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LETTER OF TRANSMITTAL

To His Excellency Jorx WarLTER SMITH,

Governor of Maryland and President of the Geological Survey Com-
mission.

Sir:—I have the honor to present herewith the first volume of a
series of reports dealing with the systematie geology and paleontology
of Maryland. A eclear comprehension of our geologieal formations is
based on a knowledge not only of the materials out of which the strata
are composed, but also of the remains of animal and plant life which
are entombed in the roeks themselves. A thorough knbwledge of both
these faetors is essential as a basis for a complete interpretation of the
mineral resourees of the state, while the edueational and seientifie
value of sueh information eannot be overestimated. It is the purpose
of the Survey to publish a number of similar reports whieh will embrace
the entire sequenee of Maryland formations. Already much progress
has been made in the investigations for the subsequent volumes of the
series. I am,

Very respeetfully,
Wirriax Burrock CrLaRrk,
State Geologist.

Jonxs Hopkins UNIVERSITY,

BavrimMore, April, 1901.
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PREFACE

The present volume is the first of a series of reports dealing with
the systematic geology of Maryland. These reports will appear from
time to time as the several investigations are completed, but not neces-
sarily in geological sequence. By reference to Volume I of the Survey
it will be seen that the gcological sequence of Maryland rocks is as

follows:
Pleistocene
Cenogoie 4 Neocene
1‘ Eogene
Uretnceons
Mesozoic J M
| Jurassie-Trinsgic
I Permian-Carboniforous
. | Devonian
Paleozoic { A5
I Silurian
[ Cambrian

Archean  Algonkian-Archean

Some of these divisions are more extensively developed in Maryland
than others so that the contemplated reports will differ greatly in size.
The oldest division, comprising the Algonkian-Archean, is entirely des-

- titute of organic remains in Maryland, while the Jurassic-Triassic is

nearly so. The other seven divisions, however, contain either rich
faunas or floras; three of them, the Permian-Carboniferous, the Cre-
taceous and the Pleistocene containing both animal and plant fossils.
These reports when evompleted will give both to the geologist and to
the general reader a comprehensive view of the past history of Maryland
territory from the earliest geological period to the present day. For
educational purposes the volumes cannot fail to have much value, and
will find frequent use in the hands of those who are secking to acquire
a knowledge of the physical and faunal history of the State of Maryland.
The present volume on the Eocene deals with the earliest period of
the Cenozoic and, with the Neoccne, embraces what is frequently de-
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nominated by geologists as the Tertiary. As will be shown in later
pages the Tertiary roeks of Maryland are of wide extent and contain
mueh of interest from both a seientifie and practical standpoint.

The Foeene deposits of Maryland have received for many years the
elose attention of the senior author of this paper, and his observations
have been supplemented recently by the work of the junior author. A
report made by the senior author to the Director of the U. S. Geo-
logical Survey in 1896 is extensively drawn upon for the present vol-
ume, many of the general descriptions being taken directly therefrom,
with such changes and additions as the present enlarged knowledge of
the subject may require.

Dr. R. M. Bagg, Jr., also spent portions of two field seasons in a
study of the local stratigraphy under the personal direction of the State
Geologist and prepared a series of preliminary maps covering a large
part of the area.

The paleontological investigations have been jointly conducted by
several experts. In addition to the sections for whieh the authors of
the report are personally responsible, aid has been rendered in others
by several well-known students.

The Reptilia have been studied by Dr. E. C. Case of Milwaukee, Wis-
consin; the Fishes by Dr. Charles R. Eastman of Harvard University,
Cambridge, Massachusetts; the Crustacea and Bryozoa by Mr. E. O.
Ulrieh of Newport, Kentucky; the Corals by Mr. T. Wayland Vaughan
of the U. 8. Geological Survey; the Protozoa by Dr. R. M. Bagg, Jr.,
of Colorado Springs, Colorado; and the Plants by Dr. Arthur Hollick of
Columbia University, New York. Mr. Charles Schuchert of the U. S.
National Museum has revised the deseriptions of the Brachiopoda.

TExtensive eollections of material were made preparatory to this work,
and all the leading fossiliferous loealities of the state were visited. The
greatest amount of material was obtained, however, from the bluffs along

the banks of the Potomac river, which afford the most complete section
of the Eocene in the Middle Atlantie Slope. In general, the fossils of
this region are difficult of removal, as they readily crumble at the touch,
so that some process of hardening had to be employed to preserve them

permanently. To this fact more than to any other eause, has been due
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the small sizc of the collections of Eocene specimens found in the various
museums of the country, as compared with the collections of Neocene
forms from the same area. The forms figured and described in this
report have comne, with scarcely an exception, from the collections of the
United Statcs National Museum, the Academy of Natural Sciences of
Philadelphia, the Johns Hopkins University, and the Maryland Geo-
logical Survey. The Musecum of the Academy of Natural Sciences of
Philadelphia contains Dr. Conrad’s types, which have been most im-
portant in definitely determining the species hitherto described.

The State Geological Survey desires to express its thanks for the aid
which has been rendered by the several experts who have contributed to
this volume; also to the U. 8. Geological Survey which has generously
allowed the use of many of its plates and drawings, which have materially
reduced the expenses of publieation; and to Professor G. D. Harris for
the loan of several drawings.

Many important suggestions have also been received from Dr. W. H.
Dall of the U. S. Geological Survey, Professor H. A. Pilsbry of the
Philadelphia Academy of Natural Sciences and Mr. C. W. Johnson of
the Wagner Free Institute of Seicnce. They have examined many of
the determinations of fossils, and have thus materially contributed to
the accuracy of the report. '

Thanks arc also duc to the artists Mr. J. C. McConnell of the U. S.
Army-Medical Museum, Mr. H. C. Hunter of the U. S. Geological Sur-
vey and Mr. I'. von Iterson for the beautiful drawings with which the
report is illustrated.
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THE EOCENE DEPOSITS OF MARYLAND

BY

WiLLiam BuLLock CLark and GeorGe CURTIS MARTIN

INTRODUCTION.

Maryland, as an important division of the Atlantie border regiou,
comprises in its geology and mineral resources much that is typical of
the eutire provinee. No discussion of Maryland geology, therefore, ean
be regarded as eomplete that does not at the same time take into eon-
sideration the formations of immediately adjacent states. Mueh may
be learned in this way that will be of advantage in interpreting our own
geology, sinee geologieal deposits are not limited by politieal boundaries.

Maryland, together with Delaware and Virginia, forms what has with
propriety been termed the Middle Atlantie Slope, and, as deseribed
in the earlier volumes of the Survey, has been divided into the Coastal
Plain, the Piedmont Plateau, and the Appalachian Region. The pres-
ent report is eonfined to a econsideration of only a part of the first of
these divisions.

Mueh interest has been manifested in the Coastal Plain geology and
paleontology of the Middle Atlantie Slope sinee the early days of geo-
logieal investigation in this eountry. Many of the most potent illus-
trations of the geologists of the early part of the eentury were drawn
from this region, and although the relations of the deposits were not
altogether comprehended, yet the reeorded observations show an appre-
ciation of many of the more difficult problems involved. Later, as the
eomplieated geologieal history of the Coastal Plain beeame better known,
it was reeognized that, if a full understanding of any single formation
was to be gained, it was neeessary to study earefully not only its litho-
logieal and paleontologieal eharaeteristies but also its relationship to
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the other members of the series. It was seen that only by an under-
standing of the broad conditions affeeting the whole district could the
strata of any one formation be properly interpreted. Recognizing this
faet, the writers present in latcr pages a brief discussion of the general
relations of the strata composing the Coastal Plain in the Middle At-
lantic Slope. The fuller diseussions will be found in the later volumes
dealing with these formations.

When we come to consider that assemblage of deposits (Eocene and
Neocene) early separated as the Tertiary, we find that it is divisible into
several distinct formations. Iven at a relatively early date an older and
a younger Tertiary were already established, the former being corre-
lated with the Eocene of England and the European continent. At-
tempts were made then and later to find its exaet equivalent in one or
another of the already established local formations of the English or
continental series, but with very unsatisfactory results.

After the American Eoeene strata had received somewhat detailed
examination in the various scetions of the eountry and loeal divisions
had been established, attempts were made from time to time to deter-
mine their equivalency. By common consent the diversified and exten-
sive deposits of the Gulf area eame to be regarded as the type for the
eastern border region, and the various Foeene deposits of the Atlantic
Coast States were assigned to positions in this series. Some authors,
recognizing the presence of a few identical species, have referred the
strata now under consideration to a single minor division in the sealc,
while others have regarded the Maryland-Virginia deposits as repre-
senting a larger portion of the Gulf series. After a carcful consideration
of both the paleontological and the geological data, the writers deem
the latter conelusion the only tenable one.

Attention has been devoted in the past too exelusively to supposed
faunal similarities, upon the most insuffieient knowledge of the forms,
and too little to the character of the sedimentation. Important as the
former are when the fauna has been fully investigated, and the writers
would be far from disparaging that importance, yet the widely different
physieal conditions surrounding the aecumulation of the deposits in the

two areas must at the same time be regarded. Change in a fauna is
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not to be measured by the time standard alone, but also by the condi-
tions of life, whether constant or variable, to whieh the forms may be
subjeeted. Persistent conditions must of neecessity have less effect than
those which are changing. A satisfaetory correlation of the strata in
districts so widely separated as the Middle Atlantie Coastal Plain and
the Gulf Region can be attained only by a proper appreeciation of the
bearing of these factors on faunal development.

In the Middle Atlantie Slope the relatively homogeneous nature of
the Eoeene deposits is a charaeteristic feature, indieating that through-
out the period of deposition the eonditions were undisturbed by import-
ant physieal changes. The fact that the deposits are made up largely
of secondary materials shows in a general way that their aceumulation
took place near a coast reached by few large sediment-bcaring rivers, and
that at the same time the place of deposition was sufficiently removed
from the eoast line to be unaffected by shore eonditions. In the Gulf
Region, on the other hand, deposition was more rapid, since a great
quantity of detrital material was brought to the sea by the large streams
draining the interior of the continent. The bearing of these different
physieal eonditions upon the interpretation of the two areas and the
correlation of their deposits will be fully eonsidered in the body of the
report.

The materials of the Eoeene of the Middle Atlantie Slope, which are
so largely glauconitie, are of no little interest in themselves outside of
their bearing upon the questions of eorrelation, sinee few areas afford
such extensive deposits of greensand. On that account alone they de-
serve special eonsideration, and a ehapter will be devoted to this phase
of the subject.

The deseription of new speeies of fossils is of little seientifie impor-
tanee to the geologist unless the objeet is something other than the
mere multiplieation of new forms, which has too often been the ease in
sueh investigations. When, however, the work has in view the fullest
possible representation of a fauna or the elearing up of doubtful points
in the synonymy of already deseribed speeies, as well as a more eomplete
knowledge of their geologieal and geographieal ranges, it beeomes of
the very greatest value, sinee one whole elass of important eriteria for
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the interpretation of the strata is thus made accessible. The present
report ineludes the results of sueh an exhaustive study of the fauna of
the Eoeene of Maryland, together with a eritical review of the speeies
deseribed by previous authors, as well as the deseription of a large num-
ber of new forms. It is believed that a much more accurate idea of the
faunal characteristics, as well as of the physieal eonditions prevailing
during the Eocene period on the Middle Atlantic Coast, will result from
the methods pursued in this investigation. Certainly the data for the
comparison of the fauna with those of other areas will be greatly aug-
mented.

Historicar Review.

On account of its extensive waterways and the ready aceess thereby
gained, the Atlantic Coastal Plain was early visited for purposes of geo-
logical investigation. At first the observations were of the most general
charaeter, no attempt being made to differentiate the deposits or even
to correlate the strata as a whole with those of other distriets.

Among the earliest investigators of the region was Professor Peter
Kalm, who was sent out in 1749 under the auspiees of the Swedish Royal
Academy of Sciences to make a study of the various branches of natural
history in America, and who spent considerable time in a study of the
northern Coastal Plain.

He was followed in 1777 by Dr. Johann David Schopf, of Germany,
who visited America in order to study the geological features of the
castern portion of the continent. The importance of his observations,
which mark eonsiderable advance over those of Kalm, has not been very
generally recognized by later writers, but he showed a remarkably keen
insight into the geology of eastern North Ameriea, which was lacking
on the part of some of his suceessors.

The first attempt to correlate the deposits of the eastern United States
with the geological column then established in Europe was made by
William Maclure, in 1809, in his Observations upon the Geology of the

1Both in this and in the subsequent chapter, comprising the Bibliography, refer-
ences are made to articles and books dealing also with the Eocene of Delaware and
Virginia since the deposits are embraced in the same geologic province with those of
Maryland.




MARYLAND GEOLOGICAL SURVEY 25

United States. In this publication the coastal deposits of the Middle
Atlantic Slope are collectively referred to the « Alluvial formation,” the
fourth of the main divisions of gcological strata originally proposed by

Werner.  The work was subscquently revised and enlarged, appearing in
book form in 1817,

In 1820 H. II. Hayden, of Baltimore, published a volume of Geological
Essays, in which he attempted to explain the great accumulation of
“alluvial deposits ” in the Atlantic Coastal Plain. In this volume the
stratigraphy of the region is deseribed in much greater detail than by
liis predecessors, and reference is made to the wide distribution of fossil
shells and vertebrate remains, many localities being cited.

A volume of the same eharacter, so far as it relates to the geology, was
published in 1822 by Parker Cleaveland, entitled an Ilementary Trea-
tise on Mincralogy and Geology, in which, on page 785, under remarks
on the “Geology of the United States explanatory of the subjoined
geological map,” the limits and the lithological charaeter of the “allu-
vial deposits ” are described in gencral terms.

By far the most important contribution to the stratigraphy of the
Atlantic Coastal Plain that had up to that time appeared was made by
Professor John Fincly, in a ““ Geological essay on the Tertiary formations
in America,” in the American Journal of Seicnce and Arts for 1824,
This was the first attempt at a division of the deposits of the Coastal
Plain and their correlation upon scientific grounds; and although thus
early in the history of the subject detailed comparisons (which are
always unsatisfactory) were made, yet the knowledge of the formations
was materially advanced. The author says:

In America an immensc tract of country, extending from Long 1sland to the Sea
of Mexieo, and from 30 to 200 miles in widtb, is called an alluvial formation. From
an examination of fossils brought from that quarter of the United States, from a
personal inspection of some of its strata, and the perusal of most of the publications
which bear a reference to it, [ wish to suggest that what is termed the allnvial for-
mation in the geological maps of Messrs. Maclure and Cleaveland isidentieal and con-
temporaneous with the newer Secondary and Tertiary formations of France, England,
Spain, Germany, Italy, Hungary, Poland, Iceland, Egypt and Hindostan.

The deposits of various portions of the Middle Atlantic Slope are
considered in greater or less detail; and corrclations with the strata of
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other portions of the Coastal Plain and with Europe are attempted
The author states in short that—

Many more instanees might be advaneed to establish the identity of what has been
ealled the alluvial district in Ameriea with the Tertiary formation of England and the
continent of Europe. The fossil shells from the various beds would not, perhaps, be

exaetly like those of Europe, but a suffieient number would be found so to establish
their relation and order of suecession.

During the year 1825 Jer. Van Renssclacr delivered in the New York
Athenaeum a course of geological lectures that were subsequently pub-
lished in book form. The author adopted the classification proposed
by Fineh, confining his descriptions, however, more particularly to the
formations of the northern Coastal Plain.

The American Journal of Science for 1826 contains a communication
by James Pierce “ On the shell-marl region of the eastern parts of Vir-
ginia and Maryland,” in which reference is made to the scetions on the
James and Potomac rivers and to the “shell rock” at Upper Marlboro.

A few years later (1828) Professor Lardner Vanuxem, through his
friend, Dr. S. G. Morton, presented the criteria for a more complete and
definite recognition of the several members of the coastal series, and
described both the Cretaceous and Tertiary formations. In this article
an attempt is made to define more accurately the limits of the Tertiary.
The author states that much that had been designated by that name
properly belongs to other formations.

Up to the year 1830 all investigations of the stratigraphy of the Ter-
tiary had been carried on in the main independently of a study of the
fossils. Generic identity had been cited as ground for correlation, and
although this aided largely in determining the limits of the Tertiary
itself, further subdivisions were impracticable.

The publication of Conrad’s article “ On the geology and organic re-
mains of a part of the peninsula of Maryland,” with an appendix con-
taining deseriptions of new species of fossil shells, inaugurated a new
era in the investigation of the Coastal Plain strata. It is truc that Say
had already described several Tertiary species, including the common
Ostrea compressirosira of the Eocene of the Middle Atlantic Slope, but,
as stated in Conrad’s paper, he did not “draw any geological inferences
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from the organie remains examined.” Conrad from the first applied
the paleontological evidenee he had aequired to an interpretation of the
stratigraphy; and, although many of his conclusions were erroncous, the
knowledge of the geology of the Coastal Plain was very materially ad-
vanced by his work. In this first paper such well-known early Ter-
tiary forms as Twrritells mortoni, Cucullaea giganiea, and Crassatella
alaeformis are figured and deseribed, while the presence of Venericardia
planicosta Lamarek is also noted. By the use of the data afforded by
these investigations the strata at Fort Washington, were eorrelated with
the London Clay of England.

In 1832 Conrad began the publication (in parts) of am important
work entitled ““Fossil shells of the Tertiary formations of North
Ameriea.” This and its companion volume upon the “Middle Ter-
tiary,” commeneed some years later, must be regarded as the hasis of all
later work upon American Tertiary paleontology. In the carlier publi-
cation Conrad regarded thie deposits in the vieinity of Fort Washington,
as “Middle Tertiary,” and correlated them with the London Clay and
Calcaire grossier of Iurope, and the Claiborne beds of Alabama.

Before the completion of Conrad’s first work above mentioned ILea
publishied his “ Contributions to geology,” in which a large number of
Kocene fossils are deseribed and the stratigraphy of the Tertiary of the
Atlantie Coastal Plain is diseussed. In this work the term Ioecne is

first applied to the American Lower Tertiary deposits, although the
general position of the deposits had already been recognized by Conrad.
The latter, however, in 1834, in his “ Observations on the Tertiary and
more recent formations of a portion of the Southern States,” employs
the term Iloeene for the I'ort Washington deposits, although he there
regards them as younger than the Claiborne beds, and even suggests
their Mioeene age.

During the same year Professor William B. Rogers made his first con-
tribution to the Koecene geology of Virginia, and although this article
contained little of real importance, it is of interest as bheing the first of
a series of important publications upon the geology of Virginia.

Dr. S. G. Morton, whose investigations were chiefly confined to the
Cretaceous, gives in his “ Synopsis, ete.,” published at this time, a
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“ Cataloguc of the fossil shells of the Tertiary formations of the United
States,” in which many of the Middle Atlantic Slope forms arc included.

During the ycar 1835 scveral important contributions were made to
the geology of the Atlantic Tertiary region. Conrad published his in-
vestigations upon the Maryland-Virginia Tertiary arca, including the
deseription of two new species of Eocene fossils. Rogers presented
“Further observations on the greensand and ealeareous marl of Vir-
ginia,” in which the lithological similarity of the beds to the greensand
deposits of New Jersey is dwelt upon, althongh he believes that the
character of the organie remains shows the strata to be Eocene.  Jointly
with his brother, II. D. Rogers, he presented to the Philadelphia Acad-
emy of Natural Scicnces the first portion of “ Contributions to the geol-
ogy of the Tertiary formations of Virginia,” in which several new
species of Eocenc fossils are deseribed.

While the investigations hitherto mentioned were being carried on
privately, the three states constituting that portion of the Middle At-
lantic Slope now under consideration, viz., Delawarc, Maryland, and
Virginia, became aroused to the importance of official geologieal surveys
of their arcas.

The first to organize such a survey was Maryland, in 1833, J. T.
Dueatel being appointed State Geologist. Reports were published until
1841, but the information they contain is economie rather than strati-
graphic.

The Geological Survey of Virginia began operations in 18335, under
William B. Rogers as State Geologist, who was thus able to continue
mueh more systematically than hitherto his observations upon the Ter-
tiary belt. 'The first report, for 1835, which contains a general state-
ment regarding the “ Eocene marl distriet,” and most of the subsequent
annual reports, which werc continued until 1841, inelude more or less
dctailed descriptions of the Eocene deposits. Collectively they form
the chicf source of information regarding the Eocene stratigraphy of
Virginia. .

The Geological Survey of Delaware was short lived. Its investiga-
tions, under the direction of I. C. Booth, State Geologist, extended only

over the seasons 1837 and 1838, for which years annual reports were
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pllblislléd, and, in addition, a more exhaustive “ Memoir ” in 1841; but
in none of thes¢ pnblications was the Eoeene reecognized as sueh.

Conrad, who aetively eontinued his investigations, made an import-
ant contribution to the Eoeene of the Middle Atlantie Slope in 1842
in his “ Observations on a portion of the Atlantie Tertiary region, with
a deseription of new species of organie remains.”

During this year the first of Lyell's publications upon the eastern
Tertiary belt appeared in the Proceedings of the Geologieal Society of
London. Ilis conelusions were derived from personal observations, and
were of special value from his wide knowledge of the Tertiary of
Europe. He sueceeded in explaining many points in Ameriean Tertiary
stratigraphy hitherto imperfeetly understood. The narrative of his
first report eontains the following statement:

Having examined the most important Cretaceous deposits in New Jersey, Mr.
Lyell proceeded in the autumn of 1341 to investlgate the Tertiary strata of Virginia,
the Carolinas, and Georgia, with a view to satisfy himsclf, first, how far the leading
divislons of Tertiary strata along the Atlantic border of the United States agree in
aspcet and organie eontents with those of Europe; and, secondly, to ascertain
whether any rocks containing fossils of a character intermediate between those of
the Cretaecous and the Focene heds really exist. The conclusions at which he
arrived from lis extensive survey are given briefly as follows: (1) The only Tertiary
formations whieh the author saw agree well in their geologieal types with the Eoeene
and Mioecne beds of England and France; (2) he found no secondary fossils in those
roeks whieh liave been ealled Upper Secondary and supposed to constitute a link
between the Cretaceous and Tertiary formations.

The Eoeene deposits upon the James River, Virginia, are deseribed
in this paper. In his subsequent papers bearing upon the Eoeene of
the Middle Atlantie Slope the stratigraphy of the Foeene is further
considered and referenees are made to other loealities which he visited.

Murehison, in his presidential address before the Geologieal Soeiety
of London in 1843, reviewed the results of Lyell’s investigations in
Ameriea and added his own interpretation of a few points.

During the years immediately subsequent to Lyell’s visit many im-
portant articles upon the Tertiary appeared from the pens of Ameriean
geologists, although the publications dealt more largely with the south-
ern than the northern deposits. Conrad, however, made additional
observations upon the Foeene strata of the Middle Atlantie Slope and
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deseribed a number of new speeies. About this time Ilenry C. Lea pub-
lished a « Catalogue of the Tertiary Testacea of the United States,” in
whieh the Middle Atlantie Slope forms are included.

Subsequent to 18350 interest in the Tertiary geology of the Middle
Atlantie Slope seems for a time to have waned, and during the next
twenty-five years very few investigations were carried on within the dis-
triet. In Maryland two surveys, partly of a geologieal but more largely
of an agrieultural nature, were inaugurated, the first, under James Hig-
gins, producing six reports between 1850 and 1858, and the seeond
under Philip T. Tyson, who presented two reports in 1860 and 1862.
In the report for 1860 the Tertiary is deseribed in some detail, although
no attempt is made to establish the limits of its several divisions.

Conrad continued, however, to carry on his investigations upon the
Atlantic Tertiary belt, adding to the number of new fossil forms and
publishing two catalogues of species.

During the last twenty-five years, and particularly in the latter part
of this period, many more eontributions have been made to the geology
of the Middle Atlantie Slope. Among those who have given the subjeet
attention may be mentioned MeGee, Heilprin, Darton, Uhler, Shattuek,
Bibbins, Harris and the authors of this report. To the publieations of
MeGee we are indebted more than to any other for a general statement
of Coastal Plain eonditions. Although some modifieations have been
deemed necessary after a detailed study of the formations, the writers
are impressed, from a eareful examination of large portions of the area,
with the general eorrectness of the broad principles enunciated by him.
Heilprin has devoted econsiderable attention to Atlantic Coast paleon-
tology, comparing several of the Eocene species of Maryland and Vir-
ginia with European forms, and eorrelating the strata, as a result of
these investigations, with the lower members of the English and FFrenech
series. Both Darton and Uhler have studied the local relations of the
Xoeene deposits, the former having prepared several United States Geo-
logical Survey atlas sheets of the central and southern portions of the
distriet.

Others have turned their attention from time to time to the area, and
from their knowledge of other distriets have aided to a greater or less
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degree in interpreting the geology of the Eoeene of Maryland. The
artieles contributed by all the various workers in this field are given in
the bibliography.

Bisriograrmy.

Arpricy, T. II. Notes on Eocene Mollusea.

Bull. Amer. Pal., vol. ii, No. 8.
Crassetalla declivis Heilprin and Ringicula dalli Clark arc figured.

Bacg, R. M. Jr. Contributions to the Eoeene fauna of the Middle
Atlantic Slope. Protozoa.

Johns Hopkins Univ. Cire., vol. xv, 1895, p. 6.

Spiroplecta clarki is described from Woodstock, Virginia.

——— The Eoccne Deposits of the Middle Atlantie Slope in Dela-
ware, Maryland and Virginia. Protozoa.

Bull. 141, U. S, Geol. Survey, 1896, pp. 91, 92.

A list of Eocene Foraminifera is given.

——— The Tertiary and Pleistocene Foraminifera of the Middle At-
lantie Slope.

Bull. Amer. Pal., vol. ii, No. 10, 1898, pp. 2953-348 (1-34), pls. xxi-xxiii (i-iii).

Several Eocene specles are fignred and deseribed.

The oecurrence of Cretaceous fossils in the Eocene of Mary-

land.

Amer. Geol., vol. xxii, 1898, pp. 370-375.
The authior mentions the occurrenee of Terebralula harlani and Gryphaea vesicularis
in the Maryland Eocene.

Barey, J. W. Notice of some New Localities of Infusoria, Fossil
and Reecent.

Amer. Jour. Sci., vol. xIviii, 1845, pp. 321-343, pl. iv.

Mentions occurrence of casts ‘‘ in some of the Eocenc marls from Fort Washington.”

——— On the Origin of Greensand, and its formation in the oeceans
of the present epoch.

Amer, Jour. Sci., 2nd ser., vol. xxii, 1856, pp. 280-284.
Proc. Bost. Soc. Nat. Hist., vol. v, pp. 364-368.
Anthor again refers to “ easts ’ found in Fort Washington Eocene.

BassLEr, Ray S. and Nickres, Joux M. A Synopsis of Ameriean
Fossil Bryozoa.

Bull. 173, U. S. Geol. Survey, 1900, p. 72.

Tpper Marlboro s inciuded in the list of Eoeene localitics.
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Booru, J. €. Memoir of the Geological Survey of the State of Dela-
ware, including the application of the geological observations to agri-
culture.

Dover, 1841, 8vo, xi and 188 pp.

The author glves a deseription of tiie Upper Secondary and Tertiary formatlous, but
does not distinguish the Eocene.

Crark, WirLianm Burnock. On three geologieal excursions made
during the months of October and November, 1887, into the southern

eounties of Maryland.

Johns Hopkins Univ. Cire., vol. vii, 1888, pp. 65-67.

Reference is made in this article to thie Eocene of Upper Mariboro and Port
Tobaceo.

Third annual geological expedition into southern Maryland
and Virginia.

Ibid., vol. ix, 1890, pp. 69-71.

The author describes thie Koeene seetlon of the Potomac river vailey in Maryland

and Virginia.
Report of the scientifie expedition into southern Maryland.
Ibid., vol. x, 1891, pp. 105-109.
Much of the same areas are described in this report as in the preceding paper.
Correlation Papers—Eocene.

Bull. 83, U, 8. Geol. Survey, 1891, pp. 43-48, 80, 81, 85-87.

The author gives a digest of the iiteraturc of the Xoecuc of the Middie Atiantle
Siope, as weil as a description of the deposits. Correlation is made with the lower and
middie divisions of the Guif series.

— Outline of the geology and physical features of Maryland.
The Eocene.

In Maryland, its Resources, Industries and Institutions, Baltimore, 13893,
Pp. 53-56,

In this report the author gives a brief description of the Eocene deposits of Maryiand.

——— The elimatology and physical features of Maryland.

First Biennial Report Md. State Weather Service, 1894, pp. 38-39.
Description of the same area as in the preceding report.

— Contributions to thc Eoeene fauna of the Middle Atlantic

Slope.

Johns Hopkins Univ. Cire., vol. xv, 1395, pp. 8-6.

This article eontains a list and diseussion of the FEoeene species of Declaware, Mary-
land and Virginia, with the description of 32 new forms. The part upon Corals 1s pre-
pared by Vaughan, that upon Foraminifera by Bagg..

——— The Potomac River Seetion of the Middle Atlantie Coast
Eocene.

Am. Jour. Sci., 4th ser., vol. i, 1896, pp. 365-374.
A detalled section of the Potomac river section is given.

\
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The Locene Deposits of the Middle Atlantic Slope in Dela-
ware, Maryland and Virginia.

Bull. 141, U. S, Geol. Survey, 1896, 167 pp. 40 plates.

A general dlscussion of the geologieal features, distrlbution, eharacter and correlatlon
of the deposits, with a deserlption of the contained fosslls. A number of new specles
are added.

Outline of present knowledge of the Physieal Features of
Maryland, embracing an account of the Physiography, Geology. and

Mineral Resources.

Md. Geol. Survey, vol. i, 1897, pp. 195, 196, 217.
The Eocene deposits of the state arc deserlbed.

— Collection of Eocene Fossils.

Johns Hopkins Univ. Cire., vol. xviii, 1898, No. 137, p. 18.

The antlior substitutes the name Pecten dalli for Pecten rogerst whleh was already
pre-cnipted,

CLEAVELAND, PARKER.—An clementary treatise on mineralogy and
geology. Remarks on the geology of the United States explanatory of
the subjoined geological map, Boston, 1822, 785 PDp-

The anthor defines the Ilmits of the * alluvlal deposlts ” and in general terms
describes their llthofogleal character.

Coxrap, T. A.  On the geology and organic remains of a part of the

peninsula of Maryland.

Jour. Acad. Nat. Sei., Phila., vol. vi, 1830, pp. 205-217.

Reference is made to the deposits of Fort Washlngton and Piseataway, and correla-
tlon proposed with London Clay of England. The paper also comtains original deserlp-
tions of Monodonia glandula, Turritella mortond, Cucullaea gigantea, and Craxsatella
alacformis from tiiis reglon.

Fossil shells of the Tertiary formations of North Ameriea,
1832-1835, 56 pp. (including republication No. 3), 20 pls.

The autlior regards the deposits In the vielnity of Fort Washlngton as * Mlddie
Tertiary,” and correiates them: with the London Clay, Caleaire grossier and Clalborne
beds. e also describes Cardita planicosta and Turritella mortoni from Piscataway.

——— Observations on the Tertiary and more reeent formations of

a portion of the Southern States.
Jour. Acad. Nat. Sci., Phila., vol. vii, 1834, pp. 116-129.
Mentlon 1s made of the deposlts of Fort Washington, which are consldered younger
than the strata at Clalborne, Ala., perhaps Mlocene In age.
——— Observations on the Tertiary Strata of the Atlantic Coast.
t

Amer. Jour. Sei., vol. xxviii, 1835, pp. 104-111.
Anthor states that tliere are no Eoccne speeies comion to the I'llocene.

Observations on a portion of the Atlantie Tertiary region.

Trans. Pennsylvania Geol. Soec., vol. i, 1835, Pp. 335-341, pl. xiii.

The deposlts at Upper Marlboro and Plseataway, and City Polnt, Va., are considered,
and Panopaea elonyata and Turritella humerosa from Piscataway descrlbed.
3
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—— Notes on American Geology. Observations on characteristic

Fossils, and npon a fall of Temperature in different geological epochs.

Amer. Jour. Sei., vol. xxxv, 1839, pp. 237-251.
Refers to the Xocene deposlts of Upper Marlboro and Piscataway as illustratlons of
deposition by gentle currents.

——— On the Silurian system, with a table of the strata and char-

acteristic fossils. Observations on the Plastic Clay.

Amer. Jour. Sci., vol. xxxviii, 1840, pp. 91-92.
Tbe anthors discusses the relations of tbe Piastic Clay to tbe fossiliferous deposits
at Piscataway, which it s regarded in some instances to overlie.

Observations on a portion of the Atlantic Tertiary region,

with a description of new species of organic remains.

Proe. Nat. Inst. Prom. Sci., 2nd bull., 1842, pp. 171-194.

Tbe deposits of Upper Marlboro, Piscataway and Fort Washington are referred to
the Focene or Lower Tertiary, and at the same time corrclated witb the London Clay,
Caleaire grossier, Claiborne beds, ete. The author also describes Ostrea gellacformis
from City Point, Va., and Pholadomya marylandica and Pholas petrosa from Piscataway.

— —_ QObservations on the Eocene formations of the United States,

with descriptions of species of shells, etc., occurring in it.

Amer, Jour. Sci., 2nd series, vol. i, 1846, pp. 209-220, 395-405, pls. i-iv.
The article contains descriptions of Pholas petrosa, Pholadomya marylandica, Pan-
opaea elongata, and Crassatella alaeformis from Piscataway, and Crassatella palmula

from Upper Marlboro.
— —__ Observations on the Eocenc formation and descriptions of
one hundred and five new fossils of that period from the vicinity of

Vicksburg, Mississippi. With appendix.

Proe. Acad. Nat. Sci. Phila., vol, iii, 1847, pp. 280-299.

The author regards tbe Fort Washington, I'iscataway and Upper Marlboro deposits
as lower Eocenc.

Observations on the Eocene formation and descriptions of 105

new fossils of that period from the vicinity of Vicksburg, Miss. Appen-
dix: Descriptions of new Eocene fossils in the cabinet of Lardner

Vanuxem.
Jour. Acad. Nat. Sci., Phila., 2nd series, vol, i, 1848, pp. 128-134, pl. xiv.
The autbor considers the Maryland and Virginia deposits as * Lower or older
Bocene ”’ and correlates them with the * fossiliferons sand of Claiborne and St. Steph-
eus, Ala.,” ete., chiefly from the presenee of O. sellaeformis. He also describes
Cytherea subimpressa, C. lenis, C. liciata. C. eversa, and Nucula improcera from Hanover
County, Va.; Cytherca pyga from Stafford County, Va., and Nucula parilis from Upper

Marlboro.
—— Notes on Shells.

Proc. Acad. Nat. Sei. Phila., vol. vi, 1853, p. 320.
Cytherca lenticularis Rogers is referred to tbe genus Artemis of Poli.
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— Rectification of the generic names of Tertiary Fossil Shells.

Proc. Acad. Nat. Sci. Thila., vol. vii, 1854, pp. 29-31.
The generic names of several Eocene fossils from Maryland and Virginia are changed.

Notes on shells, with descriptions of new fossil genera and
species.
Proc. Acad. Nat. Sci. I'hila., vol. xvi, 1864, pp. 211-214, with figures.
Descriptlons are glven In this article of Protocardia virginiana from I'amunkey
River, Va., and Dosiniopsis meekii from °* ¢ niiles cast of Washington, D. C.”

——— Catalogue of the Eoeene and Oligocene Testaeca of the United

States.

Amer. Jour. Conch., vol. i, 1865, pp. 1-35.
Among other forms the catalogue contalns a list of the Eocene specles of the Mlddie
Atlantic Slope.

——— Deseriptions of new Eocene shells and references, with fig-

ures, to published species.
Ibid., pp. 210-212, pls. xx, xxi.
The author describes Lunatic marylandica, but gives no locality.

Check list, of the invertebrate fossils of North America

(Focene and Oligocene).

Smithsonian Mise. Coll., vol. vii, 1866, art, 6, pp. 1-41.
The Eocene species from the Mlddle Atlantle Slope are included in thls ilst.

— Descriptions and illustrations of gencra of shells.

Proc. Acad. Nat. Sci. Phila., 1872, pp. 50-55.

The author describes Latiarca idonea, but gives no locaiity.

Darx, W. H. Contributions to the Tertiary Fauna of IFlorida, ete.

Trans. Wagner Free 1nst. Sci., vol. iii, pts. i-v, 1890-1900, pPp. 1-947.
The Dbiologicai and geologlcal relatlons of many of the Maryland and Virglnla Focene
molluscan species are dlscussed.

——— A Table of the North American Tertiary Horizons correlated
with one another and with those of Western Europe, with annotations.
18th Ann. Rept. U. 8. Geol. Survey, 1598, pt. ii, pp. 325-348,

The Maryland Eocene is briefly discussed.

Daxa, James D. Manual of Geology (fourth edition), 1895, p. 888.

Brief reference is made to the geology of the Mlddle Atlantle Slope.

DarTox, N. H. Mesozoic and Cenozoie formations of eastern Vir-

ginia and Maryland.

Bull. Geol. Soe. Amer., vol. ii, 1891, pl. x, pp. 431-450.
The author gives a descriptlon of the Eocene deposits of Maryland and Virginla, and
designates them the * Pamunkey formation.”
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— Outline of Cenozoic history of a portion of the Middle At-

lantic Slope.

Jour. of Geol., vol. ii, 1894, pp. 568-587.
The physieal hilstory during the Eocene period is briefly referred to, and the relation-
ship of the deposlts to earlier and later formatlons is stated.

Artesian well prospects in eastern Virginia, Maryland, and

Declaware.

Trans. Amer. Inst. Min. Eng., vol. xxiv, 1894, pp. 372-379.
The lithological character of the strata is discussed and several deep Doriugs are
described.

——— Fredericksburg Yolio, Virginia and Maryland.
U. S. Geol. Survey, Geol. Atlas, folio 13, Washington, 1894,
The author deseribes the Focene deposits of the area.
———— Artesian Well Prospects in the Atlantic Coastal Plain Region.
Bull. 138, U. S. Geol. Survey, 1896, 228 pp., 19 plates.
Numecrous Eoecne seetions are given.

Nomini Folio, Maryland and Virginia.
U. S. Geol. Survey, Geol. Atlas, folio 23, Washington, 1896.
The anthor describes the Eocene deposits of the area.
Ducatir, J. T. Annual reports of the geologist of Maryland from
1833 to 1841.

Annapolis, 8vo.

Only brief refercnees to Eocene deposits, and those chiefiy of an cconomic nature,
are found scattered through the reports.

FEATHERSTONHAUGH, G. W. Geological Report of an examination
made in 1834 of the Elevated Country between the Missouri and Red

Rivers.

Washington, 1835, 8vo, 97 pp.
The author refers to the Eocene deposits of Maryland, especiaily the fossiliferous
beds at Fort Washington and correlates them with “ Lyell’s Eocene.’’

TincH, Jomn. Geological essay on the Tertiary formations in

America.

Amer. Jour. Sci., vol. vii, 1824, pp. 31-43.

This artlele contalns the first attempt at a differentiation of the * alluviai formation
of the Coastal Plaln. The Tertlary ls recognized.

Fixcw, J. Travels in the United States of Amecrica and Canada.

London, 1833, Svo, 355 pp.

The anthor refers to the geology at Fort Washlngton.

FoxTaiNe, W. M. Notes on the Mesozoic strata of Virginia.

Amer. Jour. Sci., 3rd series, vol. xvii, 1879, pp. 25-39, 151-157, 229-239.
The relations of the Eocene to Mcsozoie strata are indlcated.
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— The artesian well at Fort Monroe, Va.
The Virginias, vol. iii, 1882, pp. 18-19.
The Tertlary is regarded as having a thickness of 800 feet.

Harris, GILBERT D. Republication of Conrad’s Fossil Shells of the

Tertiary Formations of North America.

Washington, 1893, Svo, pp. 1-121, pls. i-xXx.
The repubiication of Conrad’s importaut monograph on Tertiary Moiiusca, for many
years out of print, has rendered it now available to aii paieontologists,

— On the geologieal position of the Eocene deposits of Mary-
land and Virginia.

Anter. Jour. Sci., 3rd series, vol. x1vii, 1894, pp. 301-304.

The Eocene deposlts of the Middie Atlantic Slope are correlated by tiie author with
the Beii's Landing substage of the Lignitic of the Guif,

——— The Lignitie Stage.

Jull. Amer. Pal., vol. ii, No. 9, 1897, pp. 193-294 (1-102), pls. vii-xx (i-xiv),
and vol. iii, No. 11, 1899, pp. 1-22, pls. i-xii.

Many species fonnd in the Maryiand Eocene are described and figured.

Havpeyx, H. I. Geological essay, or an inquiry into some of the
geological phenomena to be found in various parts of Amerieca and clse-
where.

Baltimore, 1820, 8vo, viii, 412 pp.

The generai features of the * aiiuvial formation *’ of the Coastai Plain are described

in this voiume.

HrrwprIN, A. A eomparison of the Eocene Mollusca of the south-
eastern United States and western Europe in relation to the determina-
tion of identical forms.

Proc. Acad. Nat. Sci. Phila., vol. xxxi, 1879, pp. 217-225.

Several forms known to ocenr in Maryland and Virginia are compared in thls article
with Enropean species,

——— On the' stratigraphical evidence afforded by the Tertiary fos-
sils of the peninsula of Maryland.

Tbid., vol. xxxii, 1880, pp. 20-33.
The author calis attention to the few Eocene fossils In the Maryland strata, and the
marked difference between the Eocene and Miocene fannas.

——— Note on the approximate position of the Eocene deposits of
Maryland.

Ibid., vol. xxxiii, 1881, pp. 444-447.

The Maryiand Eocene is regarded as ‘ nearly equai to that of the Thanet sands of
Engiand and the Bracheux sand of the Paris Basin, or of tiie Engiish Bognor rock
(London Ciay).” It is aiso correlated with deposits near the base of the * Buiirstone "’
or posslbiy even tite ** Eoilgnitic ’’ of the Gulf.
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North American Tertiary Ostreidae.

4th Ann. Rept. U. 8. Geol. Surv., 1882-83, Washington, 1854, pp. 309-316.
(Appendix I to C. A. White’s Fossil Ostreidae of North America).
Gives Ostrea compressirostra Say (309), O. eversa (310).

Contributions to the Tertiary geology and paleontology of the

United States.

Philadelphia, 1884, 4to, 117 pp. and map.
In this voiume the author gives a full discussion of the Eoeene deposlts of Delawure,
Maryland and Virglnia.

— The Tertiary Geology of the Eastern and Southern United

States.

Jour. Acad. Nat. Sci., Phila., 2nd ser., vol. ix, 1884, pp. 115-154, map.

A monographic study of the formatlons and a correiatlon of the different areas
among themselves and with those of Burcpe. Descriptlon of Hoeene and Mloeene forma-
tions of Maryiand.

On some new speeies of Foeene Mollusea from the southern

United States.

U. 8. Nat. Mus. Proe., vol. iii, 1886, pp. 149-152 and plate.

Thls artlcle eontalns a deseription of Crassatella declivis.

—— Explorations on the West Coast of Florida.

Trans. Wagner Free Inst. Sci., vol. i, 1887,

The relation of the Maryland Eoeene to that of New Jersey, Alabama, Mississippl
and of Europc 1s brlefly Indlcated (p. 127).

HrinricH, O. J. The Mesozoie formation in Virginia.

Trans. Am, Inst. Min. IXngs., vol. vi, 1878, pp. 227-274.

The rclations of the Foeene to Mesozole strata are Indleated.

Hiceins, James. Reports of the State agrieultural chemist of Mary-
land for 1850, 1852, 1853, 1854, 1856, and 1858.

These reports contain brief references to the Eocene deposits, chiefly of an econ-
omic character.

Horcuxkiss, JED. Virginia: a geographieal and political summary,
embracing a description of the State, its geology, soils, minerals, climate,

ete.

Richmond, 1876, 8vo, pp. iv, 319, and 4 maps.
The book contains a description of the Eocene deposits of Virglnia, basced iargely on
the earller observations of Rogers.

KawM, PETER. En Resa til Norra America. Stoekholm, 1753-1761,
8°, 8 vols., with English, German, and Irench translations.

Thls work eontains the earlicst recorded observations on the geology of the Coastal
Plaln.
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Lea, HeExry C. Catalogue of the Tertiary Testacea of the United
States.

Proc. Acad. Nat. Sci. Phila., vol. iv, 1848, pp. 95-107.

The author Ineiudes In his llst the names of the Focene fosslls from the Middle
Atlantie Stope.

LEa, Isaac. Contribntions to geology.

Philadelphia, 1833, Svo, 227 pp. and 6 plates.

The Fort Washlngton deposlts are eorreiated Ly the author with those of Clalborne,
Ala., and a descriptlon 1s glven of many forms from the latter loeallty, some of whiech
have sluee been found Iln Maryland.

Lyery, Cnsrres. On the Tertiary formations and their connection

with the ehalk in Virginia and other parts of the United States.

Proc. Geol. Soc., London, vol. iii, 1842, pp. 735-742.

The artlele eontalns a deserlptlon of the Janies River Iocene deposits, and the lm-
portanee of Venericardia planicosta as a type fossll 1s dlseussed.

——— On the Miocene Tertiary strata of Maryland, Virginia, and
North and South Carolina.

Proc. Geol. Soc., London, vol. iv, 1845, pp. 547-563; Quart, Jour. Geol. Soc.,
London, vol. i, 1845, pp. 413-429.
The author refers to the Eocene In several of the seetlons that are glven.

Observations on the white limestone and other Ifoeene or

older Tertiary formations of Virginia, South Carolina, and Georgia.

Proc. Geol. Soc., London, vol, iv, 1845, pp. 563-576; Quart. Jour. Geol. Soc.,
London, vol. i, 1845, pp. 429-442.

The author glves a description of the Eocene deposlts of tiie James Rlver, as well
as of the Riehmond and P’etersburg areas. The oceurrence of Venericardia planicosta
and of a form slmllar to Ostrea bellovacina of Europe ls mentloned.

MacLurg, W. Observations on the geology of the United States, ex-
planatory of a geological map.

Trans. Amer. Philos. Soc., old series, vol. vi, 1809, pp. 411-428.
Observations on the geology of the United States of North
Amecriea, ete.

Ibid., new series, vol. i, 1817, pp. 1-92.

— Observations on the geology of the United States of America.

Philadelphia, 1817, 8vo, 130 pp.

In the publlications of Maelure the entlre Coastal Plain is referred to the ** alluvlal
formatlon.”” A trauslatlon of the first articie above mentioned appeared In the Journal
de Physique, vol. Ixlx, 1809, pp. 204213, and vol. Ixxll, 1811, pp. 137-165, and of the
second artiele in Leonard’s Zeltschirift, Band I, 1826, pp. 124-138.

Maury, M. F. Physical survey of Virginia. Richmond, i, 1868, 8°,
90 pp.; ii, 1878, 8°, 142 pp.

This publieation contains several references to the stratlgraphlecal relatlons of the
Eoecene.




40 THE EOCENE DEPOSITS OF MARYLAND

McGee, W J  Three formations of the Middle Atlantic Slope.

Amer. Jour., Sei., 3rd ser., vol. xxxv, 1888, pp. 120-143, 328-330, 367-388, 448-
466,

The author discusses the general features of Coastai Piain stratigraphy, and refers
to the contact of the Eocene and Potomac in Virginia.

——— Map of the United States exhibiting the present status of
knowledge relating to the areal distribution of geologic groups.

Fifth Ann. Rept. U. S. Geol. Survey, 1885, pp. 36-38, map as pl. ii.
This map, compiled from varions sources, shows on a smali scale the distribntion of
the Eocene deposits in the Middle Atlantic Siope.

———— The Lafayette formation.

Twelfth Ann. Rept. U. S. Geol. Survey, 1892, pp. 347-521, pls. xxxii-xli.
The Eocene deposits of tlie Middle Atlantic Slope arc deseribed and the physicai
history of the formation is pointed out.

——— Geology of Washington and Vicinity.

Guide to Washington and its Scicentific Institutions, 1891, pp. 38-64; and
Congres Géologique International. Compte Rendu, 5me Session, Washington
1891, pp. 219-251, 1893.

Article prepared with the coilaboration of G. H. Wilillams, N, H. Darton and Bailey
Willis. Contains description of the Eocene by Darton.

MiLLER, S. A, North American Mesozoie and Cenozoie geology and

paleontology.

Cincinnati, 1881, 8vo, 338 pp.

Brief general statements regarding the Eocene deposits of the Middle Atlantic Siope
are made hy the anthor.

Mortox, S. G. Geological observations on the Secondary, Tertiary,
and Alluvial formations of the Atlantic Coast of the United States of

America. Arranged from the notes of Lardner Vanuxem.

Jour. Acad. Nat. Sci., Phila., vol. vi, 1829, pp. 59-71.

The attempt is made hy the author, In a gencrai way, to deiimit more accurateiy the
several formations of the Atlantic Coastal Piain, although at that time the Eocene was
not differentlated.

— Synopsis of the organic remains of the Cretaceous group of
the United States. Appendix: Catalogue of the fossil shells of the

Tertiary formations of the United States.
Philadelphia, 8vo, 1834, 88, 8 pp.
(Abst.) Amer. Jour. Sci., vol. xvii, 1835, pp. 377-381.

The author gives in his cataloguc the Atiantic Tertiary species which had been up
to that time described.

—— Additional Observations [to Synopsis].

Philadelphia, 8vo, 1835, 4 pp.
The author adds Gryphaea vomer to the FEocene forms from Upper Marlhoro and
Piscataway.
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MurcnisoN, R. I Secondary and Tertiary rocks and superficial de-
posits of North Ameriea.

Proc. Geol. Soc., London, vol. iv, 1843, pp. 127-133.

The author reviews the results of Lyell’s investigations upon the Tertlary strata of
America, adding his own Interpretation of some points.

Nickres, Joux M., and BassLer, Ray S. A Synopsis of American
Fossil Bryozoa.

Bull. 173, U. 8. Geol. Survey, 1900, p. 72.

Upper Marlboro is ineluded in the list of Eocene localities.

PiERCE, J. Practical remarks on the shell-marl region of the eastern
parts of Virginia and Maryland, and upon the bituminous coal forma-
tion in Virginia and the contiguous region.

Amer. Jour. Sei., vol. ii, 1826, pp. 54-59.

Reference 1s made to the localities at Upper Marlboro, and Potomac Creek.

Roeers, W. B. On the discovery of greensand in the calcareous de-
posits of eastern Virginia, and on the probable cxistence of this sub-
stauce in extensive beds near the western limits of our ordinary marl.

Farmer’s Register, vol. ii, 1834. Reprinted in the Geology of the Virginias,
1884, pp. 3-9.
The author refers in a general way to the greensand deposits of eastern Virginia,

which he compares with simiiar beds in New Jersey.
— Turther observations on the greensand and ealeareous marl of
Virginia.
Farmer’s Register, May, 1835. Reprinted in Geology of the Virginias,
1884, pp. 11-20.

In this publieation the author makes the first announeement of the oceurrenee of the
Eoecene In Virginia.

Report of the geologieal reeonmoissanee of the State of Vir-
ginia, made under the appointment of the Board of Public Works, 1835.
Richmond, 1836, 4°, 52 pp. and plate.
Reprinted, Phila., 1836, 8vo, 143 pp. and plate, and in Geology of the Vir-
ginias, 1884, pp. 21-122.
This report contains a generai statement regarding the * Eocene Marl Distrlct ”’ of

eastern Virginia, with a deseription of the lithologic character of the strata in the
different river valleys.

——— Report of the progress of the geological survey of the State
of Virginia for 1836. Richmond, 1837, 4°, 14 pp.

Reprinted, Phila., 1838, 8vo, and in Geology of the Virginias, 1884, pp. 123-
145.

The Eocene deposits of tiie peninsula between the Potomac and Rappahannock rivers
are described by the author.
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———— Report of the progress of the geological survey of the State
of Virginia for 1837. Richmond, 1838, 4°, 24 pp.

Reprinted, Phila., 1838, 8vo, and in Geology of the Virginias, 1884, pp. 147-
lsi.zrief mention is made of the Eocene deposits on the James River.

——— Report of the progress of the geologieal survey of the State
of Virginia for 1839. Richmond, 1840, 8°, 161 pp.

Reprinted in Geology of the Virginias, 1884, pp. 245-410.
Iu this report the author describes in much detaii the * Tertiary Mari region south
of the James River.”

— Report of the progress of the geological survey of the State
of Virginia for 1840. Richmond, 1841, 8°, 132 pp.

Reprinted in Geology of the Virginias, 1884, pp. 411-535.

This report contains a description of the ¢ Tertlary Mari region between the Potomac
and the Rappahannock rlvers,” and also of the * Tertlary Deds in the vicinity of
Richmond.”

——— Infusorial deposit of Virginia in the Fort Monroe artesian
well.

The Virginias, vol. iii, 1882, pp. 151-152. Reprinted in Geology of the
Virginias, 1884, pp. 733-736.

The character of the Eocene strata penetrated in the weii-boring is given at various
depths.

Rocers, W. B. and II. D. Contributions to the geology of the Ter-
tiary formations of Virginia.

Trans. Amer. Philos. Soc., new series, vol. v, 1837, pp. 319-341; vol. vi, 1839,
pp. 347-370, 371377, pls. 26-30. Reprinted in Geology of the Virginias, 1884,
pp. 659-673, pls. i-v.

The authors describe Nucula cultelliformisz, N. parva, and Cytherea ovata from
Coggins Point, James River, Ostrea sinuosa from Evergreen, James River, Cucullaca
transversa and Venericardia ascia from King George County, Cucullaea onochela and

Crassatella capri-cranium from the peninsula between the Potomac and Rappahannock
rivers, and Cytherea lenticularis from ** eastern Virginia.”

—— The same [abstraet].

Proc. Amer. Philos. Soc., vol. i, 1839, pp. 838-90.

Rurrin, Epsmunp. Description of a nut found in Ifocene marl.

Amer. Jour. Sci., 2nd series, vol. ix, 1850, pp. 127-129.

The author describes a nut found in the Eocene mari of the Pamunkey River, Virginia.

SAY, TuoMas. An account of some of the fossil shells of Maryland.

Jour. Acad. Nat. Sci., Philadelphia, vol. iv, 1828, pp. 124-155, pls. 7-13.

In this articie Ostrea compressirostra is described, but no iocaiity is given.

ScuOPF, J. D.  Beytrige zur mineralogischen Kenntniss des ostlichen
Theils von Nordamerica und seiner Gebiirge. FErlanger, 8°, 1787,
194 pp.

The author gives the result of his observatlons in the eastern Unlted States, referring
to some of the more striking features of the Atiantic Coastal Piain.
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TuvoMey, M. Discovery of a chambered univalve fossil in the Eo-
cene Tertiary of James River, Virginia.
Amer. Jour. Sci., vol. xliii, 1842, p. 187.

This artlcle contalns some conclusions of the author regarding the stratlgraphy of the
Eocene, based on a scctlon exposed in a shaft sunk at Evergreen on the James River.

Tysox, Puinie T. Tirst report of Philip T. Tyson, State agricul-

tural chemist, to the House of Delegates of Maryland, January, 1860.

Annapolis, 1860, 8vo, xi, 145, and 20 pp. and one map.

The author deserlbes the Tertlary formatlons collectlvely, statiug that the work has
not progressed far enough to separate the differcnt divislons, although he refers to the
Focene greensand arl.

——-—— New topographiecal atlas of the State of Maryland, cte. 1873.

This work contalns a gencral statement regarding the geology of Maryland, Including
a deseription of the Eocene.

UnLer, P. R. Observations on the Locene Tertiary and its Creta-
ecous associates in the State of Maryland.
Trans. Maryland Acad. Sei., vol. i, 1888, pp. 10-32.
— — — Additions to observations on the Cretaceons and Eocene for-
mations of Maryland.
Trans. Maryland Acad. Sci., vol. i, 1889-1890, pp. 45-72.
Notes and illustrations to “ Observations on the Cretaceous

and Focene formations of Maryland.”

Trans. Maryland Acad. Sei,, vol. i, 1890, pp. 97-104.

The above articles eontaln an extensive descriptlon of the Eocene and a dlscusslon
of Its relations to the Cretaceous.

VAN RENSSELAER, J. Leetures on geology, New York, 8°, 1825,
350 pp.
The author accepts the concluslons of Finch regarding the so-called ¢ Alluvial forma-

tlon,” and describes brlefly the Tertiary formatlons of the Northern Atlantle Coastal
Plalin.

Vavenax, T. WavyrLaxn. Contributions to the Focene Fauna of the
Middle Atlantie Slope. Coelenterata.

Johns Hopkins Univ. Cire., 1895, vol. xv, p. 6.
The author -describes Paracyathus (?) clarkeanus and Turbinolia acuticostata from
Potomac Creck.

— The Eocene Deposits in the Middle Atlantie Slope in Dela-
ware, Maryland and Virginia. Coclenterata.
Bull. 141, U. S. Geol. Survey, 1896, pp. 89-91.
The same forms are described as In the above artlcle.
— Yoeene and Lower Oligoecene Corals of the United States.

Monograph U. S. Geol. Survey, No. xxxix, Washington, 1900.
The author describes In much detall the coral species from Maryland and Virginla.
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GENERAL STRATIGRAPHIC RELATIONS.

Our knowledge of the Tertiary geology and paleontology of the Middle
Atlantic Slope has been largely increased since the days of Conrad and
Rogers, yet few fields have afforded better opportunities in recent years
for continued investigation, since very divergent opinions have prevailed
and cven to-day find expression in the different interpretations of the
data.

Both the Eocenc and the Neocene divisions of the Tertiary in this
area have broad surfacc exposures, and are represented by character-
istic sections along the leading waterways. Both are also highly fossilif-
crous, although the Neocene shows a greater diversity of speeies than
does the Eocenc. This difference, however, is not so great as one would
infer from a perusal of the literature, since a large number of Eocene
species, many of them very common, have been until recently unrecog-
nized, or at least unrecorded.

A brief discussion of the gencral relations of the Coastal Plain de-
posits in the Middle Atlantic Slope is essential to a clear comprehen-
sion of the Eocene formations. A more detailed history of the several
groups of deposits will be found in other volumes of the Survey.

The Coastal Plain consists geologically of a series of formations that
were deposited as modcrately thin sheets, one above another, along the
eastern border of the crystalline belt, elscwhere referred to as the Pied-
mont Platcau. The coastal deposits are slightly inelined eastward, so
that successively later members of the scries are encountered in passing
from the interior of the eountry toward the ecoast.

From the beginning of deposition in the eoastal region until the pres-
ent time sedimentation has apparently been constantly in progress over
some portions of the area. Differential movements of the sea-floor, with
its accumulated sediments, took place, however, from time to time, so
that the formations present much complexity along their western mar-
gins. It is not uncommon there to find certain members of the series
lacking, as renewed dcposition carried a later formation beyond its pre-
decessors. In the absence of distinetive fossils, the diserimination of
the different horizons at such points is often attended with great un-
certainty.
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Fra. 1.—FARM- AND WOOD-LAND ALONG SOUTII RIVER.

Fig, 2 = FARM-LAND NEAR ANNAPOLIS WATER WORKS.

VIEWS OF SURFACE OF EOCENE COUNTRY.
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Deformation has also affected the region to a limited extent, the
strata being slightly warped, so that the plane of bedding does not main-
tain a uniform strike and dip. This is particularly marked along the
western border of the area. There have also been slight displacements
in various localities. MeGee* has deseribed one of these, while others
have been observed by the junior author of this report.

It secems highly probable that every geological period from the Creta-
ceous (possibly Upper Jurassic) to the Pleistocene is represented, al-
though in one or two instances the lack of characteristic fossils renders
the taxonomic position of certain formations difficult of absolnte deter-
mination.

CRETACEOUS.

The Cretaceous (in part possibly Upper Jurassie) is extensively repre-
sented in the Middle Atlantic Slope. The deposits of this period con-
sist of a series of basal formations that has been designated the Potomac
group, ecomprising the Patuxent, Arundel, Patapsco and Raritan forma-
tions, none of which was deposited under marine conditions, overlain in
succession by the Matawan, Monmouth, and Rancoecas formations, which
arc distinetly marine in origin. All but the Potomac formations gradu-
ally disappear southward, that group alone of the Cretaceous deposits
being recognized in Virginia. Unconformitics characterize the several

members of the Potomace group while the marine deposits are also un-

conformable to the older strata.

The Potomae group consists chiefly of sands and clays, the former
frequently arkosie, with gravel at certain points where the shore accu-
mulations are still preserved. The deposits of the Patuxent formation
are highly arkosic, the sands and clays showing both a vertical and a
horizontal gradation into one another. The sand layers are seldom
widely extended, being generally lenticular masses, which rapidly dimin-
ish in thickness from their centers. Dark colored clays abound in the
Arundel formation and have yielded large amounts of nodular carbonate
of iron. Highly colored and variegated clays largely make up the
Patapsco formation. Thick-bedded and widcly extended white sands

17th Ann. Rept., U. 8. Geol. Survey, pp. 616-633.
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with interstratified clays eharacterize the Raritan formation. The fos-
sils eonsist chicfly of the bones of dinosaurian reptiles and of leaf im-
pressions, the former eonfined to the Arundel formation, the latter pre-
dominating in the Patapseo and Raritan formations. The plants show
beyond a doubt the Cretaceous age of the two upper formations while
the reptiles have been regarded by high authority to be upper Jurassic.

The Matawan formation is formed largely of fine sands and clays,
clearly stratified, and in the case of the clays often laminated. The
clays and sandy clays arc generally dark, often black, in color. They
are commonly micaecous, and at time sparingly glauconitie. The very
homogeneous and persistent eharacter of the beds is in marked eontrast
to the deposits of the Potomac group which they overlie. The fossils
consist largely of marine Mollusca which indicate the upper Cretaccous
age of the deposits.

The Monmouth formation eonsists chiefly of greensand deposits,
although the glaueonitic element is not so pronounced or so persistent
south of the Chesapeake as in the more northern districts. The strata
are more arenaceous, and as a result the materials weather more readily,
showing generally in greater or less degree the characteristic reddish
color of the hydrated peroxide of iron. The common and charaeteristie
Gryphaea vesicularis, Exogyra costata, and Belemnitells americana arc
widely found, with other typical forms.

The Rancoeas formation is also largely composed of greensands, gen-
erally more glauconitic than the Monmouth formation, although at
times somewhat argillaeeous. The strata are much weathered where
exposed, and often appear as a firm red rock, the grains being cemented
by the iron oxide. The deposits have afforded Tercbratula harlant,
Gryphaea bryani, and other eharaetcristic species of the New Jerscy arca.

EOCENE.

The Eoecne is represented in the Middle Atlantie Slope by a group of
deposits stretching along the eastern margin of the Coastal Plain and
overlying the Cretaccous formations unconformably. They will be
described m much detail in the following pages.

The deposits consist largely of greensand marls, which may, how-
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cver, by weathering, lose their characteristic green color, and by the
deposition of a greater or less amount of hydrous iron oxide become
firm red or brown sandstones or incoherent red sands. At times, notably
in Southern Maryland and Virginia, the strata become highly argilla-
ceous, the glanconitic clements largely or quite disappearing. Infre-
quently coarse sands and even gravels are found, the latter chiefly toward
the base of the formation and near the ancient shore line, especially
toward the northeast in central and eastern Maryland.

Very commonly the shells of organisms are so numerous as to form
the chief constituent of certain beds. Notwithstanding these facts, the
deposits are remarkably homogencous, although recent investigations
have shown the possibility of dividing the deposits into two well-marked
formations on hoth lithologic and faunal grounds. The lower or Aquia
formation is much more highly arenaceous than the upper or Nanje-
nioy formation which, particularly in its lower part, is gencrally highly
argillaceous. The Aquia formation is also much more caleareous than
the Nanjemoy formation, indurated layers frequently appearing in the
former.

NEOCENE.

The Neocene deposits occupy the region to the southeast of and over-
lie the Foeene. The lower beds comprise the Chesapeake group, so
named {rom the superb sections found exposed on the shores of Chesa-
peake Bay, and recognized to consist of three well-defined forinations;
the upper beds comprise the Lafayctte formation. The Neocene de-
posits lic unconformably upon those of the Kocene and overlap them
along their western border, where they ultimately come to rest upon
the Cretaccous toward the northeast. They are in turn unconformably
overlain by the Pleistocene deposits.

The Chesapeake group consists of sands, clays, marls, and diatomace-
ous beds. The latter, composed almost exclusively of the tests of dia-
toms, are chicfly confined to the lower portion of the basal formation,
where they afford striking, light-colored bluffs along many of the larger
stream channels. The nearly pure diatoinaccous earth reaches a thick-
ness of 30 or 40 feet, although the remains of diatoms are found scat-

tered in greater or less amounts through'out much of the overlying strata.
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The greater portion of the Chesapeake, however, is composed of variously
colored sands and clays, with which are frequently mingled vast numbers
of molluscan shells. Sometimes the shelly materials form so large a
proportion of the deposits as to produce nearly pure calcareous strata,
which in a partially comminuted state may become cemented into hard
limestone ledges. The organic remains are very numecrous and show

the Neocene age of the deposits. Their grcat number carly attracted

the attention of geologists, in whose writings descriptions of thein are
frequently found. Several faunas have been distinguished on the hasis
of which, as well as on stratigraphic and structural grounds, a number of
well-defined formations have been recognized by the State Geological
Survey.

Covering the Chesapeake deposits in places, is a formation composed
of gravel, sand, and clay, which thus far has afforded no distinective
fossils upon which to base a determination of its geologic age. From
the fact that the deposits rest unconformably upon the underlying
Chesapeake, and are in turn unconformably overlain by the Pleistocene,
they have been thought to represent the late Neoeene or Pliocene.
The apparent similarity of these deposits to those in Mississippi, des-
cribed by Hilgard under the name of the Lafayette formation, has led
to the adoption of the same name for the strata of the Atlantic Coast.
The beds of the Lafayette are very irregularly stratified, and often
change rapidly within narrow limits. Toward the ancient shore-line the
deposits are of coarse gravel, through which is scattered a light-colored
sandy loam, the whole cemented at times by hydrous iron oxide into a
more or less compact conglomerate. The eastward extension of the
formation shows a gradual lessening of the eoarser elements and a larger
admixture of loam. Arkosic materials are also present throughout the
formation, while the coloring and manner of weathering are highly
characteristic, the cxposed surfaces presenting what is known as case-
hardening.

PLEISTOCENE.

Superficially overlying the deposits hitherto described, and with
marked variations in thickness, composition, and structure, is the Pleis-
tocene, which lies at various elevations fromn near sea-level to 200 feet
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in the different portions of the region. From its typical development
in the Distriet of (Clolumbia all the Pleistocene deposits of the Middle
Atlantie Slope reeeived the name of Columbia formation by MeGee who
deseribed three distinet phases, viz., the fluvial, the interfluvial, and the
low-level. Later Darton recognized high-level and low-level phases
which he ealled earlier and later Columbia. More reeently Shattuek,
of the State Geological Survey, has shown that greater eomplexity ex-
ists in the Maryland Pleistoeene deposits than had been before reeog-
nized, and that the later Columbia will have to be further divided, at
least loeally. The Pleistocene deposits consist of gravel, sand, clay and
loam, the materials in general beeoming finer and more fully stratified
with distanee from the old shore-line and river-channels. TIn the latter
instanee they at times eontain large numbers of marine mollusean shells.
forming a eharacteristic caleareous marl. In general, however, the or-
ganic remains eonsist largely of the branehes and leaves of terrestrial
plants, many of which are exquisitely preserved.

DISTRIBUTION OF THE STRATA.

The Eocene strata of the Middle Atlantie Slope form a belt of varying
width, extending from northeast to southwest, somewhat to the west of
the eenter of the Coastal Plain. This belt has been traced almost con-
tinuously from the southern portion of Neweastle county, Delaware, to
the valley of the Nottoway river, in southern Virginia. Although at
times buried beneath later deposits, the Eocene presents fine exposures
along all the leading stream-channels, while not infrequently broad
outerops of the formation appear at the surfaee in the intervening

country.
DELAWARE.

In Delaware the Eocene is found apparently oniy near the Maryland
line and slightly to the south of the eentral portion of Neweastle eounty,
wlere it occupies a restrieted portion of the eountry hetween Appoquini-
mink Creek on the north and Old Duek Creek on the south. Toward
Delaware Bay the formation entirely disappears, the Neocene resting

direetly upon the Cretaceous. Even in the limited area where found
4
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the Neocene deposits widely cover the Eoeene, so that in the absence of
large streanis satisfaetory exposures of the strata are not found.

MARYLAND.

In eastern Maryland the eonditions of outerop become more favorable,
although the Neoeene deposits still eover the higher portions of the
country while the Pleistocene beds often fill the valleys and eover the
lowlands adjacent to the Bay. Several fine seetions are found in the
drainage basin of the Chester river in both Kent and Queen Anne’s
eounties, the width of onteropping beds broadening from a few miles at
the boundary to more than 10 miles in some plaees, and reaching quite
to the valley of the Sassafras river. On the western side of the Chesa-
peake the Foeene is mueh more extensively developed than upon the
eastern, and eovers wide areas in Anne Arundel, Prinee George’s, and
Charles eounties.

In Anne Arundel eounty the best seetions are found along the Severn
and South rivers and their tributaries. The highland forming the
neck below the lower Magothy and Severn rivers is largely composed of
Tocene beds, the most western exposure being found at Mount Misery,
near Round Bay, Severn river, at an altitude of 100 feet, while eastward
it reaches to water-level. The higher portions of the area between the
Severn and South rivers are also largely made up of Eocene deposits, as
is also the land to the southwest of the latter stream and between it and
the valley of the Patuxent river. Throughout the southern portion of
the county the Foecene is, however, capped by the Neocene and Pleisto-
cene formations along the eentral highland.

Mueh of the western-eentral portion of Prince George’s eounty is eom-
posed of Eoeene strata, many fine seetions oceurring along the western
braneclies of the Patuxent river. Along the Potomae the strata are
found in numerous bold bluffs, while broad exposures appear in the
valleys of many of the larger tributaries, notably in Piscataway and Mat-
tawoman ereeks. Upper Marlboro, on the eastern side, and Fort Wash-
ington on the western side of the eounty are among the best known
localities for Eocene fossils in the Middle Atlantie Slope.

In Charles eounty the Eoeene is eonfined to its western half, fine see-
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tions being found at Clifton Beaech, along Port Tohaeeo River, and at
Popes Creek. Sinee the deposits are in general at lower levels than in
Prince George’s eounty, on aeeount of the casterly dip of the beds, the
surface outerops are largely eovered by the Neocene and Pleistoeene
formations.

VIRGINTIA.

The most eomplete section of the Eocene in the whole Middle Atlantie
Slope is afforded by the series of high bluffs on the western hank of the
Potomae river between Aquia Creek and Mathias Point, in eastern Staf-
ford and northern King George counties. The peninsula between the
Potomae and Rappahannoek rivers is to a large extent formed of the
Eocene greensands, whieh also appear in plaees along the banks of the
latter stream, outeropping beneath the Columbia formations. The
higher levels of the intervening eountry are generally capped by the
Neoeene formations.

Southward the Eocene deposits are continued in castern Spottsyl-
vania and in Caroline eounties. Fine bluffs of the eharacteristie marls
appeat on the south bank of the Rappahannock at several points above

Port Royal, but in the valley of the Mattapony they are mueh less prom-
inent, although oeceurring at frequent intervals. An extensive cover of
Neocene deposits occupies the higher portions of the eountry.

In the valley of Pamunkey river and its tributaries, particularly in
Hanover eounty, important outerops of the Eoecne are found. Many
of the fossils deseribed by Conrad and Rogers were obtained from this

area.

Farther south, in the valley of the James river, are many of the most
notable oecurrenees of thie Eocene in the whole region. At Riehmond,
City Point, Evergreen, and Tar Bay prominent exposures are found,
the two latter loealities particularly being rich in organic remains. At
Petersburg and vieinity the Xocene is exposed in the valley of the Apypo-
mattox, but the sections are in the main poor. South of Petersburg the
only exposure so far as known is at Bolling’s Bridge, on the Nottoway
river.




52 TIIE EOCENE DEPOSITS OF MARYLAND

GENERAL CHARACTER OF THE DEPOSITS.
COMPOSITION.,

The Eoeene deposits of the Middle Atlantic Slope are typically glau-
conitic, and are found in their unweathered state either as dark gray or
green sands or clays. The glauconite varies in amount from very nearly
pure beds of that substance to deposits in which the arenaccous and
argillaceous elements predominate, although the strata are gencrally
very homogencous through considerable thicknesses. At certain hori-
zons the shells of organisms are found commingled with the glauconitic
materials in sueh numbers as largely to make up the beds, producing
what is known as a greensand marl. These heds are at times so indu-
rated as to form true limestone ledges. 'This latter phase is seen typi-
cally developed both at Fort Washington and Aquia Creek, interstrati-
fied with the unconsolidated greensand layers.

When the glauconite is weathered the deposits lose their character-
istic gray or green color and generally become lighter gray with reddish
or reddish-brown streaks or bands, or may be entirely of the latter color.
This change to red beds particularly characterizes the Eocene deposits
of the northern portion of the area, from the Patuxent valley to the
Delaware line. Throughout much of this territory the beds are coarse
sands and becomne predominently so toward the northeast. This type of
material is well seen on Mount Misery on the north bank of the Severn
river and at various points on the Chester river, where it is often ce-
mented into a ferruginous sandstone. In the less completely weathered
portions of the formation farther south the change is indicated by the
niottled yellow and brown appearance of the more superficial beds, many
of the glauconitic grains still showing their green eolor when crushed.
Thin iron crusts at times appear in strata of this character.

It is noteworthy that in the northern portion of the area the cement-
ing medium of the indurated beds is either ferruginous or siliccous
while in the southern portion it is chiefly calearcous.

When the glauconite is largely or, more rarely, entirely absent in the
original materials, the deposits consist of black or gray sands or clays,
the latter at times micaceous, and in a few instances carbonaceous.

A microscopical examination of several sclected speecimens from dif-
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ferent portions of the area shows that the land-derived elements of the
deposits are mainly quartzose, quartz grains predominating. [Fragments
of erystalline rocks oceur, while numerouns constituent and aeecssory
minerals derived from them are found.

Chemical analyses of several typical specimens, made by Mr. Peter
Fireman, of Columbian University, give the following results:

ANALYSES OF MARLS.

NANJEMOY. AqQura.

I II. 1L

Woodstock. Aquia Creek, Winchester.
SHOY LS | N N . 60.87 21.58 49.08
AL O FEFeO5e oL, .. 22.68 .50 41.25
2 KU 5 6 60,00 db 0 0 88 o EOCIRREED 2.7 1.05 .76
(00 B0 05 5.6 6000000 TATTINNS 1.66 36.78 Nomne.
NagO vt veiineeenenaanns .23 .59 .42
ORI . Bl .37 .39
O, Wt M09, ... h ooy, 3.58 0.76 1.31
COp v e 3.17 20.79 .55
Volatile at red lheat less CO,. . 32.54 A1 6.27
L0 S None. .09 .18
98.57 08.92 100.16
Siliceous matter............. 73.48 25.36 52.30

a Considerable Fe,O, in all samples.

STRIKE AND DIP.

The strike of the lloeenc deposits in Delaware and Maryland is ap-
proximately northeast and southwest, while in Virginia the prevailing
trend is more nearly north and south. This ehange in direetion of
sirike takes plaee in the area between the Patuxent and Rappahannock
rivers, chiefly in the Potomae basin.

(Careful measurements made at each of the local seetions show the
dip of the strata to be on the average about 124 feet to the mile. The
Turritella bed (Zone 9), which has an elevation of 62 feet at its base in
the Aquia Creek seetion, has deseended to 25 feet in the Potomae Creck
section, 3 miles distant, while the indurated layer (Zone 3), which stands
at 24 feet at the western end of the Aqnia Creek seetion, has passed
below tide level 2 miles to the southeastward. Similar measurements
made at Woodstoek and inn sonte of the intervening ravines do not ehange

the average estimate of the dip found at the two points first mentioned.
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There arc some exceptions to this general average, however, and a local
dip of 22 fect per mile was observed above Popes Creek.

THICKNESS.

It is cvident, therefore, that on this basis of caleulation the thickness
of the Foccne strata in this area must cxeced 200 fect, although it will
probably fall short of 300 fect, the amount claimed by Darton.

The results obtained from a study of the various section-lines and
well-borings show that the average thickness of the deposits is some-
what more than 200 feet, although estimates based on the Potomac
river scction, as well as on well-borings in the area to the cast of Ired-
cricksburg, show that it somewhat cxceeds that amount in this portion
of the Middle Atlantic Slope.

The cxtensive covering of post-Eocenc deposits in many portions of
the region renders it iinpossible to obtain data upon which an cstimate
can be based, and the results of further well-boring will be awaited with
interest. From the facts already obtained it seems probable that there
is a slight thickening of the beds to the eastward along the line of dip.

ORIGIN OF THE MATERIALS.

As regards their origin, the chicf constituents of the Foeenc deposits
of the Middle Atlantic Slope may be grouped under three heads, viz.:
Tirst, the arenaccous and argillaccous clements, which are land-derived;
second, the calcareous elements, which are of organie origin; and third,
the glauconitic elements, which are of secondary formation.

The arenaceous and argillaccous materials were undoubtedly orig-
inally derived from the crystalline rocks of the Piedmont Plateau, with
an indefinite admixture from the Paleozoic formations of the Appala-
chian region.

The organic remains, which consist very largely of the shells of mol-
lusks, are generally so slightly worn or broken as to justify the belict
that they were little disturbed prior to their burial by the sediments in
which they arec now found entombed. "They have, however, lost cou-
siderably by solution since they were deposited, the calcareous matter
removed serving as a cement to produce the limestone layers found at
several horizons in the southern Maryland and northern Virginia area.
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The glaneonitie elements are seeondary in charaeter and were formed
in situ. Sinee they enter so largely into the formation of the Eoeene
greensands, their charaeter and origin will be eonsidered somewhat more
fully.

ORIGIN OF GREENSAND.

Great light has been thrown upon this subject by the results of the
deep-sea dredgings which have been made in reeent years by the vessels
sent out on scientific expeditions under government auspiees. The
most important of these expeditions was that of the Challenger, sent out
by the British Government in the years 1872-76. Iu the report upon
the deep-sea deposits, based upon the dredgings of that expedition,
Professors Murray and Renard, the authors, present the results of their
researches as to the charaeter and distribution of greensand, and at the
same time propose a theory to account for the chemieal ehanges whieh
have taken place to produee the mineral glauconite, its chief eonstituent.

The glaueonite oceurs both in existing seas and in geologieal deposits
as minute grains, seldom exeeceding 1 millimeter in diameter, although
these grains may at times hecome agglomerated into nodules several
eentimeters in diameter by means of a phosphatie eement. The grains
are always more or less rounded, and at times mammillated, with irregu-
lar surfaee outline. They are generally black or dark green in eolor,
but become brighter green upon being erushed. The surface of the
grain is sometimes eovered with fine punetures, while at other times it
is smooth and shining. Some of these glaueonite grains are distinet
internal easts of foraminifera and of other caleareous shells; but more
often they are only indistinet reproductions of the form of the ehambers
and show no definite connection with the organisms in whieh they orig-
inated. In the Eoeene deposits the foraminiferal easts are less distinetly
seen than in the deposits of recent seas, yet even here they are not un-
eommon.

It is estimated that glauconitie deposits eover approximatety 1,000,000

square miles of the sea floor, while they are found at nearly all geolog-

ical horizons from the Cambrian up. On the present oeean floor they
are limited to those portions adjacent to the coasts, and for the most
part along the higher parts of the continental slopes, where land-
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derived materials are deposited in perceptible yet small amounts. The
production of glauconite seldom reaches to greater depths than 900
fathoms, and most commonly takes place between 100 and 200 fathoms.
The entrance of large rivers into the sea or the prevalence of strong
currents bearing sediment tends to interfere with its formation, so that
its area of distribution is seldom continnous for great distances.
Although glauconite is not known to be formed except in the pres-
cuce of land-derived materials, its production is accomplished through
the intervention of foraminifera. Their conncetion with the formation
of glauconite was first shown by Ehrenberg® in 1855, as the result of a
study of greensand from many deposits in Europe and America. Pro-
fessor Bailey * in the suceeeding year stated that the formation of green-
sand is likewise taking place on the floor of existing seas and probably
under the same conditions that existed in past geological time,
According to Murray and Renard, the chambers become filled with
muddy sediment, and “if we admit that the organic matter inclosed in
the shell, and in the nrud itself, transforms the ron in the mud into
sulphide, which may be oxidized into hydrate, sulphur being at the
sanie time liberated, this sulphur would become oxidized into sulphurie
acid, which would decompose tlie fine clay, setting free colloid silica,
alumina being removed in solution; thus we have colloid silica and hy-
drated oxide of iron in a state most suitable for their combination.”
The potash which is necessary to complete the composition of glauco-
nite is regarded as derived from the decomposition of the fragments of

erystalline roeks or their common constituents, orthoclase and white

mica.

Two conditions, then, are requisite for the formation of glaueonite:
First, the deposition of mineral partieles of land-derived origin; and
sccond, the presenece of foraminifera.  In the absence of either. glanco-
nite will not be produced. On the other hand, it is retarded, and finally
ceazes altogether, as the amount of deposition of land-derived materials
increases adjacent to the eoasts. Only, then, within eircumseribed
limits, which are constantly subjeet to modification, is the formation of
glauconite possible.

! Abhandl. K. Akad. Wiss. zu Berlin, 1855, pp. 85-176.
2 Proc. Boston Soe. Nat. Hist., vol. v, 1856, pp. 364-368.
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Glauconite seldom, if cver, occurs pure in nature, but is mixed with
greater or less amounts of arcnaceous materials, producing what is
known as greensand, a term which is eommonly made to embrace the
argillaccous deposits as well, particularly when the glauconite grains
are visible, althongh they are more correctly green clays. When the
deposits are distinetly calearcouns, they are gencrally known as green-
sand marls. No definite percentage of any of the constituents is re-
quired, and as they are so commonly intermingled the terms just des-
cribed are used somewhat indiseriminately.

DEPTH OF SEDIMENTATION.

The depth at which sedimentation, as shown by the existing 1%ocene
strata, took place cannot be definitely determined, but the character
of both the deposits and the fauna points to seas of moderate depth,
probably from 100 to 300 fathoms in the southern portion of the area;
while the eoarser and less glaneonitic materials to the northward sug-
gest even shallower depths.  Bagg reports the foraminifera to be mainly
of shallow water types while the other classes of organisms are chiefly of
the same charaeter.

The glauconitic materials of which the formations are so largely eom-
posed show that sedimentation must have been slow, but whether this
was due to the fact that the deposition went on far from the shore-line
or to the fact that the rivers were draining a surface approaching basc-
level cannot be satisfactorily determined, although recent work on the
physical history of the Appalachian region since the Cretaceous points
to the latter explanation as probable.

STRATIGRAPHICAL AND PALEONTOLOGICAL CHARACTERISTICS,

"The Kocene deposits of Maryland and adjacent states were deseribed in
1891 by Mr. N. H. Darton’ of the U. S. Geological Survey under the
name of the Pamunkey formation. More detailed investigations by the
authors of this report indieate that sufficient lithologie and paleonto-
logic differences exist to warrant the cstablishment of two formational

units instead of one. The presence of an argillaceous bed at the base

1 Bull. Geol. Soc. Amer., vol. ii, 1801, p. 411.




58 THE EOCENE DEPOSITS OF MARYLAND

of the upper member has been shown to persist very generally through-
out the area, while the beds above and below are sufficiently distinet as
regards their lithologie and faunal characteristics to be distinguished
readily everywhere by the geologist in the field. It is therefore evident
that every interest will be subserved by the establishment of two forma-
tions, and they will be thus reeognized both in the text and on the
aeeompanying map. Ilach of these formations also represents a well-
defined paleontological stage and each is again divided into two clearly
defined members or substages, and the latter again subdivided loeally
into zones.
FORMATIONS AND FAUNAL STAGES.

The two formational units of the Eocene of Maryland arc known as
the Aquia rorMarrox and the NANJEMOY FORMATION, names derived
from localities in the Potomae valley where the deposits of each division
are typically developed. Each is charaeterized by a well-marked fauna,
representing a clearly-defined paleontological stage.

The formations are in cach instanee divided into two members which
represent an equal number of paleontologieal substages. The Aqura
FORMATION is divided into a basal Piscalaway member or substage, and an
overlying Paspotansa member or substage; and the NANJEMOY FORMA-
TION is divided into a lower Pofapaco member or substage and an upper
Woodstock member or substage.

These various divisions arc shown in the following table:

GROUP. FORMATIONS OR STAGES. MEMBERS OR SUBSTAGES.
( Naujemoy. Woodstock.
{ Potapaco.
Pamunkey. 4

| Paspotansa.
[ Aquia. Piscataway.

'In diseussing the various divisions of the Maryland Eocene deposits a distinetion is
drawn between stratigraplie and paleontologic units; thie former are designated as
formations and members, the latter as stages and substages. As their limits are the
same the same name is employed for each.

2 The senior author iu an earlier publieation (U. 8. G. 8., Bull. 141, p. 39) divided the
Pamunkey on the basis of its contained fauna into the Aquia and Woodstock stages.
Later investigation has shown that the fauna from the Woodstoek beds constitutes
simply a substage, and that this fauna together with the fauna more lately discovered
in the nnderlying beds, and called the Potapaco substage, comprises & larger division
now termed the Nanjemoy stage and formation.
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Scveral species have becn found whicl are eommon to all the substages
of the Pamunkey. They are:

Volutilithes petrosus (Conrad). Corbula oniseus Conrad.
Calyptraca aperta (Solander). Tellina virginiana Clark.
Cadulus abruptus Meyer and Aldrieh. Modiolus alabamensis Aldrich.

Still other forms are found in both the Aquia and Nanjemoy stages,
although mnot recognized in all the substages. The following specics
lhave been found in the Piscataway, Paspotansa, and Potapaco substages,
but are not known in the Woodstock, viz.:

Tornatellaea bella Conrad. Lunatia marylandica Conrad.
COylichna venusta Clark. Ostrea (Gryphaeostrea) vomer (Morton).

The following have been found in the Paspotansa and Potapaeo sub-
stages, viz.:

Calyptraphorus trinodiferus Conrad, Dentalium mississippiensis Conrad.

The following form ranges from the Paspotansa through the Potapaco

and Woodstock substages, viz.:

DPecten choctavensis Aldrich.

The following forms have been found only in the Piscataway, Pas-

potansa and Woodstoek, viz.:

Myliobatis copeanus Clark. Lucina uhleri Clark.

Odontaspis cuspidata (Agassiz). Cucullaea gigantea Conrad.
Strepsidura subscalarina Heilprin. Nodosaria bacillum Defrance.
Corbula subengonata Dall. DPolymorphina gibba d’Orbigny.
Protocardia lenis Conrad. Truncatuling ungeriana (d'Orbigny).

The Aquia Formation or Stage.

The Aquia formation, so-called from Aquia Creck, which enters the
Potomac river from the Virginia side about fifty miles below Washing-
ton, is composed chicfly of grecnsands and greensand marls, at times
highly caleareouns and less frequently argillaceous. The various litho-
logical and paleontological eharacteristics are clearly shown in the de-
{ailed sections whicli follow. The deposits reach about 100 feet in thick-
ness, gradually thickening castward. The name Aquia was originally
employed® to cmbrace the faunal stage represented by Zomes 2 to 9.

1 Johns Hopkins Univ. Cire., 1895, p. 3 Bull. 141, U. 8. Geol. Survey, 1896, p. 3%
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To these may be temporarily added Zone 1, which, so far as known, is
devoid of determinable fossils, although indeterminate molluscan casts
and plant remains have been found near the base of the zone. It is
possible that this zone should be made an independent stage, and it is
not improbable that it may represent a definitely lower Focene horizon
thau the more fossiliferous beds which overlie it, but in the absence of
distinetive fossils it is impossible to definitely characterize it. It may
be regarded at present at least as the basal zone of the Aquia.

The Aquia stage coutains an extensive fauna. Among the forms that
are found in both substages are the following:

Thecachampsa sp. LPanopea elongate Conrad.
Thecachampsa marylandica Clark., Meretriz ovata var. pyge (Conrad),
Cythere marylandica Ulrich. Lucine aguiana Clark.

Volutilithes sp. Venericardiu planicosta var. regia Conrad.
Caricella pyruloides (Conrad). Crassatellites alaeformis Conrad.
Turritella mortoni Conrad. Crassatellites aquiana Clark.
Turritelle hwmerosa Conrad. Ostrea compressirostra Say
Vermetus sp. Leda cliftonensis Clark and Martin,
Solarium sp. Trochocyathus clarkeanns Vaughan,
Seala virginiane Clark. Eupsammia elaboratn (Conrad).
Gibbula glandula (Conrad). Nodosaric commaunis (d’Orbigny).

Guastrochaena sp.

Other species are restrieted to one or the other of the substages and
are- mentioned beyond. Additional to these are the forms previously
referred to as found in both divisions of the Pamunkey group.

The Aquia formation has been divided into two members which are
clearly separated by their contained faunas over considerable portions
of Maryland and Virginia. They are known respeetively as the Pis-
cataway and Paspotansa members or substages.

THE PISCATAWAY MEMBER OR SUBSTAGE.

The Piscataway member, so-called from Piscataway Creek which
empties into the Potomae river on the Maryland bank about ten miles
below the city of Washington, is characterized by greensands and green-
sand marls, the lower beds often quite argillaceous. Two well-marked
and rather persistent layers of indurated marl characterize the npper
beds in the Potomac region. The Piscataway member generally ex-
eceds 50 feet in thickness.
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The Piscataway substage is limited to Zones 1 to 7. The fossils
restrieted to this horizon are:

Thecachampsa sericodon (?) Cope. Tudicla sp.

Thecachampsa contusor Cope, Phenacomya petrosa (Conrad).

Euclastes sp. Pholadomya marylandica Conrad.

Trionyx virginiana Clark. Lithophaga marylandica Clark and Martin.
Synechodns clarkii Eastman. Ostrea compressirostra var. alepidote Dall,
Odontaspis macrota {Agassiz). Gryphuea vesicwlaris Lamarck.

Odontaspis elegans (Agnssiz). Terebratnla harlani Morton.

Odotus obliquus (Agassiz). Textularia subungulate A’Orbigny.
Splyrna prisea Agassiz. Vaginulina legumen (Linpé).

Xiphias radiata Clark.

The various zones of this division in the Potomae region are charae-
terized as follows:

Zone 1.—The thickness of the Koeene deposits beneath the lowest beds
holding the typical Aquia fauna las been variously estimated up to 60
feet. Some exposures are scen in the ravines to the west of the blufl,
but 1o eomplete sequence of the beds has been found. At some points
the strata scareely exceed 10 feet, and at Glymont the beds are only
8 feet in thiekness. They, however, gradually inerease in thickness sea-

ward. The almost entire absenee of fossils renders the faunal relations

obscure.  The poorly preserved animal and plant renains are of prac-

tically no value, and provisionally this bed is left as an indeterminate
basal zone of the Aquia. The materials are greensands, frequently
quite argillacecous and with a basal pebble bed overlying the Cretaeeous
at some points.

Zone 2.—This zone is characteristieally developed both at the base of
the Aquia C'reck seetion and also on the opposite bank of the Potomae
river at Glymont. The beds are from 12 to 20 feet in thickness, and
entirely disappear below the water-line a little beyond the middle of the
Aquia Creek bluff, The dark greensand of which the zone is mainly
composed is packed with the shells of Crassatelliles alaeformis and
Dosiniopsis lenticularis, while Turritelle mortoni, T. humerosa, Crassa-
tellites aquiana, Meretrix ovata var. pyga, Cucullaea gigantea, and Ostrea
compressirostra also oeeur.

Zone 3.—T'he limestone ledge composing this bed is mueh less per-
sistent than in the overlying limestones, Zone 5, and at times it nearly
or quite disappears. It is from 2 to 3 feet in thickness, highly glau-
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conitie, and of dark eolor, and is filled with shells or, more eommonly,
easts of shells, among whieh the forms of Zone 2 are eonspicuous,
together with Osirea comprass:irostra and Twrrifella mortoni in larger
numbers than in the lower beds.

Zone 4—This zone is eomposed of a highly typieal greensand, eon-
taining in the main the forms mentioned above as oeeurring in zones
% and 3. Tt is from 7 to 9 feet in thickness.

Zone 5—This limestone bed is very persistent and forms a conspicu-
ous ledge about 2 feet in thiekness, along the face of the Aquia Creek
bluff until it passes below tide-water near its ecastern extremity. In
addition to the species already mentioned as eharacteristie for Zones 2
to 4, whieh still remain eommon forms, there are two highly typical
speeies, viz.: Pholadomya marylandica and Phenacomya petrosa, as well
as two or three gasteropods, Tudicla sp., Caricella sp., which from
the faet that they have only been found in the form of casts eannot be
further identified.

Zone 6.—This thin layer, generally about 1 foot in thickness, of dark
characteristie greensand, is packed with the common forms of the pre-
vious beds. It thickens somewhat to the castward along the face of
the bluff, and near Marlboro Point contains, among other forms, several
speeies of corals, ineluding Fupsammia elaborata, Turbinolia acuticos-
tata, and T'rochocyathus clarkeanus.

Zone 7—The bed of greensand overlying the preceding layer is really
a eontinuation of it, although the fossils are few in number and much
broken. Fragments of the eommmon forms of previous beds are found.
This bed is about 7 feet thick. Tt is barely possible that this stratum
of worn and broken shells represents an uneonformity between the Pis-
cataway and Paspotansa members. Of this, however, there is no positive
evidence as yet, and we can only ecall attention to the fact that there are
physieal indications of more disturbed conditions of sedimentation than
are usual in these formations at the very point where the faunal echange

oceurs.
THE PASPOTANSA MEMBER OR SUBSTAGE,

The Paspotansa member, so-ealled from Paspotansa Creek, which
enters the Potomae river from the Virginia bank, a mile below Potomae
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Creck, is composed of a thick bed of greensand, overlain by thick-bedded,

indurated layers of greensand marl.
feet in thickness.

The Paspotansa substage includes Zones 8 and 9.
fossils are restricted to this substage:

Bythocypris subaequata Ulrich.
Bythocypris parilis Ulrich.
Cytherella marlboroensis Ulrich.
Cytherella submarginata Ulrich.
Cythereis bassleri Ulrich.
Pleurotoma harrisi Clark.

Dlenrotoma potomacensis Clark aud Martin,

DPleurotoma ducateli Clark and Martin,
Dlewrotoma childreni Lea.

Dleurotomna piscatavensis Clark and Martin.

Plenrotome tysoni Clark and Martin.
Cancellaria gractloides Aldrich var,
Cancellaria sp.

Cancellaria potomacensis Clark and Martin.

Mitra marylandica Clark.

Mitra pomonkensis Clark and Martin.
Latirus marylandicus Clark and Martin.
Fusus subtenunis Heilprin,

Trophon sublevis Harris.

Melongena potomacensis Clark and Martin,

Tudicla marylandica Clark and Martin.
Metrla marylandica Clark and Martin,
Chrysodomus engonatus (Heilprin).
Psendoliva sp.

Tritonium showalteri (Conrad).
Fusoflcule juvenis (Whittield).

Morio brevidentata (Aldrich).
Calyptraphorus jacksoni Clark.

Aporrhais potomacensis Clark and Martin.

Litiopa marylandica Clark and Martin,
Seala potomacensis Clark and Martln.
Scala sessilis Conrad.

Secala carinata Lea.

Turbonille potomacensis Clark and Martin,

Odostomia trapaquara (Harrls).
Niso umbilicata (Lea).
Calliostoma 8p.

Fissuridea marylandica Clark and Martin.

The two zones recognized in the
follows:

It is generally somewhat under 50
The following

Diplodonta marlborocnsis Clark and Martin.

Crassatellites «lta (Conrad).

(?) Astarte marylandica Clark.

Coralliophaga bryani Clark.

Decten sp.

Platidie marylandica Clark and Martin.

Discosparse varians Ulrich.

Fascipora subraniosa Ulrich.

Reticulipora dichomata Gabb and Horn.

Cavaria dumosa Ulrich.

Ifeteropora tecta Clrich.

Membranipora rimilata Ulrich.

Membranipora spiculose Ulrich,

Membranipora angusta Ulrich.

Biftustra torta Gabdb and Horn.

FEschara digitata Gabb and Horn.

Tunulites reversa Ulrich.

Crivriline modesta Ulrich,

Cribrilina crassula Ulrleh.,

Lepralia subplana Ulrich.

Lepralia labiosa Ulrich.

Mucronella aspera Gabb and Horn.

Daracyathus marylandicus Vaughan.

destophyllun:  Milne-Ed-
wards and Haime.

Textularia gramen d’Orbigny.

Balanophyllia

Textularia sagittnla Defrance.

Nodosaria consorbrina var. emaciata Reuss.
Nodosaria sandbergeri (Reuss).
Nodosaria obliqua (Linné).

Marginunla costata (Batsel).

Cristellaria gidba (’Orbigny).
Cristellaria rotatula (Lamarck).
Polymorphina lactea (Walter and Jacob).
Discorbina turbo (’Orbigny).

Anomalina anononoides (Reuss).
Anomalina grosserugosa (Glimbel).

Potomac area are characterized as
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Zone S—The highly characteristic greensands and greensand marls
of the preceding zounes are suceeeded in the Potomae seetions by a zoue,
some 30 feet in thickness, in which the grains of glaueonite have been
extensively weathered when exposed, giving the strata, where outerops
are found, a greenish-gray appearance, whiech changes to a reddish-
brown in the upper layers. Several irregular bands packed with Turri-
tella. mortoni ave present in both the Aquia Creek and Potomae Creek
seetions, while assoeiated with that species at both loealities are Turritella
humerosa, Cucullaea gigantea, Crassatellites alaeformis, Ostrea compressi-
rostra, and many other forms. The upper portions of this bed have
afforded most of the species obtained from the Potomae Creek bluff.

Zone 9.—The thick-bedded limestone layers which compose this zone
are almost exclusively made up of the shells of T'urritella mortoni, form-
ing a Turritella rock. (Plate TII, Tig. 2.) Between the indurated layers
are interstratified layers of unconsolidated and mueh weathered green-
sand, which contain few fossile of any deseription. Great masses of this
Turritella rock strew the shore at the base of both the Aquia Creek and
Potomac (reck Dluffs. The bed is about 10 feet thick in the Aquia
Creek bluff, but reaches 17 feet at Potomac Creek. At the latter locality
it consists of five feet of limestone at the base, followed by five feet of
greensand, two feet of limestone, two feet of greensand, two feet of
limestone and one foot of yellowish greensand. The fauna of Zone 9 is
evidently identical with that of Zone 8.

The Nanjemoy Formation or Stage.

The Nanjemoy formation, so-called from Nanjemoy Creek, which
enters the Potomac river from the Maryland side in Charles county, just
below Maryland Point, is composed of greensand, often highly argil-
laceous, and less frequently calcarcons than the lower beds, and with
here and there layers containing abundant crystals and erystalline
masses of gypsum. The thiekness of the deposits is about 125 feet.

The Nanjemoy stage comprises Zones 10 to 17. The following fossils
are found in both substages:

Meretrix ovata var. orata (Rogers). Leda tinproecra (Conrad).
Lucina dartoni Clark. Leda potomacensis Clark and Martin.
Lucina whitei Clark. Ledu tysoni Clark and Martin.

Venericardia potapacocnsis Clark & Martin,  Nucwla potomacensis Clark and Martin.
Ostrea sellaeformis Conrad.
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THICKNES®S
IN FEET

Greensand, with Ostrea sellacformis, Merctrix aubzmpreua,
Venericardia potapacoensis, eto. - -

Greensand, with few fosslls, chleﬂy Venertcardia potapa-
coensts, - - -

Greenish-grey arglllaceous sand with inconstant lndurated
layer at top and with many typical fosslls, - -

Greenish-gray argiilaceous sand, with bands of gypsum crystais,
Llght-gray greensand, with Venericardia potapacoensis, -

Greenlsh-gray arglllaceous sand, - - - - o o -
Indurated argillaceous greensand, - - - - -

Argillaceous greensand with olay bed at hase,

Interstratified Indurated layers and greensands thh many
Turritella mortoni,

Llght greenish-gray greensand, with Zurrifella mortoni,
Cucultaea gigantea, Crasaalellztes alaefornm, Oalrea com
pressi stra, etc., - - -

Greensand, with fragments of shells of lower heds, - - - 1
Greensand with corals,
Ind. greensand with Pholadamya marylandica & Phenacomya petrosa, 2

Greensand, - - - - - - - . . . . .
Indurated greensand, - - - - . - - . . .

Dark greensand with many fossils, Includlng Dostniopsie
lenticularis, Meretrix ovata var.pyga, Craseatellites alae-
Sormis, and Ostrea compressirosira, - - - -

Greensand, at times argillaceous,

8CALE 40 FEET-=1 INCH

EOCENE, PLATE V

L Woodstock
Member

Potaﬁaco

Pas otansa
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L Piscataway
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Aquia Formation

GENERAL COLUMNAR SECTION OF EOCENE STRATA IN MARYLAND
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Other species are restrieted to one or the other of the substages of the

Nanjemoy and are mentioned beyond. Additional to these are the forms
previously referred to as found in both divisions of the Pamunkey
group.

THE POTAPACO MEMBER OR SUBSTAGE,

The Potapaco member, so-called from the early name of Port Tobacco
Creek, which is a corruption of the word Potapaco found on the Smith
and other early maps, is composed of greensand, often very argillaceous
and at times gypseous. The clayey character of the member, especially
in the lower bed, is in marked contrast to the more highly glauconitie
nature of the Aquia formation. The thickness of the member is about
60 to 65 feet.

The Potapaco substage embraces Zones 10 to 15. The following
species are restricted in range to it:

Cypraea smithi Aldrich. Teriploma sp.
Solen lisbonensis Aldrich. Ceriopora micropora Goldfuss.
(?) Lucina astartiformis Aldrich.

The following zones constitute the subdivisions of the Potapaco in
the Potomae area, some of which ean be recognized over wide areas:

Zone 10—The greenish-gray sand which overlies the Turritella rock
is more argillaceous than the underlying or overlying beds of the Eocene.
The glauconite grains have been much weathered and nearly all trace
of the shell substance has been removed from the few forms recognized.
To the northeast of the Potomac area, throughout the eentral portion
of Southern Maryland, this bed beeomes a well-defined elay, as at Upper
Marlboro, and has been referred to as the Marlboro clay. The casts
found at the Potomae Creck bluff are chiefly those of a Meretriz, prob-
ably Meretriz ovata var. ovata. An indurated layer, near the middle of
the zone, eontains Calypiraphorus trinodiferus; below this is the repre-
sentative of the red elay whieh oceurs typieally about Upper Marlboro.
No fossils were observed at the Aquia Creek bluff. The bed is about 23
feet in thiekness.

Zone 11.—This zone is composed of a thin, indurated layer of argil-
laceous greensand, 1 to 2 feet in thickness. It is well developed at the
Potomae Creck bluff, where it contains Venericardia polapacoensis, and

is the lowest horizon at which this species has been found.
5
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Zone 12—A greenish-gray argillaceous sand, containing few un-
weathered grains of greensand. No fossils have been found in it. The
bed is 8 or 9 feet thick.

Zone 18.—This bed consists of a light-gray glauconitie sand, generally
somewhat weathered. Tt is erowded with shells of Venericardia potapa-
coensis, and also contains Tornatellaea bella, Cadulus abruptus, ete.

It is 3 feet in thickness.

Zone 14—Overlying the Venericardia layer is a bed of greenish-gray
argillaceous sand, some 4 to 6 feet in thickness, that contains a great
number of bands filled with gypsum crystals. No fossils were observed.

Zone 15.—This bed consists of greenish-gray argillaceous sand, in
which the glaueonite grains have often been extensively weathered.
The bed has a thickness of 12 to 25 feet.

At various localities in Charles county, notably about Port Tobaeeo
and at the headwaters of Nanjemoy Creek, this zone eontains a fauna
that is quite distinet from cither the Aquia or Woodstock faunas. It
is an unweathcred greensand, and very argillaceous at these localities.
The top of the bed is marked by a well-developed layer of concretions.
This layer passes below water-level about 21 miles above the mouth of
Popes Creek, and is to be seen about six feet above the base of the bluft
at Woodstock.

THE WOODSTOCK MEMBER OR SUBSTAGE.

The Woodstock member, so-called from Woodstock, which is an old
cstate situated a short distance above Mathias Point on the Virginia
bank of the Potomac, is eharacterized by fine, homogeneous greensands
and greensand marls, that are less argillaccous than the underlying
Potapaco beds. The member has a thickness of 50 to 60 feet.

The Woodstock substage embraces Zones 16 and 17 and contains the
following speeies in addition to those previously mentioned as ranging
throughout the Nanjemoy, viz.: '

Carcharodon aurieulatus (Blainville). (?) Leda parilis Conrad var.

Galeocerdo latidens Agassiz. Spiroplecta clarki Bagg.

Olivula sp. Nodosaria affinis (°Orbigny).

Levifusus trabeatus (*) Conrad. Cristellaria radiata Borneman.

Levifusus trabeatus (?) var. Polymorphina austriaca (°Orbigny).
Pyrula penita Conrad. var. DPolymorphina elegantissima Parker & Jones.

Pyrula sp. Polymorphina praclonga Terquem.
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Turritella potomacensis Clark and Martin, Globigerina bulloides A'Orbigny.

Dentalivim minutistriatum Gabb, Discorbina bertheloti (d'Orbigny).
Meretrix lenis (Conrad). LPulvinuling schreibersii (4’'Orbigny).

(¢) Meretriz subimpressa (Conrad). Nonionina affinis Reuss.

(?) Lucina astartiformix Aldrich. Amphistegina lessonit A'Orbigny.
Venericardia marylandica Clark & Martin. Cuarpolithus marylandicus Hollick.
Modiolus marylandicus Clark and Martin, Carpolithus marylandicus var. rugosus
Leda parva (Rogers). Hollick.

The two zones comprising the Woodstoek in the Potomac area are
characterized as follows:

Zone 16.—In this zonc have been placed the strata intervening be-
tween the upper layers of the Potomac Creek section and the base of
the Popes Creek section. The deposits are estimated to reach about
40 feet in thickness, and are chicfly greensands and greensand marls.
They appear in an unfossilifcrous condition in some of the ravines to the
west of the Woodstock arca, and along the shores where they contain a
few fossils of common Woodstock species.

Zone 17.—The highest beds at Woodstock, and the Popes Creek
strata, are grouped together in this zone. The materials are very homo-
geneous, although several inconstant indurated layers appear. The
thickness of this zone is about 20 feet. A thin bed of Ostrea scllaeformis
was observed in the lower part of the zone, although evidently not
always at the same horizon. Otherwise, so far as observed, the fossils
are the same in the several parts of the two sections. The most common
forms are Protocardia lenis, Glycymeris idoncus, Meretriz subimpressa,
Corbula subengonata, Corbula oniscus, Leda cultelliformis, Pecten dalli,
Leda improcera, Leda parva, Nucula polomacensis, Lucina dartont, Lucina
whlers, Lucina whilei, and Ringicula dalli.

LOCAL SECTIONS.

The formations and faunal stages previously deseribed are based on
the numerous loecal sections found seattered throughout the Ioccne
arca of Maryland. The most numerous and complete series of sections
is found in the <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>