
82. {o_rt Car?on . . .. . .. . . . .. .. Do. 

Samt Cla1r. . . . . .. .. .. . . .. . Do. 
83. Tremont . . . . . . . . . .. .. .. . Do. 
84. Lor berry Junction . . . . . . . . Do. 
85. Beaver County......... . . Do. 
86. Huntingdon ....... ~ ....... Devonian. 
87. Meshoppen................ Do. 
88. Montrose.. .. . . . . . . .. .. .. .. Do. 

; 89. l\lauch Chunk ............. Subcarboniferous. 
Devonian. 

90. Rausch's Gap ............. Subcarboniferous. 
. . . . Ashland Gap .............. Carboniferous. 

!IARYLA~D. 

91. Frostlmrgh .. .. ........ Carboniferous. 
O:J. B:tltiTnore . ... , ............ PotOmac. 
D3. Grove Point.... .. . .. . .. . .. Do. 

04_ ~Deep Run ................ : Do. 
Jessup's Cut.. . .. .. .. .. Do. 

416. Beltsville . .. . .. .. . .. . . . .. . Do. 

DISTRICT OF COLUMBIA. 

95. 'Vashington....... .. ..... l'otomac. 

VIRG~NTA. 

Oil. ~Richm0!1d ................ Rhetic. 
Carbon Hill.... .. . . . . .. .. . Do. 

413. Clover Hill................ Do. 
97. Fredericksburgh .......... Potomac. 
98. Lewis' Tunnel ............ Subcarboniferous. 
99. Acquia Creek ............. Potomac. 

100. White Hou•e Landing . . . . Do. 
101. Marlborough .............. Eocene. 
102. Dutch Gap.... . . . . . .. Potomac. 
103. -Rawley Springs. . ... Devonian. 

NORTH CAROLINA. 

115. New Berne ................ Quaternary(?) 
Rhetic (f). 

116. Craven County ...... : ..... Rhetlc (f). 
414. Lockville.................. Do. 
415. {Egypt ........ : ............ Permian(?). 

Haywood ................. Rhetic. 
416. Madison .. .' ...... .' ......... Permian (f) 
417. Farmvn·e................. Do. 

GEORGIA. 

117. J:?ade County .............. Subcarboniferous. 

FLoRIDA. 

118: Pease Creek ..... · .......... Tertiary (? . 

ALABAMA. 

119. Tuscaloosa ................ Potomac, Carbon-
iferous. 

120. Montevallo. . ........ Subcarboniferous. 
121. Helena .................. .. 
122. YVarrior Station ......... . 

1 123. Jefferson County ........ . 

Do. 
D_o. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

' 

124. Blount Springs ........... . 
12:1. La Grange .......... . 
12ii. Saint Clair County .. 
127. Walker-County ..... 
418. Black Creek .. 
419. Gadsden ................. . 

!,IISSISSIPPI. 

·128 .. Tippah. .. ........... Eocene. 

129_ ~Louisville ................ : Do. 
I Winston County. . . . . . . . . . Do. 

130. New Prospect............. Do. 
131. Marshall County . . . . . . . . . . Do. 
132. La Fayette County. . . . . . . . Do. 
133. Calhoun County . . . . . . . . . . Do. 
134. Choctaw County ......... : Do. 
13;;. Lauderdale .. .. ..... .. .. .. Do. 
136. Price's Mill . .. . . .. . . . .. .. . Do. 

LOUISIANA. 

) 42J. Shreveport: ............ ,. ... Eocene. 
'I 4~1. Cross Lake. . .. .. . . . . .. . .. . Do. 

4~;/. Mansfield ............. _.... Do. 



WARD.] EXP.LANATION OF THE llfAP. 929 

TEXAS. 190. Rushvilie ................. Subcarboniferous, 

137, ~La ?range ......... , . , .... Eocene. 
Fa}ette County . . . . . . . . . . Do. 

138. Giddings .................. Cretaceous. 
139. Gonzales ........... : . . . . . . Do. 
140. Fredericksburgh.......... Do. 
141. Llano River. . . . . . . . . . . . . . . Do. 

101. Tallmadge . .. .. .. . .. . . . . .. Do. 
192. Massillon .................. Carboniferous. 
193. Nelsonville................ Do. 
194. Shawnee ......... ·......... Do. 
195. Middlebury ............. · . Do. 
190. Barnesville .. .. .. .. .. .. .. . Do. 

• 142. New Braunfels............ Do. 197. Saint Clairsville........... Do . 

143. Colorado... .. .. .. .. .. . . . . Do. 
144. Elm Creek . . . . . . . . . . .. .. .. Do. 

198. Salineville .. .. .. .. .. .. .. .. Do. 
1!19. Addison ............. '.... Do. 

145. Eagle Pass................ Do. 
146. Lamar Connty.... . . . . . . Do. 
147. Bryan..................... Do. 

200. Barlow .. .. .. .. . .. . .. .. .. Do. 
201. Harrisville ................ Devonian. 
202 .. Eaton ............... ; ..... Silurian. 
203, Bantam................... Do. 

ARKANSAS. 204. Lebanon·.. .. .. .. .. . . . .. .. Do. 
148. Little Rock . . . ..... Subcarboniferous. 205. Highland County ......... Carboniferous. 
149. White River. . . . . . . . . . . . . . Do. 206. Holmes County . . . Do. 
150. Lee Creek.. .. .. . .'.. .. .. .. Do. 207. Cincinnati ................ Silurian. 
151. Frog Bayou............... Do. 208. Guernsey County ......... Cotrboniferous. 
152 .. r enny Lind Prairie. . . Do. . ... Cleveland ................. Quaternary. 
153. James Fork.............. Do. INDIANA. 
154. Liberty Springs .... : . . . . . . Do. 209. Newport.............. . . Carboniferous. 

TENNESSEE. 210. New Harmony.... Do. 

155. La Grange .... Eocene(?). 
156. Somerville . . . . . . .. . . . . . .. . Do. 
157. Centerville ................ Carboniferous. 
158. Tracy City .. .. .. . .. . .. .. Do. 
159. Rockwood .. .. .. .. . :.. .. . Do. 
160. Sewanee . .. . . . . . .. .. .. . .. . Do. 

211. Shelburn. . . . . . . .. . . . .. . . . . Do. 
212. Perrysville.. .. .. .. .. .. .. .. Do. 
213. Eugene .. .. . . . .. . . . . . . Do. 
214 .. Spring Creek........ Do. 
215. Salt Creek .. . . . .. . .. . . Do. 
21G. Orange County ........... Subcarboniferous. 

ILLINOIS. 
KENTUCKY. 217. Morris ........ , ........... Carboniferous. 

161. Lebanon .................. Devonian. 218. Jllurphysborough . . . . . . . . Do. 
162. Hawesville.... . .......... Carboniferous. 219. Vandalia.................. Do. 
163. West Liberty... .. .. .. .. .. Do. 220. Carmi. .. .. .. .. .. .. .. .. .. .. Do. 
164. Columbus ................. Pliocene. 221. Grayville....... .. .. .. .. .. Do. 
165. {Cas~yville .. . . . . ......... Carboniferous. 

Bell·s Mme................ Do. 
166. Airdie.... .... .. .. .. .. .. .. . Do. 

222. 1\IarseU:es.. .. .. .. .. .. .. .. . Do. 
223. Duquoin . .. . .. . . .. . . . . .. . . Do. 
224. Saint John................ Do. 

167. Hazel Green .. . . . . . .. . . . .. Do. 225. La Salle................... Do. 
163. Crittenden·County........ Do. 226. Rock Island............... Do.· 
169. Union County. . . . .. .. . . .. . Do. 228. Springfield.. . . . .. . . . .. .. . Do, 
170. Carter County . . . . . . . . . . . . Do. 229. Alton . . .. . . . . . . . . . .... ·.. . Do. 
171. Hopkins County.......... Do. 
'172. Christian County . . . . . . . . . . Do. 

230. Carlinville................ Do. 
231. Port Byron ................ Subcarboniferous. 

173. Greenup County.......... Do. 
174. Rock Castle... . ... ·....... Do. 
175. Covington ................. Silurian. 

232. Mazon Creek ............... Carboniferous. 
233. Colchester . .. . . .. . . . . .. . . Do. 
234. Neelyville.·................ Do. 

176. Commercial Summit ...... Carboniferous. 
·423. Wickliffe .................. Eocene. 

235. Mercer County . . . . . . . . . . . Do. 
236. Vermilion County........ Do. 

-424. Boaz . . ............. Quaternary (?). 237. Fulton County . . . . . . . . . . . Do. 

OH_IO. 

177. l\Iarietta ............... :.Carboniferous. 
178. Zanesville.... . . .. . .. . . . . . . Do. 
179. Gallipolis................. Do. 
180. Springfield ................ Quaternary(?). 

238. Grape Creek......... . . . . Do. 
239. Drury's Landing . . . . . . . . . . Do. 
240. Carroll's Place, Pope 

County.................. Do. 
241. McDonough County . . . . . . Do. 

181. Youngstown .............. Subcarboniferous. WISCONSIN. 

182. Coshocton ................ Carboniferous. 425. Mendota .................. Cambrian. 
·183. Akron .................... Devonian(?). 426. Berlin.. .. .. .. .. .. .. .. .. .. . • Do. 
JS4. {Athens ...... .-............. Carboniferous. 

Buchtel..... . ........ ... Do. 
·185. Pomeroy.. . .. .. . . . .. . . . . .. Do. 

427. Kingston .. :.. .. .. .. .. .. .. . · Do. 
423. Janesville ................. Silurian. 
429. Waterloo .. . .. .. .. .. .. .. .. Do. 

186. Newark ................... Subcarboniferous. 
·187. Cuyahoga Falls . .'......... Do. 

430. Ripon..................... Do. 
431. Center . .. . . .. . .. . . .. .. .. .. Do: 

188. Palmyra .................. Quaternary.(?) 432. Flintville........... .. .. .. Do . 
. 189. Richfield .................. Devonian. 433. Sturgeon Bay. . . . . . . . . . . . . Do. 
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MISSOURI. 283. Lower Seven-Mile Creek .. Laramie. 

242. Clinton .................... Carboniferous. 284. Gleason·s Ranch.......... Do. 

243. Vernon County. . . . . . . . . . . . Do. 
244. Elk Spring . . . . . . . . . . . . . . . . Do. 

285. Bozeman . .. . .. .. . .. .. .. . . Do. 
28B.l Stillwater .. .. .. . . .. .. . .. Do. 

Livingston . . . . .. .. .. . . .. . Do. 
IOWA. 287. Coal Banks ................ Senonian. 

245. Ottumwa ............... Carboniferous. 
246. Sioux City . . ....... : ..... Dakota group. 
43' 0 k 1 J Dakota group(!). 

'· s a oosa. · · · · · · · · · · · · · t Carboniferous. 
435. Mahaska County. . . . . . ... Dakota group ( ?). 
436. Keokuk ................... Subcarboniferous. 
437. Estherville ................ Quaternary. 

WYOMING. 

288. Evanston ................. Laramie. 
289. Carbon.................... Do. 
290. Medicine Bow ...... ·.. . . . . . Do. 
291. Creston . . . . . .. .. . .. .. . .. .. Do. 
292. Point of Rocks............ Do. 
293. Black Buttes Station. . . . . . Do. 

MINNESOTA. 294. Rock Creek . . .. . .. . .. .. . .. Do. 
·247. New Ulm ...........••..... Dakota group. 295. Long.l11° N.,lat. 41°30'W .Oolite(?). 

DAKOTA. 296. Henry's Fork ............. GreenRivergroup. 

248. Fort Clark ................. Laramie. 
249. Red Spring.. . .. . .. . . . . .. .. Do. 
250. Fort Berthold. . . . . . . . . . . . . Do. 
251. Fort Union................ Do. 
252. Crow Hills ............. , . Do: 
253. Little Knife Creek . . . . . . . . Do. 
254. Fort Stevenson. . . . .. .. . .. . Do. 
255. Black Hills. . . . . . . . . ..... Cambrian. 
256. Red Canon Creek . . . . . . . . . Do. 

297. Washakie ................. Laramie. 

298. ~Green River station ...... Green River group. 
lA!kali Stage station..... Do. ' 

299. Fort Fetterman ........... Laramie. 
800. Bridger's Pass.. . .. .... .. . Do. 
30~. Granger ................... Tertiary. 
304. Bell'sFish Cliff ............ GreenRivergroup. 
305. Hodge's Pass ............. Laramie. 
442. Beaver Creek ............. Tertiary. 

438. Sims ...................... Laramie. YELLOWSTONE NATIONAL PARK. 

439. Gladstone .. :.. .. .. .. .. .. .. Do. 
440. Heart River........... . .. . Do. 

303. Amethyst 1\Iountain ...... Tertiary. 

COLORADO. 

NEBRASKA. 

257. Tekamah ................. Dakota group. 
306. lllarshall's mine (Denver) .Laramie. 
307. Golden....... .. .. .. .. .. .. . Do. 

25e. Blackbird Hill...... .. .. .. Do. 
259. Decatur.. .. . .. . .. .. .. .. .. . Do. 
260. Cass County .. .. .. .. .. . .. . Do .. 
261. Lancaster County. . . . . . . . . Do. 
262. Beatrice . . .. . . .. . .. .. . . .. Do. 
441. Nebraska City . . . . . . . . . . . . Do. 

308. Hot Springs............... Do. 
309. Florissant ................. Green River group .. 
810. Gehrung's(Colorado 

Springs) ................. Laramie. 
311. Erie mines................ Do. 
312. South Lake Mountain ..... Laramie. 

KANSAS. 313. Willow Creek.............. Do. (?) 
263. Lawrence ................. Carboniferous. 814. Plum Creek............... Do. (?) 
264. Garnett . . .. .. .. . . .. . . . . .. . Do. 315. 1\Iorrison .................. Dakota group. 

SFort Ellsworth (old Fort 
265.( E.) ............ · .......... Dakota group. 

Brookville .. .. . .. .. . .. .. .. Do. 
266. Osage City. . . . . . ......... Carbo!liferous. 
267. Thayer.................... Do. 
268. Fort Harker .... : ......... Dakota group, 
269. Smoky Hills .. .. .. .. .. .. . ·Do. 

316. Fair Play .................. Permian. 
317. Girardot's coal mine ...... Laramie. 
818. Saint Vrain River (Platte 

Station) ........ :. .. .. .. Do. 
319. Las Animas ............... Dakota group. 
320. Sand Creek ............. J,aramie. 
321. Troub'esome Creek....... Do. (?) 

270. Ottawa County ........... Carboniferous. 
271. Fort Larned ............... Dakota group. 
21'2. Glasco .. .. . . .. .. . . . . .. .. .. Do. 
273. Clay Center.. . .. .. .. .. .. .. Do. 
274. Bluff Creek :.. . .. .. .. .. .. . Do. 

322. Mount Brosse............. Do. (?) 
323. Cliff Springs .............. Green River group .. 
324. Crested Butte ............. Devonian. 
325. Sliver Cliff ................ Dakota group (?). 
329. Fischer's Peak (Raton Mts.)Laramie. 

275. l\Iinneapolis............... Do. 331. Purl'(atory Canon . . . . . . . . . Do. 

276. Salina ...... "............. Do. NEW MEXICO. 

277 . .SalinaRiver. .... . .. . .. .. . Do. 326. Santa Anna ............... Laramie(?). 

INDIAN TERRITORY. 327. Abiquiu ................... Jurassic. 

278. Eufala .................... Carboniferous. 
328. Raton Pass ............... Laramie. 
330. Rio Secco .. .. .. .. .. .. .. . .. Do. (!) 

MONTANA. 332. Fort Wingate ............. Jurassic. 
279. Fort Ellis ................ Laramie. 333. Placer 1\Iountain ..... ; .... Laramie. 

5Glendive..... .. .. .. . .. .. . Do. 
280.~UpperSeven-MileCreek... Do. 

Clear Creek............... Do. 

334. Vermejo Canon........... Do. 
. ... Nacimiento Range ........ Dakota group(?)~ 
.. .. Copper City ............... Jurassic. 

281. Iron Bluff........ .. .. .. .. . Do. . ... San Pueblo Canon ........ Cretaceous. 
282. Cracker Box Creek . . . . . . . Do. .. .. San Jose Corral........... Do. 
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ARIZONA. 

335. Lithodendron ............ Jurassic(?). 
336. Deer Creek ................ Laramie ( ?). 
337. Chalcedony Park ......... Jurassic(?). 

UTAH. 

3.38. Coalville .................. Laramie. 
o39. Wales ..................... Carboniferous(?). 
!140. Pine Creek ................ Jurassic(?). 
o•ll. Toquerville .. ·.:..... . . . . . . Do. 
342. Upper Kanab Valley ...... Laramie(?). 
343. False Creek . . . . . Do. 
344. Vermilion Cliffs .......... Jurassic(?). 
345. Ashley . . .. . .. . . . . . . . . . . . . . ·Do. 
346. Dry Cafion . . . . . . Do. 
347. Ashley's Fork. Do. 
348. Rabbit Valley............. Do. 
349. Thousand Lake Mountain. Do. 
350. Rio Dolores . .. . .. . .. .. .. . Do. 
351,. White River .............. GreenRivergroup. 

WASHINGTON TERRITORY. 

352. Bellingham Bay ........... Miocene. 
353. Orcas Island . . ...... Senonian. 
3.'i4. Birch Bay ..... ·'· .......... Miocene. 

OREGON. 

355. Cascades .................. Pliocene ( ?). 
356. Astoria . . .. . .. . .. . ... . . . .. . Do. 
357. Warm Springs ........... . 

358.j~lount_ Jefferson ......... . 
Psuc see-que Creek ...... . 

359. Jacksonville .. . 
360. Bridge Creek ............ . 

NEVADA. 

Do. 
Do. 
Do. 
Do. 
Do. 

361. Elko ...................... GreenRivergroup. 
362. Eberhardt . . . . . . . . . . . . . . . . Do.· ( ?) 

363. Pyramid Lake .... :....... Do. (?) 

CALIFORNIA. 

364. Kern River ................ Quaternary. 
365. Pilot Knob .. .. .. .. .. .. . .. . Do. 
366. Caiiada de las Uvas....... Do. 
367. Georgetown. . . . . . . . . . . . . . . Do. 

1

308. Calistoga .................. Pliocene(?). 
369. Chalk Bluffs ............... Quaternary. 

, 370. T~~~~~~u~.t-ai~'.1U.~I.~~~~ Do. 

I 
371. Bowcn,s claim ..... 
372. Bald nrountain tunnel .... 
373. Corral Hollow .... 
374: Table 1\Iountain, Contra 

Costa County ......... .. 
375. Placerville .............. .. 

376_ yrount Shasta ............ . 
Pencc,s Ranch .......... . 

377. Clear Lake ............. . 

AI~ASKA. 

Do. 
Do, 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 

37'8. Atka Island . . . . . . . .... Tertiary. 
370. Kadjak Island ............. Miocene. 

380. jUnga Island . . . . . . Do. 
(Coal Harbor) . . . . Do. 

381. Cook's Inlet............... Do. 
382. Kuju Island. .. . .. . . .. . . . .. Do. 
383. Shumagin group. . . . . . . . . . Do. 
384. Uyak Island .. . .. . .. .. .. .. Do. 
385. Ugolini Bay.. Do. 

(Alaska Peninsula)........ Do. 
386. Kootzanoo Bay . . . . . . . . . . . Do. 

(Archipelago)............. Do. 
387. Neniltchik Bay . . . . . . . . . . . Do. 

(Village) . .. . .. . . .. .. .. . .. . Do. 
.~88. Sitka.. .. .. .. .. .. .. .. .. . .. . Do. 
389. Cape ~isburne.: .......... Neocomlan (?). 
390. Chignik Bay ............. Miocene. 
391. Nortl) of Jakl6k ......... Subcarboniferous. 
392. Admiralty Inlet ........... Miocene. 
393. Chugachik Bay . . . . . . . . . . . Do. 
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Manchester (England), 676. 
Mamlralisca, Piraino de, 713. 

947 

Mane bach (Prussian Saxony), 760, 762. 
Manetin (Bohemia), no. 
Mangiscblak (Alaska), 925. 
Mangotsfield (England), 683. 
Maningben (France), 696. 
Manist·ique River (Michi~an), 894. 
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Montespin (France), 693. 
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Montreux (Switzerland), 743. 
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Mont-St.-Gniher (Belgium), 777. 
Moorcha Pass (India), 794. 
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· Mount Bischoff (Tasmania), 815. · 
Mount Brosse (Colorado). 911. 
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Miinster, Georg, 749, 764. 
Miinstoria, 7#, 749. 
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Mujer Muerta (Spain), '103. 
Mulford mine (Kentucky), 883. 
Mulsey (England), 675. 
Mnlubimba (Australia), 808,811. 
Mnndelfingen (.Hallen), 747. 
Mnndesley (England), 682. 
Mungyiing (Corea), 700. 
MnnkAcs (Hungary), 722. 
Muntigl (A ristria), 733. 
Murchison, Roderick, on fOssil plants 

of-
Scotland, 684. 
France, 691. 

Murcia (Spain), 703, 704, 
Murderer's Creek (New Zealand), 816. 
Murgatroyd (England), 682. 
Murg Valley (Baden), 747. 
Murk (Moravia), 727. 
Murna (India), 796. 
Murphyshorough (llliuois), 803. 
Murree (India), 796. 
Murray, on the fossil forests of' Egypt, 

800. 
Murray Harbor (Prince Edward Isl

and), 846. 
Murrero (India), 704. 
Mnrundal (Australia), 809. 

INDEX. 

Murnp (India), 795. 
Musashi (Japan), 790. 
Muscatine llluffs (Iowa), 895. 
Mushenkoff, on the fossil plants of 

Tut'kestan, 796. 
Mushtekoff, on the fossil plants of 

Turkestan, 796. 
Muskingum County (Ohio), 887,891. 
Mnsophyllum truncatum Giipp., 804. 
Musschenhrock, M., 805. 
Mussinia (India), 795. 
Mutere Hills (New Zealandl,81G. 
llfutiowitz (Bohemia), 730. 
Mutzig, Valley of (Alsace-Lorrainej, 

745. 
Muzzolone (Italy), 710. 
Myelopteris, 697. 
MyriaiJites, 855. 
Myrica, 813,817,823,832,838. 
Myrica partita Lx., 837. 
Myrtifolinm Lingua Ung., 816. 
Mytilus cdnlis L., 828. 
Nachoh (Bohemia), 731. 
Nachod (Bohemia), 728. 
Nacimiento Range(NewMexico),915. 
N Adasd(Hungary), 723. 724, 
Nadr6g (Hungary), 724. 
N iishyholmssjon (Sweden), 780, 
Nagyag ('l'ransJlvania), 726. 

· Nl;;,;7·A !mas (Transylvania)726. 
Nagy-Asi·•r'Q~ !Hungary), 722. 
Nagyhan;y:1 'V_alles (Hungary), 723. 
Na~:v-Kovacst (Hungary), 724. 
Nahe (Rhenish Prussia), 773, 774. 
N aicolum (Inrlja), 795. 
Naikori River (India), 796. 
Najassi (Siberia), 787. 
Nakano (Japan), 790. 
Nala field (India), 795. 
Nalon River (Spain), 705. · 
N anaimo (Vancouver Island), 836, 837, 

924. 
Nancy (France), 700. 
Nangasaki (Japan), 788. 
Naninne (Bell(min), 776 . 
Nanticoke (Pennsylvania), 867. 
Nantucket, (Ma,sachusetts), 852,853. 
Naogaon (India), 795~ 
Napa County (California), 920. 
Napierville County (Canada), 845. 
Naples (New York), 859. 
Narbonne (France), 691, 693. 
Nares, Sir G., 834. 
Narva (Russia), 785. 
Nascbim (Siberia), 787. 
N asq, on the fossil forests of Egypt, 

800. 
Nassau (Hesse), 766. 
Nasseld (Carinthia), 736. 
Nathorst, A. G,, on fossil flora of

Wales, 684. 
France, 692. 
Sweden, 779, 780, 781. 
Japan, 788,789. 
Borneo, 807. 
Australia, 813. 
Arf!entine Republic, 822. 
Spitzbergen, 828. 

National Yellowstone Park, 909,910. 
Nau, B~rnhard S. von, 772. 
Nauckjwff, Fossil plants'collected in 

Spitzbergen by, 828, 831. 
Naujat (Greenland), 834. 
Naumann, Edmund, 789. 
Naumburg (Hesse), 768. 
Naumburg (Silesia), 758. 
Naundorf (Saxony), 753. 
Navajo Springs (Ar·izona), 917. 
Nazareth (Portugal), 706. 
Neapel (Italy), 708. 
Nebraska, 668,900,901. 
Nebraska City (Nebraska), 902. 
Nectandra, 821. 
Nedelja (Croatia), 719. 
Neelyville (Illinois), 893. 
Neftenhacb (Switzerland), 739. 
Nehden (Westphalia), 763. 
Nehvizd (Bohemia), 731. 
N eiden burg (Baltic Prussia), 7E9. 
Nellore-Kislna district (India), 795. 
Nelson, E. W., 926. 
Nelson (New Zealand), 816. 
Nelsonville (Ohio), 891. 
Nelumbium, 838. 

Nematox:ylon, 843. 
Nemet-~tdas (Hungary), 724. 
Neniltchtk (Alaska), fl25. 
Neosho County (Kansas), 901. 
Nepbelium Verbeekianum,806. 
Nereids, 709. 
N creites, 855. 
Nereites Jacksoni, 849. 
Nereites lanceolata, 849. 
Nereites Lonmisi, 849. 
Nereites pugnus, 849. 
Nese (Italy), 714. 

949 

Netherlands, 666,774, ,., ')'. 
Netherwitton (England), 677. 
Neubidschow (Bohewia), 730. 
Neuchitel, Canton of, 739, 740, 741. 
Neucul (Switzerland), 740. 
Nendiirfel (Saxony), 753. 
Neu-Essen (Westp!Jalia), 770. 
Neue Welt (Austria), 741. 
Neue Welt (Switzerland), 734, 
Neufeld (A nstria), 734. 
Neuffen (Wiirtemberg), 748. 
Neu Krenzlin (Baltic Prussia), 760. 
N eumarkt (Tyrol), 737. . 
Neumayer, on the age of t~e amber 

beds, 760. 
N eun kirchen (Rhenish Pmssia), 773. 
Neupaka (Bohemia), 728. 
Neurode (Silesia), 755,757. 
N europteris, 816, 853, 863, 876, 878, 879. 
Neuropteris angulata, 916. 
Neuropteris Carrii Lx., 870. 
N europteris Cistii, 862. 
Nenroptel'is cordata Brongn., 8i0. 
Neuroptcris hirsuta Lx,, 870. 
Neuropter1s linnrerefolia, 874. 
N europteris Losbii Brongn, 870. 
Nenropteris obscura Lx., 870. 
N europtcris rarinervis Bun b, 870. 
Neuropteris Ro,gPrsi Lx., 865. 
Neiuopteris sp., 869. 
Neuse River (North Carolina), 878. 
Neustadt <Transylvania), 725. 
Neutitschein (Moravia), 727. ~ 
Nevada, 668,919. 
Nevada (Missouri), 896. 
Newark (New Jersey), 862. 
Newark (Pennsylvania), 891. 
New Berne (Xorth CaroiJna), 878. 
Newberry, J. S., on fossil plants of-

France, 698. 
China, ~90, 791. 
Hourluras, 824. 
Mexico, 825. 
British Uolumhia, 837. 
Btitish N orthwcst Territory, 839. 
Massachusetts, 851. 
Connecticut, 854. 
New York, 859. 
New Jersey, 860,861, 862. 
Pennsylvania, 870. 
Mary land, 871. 
Ohio, 886, 887, 888; 889. 
Kansas, 899. 
Nebraska, 901, 902. 
Dakota, 903. 
Montana,, 904. 
Yellowstone Park, 909. 
New Mexico, 914, 915. 
Arizona, 916. 
Utah, 918. 
Oregon, 922, 923. 
Washington Territory, 923, 024. 
A Iaska, 926. 

Newbiggin (England), 675. 
N ewbo1d, Lieut., 801. 
New Braunfels (Texas), 897. 
New Brunswick, 667, ~45, 846. 
N~wcastle (Australia), 808,816. 
Newcastle (England), 674, 680. . 
N ewcastle-upon-Tyne (England), 675, 

682. 
New Cincinnati (Texas), 897. 
N ewfoi1n~1lam1, 667, S4S. 
New gate (Massachusetts), 851. 
New Guinea, 666 807, S1')'. 
New Harmon·y (indiana), 891. 
New Jersey, 667,855. S60, 871. 
New Mexico, 668,914. 
New Mills (England), 679. 
Newport (Indiana), 892. 
Newport (Rhode Island), ~53. 
Newport Neck (Rhode Island), 853. 



950 DISTRIBUTION OF FOSSIL PLANTS. 

N·ew River (West Virginia),876. 
New South Wales (Australia), 666, 

807, 808, 809, 8ll, 812, 813, 814. 
Newton (England), 676. 
Newton, H., 903, go!. 

· Nt·w Town (Tasmania), 815. 
New Ulm (Minnesota), 895. 
New Vein, Tremont (Pennsylvania) 

869. 
New York, 667, fS;')4 •. 
New Zealand, 666,807, Slii. 
Nicholson, Henry .Alleyne, 679. 
Nicholson, Thomas, 819. 
Nicol, \Villiam,685, 808,819, 
Nicolia, 801. 
Nicolia 2Egyptiaca Ung., 801,802. 
Nicolia Owenii, 801. 
Niuol1a Zelandica Ung., 816. 
Niedeck (Austrian Sile;ial, 727. 
Niederhurbach (Alsace-Lorraine), 746. 
Niedercainsdorf (Saxony), 752. 
Niederl•ausen (Rhenish Prmsia), 773. 
Nieder horn (Switzerland), 742. 
Nieder-Kirchen (Rhenish Bavaria), 

773. 
Niederlahnstein (Hesse), 766. 
Nieder-Langenau (Silesia), 757. 
Niederrad (Hesse), 768, 
Niederschona (Saxony), 753. 
Niederworresbach (Rhenish Bavaria), 

774. 
Niederwiirschnitz (Saxony), 752, 753. 
N ictlzielisko (Galicia), 726. 
Niemce (Russia), 782. 
Niemeyer, Chr., 807. 
Niesen (Switzerland), 743 .. 
Nievre, Department of, 698, 701. 
Niini-Troisk Bielebei (Russia), 783. 
N i1sson, Sveno, 779. 
Nimrum (Asia Minor), 798. 
Nine Mile Creek (British Columbia), 

838. 
Nintingbool (Australia), 809,812. 
Niphon Island (Japan), 788. 
Niremont (Switzerland), 741. 
Nischni Parogi (Russia), 783. 
Nissam (Silesia), 758. 
Ni-tou (China), 792. 
Niucbwang (China), 791. 
Niza (Portugal), 707. 
Nobata (.Japan), 790. 
N oceda (Spain), 703. 
Nocito, Dr:.>. 715. 
Nobbelof (bwe(]Pn), 780. 
N oeggerat hi a, 808. 
N oeg!(erathia fohosa St., 730. 
Noeggerathia obovata Carr., 823. 
N oe!(gerathia obtusa, 866. 
N reux (France), 702. 
Nogami (Japan), 790. 
l\i(J!(IIirl County (Bun,gary), 724. 
Nordana (Swe<1en), 7FO. 
}IT ord. Department of, 691, 700, 702. 
N ~~~.karpatllen (Austrian Silesia), 

N ordt•nskiiild, Baron, Collections made 
by, in

Japan, 78?. 
Bomeo,807. 
Arctic regions, 826. 
Bear Island, 827. 
Spitzbergen, 827, F28, 829. 

. Nordheim (Hh<•nish Prussia), 773. 
Norfolk !England), 682. 
N ortb A me rica, 667, fj68, 670, S3;'i. 
Northampton (En!(land), 676. 
Northampton (Massachusetts), 851. 
North Bainbridge (New York), 856. 
Notth Carolina, 667;791, S't't. 
North Fork of Old Man River (British 

Northwest Territoty), 840. 
North Fork of Oregon Creek (Califor-

nia). 921. · 
N ortb Ow ram (England), 678. 
North Prussia, 759. 
l'i •. rth Rinr (Missouri), 896. 
:Northrop, John I., 862. 
North Saanich (Vancouver Island), 

~37. 
N01th Saskatehewnn (British North. 

we<t. Territory), 842. 
~orth Stafford County (En~; land), 679. 
~orth Thompson River (British Co· 

lumbia), 837, 838. 

Northumberland County (England), 
672, 674,675, 676,677,679, 680. 

Northumberland County (Pennsylva
nia), 868. · 

Northwest Salinas (Kan•as), 899. 
Northwest Territory, British, 667, 671, 

fS3S. · 
Norton (Massachusetts), 852. 
Norton Creek (New Brunswick), 846. 
Norton's Creek Mill (Canada), 845. 
Norway, 666, 't't!>i. 
Norwich (Tasmania), 815. 
Norwood mines (Virginia),875. 
N om·soak, Peninsula of (Greenland), 

832. 
Nouvenu-Kuigaugh (Russia), 785. 
Novak, OLtomar, 717,728. 
Novale (Italy), 710. 
Nova Scotia, 667, 845, 846, S4 2', 848, 

889. 
Nova Zem bla, 667, S22'. 
Novgorocl (Rus•ia), 782,785. 
Novgorod Sewersk (Russia), 785. 
Novoberscbetzk (Russia), 785. 
Novosyriinowsk (Russia), 785. 
Nowadih (India), 796. 
Nowo-Pawlowsk (Russia), 784. · 
Nubia, 6ti6, S02. 
Nuck, Island of (Russia), 785. 
Niirschan (Bohemia), 730. 
Nul!;ent, Nicholas, 819. 
Nukhalilek (A Iaska), 925. 
Nullipora, 744. 
Nnnia River (India), 795. 
Nupbar primrevum, 744. 
Nussdorf (Austria), 734. 
Nuttall, Thomas, 873, 896. 
Nyctomyces cntoxylinus Un~., 801. 
Nyl'aner Gasschiefer (Bobemta), 729. 
Nyss~, 758,850. 
Oakwood Co~liery, Wilke• Barre 

(Pennsylvama), 869. 
Obanon Creek (Ohio), 888. 
Ohera.oeri (Switzerland), 740. 
Obcralbis (Switzerland), 739. 
Oberbucbsiten (Switzerland), 740, 741. 
Oberg, Fossil plants collected in Spitz· 

bergen by, 829. · 
Oberhaselicb (Saxony). 754. 
Oberbausen (Rhenish Bavaria), 774. 
Oberhohndorf (Saxony), 752. 
Oberingelheim (Hesse), 768. 
Oberkassel (Silesia), 758. 
Oberkirch (Baden), 747. 
Oberkunzendorf (Silesia), 755. 
Ober-Langenau (Silesia), 757. 
Oberleitersbacb (Bavaria), 751. 
Oberndorf (Hesse), 766. 
Obernkircben (Westphalia), 760,770. 
Obennoschel (Rheniob Bavaria), 773. 
Oberechwaben (Wiirtemberg), 748. 
Oberwaiz (Bavaria), 751. 
Oberweiler (Rb .. nish Bavaria), 773. 
Oher-Wernersdorf (Silesia), 756. 
0-Borleven (Hungary), 724. 
0<-ca (l{ussia), 785. 
Och•enius, Carl, 821,823. 
Ockstadt (Hesse), 766. 
Or! en bach (Rhenish Bavaria), 774. 
Orlertbal (Prussian Saxony), 764. 
Odontopteris, 863,876. 
Odontopteris bifurcata St. sp., 729. 
Odontopteris Brardii (llrongn.), 

Stern b., 853. 
O<lontopteris pacbyderma. 8&9. 
Odontopteris Plantiana Carr., 823. 
Odorin (Hungarv), 724. 
Oelde (Westphalia) 771. 
Oelonitz (Saxony), 753. 
Oeningen (Barlen), 739,740,746,747,749. 
Oerlingbausen (Weotphalia), 771. 
Oesede (Hanover), 76g, 
Oesel Island (Russia), 785. 
Oestringen (Haden), 747. 
Oettlin~:er Mountain (Baden), 747. 
0-Falu (Hungary), 723,724. 
Ofenkaule (Rhenish Prussia), 775. 
Offen burg (Bm:len), 74 7. 
Ofi'bam (England), 673. 
Ogo)·a (Japan),,790. 
Ogur River (Siberia), 787. 
Ohio, ti67, SS4. 
Ohio River cOhiol, 885,886, 889. 
Ohmdcn (Wiirll·mbetg), 748. 

Oil City (Pennsylvania), 868. 
Ok.a River (Russia), 785. 
Okamigo (Japan), 789. 
Okehampton (Tasmania), 815. 
Okriha (Transcaucasia), 798. 
Old B•·acll ('fasmania), 815. 
Ole! l!'ielrl Claim, Placerville (Califor• 

nia), 921. 
Old Forge (Pennsylvania), 869. 
Oldham, Thomas, 687, 794, 795. 
Oldham (England), 679, 680. 
Oldham Forest (England), 682. 
Oldhamia radiata Forbes, 777, 894. 
Old Man River (British Northwest 

Territory), 842. 
Olea, R80. 
Olenek (Siberia), 787. 
Olmutz (Moravia), 727. 
Olrik, Fossilolantscollccted in Green. 

land by, 830. . 
Olten (Switzerland), 741. 
Olyphant (Pennsyh·ania), 869. 
Omenak, Bay of (Grecnlanrl), 831. 
Omphalomel« scahra, 762. 
Oncylogonatum carbonarinm, 684. 
Oueida County (New York), 858. 
On eta (Italy), 714, 738. 
One Tree Point (Tasmania), 815. 
Onjezd (Bohemia), 731. 
Onnestad (Sweden), 780. 
Onoclea senslbilis L., 841. 
Ontario Colliery, Pittston (Pennsyl· 

vania), 868. 
Ontario County (New. York), 859. 
Onthea (India), 7H4. 
Ouster, W. A., 743. 
Opetengrnhen (Switzerland), 741, 74'-
0phioglossum, 91 L 
Oppeln (Silesia), 756. 
Oppenau (Baden). 747. 
Oppenrode (Prussian Saxony), 763. 
Oran!(e (Australia), 809. · 
Orange County (Indiana), 892. 
Orange County (New York), 859. 
Oranl!;e River Sovereignty (South 

Africa), 799. 
Oranienbaum (Russia), 785. 
Orb6 (Spain), 703. 
Orcas Island (Washington), 837. 
Orchard Mine Vein (Pennsylvania), 

869. 
Oret;on, 668, 922. 
Orleanville (Algeria), 803. 
Orenbmg (Russia), 782, 7~5. 
Orkney Islands (Scotland), 685,688. 
OrmelingPn (Switzerland), 741. 
Ormonds (Switzerland), 741. 
Orne, Department of, 700. 
Oropo (Greece), 716, 717. 
Orsberg (Rhenish Prussia), 775. 
Orthogoniopteris, 888. 
Orton, Ed ward, 890. 
Orzonaga (Spain), 703. 
Osa!(e City (Kansas), 901. 
Osage County (Kansas), 901. 
Osburn, of Princeton College, 912. 
Oscbatz (Saxony), 753. 
Osipnago (Alaska), 925. 
Oskaloosa (Iowa), 895. 
Oslawan (Moravia), 727. 
Osmunda Scbemniciensis Stur, 722. 
Osnahtiick (Hanover), 763,768,769,770 • 
Ossinowa (Russia), 785. 
Ostend (England), 682. 
Osterwald (Hanover), 768, 769: 
Ostran (Moravia), 727. 
Ostricourt (France), 700. 
Ostrya Walkeri, 874. 
Oswego River (New York), 857. 
Oszlop (Hungary), 724. 
Otero de las Duefias (Spain), 703. 
Otoptcris, 622. 
Otozamites, 825. 
Otozamites Macombii, 915. 
Otsuchi (Jaran), 7HO. 
Ottawa (Canada), 845. 
Ottawa (Kansas), 901. 
Ottawa County (Kansas), 901. 
Ottawa River (Canada), 844. 
Ottendod (Saxony), 752. 
Ottcnhauscn (Rhenish Prussia), 773. 
Otto, Ernst von, 754. 
Ottumwa (Iowa), 895. 
Oumly Arabah (Egypt), 802. 



WARD,) 

·Onrthe (Belgium , 7o6 
Outre-RbOne (Switzerland}, 740 
-O,·iedo (Spain). 702. 
·OwPgo (NPw York), 8:i6. 
·Owen, llavid lJah·, t.1H fOssil plants 

of-
A rkan•a•, H?l. 
Kentucky, 882, 883. 
Minnesota, 895. 
Arkansas, 89i. 

Oxford Count.y(England), 673, 675,676. 
{iya (.Japan), 790. 
-()zo (Japan), 789. 
l'achmari (India), 795. 
Pachspteris, 822. 
Pachytheca, 684. 
_Padang Boven laud (Sumatra), 805. 
Parlelforrl's (New York), 859. 
Padley (England), 673. 
Padrao (Portugal), 706. 
Pagtorfi k (Greeulanrl), 833. 
~a1mpont (France), 7011. 
l'aint H1ll (Nortll Ca•ol'na), 878. 
!Pal;;:awmi (New Zt>alanc-1), 816. 
Pakefield (England), 682. 
'Paheoehorda, 89-i-. 
Palreochorda prima, 904. 
~aheodict,,Yon, 792. 
Palreophycus, 856, 857, 860, 891, 894. 
Palooophycns art.iculatus, 894. 
~alreophycus con11regatus, 850. 
Palreophycns incipiens, 850. 
Palreophycns iuformis, 894. 
Palreoph~·cus irrellularis Hall, 904. 
Palreopbycus lirnaciformis Lewis, 860, 

8ti2. 
~alroophycns mamocystoides,751, 761. 
l'alreopbycns occide1italis, 904. 
l'ahcophycus t-ubularis Hall, 904. 
Palreoxvris, 700. 
Palencar, AIToyo (SpainL 703. 
Palencia (Spain), 703, 705. 
'Palermo (Italy), 713. 
Pali (India), 796. 
Palissya, 822, 862. 
Palissya Rraunii Endl., 821. 
Paliuru•, 838. 
Palmacite~ rimosns, 801. 
Palm ofKalksburll, 733. 
l_)almoxy]on, 820, P81. 
I'almoxylon Aschersoni, f02. 
.Palmoxvlon cellulosum, 881. 
Palrnoxylon Quenstedti Felix, 881. 
Palmoxylon Zitteli, 8p2. 
Palmyra (Ohio), 885. 
Palsjo (Sweden), 780, 781. 
:Panchet (India), 7!15. 
Pander. State Councillor. 924. 
iPaphlagouia (Asia Minor), 798. 
Paptell<e (Hungar~·), 724. 
Paramatta (Australia), 811. 
Para•diha (India), 795. 
Parcbim (Baltic Pl'Ussia), 760. 
l'anl anrl Dodd, 918. 
'Pareto, Viviani's letter to, 708. 
l•aris ( 11'ranceL 690,691, 694, 698. 
Parker, T. J., 816. 
Parkfield ( Enllland), 676, 683, 
Parlatore, on the fossil plants ofltaly, 

708. 
T'arudorf (TTungary), 724. 
Pa!Tan, President of the Geological 

Society of Fnmcc, 699. · 
·Parrane (Italy), 713. 
Parrsboro' (Nova S"otia), 847. 
l'arschlug (Styria), 723. 
Jlarsons, tf"nmes, 6i3, 616. 
.Parsora (India), 796. 
l'art Dieu (Swit.zerland), 742. 
Partenkirchen (Ba-.-aria), 749. 
Pas-de-Calais, Department ot, 696,700, 

702. 
~as-de-la-Mougudo (France), 696. 
l'assamaquodrly .Bay (Maine), 849. 
Passarabhia (lnrlia), 795. 
l'asswang.(Switzerland), 740. 
Passy (France), 694. 
Paszio (Hungary), 722. 
Patapsco lliver (Maryland), 872. 
.Patoot (Green)aml), 832. 
Patrick, J. Shedden, 685. 
Pattorfik (Greenland), 832. 
Paudeze !Switzerland), 740, 744, 
.Paulsdorf (Sa.xony), 754. 

INDEX. 

Pavia (Italy), 70P, 712. 
PawlowRk (Russia), 783. 
Pawtucket tRhodo Tslancl), 85~. 
l'eace }{iver (Br·itish Nort.hwest Ter· 

ritorv), 839,840. 
Peach ·nottom ( p, nnsylvania), 870, 
l'each, Charles W ., 686. 
Peach Creek (Texas), 897. 
Peale, A. C., 904, 91!5, 911. 
l'earson, .J. W., H98. 
Pechthor A rwak (Persia), 798. 
Pecopteris, 808, 811, 818, 825, 853, 873, 

876, 877, 878. 
Pecopteris australis Morr., 809, 814. 
Pecopteris (Aspidites) bull at a, 874. 
Pecopteris bullata Bun~-•. , 826. 
Jlpcopteris Canariensis Lam bert, 702. 
Pecopteris rlentata. Ilrongn., 702,870. 
l'ecopteris .E'uchsi Schimp., 820. 
Pecopteris gigantea, 862. 
Pecopteris Giippertiana (Mlinst.) 

Schimp., 821. 
Pecopteris longifolia Brongn., 853. 
recopt eris J\lill{ll'i, 863. 
l'ecoptm'is Mil toni, 869. 
Jlecnpteris merianopteroides, 869. 
l'ecopte1·is obsoleta, 863. 
l'ecupteris (Thinnfcldia) odontoptc-

roidcs Morr., 814. · 
Pecopteris polymorph a, 862. 
Pecopteris Powellii Lx., 825. 
PeCOJ>teris JHlTICt.ulata, 862, 863. 
Pecopteris YilloRa B1ongn. var. mi-

l'rophylla Lx., H70. 
Pecopteris Whithi<·usie, 825, 826. 
l'iJc' (Hungary), 723,721. 
I'edorido (Portugal). 707. 
l'e-do-Viso (l'ortnlo(al), 707. 
I'ecl River (Australia), 810. 
Peggan (Styria), 720. 

- Pego (Portugal), 706. 
l'e.ine (Hano\·er), 769. 
l'clican Creek (Yellowstone Park), 

911. 
T'enacova (Portugal), 707. 
Pence's· Ranch (Calitornia), 921. 
l)eugaron {Borneo), 806. 
l'enllelly, W., U78. • 
Penba-Garcia (Portugal), 707. 
Penhallow, D.P., 843. 
Penn Point (Prince Erlwar<l Islam!), 

846. 
Penn•ylvania, 667, 855, S6~, 870, 877. 
Pennsylvania Coal Company (Shaft 

No.6), Pittston !Pennsylvania), 868. 
Penn Yan (New York), 859. 
Pensa !Russia), 785. 
Pentcnnc, 813. 
Pen·y·Glog (Wales). 684. 
Peoria Count-y (Illinois), 893. 
Perledo (Italy), 714, 
Perm {Russia), 782, 783, 784,785. 
Perolla (Italy), 713. 
Perry, Edward. 827. 
I'Prry, Joseph H., 852. 
Perry (Maine), 849. 
Perry County (lllinoisi, 893. 
Perry County (Ohio), 888. 
Perrysville (Indiana), 892. 
PerRea, 880. 
Persea. Hpeciosa 1 Heer, 809. 
Persia, 666, ,-91. 
Pertbshire (Seotland), 686. 
Pcrutz (Bohemia), 730. 
Pesawahan (Jaya), 804. 
l'est-Pillis-Solt·Kiskun County (Hun. 

gar.vJ, 7<4 .. 
Peterborough (Canada). 845. 
Peterlingen (Switzerland), 740. 
Petersen, Julius. 789. 
Petersfielcl (England), 675. 
Petcrswal<l (Bohemia), 7~8. 
Petit Cmur (J!'rance), 692. 
Petit Ganey sur Charmey (Switzer· 

land), 743. 
Pet1ilova (Huni(ary), 724. 
Petrofka (Russia), 782. 
l'etrosza (Transyl-.-ania), 726. 
Petrowskaja or Petrowskaya (Rus-

sia), 784, 785. 
Petrowskoje (Russia), 784. 
l'etsehom :River (Russia), 785. 
Pettko, J ohanu von, 722. 
Peyrac (J!'rancc), 693. 

951 

Pfaff, Fossil plants collected in Green-
land by, 832. 

Pfafl'cnliain (:5axony). 753. 
Pforsheim (Baden). 747. 
Phantaisio (Bavaria), 751. 
Phelonites lignitum, 767. 
I,helonites strobilina, 767. 
Philippi, R. A., 708. 
l'hilhps, John, on fossil plants or 

Endand, 674,676, 677. 
l)lllelloJJteris 'Voodwardii Leckenb., 

678. 
Phoenicites, 816. 
1-)bragmites, 836. · 
Pbra2:mites OeningenP.is Al. Br., 881. 
Phyllites, 690, 806, ~16, 819, 823. 
PhYllites fraxincus, 862. 
Phyllites Geylcri En., 806. 
Phyllites (Ph•ro,permum) gracile, 806. 
Phyllites (Gmmilea) mephitioides, 

806. 
Phyllites mimusopsoi<leus, 862. 
Phyllites (Hopea) prrecursor, 806. 
l)hyllotheca, 808,814. 
Phyllotheca australis, 807. 
: hyongyang (Corea), 790. 
Ph_vtolacca decandra, 884. 
Phytopsis, 8'\6, 857, 894. 
Pialpinsou (France), 692. 
Pianico (Italy), 714. 
Pictou (Nova Scotia), 847. _ 
Picu-l'ren-Leuvu (Argentine Repub-

lic), P22. 
Piedmont. (Italy). 712, 713, 715. 
Pierce, James, 855. 
Pies burg (Hanover), 7fl3, 768,770. 
l'ietraperzia (Italy), 713. 
Pike County (Missouri), 896. 
Pilar, Georgio, 719, 
Pilis-Szt.-Kereszt (Hungary), 724. 
Pilitschi River (Turkestan), 797. 
Pilluitz (Saxony), 753. 
Pilot Knob (California), 919. 
Pilsen (BobeJLia), 730. 
Pinczow (Russia), 782. 
Fin~ Creek (Iowa), 895. 
Pine Creek (Utah), 918. 
Pine River (British Northwest Terri-

tor\'), 839, 840. · 
PineValley "(New York), 856. 
l'in-hsu-hoo (China), 791. 
Pinites, 828, 897. 
J>inites suecinifer, 75ft 
Pinus, 673, 828, 830, 834. 861. 
l)inus A rmstrong:i Heer. 83.3. 
Pinus Bathursti Beer, 835. 
]Jinus elongata, 699. 
J>inus MacClurii Beer, 835. 
Piohesi (Jta.Jy), 712. 
Piombino (Italy), 713. 
l'ipeclay Bluff (Tasmania), 815. 
l'iper, b05. 
Piper antiqunm Beer, 805. 
Piperites, 804. 
Piperites Miqnelianus Giipp., 805. 
Pippingford (Enghmd), 675. 
Pi sonia. suhcordata Nich., 819. 
Pit River (Oregon), 923. 
Pitt County (North Carolina), 878. 
Piz l'adella (Switzerland), 740. 
Pjatigorsk (Russia), 785. 
l)lncer County (California), 9:20. . 
Placer Mouui:ain (New Mexico), 915. 
Plagwitz (Saxony), 7:;3, 
Plaidt (Rhenish Prussia), 775, 
l'laiusville (Pennsylvania), 869. 
Plan chon, G., 693! 
l'lan-de-la-Tonr (France), 699. 
J'laner, Cap., 782. 
l'lanera longifolia, 911. 
Planitz (Saxony), 752. 
Plaut., Nathaniel, 823. 
Plas Oakley (Wale")• 683. 
Plass (Bohemia). 730. 
PI, tanu•, ~37, 838, 840, 898, 907, 910, 923. 
Platanus ace10ides Giipp.,828, 835. 
Platanus l•a•ilobata, Btl. 
Platanus Guillelmre Gopp., 831,881. 
Platanus Hayclenii, 905 . 
Platanus iwbilis N ewb., 839, 840, 841. 
Plat ann• Uaynoldsii Newb, 840, 90!>. 
Platto River (Nebraska), 902. 
Plat.teville (Colora<lo), 913 . 
Plauen (Saxony), 751. 
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Pleasant Park (Colorado}, 911. 
PJelan (France}, 700. 

0, Plessis (Fmnce},891,898. 
Plieningen (Wiirtemberg}, 748. 
Plocbingen ( Wiirtemherg), 748. 
Plnmalina, 858. 
Plumalina <lensa, 858. 
Plurnalina plumaria, 858. 
Plumas County (California), 921. 
l'lum Creek (Colorado), 911. 
Pis month (Pennsylvania), 889. 
Poacites Mengeanus 1 Beer, 922. 
Poccrni<l (Bohemia}, 7:ll. 
l'ochthal (Prn•sian Saxony}, 763. 
Podbelsknje (UnsAia), 785. 
Podkumok River (Russia}, 785. 
podocarpiurn, 817. 
Podocarpium <lacr;rdioides Ung., 818. 
Podocarpns, 818,817. 
Podolia (Russia), 782,783. 
Podozamitcs, 829,861,877,926. 
Podozamites distans Pres!., 821. 

1 Podozamites Emmonsii, 791. 
Podozarnites lanceolatus. 791. 
Podozamites longifo1iuR Ennn., 826. 
Piissneck (?russian Saxony}, 764. 
Poggio (Italy}, 713. 
PO~flfio-Montone (Italy), 712. 
Poggione (Italy), 713. 
Pohlig, Fossil plants collectc<l in Per
, sia hy, 797. 

Poiares (Portugal), 707. 
Point Doughty, Orcas Island (Wash-

ington), 924. 
Point Levi (Canada), 842. 
Point of Rocks (Wyoming), 907,908. 
Poi tiers (France), 696. 
Poland (Russia), 782,785. 
Polsterberg (Bohemia), 730. 

. Pol_ypodium Hocbstetteri Ung., 816. 
Polyporites Bowmani Lil., 683. 
Pomel, A., 691, 692. 
Pomeroy (Ohio), 891. 
Poncnt Fern, ~66. 
Ponchartrain (France), 694. 
Pontegamt (Switzerland), 714. 
Pol)t-les-Moulins (France), 896. 
Pontn\an (~'ranee}, 700. 
Pope Uounty (Illinois), 893. 
Popiljani (}{ussia), 785. 
Popopowski (Russia}, 7H4. 
Poppen burg (Prussian Saxon~·), 763. 
Popp, Otto, 750. 
Populites cyclophylla lieer, 839. 
Populus, 832, 834,837,838,880,£07. 
Populus requalis Lx., 907. 
Populus arctiea, 828. 
Populus arctira. v:~r., 842. 
Populus balsmnifm a L., 844. 

. Populus cordata, 905. 
Populus craspedml rom a, 842. 
Populus cuneata; 9!.15. 
Populus g-enetrix, 905. 
Populus latidentata, 840. · 
Populus litigiosa Het>r 90~. 
Populus monodon Lx., 880. 
Populus nebrascensiH, 905. 
Populus ner~osa, 005. 
Populu~ primreva Heer, 832. 
Populus Ricbanlsoni, 828. 
Porchow (llHB!:3ia), 782. 
Porcupine Ureek (British Northwest 

Tenitory), 839. 
Porcupin(~Mountains (Michigan), 894. 
l'orsz6w (Russia), 782. 
Port Alft e<l (South Africa), 800. 
Port as de Rodam (Portugal), 707. 
Port Byron (Illinois), 893. 
Port Carbon (Penns_rlvania), 869. 
Portella-de-Oiiveira (Portugal), 707. 
Portella roarl (Portugal), 706. 
Portet·, ,T, W., 894. 
Port Griffith (Pcnnsyh·ania), 889. 
Port Griffith Railroa<lcut below Pitts-

· ton (Pennsylvania), 868. 
Port Hootl fCape Breton), 848. 
Portis, A., 715. 
Port J acbon (Australia), 807. 
Portland (Connecticut}, 854. 
Port Massett. (British Columl1ia), 838. 
Port McNeill (British Columbia), 838. 
Porto de Moz (Portngul), 706. 
Portsmouth (Rhode Island), 853. 
:fort.Stephen (Australia), 810. 

Portugal, 665, 1'0a. 
Poscttes (Switzerland), 740. 
~oshwa (Russia), 784. 
Possendorf (Saxony), 752,753. 
i'ossiet Bay (Siberia), 787. 
Posuncula River (California), 919. 
Poteau River (Arkansas), 897, 
Potcntilht Norvegica L., 84l. 
Potomac Valley (District of Colnm-

llia), 873. 
Portrero Seco (Chili), 820. 
I' ottsville .(Pennsylvania). 869. 
Powder River (Montana), 906.· 
Powell, J. ,V,, 915, 919. 
Poxwell (England), 676. 
Jlozsega County (Hungary), 724. 
Pozsony Count.y (Hungary), 724. 
Pozznoli (ltalyj, 1'08. 
Prado, Casiano de, 703. 
Praegcr, Robe: t Lloytl, 689. 
Pratt.igau (Switzerland), 742. 
Prag (Bohemia), 728,730,731. 
Prata (It:lly), 713. . 
Prottcln (Switzerland), 740. 
Prau"uitz (Silesia), 758. · 
Preanger Hegentsc!Jappen (Japan), 

80!. 
Preble Couuty (Ohio}, 889. 
Pteobragcnsli {Hussia.), 785. 
l'reschen (Bohemia), 733. 
Prescott (Arizona), 917. 
l'rescott County (Canada), 8!5. 
Presttorp (Swedeu), 780. 
Prestwich, J., 617. 
Prevali (Carint.hia}, 73!k 
Price's Mountain (Virginia), 875. 
Pricsnitz {Bohemia), 732. 
Priessen (Bohemia), 733. 
Priksclta }{iver (Russia}, 785. 
Pfilep (Bobemia), 728, n9. 
Prince Edward Islaud, 667, S46, 
Pringy (Switzerland), 743. 
Privolnoi (Russia), 784. 
Probst, J., 748. 
I>roraccini-Ricci, V~to, 708. 
l)roductus, 855. 
l'roduits (Belgium), 777. 
Probn (Bohemia), 7~3. 
l'rohoi' (Bohemia), 730). 
Proix (Franee), "700. 
Prokesch-Osten, Baron, 716. 
Prome (Bnrmah), 793. 
Prospect Hill CNew York), 856. 
Prnteuee::e, 799. 
Protection Island (British Columbia), 

838. 
Proteoide•, 832. 
Proto~hyllnm, 839. 
Protoptcris,.75:\. 
l'rotopteris punctata (Stern h.} Pres!., 

831. 
Protostigma, 889. 
Protostigrua sigillarioides, 889. 
l>rototaxitt>R (N ematovhytonL 6~4,R43. 
Provence (France), 690, 691,692,693. 
Providence (Rhode IRian d), Soil. ' 
Provincetown (M:~ssachuSettR), ~-32. 
Prussia, 759, 760, 8~2. 
Prussinn Saxony, 765. 
Prussian Saxony and Thuringia, 666, 

744, 7ti0. 
Psarumites, 777. 
Psaronius, 858. 
Pschow (Silesia), 758. 
PsendopecoptPris anpf'JlS Lx., 8i0, 
Pseudopecopteris Plukenetii 

(ScLlotL.) Lx., 870. 
Psilophytum, 686, 843. 
Psiloph_yturn gracillimum Lx., 883, 
P•ilophytum· Monense Binney, 681. 
Psilophyton JH'iucepA, 843. 
Pskow (Russia), 782, 785. 
Psuc-sre-que Creek (Oregon), 923. 
Pteris eocenica Ett. and Gard., 821. 
Pteris Humri Ett., 812. 
Pteris inreqnalis Heer, 812. 
Pteri& Russcllii, 915. 
Pteris tremnla L., 812. 
Pterophyllnm, 822,825. 
Pterophylh,tm carLonicnm Schenk, 

792. 
Pterophyllum ? Ferrarii, 826. 
Pterospermite5, 837. 
Pterospermitea spectabilis Hecr,836. 

Pterozamites, 877. 
Pterozamites obtusus Emm., 826. 
Ptilopbyllum, 811, 826. 
Ptilophsllum Herrarm, 826. 
Ptilopbyllum! rigi<lum, 826. 
Ptilophyton, 858, 896. 
Ptilophyton Vanuxemi Dn., 856. 
Ptilozamites, 822. . 
Pucklechurch (England), 683. 
Puerto de Leitariegos (Spain), 703. 
Puerto Uano (Spain), 703, 704. 
Puerto Manzanal (Spain}, 703. 
Piittlingen (Rhenish Bavaria), 774. 
Pngnello (Italy}, 710. 
Puilasok (Gretmlan<l), 834. 
Pulaski (New York},856. 
Pnlaski County (Virginia}, 875. 
Pnllborough (~;ngland), 675. 
Pumpelly, RaphaCI, 790. 
Punfield (England), 675. 
Pnnta de lrt Loja (Argentine Repub--

lic), 821. 
Punur (India), 795. 
l'urga-di-Velo (ltal.v), 710. 
l'uri!ator.v Canon (New lHexico), 915 •. 
l'usiano (Italy), 714. 
Pnszta-Szobak (Ilungary), 723. 
Pnszta-Szt.-Mihaly (Hungary), 724. 
Pntschirn (Bohemia), 732. 
Puy-de-D<'Ime (France}, 698. 
Pu,v-en-Velay (France}, 698. 
Puzzolente (Italv), 71a. 
Pyramid Lake (Nevada), 919. 
Pyskorsk (Russia), 785. 
l',yunsz (China), 791. 
Quaint on (England), 675. . 
Qualen, Major Wangenheim von, 782;. 
Quan-jnOn-shien (Cl.Jina), 792. 
Quaregnon (Belgium), 777 • 
Quarlton IEuglaud), 679. 
Quatitz (Saxony), 754. 
Quebec !Canada), 842. 

.Queen's County (Ireland), 688. 
Queensland (Australia), 810,811, 822 .. 
Quedlinhnrg (?russian Saxony), 766 .. 
Qne~fstein (Rhenish Prussia), 775), 
Queis (Silrsiu), 707. 
Quercus, 804, 813, 814, 817, 837, 839, ~80, 

907, 921. 
Quercus ani(nstiloba AI. Br., 881, · 
Quercus ant.iqnn, 918. 
Quercus chrysolepis Lichm., 020. 
Qtwrcus flllciuervis (Rossm.), Ung.,. 

899, 920, 923. 
Quercus llex L., 802. . 
(~uercus imbricaria !fichx., 861, 862. 
Querens Satl'ordii Lx., 881. 
Quercus Ainuata, 918. 
Quesnel Mouth (British .Columbia),. 

837. . 
Quesnel River (British Columbia),, 

838. 
Queune (France), 698, 
Quiaios (Portugal), 706. 
Quierschied (Rhenish Prussia), 773 •. 
Quillacollo (Bolivia), 823. 
Quinnimont (West Virginht), 876. 
Qi<iuta da Cruz (Portugal), 706. 
Quirnbach (Rhenish Bavaria), 773. 
Quiros (Spain}, 703. 
Qvesarum (Sweden), 7FO. 
R!ibiicks .(Sweden), 780. 
Rabbit Valley (Utah), 918, 919. 
Rahenborst. Rudolph, 803. 
Rabeusteinfehl (Baltic Prussia), 760 •. 
Raebelshausen (Hesse), 766. 
Rachny, Surveys in Austria by, 734. 
Raculmuto (Italy), 715. 
Uaduitz (Bohemia), 728, 729, 730. 
Radoboj (Uroatia), 718,719,723. 
Uadowentz (Bohemia), 728,730. 
Radstock (England), 683. 
Ragavapuram (India), 'i95. 
Raibl (Carinthia), 734, n6. 
}{aigarh eoal-fiel<l (ln<lia), 795. 
Raj hem ([ndia), 796. 
R:\jwa!Jal Group (India), 795. 
Rajmahal Hills (India), 794, 795. 
Rake Beck (England), 679. 
Rakonit." (Bohemia), 729, 730. 
R:ikos (Hungary), 723,724. 
Jtallil(en (Switzerlaml), 739, 740. 
RalligstOcke (Switzerland), 74a. 
Rambervillers (Aleace-LO!raine), 745.. 
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Rames, J., 696. ·. 
Ramsey Island (Wales), 683. 
Randall,.!<'. A., 870. 
Randeck (WUrtember)!), 749. 
Randolph County (Utah), 908. 
Randolph (New York), 858. 
Ran~OOI} (Burmah), 793. 
Ramganj (India), 795. 
Ranka (Hungary), 724. 
Rapatz (Switzerland), 741. 
Rapic (Jlohemia), 730. 
Rapides Parish (Louisiana), 881. 
Rapozeira (Portugal), 706. 
Raritan River (New Jersey), 860. 
Raspail (Switzerland), 743. 
Rassden (Switzerland), 741. 
Rastadt (Baden), 747. 
Raton Mountains (Colorado), 911. 
Raton Pass (Colorado), 915. 
Rauden (Switzerland), 741. 
Randnic (Bohemia), 731. 
Ranh-Thal (!'russian Saxony), 761. 
Rauschen (Baltic Prussia), 759. 
Rausch Gap tPenns}lvanla), 869. 
Ravenhead (England), 680. 
Rawley Springs (Virginia), 874. 

·Raymond Terrace (A ustrnlia), 810. 
Reading (England), 677, 681. 
Reading (Pennsylvania), 864. 
Recherche Bay (Spitzbergen), 829. 
Recoaro (Italy), 7ll, 712. 
Red Canon Creek (Dakota), 904. 
Red Cliff (England), 674. 
Red Deer River (British Northwest 

Territory), 842. 
Reden (Rhenish Prussia), 773. 
Redhall Quarries (Scotland), 686. 
Redipvllos (Spain), 705. 
Rcdon (France), 700. 
Red River t Texas), 898.· 
Red Spring (Dakota), 903. 
Red Water Yalley (Dakota), 904. 
Reefton (New Zealand), 816. 
Regensburg (Bavalia), 749. 
Reg-oledo (Italy), 714. 
Relibe g (Hanover), 769. 
Rehburg (Hesse), 766. 
Rehlinl(en (Rhenish Prussia), 772. 
Reichenau (Bohemia), 731. 
Reichcnau (Saxony). 754. 
Reichenberg (Camiola), 736, 
Reichhennersdorf (Silesia), 757. 
Reid, Clement, 6>2. 
Reifel bach (Rhenish Prussia), 773. 
Rein, Fossil plants collected in ,Tapan 

by, 788. 789. 
Rein (Styria), 720. 
Reindorf (Bavaria), 751. 
Reinsdorf (Saxony), 752. 
Reiselsber)!erhi\tte (Bavaria), 750. 
Reissenberg (Austria), 704. 
Reisweiler (Rhenish Pmssia), 773. 
Reroil(iusber~r (Rhenish Bavaria), 773. 
Remond and Blllt.Jey, 825. 
Renault, Bernard, on fossil plants of 

Franco, 694, 695, 6n7, 700, 701. 
Renshawe, J. R., 909. 
Reocin (Spain), 703, 704. 
Rcprachter-Miihrcn (Switzerland), 

741. 
Rerolle, L., 705. 
Restigoucho River (Canada), 843. 
Retienla (Spain), 703. 
Rettigheim (Baden), 747. 
Reuss (Prussian ,Saxon~), 760, 761. 
Reuss River (Switzerland), 741. 
Reutlingendorf (Wiirtemberg), 748. 
Re..-al (Russia), 785. 
Revelles (Portugal), 706. 
ReYilla (Spain), 705, 
Reydellct, Fossil plants collected in 

Spain by, 704. 
Rbabdooarpus, 827, 867. 
Rhabdocarpus multis!Jiatus (Pres!.) 

Lx., 882. 
Rhabdocarpus Russellii, 879. 
Rhacophyllum lactuca, 869. 
Rhacophyllum speciossimumSchimp., 

869. 
Rhamnus, 804, 836, 852, 880. 
Rhamnus Cleburni Lx , &81. 
Rhamnus mar~rinatus Lx., 881. 
Rheinfeldcn (Baden), 747. 
Rhein-Hessen <H.esse), 767, 774. 

INDEX. 

Rhenish Bavaria, 666, 744, 7,-2, 773. 
• Rhenish Prussia, 666, 744, 766, 770, ,.,.2, 

Rhine, Source of the, 739. 
Rhizocarps, 845. 
Rhizocupressinox~·lon, 920. 
Rbodea, 859. 
Rhode, Captain, 822. 
Rhode, J. G., 755. 
Rhode Island, 667, Sli3. 
Rhodo!lendron Ponticum L., 737. 
RhOne, Department of, 698. 
Rbune (France), 694. 
Rhus, 792, 805, 832, 880. 
Rhus atavia Schenk, 792. 
Rhus bidens Heer, 806. 
Rhyolite beds of Silver Cliff (Colo-

rado), 913. 
Rhysophycus, 700. 
Rians (France), 696. 
Riant-Mont (Switzerland), 740. 
Ribeiro, Carlos, 705, Fossil plants col· 

lected in Portugal by, 706. 
Ribstone Creek (BJ·itish Northwest 

Territory), 842. 
Richards, JcT., 685, 686. 
Richardson, Dr., 835. 
Richardson, James, 837, 838. 
Richevue (Switzerland), 740. 
Richfield (Ohio), 887. 
Richmond (New Zealand), 816. 
Richmond (Tasmania), 815. 
Richmonol (Yirginia), 873. 
Richter, Reinbanl, 762. 
RiChter, Richard, 754. 
Rkht.hofen, Baron, 790,791,792. 
Riddell,J.L.,897. . 
Riechelsdorf (Hesse), 767. 
Riedisheim (Aisace-Louaine), 746. 
Riesen~rebir(le (Bohemia), 7?.7, 729,730. 
Riethhiisli (Switzerland), 738, 739. 
Rigl!, J., 803. 
Riliba (India), 796. 
Rimsingen (Baden), 747. 
Ringl(enherg- (Switzerland), 743. 
Rin#sjon Lake (Sweden), 779. 
Rink, Fossil plants collected in Green· 

land by, 831. 
Rinkhove (Westphalia), 771. 
Rio Bravo ('J'cxa•), 898. 
Rio Cnrua (Brazil), 823. 
Rio Dolores (Uta b), 918. 
Rio Grande (United Stales), 898,915. 
Rio Grande do Sui (Brazil), 823. 
Rio Negro (Argentine Republic), 822. 
Rio Oscuro (Spain), 703. 
Rio Secco (Arizona), 916. 
Rio Tapagos (Brazil), 824. 
Rio Trombetos (Brazil), 823. 
Ripon (Wisconsin), 894. 
Rippersroda (Prussian Saxony), 765. 
Rippien (Saxony), 754. · 
Riprechtenmiihre (Switzerland), 743. 
·Risdon ("l'astnaniH), 815. 
Risstissen (Wiirtemberg), 748. • 
Ritenbenk's Coal Mine· (Greenland), 

833,834. 
Ritter burg (Westphalia), 770. 
Rixl•iift (Baltic Prussia), 759, 7CO. 
Rix's Creek <"restphalia), 810. 
Rjasan (Russia), 783. 
Roach Hill (California), 921. 
Road Ucbaf (Wales), 683. 
Roane County (1\•nnessee), 882. 
Roanoke River, b·i6. 
Robert, Arctic exjle<lition of, E27. 
Robert. Valley (Spit.zuer~ren), 829, 
Roca Clift" Gully (New Zealand),816, 
Roc a, Genm a], 822. · 
Roche Perc~e (British. Northwest 

Territory), 839 .. 
Roch• sauve (Fiance], 690. 
Rochester (New York), 857. 
Rochlitz (Saxony), 753. 
Rock Castle (Kentucky), 883. 
Roekclitf (England), t<73. 
Rock County (WisconRin), f94. 
Rock Corral (Califomia), 921. 
Rock Creek (Wyoming), 907,908. 
Rockenhausen (Rhenish Bavaria),773. 
Rockbampton (.Australia), 811. 
Rockingham County (Yirginia), 874. 
Rock Jslanol County (lllinois), 893. 
Rockport (K• ntucky), 883. 

Rockport (Massachusetts), 852. 
Rockwood (Tennessee), 882 . 
Rocky Creek (Australia), 813. 
Rocky Mountain House (British• 

Northwest Terdtory), 842. 
Rocky Mountains (British Northwest. 

Territory), 840. 
Roes des lfares (Switzerland), 743. 
Roehl, E. von, 746, 768, 770. 

, Roemer, Ferdinand, 865, 897. 
Roemer, Freidrich Adolph, on fossil• 

plants of- · 
Prussiai1 Saxony, 761, 763. · 
Hanover and Brunswick, 768,.769. 
Westphalia, 770. . 

· Roemeria Americana Ung., 897. 
Riipsen (Prussian Saxony), 761. 
Roer River (Rhenish Prussia), 772. 
Roessler, A. R., 898. 
Rogeno (Italy), 714. 
Rogers, Henry Dat win, 864, 866. 
Rogers, W. B., on fossil plants of-

Virginia, 87:1. 
Ohio, ~86. 

Roggeveld (South .Africa), 799,800. 
Rohlfs, Expedition to the Libyan des--

erts by, 802. 
Rohrbach (Baden), 747. 
Rolker, Charles M .. 824. 
Roinanowski, G., 797. 
Rome (New York), 856. 
Rominger, C., 8fl4. 
Rommelsbach (Wlirteruberg), 748. 
Ronca (Italy), 710. 
Ronchamp (France), 691,698,699. 
Ronzon (France), 695. 
Roodsikiille (Russia), 785. 
Rorhas (Switzelland), 739. 
Rosehof (\V cstpbalia), 770. 
Rosewood (Australia), 811. 
Rossacossrine (Ireland), 688, 
Rossberg (Rhenish Prussia), 739, 740,. 

7m · 
Ross County (Scotland), 685,686. 
Rossdorf (Hesse), 768. 
Rosseln (Rhenish Prussia), 774. 
Rossitz (Moravia), 727. 
Rossmassler, E. A., 731. 
Rosthornia Carinthiaca, 736. 
Rost, W., 764. 
Rot hammer, J. M., 904. 
Rothbury (England), 675,677. . 
Hothcnfelde (Westphalia), 769, 771 •. 
Rotbenkasten (Switzerland), 741. 
Rothenstein (Carinthia), 736. 
Rothenthurm (Switzerland), 740. 
Rot herb am (England), 674. 
Rothpletz, A., 744, 751. 
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SUMMARY OF THE GEOLOGY OF THE QUICKSILVER DE
POSITS OF THE PACIFIC SLOPE. 

By GEORGE F. BECKER. 

In accordance with the policy and practice of the Geological Sur
vey, an abstract is here presented of a monograph prepared for it 
on the geology of the quicksilver deposits of the Pacific Slope. A 
very large part of the full memoir necessarily consists of detailed 
descriptions, written in order to enable readers to judge whether the 
facts warrant the opinions expressed, and of discussions of a some
what technical character. There may be those, however, who will 
be interested to know in brief what conclusions have been 'reached, 
but who have no inclination to undertake the somewhat serious task 
of weighing the evidence adduced and of following the arguments 
in detail. For such readers this chapter is written; but it must be 
understood that for full and fully qualified statements reference must 
be made to the monograph. 

STATISTICS AND HISTORY. 

The commercial status of quicksilver is peculiar. 'It seems to be 
three or more times as abundant in nature as silver, and since 1850 
the weight of silver extracted is about six-tenths that of quicksilver; 
but the total value of the latter is less than one-sixteenth that of the 
former metal. This is due to the limited demand for mercury, which 
is employed in large quantities only for amalgamating gold and silver 
ores and for the manufacture of vermilion. If it should prove prac
ticable to extirpate phylloxera with mercury, this application will 
greatly benefit the quicksilver miners as well as the vine-growers. 

Five regions in the world are yielding or have yielded great quan
tities of this metal. They are Almaden, in Spain; Idria, in Austria; 
Kwei-Chau, in China; Huancavelica, in Peru, and the Coast Ranges 
of California. Of the Chinese region little is known, except that it 
is extremely rich; in the opinion of a very competent judge, the 
richest of all. Almaden has produced more than any one of the 
other three. Idria, Huancavelica, and California have each yielded 
pretty nearly the same amount from the dates of discovery of the 
deposits to the present day, California taking the lowest rank. But 
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considering only the period which has elapsed since the mines of the 
Pacific Slope were first opened the case is different. Peru produced 
nothing from 1850 to 1886; Idria, in round numbers, 300,000 flasks; 
Almaden, 1,140,000, and California, 1,400,000, ornearlyhalfthe entire 
product of the world. California, however, does not seem likely to 
maintainthe same rank among quicksilver producers in the future. 

Quicksilver was first r_ecognized in California as occurring at the 
crop pings of the New Almaden mine by Andreas Castillero in 1845. 
His means of testing the ore were quaint, but effectual, and he imme
diately began production on a small scale. A large number of other 
deposits were discovered at later dates, and some forty mines have 
·produced metal, though from some of these the yield has been trifling. 
Half a dozen of them have yielded from 40,000 flasks upward, and New 
Almaden has turned out over 858,000 flasks. The sketch map of 
California (see Plate LXII) show;s the distribution of some of the 
mines. 

FOREIGN OCCURRENCES OF QUICKSILVER. 

The account given of deposits known to occur in foreign countries 
will not bear condensation, being in itself a brief digest. The rocks 
inclosing quicksilver deposits are of very diverse ages, ranging all the 
way from Archean granites and schists to recent strata and lavas. 
The lithological variety of the inclosing rocks is equally great, includ
ing limestone~, sandstones, and shales, many kinds of metamorphic 
strata, and massive rocks of acid, neutral, and basic types. Cinnabar 
does not even seem to exhibit any preference for one class of rocks 
rather than another. It is clear that the mere age of the surround
ing material is without influence on the deposition of the ore and that 
the ore can not in general be der:ived from the walls of the deposits, 
for it is scarcely supposable that this metal forms an original con
stituent of all sorts of rocks. 

A glance at the map (Plate LXIII) shows that the quicksilver de
posits occur along the great axes of disturbance of the world. One of 
these is on the line of the principal rq.ountain system of Eurasia, for 
which I suggest the name of Alpimalayan chain, because it includes 
the Alps and the Himalayas. The other coincides with the western 
ranges of the Cordillera system of· America. In many parts of the 
world volcanic phenomena are intimately associated with these axes 
of disturbance and with the quicksilver deposits. 

The minerals which occur in considerable quantities with quick
silver ores are few in number. Pyrite or marcasite is nearly or quite 
always present, arsenic and antimony are found at many localities, 
and copper ores sometimes accompany cinnabar. Other metallifer
ous mineral$ are comparatively rare. The principal gangue seems 
to be invariably either silica, sometimes hydrous, or carbonates, 
chiefly calcite. Cinnabar occurs in true, simple fissure veins, in im-
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pregnations, and stockworks. The forms which its deposits take do 
not apparently differ in any essential respect from those which de
posits of other metals assume; but ore bodies precipitated by substi
tution do not appear from the descriptions to be common. · In all 
cases a fissure system seems probably associated with the deposits. 

The facts recorded point to the supposition that most of the quick
silver deposits, if not all of them, have been formed in a similar 
manner. They have all been deposited from solution, for the gangue 
minerals could have been formed in no other way. Cinnabar has 
certainly been deposited by thermal springs of very high tempera
ture at Puzzuoli, in Italy, and at Lake Omapere, in New Zealand, 
and is most intimately associated with hot springs and other volcanic 
phenomena at a large number of other points. It has, perhaps, 
always been deposited by heated waters. It must be derived from 
some qeep-seated substance of world-wide distribution, which has 
been exposed to the action of volcanic solvents by profound disturb
ance. The fundamental granitoid rocks answer this description, for 
they seem everywhere to underlie all other rocks; they are of great 
but unknown thickness, and they certainly in part overlie the centers 
of volcanic activity. Geological investigations have as yet revealed 
no other substance of similar distribution. There is no other rock 
from which it is equally probable that the quicksilver is derived. 

LITHOLOGICAL GEOLOGY. 

SEDIMENTARY ROCKS. 

~xcepting the light cream-colored schists of Miocene age, which 
occupy a narrow strip along the coast of California from the neigh
borhood of Santa Cruz southward, the rocks of the Coast Ranges 
where unaltered are mainly sandstones of Cretaceous and Tertiary 
age. Sandstones often occur here in practically uninterrupted series 
of beds :many thousands of feet in thickness. The unaltered sand
stones of the Coast Ranges are very much alike, whatever their age. 
The Tejon (Eocene) beds, however, are of a much lighter color than 
the Chico (late Cretaceous) or the Miocene rocks. The Chico again is 
usually more indurated than the Miocene. While the Knoxville 
(N eocomian) sandstones where unaltered closely resemble those of 
later periods, no case is known in which unaltered Knoxville beds 
are not intimately associated with greatly disturbed and metamor
phosed rocks of the same age, so that there is n.o difficulty in dis
crimination when once it is established that the epoch of violent 
upheaval and metamorphism followed soon after the close of the 
Knoxville. 

Field study shows that the Coast Ranges are probably everywhere 
underlain by granite. The microscopical examinations have given 
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this inference un-expectedly strong confirmation, for, though on 
structural grounds it appears certain that a portion of the later sand
stones were formed at the expense of earlier arenaceous beds, they all 
exhibit unmistakable evidence of granitic origin. They are tlius so 
similar that they may be discussed together lithologically. The 
microscope shows that the main constituents are quartz fragments 
(containing abundant fluid inclusions and in other respects resembling 
the quartzes of the underlying granite), orthoclase, the same plagio
clases found in the granite, and biotite. Most of the less important 
constituents of the granite are also found in the sandstones. The. 
proportion of quartz in the sandstones is, as a matter of course, 
greater than in the granite. The grains are commonly rounded like 
ordinary beach sand, but are sometimes extremely sharp. Th& 
cement is largely Qalcite. The sandstones are subject to the ordinary 
decomposition known as weathering, by which the ferromagnesian 
silicates are in part converted to chlorite and in part to a ferruginous. 
cement. 

The unmetamor.phosed late Cretaceous and Miocene sandstones 
show numerous concretions. These in rare instances contain fossils. 
as nuclei. A representative concretion in which no organic remains 
existed was investigated. It was found that the cementing matrix 
contained a considerable amount of phosphoric acid, but was chiefly 
composed of a mixture of calcium carbonate and a hydrous subsilicate 
of iron. It is shown that this composition points to the action of 
organic acids, especially the humus acids, and that the class of 
concretions of which this is a type niust have contained nuclei of 
organic matter which have decomposed and disappeared. 

Rounded nodules resulting from the action of decomposition proc
esses on angular masses are discussed, and it is shown that the 
rapidity of attack must be in an inverse ratio to the radius of cur
vature of the mass. This explains tho fact that ·such nodules tencl 
to a spherical form. The rounding of pebbles and of sand grains is
shown to depend on the same mathematical law. 

Sharply defined limits can not be drawn between the various early 
Cretaceous metamorphosed rocks of the Coast Ranges; they pass over· 
into one another by degrees. For purposes of description, however, 
it is desirable to consider certain types as distinct. Tho divisions
which appear to satisfy best both their field occurrence and their mi-
croscopical character are as follows: Partially metamorphosed sand
stones, in which, although a process of recrystallization has begun, 
the clastic structure as seen under the microscope is not obliterated, 
but is often more or less obscured. This class will be referred to
hereafter for the sake of brevity as altered sandstones. Gran-nlar· 
metamorphics, in which metasomatic recrystallization of sandstones· 
has transformed the mass into a holocrystalline- aggregate, form. 
another group. The third class embraces the glaucophxne schists,. 
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derived from certain. shales, much as the granular metamorphics are 
produced from sa11dstone. The phthanites are a series of more or 
less calcareous, schistose rocks which have been subjected to a proc.:. 
ess of silification, resulting in cher.t-like masses, which retain schistoid 
structure and are intersected by innumerable quartz veins. They 
usually carry more or less zoisite. Final~y the serpentines,· which 
have resulted in part from the direct action of solutions on sandstones 
and in part from alteration of the granular metamorphics. 

A considerable number of minerals have been generated in these 
rocks by metasomatic processes and weathering. These are biotite, 
muscovite, augite, hornblende, glaucophane, labradorite, andesine 
(probably), oligoclase, albite, orthoclase, quartz, zoisite, rutile, ilmen
it.e, titanite, apatite, garnet, nacrite, chlorite, epidote, serpentine, 
and chromite. The most interesting and in some respects the most 
important mineral found is zoisite, which has been repeatedly an
alyzed and tested. 

All the more important processes of metasomatic recrystallization 
can be traced in the altered sandstones, rocks whose clastic origin 
could not be doubted for a moment. In many cases one of the first 
stages in the process is the resolution of the clastic grains into crys
talline aggregates from which new minerals are again built up. 
Augite, hornblende, and plagioclase have been observed which had 
formed in this manner. The feldspars also crystallize along tiny 
veins in the slides. A frequent occurrence is the resolution of quartz 
grains into plagioclase microlites. The reaction begins on the sur
face of the quartz grains and produces a fringe of twinned feldspar 
microlites in positions approximately normal to the surface of the 
residual kernel. The microlites do not merely abut against the ker
nel, but penetrate it for a sensible distance like closely set pins in a 
cushion. Zoisite is present in nearly all the altered sandstones. It 
forms in the aggregates which result frorri the clastic grains, and its 
microlites sometimes pierce quartz grains from the outside. It is 
abundant in the granular as well as in the prismatic form. This. 
hydrous mineral forms simultaneously with the other products of 
metasomatic recrystallization, and does not here represent a decom
position process in rocks already recrystallized. 

It is only necessary to suppose the processes indicated above carried 
further to obtain a product in which the clastic character of the rocks 
would cease to be evident. The altered sandstones thus form, under 
the microscope, as they do in the field, transitions from the clastic 
series to the holocrystalline rocks. · 

The granular metamorphic rocks of the Coast Ranges are separable 
under the·microscope into several groups, but this is not practicable· 
by unaided vision; indeed, there are many cases in which specimens 
which appear to the naked eye to be not greatly altered sandstones 
prove under the mi9roscope to be holocrystalline rocks, with non& 
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of the microstructure of a sandstone. The· most important class of 
the granular rocks is chiefly compo"sed of plagioclase and augite. It 
sometimes resembles true diabase, and may conveniently be called 
pseudodiabase. Tb.e pyroxene sometimes assumes the form of dial
lage. Another class contains amphibole instead of pyroxene, and I 
call this rock pseudodioritf.'. No metamorphic rocks have been 

. found in place which carry olivine. Glaucophane occurs in both the 
pseudodiabase and the pseudodiorite. The quantity of zoisite in 
these rocks is very variable, and in some cases is so great that with 
feldspar it forms almost the entire mass. The schistose metamor
phics, not including phthanites, are all characterized by the presence 
of glaucophane. In every case but one, zoisite is associated with 
the glaucophane in this group and either muscovite or biotite is 
usually present. 

The phthanites or silicified shales form a very distinct group, readily 
distinguishable from the granular metamorphics. They are usually 
green or brown and are intersected by innumerable quartz veins. 
They contain microscopic organic remains, and embedded in the 
quartz veins or projecting from- their walls are often numerous zoi
site crystals. All of these rocks are best represented by detailed 
descriptions of special examples; for which there is no space here: 

Serpentine in a comparatively pure state occurs throughout the 
quicksilver belt in irregular areas. As nearly as can be estimated 
these areas amount to somewhat over one thousand square miles be
tween Olear Lake and New Idria. Serpentine is also one of the min
eral constituents of many of the altered sandstones and of the gran
ular metamorphic rocks. It)s a biaxial variety, often just percepti
bly dichroitic, and rarely shows differences of tint as great as those 
characteristic of chlorite. It might be called antigorite if it seemed 
needful to separate the biaxial serpentines. The net structure so 
usual, though not invariable, in serpentine formed from olivine 
has nowhere been detected. Where any considerable quantity of 
serpentine is present it usually shows the now well known grate 
structure. 

No considerable portion of the serpentine of the Coast Ranges has 
resulted from the decomposition of olivine. Only in one district 
have pebbles of olivine gabbro been found, and these contain a mere 
trace of serpentine, while the origin of the serpentine has been traced 
in a great number of cases to rocks containing no olivine. 

Field observations show most conclusively that the great mass of 
the serpentine of this area is derived from the sandstones, either im
mediately or through an intermediate granular metamorphic rock. 

Under the microscope it can be shown, as I think beyond question, 
that all of the principal components of the sandstones and granular 
metamorphic rocks. are subject to serpentinization. Not only are 
the augite and hornblende subject to this kind of decomposition, but 
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feldspar, quartz, apatite, and probably other minerals are also con
verted into serpentine. 

In the present state of opinion it is not supe:r:H.uous to insist upon 
the derivative character of the holocrystalline metamorphic· rocks 
and the serpentine of the quicksilver belt. There are in fact two 
independent lines of evidence leading to this conclusion, for the 
known occurrences of zoisite and its· composition indicate that rocks 
containing it otherwise than as a product of decomposition are met
amorphic, while, even if zoisite were a common constituent of uncle
composed lavas, the proof of the metamorphic character of these 
rocks would still be ample. 

The depth at which the rocks now exposed were buried at the 
epoch of metamorphism, soon after the close of the N eocomian, was 
probably a moderate one; perhaps two thousand or three thousand 
feet. At a sufficient pressure rocks appear to be m_olded by dynamic 
action rather than crushed, and Dr. Lehmann has shown that under 
such conditions even crystals may be bent. In the Coast Ranges no 
such phenomenon has been observed. On the contrary, the amount 
of fracturing is really astonishing. The recrystallization of the 
sandstones and the .serpentinization and silicification are regarded 
as due to the action of solutions rising from the underlying granite; 
and these solutions were heated, charged with mineral matter, and 
driven to the surface as a result of the same dynamic;;;.l causes which 
produced the uplift. 

In conclusion it may be noted that all the more important minerals 
of the Archean schists are found in the metamorphosed rocks of the 
Coast Ranges. The quantitative relations indeed are different, espe
cially those of the feldspars; for, while orthoclase predominates in the 
Archeai1, plagioclase is much more common in the Coast Ranges; 
but it is evident that, under conditions not greatly dissimilar to those 
which prevailed.in California at the close of the Neocomian, rocks 
not distinguishable from those of Archean areas might have been 
formed. 

MASSiVE ROCKS. 

The massive rocks met with in this investigation are granite, dia
base, diorite, andesites, rhyolite, and basalt. The granites seem to 
underlie the entire Coast Ranges, and to form the lower and central 
portion of the SierraN evada. They are on the whole pretty uniform 
and present no known peculiarity. Diabase occurs in the Mesozoic 
conglomerates of Steamboat Springs, and Reems to be identical with 
the diabase which forms the hanging wall of the Comstock lode. 
Diorite is represented chiefly by pebbles in the Neocomian conglom
erates of the Coast Ranges. 

The andesites are divisjble into two groups, an older and a younger. 
The younger group is found at Steamboat Springs and elsewhere in 
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and near the Sierra Nevada, at Mt. Shasta, and from Clear Lake to 
Mt. Diablo. It presents several varieties: one containing pyroxene, 
a mere trace of hornblende, and no mica; a second containing pyrox
ene· and mica, but no hornblende; a third containing hornblende, 
with very small quantities of pyroxene, together with mica in quan
tities ranging from nil to a very large percentage. All of these pass 
over into one another, sometimes within a few feet, and in masses 
evidently not due to separate eruptions. Nearly or quite all of them 
are rough, soft rocks, such aswereformerly supposed to be trachyte. 
They form a natural group, which should be recognized. I have 
proposed the name asperite to suggest their resemblance to trachyte. 
Asperites, then, are a group of andesites with external characteristics 
similar to those of trachyte. 

Both the asperites and the basalts near Clear Lake pass by transi
tions into enormous masses of obsidian. The transitions have been 
traced in the field, in the chemical laboratory, and under the micro
scope. The glasses are more acid than the crystalline rocks into 
which they pass, but they contain much more alkali and much less 
lime and magnesia; their specific gravity is also much smaller. They 
have cooled as glasses, instead of-as crystalline aggregates, because 
of their peculiar composition, and not because they have been sub
jected to different physical conditions from the associated, sensibly 
holocrystalline lavas. 

The origin of the massive rocks of California is discussed in Chap
ter IV of the Monograph. It is shown to be probable that portions 
of the granitic rocks represent parts of the original crust of the earth, 
or that they are primeval rocks. That ~he primeval rocks must un
derlie all others is self-evident and the lowest rocks we know of are 
granitic. It has never been shown how the original crust could be 
wholly buried beneath its own ruins, and simple arguments are ad
duced to show this utterly improbable. It follows that a part of the 
granite must be Azoic and that the lavas which have broken through 
the granite can not be remelted sediments. 

HISTORICAL GEOLOGY. 

The following outline states in the briefest terms the main events: 
in the geological history of the Coast Ranges, so far as they have· 
been elucidated by former observers and by myself. 

Prior to the opening of the Cretaceous the region of the Coast 
Ranges seems to have been chiefly occupied by granite. During the· 
:first period of the Cretaceous-the N eocomian-great quantities of 
sediments derived from the granite were deposited on the quicksilver 
belt. Thesewere chieflysands, though shales and calcium carbonate 
were also found. The sea must have been shallow and many islands· 
must have existed in it. The most characteristic animals of the pe
riod were Aucella concentrica and AuceUa mosquensis, of which a. 
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description, with illustration,s, by Dr. C. A. White, is given in Chap
ter y. At the . close of the N eocomian an upheaval took place 
with extraordinary violence, folding and crushing the rocks and 
producing the first ranges along the coast of California of which any 
record remains. It is probable enough that earlier ranges existed, 
but had been obliterated. The same upheaval affected the Sierra 
Nevada and added to its western side, along a part of the gold belt, 
an immense mass of N eocomian rocks, which were driven into a 
nearly vertical position. Accompanying this upheaval was a vast 
expenditure of energy. The heat into which this energy was con
verted brought about the solution of some components of the under
lying granite, particularly of magnesia and soda. These solutions, 
acting on the Neocomian rocks, converted them into the metamor
phic product mentioned in preceding paragraphs. 

During the middle Cretaceous (the Turonian) the shore of Califor
nia seems to have been nearly in the same position as it now is, and 
a series of beds discovered during this investigation, the W allala 
group, was deposited. · They are composed of granite detritus and 
fragments of metamorphosed N eocomian beds and certain fossils. 

Late in the Cretaceous a great part of the Coast Ranges was again 
under water and the sea once more reached the flanks of the Sierra 
Nevada. The sediments laid down at that time, and now known as 
the Chico series, were of course deposited uncomformably upon the 
metamorphosed and eroded N eocomian rocks. 'There was no dis
turbance at the close of the Cretaceous, and sedimentation and the 
gradual developmeD,.t of the marine fauna went on undi&turbed 
through the Eocene, which, in California, is represented by the 
Tejon series. The non-conformity between the Chico and the under
lying rocks and the continuity of the Chico and Tejon were first 
established in this investigation. 

Between the Eocene and Miocene there is a sharp faunal distinc
tion, but there is no general corresponding non-conformity. At t.he 
close of the Miocene an important upheaval took place, though one 
which was much less violent than the earlier uplift. Professor 
Whitn~y first studied this post-Miocene disturbance. Only a small 
amount of Pliocene territory exists in this region, and part of it con
sists of lake deposits. · It is of course unconformable with the 
Miocene. 

After the close of the Jurassic no eruptions seem to have taken 
place in the Coast Ranges unt.il the close of the Miocene, or possibly 
a little later. Andesite!'; were then ejected and outbursts of these 
rocks recurred at intervals to the close of the Pliocene. The asperites 
of Clear Lake and of Mt. Shasta date from the end of the Pliocene. 
Only one dike of rhyolite is known to exist in the Coast Ranges. It 
is close to the New Almaden mine. It is probably later than the 
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andesites, but its date is not certain. During the Quaternary and 
down to very recent times there were many basalt eruptions. 

The formation of cinnabar deposits was confined to the period of 
volcanic eruptions with which they are most intimately connected. 
Almost all the massive and sedimentary rocks of the region inclose 
bodies of cinnabar, and the age and the chemical character of the 
rocks are without apparent influence on the ore. 

DESCRIPTIVE GEOLOGY. 

DEPOSITS OF THE PACIFIC SLOP:fu. 

Clear Lake district.-The region of Clear Lakfl is a picturesque 
one, lying at the northwestern extremity of a· belt of lavas which 
extend southward as far as the Bay of San Francisco. Extinct vol
canic cones, borax lakes, hot mineral springs, and deposits of sulphur 
and cinnabar form its most noteworthy features. 

Metamorphic rocks of the N eocomian series underlie the whoie 
country so' far as known, though the existence of granite pebbles in 
·the stream which drains the lake suggests that this rock is exposed 
at no great distance. Upon a part of the metamorphic area about 
Lower Lake the Chico-Tejon occurs. The latter series is compara
tively little disturbed and not metamorphosed. 

The earliest eruptions in the district seem to have been that qf Chalk 
Mountain, on the north fork of Cache Creek, and some of the rock 
near Thurston Lake. This lava was a dense pyroxene-andesite and the 
eruption seems to have occurred about the beginning of the Pliocene. 
Soon, and perhaps immediately afterwards, a large body of fresh 
water formed which I have called Cache Lake. It lay mostly to the 
east of Clear Lake and continued in existence up to the end of the 
Pliocene. At this period fresh eruptions of andesites took place. 
They are the asperites of Mt. Konocti (qr Uncle Sam) and the neigh
borhood. A part of the lava flowed over a portion of the bed of 
Cache Lake, and the orography was so modified as to shift the posi
tion of the water to the new Clear Lake, which overlaps part of the 
more ancient bed. The change must have been somewhat gradual, 
for the same mollusks which lived in the earlier body of water also 
flourished in the new one and the forms are lacustrine. 

The asperitic andesites of Mt. Konocti are interesting because they 
contain pyroxene and mica, but no hornblende; which is unusual, 
and because they pass over into acid glasses. The asperite is often 
almost wholly crystalline, though it has been subjected to substan
tially the same physical conditions as the glass, and the latter has 
remained vitreous because of its divergent chemical composition. 
The mountain nearly coincides in form with the theoretical shape of 
a volcanic cone and its highest point is 2, 936 feet above the lake at 
high water. The lake is 1,310 feet above sea-level. 
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Much later than the andesite came basalt eruptions, which extended 
to modern times. A part of this rock also is glassy. All the springs 
which now issue at a high temperature are probably due to the basalt 
eruptions, and the borax, sulphur, and cinnabar are referable to the 
same source. 

Snlphtw Bank.-The general geology of the Sulphur Bank is in
dicated in the notes on Clear Lake. The bank itself is a small bas.alt 
area, through which hot solfataric.springs reaeh the surfaee, owing 
their heat to the volcanic aetion of which the lava eruption was an 
earlier manifestation. The springs contain rimch sulphydric aqid, 
whieh, oxidizing more or less fully at and near the surfaee, has 
yielded native sulphur and sulphuric. acid. The latter has attacked 
the basalt in part, extracting the basis and leaving a mass of more 
or less pure silica, in which rounded nodules of undecomposcd rock 

. remain. The rounded form of these nuclei is certainly due to the 
more rapid corrosion of the edges and corners of the basalt blocks, 
not to any struetural peculiarity of the rock. The lava is bleached 
to an average depth of about twenty feet. 

In the lower portion of the decomposed layer of rock the sulphur 
is mixed with cinnabar. ·Near the bottom of this rock layer the sul
phur disappears and the ore is richer, while the most extensive bodies 
are found at depths beyond the limits of the action of acid. The 
ores at one portion of the ground continued down for several hun
dred feet into the underlying recent lake beds and the metamorphic 
sandstones. Quartz, chalcedony, calcite, pyrite, and marcasite are 
the usual gangue minerals, but many other minerals are found in 
small quantities. The marcasite contains minute quantities of gold 
and copper. Bituminous matter is widely disseminated. The ore 
has been deposited exclp.sively in eavities, and not by substitution. 
Tlie ore of the lower workings is exactly like that of most other 
quicksilver mines. 

The gases eseaping from the waters are carbon dioxide, hydrogen 
sulphide, sulphur dioxide, and marsh gas. The waters contain 
chiefly carbonates, borates, and chlorides of sodium, potassium, and 
ammonium; but alkaline sulphides are also present. At the ordinary 
pressure the water does not dissolve cinnabar, on account. of the 
presence of ammonia, but I have proved that at somewhat higher 
pressures it would effect solution. It is beyond question that the 
cinnabar has been deposited from waters of almost exactly the same 
composition as those now issuing from the mine and that the forma
tion of ore is still ip. progress. Deposition of the ore seems to have 
been effected chiefly by relief of temperature and pressure in the 
presence of ammonia, not by acidification of the solutions, 

Very large quantities of quicksilver have been taken from this 
property, but it has not been worked with system and iji has been in-



976 QUICKSILVEr~ DEPOSITS OF THE PACIFIC SLOPE •. 

sufficiently prospected below the basalt. There is no reason to sup
pose, however, that it is nearly exhausted. 

Close to Borax Lake lies a very interesting area of glassy basalts, 
1·anging all the way from a nearly normal olivinitic rock to a pure 
glass. As is the case with the andesites acmss the lake, the glass is 
very acid and contains little lime, but much alkali. 

Borax Lake is a shallow pond, without an outlet, into which 
springs similar to those now flowing from Sulphur Bank once 
drained. These springs came from the obsidian area, and to them 
th13 borax contents of the lake are due. They issued at the point called 
Little Sulphur Bank, which is still hot and moist and shows native 
sulphur. It is stated on excellent authority that cinnabar in small 
quantities was found here. Maggots of Ephydra calijornica and of 
a species of Stratiomys live in the lake. 

Knoxville d,istrict.-The region about Knoxville consists of meta
morphosed and unaltered. rocks of N eocomian age, through which a 
small basalt eruption has broken, and contains a number of quick
silver mines and prospects.· I know of no other district so favorable 
as this for the determination of the age of the metamorphic rocks 
and for a study of their character, excepting Mt. Diablo. Rocks oc
cur in all stages of metamorphism, and the transitions, together with 
the structural relations, show that even the serpentine is not of erup
tive origin. The metamorphosed and unaltered rocks are also so re
lated as to preclude the supposition that the former are crystalline 
sediments. One side of an eroded anticlinal is metamorphosed, while 
the other is unchanged and fossiliferous. Fossiliferous strata in a 
nearly vertical position pass over into metamorphic rocks in the di
rection of their strike, and patches of unchanged rocks remain in 
metamorphosed masses. The fossils of the unaltered strata are of 
N eocomian age and the principal species are Aucella concentrica and 
A. mosquensis. The series carrying these shells is called the Knox-
ville group from the name of this locality. · 

Excellent opportunities are here afforded for studying the passage 
o0f sandstone into pseudodiabase and pseudodiorite and the alteration 
of these rocks to serpentine. The direct change of slightly altered 
.sandstones to serpentine may also be seen in a very striking manner. 
Serpentinization takes place from cracks in the sandstone just as it 
does in olivines, excepting for the difference of scale. The meshes 
.of the net in sandstone croppings are often about a foot across, while 
those in olivine are microscopic. 

The ore deposits occur at half a dozen points in the district, all of 
them near the basa1t area, which is as nearly as possible in the cen
ter of the group of ore bodies. Ore is stated on good authority to 
have been found also in the Lake claim, at the contact of a basalt 
d.ike with the inclosing metamorphic rocks. Many mineral springs 
-exist around the basalt area close to the mines and some of them 
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carry borax. Solf~taric gases still issue in sinall quantities at one 
point in the Redington mine and the upper portions of the ore de
posits are· of such a character as to indicate that they were deposited 
near an original" surface. All of these facts indicate that the de
posits are indirectly due to the basalt eruption and that the nature 
of the process was similar to that at Sulphur Bank. 

The upper part of. the famous Redington mine was an extremely 
rich bonanza of great size and irregular form. It carried much 
metacinnabarite. Leading up to this mass from below ·were three 
irregular fissures, and two of them ·were filled with ore, forming 
well-defined fissure veins. This isparticularly interesting as.a proof 
that true, simple fissure veins may be formed by hot solfataric 
springs, which has been doubted by SOlile geologists. . 

The California or Reed mine, tb.e Manhattan, the Lake, the Anda
lusia, and several prospects, as well as the Redington, lie in this dis-

. trict, but of late years on1y the _last has been worked. Metacinna
barite was the principal ore of the California. Stibnite occurs on 
the Lake and Manhattan claims and is said to have been found in
contact with cinnabar. 

New Idria district.-The New Idria mining district lies among 
some of the highest peaks of the eloast Ranges, at the southern end 
of the Mt. Diablo Rang13. The views are very extensive and the 
scenery is picturesque, but it is in part very forbidding, the portion 
of the Coast Ranges lying to the northeast of the district being a 
mountainous desert. 

The higher portion of the Mt. Diablo Range is here, as for the 
greater part of its length, composed of highly metamorphosed rocks 
of the Knoxville: series. No fossils are known to occur in it here, 
but at the northern end of the range they are abundant, and they 
are found again at San Luis Obispo; to the south, in precisely simi
lar rocks. 

On the northeastern flank of the range lie the rocks of the ·chico
Tejon series. The·se are tilted at angles averaging about 45°, but 
are only slightly flexed. The lower part· of the series lies uncon
formably upon the metamorphic beds, as is proved by the structur~ 
and by the presence of metamorphic pebbles in Chico conglomer
ates. 

The Chico and Tejon are absolutely conformable at New Idria and 
sedimentati01i went on continuously from one period to the other. 
Fossils are not n~merous, but are present in sufficient number fully 
to identify the age of the rocks. Both portions of the series show 
-many of the concretions mentioned above as due to induration by • 
decomposing organic matter. The Tejon beds contain coal seams 

-which were exploited on a small scale for many years. 
No lava exists in the district, but there is a considerable area of 

8 GEOL--62 
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basalt just north of Vallecitos Canon, about 10. miles from the mine. 
There are cold sulphur springs, but no hot ones, 

Next to the New Almaden, the New I dria has been much the most 
productive quicksilver mine in North America. The ore contains 
the usual mixture of cinnabai·, pyrite, and quartz, accompanied by 
some bitumen; metacinnabarite also was found in the New Hope lode 
in very large quantities ancr in less abundance at another point in 
the mine. The structure is extremely- complex, but typically de
veloped stockworks, veins, and impregnations all occur. Faults and 
cross-courses make successful explorations very difficult and uncer
tain. 

The ore is almost entirely deposited in N eocomian rocks, but to a 
small extent also in the Chico beds .. The deposition has taken place 
since the post-Miocene upheaval and is seemingly referable to about 
the same period as the other deposits. The analogies point to the 
action of hot springs, but there is no direct proof that the s!'flutions 

. were of high temperature. 
The Sari Carlos, Aurora, Picacho, and other mines which have 

yielded small quantities of ore Jie at no great distance. In all of 
them the ore has been deposited in shattered rock masses of the 
metamorphic series: Nowhere in this region is there any evidence 
of the substitution-of ore for rock. ' -

New Alrnaden district.-The first discovered and the most p;rod uc
tive of the quicksilver minos of North America is theN ew Almaden, 
anrl in the same district the Guadalupe, Enriquita, and other miries 
have yielded qui<;:ksilver. 'I'he district is well watered and wooded 
and is more attractive than,any other of the quicksilver camps. 

Upon highly metamorphosed rocks lie Miocene .'sandstones, which 
were sharply folded at the post-Miocene upheaval. They are not 
conformable with the lower sel'ies ancl contain pebbles from these 
older beds. In the older rocks near New Almaden Mr. Gabb found 
A ucelia, proving the presence ·of the Knoxville series. 

In this district is the only mass of rhyolite thus far found in the 
Coast Ranges. It forms a dike nearly parallel to the line.connecting 
the New Almaden and the Guadalupe. It is almost continuous, and 
I have followed it for a distance of several miles. It is certainly post
Miocene and probably post-Pliocene. 

·The N ewAlmaden is a very e'xtensive mine, said to contain as much 
as 40 miles of galleries. Much of this length is open, and admirable 
opportunities are afforded for study of th'l ore and structure. The 
ore is cinnabar,- with occasional traces of native quicksilver, accom
panied by pyrite and m1.rcasite, with rare crystals of chalcopyrite. 
The gangue is quartz, calcite, dolomite, and magnesite. These ma
terials are deposited in shattered m%sses of-pseudodiabase, pseudodio
ri~e, serpentine, and sandstone. There is no deposition by substitu
tion, and impregnations are very subordinate. Considered in detail, 
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the ore bodies are stockworks; but they- are arranged along definite 
fissures and the deposits as. a whole .have a ve1n-like character and 
answei.· to the" cham be red veins" defined in a subsequent paragraph. 
The workings have developed two main fissures.· One of these dips 
from the surface at a high ~ngle a~d in a nearly straight line. The 
other strikes in nearly the same direction as the first, dips steeply 
from the surface, then flatten~ and approaches the first fissure rapidly, 
again becomes v:ery steep, and in the lowest workings almost. coin
cides ,V:ith the first. In vertical cross-section the two fissures form a 
figure resembling a V. The great ore bodies are distributed along 
these two fissures, making irregularly into the walls. The wedge 
betwmm the fissures also contains ore bodies. They are always ac
companied by evidences of ~notion and. by a mass of. attrition prod
upts of various rocks-,clcty in a mining but not in a mineralogical 
sense. This' clay is usually on the hanging wall and is called "alta." 

The other mines of tho district contained similar ores in similar 
rocks. The Guadalupe was the most productive, but was not at 
work and was full of water during my visit. . 
/ All the deposits of the district appear to occur along a rather ~im
pie fissure system. The main fissure is nearJy parallel to the rhyolite 
dike at the Guadalupe. It follows the direction of the. hills, the 
axis of which curves gradually away from the dike for a certain dis
tance. Passing through or near the San Antonio and Enriquit~, it 
seems to break across the ridge at the America and enters the Al
maden on the strike of its two great fissures. It is near this fissure 
that new ore bodies are most hkely,to be found. The Washington. 
seems to ba on a branch of the main fissure. 

This fissure was probably fornied at the time of the rhyolite erup
tion, to which I also ascripe the genesis of the ore. 

Stea,mboat Springs.-This curious thermal area lies just within the' 
desert Great Basin, in full sight of; the forests and snows of the: 
Sierra Nevada. It is only six miles in a straight line from the Com~ 
stock lode. 

Granite underlies the district and much of the area exposed is of 
this rock. Upon it lie metamorphosed rocks of the Jura-Trias series 
an_d lavas. Older andesites and younger asperites, described in a 
former paragraph, coyer a large space, and there is a considerable 
area of basalt, which represents the last eruption. 

The springs are numerous and some.of them reach the boiling-point. 
They are unquestionably of volcanic origin and due to the basalt 
eruption. They rea"Oh the surface in the granite area. The flowing 
springs are oonfined at present to a small group of fissures, but steam 
in small quantities issues at many points in the region marked by evi
dences of solfataric action, and this region is substantially a continu
ous one. In ·some portions of it the sinters are chalcedony, in others 
th~y consist to a considerable extent of carbonates, and in o~e por-
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tion (at the mine) the deposits of sinter are insignificant in extent, 
the chief effect having been de~ompositionof granite and the precipi
tation of sulphur and cinnabar. In this part of the area also steam 
and gas still issue in small quantities. - · 

The amount of cinnabar is considerable. The ore was mined and 
reduced a few years since, but mining would not pay- at pi·esent 
ptices. 

Quicksilver in very small amounts is being deposited by the springs 
now active, together with gold and several other metals. They are 
dissolved as alkaline sulphosalts, as will be explained in a subsequent 
paragraph. The waters and gases are similar to those of Sulphur 
Bank, excepting that ammonia and organic compounds are absent. 
·The four metals most abundant in the present spring deposits, an

timony, arsenic, lead, and copper, exist in the granite, but I was 
unable to detect quicksilver. This may be du(j to the small quantity 
IQt quicksilver in the average granite or, as I think more probable, to 
irregularity in the composition of that rock. The granite is the 
probable s~mrce· of the mercury. 

· Oathill, Great Eastern, and Great Western districts.-The neigh
borhood of Oathill is a most interesting one and contains many 
quicksilver deposits within a small area. The underlying rock is of 
the Knoxville series, identified by the presence of Aucella. It is in 
part metamorphosed and serpentinized and in par.t unaltered. ' Ande
site and basalt have broken through it. 

The basalt eruption gave rise to hot .springs, one of which still ex.
:iists at Lidell, issuing from the workings of a.now abandoned quick
'silver mine. In two cases also cinnabar deposits occur at the contact 
·between basalt dikes and the adjoining rock, forming :veins. Irreg
.ular stockworks of the more usual type also occur. 

:The Oathill mine is the principal one of the mines belonging to 
'tile Napa Consolidated Company. It is in un::tlt.ered sandstone, the 
strata of which are nearly horizontal. The deposits are true veins, 
.cutti1~g the strata at an angle of 45°. From these veins ore bodies 
·~sometimes make out into the country, following the stratification. · 
'These are impregnations. The ore is tho usual mixture of cinnabar,. 
11yrite, silica, and calcite, and bitumen also occurs. Small quanti
ties of barite are also found, and this is the only case in which this 
mineral is known to accompany cinnabar in California. It is also 
found at Almaden. 

·The Great Western li~s near the extinct" andesitic volcano called 
Mt. St. Helena. The country rock is of the metamorphic series, and 
both andesite and basalt have broken through it. A layer of opal
ized serpentine accompanies the ore-bearing ground. Th.e ore is 
chiefly cinnabar, but at one point rock impregnated with native mer
,cury was found. The cinnabar was deposited simultaneously with 
pyrite and quartz. The bitumen posepnyte was first described from 
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this mine. The deposit consists of a tabular, reticulated mass con
necte_d with a fissure system and it lies at the contact between serpen
tine and nearly unaltered sandstone. If it does not come under the 
common definition of a vein, it is closely related to that class of ore 
bodies. . 

The Great Eastern lies in Sonoma County, far from other quick
silver deposits and six miles from lava. The rock is the ordinary 
metamorphosed material of the Coast Ranges. The ore occurs in 
black, opalized serpentine, which here forms a definite ledge. The 
ore seems, as usual, to be of' somewhat later date than the formation 
of opal and is accompanied by pyrite, quartz, and bitumen. The 
ore seems to form a pipe, which is continuous from the surface to 
a depth of 450 feet. This pipe I believe to lie on a continuous fissure. 

All of the ab.ove mines have produced important quantities of, 
quicksilver. 

Other qu1:cksilver deposits.-So far as I know, the most northerly 
cinnabar deposits on the west coast south of British Columbia are in 
Douglas County, Oregon. In the northern part of Trinity .County, 
Cal., there is also a mine. These widely sepamted deposits- both lie 
on the northerly continuation of, the middle Coast Ranges, where 
most of the deposits occur. From Clear Lake "to Santa Barbara, as 

. is shown on the map of California accompanying this report, the de
posits are thickly scattered. 

Of the very many deposits briefly described in Chapter XIII of 
the monograph, only a few can be mentioned here. The Manzanita. 
mine, Colusa County, is very remarkable for the association witht 
cinnabar of free gold, often in feathery crystals. Pyrite_accompanies~ . 
the ore and the gangue is chiefly quartz. There is free sulphur also, .. 
as well as other evidence that the ore was deposited by hot sulphur· 
springs, such as still issue within a few' hundred feet of the ·mine. 
There is no lava in the neighborhood. In the Stayton mines, San 
Benito County, large quantities of stibnite were associated with cin
nabar. The Oceanic, in San Luis Obispo County, is in -unaltered 
sandstone, supposed to be Miocene. Most of the other deposits oc
cur in shattered rock masses of the Knoxville group, forming stock
works. In some cases they seem to be accompanied by true veins, 
and sufficient exploration would doubtless show a fissure system con
nected with each of them. The usual mineral association is the same 
so often described above. 

On the gold belt of Califomia cinnabar occurs in' pebbles, in aurif
erous gravels, and in true gold quartz veins, so that there are mer~ 
curiferous gold veins as well as.auriferous deposits of cinnabar. In 
the Barcelonil silver mine, Belmont, Nev., cinnabar was f9und with 
silver ore in the vein. Cinnabar also oc(lurs .in a silver vein near 
Calistoga, Cal. In Idaho float cinnabar has several times been found,. 
in some cases with a calcite matrix. A statement repeatedly made 

. ·~ 
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in the literature reads as if this ore had been found in place in Idaho, 
but this is not the case. In Utah, near Marysville, a deposit of the 
selenide of mercury, tiemannite, was being mined ar).d reduced early 
in 1887. So far as I know this is the only case -in which this mineral 
has been found in sufficient quantities to form the basis of commercial 
exploitation. None of the other deposits requires special mention in 
this abstract. 

GENERALIZATIONS. 

lHSCUSSJON OF THE ORE DEPOSITS. 

The general results of the observations on the various mines are 
discussecl in Chapter XIV of the monograph. Microscopical exan1-
iuation of the ores shows that cinnahar is usually deposited in im
mediate contact with quartz, and that, though opal and chalcedony 
are frequently found very near the particles of cinnabar, there is 
seldom, if ever, actual contact. · More rarely the cinnabar is directly 
embedded in calcite. The evidence of the microscope also goes to 
:prove that the ore is always deposited in fissures in dense rocks or in 
the inte_rstitial spaces of porous sandstones. Macroscopically the 
same conclusion had been reached. The assertion often made that • 
cinnabar has been deposited by substitution for wall rock at Almaden 
in Spain is certainly incorrect, and, in my opinion, no such case ha<s 
been adequately proved· tq exist. The' only substance, excepting 
metallic sulphides, which cinna,bar is known to replace is organic 
matter, and this seems to be very exceptional. 

The usual mineral association consists of cinl).abar and traces of 
native mercury, with pyrite and marcasite, silica and carbonates; 
but sulphur occurs at three mines, chalcopyrite is not very uncom
mon, stibnite is found (though rarely), gold or auriferous pyrite 
occurs in a few cases, millerite in a number of instances, and barite 
in one. These substance:;; and their decomposition-products a:!:'e rare. 
Excepting in Steamboat Springs, at Calistoga, and in the Barcelona 
mine, I do not know of silver, lead, or zinc minerals accompanying 
cinnabar in the western United States. A new bitumen, two new 
chromium minerals, and a reel antimony-sulphide have been deteeted 
with cinnabar in this investigation. . · 

The great similarity of the deposits points to a common history 
for them all. The evidence is strong in many cases that they have 
been deposited from hot sulphur springs and the- remainder have 
probably been produced in the same way. The inclosing rocks 'have 
been without effect upon the deposits, for nearly all the rocks in the 
Coast Ranges inclose ore bodies. These facts point to a common, 
deep-seated origi.J?-. · 

It ha'3 often b::n:1 asserte1 that quicksilver ores do not form de
p:nits sirnihr te> th)B of th9 ora3 of other metals, but lean find n~ 



BECKER.] SOLU'l'ION AND PRECIPITATION OF ORES. 983 

evidence of this: Stockworks, impregnations, and regular veins all 
occur, and no other or peculiar _form "of deposit. is known to me. 
Many of the discussions as to wheth~r or not deposits are veins de
pend on the various uses of this word. · To miners it usually means 
deposits along, or directly connected with, a distinct fissure; to a 
geologist a vein means· a deposit between well-defined, nearly par-. 
allel walls which have once been in contact. Irregular bodies of 
Qre, even those connected with distinct fissures, are known to him as 
stocks, stockworks, or by some similar naine. I propose to call the 
contents· of distinct fissures with very irregular walls charnbm·ed 
vei·ns, arid the irregular openings or ore bodies connected with a ·main 
fissure 'Uein charnbers. A ehamlJered vein may, then, be defined as a . 
deposit consisting of an ore-bearing fissure·and of ore bodies contigu
ous with the fissure,_ but extending into the country rock. The 
greater part of the cinnabar deposits would come under this defini
tion, which would also apply to many deposits of other .. ores. If this 
term were adopted, simple fissure vein would stilldescribe the form 
of deposits now known_ to mining geologists as veins. 

SOLUTION AND PRECIPITATION OF CINNABAR AND OTHER ORES. 

The waters of Steamboat Springs are now depositing gold, proba
bly in the metallic state; sulphides of arsenic, antimony, and mer
cury; sulphides or sulphosalts of silver, lead, copper, and zinc; iron 
oxide and possibly also iron sulphides; and manganese, nickel, and 
cobalt compounds, with a variety of earthy minerals. The sulphides 
which are most abundant in the deposits are found in solution in 
the water i.tself, while the remaining metallic compounds occur in 
deposits from springs now active or which have been active within 
a few years. These springs are thus actually adding to the ore de
posit of the locality, which has been worked for quicksilver in former 
years and would again be exploited were the price of this metal to 
return to the figure at which it stood a few years since. At Sulphur 
Bank ore deposition is still in progress. The waters of the two lo-

. calities are· closely analogous. Both contain sodium carbonate, 
sodium. chloride, sulphur in one or more forms, and b_orax as princi
pal constituents, and both are extremely hot, those at Steamboat 
Springs in some cases reaching the boiling-point. In attempting to 
determine in what forms the. ores enumerated can be held in solu
tion in such waters, it is manifestly expedient to begin by studying 
the simplest possible solutions of the sulphides, and particularly of 
cinnabar. 

The statements in the previous literature of this subject are in
complete and in part discordant, so that the subject required rein
vestigation, particularly as to the sodic solvents .. It was found that, 
provided a ~mall quantity of sodic hydrate be present, one molecule 
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of mercuric sulphide unites with two mc,lecules of. sodic sulphide to 
form a freely soluble sulphosalt and that an excess of sodic hydrate 
is without effect upon the solubility. Even when so.dic hydrate is 
entirely abs,!mt, mercuric sulphide is freely soluble in aqueous solu
tions of sodic sulphide, though the contrary has repeatedly been as-

. serted; but either one molecule of· mercuric sulphide then unites 
with three of sodic sulphide, instead of two, or a mixture of sulpho-
salts nearly corresponding to this compound is formed. . 

Sodic sulphydrate when cold is absolutely without effect ·upon . 
mercuric sulphide, but when the mixture is heated on the water-bath 
the sulphydrate is decomposed and sodic sulphide is formed; it 
unites with the mercuric sulphide in the proportion of four mole
-cules of the former to one of the latter. A perfectly limpid solution 
results. The same compound is produced when mixtures of sodic 
sulphide and sodic sulphydrate are brought in contact with mercuric 
sulphide. • The presence of sodic carbonates diminishes the solubility 
of mercuric sulphide, but does not prevent solution. Ammonium 
carbonate completely prevents solution at temperatures below the 
boiling~point, but not at 145° C. · 
· These facts suffice to lead to important conclusions with reference 

to spring waters, such as those mentioned above. When neutral 
sodic carbonate is treated with sulphydric acid at ordinary tempera
tures, sodic sulphydrate forms. At temperatures approaching the 
boiling-point, it is probable that a certain quantity of sodic sulphide 
is also produced. At these higher temperatures either of these sul
phur compounds will dissolve cinnabar, and the presence of sodic 
carbonates will not prevent solution. These conclusions were amply 
verified by direct experiments. 

Mercuric sulphide may be wholly or partly precipitated from solu
tions of the sulphosalts in many ways: by excess of sulphydric acid 
or of other acids, by borax 'and other mineral salts, by cooling ( espe
cially in the_presence of ammonia), and by dilution. In the last case 
a certain quantity of metallic quicksilver, as well as mercuric sul
phicle, is forn:'ted, and this is very probably one of the methods by 
which _native quicksilver has been produced in nature. 

Metallic gold, iron pyrites, cupric sulphide, and zincblende were 
found· to be soluble i11 solutions of sodic sulphide and in solutions of 
the carbonates to which sulphydric acid h~d been added. All of 
them appear to fol"m. sulphosalts with the alkaline compound. It 
has long been known that sulphides of arsenic and antimoi1y are 
soluble in sodic sulphide. They also dissolve in mixtures of the· 
carbonates and sulphides of sodium. 

Natural solutions of sodic carbonates and sulphides, which are 
common components of hot spring waters, are thus capable of dis
solving at least five of the principal metals, as well as sulphur, ar~ 
senic, p,nd antimony. Combinations of these elements form a large 
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part of the mmeralS round in mines. There is little or no doubt that 
the cinnabar of the Oa!ifornia deposits has been dissolved and pre
cipitated as indicated above, and that at least a part of the gold of 
that State has been produced in a similar manner, but I by no means 
assert that natural deposits of cinnabar and of gold have never been 
produced in any. other way. . 

ORIGIN OF THE. ORE. 

There is the strongest evidence for the supposition that the cinna
bar, pyrite, and gold of the quicksilver mines of the Pacific slope 
reached their present positions in hot solutions of doubJe sulpl_!ides. 
Either the metals must have been leached from the granite or they 
were derived from an infragranitic source, for examination of the 
conditions of occurrence shows it utterly improbable that they were 
extracted from any volcanic rock at or near the surface, while the 
sedimentary strata of the regio:ti are composed of granitic detritus. 
No one fact or locality absolutely demonstrates whether the metals 
were originally components of the granite or came from beneath it, 
but the tendency of the evidence at all points is to the supposition 
that the grainte yielded the metals to solvents produced by volcanic 
agencies, and when all the evidence is considered together it is found 
that this hypothesis explains all the known circumstances very sim
ply, while the supposition of an infragranitic origin leads to numer
ous difficulties. Though no one of these may be in itself inexplicable, 
when taken as'a whole they appear to me to be so. Had solutions 
of quicksilver been formed in company with other products at the 
foci of volcanic activity, cinnabar would often _be met with in era

. ters. Though it is often found associated with volcanic effects, it 
·perhaps never occurs in craters. Were the solutions formed below 
the granite, ore deposition would also almost certainly take .place in 
part within the granite, and most ore deposits would continue down 
in that rock, probably growing richer with inc,reasing depth. On 
the other hand, the distribution of the deposits relative to volcan.ic 
vents is such as would be anticipated if the ore were known to be 
leached from the granite by hot waters of volcanic origin. The 
varying richness of the different deposits also corresponds to the 
irregularity in th~ composition of the granite and in the extent of 
surface exposed along tho underground paseages through which the 
waters must have reached the surface. Finally, at Steamboat 
Springs, at least, the composition of the granite answers· to that of 
the deposits of springs which are still depositing small quantities of 
quicksilver. It thus seems fair-ly certain that the quicksilve1' and 
gold are derived from the granite. I entertain 'little doubt .that 
many of the gold veins of California have a similar origin, while 
others have probably been produced by the action of cold surface 
vvaters.. . 

/ 
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GEOLOGY OF MOUNT .DESERT. 

BY ·NATHANIEL s. SHALER. 

INTRODUCTION, 

The following report on the island of Mount Desert presents in 
outline results of certain geological studies which were undertaken 
on that area for the purpose of determining what light they might 
throw on the recent changes of level of the Atlantic coast line. As 
the inquiry demanded a somewhat careful study of the general ge
ology of the district, it seemed worth while to present in brief form 
the principal or at least the more evident points concerning its gen
eral structure. 

A good deal of fragmentary work has been done upon the geology 
of Mount Desert, but as these various studies have little reference to 
the subject-matter of this report, it has not seemed desirable to ac
company it with a bibliography. 

This charming island is· now much resorted to by persons who feel 
an interest in the structure of the earth and who have leisure which 
they may devote to such inquiries. · · It may be hoped that this sketch 
of its general_geology may prove of service to begigners in the study 
of geologic phenomena. It will be at once apparent to a professional 
geologist that this report affords a very inadequate discussion of the 
greater part of the important problems which arc presented by tho 
structure of the region. Very many matters of importance presented 
by the geology of the district are not y~t ready for discussion; they 
<:J.emand far more extensive inquiry than they have yet received. 
Thus, for instance, the microscopic structure of these rocks which pre
sent many points of greatest interest must remain unstudied until the 
inquiry can be undertaken for all the region in which the island lies. 

Properly to gather the facts concerning the various elevated sea 
benches of this island would require not less than a year of careful 
field labor. The total time at my disposal for all the work done 
upon the island was less than three months. 

It is to be hoped that individual students will undertake a careful 
study of this island and a comparison of its structure with that of 
the neighboring shores. 
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I am indebted to the gratuitous labor of Mr. Samuel Storrow, of 
Boston, Mass., for the photographs used as the basis of the illustra
tions of this report.· 

I. SURFACE AND GLACIAL GEOLOGY. 

DESCRIPTION OF THE SURFACE. 

The surface aspt;Jct of any district gives the observer a clew to some 
of the most important features of its physical history. The latest 
'ge_ological accidents which have affected it are in most cases clearly 
recorded on its superficial parts and the greater portion of the changes 
which it has undergone are in some way indicated by the existing 
surface. We will therefore begin an account of the geology of the 
island by a statement concerning its superficial aspect and structure .. 

As will be seen from the inspection of any good map of the shore of 
New England, Mount Desert is o_ne of the largest of the several hun
dred islands that lie along that coast. A geological map will show 

. that it is the largest that is composed of ancient or of highly meta
morphosed rocks, the singie larger isolated mass, Long Island, New 

. York, being composed of incoherent glacial waste. It is evident 
that the geological conditions of this shore have not favored the 
production of large islands such as abound along the shores of the 
Old World. Although rocky isles occur plentifully along the coast 
of the United States from Massachusetts Bay to the eastern limit of 
Maine, they are rarely more than ten square miles in area; Mount 
Desert alone exceeds these dimensions, its area being about one hun
dred square miles. 

This peculiarity of size which distinguishes Mount Desert so strik
ingly from the other isles of the fiord zone of the New England coast 
is connected with another feature of the mass which will he made evi
dent by the accompanying illustrations. Mount Desert is ~uch the 
loftiest part of the· eastern coast line of the United States. While no 
other island of this shore has a maximum height of more than about 
five hundred feet or an average altitude of more than a hundred feet, 
Mount Desert rises at one point to the height of 1,527 feet and has 

. an average elevation above the sea of almost five hundred feet. · The 
only other large island on the coast whose maximum height nearly 
equals the average of Mount Desert is Isle au Haut, which lies afew 
miles to the west of Mount Desert. 

It will be shown in the second part of this report that these peculi
arities of the islands of the eastern coast are due to the geological 
structure of the region in which they lie. They are the remains of 
the old mountains which once occupied these shorelands and their 
size has been determined by the shape of the ridges which have been 
carved into islands by the action of the glaciers, the sea waves, and 
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the atmospheric agents of erosion. L eaving 
this question for the present we turn to the 
details of form exhibited on the island itself. , 

Although differing from the neigh boring 
islands in size and altitude, Mount Desert has a 
general outline which is in no way peculiar. 
Like all other large islands of the shore, its coast 
is much indented and is bordered by lesser 
islets. 

As the contour lines of the map indicate, the 
coast belt of Mount Desert lies generally against 
a region of relatively low land. The sea cliffs 
of the coast at no point attain an altitude of 
much over one hundred feet, and within a half 
mile of the sea-shore there are few points which 
exceed three hundred feet in height. On the 
southern part of the island, south of a line 
drawn from Norwood's Cove' to Seal Cove, and 
on the northern face of the island, north of a 
line drawn from Bar Harbor to Pretty Marsh 
Harbor, the surface is generally of low eleva
tion, the average height of the bed rocks not 
exceeding one hundred and fifty feet above the 
sea level. The central part of the island rises 
steeply from this plain to the mountain heights, 
which are its most characteristic feature. 

. The mountain ridge of Mount Desert is in 
many ways the most interesting elevation on 
the American coast. Its contour _is eminently 
peculiar in that it consists essentially of a single 
axis of elevation, the summits of which differ 
a little in height and are placed in a very 
uniform and continuous alignment. The di
rection of this range is about N. 55° E. (true 
meridian). There are several other similar axes 
along the New England shore, but none of 
them have anything like this accurate linear 
arrangement of their elevations. This mount
ain mass of Mount Desert has a width propor
tionate to its height. In the meridian of Green 
Mountain, where the height rises to 1,527 feet, 
the width of the ridge may be taken as about 
four miles; while on the western section, that 
to the west of Somes Sound, where the peaks 

1 The deep inlet north of Clarke's Point. 
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rise to only 1,000 feet above the sea, the width of the mountain range 
is not much over two miles. • 

Although the exact alignment of this ridge and its singular uni
formity of structure make it tolerably certain that the whole of it 
was originaUy united, it is at present made up of sharply detached 
mountains, separated from one another by ravines which at several . 
points descend below the level of the sea. The general appearance 
given to the an:la by this depression may be judged from Fig. 23. 
Several of these basins are occupied by fresh-water lakes, viz, Turtle 
Lake, Jordan's Pond, Hadlock Ponds,' Echo Lake, Long Pond, and 
Seal Cove Pond. (See, also, Plates LXV-LXVIII.) One of them, 
which lies between Newport Mountain and Dry Mountain, contains 
a deep marsh which was recently covered by a considerable lake. 

It is evident that inasmuch as some of these troughs are o.ccupied 
by deep bodies of water, the actual relief of the mountains is much 
greater than appears on the map; were these lakes drained the ap
parent height ~f the mountains above their bases would be from one 
to two.. hun~red feet greater than now. Looking more closely we 
perceive that each of these depressions has a continuation in the 
form of a valley on the north and on the south, which-extends far 
heyond the border of the mountain elevation, terminating obscurely 
l()n the north in the lowlands, while on the south it is more or less 
.clearly continued to the sea, appearing there as a curve or indenta
tion of the shore. 

The depression between Newport Mountain and Dry Mountain is 
.continued in the Otter Creek Valley to the cove of that name (see 
:Pl. LXV). The basin occupied by Jordan's Pond extends down to 
;:Seal Harbor (Pl.· LXVI); that of the Hadlock Ponds to Northeast 
Harbor. Somes Sound, the greatest of these troughs, extends from 

.',the northern plain to the open sea south of the island. The valley 
,of Echo Lake is continued to Norwood's Cove (Pl. LXX). The 
:profound depression of Long Pond extends southward as a·shallow 
trough to Bass Harbor, and that of Seal Cove Pond is obscurely 
continued, its valley being much masked by glacial drift to the coast 
indentation known as Seal Cove. 
' These depressions occupied by the lakes are in fact chaimels ex
tending from the northern plain district of the island to the southern 
shore. They are deepest among the highest mountains, and slope 
upwa~d for some distance either way from the middle portion of the 
central ridge. This is obvious from the soundings of Somes Sound, 
which is deepest between Brown's and Robinson·Mountains, shoaling 

· both to the north and to the south from that point. This eminently 
peculiar structure has light thrown upon it by the facts connected 

1 Hadlock Upper Pond, Hadlock Lower Pond, east and southeast of Brown's 
.Mountain. · 
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with the glacial history of the district, which will be considered in 
the next section of this report. (See Plate LXIX.) 

A study of the detailed topography of Mt. Desert shows us that 
all the considerable irregularities of its rock surface have the same 
type of north and south trends, and that, to a certain extent, the 
form of the islets on its border is also related to the excavating 
work of the glacial period. 

Thus, though the principal axis of the island has a general east 
and west course, the valleys are nearly at right angles to its trend. 
The principal axis of the mountain range extends from N. 65°E. to 
S. 65° W.; the valleys on the average trend from about N. 10° W. 
to S. 10° E. It is obvious that the-creation of such deefl valleys in 
what was once a strong barrier mountain ridge is a matter which de
mands explanation. 

The sections given herewith will show the general form of the 
more important of these valleys. It will be perceived that while 
their north and south slqpes are extremely gradual the east and west 
sections are remarkably steep. 

In the hills the surface of the bed rocks- is generally arched in 
broad, low curves, such as are naturally formed by the -action of 
the glacial ice on substances of tolerably uniform hardness. The 
exceptions to this uniformity of outline are found at certain heights 
where there are steep cliffs extending in the form of narrow belts 
along the hill-sides; below each of these belts of cliff there are ex
tensive accumulations of angular and subangular fragments derived 
from the cliffs. · The origin of these benches will be considered below.._ 

DESCRIPTION OF THE SUPERFICIAL DEPOSITS. 

The covering of soil and drift material is distributed with singular
irregularity. The mountains above the level of 400 feet, though 
often forest clad, have very little soil and this is accumulated in irreg
ular patches between the more projecting points of the bed rock. 
This soil is in small part matter arising from the very slight decay 
of the rocks which has taken place since the glacial period, but it. 
is mostly composed of the remains of the till or bowlder clay which 
was loft on the surface at the time the glaciers retreated from this: 
region. As we shall hereafter see, the greater part of this material 
was swept away from the uplands during the period of deep sub
mergence· beneath the ocean, which occurred immediately after the 
greatest extension of ice. _ 

Below an altitude of 600 feet the amount of debris and conse
quently the continuity of soil increase rapidly. Below the level of 
400.feet, the surface, except the slopes, which have an angle exceed
ing ten degrees of declivity, is generally deeply mantled in drift 
which, in all cases where observed, was found to be irregularly strat
ified. 
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These drift deposits at the higher levels, that is fro1]1 400 to about 
600 feet, consist of pebbles and sand with but little clay; below that 
level the clay deposits become more common and at the level of 100 
feet above the sea they occupy a large part of the principal valleys, 
superseding the coarser materials. These clays are peculiarly dis
tributed; they are usually, if not always, confined to the valleys of 
the shore line. Thus, as is shown on the map indicating the surface 
geology, each cove of the shore has about its head as well as upon its 
bottom a more or less extensive sheet of clay, which on the surface 
is generally of a brownish color due to weathering, but at a depth of 
from a few inches to two or· three feet is of the blue color common to 
all the deep~ parts of the stratified glacial clays of New England. 
These clays on Mount Desert are always obscurely bedded and con
tain occasionally small pebbles evidently of glacial origin. They are 
sometimes found beneath a layer of till, as is shown in Fig. 27. Up 
to the height of about 100 feet above the tide they afford a few beds of 
marine fossils belonging to species common in clays of this age along 
the shore from Massachusetts Bay to Eastport and beyond. These 
beds of Leda clay, as the fossiliferous deposits of post glacial age have 
•commonly been termed, are connected at their margin with the de
:posits which are now forming in' the coves of the shore. Precisely 
:similar clays are depositing in all these coves, and the accumulations 
:are in every respect indistinguishable from those found in the lower 
levels of the Leda clay at Seal Harbor, between Northeast and Bar 
Harbors (Pl. LXVI). -The fossiliferous clay discovered by my as
sistant, Mr. Henry Brooks, on the shores of Seal Harbor, about ten, 
feet above the highest tide, so retains its marine character that even 
the odors given off by the decomposition of organic matter are still 
:preeisely the same as those produced from the mud on the flats now 

·exposed at low tide at that locality.-
- At present these clay deposits are forming only in the inner parts 

of the coves of the coast, for the reason that there alone is the tidal 
movement ·so slight that the finer mud washed out of the glacial 
drift or formed by the grinding of stone on the beaches can be laid 
down. On the headlands these clays are not forming at the present 
day, nor did they form on such points in the past, because wherever 
the tide produces currents of moderate swiftn~ss the mud is borne 
away from the shore and falls in the deeper water outside. 

The surface of these clays usually forms a tolerably gentle slope 
leading down· from the highest point where they occur to the pres
ent shore, though there are occasionally obscure _indications of sea 

'-scarfs at various points on this generally continuous incline. There 
are reasons for believing that -below these clays, and in most cases 
below the stratified sands also, there are sheets of the unstratified 
till which is normally the lowest of the glacial deposits in this dis-
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trict; the whole series of beds having the relations to each other 
sh<;>wn in the appended diagram. (Fig. 24.) 

FiG. 24. Diagrammatic section showing relations of clay and till. 
A, recent drift ; B, stratified clays ; C, old till . 

The blue clays on the northern shore of Mount Desert are much 
more extensively distributed than are the similar deposits on the 
southern coast; they there underlie nearly the whole surface which 
is below the level of 100 feet in altitude and, as would be expected, 
the deposits of clay now forming are also much more widely diffused 
than they are on the tide and wave-swept southern shore (Fig. 27). 
These clay deposits are even thicker and more continuous on the 
neighboring mainland than they are on the island of Mount Desert. 
The several promontories to the north, shown on the map accompany
ing this report, are so thickly covered by this sheet of stratified clay 
that they afford little indication of the underlying rocks, it often 
being impossible to find a single outcrop in a surface containing 
several square miles of area. 

Thus the drift deposits of the island have great simplicity of struct
ure. With trifling exceptions, shortly to be noted, they are com
posed of a thin sheet of bowlder clay containing relatively few large 
erratics, a set of stratified sands and gravels mostly lying between 
200 and 400 feet of altitude, and a set of stratified clays, occasionally 
pebbly, extending from the height of 200 feet down to the sea level. 

Where this clay does not exist the surface of the low lands is gen
erally covered by a stratum of true till or bowlder clay lying imme
diately upon the bed rock. There are few sections which exhibit 
this till to advantage; from them i~ appears that the lower part_ of 
the deposit is almost always of a very clayey nature on the surface, 
though at some points it is altogether composed of bowlders and 
sand. 

On first inspection it seemed to me that there were no deposits of 
kame drift on the island, but on carefully reviewing the ground it ap
pears that there are a few patches of glacial drift of a nature which 
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must be referred to that class of structures. As is 
shown on the map, there are certain points.on the island 
where kames occur in a tolerably recognizable shape. 
One of these is on the western shore of the shallow 
fiord at the head of Bass Harbor-the southern part of 
the valley in which lies Long Pond; the other is on or 
near the isthmus which connects the peninsula known 
as Pretty Marsh with the main-land. At these two 
points there are considerable accumulations of pebbly 
sands more or less commingled with clay, having the 
form of ordinary kames of the hummocky type. As 
usual, these deposits have been utilized for burial places 
by the inhabitants of this district, for the reason that 
they are better fitted for such a purpose than the J.ccu
mulations of till or clay. 

Faint traces of similar gravel heaps may be observed 
on the shore near the narrow part of Somes Sound and 
at the southern bor;der of Jordan's Pond, but at these 
last-named points the deposits are too obscure to be 
certainly classed as kames. 

The scanty development of this class of deposits is the 
most striking feature in the surface structure of Mount 
Desert. The reason for this peculiarity will be consid
ered when we endeavor to unravel the history of this 
island during the glacial period. We shall then see 
that these kames have probably been to a great extent 
buried beneath the gravels which have been washed 
from the region of the upper hills. 

·There are no distinct lenticular hills or drumlins, that 
other type of puzzling drift structures which abound 
in southern New England. Yet there· are certain ac
cumulations of drift which remind the observer of those 
hills and which deserve careful notice. These deposits 
are found only on the northern side of the mountain 
axis, where they appear as long tails of bowlder clay 
extending north and south, leading from the height of 
about 400 feet down to the height of about 200 feet 
above high tide. By far the most conspicuous of these 
is known as Beech Hill. It lies between the valleys of 
Echo Lake and Long Pond (Fig. 25) . When seen from 
a distance east or west it looks to the observer like the. 
northern half of an ordinary lenticular hill, its sum
mit resting against the steep rocky mount on the 
south known as Carter's Nubble.' A good idea of 

1 Between Beech Hill and Beech Mountain. 
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its form may be gained from the regular contours which describe its 
surface on the map and the accompanying diagram taken from 
photographs, showing its aspect as viewed from the eastern side of 
Echo Lake, but it is not possible to give a sufficient idea of the ex
treme beauty of its regular semi-arch lying in the midst of a land
scape of rugged and rocky hills. The form of this ridge is singularly 
regular; it is apparently composed altogether of till; no exposures 
of underlying rock project from any part of its evenly curved sur
face, except near its extreme southern end. (See Fig. 25.) 

FIG. 26. Section showing position of the Leda clays. 

It is possible, however, that Beech Hill may consist of a relatively 
thin coating of drift, twenty or more feet thick, lying upon a smoothly 

.rounded mass of syenite. This view is made the more probable · 
by the fact that the other similar tails extending from the mountain 
to the northward, though drift covered, have sufficient irregularities 
of outline to show the bed rock, and from such exposures of' the 
smoothly rounded syenite it is certain that the coating of glacial 
waste which rounds their outlines is relatively thin. Therefore, Iam 
driven to conclude that these semblances of lenticular hills are in fact 
only the familiar tails of drift known in all mountain countries over 
which the glacier has swept. 

It is hardly too much to say that the 
whole northern slope of Mount Desert is 
an instance of tail structure, and that these 
ridges, such as Beech Hill, are only the ac
cented portions of this accumulation. In 
passing it may be noted that these accumu-

Fw. 27. Section showing stratified lations of glacial drift on the northern 
clay overlaid by till. 

slopes of elevations which have a consid-
erable east anc;l west extension are noticeable in other parts of New 
England, especially in the region north of the White Mountains. 
· There is ai.1other class of glacial materials which is imperfectly 

represented on Mount Desert. This is the group of frontal moraines; 
of these there are but faint traces. Large bowlders are relatively 
rare, and at but few places are they accumulated in any great quan
tity in the heaped form characteristic of true frontal moraines. The 
most characteristic of these is found at a point just west of Sargent's 
Neck to the north of Brown's Mountain, on the east side of the road 
which runs from Northeast Harbor to Somesville. Here there is a 
heap of bowlders characterized by the roughly rounded outlines of 
the individual fragments so common in erratics composed of the 
crystalline rocks of this district. 
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These bowlders, no orie of which exceeds ten feet in diameter, are 
massed in rude heaps . . As a portion of the erratics is of materials 
from the north of the island, and as the whole accumulation has the 
gener;:tl structure belonging to frontal moraines, it seems necessary to 
place it in this category. Its only eminent peculiarity is found in 
the fact that it is the sole deposit of the sort which I have found on 
the island, though other similar heaps in the forest-clad recesses of 
the valleys on the northern slope covered over with decayed vegeta
tion may have escaped observation . 

.. --- ·------------::..... 

FrG. 28. Beech Hill from east side of Echo Lake. 

It is noteworthy that the bowlders on this island are remarkably 
. small, and their size diminishes as we go from the northern to the 
southern portion. South of the mountain range bowlders six feet in 
diameter are extremely rare, and none were observed with a diame
ter exceeding eight feet. North of the ridge they become noticeably 
larger, and on the extreme northern shore occasional specimens up 
to twelve feet in diameter may be found. 

GLACIAL ACTION. 

We have now completed ~he general account of the surface and 
superficial deposits of this district at least so far as to obtain a basis 
for further discussion. We will therefore turn to the glacial history 
of the district during the last ice time. 

DIRECTION OF GLACIAL MOVEMENT. 

First, let us consider the depth of the ice sheet and the direction 
of its movement during the several stages of glacial time. The only 
direct evidence as to the depth of the glaciers is derived from the 
fact that on or near the summit of the highest peak, as indicated 
on the map, glacial scratches show that the ice flowed, as is usual 
in this district, towards the south or southeast. There can be no 
question that the ice covered the hills to their summits; and that it 
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was deep upon the tops of the highest peaks is shown by the large 
amount of erosion which is exhibited not· only by the scratches but 
by the deeply channeled surface and the powerful effects of shock 
and lee action on projecting masses of rock. As to the direction of 
the ic.e movement, it is best exhibited on the lowlands, where the 
scratches are most numerol.1s because they are better preserved. On 
the summits of the hills where the rock has been exposed to. the 
weather it is extremely difficult to discern the glacial grooves. It is 
often necessary to scrape away the accumulations of earth in the 
shallow basins in order to obtain any trace of them. This is a tedious 
and difficult process and I was able to effect it at but few points, as 
will be seen from the map. The ice movement on the lowlands has 
been pretty well determined. The facts concerning this motion are 
very curious, and they show that the direction of movement was 
greatly influenced by the outlines of the surface. The map shows 
that there is a comparatively wide diversity in the direction of the 
scratches on points which are but a little distance apart. In a meas
ure this diversity in direction is clearly due to the great ease with 
which the particles of ice at the base of the glacier in this district 
moved over and past one another. By the inspection of any slightly 
irregular surface ·we. can see that the direction of the flow was 
changed by even trifling alterations of the surface contours of the 
bed rock over which the movement took place. It was often noticed 
in the course of the observations made for this report that a differ
ence of ten degrees in the slope of the surface over which -the ice 
moved, provided the slope was not at right angles to the path of its 
movement, would make a perceptible difference in the direction of 
the scratches. Therefore the effort was made to record only those 
grooves which occur on plane surfaces or on slopes inclined in the 
trencl of the glacial motion, all others being regarded as untrust
worthy and only useful as indications of the wide departure from the 
normal direction which peculiarities of surface might induce. Even 
with this care it is not likely that errors have been excluded from 
the determinations. On the sanie surfac13, crossing each: other in 
fact, the scratches often exhibit, as before noted, a very wide range 
of direction. They often show a divergence of as much as 30° of 
azimuth. Such differences are not surprising if we remember that a 
mass of glacial ice when in motion is subjected to a constant succes
sion of variations in the resistance to its lllotion, both from the for
mation of fissures in the ice itself and from the breaking away of 
points of the rock which may have perturbed its flow. 

These facts make it plain that we must take great care to base any 
considerations derived from the direction of these scratches upon 
numerous observations selected with a view to avoid the above-men

. tioned sources of error. We may be assured moreover that a certain 
amount of error will enter into our calculations even if the observa-
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tions are most carefully guarded. Judged by these conditions the 
following statement may be made concerning the glacial movement 
on the island of Mount Desert. 

First we note that on the mainland north of the island nunierous 
observations show that the glacial trend has the general direction 
common to this district of about 40° west. Whi:m we go southward 
across the channel which separates the island from the mainland 

·--we find "at'-Dr,·rtear-the site of Thoni.pson's Isla'nd,' or ii.1 the middle of 
the north section of Mount Desert, considered with reference to the 
glacial flow, a pattial division of the glacial current into two streams. 
The ice east of this line inclines eastward while that west of it turns 
still farther westward. We might therefore conclude that the mount
ain mass of the island began to influence the cm .. reut· even at this 
distance from its principal ridge. It is, however, possible and indeed 
probable that this disturbance near Thompson's Island came from 
the obstacle which the steep shore itself offered to the direct course 
of the ice streain, anclthat the ice at the bottom of tho glacier was led 
eastward and westward by the deep channels in which lie the fiords 
which inclose the island." 

If from the parting line near Thompson's Island, we follow the 
scratches along the shore lines, we find that the above-descri be·d direc
tions of flow continue southward on the east and west sides of Mount 

· Des'ert until we pass by the line o_f the principal mountain axis. On 
the western side the direction is continued to about as far south as 
the middle of Seal Cove Pond, at which point are seen indications of 
a change in the direction of the flow. 

A little farther south, as is shown on the map, there was an impor
tant eastward deflection of the stream. On the coast line this alter
ation in direction is slowly accomplished, the change of 40° in direc
tion taking place in .about a mile and a half. A mile inland to the 
eastward, on the shore of Seal Cove Pond and close to the '~estern end 
of the mountain range, the westerly course persists to a point clue 
south of the mountain axis. When we turn eastward a change iu 
direction is made with singular suddenness, a variation of 30° being 
brought about in a distance of not over 500 feet in the direction of 
the glacial flow. South of the mountain axis on the west side of tho 
1sland all the scratches have an eashvani trend. 

On the east shore of Monnt Desert, starting again from Thompson's 
Island, we perceive a decidedly eastward trend of the scratches along 
tho whole shore-line, except in some few cases which are probably 
due to local accidents of surface, ~ntil the eastern border of the 
mountain mnge is passed, when these grooves turn sharply westward, 
making a change of about 40° from their previous course. This di-

1 In the western part of Mount Desert Narrows, crossed by the road to tl1e mainland. 
2 This feature was first noticed by Louis Agassiz an<l is described in his" Glacial 

Phenomena in Maine." Atlantic Monthly, vol. 19, 1866, p: 283: 
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rection is maintained for two miles or more to ptter Cliff, where the 
course is about the same as on the western shore. 

On the west side of Otter Creek Point there is a considerable change 
in the direction of the ice movement, the stream trending about 15° 
farther to the east than on the opposite slope of this narrow penin
~?Ula. Thus we see-that there was a manifest t8ridency of the mov
ing ice to divide on the north of the island and to join the divided 
streams on the south. The general eastward flow proper to this por
tion of the coast makes the westward turn on the east flank of the 
island less evident than the eastward turn where the ice rounded the 
westernmost border·of the mountain range. 

The same tendency to divide which was manifest in the ice on the 
north shore near Thompson's Island is s~en, though less distinctly, 
on the northern section of the island as far south as the foot ·of the 
mountains. The axis of the great trough of Somes Sound is the di
viding line of the current; through this deep valley which, as will be 

·seen from the map, divides the island into very nearly equal halves, 
the ice flowed parallel to its. bqundary walls. On escaping from the 
south end of Somes Sound the ice stream turned ·sharply eastward, 
resuming the general course proper to this region. 

As before remarked, {he parting of the ice stream when it encoun
ters a barrier is seen in a small as well as in a large way. Indications 
of it are perceptible on Bartlett's Island, the largest of the marginal 
islands of Mount Desert. There the scratches divide on the pointed 
northern end of the island, those on the western shore having a 
course of about 60° more to the west than those which are found 
on the eastern shore. 

It should be understood that these statements concerning the flow 
of the ice relate only to its moti()n on the surface of the underlying 
rocks. There is no reason to believe that these diverse movements 
existed in the upper portion of the ice sheet, the surface of which 
probably pursued a uniform southerly course quite independent of 
the variations due to the il;regular form of the ground over which 
its lower parts moved. · 

_GLACIAL SCULPTURE. 

We may now consider the effect of the action of the ice on the sur
face over which it moved and the association of these effects with 
the other forms of water action, viz, those which operate through 
the rain, frost, and sea waves. These several cau:;;es of geological 
change have their results so combined in this field that it is best to 
consider them all together. 

In the general-account of the superficial form of Mount Desert, at
tention was called to the most noticeable peculia.rities of the island, 
viz, the steep east and west ridge of the central axis and the deep 
north and south channels which intersect it and which are more 



; 

1006 GEOLOGY OJ<' MOUN'l' DESERT. 

or less distinctly prolonged on the lowland area which borders the 
mountain range on its north and south versants. The valleys in 
which lie the lakes and fiords and swamps which penetrate the 
mountain ra.nge in a meridional direction are the most peculiar of 
these features. It will be seen that some of them differ from the 
ordinary inlets of this coast in the fact that they are deepest in the 
central part of the island where the bounding snores are highest 
and become shoaler towards the north and south; while the ordinary 
inlets deepen with a certain regularity from their heads towards 
the-sea. It will be noticed that these troughs, with the possible ex
ception of Somes Sound; are true rock basins and not walled in by 
mounds of glacial debris. · 

It is clear that these valleys can not be explained by the action of 
streams. In the first place it is quite unreasonable to suppose that 
nine deep valleys could, by river action, be cut transversely through. 
a mountain range only twelve miles long. Secondly, sonie of these 
valleys as, for instance, those of Otter Creek and Hadlock Ponds are ' 
higher in the middle .than at their ends. Thirdly, certain others, as 
Somes Sound, Long Pond, and Echo Lake, have their central parts 
much below the level of their outlets. Each of these several condi
tions is decidedly against the hypothesis that rixer action could have 
had anything to do with the formation of these meridional valleys 
across the great east and west axis of Mount Desert. It may be 
argued by the advocates of the theory that fiords were produced by 
rivers, that the valleys were formed before the northern part of the 
island was cut down to its present level by the action of glacial erosion 
and that, in fact, they are old river valleys which have been greatly 
modified by ice action. This may be a plausible hypothesis in the 
case of Somes Sound, but with the exception of this valley and perhaps 
that of Seal Cove. Pond these basins lie so much above the level of 
the sea that it would be unreasonable to propose such an explana
tion. 

The general geological map will show that the rock Ilorth of the 
mountain is, for some distance from the main ridge, of a solid and 
decay-resisting nature like that of the mountains themselves, so that 
its erosion can not be supposed to have been accomplished during 
the last ice time. 

The history of these basins is fairly well shown by the_ study of 
the smaller depressions in the range, which are very much like the 
deeper troughs in every respect except their dimensions. Of these 
the most characteristic are the depressions between Beech Mountain 
and Echo Mountain directly south of Carter's Nubble, the notch be
tween the east and west peaks of the Western Mountain and the 
cleft between Green Mountain and Dry Mountain. 

It is true that thes~ relatively shallow troughs have no lakes in 
them~ but, considering them along with the niore perfectly developed 
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valleys, a complete series can be constructed giving a gradation·from 
the conditions of the deepest valley to those of the smallest of the 
notches which divide these mountains in a north. and south direc
tion. It is perfectly clear that these smaller notches have not been 
formed by river action or even by mountain torrents. At the pres
ent time the streams which flow through them are trifling rivulets. 
If they ever wore the seat of torrents all semblance of the original 
valleys has disappeared. 

The history of these valleys has apparently been as follows: The 
granitic rock in which they lie varies very much in hardness, 
i. e., in the ease with which it breaks up under the .influence of 
decay or of force applied by rending agents. The relative weakness 
of certain north and south bands of this rock is due in part to the 
intrusion of dikes having a general trend corresponding. to that of 
the valleys, viz, from N. 2Q0 W. to N. These dikes are decidedly 
more accessible to atmospheric decay and more easily worn by the 
ice or sea than the granites. The presence of these dikes seems in 
certain cases to soften the granitic .rock, possibly through a process 
of kaolinization of the feldspar it contains. Furthermore, these 
dike injections appear to increase the jointing of the country rock 
on either side of the injection, and so, by these several actions, the 
granitic rock in the neighborhood of the dikes has its resistance to 
the several kinds of decay diminished. Itis difficult to completely 
verify this hypothesis, for the reason that the bottoms of the greater 
valleys are not visible, but it seems clear that many of the lesser 
indentations are to be attributed to the presence of such dikes. · 
The valley between Beech Mountain and Echo Mountain, through 
which runs the road from Carter's Nubble to Norwood's Cove, is cut 
down upon a dike about ten feet in width, which occupies the center 
of the trough, so that a depression of 200 feet '1eep apparently owes 
its existence to this dike and to the changes in the boundary rock, 
which are in some way connected with its injection. So, too, the 
shores of Somes Sound appear to show that it occupies a strip of 
country more than usually penetrated by dikes, whose axes in a gen
eral way correspond with the trend of its trough. As_will be noted 
in the general geological description of the rocks of the island, the 
dikes, which have a course between N·. 25° W. and N:, are appar
ently softer and decay more readily than those lying in other direc
tions. 

The deepening of the valleys between the m·ountains so as to form 
the basins of the lakes is a matter which seems to admit of an expla
nation in the following manner : First, it is evident that there is a 
tendency in a glacial stream to. draw into the mouth of a converging 
valley. This fact is as evident as the opposite tendency of the ice 
to divide on the end of a keel-shaped liplift of the land. This con
vergence of the ice is indicated by the scratches which are visible 
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about the head of Somes Sound. Secondly, it is manifest that this 
convergence necessarily leads to a swifter motion of the ice in the 

\ \ J I 
\ ~ J I 

I I \ \ 

valley towards which it converges than 
in the district on either side of that val
ley. (See Fig. 29.) 

This swifter movement would neces
sarily give rise to a more rapid down
cutting of the channel through which 
the accelerated stream made its way. 
Where the mountain valley opened out 
upon the southern plain, the divergence 
of the ice released from the confining 
walls would cause a diminution of the 

FIG. 29. Effect of convergence and di- wear, and therefore the excavation pro-
vergence on ~ee 1low. duced by the ice would be shallower. 

It is manifest that this hypothesis is one not easy to verify; only 
partial verificaHon is found in the precise correspondence of the facts 
with the conditions demanded by the theory. None of these lakes 
contained in the mountain valleys have their southern ends project_ 
ing beyond the southern wall of- the mountain. Their greatest depth 
is nearly opposite the highest points on their shores. All these feat
ures appear to be explained by these hypotheses, while by any other 
which has been suggested they are essentially unaccounted for.' 

FIG. 30. Usu~l northern slope of· Mount Desert hills. 

The erosion on the mountains apart from that shown in the cutting 

1 It will be observed that these considerations open up the whole matter. of the 
formation of fiord valleys. . It would be .interesting to pursue the inquiry beyond 
the suggestions which are given above, but a full consideration of . the problem 
would den1and more space than can be afforded in this report. I hope to deal with 
the subject in another place. 
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Qf the above-mentioned valleys is exhibited in the smoothing and 
rounding of the rocks and the wearing down of their northern faces 
into long slopes. On their whole east and west extensionthesemount
.ains slope much more gradually northward than southward, as is in
dicated in the distribution of the contours on the map. These dif· 
ferences in slope would make the mountains excellent specimens of 
crag and tail or shock and lee phenomena were it not for the fact 
that the sea has probably had a share in shaping the southern face 
·Of these elevations . 

. It seems to me probable, as will be shown in the later pages of this 
report, that the ancient sea slopes of these southern difl's were not en

'tirely obliterated by the action of the ice of the laf't glacial period or 
at least of that portion: of the period which gave the island all the 
scoring and scratching that it exhibits. If this be the case this ap
parent crag and tail form of the surface is probably in part due to 
the action of the ocean surges and not altogether to the difference 
between the cutting power of the ice on the north and that on the 
.south of the mountain axis. (See Pl. LXX). 

It is a well-known fact that the surfaces of all northern lands which 
were covered by the glacial sheets were more or less depressed at the 
.cJose of the ice time. Every part of the American shore north of 
New York and a large part of the interior of the continent within 
the limits. of the old glacial field afford evidence of subsidence below 
the level of the sea, a subsidence which took place during the ice 
time and continued for a certain period after the glaciers passed 
.away. The cause of this subsidence is still in debate; it constitutes 
·one of the most difficult prolJlems in the perplexing field of glacial 
geology. The importance of obtaining a clear understanding of the 
·conditions prevailing during this subsidence is very great. Until it 
is possible we shall continue to be unable to deal with a large part of 
the questions that arise when we endeavor to understand the history 
·of the glacial epoch . 

• 
EVIDENCES OF SUBSIDENCE DURING AND AFTER THE GLACIAL PERIOD. 

The island of Mount Desert evidently affords peculiar advantages 
for the study of the problems connected with glacial subsidence. The 
.considerable height of its surface and the great extent of its elevated 
.area, as well as the position of this mountain ridge with reference to 
the open sea, give reason to hope that it may afford critical evidence 
.as to the heights the ocean reached in the time of greatest subsidence 
.and during the stages in which the land was re-elevated .. It was 
with this view that I undertook the study of the island, and the 
facts which are given below show that the expectation was amply 
justified. 

The best way to begin the inquiry was evidently by a, careful study 
,of the existing shore-line, in order that we might see in what way 

8 GEOL--64 . 
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the sea marks its contact with the land on rocks such as form this 
portion of the shore. This inquiry might advantageously be made in 
a very special way, but in this memoir it will not be possible to do 
more than explain the more important indications by which we may 
recognize the action of the sea upon the land after the process of 
elevation has withdrawn the surface above the plane of the ocean. 

The sea marks its contact with the land by several different classes 
of effects-by washing the superficial accumulations of earth and 
sand and gravel; by the erosion of the rocks in the forni of a bench; 
by the construction of certain accumulations of materials in the form 
of benches; and, lastly, by forming terraces on the sea floor at some 
distance from the shore-line. Of these various effects the washing 
away of the superficial accumulations and the construction of sea 
benches out of the materials are by far the most characteristic re
sults of marine action. The formation of sea benches in there-en
trant angles of the shore and the construction of terraces are facts 
which require peculiar conditions, and therefore these phenomena 
can not be expected along all parts of a coast line. To make such 
results possible the inclination of the shore at its contact with the 

FIG. 31. Great Head. 
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sea must not exceed a certain angle, and· the currents must not be so 
swift as to bear away the debris as fast as it is formed. If these con
ditions are lacking prolonged marine action will not produce benches 
and terraces. 

It is evident on even a slight inspection that the sea shore of Maine 
has been for a. considerable time at about its present level. There are 
reasons to believe that an elevation of from ten to forty feet has 
taken place within a few thousand years; still the sea has been act
ing on. this strip of what may be called the actual shore for a suffi
cl.ently long time to give us a measure of what it can do under the 
present conditions. 

In examining this coast the first thing that strikes us is the cutting 
which the sea has done on the rocks. Along the greater part of the 
shore-line where it rests against the bed rocks, as it does on at least 
three-fourths of the coast of this island, we find a scarf distinctly 
carved in the rocks; and, though not perfectly continuous, it is plainly 
exhibited along the greater portion of the shore. · We next note that 
the extent of this bench is extremely variable. At one point we may 
find that the sea has carYed its way back, so that a majestic precipice 
100 feet high faces the ocean, while a few hundred feet. away the 
waves beat against rocks which still bear the glacial scratches; yet 
the physical conditions existing at theRe two points, as far as regards 
the assaults of the sea, may appear to be essentially the same. It will· 
not be possible in this place to undertake an inquiry into the causes 
of this very wide diversity iri the conditions of the shore. It may 
be said, however, in passing that alterations in the number and direc
tion of the joint planes, slight changes in chemical constitution of 
the material, or variat[ons in the declivity of the slope by which the 
land meets the sea, may bring about the widest diversities in the cut
ting power of the waves. For our purpose we need to note only the 
fact that while rock-scarfs are produced by the cutting action of the 
sea and by no other cause they are by no means universal along this 
existing coast-line.. . 

The next most characteristic mark of sea action is found in the re
moval of superficial detritus soil or glacial waste from the surface. 
Although this effect of wave action is less conspicuous than that aris
ing from the rending of the rocks on the shore, it is far more gener
ally distributed along the coast. We search in vain on the belt of 
shore where the waves have no considerable magnitude for any such 
covering of debris as the glacial ice left on the larger part of this 
land surface. It is clear that no part of the surface on which the ice 
lay was entirely without debris when the ice began to melt away. 
The streams of water produced during the period of melting occa
sionally scoured away this detrital material, but even wh~re the sur
face is so cleared of the glacial waste we have a form and a dish·ibu
tion of the material which enable us easily ~o separate such areas 
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from the surfaces which have been abraded by marine action. In a 
glaciated district where the ice has acted with great power, as is the 
case over all this part of the continent, if we find large areas of rocks 
lying at gentle inclinations which have had all the drift except occa
sional large bowlders removed from their surfaces, save perhaps 
where small patches of pebbles or clay lie in protected depressions, 
we may fairly conclude that the area has been swept by strong cur
reHts of water, such as the waves of the sea may produce. 

FIG. 32. Spouting Horn, Schooner Head. 

To this conclusion we are inev1tably brought by the very inspec
tion of the surface within the limits of wave action as it is now going 
·on along the coast. On this wave-swept surface we find here and 
there a large bowlder, which by its weight has escaped the disturb
ance that has overtaken all finer materials. Occasionally in the 
·depressions and creviees of the rock we find patches of pebble, and 
more rarely of glacial clay, which, lying above the level of the 
strongest waves, have remained but little changed from their original 
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state; sti!l the wave belt of the shore shows scarcely a trace of drift 
upon the surface of its bare rocks. 

The pebble beaches are found only in the re-entrant angles; they 
are rarely very conspicuous structures, and we can easily imagine 
that if the existing shore was elevated and covered for a long period 
with a thick mass of vegetation it would be nearly impossible to 
identify the beaches ori such a surface as Mount Desert now presents, 
at least until the country had been cleared of its forest covering. 

The submarine flats of clay and sand so common on the southern 
shores of New England appear, from the evidence afforded by sound
ings, never to have been formed on slopes of any considerable 
declivity such as Mount Desert would present if its surface were sunk 
beneath the sea. On such steep slopes the action of tidal currents, 
where the tides have a rise and fall existing on this part of the shore, 
is so strong that the detrital matter is quickly swept away into deeper 
water. 

The slopes of a sea-girt rocky shore have a peculiar character that is 
given it by the action of waves alone. The general character of such 
shores is shown in the accompanying diagram (Fig. 33), which exhi-

~~ 

Hi h nde. 

Frc. 33. Wave-carved shore, 

bits the general type of the submarine bench now existing just below 
low-tide level along this coast, where it is formed on granitic rocks 
having the general nature of those which make up the g-reater part 
of Mount Desert. We see that this shelf is composed of the follow
parts, beginning at the top, viz: First, the cliff above the water line, 
where the removal of the roc"k material is dependent upon gravity 
assisted by decay and frost action; second, the belt assaulted by 
waves where the removal of mattel· is brought about by the hori
zontal blows of surges, aided, also in part by frost and in part by 
the chemical decay of rocks; third, a slope that I shall call the ero
sion shelf. This is the section bel_ow the level of the most vigorous 
wave action and represents by its width the extent to which the sea 
has cut back from the original front when the sea first came into its 
present relations with the land. Below this erosion shelf, beginning 
at about low-tide mark and extending to a depth that varies with 
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many circumstances, is the section where the coarser fragments worn 
out from the cliff by the waves are dragged by the resurging waters 
or borne by the shore ice. This portion of the section I term the 
deposition shelf. With hard rocks this accumulation on different 
parts of the shore generally bears about the ratio shown in the scarf 
to the amount of cutting, but, as is readily perceived, the cubical 
contents of a section of this detritus is always less than that of a 
section of the scarf, because considerable of the material is entirely 
ground up and borne away by the ocean currents in the form either 
of mud and sand or of materials in complete solution. Examined 
at low tide we perceive that the fragmental material in the detrital 

FIG. 34. Otter Cliffs. 
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apron, though often much battered, has a form different from that 
of ordinary glacial waste and the fragments are far more angular; 
indeed, it is frequently possible to trace the larger of them to their 
original place in the ragged face of the cliff. 

There is one peculiarity of the rocky sea front which, though not 
very conspicuous on these shores, will serve us well in our quest. I 
refer to the sharp indentations of the shore made by the action of 
waves on soft portions of strata much intersected by joint planes: 
To these reentrants we may give the common name of chasms. As 
soon as such a chasm begins to form it finds conditions favorable to 
its further development; the indentation becomes a lodging-place 
for fragments which may be torn from its sides or swept into it by 
waves. These fragments are used by waves to batter the walls of the 
crevice and thus to extend the exca~ation, while the steep slopes out
side, though equally assaulted by the sea, are struck only by the un
armed waves, which have relatively little power upon the closely 
knit rock; however violent their blows may be. · 

Although the foregoing is an extremely imperfect statement of the 
action of the sea waves on the shore, it will serve as a basis from 
which to judge whether or not the sea has acted on this island at 
points above its present line ... 

If ;e can find these several marks of marine erosion on the sides 
of the mountains of this island we may· be certain that we have in 
them evidence of old sea levels which indicate the submergence of 
this part of the shore since the last ice sheet passed away. 

At a height of about twenty feet above the sea level there are 
some very faint indications which lead me to infer that there was a 
brief period in which the sea paused during the process of elevation, 
while tp.e waves cut a very faint scarf .. Notwithstanding considera
ble study of this coast line, I do not feel it safe to indicate a bench 
of this level. At Hull's Cove, • on the north side of the island, there 
are two benches cut in the clay deposits; one, at the height of forty 
feet above the sea, is very indistinct. At Newport Cove, and near 
Southwest Harbor, there are faint traces of a similar bench at the 
same· altitude .. At Hull's Cove, at the height of sixty feet above 
the tide, there is an escarpment on the_ sloping clay deposits which 
is unJoubtedly of marine origin. It is figured in ·Plate LXXV. 
Considering that these marks of marine action have not been traced 
for any considerable distance along the shore, and are not, at any 

1 I have in preparation a special report, to be published by the U. S. Geological 
Survey, intended to afford the student a basis on which to interpret problems con
cerning ancient sea margins. It will probably be a year. or more before this paper 
is completed. An admirable memoir on the subject of lake margins from the pen 
of G. K. Gilbert appeared in the.Sixth Annual Report of the U. S. Geological Sur
vey. 

2 The extreme inlet northwest of Duck Brook. 
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point where I have observed them, in the form of scarfs in the 
solid rock, I have hesitated to assign them a place. 

First bench.-Proceeding to our inspection of the land surface of 
Mount Desert, we find no very clear marks of wave action in the form 
of rock scarfs until we attain the height of about ninety feet above 
the sea. At that point there is a bench which is marked only on 
the more exposed portions of the southern shore line. 

The best indication of this ninety-foot bench which I have found 
is on the east side af Seal Harbor. Here and elsewhere along the 
shore wherever the surface is bare of timber the erosion is clearly 
manifested. The actual benching of the rock is . small in amount; 
still, as is shown in the diagram (Fig. 35), the scarf is plain, and in 
some instances the evidence of water action is well indicated by the 
dislocation of large blocks, by their motion down the slope, and by a. 
certain lateral transverse movement which can not be explained save, 
by wave action. In the diagram the general aspect of this terrace is. 
shown at a polnt .where it is unusually well exposed to view. The 
large angular fragment has been moved 115 feet down the slope of 
the old rock-apron from the point where it originally lay, descending 
a slope which is vertically twelve feet in height. 

This great mass contains about 500 cubic feet and is one of the 
largest fragments removed by sea action which I have observed on 
the island. It does not seem reasonable to suppose that it could have 
been moved down the slope by the action of gravity alone or by grav
ity aided by the action of frost, or by the force developed by the 
growth of the roots of trees. 'l'he surface over which it traveled is. 
by no means smooth, and the lower face of the rock is quite rough, so· 
that unless a powerful lifting force had been applied to it the descent. 
would have been impossible. A little farther up the hill, at the point 
indicated by bin the diagram, a fragment of several cubic feet in 
contents has been detached from the crest of a slight ridge of rock 
and moved a little way inland. 

FIG. 35. Section of ninety-foot bench, Seal Harbor. 
a, point from which fragment a' was riven ; b, point from which fragment b' was riven. 

It will be observed that this bench, though its vertical relief is. 
not great nor the excavation large in amount, presents all the, 
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marks by which we found in our preliminary inquiry we might 
hope to identify an old sea cutting made in rock of this description. 
There is the vertical ragged cliff, which can not be the result of gla
cial action; for it faces the direction whence the ice movement. 
came; but its existence is readily explained by the action of wav!')s. 
Small bowlders of rock, which so well indicate the rolling and pound
ing action of sea waves, also abound upon this slope. The glacial 
waste is, of course, entirely swept away. The direction of movement. 
of the large ·rock is almost at right angles to the path of the ice, and 
therefore this movement could not have been brought about by 
glacial action. The method of my inquiry, necessarily determined 
by the tim,e at my disposal for its prosecution, has not made it possi
ble for me to undertake the extremely laborious task of tracing this · 
bench, or any of those hereafter to be described, around the whole· 
shore of the island. I may say, however, that along the greater part 
of the southern coast, wherever I have had an opportunity to exam
ine the. surface, I have found more or less clear indications of its. 
presence. On the north shore this bench appears to be wanting, as. 
are most of the others at higher levels. 

The duration of the sea level at this height can not well be esti-· 
mated. It seems, however, evident that it could not have been as 
long continued as it has been at the present level of the shore, for the· 
erosion is very much less, probably not amounting to one-fourth of 
that which has been effected sinc.e the sea came to its present posi-· 
tion. 

Further studies on the elevated benches of Mount Desert, made as. 
this report was going to press, have shown me that the ninety-foot 
bench is at several points extended along the line of the cove clays in 
such a fashion as to afford strong corroboration of the hypothesis of 
marine action at this height. The most important of these benche$ 
is that found at Newport Cove, at the height of from-eighty-five to
one hundred feet above the present high-tide level. The slope of the· 
old shore and its general structure are almost exactly like those of the 
present shore immediately contiguous. Although a great deal of 
matter-has slid down over the original slope of the beach, it is still 
possible at several points to find pebbles exhibiting the characteristic 
shape of stones which have been rolled by waves. 

The fact that we do not find similar evidences of marine action on. 
soft materials at greater heights above the sea level appears suffi
ciently accounted for when we consider that in the higher par~s of' 
the island we have very little detrital material on which such a record 
could be made. Where considerable accumulations of gravel exist
they lie upon steep slopes, which would readily·slip down after having
been abandoned by the sea, and thus destroy the evidences of marine, 
action. 
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Although at the point indicated in the above section the waves 
would have had a very great cutting power when the sea was at the 
level indicated, they did less work than they have done on the existing 
shores of Seal Harbor, and yet the force of the sea on that part of 
the shore is very much less at present than it was when it stood at 
the higher level. ]'rom this bench, which lies between ninety and 
one hundred feet in height, up to the level of about one hundred and 
sixty-five feet, I have· observed no distinct benchings, though at 
many points there are faint marks of marine action. 

Second bench.-Beginning at about one hundred and sixty-five feet 
above the sea level, and thence upward for perhaps thirty feet in al
titude, occur some of the most remarkable benchings which exist on 
the island. So far as observed, the best examples of marine work 
at this level are on the southern, southwestern, and southeastern 
faces of the low graniti9 ridge shown on the map as Dodge's Ledge. 
'fhis bench is most clearly shown on the southwest versant of this 
ridge, at the po1nt where the accompanying views were .taken. 
(Pls. LXXI, LXXII, LXXIII.) Here the marine charact'er of the 
scarf or chff is clear to any eye, though singularly enough its nature 
has not heretofore been remarked. No part of the existing shore-line 
exhibits the results of the wave action in a more characteristic man
ner. As will be seen from the sketches, which are based upon pho
tographs, as well as upon drawings and measurements made upon 
the spot, the evidence as to the marine origin of this shelf is singu
larly complete. We find there the steep cliff with a crest which at 
one point overhangs the base ten feet or more. The cavern-like re
cesses at the base extend in from the face nearly twenty feet. There 
is a wide, smooth, sloping rock apron on which waves have evi
dently beaten for ages, and below its edge, as well as upon its surface, 
an accumulation of fragments, rounded by wave action, which are 
very unlike glacial debr.i.s in form. · 

They were evidently derived from the bench above and moved 
to their present position by the action of waves and ice rafts. It 
should bo notodthat these fragments have been moved westerly in 
part directly against the movement in the glacier and in part at 
right angles to the trend of its motion; also that the steep-faced cliff 
looks westward and that it could not have survived in its present 
form if it had been subjected to glacial erosion. This bench not only 
indicates marine action at this level but it ·unquestionably shows that 
this marine action took place after the disappearance of the last ice 
flheet. There can be no question that this sea face has been worn 
since the last retreat of the ice from this region. A slight amount 
of glacial action would remove this marine debris and destroy the 
overhanging part of. the cliff. (Fig. 32.) 

The excavation done on this level is evident around nearly the 
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whole periphery of the island, but it is particularly marked on the 
southern shores. It seems clear that the sea must have remained for 
a long time between one hundred and sixty and one hundred and 
eighty-five feet above its present level, for the total amount of exca
vation done at this height above the sea approaches if it does not 
equal that accomplished along the existing shore line. It should 
be noted, however, that the sea when at this level would have had a 
far wider sweep than it now has on the greater part of the shore of 
this island. It will also be observed that this one hundred and sixty 
to one hundred and eighty-five foot bench is not nearly so evident 
on the other parts of the island as it is at the point above described. 
For instance, on the unnamed hill midway between Seal Harbor and 
the cove of Stony Beach,' this bench, though observable, is relatively 
of small size. This wide difference in the amount of excavation which 
the sea did when it occupied this height is probably due in part to 
the variation in the original slope of the declivity on different parts 
of the shore, and in part to the difference in the extent to which the 
rock is penetrated by joint planes together with the position of these 
planes in reference to the blow of waves. 

At other points on the shore this bench is apparently divided into 
two parts. This is notably the case on Cox's Hill,Z one bench lying 
at the height of about one hundred and sixty feet, another at one 
hundred and eighty-five feet, with the surface between them indicat
ing diminished erosion. 

Third bench.-Above this one hundred and sixty to one hundred 
and eighty-five foot bench we have along all the southern shore a 
succession of slight steps which may indicate wave action; it is, how
ever, not until we attain the height of about two hundred and twenty 
to two hundred and forty feet that another important bench is ob
served. At this level a very strong bench is visible at many points 
on the southern shore. It is perhaps best shown on Cox's Hill, in 
the deep ravine called the Cleft, and on Barr's Hill, but it seems to 
be present at all points where the headlands were exposed to the ac
tion of the sea in this period of depression. On the west face of the 
Cleft it appears as a scarf, having a maximum vertical height of 
about fifty feet with a distinct undercutting and a considerable mass 
of debris accumulated as an apron below. On the east side of the 
Cleft near the abandoned wagon road which is shown on the map, 
the scarf is very well shown and evidences of wave action are very 
clear, as is indicated in the accompanying diagram of Pulpit Rock, 
Plate LXXIV. No portion of the existing coast line of the island 
gives as good a picture of marine action as is afforded by this por
tion of the old 240-foot bench. For purposes of comparison, two 

1 Midway between Otter Cove and Seal Harbor. 
2 0n the eastside of Seal Harbor. 
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similar detached rocks occurring on the present sea shore are shown 
in Figs. 36 and 37. 

FIG. 36. Rock detached by wave action, Sutton's Island. 

Fourth bench.-The next conspicuous bench in the ascending series: 
lies at the level of from two hundred and seventy to two hundred 
and ninety feet above the level of the sea, or about fifty feet above 
the preceding. This is also a striking bench very nearly as con
spicuous as that last described. It is very well shown on all the 
parts of the southern coast where it was sought for, having appeared 
along the greater part of the coastline. On Dodges' Ledge it forms. 
a steep wall around the sides of the hill, except on the south, where,. 
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for a short distance, it is wanting, and at the northern end, where, 
for about forty degrees of arc, the shore was so protected from the 

FIG. 37. Rock detached by recent wave action, Otter Cliff. 

action of the wave by the higher lands of the island to . the north
ward that we could not expect to find it. At no other point do we 
find this sea scarf exhibiting the continuity which it shows on this 
·elevation, but elsewhere it is sufficiently continuous to make it plain 
that the sea remained at this level for a considerable geologic time. 

Fifth bench.-A little above the top of this scarf and about ten feet 
below the summit of the hill, at the height of about three hundred 
feet above the high-tide level, there is a fragment of stone which 
affords a singularly complete bit of evidence serving to show that 
the sea has done its characteristic work at this height; if it had been 
constructed for the purpose it could not have been more ad:Jllirably 
adapted to this end. The fragment. in question is a block of granite 
.about seven feet by four and on an average about fifteen inches thick 
which has been riven from its bed, turned completely over, and lodged 
.at the height of a foot or so above its original bed place. Moreover, 
it has been moved six feet northwest of its original site. It is mani-
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fest that there are but two ways in which this movement could have 
been effected. It is conceivable that the displacement and reversal 
of the fragment might have been accomplished by the overturning 
of a tree whose roots had firmly inclosed its mass. To this hypothe
sis it must be objected that tall forest trees could hardly have de
veloped on a surface as bare of soil as is all this elevation on which 
the dislocated fragment rests; moreover, that the fragment is far 
heavier than any but the largest tree could possibly have dislocated 
by its fall; and, indeed, it is scarcely credible that the complete over
turning in this manner could have been accomplished under any 
circumstances. After several visits to this interesting specimen I 
have come to the conclusion that we must assume it to have been 
overturned by wave action. It is perfectly clear that the movement 
has taken place since the last glacial period, for as before noted the 
stone has been transported a little distance northwest or contrary to 
the direction of the glacial :wovement. Considered with the other 
marks of marine action noted at lower levels this dislocated fragment 
may entirely justify the conclusion that the sea has acted upon the 
surface up to this level at a time since the close of the glacial period. 

Sixth bench.-Above the level of 300 feet, and thence up to about 
380 feet, the surface shows at many points distinct evidences of 
marine action, but no proof of 1ong-continued wearing by the sea is 
found at any of these points. At 380 feet, and thence upward to 
430 feet, there are many very distinct scarfs, sometimes separated 
into distinct benches, but more commonly appearing as one steep cliff. 
This bench is well shown on the faces of the Cleft, and on the west
ern Triad, and it is traceable all along the southern face of the island. 
It is, perhaps, less marked than the three most important lower 
benches, and indicates on the whole a less continuous action of the 
sea; still; it shows that the pause in the elevation, or, perhaps, sev
eral subor<;linate pauses, was continued long enough to permit an 
aggregate ammint of excavation, probably exceeded only by the 
bench standing at 240 feet above the present level of the sea. 

Seventh bench.-Continuing our way up the southern slope of the 
mountains, at the height of 50 feet above the last-mentioned bench, 
or about four hundred and eighty to five hundred feet above the sea, 

·we find another level where marine actio;1 is at some points distinctly 
indicated. It is most conspicuous on the east flank of Jordan's Mount
ain near the south end of Jordan's Pond, where it is shown as a dis
tinct scarf with a slight undercutting at its base. Again, on the, 
same mountain, at the height of from four hundred to four hundred 
and twenty feet, ther~ is another bench eight feet high; which shows. 
distinct undercutting and a f1;ontal apron of rock as in the lower 
terraces. The benches of these levels, from three hundred and 
eighty to four hundred and twenty feet, have not been carefully 
traced on other parts. of the island, but they may apparently b~ 
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relied upon as proving a certain amount of marine action at this 
level; that at 410 feet above the sea is seen also on the southern spur 
of Green Mountain, where it may be followed for a great part of the 
periphery of that spur. 

N 

Thin sheet of Till . s 
. , . 

FIG. 38. Section of bench on east peak of Western Mountain, 520-600 feet above tide. 

FIG. 39. Section of bench on east peak of Western Mountain, 520-600 feet above tide. 

Sea-worn cliffs.-From about four hundred and fifty to five hun
dred and fifty feet no distinct benches were traced, though the surface 
has a sea-worn look. At about five hundred and fifty feet of altitude 
we enter upon the most curious set of steep cliffs, apparently worn 
by the sea, which the island exhibits. This band of cliffs extends 
upward to heights of from seven hundred and fifty to one thousand 
feet. These benches, with their steep and often nearly vertical 
slopes, give the crowding of the contour lines on the map, causing 
a deep shade of black on the middle part of the mountain slopes. 
They are particularly well seen on the steep precipices of Pemetic, 
Jordan's, Newport, and most of the other mountains. It is these 
steps which in great part give picturesqueness to the scenery of the 
island. On their precipitous slopes it was not found possible to sep
arate the several benches into distinct levels, but it is tolerably evi
dent that the general slope of these steps, which is shown in the 
sections across the mountains, is due in large measure to wave ac-
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tion. I am not yet certain that this wave action was wholly ac
complished before the last glacial period, or at least in. the time 
before the last recurrence of the glacial sheet on this district. I 
am inclined to believe that it was due in part to the action of the 
sea antecedent to the last work of the glaciers. Though there are 
distinct subordinate benches on the steps, they present at certain 
parts of their surfaces glacially rounded surfaces; moreover, we do 
not find on the slopes below these benches any such mass of material 
as it is necessary to believe was removed from their scarfs. I have 
been driven to the hypothesis that these somewhat glaciated benches, 
which have in a general way the· shape of the marine scarfs found 
at lower levels, were formed before the last glacial period while the 
sea lay at this level, and that they were not very much changed in 
their form by the last ice movement. After the ice passed away 
and during the period of re-elevation the sea appears to have worked 
again on this bench, forming relatively small scarfs upon the steps 
cut by the ocean in the preglacial time. 

From the height of six hundred feet to that of one thousand feet, 
for the reasons before given, no effort was made to ascertain the 
separate terraces or to determine their height above the sea. On 
this, the most extensively terraced portion of .the island, great labor 
will be required to separate the crowded scarfs from each other so 
as to determine the successive levels at which the sea appears to have 
acted, and to divide the erosion done before the last ice time from 
that effected since the i_ce passed away. Above the level of 1,000 
feet the task becomes again much easier.' 

There are on this portion of the mountains a number of levels at 
which the evidence of marine action derived from benches is very 
good. It should be noted, however, that the surface above the height 
of about one thousand feet assumes the character of tolerably gentle 
slopes which extend up to the upper scarfs near the summits. Such 
a field as we may see by the unbroken surface of many syenitic 
jslands of gentle slope which occur along the neighboring shores of 
Maine is a very unfavorable place for the sea to effect scarfing action 
upon. The wav~s slip over such gently inclined rock and do not 
have a chance to exert their erosive power upon it. To this, perhaps, 
may be due the indistinct benching of the upper portion of the 
mountain slopes. It may be, however, that this incompleteness of 
the marine action is owing to the shortness of the time during which 
the rocks were exposed to the action of the sea. · 

1 Although the coast-surface map of Mount Desert \vhich is reproduced in this re
port is, perhaps, as good a piece of topography as has ever been made upon the scale 
on which it is constructed, the generalization of the delineation is considerable. This 
makes it impossible to use this map in tracing the details of position of these old 
benches. If this task is ever effected it will be necessary to prepare, for the study 
Qf the problem, a map on the scale of about one twenty-five-hundredth of the nat
ural dimensions. 
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Evidences of benches above the level of one thousand feet.-The 
:first tolerably distinct indication of sea benching above the level of 
1,000 feet is shown near the summit of Jordan's Mountain. Al
though this evidence is less clear than that afforded in the cases 
of lower levels the observer who has carefully followed up the 
problem from the sea level to this height will hardly doubt that he 
has here unquestionable evidence of marine action. This principal 
.system of benchings indicated on Jordan's Mountain extends from 
about nine hundred and thirty feet up to about eleven hundred feet. 
There are two or three distinct scarfs; the intermediate spaces have 
the scoured and sea-worn look which belongs to the belt of rocks 
now swept by the waves. Although these benches, so far as observed, 
are most distinctly shown on the upper part of Jordan's Mountain 
they are observable on the flanks of Sargent's Mountain and Pemetie 
Mountain as well. Indeed, wherever at this level the surface of the 
rocks has a sufficiently steep slope towards the sea, the benching is 
more or less manifest. 

The summit of Jordan's Mountain at the height of from 1,140 feet 
to 1,160 feet is strongly benched on all sides. The general aspect of 
the summit is precisely that of many rocky islets now existing along 
the storm-swept shore. It requires little imagination to picture this 
rugged summit when it was a little island in the small group of sea
worn isles whieh then rose above the ocean at this point. 

The evidence of marine action derived from the displacement of 
bowlders on the benches between one thousand and eleven hundred 
feet of altitude is almost as plain as upon the lower levels. The 
·Cases of displaced fragments are very numerous. None of these, so 
far as observed, are overturned by the waves, though they often 
show by their removal to a considerable distance from their original 
positions that they have been subjected to a dislocating force since 
the close of the glacial period. 

In considering this evidence afforded by the fragments care should 
be taken to exclude those cases in which the action of frost or of 
trees upturned by the roots might have produced the effects observed. 1 

1A comparison of the summits of these mountains with the summits of the White 
Mountains in New Hampshire affords us certain important suggestions. The work 
done by frost on the heights of Mount Desert is extremely small compared with that 

. effected by the same agent on the upper levels of the White Mountain peaks. As 
is well known nearly the whole of the upper part of Mount Washington and the 
neighboring peaks of the group is covered by a mass of frost-riven fragments. This 
difference in the condition of the surface may be due in part to the diverse nature 
of the rocks of which the mountains are composed, the White Mountain group 
being made up in the main of schistose materials, while Mount Deeert is composed of 
extremely massive granitic rocks. Nevertheless I am inclined to believe that we 
can not attribute all the difference in condition to these circumstances. Something 
is probably due to the greater energy and perhaps to the longer continuance of vig
·Orous glacial action on the summits of the Jv,[ount Desert hills. 

8 GEOL--65 
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There are on Mount Desert_ only four peaks which rise higher than 
1,100 feet, and above this level the action of the waves can be studied 
on relatively small areas only. We have already seen that no one 
of the benches made by the sea on this island, not even that at the 
present ocean level, is perfectly continuous; therefore it is readily 
perceived that as the region opened- to study is narrowed our conclu·
sions have less value. The four summits which rise above·1,100 feet 
are Pemetic, Sargent's, Green, and Dry Mountains. The upper 30 
feet of Pemetic Mountain, at the height of 1,210 feet to 1,240 feet, 
show distinct benching, though the scarfs have little height. Ap
parently the period of water action was brief. In addition to the 
evidence afforded by indistinct benches we have on this summit a 
number of chasms formed by the cutting out of dikes apparently by 
the action of ~he sea. These channels are deep; their walls are nearly 
vertical. It does not appear possible that such sharp chasms could 
have been formed by glacial ice, and I am forced to believe that they 
are the product of wave action. The trend of these fissures is ap
proximately north and south; their present depth does not exceed 
twenty feet, but they have been partly filled, perhaps to half their 
original depth, by matter fallen from the sides. "They vary in width 
from twenty to forty feet. 

The summit of Sargent's Mountain exhibits little trace of wave 
action in the upper 300 feet of its height. So far as observed, indeed, 
it shows less evidence of marine action than any other of the mount
ains of the Mount Desert group. The reason for this may peehaps be 
that it is on the whole in a more sheltered position as regards wave 
action than any other of the greater peaks of the island. 

Betw·cen the summit of Sargent's Mo"untain and that of Jordan's. 
Mountain there is a deep gorge the bottom of which is about ten hun
dred and fifty feet above the sea level. The form of this gorge is not 
well represented on the map, doubtless for the reason that it was cov
ered with timber at the time when the map was made. The axis of 
this gorge lies in a northeast and southwest direction. The depth of 
the portiQn which appears to have been excavated by wave action is 
about one hundred feet. The rough character of its crumbling walls 
and its position with reference to the glacial movement make it seem 
extremely improbable that it could have been formed by the action 
of ice. 
· On the flanks of Green Mountain at about the same height as 

these benches and chasms of Pemetic Mountain there is a consider
able scarf which is apparent on a portion of the hill only, appearing 
in a distinct manner where the original slope was steep enough to 
oppose a strong resistance to the action of the waves. I have little 
doubt that this bench marks a point where the sea acted for· a con
siderable time. From this level up to about twelve hundred and 
eighty feet no distinct benches·were observed. From 1,280 to 1,320 
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feet there are faint benches which are best shown on the eastern face 
of Green Mountain. They are so limited in extent that I do not re
gard them as affording conclusive evidence of marine action at this 
level though I can not otherwise account for their formation. 

Above the last named level we have only the summit of Green 
Mountain on which to prosecute our studies and this surface is in
clined in such gentle slopes that the waves could have had little op
portunity to accomplish much erosion on the rocks. Still, at fourteen 
hundred and sixty to fourteen hundred and eighty feet above the sea 
there is a faint bench which on the south and east sides appears to 
give some indications of marine action. It is not distinctly to be 
traced around the contour of the hill but it is hardly to be expected 
that a brief period of ocean-wearing would produce a continuous 
scarf on a surface of such gentle inclination. 

Finally, near the summit of the mountain at the height of about 
fifteen hundred and ten feet above the sea, or 17 feet below the high
est point, there is a slight bench not over four feet high the front of 
which shows a number of detached blocks which may have been dis
located by waves though satisfactory evidence of such action was not 
obtained. I do not find it easy to explain the position of these 
blocks, or the general water-worn look of the surface on any hy
pothesis other than that of marine action. 

Generalization of evidences from benches.-We have now consid
ered in a general and imperfeet manner the evidence derived from 
the various scarfs and benches found on its mountain sides. Al
though the evidence thus presented is but a small part of that 
which could be obtained by a detailed study of those mountains, 
it sufficiently indicates that these peaks have probably been sub
merged nearly if not quite to the highest crest since the close of 
the last glacial period and that in the re-elevation of the region, 
the land made many pauses in its upward movement; each pause 
enduring for a time sufficiently iong for the sea to carve consider
able benches in the rocks. The total number of these pauses was at 
least twelve. It may have been that the periods of re-elevation were 
even more numerous, for it is not at all likely that I have succeeded 
in identifying all the benches which a careful inquiry would show 
to exist. 

Evidences from chasms.-We will now turn our attention to an
other class of evidence which has been only incidentally referred to in 
the preceding pages, viz, to the runnels or chasms formed where 
the sea has carved out the softer or more yielding parts of the rocks, 
such as those occupied by dikes. These chasms are much less con
spicuous than the benches, bnt they afford equally good evidence of 
marine action. Their limited width and the extent to which they 
become filled in with the debris from their sides, together with the 
large amount of vegetable matter which accumulates in their moist 
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recesses, makes the task of discerning th<Jm much more difficult than · 
that of discovering benches. The most important points to note in 
connection with these chasms are that, like the benches, they are in 
the main limited to the southern face of the island; and that they 
are most plentiful in those levels which show the most abundant 
benchi1igs, though they are not infrequently found in portions of 
these levels where the benchings are not traceable, or are very ob
scm·e. So far as I have observed, the most distinct of these chasms 
are found in the section between the present surface of the sea and 
the height of about .three hundred feet. They can be seen along the 
greater part of the southern shore from Seal Harbor to Otter Creek. 
The best examples of these chasms which I have seen are found on 
the slopes of Cox's Hill, on the east side of Seal Harbor, where they 
may be traced from the present water level to the height of about 
two hundred and twenty feet, with but slight interruption in their 
continuity. These runnels are most distinct where .th~y lie in the 
level of the benches, but they are frequently traceable for some little 
distance above and- below that level. This upward and downward 
exte{Ision beyond the limits of the scarf may be understood if we con
sider that the chasms are cut upward and backward from the front 
of the cliff by a process of undermining which permits the superin
cumbent mass to fall into the chasm below. This process may be 
seen at any point along the shore where such chasms are now form
ing .. In this way, operating from a few distinct levels, a trench 
may be cut-the whole length of a long slope. 

Above the level of 300 feet and up to 500 feet the chasms, though 
found at various points, are much less conspicuous than in the lower 
levels. From 500 feet to 1,000 feet the general steepness of the 
slopes makes it diffieult for any long chasms to form. They ·appear 
in this belt as sharp reentrant angles, none of them i?Xtending far in 
from the face of the cliff. They often have exactly the character of 
the small coves of the existing shore. Above the level of 1,000 feet 
it becomes necessary to divide these channels into two classes : the 
channels formed before the last glaciation, and those formed since 
that time. It is not always easy to separate these two classes of 
'Chasms; though in most instances they are sharply distinguished 
from each other, there are cases where we can not confidently class 
them in either group. The sharply notched defile between Green 
and Dry Mountains is probably a preglacial chasm further excavated 
by the sea, or it may have been originally a marine cleft afterwards 
widened and deepened by the ice and stilllaterreexcavated by marine 
action. The deep chasms riear the summits of Jordan's and Pemetic 
Mountains are apparently postglacial in origin and hear what seem 
to be marks of marine action. Their steep-walled and unglaciated 
sides and the huddle of subangular sea-worn rocks in the crevices 
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apparently leave no room for doubt as to the circumstances of their 
origin. (See Fig. 40). 

N-~· 

J?o. 40. Gorge between Jordan's and Sargent's Mountains. 

It is to be noted that ·these chasms are wanting in the upper 200 
feet of the mountain heights, where the evidences of marine action, · 
though fairly clear, are far less marked than at the lower levels. 

Thus, even with the imperfect study which I have been able to give 
to these scattered chasms, it is seen that they contribute important 
evidence to show marine action at various levels above the present 
shore-line, and that this evidence exactly accords with that which is 
afforded by the washing of the surface and the benching of that sur-
face by the sea waves. ' 

The absence of these chasms on the northern face of the mountain 
appears to me to be very strong corroborative evidence as to the sea
worn character of this southern face. Thus we see that the evidence 
as to the marine nature of the erosion does not rest upon the bench-

- ings, or the washed character of the surface, or upon the chasms, but 
upon the combination of these three features in the same belts at 
different heights on the mountain slopes. None except thewashing 
of the surface can be noted on the northern slopes, except very faintly, 
above the line of 1,000 feet. 

During the submergence of the island the area of the water to the 
north was undoubtedly much wider than at present. With a sub
mergence of 500 feet the sea would penetrate fifteen or twenty miles 
northward of the present shore, and with a submergence of a thou
sand feet the water to the north would have a width of ;more than 
thirty miles, though its surface would be interrupted by considerable 
islands; still, even with the Mount Desert Mountains submerged to 
their tips, the open water to the north would not be wide enough to 
permit the formation of powerful waves. Moreov<;Jr, the greater 
thickness of drift, as well as the gentler slopes which characterize 
the northern versant of' the mountains, would hinder the scouring 
action of the sea. 

Evidences of subsidence from distribution of glacial waste.-We 
J!OW turn to give some special attention to the less important but. 
still noteworthy division of the evidence as to submersion, viz : That 
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derived from the distribution of the glacial waste which lies upon 
the slopes of the mountains. We have already considered this 
matter in a general way in connection with the other evidence, and 
have seen that this glacial waste, excepting the large bowlders, is 
generally swept away from all the exposed headlands and precipices, 
and that even in the more sheltered valleys it rarely attains to a 
greater height than 500 feet above the sea. Above this level the 
greater part of the surface of the rocks is bare, or is covered with a 
slight soil, composed in the main of vegetable waste commingled 
with a small amount of the decayed bed rocks. 

Over most of the surface the only portion of the glacial waste 
which remains are the large bowlders, from between which the finer 
materials have been washed away. On the levels upon which bench
ings are carved even these bowlders, except in occasional cases, have 
been removed by the action of the waves. In the levels between the 
benches the extent to which the bowlders have been swept away is 
va,riable, depending in a measure on the steepness of slope and also 
on the degree to which it has been exposed to the sweep of the 
ocean. 

The distribution of these remaining fragments _o( glacial waste 
can best be studied on the long slope leading from the summit of 
Green Mountain downwards to the height of 640 feet. On this slope 
there is little evidence of glacial action except occasional scratches, 
which have been preserved in places sheltered from the sea by pro
jecting points, and in the bowlders which are scattered over its sur
face. These bowlders rarely exceed about one hundred to the acre, 
counting everything from six inches in diameter to the very rare 
fragments three or four feet in diameter. Not over one-twentieth 
of the surface is occupied by these fragments of glacial origin. 
They appear to be most plentiful in the belts between the levels of 
benchings, and least plentiful on the scarfed surfaces. In a word, 
the distribution of the glacial waste is substantially the same as that 
we have along the present shores. 

Besides these bowlders there are in the region above 800 feet in 
altitude on the above-named mountain slope occasional small patches 
of bowlder clay and larger accumulations of sand and pebbles lodged 
in the sheltered places where these materials have had· some protec
tion from the sea. On the southern face of the mountains none of 
these patches appear to exceed a-few square yards in area. On the 
northern slopes they are more plentiful and much larger. Above 
the level of 800 feet these patches of drift which remain on the south 
side of the mountain do not exceed in area a hundredth part of the 
surface, while on the north side within the same limits they cover at 
·least one-third of the rock. This is an instructive fact, for the north 
side of the :j:UOuntain during the period of depression must have been 
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exposed to a narrow sea while the south side was open to the beat of 
the Atlantic surges. Below the level of 800 feet and thence to the 
sea the amount of glacial waste in the form of original till is much 
greater than in the upper part of the island. Except on the exposed 
headlands the drift covering between the several benches which are 
found on this part of the slopes is tolerably continuous and preserves 
its original cha-racter in a remarkable way. On the northern portion 
of the island, from the level of 800 feet down to the sea, the covering 
of drift has about the normal degree of continuity exhibited over the 
general surface of New England. 

In considering the conclusions which we are led to form from the 
distribution of the drift on Mount Desert the first question that arises 
is whether there is any reason to suppose that the deposit was orig
inally laid down in this scattered way on the uplands, and whether, 
in a word, its distribution can be due to the circumstance of its depo
sition rather than to the subsequent removal of the matter by the 
action of the waves. The answer to this question seems clear. The 
ordinary ground moraine drift was certainly carried 1n the ice. In 
no other way can we account for the occurrence of the scratches 
displayed upon these pebbles, or indeed for the carriage of the debris. 
The presumption is, that when the ice sheet melted it left something 
like as much waste on the high grounds as on the average of the 
lower levels. The diminished thickness of the ice in the uplands 
may have caused a diminution in its eroding power, but the sheet 
must have had sufficient rending action to produce a certain amount 
of debris. On this point we are not left altogether to conJecture; for, 
as has been noted,. on these nearly driftless surfaces there are occa
sional patches of till, having all the characteristic features of that 
deposit, and sometimes of considerable thickness. The position of 
these usually shows that they owe their preservation to some local 
accident, which has given them just such shelter as would have pro
tected them from sea waves. As it is manifest that we can not as
sume that they were originally the only portion of till formed upon 
this surface, we are again driven to the hypothesis of wave action 
.on the upper parts of the island. Still it is evident that the duration 
of the wave action at the levels between the sea benches must have 
been brief,· for even on the less exposed north face of Green Mount
ain a slight exposure to waves such as would have formed in the sea 
that lay to the north would have sufficed to strip away this covering 
.of till. 

CONCLUSIONS RESPECTING SUBSIDENCE. 

We have considered in some detail the evidence which goes to 
show a submergence of this island after the close of the last glacial 
period. We have seen that the rock cutting of the scarfs, the for-
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mation of chasms or runnels, and the removal of the drift material 
agree in the evidence which they afford. We have also seen that 
the contrast between the amount of the eroding action on the north 
and south faces of the mountains confirms the view that the sea 
has operated at different heights all the way from the present level 
of the ocean to the summit of the mountains since the close of the 
last glacial period. We are now prepared to state the hypothes1s of 
subsidence in a form which will reconcile the whole of this evidence 
in the following propositions, viz: 

(1) That-after the disappearance of the glacial ice from this dis
trict the area was depressed below the level of the sea probably to 
the very summits of the highest peaks (1;527 feet), and certainly 
to the height of 1,300 feet. 

(2) That the uprise of the land did not take place by a uniform 
continuous elevation, but by a succession of_ uplifts and pauses. 

(8) That these uplifts in certain cases must have taken .place in a. 
manner so sudden, that the glacial drift was not swept away from 
all the surface intervening between·the levels at which the sea for 
a time remained steadfast. 

( 4) That the sea in the course of the process of elevation remained 
at certain levels for considerable periods, during which benches were 
formed not much less conspicuous than those which now border the·· 
present shore. 

(5) That these benches become more evident as we descend from 
the summit of the hills toward their base, whence we may conclude· 
that the sea remained longer in its pauses at the lower than it did at 
the higher levels. 

(6) That the stratified and fossil-bearing clays and the stratified 
sands enable us; without other evidence, to assert the former presence· 

-of the sea up to the level of about three hundred and forty feet 
above its present altitudG. 

(7) That while the difference betw:een the uppermost scarfs and 
those of the lower three hundred feet is considerable, it is only a dif-· 
ference in the degree of cutting done on the rock. In its essential 
features the evidence is the same for all the levels up to near the· 
summit of Green Mountain. 

Unless I· have entirely misapprehended the bearing of this evidence· 
it opens a very wide field of inquiry as to the history during the post. 
glacial period of this portion of the American coast. All these mount
ains are peculiarly well placed for receiving the blow of the waves 
and they have a structure well fitted t~ receive and preserve the rec
ord of wave action. It is not_ likely that they are the only mountains 
of New England which were depressed during the glacial period, if 
the movement of sinking was general. We may therefore fairly ex
pect that the other hills on this part of tlie shore which expose rocky 
faces to the ocean will afford similar marks of wave action. 
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A question arises with reference to these benches which bears upon 
the application of the observations above related to other parts of 
the shore, viz: Are these sea levels horizontal with reference to each 
other and to the existing plane of the sea? In other words, Was the 
land of the district lifted in mass, all parts rising at the same rate, 
or were the several parts lifted to different heights? On this point 
I haye no satisfactory evidence to offer. As before remarked, none .. 
of these benches are any more continuous than the bench now form
ing at the shore; nor is the cli_ff of the bench of the existing coast 
line, either at base or summit, of exactly the same height throughout
its length. There is in these old sea faces, as in the present sea face, 
a range of ten or fifteen feet in the position of the base of the cliff, 
and an even greater difference in the height of its summit. These 
irregularities make it impossible within the narrow horizontal limits 
of the island to determine the question of relative movement during 
the re-elevation, at least without a very difficult and perplexing in
quiry. 

So, too, I am unable to determine whether the present sea· shore-
- marks the lowest level which the sea has occupied since the glacial 

period. In the more southern part of the coast, certainly as far· 
north as Portland and also on the coast of New Brunswick, thert:J is 
proof of a certain amount of subsidence since the close of the glacial 
period. I have been unable to find any evidence to show that such a
downward movement has taken place on this shore. This negative
evidence is of no importance, for the reason that the shore of this
island is too precipitous to retain proofs in the way of submerged 
forests, which afford the only unmistakable evidence of submer
gence. As to the nature of these movements at present going on. 
upon this coast, if any there be, I am likewise without positive in
formation. 

The only material evidence as to the constancy of the present sea. 
level is that afforded by the existing forests. These at many points 
have their roots and stems down to the very edge of the high-tide 
level. Along the shores of sheltered inlets dead trees, at least two
hundred years old, seem to show by their position that no recent up
ward movement of as·much as one foot in a century can have taken 
place. All the facts seem to point to the conclusion that this shore 
is at present in a state of stl:j,bility. Indeed the conclusion which 
may be fairly drawn from the evidence afforded by a comparison of 
the marine benche:;; above the present level of the sea with interme
diate belts in which no benching is traceable_ is that there has been 
in the past no process of gradual uplift along the shore of this island, 
but that the land has passed by sudden movements from one level 
to another. Judging by the evidence ofthe past, it may be consid
ered probable that if the level of this part of the shore is to be again 
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changed the change is more likely to be accomplished by a rather 
sudden than by a gradualmovement. 1 

It is not my intention in this memoir to discuss the general ques
tions which arise with reference to these changes which have been 
noted. It may be remarked, however, that just such sudden alter
ations are indicated with great clearness on the southern part of the 
.New England coast. On the shores of the bays and on the islands 
which border it ori the south there are extensive deposits of glacial 

kames which clearly were formed beneath the level of the sea. These 
kames have been lifted through the waves to their present position 
without losing any considerable part of the extremely delicate mold
ing which characterized them. When we consider that these ridges 
and hollows are formed of the most incoherent materials of sand 
and gravel·which would lose their shape if exposed for a few days 
to the cutting power of the waves we are driven to the conclusion 
that they were sudden_ly lifted through the plane of the sea surface. 
Such sudden elevations and depressions of the shore are not unex
ampled in the brief period during which the surface of the earth 
has been subjected to careful observation, but wherever such swift 
alterations of level have b.een observed, as in New Zealand or on the 
west coast of South America, or in western India, they have in all 
cases been connected with powerfq.l earthquake shocks. It is clear, 
however, that on this portion of the shore there have been no earth
quakes of any importance since the close of the last glacial period. 
The whole surfac~ of the isla.nd abounds in poised bowlders which 
often can be dislodged from. their. positions by a_touch of -the hand 
and which certainly would not have escaped dislocation if the region 
had been convulsed by earthquakes. Such delicately poised frag
ments as that which occupies the SU1llmit of Pulpit Rock on the 220-
foot bench of the island, could not have maintained their position 
against violent jarrings. I am therefore disposed to believe that 
this upward· movement of the shore did not belong to the type of 
dislocations which are continued by earthquake shocks, but must be 
placed in another category. 

_ 1 It should not, however, be assumed that the apparent stability of this portion of 
the shore necessarily leads us to the conclusion that the whole of the coast lint" 
of this part of the continent is in a similarly steadfast condition. There are rea
sons for believing that the movements of different parts of the shore exhibit a con
viderable diversity in their nature. 
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II. STRUCTURAL GEOLOGY. 

PREFATORY. 

In the .foregoing account of the surface geology of Mount Desert I 
have been compelled frequently to make incidental reference to the 
rocks of which the -island is composed. We shall now turn our at
tention to the dynamic features exhibited by these several parts in 
its mass. 

As will be seen by a glance at the accompanying geological map_ 
the island consists of SE\Veral structural elements, viz, the central 
granites, which are totally unmixed with any stratified rocks; the 
peripheral series or rather several series, which are composed of more 
or less metamorphosed stratified deposits, and an extensive and ex
tremely varied system of dikes, some of which cut the granite as well 
as the overlying sedimentary rocks, while others are apparently lim-· 
ited to the sedimentary series alone.' 

GRANITES OF MOUNT DESERT. 

The granites may from the point of view of dynamic geology be 
divided into two groups, those which compose the central mount
ainous portion of the island and those which are found in the form 
of dikes, cutting through the ·stratified deposits on the periphery of 
the island. -

The central mass of gra,nite is of remarkably uniform composition, 
excepting where it is cut by the frequent dikes which intersect it, and 
where these dikes produce slight changes in the constituents of the 
granite at the points of contact. There is, however, a considerable 
difference in the direction and importance of its several joint planes. 
At some points it is very little jointed; this is the case with the cen
tral portions of the mass, i. e., those parts occupied by the higher 
mountains. The joints seem to be more frequent in the part of the 
granite which lies on the periphery of the.central mass, and also in 
the portions of the mountains which contain the greater valleys inter-

'Throughout this memoir the crystalline rock which constitutes the central axis 
of Mount Desert will be termed granite. This rock is of a somewhat varied constitu
tion, as noted by C. H. Hitchcock, in the Second Annual Report of the Natural 
History and Geology of the State of Maine, in 1863, page 271. In some portions of 
the rock the talcose material is substituted for mica. In other portions the mica is 
fu a greater or less extent replaced by hornblende, producing a petrographic species 
which is now termed hornblendic granitite, but is more commonly known as sye
nite: There are yet other variations, interesting to the petrographer, but for the 
very general purposes of tlli.s memoir all this crystalline group may be classed under 
the term granite. 
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secting the main range. This increase in the number of joints in the
valleys may be due to the greater number of dikes in those portions' 
of the island. In that part of the field occupied by Somes Sound, 
which intersects the granites, the rocks appear to be softer than in 
the mountain region, the mass often being very considerably cl~cayecl. 
This decay apparently arises. from a change iri the felclspathic ele
ment leading to a kaolinization of that substance. The relative ease· 
with which the rocks of these valleys have been eroded is doubtless
in part due to the softening attendant on the penetration of the 
numerous dikes which are found there. 

On the periphery of the central granite area t4at rock becomes 
somewhat finer grain_ecl and also of a whiter color. The change in 
the number and position of the joint planes seems also to alter the
mariner of weathering, so that the rock is modified in its superficial 
aspect though retaining the same mineral composition. The altera
tion in the character of the joint planes is well shown in the quarries 
on the west side of Somes Sound, a little south of Broad Cove. I In 

. these quarries the joint plane which is nearest to horizontal, and 
which has a strike northwest and southeast, with a clip to the east
ward at an angle of 20° is very much developed, while the other joints. 
are to a great extent suppressed. This. principal joint is so asserted 
that it is an easy matter for the quarryman to procure flat slabs of the
stone 25 feet by 10 feet in surface and not over 7 inches thick. These 
joints are remarkably plane-surfaced. On an exposure of 100 by 60> 
feet or 6,000 square feet the departure from a perfect plane, as ob
served-in this quarry in 1885, did not at any point amount to 6 inches
in direction. It is probable that we owe the rapid superficial de
cay of these peripheral· granites, under the influence of glacial and_ 
marine erosion, in part, at least, to the occurrence of these very per-. 
feet_ joint planes in a nearly horizontal position. 

The effect of such joints in favoring the cutting action of the sea is. 
well seen on the granite that composes the whole mass of Baker's Isl
and, which lies three miles south of Mount Desert. This island be
longs ·to a separate granite injection, but its character is essentially 
like all of the peripheral portions of the Mount Desert axis, closely 
resembling the beds of the above-mentioned quarries. On the present. 
shore of Baker's Island the granite is rapidly and extensively disrupted 
by the sea. Waves trip the horizontally jointed rocks from their bed 
places and hurl them in large angular masses to the top of the slope 
of the shore. Such is the ease with which these masses are riven fr,om 
their beds that a sea-wall many feet in height crowns the gradual 
slope of this shore, composed altogether of these angular fragments, 
containing each from ten to one hundred cubic feet of stone, which 
looks like masses artificially riven from a quarry bed. Wherever this. 

1 West of Somes Sound, opposite Sargent's Cove. 
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rock has this nearly horizontai joint strongly developed it is worn 
down to a far greater degree than where the fracture does not exist. 

The granite of the numerous dikes which penetrate the fringe of 
.stratified rocks that surrounds the great central granitic area is gen
erally rather finer grained and whiter than the material found in the 
mountainous part of the island. 

STRATIFIED ROCKS OF MOUNT DESERT. 

GENERAL STATEMENT. 

The stratified rocks of Mount Desert maybe grouped in the follow
ing series, viz~ 

(1) A thick layer of micaceous, chloritic, and sometimes gneissoid, 
·schists, which lie upon the west ·side of the island, extending from 
Thomas Bay, on the north side of the island, to Nutter's Point, the 
ex,tremity of the southwestern shore. To this I give the name of 
Bartlett's Island series. 

(2) A similar series of micaceous schists and shales, possibly of the 
same age, but of a less distinctly schistose character, ·on the east face 
of the island, extending from ·near Schooner Head to Rodick's Cove. 1 

I shall term this series the Schooner Head series, 
(3) A series of highly metamorphosed slates and flags, with what 

appear to be bedded felsites between them,, which form Sutton's Isl
and a11-d the greater part of 'the Cranberry Islands, and occur as a 
fringe along the south shore of Mount Desert. 

( 4) A somewhat similar series of granite and argillaceous flags and 
slates, with a set of beds of magnesian rocks, which occupy the north 
face of the island, from near Rodick's Cove to the Ovens. • 

(5) A series of stratified volcanic breccias, porphyries, and ash
beds, closely resembling those which so plentifully occur in the dis
trict about Passamaquoddy Bay, Maine, and Saugus, Mass. These 
beds have been found only on the southe1:n part of Mount Desert, 
south .of Southwest Harbor, and on the neighboring Cranberry 
Islands and the adjacent islets. A careful search of the glacial 
drift specimens of the ·rock occurring in the concealed regions north
ward makes it appear v·ery unlikely that these beds are present north 
·Of the places above indicated, as IlO trace of rock materials appears 
in the drift on Mount Desert north of Southwest Harbor. 

The above-named five seriesinclude all the clearly stratified rocks 
in this district. It is evident, from the glacial drift of the island of 
Mount Desert that not far nOTth of its limits there is a series of Devo
nian shales, limestones, and sandstones very rich in fossils and but 
little metamorphosed. The site of t.hese beds is not yet ascertained. 

1 The inlet nearly opposite Round Porcupine Island. 
2 The Ovens. car~ be identified on tbe map as the most northern point to which a 

road is shown. 
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The fossiliferous erratics are most abundant on the west shore of 
the island. Though carefully sought for, none have ·as yet been 
fo-qnd by myself or my students east of the axis of Somes Sound. 

As will be noted below, the divisions between these several series 
of rocks are not satisfactorily clear. As here presented they must 
be regarded as essentially provisional. As our knowledge of this dis
trict advance~ it is likely that the classification here given will have 
to be considerably modified. 

BARTLETT'S ISLAND SERIES. 

This series of schists, quartzites, and sandstones is the thickest and 
most characteristic of all those found on Mount Desert. It occupies 
nearly the whole west face of the island and of the islets near it. 
The sections show that the thickness of this series can not be less 
than 2,000 feet, and may much exceed it. 

A 

FIG. 41. Section showing relation between schists and quartzites. A, contorted schists; B, schists not 
contorted; C, quartzite; D, schists not contorted; E, contorted schists. 

The schists have a very uniform character. They are generally 
thin bedded and much corrugated by the slight foldings to which they 
have been subjected. The layers consist of alternations of quartzose 
beds usually not exceeding half an inch thick, interlaid with talcose 
and micaceous layers, which retain in places a clayey look. In the 
lower portions of the section, especially on the north shore of Mount 
Desert, where the metamorphoses of the rocks seem to have been 
more complete than elsewhere, the banded character of the schists is 
not so evident. The quartz is gathered into short lens-shaped bodies, 
whicl~ rarely extend more than a few inches in any direction, though 
sometimes they are several feet in diameter. The micaceous and 
clayey portions of the schist have been pushed about in the segrega
tion of the quartz until the original stratification has been in good ' 
part obliterated. The general dip of' the strata in all parts of the 
field is shown by the occasional beds of quartz other than the lenses 
which occur in it. These distinct beds are from a few inches to five or 
six feet in thickness. In no cases have they any trace of the foliation 
or the flexing which seems to be so constant in the thinner-bedded 
materials with which they are associated. They have uniform dips 
in the various directions indicated by the following table, which is 
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intended ~o show the prevailing attitudes of this series of rocks by 
the positions of these permanent quartz beds in a more compact form 
than those facts are exhibited ?Y the map accompanying this report: 

Strikes and dips of Bartlett's Island series. 

Position. 

South side of Pretty Marsh Harbor .... . 
East side of Pretty l\larsh Harbor, ...... . 
Near Moose Island ..... . 
Near J\Toose Islaud ...... . 
North side of Seal Cove- .. 
South side of Seal Cove .............. :-: .. 
Thompson's Island ................... . 
Just south of Thompson's Island ........ . 
One mile south of Thompson's Island ... . 
One-quarter mile north of Negro Point' .. 
One-quarter mile south of Negro Point .. 
Indian Point• ............................ . 
Bartlett's Island, north end .............. . 
Bartlett's Island, north end .............. . 
Bartlett's Island, west side ......... _ .... . 

Strike. 

N ............. 
N ............. 
N.EO• W .... 
N.75° E ....... 
N.ilQ•w .... 
N.90•E ....... 
N. 90• E ....... 
N.45° E ...... 
N.40• E ....... 
s. 80° E ....... 
S.85• E ....... 
N.44° E ....... 
N.35° E ....... 
N.20• E ....... 
N.45° E ....... 

I West of Clark's Cove. 
2 East of Western B:ty. 

Dip. 

E.40•. 
K30•. 
E.85•. 
K50°. 
E.30•. 
S. variable. 
N.47•. 
S.20° . 
8.15°. 
S.20°. 
S.32°. 
S.27°. 
S.38°. 
Vertical. 
10• to 20•. 

These included quartzose beds have apparently not only main
tained theinsel ves against the peculiar shoving action which has 
given rise to the corrugations in the schists, but they have also in 
some manner protected the neighboring portions of thi1i-bedded 
rocks from the flexing which has been elsewhere manifested. This 
protecting action frequently extends a foot or more above and below 
the margins of the quartzose beds. (See diagram, Fig. 41). It thus 
appears that the corrugation of the schists is probably due to some 
actual thrust operating to compel the beds to fold in the plane of 
the foliation. This evidence also seems to· make it clear that such 
a pressure could not have resulted from a thrust external to the 
whol!'l rock section in which it is manifested, for it is difficult to con
ceive such a pressure acting to produce very small folds in thin
layered beds without at the same time producing foldings in the 
thicker-bedded quartz deposits. It seems most likely that this com
pulsion to folding must have originated from some internal change 
in the thin beds themselves; probably connected with the formation 
of the concretions which they contain. 

In its original constitution this Bartlett's Island division of schists 
appears to have been a very uniform mass of shales, in which there 
existed a few sandy layers. Under the metamorphic influences to 
which these rocks have been subjected, the layers of shale have been 
changed to contorted schists, while 'the more siliceous beds have 
taken on the form of vein-like quartz. That the masses are not in 
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fact veins is clear~y shown by their internal bedding, which is often 
·distinct, and by the fact that at some points they are associated with 
dark-colored quartzose rocks, whi~h preserve distinct evidence of 
their stratified origin. 

No evidence as to the geological position of this extensive section 
has been obtained. There can hardly be any doubt that it lies low 
in the series of Paleozoic rocks. I know no unmetamorphosed sec
tions on the Atlantic coast with which it can be compared. There 
seem to bo no limestone beds in this section, which fact ma}i:es all 
·efforts to identify its place extremely unpromising, though it serves
to indicate that the series does not belong probably iii any portion 
·Of the Atlantic coast section above the level of the Cambrian series. 
In the region about Eastport, Me., at a distance of not more than 
about 100 miles eastward of this locality, there is an extensive series 
·of Silurian rocks previously described by me.' These rocks if much 
metamorphosed might assume a form having a general resemblance to 
tl_wse schistose rocks of Mount Desert, but there can be no question 
that such a section would retain in the form of crystalline limestone 
the limy beds originally present in it. 

The fact that the west front of Bartlett's Island is to a great 
degree covered with a glacial waste of this s~ries makes it plain that 
this succession of rocks extends for a considerable distance farther 
north west than we fir1d them now exposed in this district: It is not 
improbable that it occupies a greater part of the basin -of Blue Hill 
Bay, just as the similar if not. identical schists on the eastern face 
of Mount Desert probably form the floor of Frenchman's Bay. The 
total thickness of this Bartlett's Island series has not been well 
determined, for it is not certain but that the section is in part du
plicated by folding; still it is likely that the total thickness of this 
series, making no allowance for the part of it which is concealed 
beneath Blue Hill Bay, amounts to more than two thousand feet and 
if we make some allowance for the extension beneath Blue J:fill Bay 
it may be that it has twice tho above-mentioned thickness. There 
can b~ n9 quest,ion that this series of rocks was laid down before the 
injection of the central granites. At various points, as is indicated 
0;1 the map, dikes extend from this central granite through the Bart
lett's Island .series. Ample evidence of the pre-existence of this series 
is afforded by the other details of relation of these rocks to the 
central mass of the island. 

It is evident that these soft rocks readily gave way before the 
wearing action of the waves and ice sheets which have operated upon 
them. Their preservation in low-lying elevations on the west side of 
the island is probably due in the main to the greater l~ardening they 
received from their propinquity to the ejections which form the 

1Am. Jour. Sci., 3d series, vol. 32, 1886, pp. 1-82. 
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central parts of Mount Desert. This hardening increases as we go 
from the points ·most remote from the central nucleus toward the 
point of contact. In part the preservation of these schists is also due 
to the existence of a ·very extensive system of dikes which penetrate 
them near the contact with the central granitic mass. But for these 
circumstances the beds would doubtless have been worn away to 
points beiow the present level of the sea, as indeed the parts of the 
section most remote from the preserving agents have been. There
lation of erosion (due to sea and to glacial ice) to the resisting ma
terial is beautifully shown in the topography found on the western 
flank of Mount Desert. 

SCHOONER-HEAD SERIES. 

The shore from Rodick's Cove southward to Schooner Head is oc
cupied by a belt of schists and slates which closely resemble these 
just described ori. the west side of the island. The g~neral character 
of these eastern schists is the same as those of the Bartlett's Island 
series, though they are apparently 'less metamorphosed. They are, 
moreover, thicker bedded and appear to have been originally more 
like flags than shales. As they are on the side of the island which 
has received the greatest impact of waves the area which they o_ccupy 
above the water surface is less extensive than that occupied by the 
beds on the opposite shore. As these two series of schists occupy 
different sides of the island and are not connected, it seems best to· 
consider them separately, though but for this feature of discontinuity 
there would be little hesitancy in referring them to the same age. 
Further study of these rocks on the mainland will be necessary in 
order to solve the question whether they are parts of the same sys
tem. A large part of the area beneath Frenchman's Bay is probably 
occupied by this series, and it is likely that the similar depos:i.ts found 
·On the mainland north of Mount Desert, at least in part, belong to it. 

SUTTON'S ISLAND SERIES. 

This series is found only on the southern border of Mount Desert, 'in 
:Sutton's Island and in the two Cranberry Islands.. We should first 
notice that this so-called series can not be proved to be a continuous 
:section. It consists of two divided portions, that which is found on 
Sutton's Island and that which appears on the Cranberry Islands; be
tween these two there is a strait about three-quarters of a mile wide. 
It is not certain that any considerable part of these beds is repeated 
·On the coast of the mainland south of Southwest Harbor, as there is 
very likely a considerable fault occupying the section between Cran
berry Island and the south shore of Mount Desert. There is there
fore nothing but convenience to determine the association of the rocks 
.on Sutton's Island with those on the Cranberry Islands. · 

8 GEOL--66 
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The greater part of Sutton's Island is occupied 'by massive dikes of 
granite, which are probablyconnected with the principal granites of 
Mount Desert. Along with these are many massive extrusions of fel
sites and porphyries. Only about one-fifth c5f the island, and per
haps less, is taken up by the stratified rocks. These consist of dark 
greenish and grayish thick, flaggy, rather siliceous clay stones de
cidedly indurated but presenting the characteristic aspect of similar 
deposits on Campobello and Deer Islands, in Passamaquoddy Bay, 
deposits which at the lowest points lie clearly below the zone of the 
Silurian proper.' 

Although much cut up by dikes the flags of Sutton's Island pre
serve a tolerably uniform strike of S. 10° E., dip about 14 o E. At 
some points there is a faint schistose structure in the beds of which 
the strike is N. 45° E., with vertical dip. It is barely possible that 
this last named may be the true dip and that which ·appears to be · 

, the dip may be a secondary structure, but I think this is not the case. 
The principal exposures of these flags are at the east and west ends 
of the island, the intermediate section being in the main occupied 
by the intrusive rocks, which however contain some patches of 
slate. We observe that between the numerous dikes here as else
where in this district the intrusions of rock have left the strikes 
of sedimentary deposits but little changed and their dips not greatly 
altered. 

The beds which are found on Sutton's Island probably extend be
neath the water to the shore of Mount Desert, for beds of this nature 
are found lying as patches on the shore from Bracey's Cove to Great 
Head, as is indicated on the map. Along this shore the contact of 
the Sutton's Island series with the principal granitic mass of the 
island is quite distinct thcmgh irregular, owing to the number of 
dikes of granite which pass from the central mass into the stratified 
rocks. (See Fig. 42.) 

"" 

FrG. 42. Section showing relation between schists and quartzites, near eastern horn of Seal 
Harbor. A A, granitic mass; B B, dikes formed before granitic injection; C C, small granitic dikes; 
D, Sutton Island schists. 

On the northern border of Little Cranberry Island we have a 
series of siliceous flaggy layers, which are probably closely related to 

1 See Preliminary Report on the Geology of Cobscook Bay, Am. Jour. Sci., 3d 
series, vol. 32, 1886, pp. 35-60. 
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the stratified beds of Sutton's Island. The section is not over 100 
feet thick, but it probably occupies a considerable area beneath the 
surface of the strait which separates the two islands. This is shown 
by the glacial drift, which at this point is in the main composed of 
fragments derived from similar beds. The beds of this part of the 
section are nearly vertical, striking about N. Mio E., dip SE. 80°. 
Above this we find a very ~xtensive series of volcanic roeks, which 
have a thickness of at least 2,000 feet; to which I give the name of 
Cranberry Island series. 

CRANBERRY ISLAND SERIES. 

At their contact with the Sutton's Island series the volcanic beds of 
the Cranberry Islands consist of porphyries, breecias, and amygda
loids, all apparently bedded, probably by a succession of lava flows 
and volcanic ash showers. After the beds were lifted to a high angle 
tLere appear to have been some injections of volcanic rock which fol
lowed the bedding plane of the strat~, so that some of the deposits 
which appear to be beds may turn out to be dikes. 

The deposits of felsite porphyry occur in the two common banded 
and spotted varieties; in their prevailing aspect they closely resemble 
the deposits of this nature found along the shores of Massachusetts 
Bay and in a general way resemble the extrusions of porphyry ·near 
Eastport. Besides the masses of apparently bedded porphyry- the 
material occurs in the shape of dikes traversing the other rocks on 
the north shore of Little Cranberry Island. 

These porphyries pass by what appear to be gradual changes into 
the amygdaloids. The amygdaloidal beds are remarkable for the 
large size of the amygdules, many of these having a diame,ter of three 
inches or more. 

The deposits of breccias or volcanic ash, the two materials being . 
so commingled that distinctions cannot readily be made, are very 
extensive and form an important part of tho series. Their appear
ance is, in a general way, like the similar deposits occurring on the 
waters of Passamaquod~ Bay, especially those on the western ex
tremity of Moose Island, where stands the town of Eastport, Me. 
They exhibit no evidence of flow structure. It seems probable that 
they were formed of fragments which fell through the atmosphere, 
and that they were derived from volcanic ejections which took place 
in the open air, though it is possible that they may have fallen 
through water to their present bed places. In the Passamaquoddy 
di-strict a large part of the volcanic material of this nature has a red
dish hue. No beds of this color were found on the Cranberry 
Islands, but it is noteworthy that a single bowlder about three feet 
in diameter lies on the north shore of Little Cranberry Islalid, 
which is precisely like those remarkable reddish volcanic bree
cias found along the shore of Cobscook Bay. It is therefore likely 
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that such beds lie buried beneath the sea under the water which 
separates this from Sutton's Island. The whole width of Little 
Cranberry Island, from its north shore to the south end ofthe tide
swept isthmus which connects it with Baker's Island, is composed of 
an alternating succession of porphyries and ash-beds. 

Some of these fragmental beds nearest Baker's Island have a very 
remarkable aspect. The fragments contained in the mass are drawn 
out into ribbon-like bands, as if the rock in which they lie had been 
melted and much extended after they had taken their place. I have 
seen a similar effect in the recent volcanic ashbeds which lie near 
the western base of the steep on which stands the well-known Carnal
doli monastery, near Naples, where the conditions favor the assump
tion that the e:dehsion of the fragments has been produced by the 
softening of the breccias by heat and the stretching of the mass by 
pressure. 

The whole of Baker's Island consists of granite essentially like that 
.found in the marginal portions of the Mount Desert district. Its 
character will be further considered· in that section of the report 
which concerns the dikes of this district. 

Thus the whole of Little Cranberry Island except a narrow strip 
on the north shore appears to be made up of volcanic rocks bedded, 
but with their beds at angles exceeding 45° of declivity and generally 
nearly vertical The fact that they are essentially beds is indicated 
not only by their gener.al aspeet but by the circumstances that their 
strike lines are substantially the same as those of unquestionably 
stratified deposits of this district. The following strikes were ob
served on the Cranberry Islands?~the dips being nearly vertical: 

I 

St1·ikes and dips on Cranberry Islands. 

Strike. Dip. 

Little Cranberry Island : 
Slates ................. . 
Volcanic ash beds ...................... N. 45° E .................... .. 
Bedded amygdaloids . . . . .. . . . . .. . .. . . . N. 45: E. . . . . . . .. . . . . . . ..... . 
Blue fragmental felsites. . .. .. . . . .. . . . N. 68° E ...................... . 

Cranberry Island: 
Green schistose shales. . . . . . . . . . . . . .. . . E. ·70° E. .................... . 
Green schists and shales . . . . . . . . . . . . . . N. 70° E. . . . . . . s. soo. 
Dark schists . .. . . . . . . . . . . . . . . . . . . .. .. N. 7oo E. .................... .. 
Volcanic breccia ... .". .. . . . . . . . . . . . . . . . . N. 70° E. . . . . . . S. 75°. 
Greenish slates . . . . . . . . . . . . . . . . . . . . . . . N. 85° E....... S.48°. 
Greenish slates ....................... N. 71° E ....... S. 50°. 
Purple flags ...... · ...................... N. 80° E ....... S. 72°. 

These several strikes are pretty evenly scattered along the shores 
of the two islands. They seem to show that the attitudes of dis-, 
tinctly sediment~ry deposits are essentially the same as those of vol-
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carrie materials. I therefore assume that what seems to the eye to 
be bedding is such in fact. It" may also be noted that the dips of the 
volcanic deposits are apparently somewhat steeper than those of the 
slates on which they lie. This appears to indicate that the original 
inclination of these volcanic deposits was rather steepe·r than that 
of the ordinary sedimentary materials on which they were superim
posed. It seems also to show that the slates and flags were once less 
inclined than they now are. We may conclude, therefore, that in
asmuch as the inclination of these beds was probably brought about 
by the injection of the granitic mass of Mount Desert, they were 
formed before that injection took place. 

On Cranberry Island we find essentially a repetition of the section 
shown on Little Cranberry Island, with the exception that the pro
portion of clay slates and bedded quartzites is much larger than 
the volcanic materials. We also observe that the schists and slates 
are more distinctly mingled with the igneous materials than on the 
smaller island. Moreover, as there are extensive deposits of meta
morphic shales at a higher level than the volcanic rocks, we are able 
to prcwe,-save for the possibility of. unseen .faults, that the latter 
series were inclosed within normal sedimentary deposits. (Figs. 
43 and44.) 

On the shores of Mount Desert, southofSouthwest Harbor, wehave 
the series of Cranberry Islands and Sutton's Island rather obscurely 
represented. The rocks on this shore from Fernald's Point south
wardly to the Nubble • are so much cut up with dikes that it is almost 
impossible to ascertain their original relations. On this shore, as on 
all the points where we approach the central granites, the amount of 
dike injection greatly increases, and the confusing effect on the strat
ified deposits is far greater than in the outlying districts. Omitting 
the dikes this section.gives us, beginning at Fernald's Point, the fol
lowing saccession, viz: 

(1) On Fernald's Point, or the point just south of Fernald's Cove, • 
we find a mass of trap commingled with highly metamorphosed 
greenish shales and sandstones; associated with these is a section of 
white· quartzites distinctly bedded, striking about N. 50° W., dip 
NE. 25°. These quartzites have a thickness of a hundred feet or 
more. · South of these beds, on the shore north of Norwood's Cove, 
we have an extensive though much ruptured section of reddish and 
greenish slates with a strike of S. 85° E., dip southwardly 23°. Only 
a small portion of the shore from Fernald's" Point toN or wood's Cove 
is composed of slates; by far the greater part is made up of trappean 
rocks, which inclose masses of slate amounting altogether to only 
300 feet in thickness in a section of coast line of 2,000 feet or more. 

(2) On the south side of Norwood's Cove there is a small section 

1 The rounded point a little east of Locust Reach. 
9 The first cove on the right passing out of The Narrows from Somes Sound. 
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of flaggy slates which closely resemble in general aspect the Cambrian 
slates of Braintree, Mass.; these beds are nearly horizontal. From 
the 1a:st-named point to the west side of Southwest· Harbor all the 
exposures consist of eruptive rocks, but it i~ likely that the many 
parts of this shore which are concealed by drift contain portions of 
the sedimentary series. At the heaJ of Southwest Harbor there is a 
considerable exposure of clay slates, which also resemble, like the 
last named, the Braintree sections. The fragments of stratified ma
terial which are embedded.in the igneous sections have the strike of 
N. 86° E. and a dip of S. 78°, Beds about one hundred feet thick are 
exposed, but the total thickness, inyluding that which is concealed 
by drift deposits, is at least as much more. It will be observed that 
there are faint indications of an anticlinal axis in this section. Near 
Clarke's Point we had strata dipping northward, then beds nearly 
horizont-al, and la~tly, at this point, beds dipping southward. A 
·brief search for fossils in these beds failed to reveal any traces of 
organic remains, but it is desirable that this portion of the section, 
which contains greater thickness of relatively unmetamorphosed 
material than any other part of the island, should be carefully 
examined with a view to ascertaining if it be fossiliferous. 

(3) From Southwest Harbor southward, the exposures for a mile or 
more are infrequent. The rocks which have survived the erosion so 
far as to remain above the level of the sea are altogether of igneous 
ongm. They consist mainly of felsites of a whitish-color, but there 
are probably other deposits contained in this section which are hidden 
by the sea or by deposits of drift. It is particularly to be regretted 
that the exposures are so scanty along this portion of the coast, be
cause it affords us our only chance to determine the character. of the 
rocks which are hidden by the strait between Sutton Island and the 
Cranberry Islands. 

Where the line of strike of the ash beds on Cranberry Island 
eomes upon this shore we find traces of that series, but the exposures 
of these volcanic deposits are very imperfect, owing to the large 
amount of dike injection and the extm·ior marine erosion which has 
occurred in this portion of the shore. These ashbeds, however, are 
visible from point to p'oint all the way from the place where they 
first appear to about a mile south, having neady the same width as 
they show on the Cranberry Islands though they are much less clearly 

· disclosed. 
As before remarked this section of volcanic ashbeds 1s essentially 

like that exhibited on the shores of Cobscook Bay and near Boston, 
Mass. In all of thes.e sections are very extensive felsite porphyries 
which sometimes appear as indistinct dikes, and again have the 
aspect of broad sheets like flows of lava which had been very fluid at 
the time of its ejection. ' 

So far these volcanic rocks have been found in place at but threa 
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points on the whole coast line between Eastport and New York, but 
their plentiful occurrence in the drift on Nantucket and Cape CQd, in 
positions that niake it certain that they could not have been derived 
from any localities remote from the positions in which we find them,, 
shows that they occur in place at points south of the latitude of ·Bos
.ton. As the above parts of the coast are the only ones w-hich have 
been submitted to a careful search for these beds it is very likely that 
they may-occur elsewhere along the eastern shore line of the United 
States. · ·. 

So far these volcanic breccias and ashes have not been found far 
away from the coast of New England, excepting, perhaps, in the 
Connecticut Valley, where deposits are found different in aspect but 
perhaps identical in the essential circumstances of their origin. The 
evidence indicates that there is along this shore, in good part beneath 
the sea, a region characterized by. the occurrence of extensive fields 
of volcanic matter produced by outbreaks which took place in an 
early stage of the Paleozoic period. That these deposits do not 
occur in the interior district of New England is proved by the fact 
that a careful search of the drift materials along-the whole of this 
coast line has failed to show any trace of them. The evidence ob
tained at Cobscook Bay pretty clearly establishes the time of the 
ejection of the volcanic matter as the period below the middle Silu
rian age. In the field near Boston thertl is reason to believe that the 
eruptions occurred during or before the Cambrian period. In the 
Mount Desert section it does not at present seem possible to place 
these volcanic deposits in the geological section. 

BAR HARBOR SERIES. 

In this group we shall for convenience place the bedded rocks 
which are found on the north and east shores of Mount.Desert from 
Rodick's Cove to the Ovens. This section includes the most exten
sive series of distinctly stratified rocks that occur about the shores of 
the island. The several divisions of the series differ much in their 
general character, and on that account may need to be divided into 
distinct groups of strata. 

These deposits are in the main composed of quartzose and argil
laceous slates, shales, and flags. Near Rodick's Cove and in some 
other places they consist in the main of bluish green and purple 
shales; at some points the beds are crowded with siliceous concre
tions, which are best seen on the point just south of Rodick's Cove. 
The physical condition of these beds is not so far changed that any 
fossils originally preserved in them would necessarily be lost, yet 
they appear to be entirely without trace of organic remains. The 
beds generally lie at a low angle, the strike being from N. toN. 20° 
E., the dip southerly with an angle of from 5° to 20°. Over two 
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hundred feet of this section of shales can be traced on this shore and 
the beds do not reappear at any other point on the island. These 
beds seem to have been formed in deep water. This is indicated by· 
their very thin and even bedding as well as by the peculiar colors 
which belong to rocks formed in the deeper portions of the Paleozoic 
seas. I am disposed to think that this small series represents the 
beds deposited at a later period than any other of those represented 
on the island. The, relatively small amount of metamorphism to 
which they have been subjected seems to indicate that they may have 
been formed after the greater igneous injections had taken place. 

North of Rodick's Cove and from that point to the bar which ex
tends from Mount Desert to Bar Island the shore is fringed with a sec
tion of siliceous flags often a good deal metamorphosed, occasionally 
appearing as mica schists, but always preserving their distinctly 
bedded character, and, except near their contact with the numerous 
dikes which intersect them, E;~xhibiting very little dislocation. The 
strike of these beds, as will be seen from the accompanying map on 
which they are indicated, is pn~tty generally from NNE. to E.,- with 
a dip varying from northerly to southerly. The sudden changes i1~ 
direction of the dip seem to have been brought about by the injection 
of considerable dikes near which the beds are often sharply crumpled. 
The same series of beds appear'on the southeast side of Bar Island 
with the same general strike ·and a northerly dip. Making a rough 
allowance for the changing dips and strikes, for the accurate compu
tation of which there are not sufficient data, I am disposed to estimate 
the total thickness of these argillaceous and quartzose flags at from 
.seven hundred to one thousand feet. As far as seen these deposits 
are of an even character, excepting for the before-mentioned local 
metamorphisms near the contacts with the intruded dike materials. 
The beds appear to indicate a great continuity in the sedimentary 
process during the period of their formation. A very careful study 
of the extensive exposures afforded along this shore line has failed 
as yet to reveal any traces of fossils,_ though the general condition of 
the beds is such that there is no ·reason to believe that any fossils they 
may ha'(e originally contained would have been effaced by metamor
·phic action. · 

The small amount of interstitial change which these flaggy beds. 
have undergone and the slight amount of folding to which they have· 
been subjected may possibly be due to the effective resistance which 
the thick, even section offered to such changes. It may be, however, 

·that, like the beds at Rodick's Cove, they were laid down after the· 
most considerable part of the- metamorphic actions which have af
fected this district had taken place. 

On the north shore, beyond Bar Harbor, we obscurely discern the 
series which has just been described. At the little cove immediately 
west of Bar Harbor we have indications of a considerable fault, in. 
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the path of which there have been extensive extrusions of igneous 
matter. The greater part of this dike matter is granitic in its nature. 
Involved in this plexus of ejected materials there is much stratified 
rock which may well belong to the Bar Harbor series. These dis
organized masses of sedimentary strata seem originally to have been 
sandstones and flags. They are very much more metamorphosed 
than are the other portions of the deposits before described. ~.\.t cer
tain points where these disturbances have been greatest the sedi
mentary beds are hardly at fi1·st sight to be distinguished from the 
traps which have penetrated them. 

Midway between the small cove last mentioned and Duck Brook 
we have an extensive exposure, a hundred feet or more in thickness, 
of flaggy slates which are more metamorphosed than those at Bar 
Harbor, but whicl1 probably belong to.the 'same series. Still further 
w~st these beds rapidly change -their character; they become finer 
grained and their metamorphism has led to the formation in them of 
very large siliceous concr.etions having a lenticular form. These 
lenses are remarkable for their size, some of them being as much as 
fifteen feet in diameter and over a foot in thickness. The layers of 
the slates -are pushed about by these concretions, as are the beds of 
the mica schists on the western side of the island by the smaller con
cretions which occur there; but as these large concretions are of ex
ceptional occurrence the general deposition of the section in which 
they lie is not to any great extent affected by their growth. Along 
this part of the shore the prevailing strike is from N. and S. toN. 
40° E. and the prevailing dip westerly from 15° to 25°; a few small 
faults and numerous ~ikes perturb the directions of strike and dip for 
short distances, but as a whole the-attitudes of the strata are tolel:a
bly uniform. 

West of Duck Brook the flaggy beds become rather more disturbed 
by pressure. At a point one-third of a mile west of that stream the 
layers are crumpled into small sharp folds which have their axis in 
the line of the strike or between N; and N. 40° E. Approaching 
Hull's Cove from the eastward we find the mass of the trappean in
trusions .steadily increasing. There is probably .a considerable 
amo'unt of faulting through this part of the coast, accompanied, as are 
all the faults which have been observed on the island, by the extru-
sion of large amounts of igneous matter. The dike material on this 
part of the shore includes not only the ordinary contents of these fis
sures but a considerable amount of porphyritic felsites which appear 
to show flow lines. The slates and traps are remarkably entangled 
with these ejections; in places the stratified and volcanic materials. 
are fairly churned together. 

On the west side of Hull's Cove the shore is for a considerable dis
tance hidden by drift. At about half way to the point which forms 
the wester~ face of the cove the bed rocks reappear and continue, 
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visible for the distance of a mile or more. At that point the section 
shows a series of rocks which differs from those previously described 
on this part of the shore. These beds are more argillaceous and 
much less metamorphosed. In general character they closely resem
blethe Cambrian section, which contains fossil trilobites, at Braintree, 
Mass. 'l'hey are probably, in part, equivalent to the clay flags which 
are seen on the east side of Bar Island. These beds are very gener
ally undisturbed; the strike varies ~rom N. 14° toN. 16° E.; they dip 
westward with an angle of from 6° to 10°. Tp.e total length of, this 
unbroken section, measured along the coast line, is about two thou
sand feet, and the total thipkness exposed to view is about three 
hundred feet. This section is remarkable for the small amount of 
trap injection which appears upon it. No dikes were perceived in 
its whole length, and if any exist they must be very small. N;o other 
equal length of the coast line on this island is so des}itute of these 
intrusions. 

At the end of this section we have again a broad field six hundred 
feet or more in length where the rocks have heen extensively rup
tured by dikes. These intruded rocks offer much less resistance to 
decay than the slates. They have therefore been so much worn 
down that for several hundred feet of shore-line the coast is hidden 
by drift. Beyond this interruption th,e :fiaggy slates again appear, 

· but much cast about by the numerous intrusions of trap. The strike 
is here from N. 20° W. toN. 35° E.; the dip westerly from 9° to 35°. 

Middle Line 

FIG. 4a. Section of clifl' at the Ovens. 
A and C, stratified rock; B, igneous rock~ D, arches of "Ovens.,, 

On the east side of the beautiful cliffs known as the O-vens we have 
the last exposure of this series of argillaceous and quartzose :flags. 
At that point they are interrupted by the extremely massive extru
sion of felsitic trap, which continues for a long distance along the 
shore westward. The conditions of this junction are shown in Fig. 
43. As exhibited in the diagram the junction of the felsitic traps 
with the slates appears to be partly as a ruptured contact and partly 
as an overflow. No exposures of this contact were seen except along 
the cliff which faces the bay. This contact demands a more careful 
€xamination than I have been able to give it. The impression which 
is made upon the observer is that the felsitic is not in its nature a 
dike, but rather a great surface :flow which has scoured away the 
rocks by its motion, or else that it is the remai:o.s of a massive injec
tion of a laccolitic nature. 
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From the Ovens to Salisbury Cove (the deepest indentation of East
ern Bay), a distance of nearly a mile, these felsitic lavas continue with 
little interruption. The whole 'of this considerable portion of the 
shore is composed of intrusive rocks. The only interruption to the 
continuity of the felsites which was observed consists of some later 
traps which have penetrated its mass. At Salisbury Cove there are 
some beds which may turn out to be very highly metamorphosed 
flags. The exposure is small and the relations of the deposit are 
ne>t well known. 

For a few hundred feet west of Salisbury Cove the shore line is 
occupied by volcanic d~posits like those in which the Ovens are ex
cavated. At some points the deposit appears to be faintly bedded as 
by s~ccessive flows. At the western horn of Salisbury Cove we 
come upon a peculiar series of quartzites, which differ from any rocks 
seen elsewhere on the island. These quartzites, if such indeed be 
their nature, are thick-bedded, generally of a greenish-white hue, 
the greenish matter often gathered into large blotched concretions. 
This peculiar series has a prevailing strike of about N. 45° to N. 65° 
E., dip southerly with an angle of from 10° to 20°. The peculiar 
hue of these beds, as well as the sudden and considerable change in 
the strike and dip, seems to indicate that they belong to a different 
series of rocks from anything else upon this shore. I have not seen 
elsewhere in this district or in New England any beds which present 
any distinct likeness to them. 

At Emery's Cove we have what seems to be another part of the 
same series. The beds are thinner and faintly resemble those pre
viously described as occurring at Rodick's Cove. The general color of 
the stl::tta is much the same, as is also the character of the bedding. 
In both cases the rock is affected by changes which ·have developed 
the concretions of the mass. These greenish seP,imentaey rocks con
tinue to a point a little westward of the tas~ of Em6ry's Cove, be
yond which they are not to be traced. Farther on we have a belt in 
which dikes abound. for some hundi·eds of feet, and in which no 
stratified d 1posits are discovered. We then come upon some gneis
soid rocks, :vhieh appear to have a disti~ct bedding, striking N. 40° 
W., dipping eastward at an angle of 15°. These gneissic rocks are 
intermingled vith argillaceous and quartzose deposits, which have 
the same strike and dip as the gneissic beds. (See Pl. LXXVI.) 

From the points where the gneissic l;leds and the associated schists 
come in, which is at the first salient on the coast, about half a mile 
west of Emery's Cove, to the west side of Thomas Bay or the water 
lying south of Thomas Island, the .bed rocks are generally hidden by 
glacial drift. A few points of rock exposed are, as far as observed, 
the harder parts of various trappean injections, which abound along 
this part of the coast. As far as may be judged by the glacial drift 
these portions of the section are filled by beds of a gneissic and schist-
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ose character, essentially like those of the sectiop_ just described. Im
mediately west of Thomas Bay we come upon the north part of the 
section of foliated schists, which have been desqribed under the name 
of Bartlett's Island series and which form the west side of Mount 
Desert. All the beds from Emery's Cove westward may belong to. 
the Bartlett's Island series. 

General reflections concerning these several series of stratified beds 
which lie on the margin of Mount Desert will be postponed until we 
have considered the facts as to. the dynamic features of the trap
pean and other injections which hav8 occurred in this district. These 
masses have so far perturbed the original conditions of the strata: 
that it is best to give some account of them before we proceed 'to 
review the stratigraphic history of the island. This consideration of 
the igneous rocks of Mount Desert is intended to be only of the most. 
general nature. All questions concerning the petrographic nature of 
the va-':'ious dike stones are necessarily left out of account. The aim 
of the presentation will be to consider only the relations of these 
injections in so far as they bear on the physical history of the district. 

DIKES OF MOUNT DESERT. 

The great central mass of granite which constitutes the mountain 
range of the island is essentially a dike. It is true it may be said 
that it differs from ordinary dikes by its great extent and by its 
relative shortness, but in its structure and its relations we find every 
important feature which characterizes massive injections wpich we 
unhesitatingly class as dikes. It cuts through the sedimentary rocks 
of the district, and though it has elevated them so that at many 
points they slope away from its mass, the same dislocation of the· 
bordering strata is found alongside of many lesser dikes. The only 
difference between this great dike and the lesser injections is that i~ 
was a concomitant in the construction of an anticlinal ridge, while 
the lesser dikes have no such distinct relations to anticlines. · 

The dike-like nature of this great central injection of granite on 
Mount Desert will be the better perceived if we study some of the 
smaller but still very extensive intrusions of the same material 
which are exhibited in or near the island. 

GRANITIC DIKES. 

Balcer's Island dike.-Of the normal granitic dikes of the Mount. 
Desert district one of the largest is'that which forms the whole of 
Baker's Island and intersects the southern shore c5f Mount Desert be
tween Sea Wall Point' and theN ubble. At Baker's Island this dike 
is at least three thousand feet wide, its southern boundary not being 
seen at that point. It is, however, probable that it lies near the, 

1 The nearest point of Mount Desert Island to Cranberry Island. 
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southern shore of the last named island. On the main island it has 
about the same width, which, at right angles to its trend, is not far 
from one-ninth tb.at of the central granitic belt. 

At the contact of the Baker's Island dike with its wall rocks on 
Cranberry Island, the dike, as is the case with most such massive 
injections of trap, exhibits many minor protrusions of its matter into 
the inclosing strata. The circumstances of its contact with the 
country rock are shown in the appended diagram, which indicates the 
junction at Bunker's Heacl,' on Cranberry Island. (See Fig. 44.) 

wft 
s 

2d :;;:+:: t ~;: 

FIG. 44. Junction of granite and slates at j3unker's Head, Cranberry Island. 
A, stratified rock; B, granite. The section has a length of about one hm1dred feet. 

This Baker's Island dike extends in a direction parallel with that 
of the great central granitic mass of Mount Desert, and has the same 
mineralogical composition. Macroscopically considered the two 
rocks have precisely the same appearance, hand specimens being in
distinguishable from e:;~.ch other. The only observable difference is 
that the granite of Baker's Island is somewhat more jointed than that 
of the Mount Desert hills, though not more so than the granite quartz 
on the northern shore of Somes Sound. 

Dix's Point dike.-A si::::tilar dike intersects the southern shore of 
Mount Desert at Dix's Point. It has about the same width as that 
of Baker's Island, but its compass course is very different. It appar
ently extends in a general north and south direction or nearly at right 
angles to that of Baker's Island. · The circumstances of its contact 
with the co11ntry rock and the mineralogical nature of its contents 
are the same as those of the other great dikes of this nature. It is 
evident from the extent to which they are cut by the dark-colored 
injections hereafter to be described that the great granitic intru
sions are among the earliest of the many groups of volcanic materials 
which appear on this island. These granites seem indeed to be the 
oldest volcanic ejections which intersect the deposits of volcanic ash, 
except, perhaps, the felsitic dikes. 

Lesser dikes._:_Besides the two dikes of granite before mentioned, 
there are very many similar branehes from: the great central mass 

1 Between Race Point and Deadman's Point. 
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intersecting sedimentary deposits, through which it breaks. At the 
contact of the central granite with the bounding walls the number of 
these divergent dikes is extremely great. They are so many, indeed, 
that it would be desirable to represent this contact section on the 
map by means of a distinct color, but for the fact that the forest
covered natm·e of the country makes the determination of the limits 
of the dike area extremely difficult. 

•The dikes extending from the central granitic mass are most plenti
ful near that mass and become less in size and of rarer occurrence as 
we go away from what we may call the contact wall, until, at a dis
tance of about half a mile from that line, they are inconspicuous. 
Near the line of contact between the sedimentary forms and the cen
tral granites the dikes proceeding from the great intrusive mass 

- exhibit a slight degree of secondary mineralization, as do also the 
sedimentary strata which they traverse. So far as l!Oticed the 
most important feature in this mineralization is found in consider
able segregations of iron pyrites which are scattered through the 
masses of the dikes and of the rocks which they traverse. These 
pyrite crystals are best shown on the western shore of Seal Harbor. 

f'he crystals are often large, ·even exceeding an inch on the face, 
and at certain points they are extremely abundant, tending by their 
decay to the disiutegtation of the rocks in which they are contained. 
Wherever this pyrite is present the decay which it induces has led 
to the rapid removal of the material by the various agents of erosion. 
The result is that such rocks are generally hidden and indeed are only 
disclosed in clear fashion along the present shore line. The erosion 
of these deposits makes it impossible save by careful observation to 
form an estimate of the importance of this -pyritic material in the 
contact district of the island. 

Wherever the exposures made such observations possible care was 
taken to note the contact lines of the larger intruded masses with 
their wall rocks, with the expectation that contact deposits of a vein
like nature might be found, but the se.:trch was without result. Over 
fifty such contacts were observed, but in no case were mineral-bear
ing deposits present. This is a significant point inasmuch as on 
the ruainland we have some fields containing quite extensive vein 
deposits. 

FELSITE PORPHYRY MASSES. 

Next in importance to the granitic dikes come those which we may 
group as felsite porphyries. These. like the granitic dikes are in some 
instances of very gr~at size. So far as my observation goes they are 
limited .to the periphei·al portions of the island; though there may be 
cases in which they traverse the central granites, they have not been 
observed in that position. In the peripheral sect.ion of Mount Desert 

. they are large and more extensively developed on the north and south 
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shores. It is possible that they may exist on the east and west flanks 
'of the isll::md, but they have not been observed there. Wherever 
these felsitic dikes are abundant there are more or -less extensive de
posit.> of what appear to be flows of the same material exhibiting at 
certain points somewhat distinct bedding. As before remarked; the 
porphyritic injections probably occurred, partially or entirely, before 
the granites were deposited, for at no point have they been observed 
to traverse the granite intrusions. It seems to me likely that these 
felsitic ejections occurred in the period when the volcanic ash m;d 
breccia before noted were laid ·down, for the reason that on the Cran
berry Islands these felsites ·appear to be distinctly interbedded with 
the volcanic ashes, as is the case about Passamaquoddy Bay aud near 
Boston.· We thus arrive at the conclusion that this volcanic series' 
existed before the formation of the great central granites of -Mount 
Desert. 

OTHER DIKES. 

A third series of dikes is composed of a dense dark-colored group 
of dike stones. These occupy the whole field of the island and ap
pear to be generally of later date than any other deposits or intru
sions found within its limits. In some cases they are possibly cut 
by the granites, but no clear instances of such intersection were ob
served.! 

These dikes are generally much narrower than those of the before
mention,ed series. They appear to be also rather more continuous 
than the felsitic injections. They are far more uniformly distributed 
over the area of the island than either of the preceding groups. In 
general, it may be said that they occupy every part of the surface of 
Mount Desert and the adjacent islands. It is rarely possible to draw 
a line a thousand feet in length in an east and west direction without 
crossing one or more of them. · 

The last and least important group of dikes is that which contains 
certain injections consisting of a greenish trap. Only a few of these 
have been observed, and of these the must conspicuous is the one 
which is exposed in the road from Beech Hill to Southwest Harbor. 
This dike, like others· of the same limited group, is decidedly softer 
than the rocks which bound it on either side, and its decay has led 
to the formation of the deep crevice in the granite constituting the 
narrow gorge through which the road makes its way. The contact 

I An observer is apt to be misled in his conclusions as to the intersecting or non
intersecting of one dike by another through the faulting which is apt to occur .along 
the contact of a dike with its country rocks. He may, for instance, trace a given 
dike to the walls of another dike and find that it fails to traverse the field occupied 
by the given intrusions. He may therefore conclude that the dike which he was 
originally tracing did not intersect the dike against which he has traced its fissure, 
when in fact it may be that a faulting movement with a horizontal throw has car
ried the original continuation of the dike bey~nd the field of observation. 
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of this dike with its bounding walls shows a very extensive rounding 
in its formation; in this regard it is unlike the most of the dikes of 
its class. (See Fig. 45.) 

FIG. 45. Dike on Beech Mountain road. 

TREND OF THE DIKES. 

The compass courses of these several groups of dikes is a matter of 
interest. Although there is considerable diversity in their direction, 
the variations gene-rally fall within certain limits. The greater dikes 
of granite appear to follow the trend of the central granitic mass of 
the island, having a nearly east and west course. A prominent ex
ception to this exists in the great dike which extends from the central 
part of the island at Dix's Point, for this seems to have the more north 
and south trend. It is not impossible, however, that this dike, which, 
owing to the swampy nature of the country, can not be traced for 
any great distance north of Dix's Point, may be only a local spur 
proceeding from the great Baker's Island dike. 

Of the other groups of dikes the feldspathic or felsitic injections 
are apparently the most various in their compass course. Some of 
them seem to have a general north and south direction; others appear 
to follow the strike of the strata into which they have been injected 
and thus depart widely from the trend common to the series. These 
dikes are so combined with the interbedded sheets of lava that it is 
difficult to form any clear idea of their compass course. Moreover, 
having been the first injection in this neighborhood and t.he rocks 
into which they were forced having subsequently been very much dis
located, they no longer retain the directions which they originally had. 

By far the larger part of these dikes, at least nine-tenths, belong 
to the group of ordinary dark-colored trappean materials, such as is 
common throughout all the highly metamorphosed districts of New 
England. On Mouct Desert these dikes have two principal direc
tions, the larger and more numerous fissu,.res traversing the rocks in 
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a general northeast and southwest direction. A few of the fissures 
are nearly at right angles to this course, having strikes varying 
frow N. 55° W. toN. 45c W. These last-named dikes appear to be in 
the main limited to the district about Somes Sound and may be 
connected in some way with the formation of that remarkable inlet. 
These dark-colored dikes are found traversing all the several series of 
rocks which appear on Mt. ·Desert and the adjacent lower islands in 
something like equal abundance for equal areas· their distribution 
indeed exhibits a remarkable uniformity. 

DIKES OF WHITE QUARTZ. 

Before closing this imperfect account of the injected rocks of this 
district it is necessary to note the small but very peculiar group of 
what appear to be dikes of white quartz. They occur on the eastern 
side of the promontory which lies south of Norwood's Cove. We 
have at that point a considerable section of quartzites of a whitish· 
color. In the immediate vicinity of this peculiar quartz there are 
several fissures filled w~th quartz rock. These vein-like masses pre
sent none of the normal features of veins deposited by water action. 
They are entirely massive, or, in other words, have no trace of ·the 
banded or comby aspect so generally exhibited in true veins. It 
seems possible that they are in fact true dikes, and that their mate
rials have been melted and driven in a molten state into the fissures 
which they occupy, and not brought into them by the action of the 
hea.ted waters. These quartz dikes appear to be very short; none of 
them were~ traced for it distance of more than a hundred feet or so, 
but one of them is several feet in diameter. 

ORIGIN AND PHYSICAL HISTORY OF THE MOUNT DESERT ROCKS. 

I propose now briefly to consider the origin and the physical his
tory of the rocks desc:ribed in the previous pages in so far at least as 
they can profitably be treated from the conditions of this limited field. 

It is evident from what has already been said that the several· 
divisions of stratified rocks which appear on Mount Desert are very 
irregularly distributed. There are at least half a dozen series which 
must be reg,arded as representing different parts of the geological 
section and no two of them are found superimposed upon each other. 
The schists on the east and west sides of the island may be, and in
deed most likely are, of the same age, but they alone by their aspect 
suggest the idea of equivalency. The Cranberry Islands series of 
volcanic ashes, the Bar Harbor slates, the coarse greenish quartzites 
of the northern shore, the white quartzites near Norwood's Cove, 
the bedded slates of Rodick's Cove, are isolated deposits which can 
not be grouped in any order of succession. 

The first question to be determined is the cause of this fragmentary 
condition of these· sedimentary deposits. It is at the outset clear 

8 GEOL-67 
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that this lack. of continuity of the several sections may possibly be 
due to causes which operated before the time when these rocks were 
divided by the great central granites; their fragmentary character 
may have been due to some action occul'l'ing at the time of that in
jection or it may perhaps be due to causes which have come into 
operation subsequent to that event. Simple inspection seems to in
dicate that the two last suppositions are inadmissible. There is no 
case in which these several sedimentary series are shown one above 
another. Each of them may be traced in contact with the granitic 
injections. Unless this granitic matter in some manner, at the time 
of its intrusion, eroded the beds missing in the different parts of the 
island, we can not well explain how the injection could have de
stroyed the original sequence of the deposits; nor can we suppose 
that the erosions and dislocations which have taken place since the 
injection of the granites brought about the present fragmentary as
pect of the sedimentary deposits. While it can not be denied that 
such accidents may produce great confusion in strata, we can not see 
how they could cause such extreme discontinuities as we find here. 

The only explanation which seems to me to give a satisfactory ac
count of this peculiar distribution of the stratified forms is the fol
lowing:. Before the injection of the granites this district must have 
been the seat of deposition at many successive periods. . Between 
these periods of sedimentation there must have been times of erosion 
in which the greater part of the beds deposited in the earlier periods 
was worn away, so that it came about that this surface was occupied 
by a number of discontinuous fragments of deposits. 

We can find in other parts of New England conditions analogous 
to those which I have hypothecated to explain the aspect of the Mount 
Desert series. The area of Massachusetts, for instance, gives us 
patches of Archean or Cambrian schists and slates of Silurian rocks 
and of beds belonging to the Mesozoic period, all within a small field, 
but exhibiting no sequ~nce in their sections. 

· In order to account for their disordered nature we have only to sup
pose that the eastern and western schists of Mount Desert are frag
ments of a once continuous field of slates and sandstones; that these 
bods were subjected to erosive action ~nd were worn away on the 
north and south sides of the island before succeeding deposits were 
formed; that these in turn were worn to fragments before the next 
overlying beds were laid down, and soon to the end of the chapter. 

Although this hypothesis does not a1d us in the task of effecting 
. any formal arrangement of the Mount Desert series it explains a 

puzzling phenomenon and incidentally gives us some light as to the 
ancient conditions of this surface. Certain other important conclu
.sions are attained by examining the constitution of these several 
series, conclusions which may aid us in determining the geological 
age of the Mount Dese:t deposits. 

.. 
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. ·/ .'~: no~he first place that there is a total absence of limestones 
·in all the sections exposed to view. A careful study of the drift 
materials on the south part of Mount Desert and on the Cranberry 
Islands where we could hope to find traces of hidden limestones, 
shows that there are no limy beds in the sedimentary deposits of this 
island. The aggregate thickness of the various Mount Desert sections 
can no't be less than about six thousand feet and may amount to' one
half more ·than this estimate. It seems as if this fact must exclude 
the hypothesis that these strata were formed anywhere in the peri
ods above the level of the Cambrian, .for nowhere above that level do 
we have any such sections barren of limy matter. 

It may be next noted respecting the schistose series of Mount Desert 
that those of its east and west margins are of singularly uniform 
composition. They were doubtless originally shales and thin sand
stones of great uniformity of structure. Their texture is not such 
as at all noints to exclude the preservation of fossils; indeed t}le 
greater portion of the deposits are well fitted to exhibit organic re
mains, yet they have afforded no trace of them. Now here above the 
level of the Cambrian series do we find any section of this descrip
tion. On these grounds, it seems reasonable to place the greater 
part of the Mount Desert rocks in the lower portion of the Cambrian 
section, if not yet lower in the geologic column.,.... ... ··· 

It is possible that we may have to make an"exception in ·the case 
of the volcanic rocks of the Cranberry Islands. These rocks closely 
resemble the deposit of a similar nature found near Eastport, Me., 
whieh seems to be of Silurian age. For the present, at least, I am 
disposed to place the Cranberry Island series above the other sedi
mentary deposits of Mount Desert, except perhaps those at Rodick's 
Cove, and to consider that they belong in the Silurian section. They 
may, however, be of the same age as the volcanic breccias of Massa
·chusetts Bay district, which probably appertain to a time at least as 
remote as the Middle Cam brian period. 

It is evident that at the time when the granitic ejections took place 
that form the central granitic district of Mount Desert, the surface of 
this region was covered with extensive sedimentary deposits which · 
have since been worn away. This granite was evidently in a fluid 
condition, as is shown by the degree to which it penetrated into nar
row crevices and the .extent to whieh it has metamorphosed the rocks 
with which it came in contact, yet at no point is there any trace 
showing that it flowed superficially in the manner of lava. In fact, 
we nowhere know of any granitic rocks which have flowed over the 
surface of the earth. Thus theory, as well as fact, compels us to sup
pose that these granites were completely incased in deposits which 
once mantled high above the existing surface of the highest hills of 
the island. The thickness of this envelope, and consequently the 
amount of the erosion required for its complete removal, can be only 
a matter of conjecture. 
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EXPLANATION OF GEOLOGICAL MAPS. 

MAP OF SURFACE GEOLOGY. 

The object of this map is to set forth the superficial deposits of Mount Desert and 
the neighboring shores, and also to indicate the direction of movement of the ice 
sheet at its contact with the earth's surface on the various parts of the island. The 
distribution of the color indicates the relative thickness and continuity of the glacial 
deposits. Where the surface is left uneolored the reader is to understand that more 
than half of the area is entirely without a connected sheet of glacial waste, present
ing only occasional bowlders, usually of large size. Where the surface is dotted over 
with color it is to indicate that more'than one-fourth of the surface is without a 
covering of drift. Where the co!or is cont~nuous it is to indicate that not more than 
one-eighth, in most cases a much smaller proportion, of· the surface is destitute of 
drift. 

The arrows show the direction of glacial scratches. In most cases pains was 
taken to.exclude from the map scratches which are 'in such positio11s as to make 
it probable that the movement of the ice was locally diverted from the general trend 
of the glacier at the particular point. It will be observed that at the base of each 
of these arrows there· are one or more numbers. Where the numbers are to the 
east of the shaft they indicate that the run of ice was from the east, and the differ
ence in numbers shows the range of variation in degrees of arc. If the D,Umber is 
west of the arrow it indicates that the general trend was from the westward, the 
figures, as before, indicating the variation in the course of the scratches. 

The distribution of the blue clay which is found extensively developed in the 
sheltered valleys of the island is approximately indicated by the color assigned to it. 
It should, however, be understood that this deposit probably extends over very 
much wider areas than is indicated by the map. The opportunities for observation 
are imperfect and care was taken not to extend the indications beyond the limits of 
the observations. It is likely that further inquiry will at least double the area 
which should be colored as underlaid by this formation. 

MAP SHOWING BED ROCK GEOLOGY. 

The purpose of this map is to indicate in a general way the distribution of the 
more important groups of rocks which are exposed on Mount Desert. It is impossi
ble to complete the classification of these deposits in a satisfactory way until the geol
ogy of the neighboring shores has been carefully studied. The reader will therefore 
understand that the several divisions instituted in these rocks and represented by 
the coloring are of a provisional nature and are liable to be overthrown when an 
adequate research into the neighboring region has been instituted. Owing to the 
fact that by far the greater portion of the island is covered with drift or masked by 
primeval forests, the boundaries of these series of rocks are most incompletely indi
cated. Furthermore, the extent of metamorphism which in all cases has occurred 
near the contact between the sedimentary deposits and the central granite makes it 
in many cases impossible to discriminate between the several series in their meta
morphozed conditions. It will be observed that the more or less stratified series 
which lie around the periphery of the central mass of crystalline rock is divided 
into five groups. It may in the end happen that some of these groups are to disap· 
pear or be merged in a more general classification. It is particularly doubtful 
whether the beds known as the Schooner Head series are of a different age from the 
Bar Harbor series. · It may also be found that a portion or the whole of the Bart
lett's Island series is to be placed with that found about Bar Harbor. There are, 
however, certain differences in these groups which appear to me to make it worth 
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while for the present to designate them by particular colors. The Sutton's Island 
series and that of Cranberry Island are mu:;h more distinct from the three before 
mentioned than any one of those from the other. At first I was disposed to put the 
Sutton's Island series and that of the Cranberry Island in one group. So far as my 
observations have gone, however, it seems clea!Z that the Sutton's Island group of 
rocks, though containing an abundance of volcanic material, shows no trace of the 
volcanic breccias which abound in the Cranberry series. I therefore have kept 
these two groups apart. 

In the southwestern portion of Mount Desert,. between Bass Harbor and the west
ern portion of the islaQd, the injected rocks are so abundant that it is impossible 
to find any considemble portion of stratified material in the field. I am inclined to 
think, however, from the glacial waste which covers the surface, that the whole of 
this doubtful ground should be classed with the Sutton's Island series. 

It will be observed that the volcanic breccias or ashbeds which characterize the 
Cranberry Island series do not extend to the west of Duck Cove. Their western 
limits have not been well ascertained, owing to the dense coating of drift and the 
'mantle of vegetation which covers this part of the island. 

In a word, it should be understood that this geological map is in its nature a 
preliminary sketch of the field. · 

On the scale of tllis map, it has been found impossible to show the various intru
sions of granitic and other trappean rocks which penetrate the several marginal 
series. At many points much more than half the total mass of material indicated 
a~; belonging to the sedimentary series consists of these volcanic intrusions. Ade
quately to indicate this wonderful entanglement of dikes would require a map on 
a much larger scale than can be afforded in a memoir of this nature. In the final 
geological map of this region, which is to be published on the scale of an inch to a 
mile, an effort will be made to represent some of the most important of these in
trusions. 

In the preparation of this map I have made some slight use of an uncompleted 
sketch of the geology of the island prepared by several students of Harvard College, 
under the direction of my colleague, Prof. William M. Davis. 
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