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LETTER OF TRANSMITTAL

To His Excellency Epwix WARFIELD,

Governor of Maryland and President of the Geologieal Survey
Commission.

Sir:—Somewhat over three years ago the first volume of a series of
reports dealing with the systematic geology and paleontology of Maryland
was presented to the public. This publication which to the avcrage
reader might seem highly technical was most favorably received by geo-
logical experts both in this country and abroad. I now have the honor
of presenting to you the second of this series which, on account of its size,
is issued in two parts. It deals with a division of Maryland geology
that has received the attention of students for nearly a century. The
present work includes a summary of previous observations to which is
added a large amount of new information. On account of the highly
teehnical nature of this report it is perhaps fitting to state that a clear
comprehension of our geological formations is based on a knowledge not
only of the materials out of whieh the strata are composed but also of the
remains of animal and plant life which the roeks eontain. In order
therefore that our results may reecive the recognition of geologists now
and in the future, accurate deseriptions and illustrations have been con-
sidered to be requisite. The several authors of this report, many of
whom, as explained later, are among the best known authorities in
America upon the subjects herein discussed, have supplied chapters that
will place the Maryland Miocene deposits conspicuously before geological
workers everywhere.

Trusting the volume submitted may merit your approval, I remain,

Very respectfully,
Wn.LiaMm BurLock CLARK,
State Geologist.

JouNns HoprriNg UNIVERSITY,

BALTIMORE, October, 1904.
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PREFACE

The present volume is the sccond of a series of reports dealing with the
systematie geology and paleontology of Maryland. The first of this scries
was confined to the Tocene while the present volume comprises a discus-
sion of the next younger geological horizon known as the Miocene.
Scveral other reports are in preparation, two of which are already practi-
cally eompleted. The Pliocene-Pleistocene report is ready for the press,
and the Devonian for whiel the field observations are finished is largely
in manuseript form. It is not the intention to issue these volumes in
geological scquence as each forms a unit in itself. The following reports
arc finally contemplated :

[ Pliocenc-Pleistocene
(‘enozoic | Mioeene
TFocene

. [ Jurassie-Cretaceous
Mesozoic4 .. . .

T'riassic
(Carboniferous-Permian
. Devonian
Paleozoic<

Silurian

Cambrian-Ordovieian

Crystalline Roeks  (Archean-Silurian)

Maryland econtains a remarkably complete sequence of geological
formations representing nearly every horizon from the Archean to the
Plcistocene although the deposits vary greatly in thickness and in the
completeness of the fannas and floras which they contain. 'Two of the
divisions, the Crystalline Roeks and the Triassic, are nearly destitute of

organic remains. The other seven divisions, however, contain rich faunas
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and floras. Three of them, the Carboniferous-Permian, the Jurassie-
Cretaeeous, and the Plioeene-Pleistoeene, eontain hoth animal and plant
fossils in abundanece. The Ordovieian-Cambrian, the Silurian, the
Devonian, the Eoeene, and the Miocene all eontain extensive faunas
while few if any plant remains are known.

These reports when eompleted will give both to the geologist and to the
general reader a eomprehensive view of the past history of Maryland
territory from the earliest geological period to the present day. They
will be by far the most important publieations of the Geologieal Survey
and will have not only present but lasting value to the student of Mary-
land geology. Long after the general articles and eounty reports will
have beeome antiquated they will be useful, and must necessarily afford
the basis for all subsequent study of Maryland geology. The present
volume on the Miocene deals with the middle period of the Cenozoie, and
with the Eoeene which preeedes and the Plioecene which suecceeds it
embraces what is frequently denominated by geologists as the Tertiary,
one of the most important geological horizons represented in Maryland.

The Mioeene deposits of Maryland have been studied since the early
days of American geology. Fifteen years ago they attraeted the attention
of the senior author of this report under whose direetion Dr. Shattuck has
earried out the elaborate stratigraphic studies deseribed in later pages.
These investigations have been in progress sinee the organization of the
Survey and large collections of fossils were made both from the historic
as well as from new localities. Dr. Shattuck has had in his work the
aetive eooperation of all the members of the Survey, including especially
that of the State Geologist, and of Dr. L. C. Glenn and Dr. G. C. Martin,
who frequently visited the field to discuss obscure points with the author,
while their paleontologieal studies were earried on in such a way that the
results here presented represent the combined labors of the field geologist

with the critieal laboratory study of the paleontologist.
An important paper by Dr. W. H. Dall aeeompanies this report in
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which the results of his wide knowledge of the Miocene of this and other
countries have been incorporated. This chapter is by far the most impor-
tant contribution to the interpretation of the Maryland Miocene deposits

which has been hitherto made and shows in a highly philosophical manner

the relationship of the Maryland Miocene fauna to that of other regions

and to the recent fauna.

The systematic palcontological investigations have been jointly con-
ducted by several experts. Many of them are recognized authorities in
the subjects which they have discussed. The Mammalia, Aves, and
Reptilia have been studied and described by Dr. E. C. Casc of Milwaukec,
Wisconsin ; the Fishes by Dr. Charles R. Eastman, of Harvard University,
Cambridge, Massachusetts; the Ostracoda, Bryozoa, and Hydrozoa by
Messrs. E. O. Ulrich and R. S. Bassler of the U. S. Geological Survey;
the Corals by Mr. T. Wayland Vaughan of the U. S. Geological Survey;
the Foraminifera by Dr. R. M. Bagg, Jr., of Springfield, Massachusctts;
the Angiosperms by Dr. Arthur Hollick of the New York Botanical
Garden; and the Thallophyta by Mr. C. S. Boyer of Philadelphia, Penn-
sylvania. The remaining chapters have been prepared by members of the
Maryland Geological Survey. The Malacostraca, the Cirripedia, the
Cephalopoda, the Gastropoda, the Amphineura, the Scaphoda, the Bra-
chiopoda, the Vermes, and the Radiolaria have been studied and described
by Dr. G. C. Martin, lately appointed to the U. S. Geological Survey; the
Pelecypoda by Dr. L. C. Glenn, now of Vanderbilt University, Nashville,
Tennessec; and the Echinodermata by Dr. W. B. Clark, the State
Geologist.

Very large collections of materials were made preparatory to this work
and practically every Miocene fossiliferous locality in the State was
exhaustively collected from. The long scries of bluffs along the Chesa-
peake Bay and its tributaries afforded the greatest amount of material,

while pits, well-borings, and other exposures of the strata likewise yielded
b
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numerous specimens. The commoner species often oceur in great profu-
sion forming almost solid beds of shells many feet in thickness. In
general, the shells are hard and readily removed so that great numbers of
well-preserved specimens have been available for comparative study.
There have been for many years extensive collections of Maryland mate-
rials in several museums of the country, notably the U. S. National
Museum, the Academy of Natural Sciences of Philadelphia, the Wagner
Free Institute of Science of Philadelphia, and the Johns Hopkins Uni-
versity. Much larger and more exhaustive collections have been made
in recent years by the members of the Maryland Geological Survey. All
of the collections, however, have been drawn upon in the present study
of the Miocene. The Museum of the Academy of Natural Sciences of
Philadelphia contains many of Dr. Conrad’s types which have been 1nost
important in definitely determining many of 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. S. Geological Survey, the Academy of Natural
Sciences of Philadelphia, the Wagner Free Institute of Science, the U. S.
National Museum and Cornell University, through Professor G. D. Har-
ris, which have generously allowed the use of their materials and drawings
and have in every way facilitated the present investigation.

Many important suggestions have been received from Dr. W. H. Dall,
of the U. S. National Museum, Professor H. A. Pilsbury, of the Academy
of Natural Sciences of Philadelphia, and Mr. C. W. Johnson, of the
Boston Society of Natural History. The Survey desires especially to
thank Rev. Edward Huber, of Baltimore, who has generously placed at
the disposal of the Survey his collections of diatoms and radiolaria.

Thanks ar(; particularly due to the artists, the late Dr. J. C. McConnell,
of the U. S. Army-Medical Museum; Mr. F. von Iterson, of Princeton,
New Jersey; and Mr. H. C. Hunter, of the U. S. Geological Survey, for
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the beautiful and accurate drawings with which the report is illustrated.
Most of the illustrations were prepared by Dr. J. C. McConnell, whose
recent death is deeply deplored by all students of paleontology. His
knowledge of the requirements of paleontological illustration made his
contributions in this field to any scientific work almost equal in value to
that of the recognized author. Dr. McConnell has prepared many hundreds
of drawings for the various Maryland reports, not only for the Eocene
and Miocene volumes now before the publie, but likewise for the Devonian
and Pliocene-Pleistoeene reports which have yet to appear. It is a cause
of deep regret to us that his work is ended.
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INTRODUCTION

AND

GENERAL STRATIGRAPHIC RELATIONS

BY

WILLIAM BULLOCK CLARK

INTRODUCTION.

Geologists recognize three great mnatural provinces in the Atlantic
border region, which are commonly designated the Coastal Plain, the
Piedmont Plateau, and the Appalachian Region. Iach of these dis-
tricts possesses distinctive physiographic and geologic characters that
casily separate it from the others.

The oldest and most complicated district is the Piedmont Plateau,
which is composcd largely of ancient schists and gneisses of unknown
age, part of which are certainly pre-Cambrian.

The Appalachian Region which adjoins the Piedmont Plateau on
the west is mainly composed of Paleozoic sediments which throughout
much of the district have been deformed into a series of folds that
gradually decreasc in intensity westward.

The Coastal Plain, the youngest of the three districts, is composed
of a series of largely unconsolidated and horizontal sediments that rep-
resent a nearly complete sequence of deposits from the Middle Mesozoic
to the present.

Each of these provinces can be traced from Pennsylvania and New
Jersey southward to the Gulf States and is approximately parallel
with the axis of the great mountain uplift of the Appalachian moun-
tain system which from early geological times has marked the eastern
border of the continent. It is cvident therefore that a knowledge of
Maryland geology cannot be complete without a careful comparison of
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the formations represented in our own State with those of adjacent
commonwealths to the north and south of us. In fact, a solution of
many of the problems presented can only be gained after taking into
consideration the conditions that have controlled throughout the entire
area.

Maryland, with the adjacent States of Delaware and Virginia, em-
braces what with propriety has been called the Middle Atlantic Slope,
which comprises in its geology and mineral resources much that is
typical of the entire Atlantic border region. In many particulars the
record here presented is more complete than that afforded by the States
farther to the north and south. No portion of the Atlantic border
area has been more thoroughly studied since the early days of American
geology, and much of the region may be considered as classic ground to
the student of that science.

The present report is confined to a consideration of a part only of
the Coastal Plain. This region embraces the eastern portion of Mary-
land, crossing the State from north to south in a broad belt of an aver-
age width of 75 miles and extending from the ocean border to the head
of tide or slightly beyond on the various estuaries and rivers of the
region.

Much interest has been manifested in the Coastal Plain geology and
paleontology of the Middle Atlantic Slope since the early days of geo-
logical investigation in this country. Many of the most potent illus-
trations of the geologists of the early part of the century were drawn
from this region, and although the relations of the deposits were wot
altogether comprehended, yet the recorded observations show an appre-
ciation of many of the more difficult problems involved. Later, as the
complicated geological history of the Coastal Plain became better known,
it was recognized that if a full understanding of any single formation
was to be gained it was necessary to study carefully not only its litho-
logical and paleontological characteristics but also its relationship to
the other members of the series. It was seen that only by an under-
standing of the broad conditions affecting the whole arca could the
strata of any one formation be properly interpreted. Recognizing this
fact, the writer presents in later pages a brief discussion of the general
relations of the strata composing the Coastal Plain in the Middle Atlan-
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tic Slope. The fuller discussions will be found in other volumes of
the Survey dealing with these formations.

When we come to consider that assemblage of deposits early sepa-
rated as the Tertiary, portions of which are the special subject of this
report, we find that it is divisible into several distinet formations. Even
at a relatively early date an older and a younger Tertiary were already
established, the former being correlated with the Eocene of England
and the European continent, and the latter somewhat later with the
Miocene or Pliocene. Attempts were made then and later to find their
exact equivalents in one or another of the already cstablished local for-
mations of the English or Continental series, but with very unsatisfac-
tory results. :

Even after the American Tertiary strata had received somewhat de-
tailed examination in the various sections of our own country and local
divisions had been established, attempts were made from time to time
to determine their cquivalency. By common consent the diversified
and extensive deposits of the Gulf area came to be regarded as the type
for the Eocene and the various Eocene deposits of the Atlantic Coast
States were assigned to positions in this series. On the other hand,
the great development of later Tertiary deposits, which we now know
to be largely Miocene, in Maryland and the States immediately to the
south of it, led geologists to regard them as the most typical for the
Atlantic province and many terms derived from this district have found
a permanent usage in geological literature.

The Miocene deposits of Maryland have long been known to geolo-
gists for the rich faunas which they contain and great collections of
this malerial have for many years enriched the museums both of this
and foreign lands. The exhaustive studies which have been given to
the forms found in these deposits must necessarily prove of great inter-
est and valuc to geologists and paleontologists everywhere.

The description of species of fossils is of little scientific importance
to the geologist, however, unless the object is: something other than
the mere multiplication of new forms, which has too often becn the
case in such investigations. When the work has in view the fullest
possible representation of a fauna or the clearing up of doubtful points
in the synonymy of already described species, as well as a more complete
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knowledge of their geological and geographical ranges, it becomes of
the very greatest value, since one whole class of important criteria for
the interpretation of the strata is thus made accessible.. The present
report includes the results of such an exhaustive study of the fauna of
the Miocene of Maryland, embracing both a critical review of the species
described by previous authors, as well as the description of a large num-
ber of new forms. It is believed that a much more acenrate idea of
the faunal characteristics, as well as of the physical conditions prevail-
ing during the Miocene 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 arcas will be

greatly increased.

GENERAL STRATIGRAPHIC RELATIONS.

Our kuowledge of the Tertiary geology and paleontology of the
Middle Atlantic Slope has been largely augmented since the days of
('onrad and Rogers, yet few fields have afforded better opportunities in
recent years for continued investigations, since very divergent opinions
have prevailed and even to-day find expression in the different inter-
pretations of the data.

Both the Focene and the Miocene divisions of the Tertiary in this
area have broad surface exposures, and are rcpresented by characteristic
sections along the leading waterways. Both are also highly fossilifer-
ous, although the Miocene shows a greater diversity of species than
does the Eocene. This difference, however, is not so great as one would
infer from a perusal of the literature, sinee a large number of Eocene
species, many of them very eommon, have been until recently unrecog-
nized, or at least unrecorded.

A brief discussion of the general relations of the Coastal Plain de-
posits in the Middle Atlantic Slope is essential to a clear comprehen-
sion of the Miocene formations, and several pages will be devoted to this
aspect of the subject.

The Coastal Plain eonsists geologieally of a series of formations that
were deposited as moderately thin sheets, one above another, along the
eastern border of the crystalline belt, elsewhere referred to as the Pied-
mont Plateau. The eoastal deposits are slightly inclined ecastward. so
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that successively later members of the series are encountered in passing
from the interior of the country toward the coast.

From the beginning of deposition in the coastal region until the
present time sedimentation has apparently been constantly in progress
over some portions of the arca. Differential movements of the sea
floor, with its accumulated sediments, took plaee, however, fromn time
to time so that the formations present mueh ecomplexity along their
western margins. 1t is not uncommon to find certain members of the
series laeking, as renewed deposition earried a later formation beyond
its predecessors. In the absence of distinetive fossils the diserimina-
tion of the different horizons at such points is often attended with great
uncertainty.

Deformation has also affeeted the region to a eertain extent, the strata
in plaees being slightly warped, so that they do not maintain a uniform
strike and dip. 'This is particularly marked along the western border
of the area where there have also been slight displacements in various
localities.

Every geologieal period from the Cretaecous (possibly Jurassic) to
the Pleistocene is represented, although in one or two iustanees the
lack of characteristic fossils renders the taxonomie position of certain
formations difficult of absolute determination.

CRETACEOUS

The Cretaceous (in part possibly Upper Jurassic) is extensively rep-
resented in the Middle Atlantic Slope. The deposits of this period
consist of a series of basal formations that has been designated the
Potomac group, comprising the Patuxent, Arundel, Patapsco and Rari-
tan formations, no one of which was deposited under marine condi-
tions. They are overlain in succession by the Matawan, Monmouth and
Rancocas formations, which are distinctively marine in origin. All of
these formations gradually disappear southward, the lower formations
of the Potomac group alone of the Cretaceous deposits being reeognized
in Virginia. Unconformities characterize the several members of the
Potomae group while the marine deposits are also unconformable to
the older strata.

The Potomae group consists chicfly of sands and clays, the former
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frequently arkosic, 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 diminish in
thickness from their centers. Dark-colored clays abound in the Arun-
del formation and have yielded large amounts of nodular carbonate of
iron. Highly-colored and variegated clays largely make up the Patap-
sco formation. Thick-bedded and widely' extended white sands with
interstratified clays characterize the Raritan formation. The fossils
consist chiefly of the bones of Dinosaurian reptiles and of leaf impres-
sions, the former confined to the Arundel formation, the latter predom-
inating in the Patapsco 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 case of the clays often laminated. The clays
and sandy clays are generally dark, often black in color. They are
commonly micaceous and at times sparingly glauconitic. The very
homogeneous and persistent character of the beds is in marked contrast
to the deposits of the Potomac group which they overlie. The fossils
consist largely of marine Mollusca which indicate the Upper Cretaceous
age of the deposits.

The Monmouth formation consists chiefly of greensand deposits,
although the glauconitic element is not so pronounced or so persistent
south of the Chesapeake as in the niore 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 characteristic
Gryphea vesicularis, Exogyra costata, and Belemnitella americana are
found, especially in the basal beds.

The Rancocas formation is also largely composed of grecnsands, gen-
erally more glauconitic than the Monmouth formation, although at
times somewhat argillaceous. 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 Terebratula harlani,
Gryphaa bryani and other characteristic species of the New Jersey area.
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. LoceNE

The Eoccne is represented in the Middle Atlantic Slope by a group of
deposits stretching along the eastern margin of the Cretaceous for-
mations, and overlying ‘them uneonformably. They have been dis-
cussed in much detail in an earlier volume,” where they were described
under the names of Aquia and Nanjemoy formations, which together
constitute the Pamunkey group.

The deposits of both formations consist largely of greensand marls,
which may, however, 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 argillaceous, the glauconitic elements largely or quite disappear-
ing. Infrequently coarse sands and even gravels are found, the latter
chiefly toward the base of the Aquia formation and near the ancient
shore line, cspecially toward the northeast in central and eastern Mary-
land.

Very commonly the shells of organisms are so numerous as to form
the chief constituents of certain beds. Notwithstanding these faets,
the deposits are remarkably homogencous, although the recent investi-
gations of the Survey have shown the nccessity of dividing them into
two formations on both lithologic and faunal grounds. The lower or
Aquia formation is much more arcnaceous than the upper or Nanjemoy

formation, which, partieularly in its lower part, is generally highly

argillaeeous. The Aquia formation is also much more calearcous than
the Nanjemoy formation, indurated layers frequently appearing in the
former.

MIOCENE

The Miocene deposits occupy the region to the southeast of and overlie
those of the Eocene. They have long been known as the Chesapeake
group, from the superb sections found exposed on the shores of Chesa-
peake Bay, and have been recently divided by the State Survey into three
well-defined formations—the Calvert, Choptank, and St. Mary’s for-

1 Maryland Geological Survey, Eocene, 1901.
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mations, so-called from Maryland localities where the strata are typi-
cally exposed.

The Miocene deposits lie unconformably upon those of the Kocene
and overlap them along their western border.~ In Declaware and south-
ern New Jersey they completely trausgress the Focene beds, the latter
having disappeared beneath the cover of Miocene strata.

The Miocene deposits consist of sands, clays, marls, and diatomaceous
beds.  The last, composed almost exclusively of the tests of diatomns,
are chiefly confined to the lower portion of the Calvert formation, where
they afford striking, light-colored blufls along many of the larger stream
channels. The nearly-pure diatomaccous earth often reaches a thick-
ness of 30 or 40 feet, although the remains of diatoms are found scat-
tered in greater or less amounts throughout much of the overlying
strata. The greater portion of the Chesapeake group, however, is com-
posed of variously colored sands and eclays, with which are frequently
mingled vast numbers of mollusean shells. Sometimes the shelly mate-
rials form so large a proportion of the deposits as to produce nearly
pure calcarcous strata, which in a partially comminuted state may he-
come cemented into hard limestone ledges. The organic remains are
very numerous and show clearly the Miocene age of the deposits. Their
great number carly attracted the attention of geologists, in whose writ-
ings descriptions of them are frequently found. Several faunas have
been distinguished on the basis of which, as well as on stratigraphic and
structural gronnds, the three well-defined formations, above referred to,
have been recognized by the State Geological Survey.

The Calvert formation consists of clay, sand, mar]l and diatomaceous
earth, the eclayey and sandy elements being more or less combined and
often filled with great numbers of fossils, affording a fossiliferous sandy-
clay. The Choptank formation consists of clay, sand and marl with
well-marked beds of fossils scattered through the formation. The St.
Mary’s formation is characteristically a fossiliferous sandy-clay with
here and there beds of clay and marl, the latter often filled with great
numbers of fossils.

PL10oCENE

Overlying the Miocene deposits in portions of southern Maryland

and older deposits along the landward borders of the Coastal Plain is
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a forination composed of gravel, sand and eclay, which thus far has
afforded no distinctive fossils upon which to base a determination of
its geologic age. From the fact that the deposits rest uncomformably
upon the underlying Chesapeake and are in turn unconformably over-
lain by the Pleistocene, they have been thought to represent the Plio-
cene. The apparent similarity of these deposits to those in Mississippi,
deseribed by Hilgard under the name of the Lafayette formation, has
led to the adoption of the same name for the strata of the Atlantie
Coast. The beds of the Tafayette are very irregularly stratified and
often change rapidly within narvow limits. Toward the aneient shore
line the deposits are coarse gravel, through whieh is scattcred a
light-colored sandy loam, the whole cemented at times by hydrous iron
oxide into a more or less compact conglomerate. The eastward exten-
sion of the formation shows a gradnal lessening of the coarser elements
and a larger admixture of loam. Arkosic materials are also present
throughout the formation, while the eoloring and manner of weathering
are highly characteristic, the exposed surfaces presenting what is known
as case-hardening.

PLEISTOCENE.

Superficially overlying the deposits hitherto deseribed and with
marked variations in thickness, composition and strueture are the Pleis-
toeene formations, whiel lie at various elevations from near sea-level to
200 feet in the different portions of the region. From their typical
development in the District of Columbia all the Pleistocene deposits of
the Middle Atlantie Slope received the name of Columbia formation
by MeGee, who described three distinet phases, viz., the fluvial, the
interfluvial, and the low-level. Later Darton recognized high-level and
low-level phases which he called earlier and later Columbia. More re-
cently Shattuek, of the State Geological Survey, has shown that greater
complexity exists in the Maryland Pleistocene deposits than had been
before recognized and that the later Columbia will have to be further
divided.

The Pleistocene deposits consist of gravel, sand, elay, and loam, the

material in general becoming finer and more fully stratified with dis-
tance from the old shore-line and river-channels. In the latter instance
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they at times eontain large numbers of marine mollusean shells, form-
ing a charaeteristie ealcareous marl. In general, however, the organie
remains eonsist largely of the branches and leaves of terrestrial plants,
many of which are exquisitely prescrved.

The Pleistocene deposits of the Middle Atlantie Slope, widely
known hitherto under the name of the Columbia group, have been
divided by the Maryland Geological Survey into the Sunderland,
Wicomico, and Talbot formations. The Sunderland formation, the
oldest member of the Columbia group, eonstitutes the highest of the
Pleistocene terraces and often eovers the highest levels along the west-
ern shore of the Chesapeake Bay, and consists of gravel, sand and elay
overlain by loam often earrying iee-borne boulders. The Wieomieo
formation oeeupies lower levels skirting the high lands capped with
Sunderland deposits. The Wieomieo formation like the Sunderland,
is eomposed of gravel, sand and clay which is often eapped with loam
and marly clay bearing here and there iee-borne boulders. The Talbot
formation oeeupies the lower levels of the Coastal Plain, seldom reach-
ing above 40 feet in altitude. It is eomposed of gravel, sand and clay,
with here and there large deposits of peat, and is generally overlain with
loam frequently carrying ice-borne boulders. The Talbot formation eon-
stitutes the lowest of the series of terraces previously described and has a
very much larger areal extent than any of the other members of the
Pleistocene.



GEOLOGICAL AND PALEONTOLOGICAL
RELATIONS, WITH A REVIEW OF
EARLIER INVESTIGATIONS

BY
GEORGE BURBANK SHATTUCK

Histor1cAL .REVIEW.!

For a period of more than 200 years the Miocene deposits of Mary-
land have attracted the attention of geologists. Two eonditions have
been of special importanee in creating this extraordinary interest; first,
the extensive beds of fossil shells which occur throughout the Mioeene
formations, and second, the unusually fine exposures which dissect the
beds in all directions. Notwithstanding the fact that Maryland holds
the key to the Mioeene stratigraphy of the Atlantie states the early
contributions to our knowledge regarding this region were of little

importanee even as reeonnoissanee reports, and only very slowly have
the true relations of the Mioeene beds been brought to light.
As carly as 1669 Nathaniel Shrigley wrote regarding “ Relations of

Virginia and Maryland,” and mentioned fullers earth among the other
natural resources found in that region. No definite locality was given
where this deposit eould be found, but it is probable that the author
had in mind the extensive deposits of greenish sandy clay, which occur
in the Calvert Cliffs and clscwhere and have long been known to the
inhabitants of southern Maryland as “ fullers earth.”

lIn citing books in this and the subsequent chapter on Bibliography, the author

has not confined himself to articles pertaining to Maryland alone, bnt has also

referred to important works which treat of similar deposits in neighboring states.

As the geologic province extends from Marthus Vineyard southward to Florida and

is not interrupted by political boundaries, some notice of neighboring regions must
be given.
(v
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A few years later, in 1685, Martin Lister published a figure of Ecphora
quadricostata. This was the first American fossil to be figured, and
the original came from the Miocene of Maryland. Lister’s work was
rcpublished by Dillwyn in 1823 and his figure of Ecphora quadricostata
is reproduced as Plate LI, Fig. 3, of this volume.

Nothing more of geologic interest seems to have been written re-
garding this region until the year 1809 when Silvain Godon published
a paper in which he assigned all the country between Baltimore Bay
and the right bank of the Potomac, where Washington City is located,
to “ Alluvium.” He did not give boundaries or indicate how far he
wished to carry this classification toward Chesapeake Bay, but it is
probable that the entirc Coastal Plain south of Baltimore and cast
of the Potomac was included in his conception.

In the same year, 1809, a noteworthy paper was published by Wil-
liam Maclure. He included the entire Coastal Plain of Maryland in
one formation, the “ Alluvial,” and so represented it on a geological
map. He described the unconsolidated Coastal Plain deposits from
Long Island southward, indicated the boundaries of the Alluvial forma-
tion and noted the presence of fossils. This paper was reprinted in
substance in various magazines in 1811, 1817, 1818 and 1826. Maclure’s
views seemed to have attracted considerable attention at first, for in
1820 Hayden incorporated them in his “ Geological Essays” and
attempted to establish the theory that the Alluvial was deposited by a
great flood which came down from the north and crossed North America
from northeast to southwest. The following year Thomas Nuttall re-
ferred the Coastal Plain deposits to the Second Calcareous formation
of Europe, pointed out the fact that it occupied the country east of
the primitive and transition formations of the Piedmont Plateau; and
fixed Annapolis as about its northern limit. The next year, 1822,
Parker Cleaveland brought out his treatise on Mineralogy. In this
interesting volume he reproduced Maclure’s map and recorded the
occurrence of selenite crystals in the Alluvial soil on the St. Mary’s
bank of the Patuxent river. He probably had in mind the locality
directly opposite Solomons Island.

Professor John Finch, an Englishman, who was traveling in America
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at about this time, visited the Coastal Plain of Maryland and was so
impressed with its intcresting geology and vast deposits of fossils, that,
on his return to Europe, he published an aecount of his experiences in
southern Maryland, and drew some interesting conelusions regarding
its geology. Finch in this book, which appeared in 1824, took excep-
tion to the classifications proposed by his predecessors. He believed
that the deposits included under the term ¢ Alluvial” were contem-
poraneous with the Lower Secondary and Tertiary of Europe, Iceland,
Egypt and Hindoostan. He went further and divided Maclure’s  Allu-
vial ” up into Ferruginous Sand and Plastic Clay. He believed that
the Plastie Clay was Tertiary, and based his conelusions on the pres-
ence of amber, which he found entombed in it at Cape Sable, eorrelat-
ing it with the amber of the Baltic. He also assigned to the Plastic
Clay certain of the Indian kitchen-middens, which are found along
the shore of Chesapeake Bay, thus opening a eontroversy regarding
the age of these interesting deposits of oyster shells which did not reach
a final settlement until many years later. He belicved that the mate-
rials composing his Ferruginous Sand and Plastic Clay were dcposited
by a flood from the north or the northwest, agreeing somewhat closely
with Hayden in this partieular. His correlations were based almost
entirely on lithologic distinctions, supported by a general similarity of
fossil forms. No eritical study of the fossils was undertaken, however,
and few loealities were given and no geologie boundaries whatever. It
is eonsequently impossible to aseertain where he intended to place the
formations whieh we now aseribe to the Miocene, and which he surely
visited. He might have thought them to belong to the London Clay,
together with those of the James and Rappahannock rivers, which he
also visited and aseribed to this formation, but it is more likely that
he placed them in the Plastie Clay. One thing, however, he perceived
very keenly—that the deposits in the Coastal Plain would with future
work be separated into many distinct formations. This propheey has
sinee been fulfilled. During the same year Thomas Say deseribed the
eollection of fossil shells made by Finch, and among them appeared
many Maryland forms. This eolleetion is preserved in the British
Museum.
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In the year 1825 J. Van Renssellaer assigned the deposits of the
Coastal Plain to the Tertiary, and divided them into Plastie Clay,
London Clay and Upper Marine. He further eorrelated the deposits
of Maryland which we now know as Miocene with the Upper Marine of
Europe and probably in part with the London Clay. It should be
noted here, however, that Fineh had previously used Upper Marine in
a different sense. He had applied it to the sand dune formations of
Cape Henry and Staten Island, while Van Renssellaer adopted it for a
true fossiliferous formation of very mueh greater age than the deposits
which Fineh had embraeced under the same name. Threc years later,
in 1828, Morton, although aeecepting Van Renssellaer’s correlation of
the great deposits of fossil shells in the Maryland Coastal Plain with
the Upper Marine of Europe, apparently used the term in a much
wider sense than its author had employed. He also gave a list of the
fossil forms oeeurring in the Upper Marine, and ineluded some whieh
have sinee been shown to.be later than Miceene. During the same
year Vanuxem divided the Alluvial and Tertiary of the Atlantie Coast
into Seecondary, Tertiary and Ancient and Modern Alluvial. In this
elassifieation the Miocene of southern Maryland was included in a part
of the Tertiary. He stated further that vast numbers of * Littoral ”
shells oeeurred in the Tertiary analogous to those of the Tertiary of
the Paris and English basins. He mentioned St. Mary’s eounty particu-
larly as being one of the Tertiary localities, and he also pointed out
some of the differences between the faunas of the Secondary and
Tertiary formations.

Conrad brought out his first publieations bearing on the Miocene
geology of Maryland in 1830. He agreed with Vanuxem in plaeing
southern Maryland in the Tertiary and pointed out a number of loeali-
ties where fossil shells eould be found. Two years later Conrad pub-
lished another paper in which he divided up the Coastal Plain deposits
into six formations. This was the first time that the Coastal Plain had
been eclassified so as to show its extreme eomplexity, and from this time
on it has been dealt with, not as a deposit eontaining a few formations
but as a series of deposits eomplex in eomposition and age. Conrad
at this time aseribed the Miocene of Maryland to the Upper Marine
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and made it equivalent to the Upper Tertiary of Europe. The follow-
ing year John TFinch published another book on his travels in Mary-
land which had been made almost a decade before. In this narrative,
Finch gives a most interesting account of the great delight which he
experienced in collecting from the emormous deposits of fossil shells
in St. Mary’s county. The same year Morton published another paper
in which he proposed a classification of the Coastal Plain deposits.
In this no distinet reference was made to Maryland but it is probable
that he still regarded the Miocene of this state as Upper Marine.
During the samec year also Isaac Lea described some fossils from the
St. Mary’s river and regarded them as older Pleiocene. He, too, doubted
the existence of the Miocene in Maryland. The next paper of import-
ance was published by Conrad, in 1835, in which he assigned the Mio-
cene deposits to the older Medial Pleiocene. In the following year
Ducatel referred the deposits of St. Mary’s and Calvert counties to
older Pleiocene and distincﬂy stated that they were not Miocene. He
also published a map of southern Maryland in which various deposits
were marked and the names of the formations given in red letters.
W. B. Rogers was the first to recognize the presence of Miocene de-
posits in Maryland. He made the announcement in 1836 that part of
the Maryland Tertiary belonged to the Miocene. The following ycar
Ducatel agreed that if the deposits of Upper Marlboro and Fort Wash-
ington were Eocene then the blue marl of Charles county was Miocene.
This view, he said, he had formerly entertained but had afterward
abandoned it. During the next year Conrad ascribed formations to
the Medial Tertiary and correlated them with the Crag of England.
He noted the great diffcrence between the fossil and living species,
showing that the Medial Tertiary contained but 19 per cent. of living
species. He thought that the extermination was due to a fall of
temperature. In the same and the following years he described many
fossils from the Miocene of Maryland and in 1842 he correlated his
Medial Tertiary with the Crag of England and stat.ed it was Miocene.
The boundaries which he gave the Miocene at that time were not
greatly different from the boundaries which are ascribed to the Chesa-
peake Group of to-day. In 1844 Bailey described some ten species of
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diatoms from Maryland and Ehrenberg, in the same year enumecrated
sixty-eight species from Piscataway and included many Miocene forms
among them. Rogers, in the same year, assigned the diatomaccous
earth to a position near the base of the Miocene.

About this time much interest was created in the Miocene problem
of Maryland by Sir Charles Lyell. He regarded these deposits as
Miocene, and gave at some length his rcasons for this opinion. He
also stated that the Miocene of Maryland agreed more closely with the
Miocene of Lorraine and Bordeaux than to the Suffolk Orag. Lonsdale
also concluded from the corals collected in the Miocene which
were submitted to him for examination, that the American deposits
were probably accumulated while the climate was somewhat superior ”
to that of the Crag and ““perhaps ” equal to that of the faluns of Lor-
raine but “inferior ” to that of Bordcaux. In the same year Conrad
described and figured many fossils from the Calvert Cliffs. In the
year 1850 Higgins gave analyses of many samples of marl from Kent,
Talbot and Anne Arundel counties. It is probable that many of these
marls belong to the Miocene.

No more papers of importance appeared on the Maryland Miocene
until 1863 when Dana brought out his first edition of the Manual of
Geology. In this work he took oceasion to propose the term ““ York-
town epoch ” for the period during which the Miocene of the Atlantic
coast was deposited. The next paper of significance was published by
Heilprin in 1881, in which he discussed the Miocene at some length, and
divided it into an “ Older period ” and a “ Newer period.” The Older
period contained the older portion of the Miocene of Maryland; and
the Newer period, the later portion. He subdivided the Newer period
again into the Patuxent Group and the St. Mary’s Group. The next
year, the same author revised his classification and divided the Miocene
into three groups as follows: the Carolinian or the Upper Atlantic
Miocene including the Sumpter epoch of Dana, the Virginian or Middle
Atlantic Miocene including part of the Yorktown of Dana and the
Newer group of Maryland, and the Marylandian or the Older Atlantic
Miocene including the rest of Dana’s Yorktown and the older period

of Maryland. He suggested that the Virginian was of the same age
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as the second Mediterranean of Austrian geologists and the faluns of
Tourraine, and that the Marylandian was, at least in part, equivalent
to the first Mediterranean of Austrian geologists and faluns of Leognan
and Saucats. Three years later the same author published a map
showing the distribution of these formations along the Atlantic coast.
In 1888 Otto Meyer took exception to Heilprin’s correlation and con-
clusions, and introduced the term Atlantic Group to embrace the Ter-
tiary of the Atlantic States, and Gulf Group for that of the Gulf
States. The Maryland Miocene lay wholly within the Atlantic group.

Three years later Darton employed the term “ Chesapeake Group ”
to cover a portion of the Miocene and in the following year Dall and
Harris published their report on the Miocene deposits in the Correla-
tion Papers of the U. S. Geological Survey, and used the term “ Chesa-
peake Group ” to include the Miocene strata extending from Delaware
to Florida. These deposits werc made during the Yorktown epoch of
Dana and the group included a large part of Heilprin’s Marylandian,
Virginian and Carolinian. Two years later Harris, basing his work
on a study of the organic remains found in the Miocene, subdivided the
Miocene faunas of Maryland into the Plum Point fauna, the Jomnes
Wharf fauna and the St. Mary’s fauna.

The following year Darton, by bringing together a large number of
well records throughout the Coastal Plain from New Jersey southward,
réndered a most important service to the study of the Miocene problem
in Maryland by suggesting the structure and extent of the beds through-
out the region. In his Fredericksburg folio, published in the same
year, he was the first one to express, on a contour map, the develop-
ment of the Miocene throughout a portion of southern Maryland and
eastern Virginia. The following year Dana admitted Harris’s faunal
zones but still retained the term  Yorktown,” to part of which he
assigned the Maryland beds. In 1896 Darton published a bulletin
under the auspices of the U. S. Geological Survey, in which he brought
together a large number of well records throughout the Coastal Plain.
He also published the Nomini folio, and carried forward the mapping
of the Miocene deposits which he had previously started in the Freder-
icksburg folio.
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Fig. 1.—CLIFFS CONTAINING BEDS OF DIATOMACEOUS EARTII, LYONS WHARF,
CALVERT COUNTY.

Fig. 2.-- DIATOMACEOUS EARTH I'IT OF NEW YORK SILICITE COMPANY, LYONS WIIARF,
CALVERT COUNTY.

VIEWS OF MIOCENE SECTIONS.
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In 1898 Dall published a most important summary of existing knowl-
edge of the Tertiary of North Ameriea, in which he suggested a sub-
sidence and classification of the Maryland Miocenc deposits and cor-
related them with the strata of other parts of North America and of
Europe.
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Trans. Microscopical Soc. of London, n. s. vol. ix, 1861, pp. 5-9.

Rocers, W. B. Infusorial earth from the Tertiary of Virginia and
Maryland. (Read May 4, 1859.)

Proc. Boston Soc. Nat. Hist., vol. vii, 1861, pp. 59-64.

Tyson, P. T. [Letter from Mr. Tyson of Maryland on Tripoli.]
(Read Dec. 1860.)

Proc. Acad. Nat. Sci., Phila., vol. xii, 1861, pp. 550-551.

1862.

Conrap, T. A. Catalogue of the Miocenc Shells of the Atlantic
Slope.
Proc. Acad. Nat. Sci., Phila., vol. xiv, 1862, pp. 559-582,

Description of New, Recent and Miocene Shells.
Proc. Acad. Nat. Sci., Phila., vol. xiv, 1862, pp. 583-586.

Tyson, Prinie T. Second Report of Philip T. Tyson, State Agri-
cultural Chemist, to the House of Delegates of Maryland, Jan. 1862.
8vo. 92 pp. Annapolis, 1862.

Md. Sen. Doc. [F1.

1863.
Daxa, James D. Manual of Geology. Phila. 1863.

1864.

Mexx, F. B. Check list of the Invertebrate fossils of North America.
Miocene.
Smith. Misc. Col., vol. vii, art. vii, 1864, 34 pp.
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1866.
Coxrap, T. A. Illustrations of Miocene Fossils, with Descriptions
of New Species.
Amer, Jour. Conch,, vol. ii, 1866, pp. 65-74, plates 3 and 4.
Deseriptions of new species of Tertiary, Cretaceous and Recent
Shells.
Amer. Jour. Conch., vol. ii, 1866, pp. 104-106.

1867.

Copg, E. D. An addition to the Vertebrate Fauna of the Mioeccne
Period, with a Synopsis of the Extinet Cctacea of the United States.
Amer, Jour. Conch,, vol. iii, 1867, pp. 257-270.

Core, E. D. An addition to the Vertebrate Fauna of the Miocene

Period, with a Synopsis of the Extinct Cetacea of the United States.
Proc. Acad. Nat. Sci., Phila., vol. xix, 1867, pp. 138-156.

Extinct mammalia from Mioccne of Charles Co., Maryland.
Proc. Acad. Nat. Sci., Phila., vol. xix, 1867, pp. 131-132.

GrLL, TirEODORE. On the Genus Fulgur and its Allies.
Amer. Jour. Conch., vol. iii, 1867, pp. 141-152.

Hreerns, JAMES. A Succinet Exposition of the Industrial Resources

and Agricultural advantages of the Statec of Maryland.

Md. House of Delegates, Jan. Sess., 1867 [D1], Svo, 109, iii, pp.
Md. Sen. Doc., Jan. Sess., 1867 [U].

1868.

Coxrap, T. A. Descriptions of new Genera and Species of Miocene
Shells, with notes on other Fossil and recent Speeies.
Amer. Jour. Conch., vol. iii, 1868, pp. 257-270.

———— Deseriptions of Miocene Shells of the Atlantie Slope.
Amer. Jour. Conch., vol. iv, 1868, pp. 64-68.

Corg, E. D. [Extinct Cetacea from Miocene of Charles Co., Md.]
Proc. Acad. Nat. Sci., Phila., vol: xx, 1868, pp. 159-160,

——— Second Contribution to the History of the Vertcbrata of the
Miocene Period of the U. S.
Proc. Acad. Nat. Sci., Phila., vol. xx, 1868, pp. 159, 184-194.

[Remarks on extinet Reptiles.]
Proc. Acad. Nat. Sci., Phila., vol. xx, 1868, p. 313.
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1869.

CoxraD, T. A. Descriptions of and References to Miocene Shells of
the Atlantic Slope, and Descriptions of two new supposed Cretaccous
Species.

. Amer. Jour. Conch., vol. iv, 1869, pp. 278-279.

Descriptions of New Fossil Mollusca, principally Cretaceous.
Amer. Jour. Cench., vol. v, 1869, pp. 96-103, pl. ix.

Notes on Recent and Fossil Shells, with Descriptions of new

Genera.
Amer. Jour. Conch., vol. iv, 1869, pp. 246-249.

Descriptions of Miocene, Eocene and Cretaceous Shells.

Amer. Jour. Conch,, vol. v, 1869, pp. 39-45, pls. i and ii.

Corg, E. D. Third Contribution to the Fauna of the Miocene Period
of the United States.

Proc. Acad. Nat. Sci., Phila., vol. xxi, 1869, pp. 6-12.

Lemy, Josepii. The Extinet Mammalian Fauna of Dakota and Ne-
braska, including an account of some allied forms from other localities,
together with a Synopsis of the Mammalian Remains of North America.

Jour. Acad. Nat. Sci., Phila., 2nd ser., vol. vii, pp. 1-472.

Locaw, Wu. E. Geological Map of Canada and the Northern United
States.
(Rev.) Amecr. Jour. Sci., 2nd ser., vol. xlix, 1870, pp. 394-398.

1870.

Corg, E. D. The Fossil Reptiles of New Jersey.
Amer. Nat., vol. iii, pp. 84-91.

MarsHm, O. C. Notice of some Fossil Birds from the Cretaceous and
Tertiary Formations of the United States.
Amer. Jour. Sei., ser. ii, vol. xlix, pp. 205-217.

1871.

Corg, E. D. Synopsis of the Extinct Batrachia, Reptilia and Aves of
North Amcrica.

Trans. Amer. Philos. Soc., vol. xiv, pp. 1-252.
1872.

Hrrcmeock, C. H.  Description of the Geological Map.
Ninth Census, vol. iii, Washington, 1872, pp. 754-756.



MARYLAND GEOLOGICAL SURVEY lv

1874.
Dana, J. D. Manual of Geology. 2nd edition. New York, 1874.
pp. 828.
1875.
Corg, E. D. Synopsis of the Vertebrata of the Miocene of Cumber-
land County, New Jersey.
Proc. Amer. Philos. Soc, vol. xiv, pp. 361-364.

JorinsToN, CHRISTOPHER. About the rediscovery of the “ Bermuda

Tripoli ” near Nottingham, on the Patuxent, Prince George’s County,
Md.

Proc. Boston Soc. Nat. Hist., vol. xvii, 1875, pp. 127-129.

SULLIVANT, J. [Letter to Professor Christopher Johnston on Ber-
muda Tripoli in Maryland.]

Proc. Boston Soc. Nat. Hist., vol. xvii, 1875, pp. 422-423.

1877.

Lempy, J. Description of Vertebrate Remains, chiefly from the
Phosphate beds of South Carolina.

Jour, Acad. Nat. Sci., Phila.,, 2nd ser., vol. viii, pp. 241, 242, 243, 2435,
pl. xxxi, figs. 14-18; pl. xxxii, figs. 6, 6a, 7, 7a; pl. xxxiii, figs. 4 and 5.
1880.
Daxa, J. D. Manual of Geology. 3rd edit.
HrirpriN, ANGeLo. On the Stratigraphical Evidence Afforded by
the Tertiary Fossils of the Peninsula of Maryland.
Proc. Acad. Nat. Sci.,, Phila., vol. xxxii, 1880, pp. 20-33.

1882.

Hrereerin, ANgeLo. On the relative ages and classification of the
Post-Focene Tertiary Deposits of the Atlantic Slope.

Proc. Acad. Nat. Sci., Phila., vol. xxxiv, 1882, pp. 150-186.
(Abst.) Amer. Jour. Sci., 3 ser., vol. xxiv, 1882, pp. 228-229. Amer. Nat,,
vol. xvii, 1883, p. 308. Science, 1882, p. 183.

1883.
Brantry, W. T. Maryland.

Encyclopedia Britannica, vol. xv, New York, 1883, pp. 602-605.

LecoNtE, Jas. Elements of Geology. 2nd. edition. New York,
1883.

WILBUR, F. A. Marls.
Mineral Resources U. S, 1882, Washington, 1883, p. 522.
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1884.

HErpriN, ANGELo. Contributions to the Tertiary Geology and
Paleontology of the United States. 4to. 117 pp., map. Phila., 1884.

The Tertiary Geology of the Rastern and Southern United

States.
Jour. Acad. Nat. Sci., Phila., vol. ix, 2nd ser., 1884-85, pp. 115-154, pl. iv.

North American Tertiary Ostreidae.

4th Ann. Rept. U. S. Geol. Surv., 1882-83, ‘Washington, 1884, pp. 309-316.
(Appendix I to C. A. White’s Fossil Ostreidae of North America).

1885.
Wittiams, A., Jr. (Editor). Infusorial Earth.
Mineral Resources U. S., 1883-1884, ‘Washington, 1885, p. 720.

Zrrrer, Karn A. Handbuch der Palacontologie. I Abtheil. II
Band. Munich und Leipzig, 1885. p. 270.

1886.

PavToosEK, J. Beitrag. Kenntniss foss. Bacillarien Nuganis. Theil
I, 1886, p. 385, pl. xxvii, fig. 262.

1887.

Day, D. T. Infusorial Earth.
Mineral Rcesources, U. S., 1886, Washington, 1887, p. 587.

Dunoan, P. M. On a new Genus of Madreporaria (Glyphastraea),
with Remarks on the Morphology of Glyphastraea Forbesi Ed. & H.
from the Tertiaries of Maryland, U. S.

Quart. Jour. Geol. Soc., London, vol. xliii, 1887, pPp. 24-32, pl. iii.

Hemwerin, A. The Miocene Mollusca of the State of New Jersey.
Proc. Acad. Nat. Sci., Phila., 1887, pp. 397-405.

Explorations on the West Coast of Florida and of the Okeecho-
bee Wilderness.

Trans. Wagner Free Inst. Sci., vol. i, 1887, pp. 1-8, 1-134,

Abst. Amer. Jour. Sci., 3rd ser., vol. xxxiv, 1887, Pp. 230-232.

Pop. Sci. Monthly, vol. xxxiii, 1887, pp. 418.
Fossils of the Pliocene (“ Floridian”) Formation of the Ca-
loosahatchie. Explorations on the West Coast of Florida, ete.

Trans. Wagner Free Inst. Sci., Phila., 1887, vol. i, pp. 68-104.

Hrircuoock, C. H. The Geological Map of the United States.
Trans. Amer. Inst. Min. Eng., vol. xv, 1887, pp. 465-488.
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1888,

Crarx, WM. B. On three Geological Exeursions made during the
months of Oectober and November, 1887, into the southern eounties of
Maryland.

Johns Hopkins Uniy. Cir. No. 63, vol. vii, 1888, pp. 65-67.

Day, D. T. (Editor). Infusorial Earth.
Mineral Resources U, S., 1887, Washington, 1888, p. 554.

McGeg, W J. Three Formations of the Middle Atlantie Slope.

Amer. Jour. Sci., 3rd ser., vol. xxxv, 1888, pp. 120-143, 328-331, 367-388,
448-466, plate ii.
(Absts.) Nature, vol. xxxviii, 1888, pp. 91, 190.
Amer. Geol,, vol. ii, 1888, pp. 129-131.

Hivpg, G. J. On the History and Characters of the Genus Septas-
traea, D’Orbigny (1849) and the Identity of its Type Speeies with that
of Glyphastraea, Duncan (1887).

Quart. Jour. Geol. Soc., London, vol. xliv, 1888, pp. 200-227, pl. ix.

MEeYER, O1T0. Some remarks on the present state of our Knowledge
of the North American Eastern Tertiary.
Amer. Geol., vol. ii, 1888, pp. 88-94.

Upper Tertiary Invertebrates from West Side of Chesapeake
Bay.
Proc. Acad. Nat. Sci., Phila., 1888, pp. 170-171.

Unter, P. R. Observations on the Eocene Tertiary and its Cretaceous
Assoeiates in the State of Maryland.
Trans. Md. Acad. Sci., vol. i, 1888, pp. 11-32.

1889.

Darr, WitLiam HEarey. A Preliminary Catalogue of the Shell-
bearing Marine Mollusks and Brachiopods of the Southeastern Coast of
the United States.

Smith. Insu., U. S. Nat. Mus., Bull. xxxvii.

Unrer, P. R. Additions to observations on the Cretaccous and
Eoeene formations of Maryland. :
Trans. Md. Acad. Sci., vol. i, 1889, pp. 45-72.

WoorMmaN, Linwis. Artesian wells, Atlantie City, New Jersey.
New Jersey Geol. Survey, Report of State Geologist for 1889, pp. 89-99.
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1890.

Crarg, WM. B. Third Annual Geological Expedition into Southern
Maryland and Virginia.

Johns Hopkins Univ. Cir. No. 81, vol. ix, 1890, pp. 69-71.

Corg, E. D. The Cetacea.

Amer. Nat., vol. xxiv, pp. 599-616, pls. xx-xxiii.

Darr, W. H. Contributions to the Tertiary Fauna of Florida, with
especial reference to the Miocene Silex-beds of Tampa and the Pliocene

beds of the Caloosahatchie River. Part I. Pulmonate, Opisthobranchi-
ate and Orthodont Gastropods.

Trans. Wagner Free Inst. Sci., Phila., vol. iii, part i, 1890, pp. 1-200, pl. i-xii.

Day, D. T. Abrasive Materials.
Mineral Resources U. 8., 1888, Washington, 1890.

MACFARLANE, J. R. An American Geological Railway Guide. 2nd
edit. 8vo, 426 pp. Appleton, 1890.

RorrHAy, J. Revision of the Genus Actinocyclus.
Jour. Luckett-Micro Club, ser. ii, vol. iv, No. 27, 1890, pp. 137-212.

UnLer, P. R. Notes on Maryland.
Macfarlane’s An American Geol. R. R. Guide, 2nd Edit., Appleton, 1890.

— Notes and 1llustrations to “ Observations on the Cretaccous
and Eocene Formations of Maryland.”
Trans. Amer. Acad. Sci., vol. i, 1890, pp. 97-104.

WoormaXN, Lewis. Geology of Artesian Wells at Atlantic City, N. J.
Proc. Acad. Nat. Sci., Phila., 1890, pp. 132-147.

1891.

Crark, W. B. Report on the Scientific Expedition into Southern
Maryland. [Geology; W. B. Clark. Agriculture; Milton Whitney.
Archaeology; W. H. Holmes.]

Johns Hopkins Univ. Cir. No. 89, vol. x, 1891, pp. 105-109.

Darr, Wa. H. Elevation of America in Tertiary Periods.
Geol. Mag. n. s. dec. iii, vol. viii, 1891, pp. 287-288.

Elevation of America in the Cenozoic Periods.
Amer. Nat., vol. xxv, 1891, pp. 735-736.
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Dartoxn, N. H. Mesozoic and Cenozoic Formations of Eastern Vir-
ginia and Maryland.

Bull. Geol. Soc. Amer., vol. ii, 1891, pp. 431-450, map, sections.
(Abst.) Amer. Geol., vol. viii, 1891, p. 185.
Amer. Nat,, vol. xxv, 1891, p. 658.

Harris, Giusert D. On the Compounding of Nassa triviltala Say
and Nassa peralla (Con. sp.)
Amer. Geol., vol. viii, 1891, pp. 174-176.

McGee, W J  The Lafayette Formation.
12th Ann. Rept. U. S. Geol. Surv.,, 1890-91, Washington, 1891, pp. 347-521.

———— Geology of Washington and Vicinity.

Tn Guide to Washington and its Scientific Institutions.
Compte rendu, International Congress of Geologists, 1891.
Ilouse Misc. Doc., 53rd Cong., 2nd sess., vol. xiii, No, 107.

Administrative Reports. Geologic and Paleontologic Investi-
gations,
12th Ann. Rept. U. S. Geol. Surv., 1890-91, Washington, 1891, part i, pp
72, 76, 117.
WooLMAN, Lewis. Artesian wells and water-bearing horizons of
Southern New Jersey (with a “mnote on the extension southward of
diatomaceous clays and the occurrence there of flowing artesian wells 7).

New Jersey Geol. Surv., Rept. State Geologist for 1890, 1891, pp. 269-276.
Also published separately.

1892.

Darr, W. H. Contributions to the Tertiary Fauna of Florida, cte.
Part II. Streptodont and other Gastropods.
Trans. Wagner Free Inst. Sci., Phila,, vol. iii, part ii, 1892, pp. 201-473, pl.
xiii-xxii.
and Harris, G. D. Correlation Papers—Neocene.

Bull. U. 8. Geol, Surv. No. 84, 1892.
House Misc. Doc., 52nd Cong., 1st sess., vol. xliii, No. 337.

Dartox, N, H. Physiography of the region [Baltimore and vieinity |
and Geology of the Sedimentary Rocks. Guide to Baltimore, with an
account of the Geology of its cnvirons and three maps. Baltimore,
1892. pp. 123-139.

Day, D. T. (Editor). Infusorial Earth.

Mineral Resources U. 8., 1889-90, Washington, 1892, p. 459,

Eleventh Census Rept. Mineral Industries, 1892, pp. 707-708.

House Misc. Doc.. 1st sess. 52nd Cong., vol. 50, pt. i, 1892; pp. 707-703.
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Witniams, G. H. (Editor). Guide to Baltimore, with an account of
the Geology of its environs and three maps. Baltimore, 1892.

Woorman, LEwis. A review of Artesian Horizons in Southern New

Jersey, etec.

New Jersey Geol. Surv,, Rept. State Geologist for 1891, 1892, pp. 223-245,
Also published separately.

1893.

Darr, Wa. H.  Republication of Conrad’s Fossils of the Medial Ter-
tiary of the United States, with Introduction. Phila., 1893.

Darron, N. H. The Magothy Formation of Northeastern Maryland.
Amer. Jour. Sci., 3rd ser., vol. xlv, 1893, pp. 407-419, map.

Cenozoic History of Eastern Virginia and Maryland.

Bull. Geol. Soc. Amer., vol. v, 1893, p. 24.

(Abst.) Amer. Jour. Sci., 3rd ser., vol. xIvi, 1893, p. 305.

GEIKIE, A. Text Book of Geology. 3rd edit. 8vo. 1147 pp. Lon-
don: Macmillan Co., 1893.

Harrts, G. D. Republication of Conrad’s Fossil Shells of the Ter-
tiary Formations of North America, with Introduction. 8vo. 121 pp.
20 plates. Washington, D. C., 1893.

The Tertiary Geology of Calvert Cliffs, Md.
Amer. Jour. Sci., 3rd ser., vol. xlv, 1893, pp. 21-31, map.

Remarks on Dall’s collection of Conrad’s works.
Amer. Geol., vol. xi, 1893, pp. 279-281.

WirLiams, G. H. Mines and Minerals [of Maryland].

Maryland, its Resources, Industries and Institutions, Baltimore, 1893,
pp. 89-153.

, and CLARK, W. B. Geology [of Maryland].

Maryland, its Resources, Industries and Institutions, Baltimore, 1893,
pp. 55-89.

(Rev.) Amer. Geo., vol. xi, 1893, pp. 396-398.

WoorLmax, Lewis. Artesian Wells in Southern New Jersey.
New Jersey Geol. Sur., Report State Geologist for 1892, 1893, pp. 275-311.

1894.

Crark, WM. BuLrock. The Climatology and Physical Features of
Maryland.

1st Biennial Rept. Md. State Weather Service, 1894,
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Darr, W. H. Notes on the Mioeene and Plioeene of Gay Head, Mar-
tha’s Vineyard, Mass., and of the “Land Phosphate” of the Ashley
River distriet, South Carolina.

Amer. Jour. Sci., 3rd ser., vol. xlviii, 1894, pp. 296-301.

DartoN, N. H. An outline of the Cenozoic History of a Portion of
the Middle Atlantic Slope.
Jour. Geol., vol. ii, 1894, pp. 568-587.

Artesian Well Prospects in Eastern Virginia, Maryland and

Delaware.
Trans. Amer. Inst. Min. Eng., vol. xxiv, 1894, pp. 372-379, plates 1 and 2.

Fredericksburg Folio. Explanatory Sheets.
U. S. Geol. Surv. Geol. Atlas, folio No. 13, Washington, 189%4.
WirTrIELD, ROBERT Parr. Mollusca and Crustaeea of the Mioeene
Formations of New Jersey.
Mon. xxiv, U. S. Geol. Surv., 1894, pp. 112, 113, 123.
WooLMAN, LEwIs. Artesian Wells in Southern New Jersey.
New Jersey Geol. Surv., Rept. State Geologist for 1893, 1894, pp. 389-421.

1895.

Crarg, War. B. Deseription of the Geologieal Exeursions made dur-
ing the spring of 1895.
Johns Hopkins Univ. Cir. No. 121, vol. xv, 1895, p. 1.

Additional observations upon the Miocene (Chesapeake) de-
posits of New Jersey.
Johns Hopkins Univ. Cir, No. 121, vol. xv, 1895, pp. 6-8.

Copg, E. D. Fourth Contribution to the Marine Fauna of the Mio-
cene Period of the United States.
Proc. Amer. Philos. Soc., vol. xxxiv, pp. 135-155.

Darr, W. H. Contributions to the Tertiary Fauna of Florida, cte.
Part III. A New Classification of the Pelecypoda.
Trans. Wagner Free Inst. Sci., Phila., vol. iii, part iii, 1895, pp. 483-570.

Diagnosis of new Tertiary Fossils from the Southern United
States.

Proe. U. S. Nat. Mus., vol. xviii, 18935, No. 1035, pp. 21-46.

EastMaN, CHARLES R. Beitrige zur Kenntniss der Gattung
Ozyrhina, mit besonderer Beriieksichtigung von Ozyrhina Mantella Ag.
(mit Taf. xvi-xviii).

Palaeontogr., vol. xli, pp. 149-192.
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GANE, HENRY STEWART. A Contribution to the Neocene Corals of
the United States.
Johns Hopkins Univ., Cir. No. 121, vol. xv, 1895, pp. 8-10.

Woormax, LEwis. Artesian Wells in Southern New Jersey and at
Crisfield, Md.
New Jersey Geol. Surv., Rept. State Geologist for 1894, 1895, pp. 153-221.

1896.

Crark, Wa. B. The FEocene Deposits of the Middle Atlantic Slope
in Delaware, Maryland and Virginia.

Bull. U. 8. Geol. Surv. No. 141, 1896, 167 pp. 40 plates.
House Misc. Doc., 54th Cong., 2nd sess., vol. xxxv, No. 31.
(Abst.) Jour. Geol., vol. v, 1897, pp. 310-312.

Core, E. D. Sixth Contribution to the Knowledge of the Marine

Miocene Fauna of North America.
Proc. Amer, Philos. Soc., vol. xxxv, Pp. 139-146,

Darron, N. H. Artesian Well Prospects in the Atlantic Coastal
Plain Region.
Bull. U. S. Geol. Surv. No. 138, 1896, 228 pp., 19 plates.
House Mise. Doc., 54th Cong., 2nd sess., vol. xxxv, No. 28.
Nomini Folio, Explanatory shects.
U. 8. Geol. Surv., Geol. Atlas, folio 23, Washington, 1896.

Harris, G. D. A Reprint of the Paleontological Writings of Thomas
Say.
Bull. Amer. Pal., No. 5, 115 pp., Ithaca, 1896.

WoormaN, LEwis. Report on Artesian Wells.
New Jersey Geol. Surv., Rept. State Geologist for 1895, 1896, pp. 65-95.

1897.

Crark, W. B. Historical sketch embracing an account of the prog-
ress of investigation concerning the physical fcatures and natural re-
sources of Maryland.

Md. Geol. Surv., vol. i, pp. 43-138, pls. ii-v, 1897.

Outline of present knowledge of the physical features of Mary-
land, embracing an account of the physiography, geology, and mineral

resources.
Md. Geol. Surv., vol. i, pp. 141-228, pls. vi-xiii, 1897.
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Parker, E. W. Abrasive Materials.

Eighteenth Annual Rept. U. S. Geol. Survey, pt. v (continued), Mineral
Resources of the U. S., 1896, Washington, 1897, pp. 1229-1230.

SCHUCHERT, CIIARLES. A Synopsis of American Fossil Brachiopoda.

Bull. U. S. Geol. Surv., No. 87, 1897, 464 pp.

WoornmaN, LEwis. Report on Artesian Wells in Southern New Jer-

sey, ete.
New Jersey Geol. Surv., Rept. State Geologist for 1896, 1897, pp. 97-200.

1898. .
Baca, R. M. The Tertiary and Pleistocene Foraminifera of the Mid-

dle Atlantic Slope.
~ Bull. Amer, Pal., No. 10, 48 pp., 3 pls., Ithaca, 1898.

Darr, W. H. A Table of North American Tertiary horizons corre-
lated with one another and with those of western Europe, with annota-
tions.

18th Ann. Rept., U. S. Geol. Surv., pt. ii, pp. 327-348, 1898.

——— Contributions to the Tertiary Fauna of Florida, etc. Part IV.
1. Prionodesmacea; Nucula to Julia. 2. Teleodesmacea; Teredo to
Ervilia. .

Trans. Wagner Free Inst. Sci., Phila., vol. iii, part iv, 1898, pp. 571-947,
pls. xxiii-xxxv.

Notes on the Paleontological Publications of Professor William
Wagner.

Trans. Wagner Frec Inst. Sci., Phila., vol. v, 1898, pp. 7-11, pls. i-iii.

SHATTUCK, GEORGE BURBANK. Two Excursions with Geological Stu-
dents into the Coastal Plain of Maryland.

Johns Hopkins Univ. Circ. No. 137, vol. xviii, 1898, pp. 15-16. Also pub-
lished separately.

WoorLMAN, Lewis. TFossil Mollusks and Diatoms from the Dismal
Swamp, Virginia and North Carolina; Indication of the Geological Age
of the Deposit.

Proc. Acad. Nat. Sci., Phila., vol. 1, pp. 414-428.

1899.
CossMANN, M. Essais de Paléocorichologie comparée. Vol. iii, Paris,
1899, 201 pp., pl. i-viii.

GreExwy, L. C. The Hatteras axis in Triassic and Miocene time.
Amer. Geol., vol. xxiii, pp. 375-379, 1899.

WooLMaN, LEwIs. Artesian Wells in New Jersey.
New Jersey Geol. Surv., Report State Geol. for 1898, 1899, pp. 61-144.
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1900.
Bover, C. S. The Biddulphoid Forms of North American Diato-

maceae.
Proc. Acad. Nat. Sci., Phila., 900, pp. 685-748.

Darr, W. H. Contributions to the Tertiary Fauna of Florida, ete.
Part V. Teleodesmacea: Solen to Diplodonta.

Trans. Wagner Free Inst. Sci., Phila., vol. iii, part v, pp. 948-1218, pl
xxxvi-xlvii.

GANE, HENRY STEWART. Some Miocene Corals of the United States.
Proc. U. 8. Nat. Mus., vol. xxii, pp. 179-198, pl. xv.

WoorLmaN, LEwis. Artesian Wells.
New Jersey Geol. Surv., Rept. State Geologist for 1899, 1900, pp. 57-139.
1901.

Baga, R. M., Jr. Protozoa.
Md. Geol. Surv., Eocene, 1901, pp. 234, 246, 248, 250.

BownsreEL, JAY A, Soil Survey of St. Mary’s County, Md.

Field Opcrations of the Division of Soils, 1900, Washington, 1901, pp.
125-145.

———and BurxE, R. T. Avon. Soil Survey of Calvert County, Md.
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GEOGRAPHIC AND GEOLOGIC RELATIONS

DISTRIBUTION OF THE STRATA

The Miocene deposits of Maryland form a part of a more extensive
series of Tertiary beds, which extend from Massachusetts to Mexico in
what has been designated by Dall and Harris as the Atlantic Coast
Region. It'is not known whether the Miocene beds in this province
ever extended across it in an unbroken belt, but it is certain that the
processes of erosion, sedimentation and coastal movements have de-
stroyed much of their former continuity and that the Miocene beds are
now found in disconnected areas throughout the region.

Massachusetts
The most northerly outerop of Miocene beds is in the famous Gay
Head cliffs of Martha’s Vineyard, but material which has been question-
ably referred to the Miocene has been dredged on Georges Bank and
the banks of Newfoundland, indicating, possibly, the extension of the
Miocene deposits indefinitely northward beneath the sea. On Martha’s
Vineyard the Miocene beds rest uncorformably on pre-Tertiary deposits.
They consist of two members which are strikingly different from each
other in their lithologic composition. The lower member, the so-called
“ ogseous conglomerate ” of Hitchcock, is a bed from 12 to 18 inches
thick. It is composed of medium sized pebbles of quartz, chert, calce-
dony and fragments of cetacean bones. The presence. of these bones in
the formation suggested the name “ osseous conglomerate.” The upper
member which lies immediately above the osseous conglomerate, is a
bed of grecnsand which varies in thickness from nothing to 10 feet.
At its base it carries rolled fragments of the under-lying stratum,
showing that it was deposited unconformably on the osseous conglom-

erate.
New Jersey

Immediately south of Martha’s Vineyard the Miocene heds disappear
but come to the surface once more in New Jersey where they are well
developed in the hills south of Matawan, as well as along the coast
near Asbury Park. From here, uninterrupted save by shallow estuaries,

the Miocene beds extend southwest across New Jersey to Delaware.
e
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They cover, as they pass southward, an ever broadening belt extending
from the coast westward to a line running from Matawan southwest
through New Egypt, Pemberton, Blackwood and Penns Grove. In
this region, two well defined members are recognized, the lower one
being a greenish-blue, sandy clay abundantly supplied with fossils.
This is seen only in the southern portion of the tract, near Shiloh and
Salem. The other member lies above this and consists in part of clay
and in part of a fine quartz sand, grading upward into gravel. This
member covers by far the greater portion of the district and its upper
gravelly portion has been designated by Professor R. D. Salisbury as
the Beacon Hill formation.

Much discussion has centered about the age of the gravels which are
included in the Beacon Hill formation. Certain features which they
possess suggest their reference to the Lafayette formation but there
has never yet been discovered a definite line of separation between the
gravels above and the sands beneath but rather a gradual change indi-
cating an oscillating character of currents between the time when the
purely sandy member was deposited and the purely gravelly member.
It is probable, therefore, that no break exists and that the Beacon Hill
formation is actually a part of the Miocene.

Delaware

The state of knowledge regarding the Miocenc formations of Delaware
is far from satisfactory or complete. The surface of the state is cov-
ered with Pleistocene sands and gravels to such an extent as to effect-
ually obscure the underlying formations. The information which has
been secured from artesian wells and natural sections leaves little
room to doubt that the central and southern portions of the state are
underlain by the Miocene.

In the vicinity of Smyrna, a blue fossiliferous Miocene clay has been
discovered and also near Fredericka the same formation comes to the
surface. In both of these outcrops the best fossil-bearing layer is an
indurated sand or gravel bed.

Maryland

A glance at the accompanying map (Plate I) will suffice to show the
distribution of the Miocene formations in Maryland. They enter the
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state from Dclaware a few miles south of Galena, and after crossing
it from northeast to southwest continue on into Virginia. On the
Eastern Shore the Miocene formations are found in Kent county,
throughout a larger portion of Queen Anne’s, Talbot, Caroline and a
part of Dorchester counties, and on the Western Shore in southern
Annc Arundel, most of Prince Gceorge’s, a large part of Charles and
almost the entire extent of Calvert and St. Mary’s counties. Within
the limits of Maryland the Mioccne beds dip gently to the southeast
and usually, where the contact has been seen, are found to lie on the
eroded surface of the Eocene beds. Near Good Hope, however, and at
Soldiers’ Home, in the District of Columbia, the underlying forma-
tion belongs to the Potomac Group.

As the Miocene beds lie wholly within the tide-water region of
Maryland, the streams which drain the territory are tidal estuaries
throughout much of their courses and consequently are slow and slug-
gish. On the Eastern Shore we have the Chester and Choptank rivers
and their tributaries, together with streams emptying into EFastern
Bay; and on the Western Shore, the Patuxent and the Potomac and
the tributaries which enter the latter below Washington. Throughout
much of the area under discussion the country is low and featureless,
seldom rising in the eastern counties to 80 feet in elevation. On the
Western Shore, however, the surface is more rolling, and the gencral
elevation of the higher portion amounts in certain instances to as much
as 300 feet.

Southern Maryland is most favorably situated of all the districts in
the northern portion of the Atlantic Coast province for the study of
the Miocene formations. Within the borders of this district many of
the features which are wanting in other regions find their full develop-
ment. The materials composing the Miocene beds, which are ob-
scured in some other regions, here differentiate into three well-defined
formations, and the organic remains so indispensable to the geologist,
while absent in some deposits in other regions, are in Maryland found
in great beds many feet in thickness and miles in cxtent. In other
localities the exploration of these deposits is greatly retarded through
lack of exposures, but in this State we have, in the famous Calvert
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Cliffs, an almost unbroken exposure for more than 35 miles.  Southern
Maryand is, therefore, the type locality for the Miocene beds of the
Middle Atlantic slope.

Virginia

In Virginia, as in Delaware, the underlying formations have been so
concealed by the late gravel and sand deposits that they are seldom
cxposed except along river courses. Sections of the Miocene beds,
however, are often met with along the main drainage lines, each of
the great rivers of Virginia having exposed portions of the Miocene
for study. The best of these sections occurs at the famous Nomini
Cliffs a few miles below Mathias Point on the Potomac. These cliffs,
although only two miles in extent, surpass the Calvert Cliffs in height,
and yield the most comprehensive Miocene scction in Virginia. Along
the Rappahannock river the exposures are not so important but the
Miocene is cut through at intervals over a territory cxtending from
Cherry Point to Mosquito Point.

On the Pamunkey river the Mioccne is first met with, overlying the
Tocene at Piping Tree. From here it may be traced down stream some
little distance before it finally disappears beneath younger material.
Lower down on the York river the Miocene is met with once more six
miles above Yorktown and again at the famous locality, Bellefield, where
it is packed with fossil remains of the most varied character, many of
them in a most perfect state of preservation. Yorktown affords another
fine exposure of Miocene fossils although they are not as abundant as
at Bellefield.

On the James river the Miocene extends from Richmond some dis-
tance down the stream but finally disappears beneath its surface as
the banks become occupied by younger material. The only other expo-
sures on this river of importance arc found at Kings Mill in the vicinity
of Williamsburg. At this place, the river has cut into a high bank
exposing a cliff crowded with finely prescrved Miocene fossils.

North Carolina

In North Carolina the state of our knowledge regarding the Miocene
is very imperfect. It is much obscured by a cover of vounger material
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and appears to occupy isolated areas throughout the Coastal Plain,
although it is possible it may be more continuous than at first appears.
The exposures of the Miocene are found along many of its prineipal
rivers.
South Carolina
The Miocene in South Carolina is not very well known and has not
been earefully differentiated from the oéerlying Pliocene.

Gulf Coast

In Florida the Miocene is better known than in the Carolinas, and
the beds probably continue around the southern borders of the Gulf
States through Georgia, Alabama, Mississippi, Louisiana and Texas

into Mexico.

Tur CHESAPEAKE GroUP IN MARYLAND

The Miocene deposits of the Middle Atlantic slope have been de-
seribed under the name of the Chesapeake Group. In Maryland, the
materials which compose the formations of this group consist of elay,
sandy-clay, sand, marl and diatomaceous earth. The sandy-elay mem-
bers are, when freshly exposed, greenish to grecnish-blue but slowly
change under the influence of the weather to a slate or drab eolor.
As the Miocene beds contain but little glaueonite, it is not a difficult
task on the basis of lithologic eriteria to separate them from the Eocene
deposits, and they are still more readily distinguished from the Cre-
taceous and Potomac beds beneath as well as from the Columbia loams
and gravels above.

It has been found possible to scparate the beds of the Chesapeake
Group into three formations, whieh are designated, beginning with
the oldest, the Calvert formation, the Choptank formation and the
St. Mary’s formation. The areal distribution of the several formations
is shown on the accompanying geological map. (Plate I.)

THE CALVERT FORMATION.
Calvert eounty has suggested the name for this formation because
of its tvpical development there. In the famous Calvert Cliffs along
the castern border of this county the waves of Chesapeake Bay have
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eut an almost unbroken exposure rising nearly 100 feet in height and
extending from Chesapeake Beach to Drum Point, a distance of about
30 miles.

Areal Distribution.

The Calvert Formation which lies at the base of the Chesapeake Group
in Maryland erosses the state from northeast to southwest. On the
Eastern Shore it is found in the southeastern eorner of Kent county,
throughout almost the entire extent of Queen Anne’s and the northern
portions of Talbot and Caroline eounties. Throughout this region the
Calvert is so eompletely buried bereath the loam and sand of the
Columbia formations that its boundaries cannot with certainty be estab-
lished in all plaees. Its northern boundary, however, appears to enter
the state in the southeast corner of Kent county, passes over into Queen
Anne’s near Crompton, and then eontinues along the southern bank
of Chester river and erosses the southern half of Kent Island to the
Bay. The loeation of the southern boundary of the Calvert formation
eannot be definitely fixed, at the present stage of our knowledge. It
appears, however, to enter the state near Greensboro and to eross
Caroline and Talbot eounties as it passes southwest to the mouth of
the Choptank river.

On the Western Shore the Calvert formation is found extensively
developed in Anne Arundel, Prinee George’s, Charles, Calvert and St.
Mary’s counties. It appears as a long line of outerop extending from
the hills near the head of South river estuary to a place on the Calvert
Cliffs near Point of Rocks. With this breadth, it extends aeross south-
ern Maryland from Chesapeake Bay to the Potomac river, and is devel-
oped along the latter stream from the hills north of Washington to
the mouth of the Wicomico.

Notwithstanding this great development, the Calvert formation is
seldom met with on the surface of the eountry but must be sought in
the eliffs of the larger estuaries and in the walls of stream gorges.
As on the Eastern Shore so on the Western, the Calvert formation is
eovered up by younger formations. Thus, north of a diagonal line
running from Herring Bay to Popes Creek, which marks the disappear-
anee of the Eocene beds beneath tide level, the Calvert formation rests
on the Eocene deposits and is eovered up by loam, sand and gravel
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belonging to both the Lafayette and Columbia formations, while south
of the diagonal line the Calvert formation occupies the base of the
sections and is overlain with sands and clays belonging to the Chop-
tank formation, the next succeeding member of the Chesapeake Group.

“The northern and southern margins of the Calvert formation, or
the line of its contact with older and younger beds respectively, are not
in all places definitely known. The heavy mantle of Lafayette and
Columbia gravels makes it impossible to locate it accurately in all
places, but enough contacts have been discovered to establish its posi-
tion in many instances and to render the calculation of its presence
possible in others.

Strike, Dip and Thickness

The strike of the Calvert formation is in general from northeast to
southwest, but due to crosion and change in topography the outcrop
frequently becomes very sinuous and the strike apparently changes.
Thus on the Eastern Shore, where the country is low and very flat
and has been little dissected by strcams, the outcrop is regular and
approximately coincides with the strike. But on the Western Shore
the country is higher and the streams have carved out decp valleys,
producing & most irregular outcrop which departs widely from the
direction of strike.

The dip is, as a whole, about 11 feet to the mile toward the south-
east. Apart from the exposures on the Calvert and Nomini cliffs,
there are no good places for examining the dip and as it must be
calculated as a whole over extensive regions, slight changes which may
occur in the dip are not often brought to light.

The full thickness of the Calvert formation has been nowhere actu-
ally observed. The formation has been diagonally truncated above by
the Choptank and younger formations under which it lies uncon-
formably, so that in the region of Davidsonville the Calvert formation
shows only about 50 feet in thickness. We are fortunate in possessing
a reliable well-record at Crisfield in Somerset county, which passes
through the entire thickmess of Miocenc strata. In this well, the
thickness of the Calvert formation is apparently about 310 feet. Located
as this is in the extreme southern portion of the state and well
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down the dip, the data probably indicate a rapid thickening of
this formation as it passes southcast toward the ocean. At Cris-
field, the Calvert formation lies 465 feet below the surface of the
country, at Centerville it is found at a depth of 81 fect and is 65
feet thick, while at Chesapeake Beach on the Bay shore in Calvert county,
a well which begins in the Calvert formation a little above tide, passes
out of it at a depth of 60 fect.

The Calvert formation occupies the hilltops throughout the northern
portion of its area and gradually dips to lower and lower levels as it
passes toward the southeast until it finally sinks beneath tide level.
The line along which it finally disappears on the Western Shore is a
diagonal line extending from near Point of Rocks on Chesapeake Bay
through the mouth of Indian creek on the Patuxent to the mouth of
Wicomico river on the Potomac. On the Eastern Shore, as stated
above, the country is everywhere flat and no marked difference in eleva-
tion of the Calvert formation is discernible.

Subdivisions.

The Calvert formation cannot be readily divided throughout the
Eastern Shore, as it is so completely covered up by younger deposits
that the bipartite division if present there has not been observed.
On the Western Shore, however, the divisions are more clearly marked
and have been traced from Chesapeake Bay to the Potomac river.
The two divisions into which the Calvert formation falls are the Fair-
haven diatomaccous earth and the Plum Point marls.

Farrmavex DiaTonmacrovs Eartir—This member lies at the base
of the Calvert formation and is characterized by the presence of a large
proportion of diatoms imbedded in a very finely divided quartz matrix.
Calcareous material is present in this bed only in very small amounts.
Beside diatoms, there are other Miocene fossils, usually in the form of
easts, and organic remains reworked from the underlying Eocene beds.
Fairhaven, Anne Arundel eounty, where the beds are well developed,
has suggested the name for this division.

The contact of the diatomaceous carth with the Eocene beds lies
about two feet beneath a band of siliceous sandstone from 4 to 8 inches
in thickness, which carries casts of Pecten humphreysti and other Miocene
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fossils. Above this sandstone is the diatomaccous earth proper. This
diatomaeeous bed, whieh is about 20 feet in thickness, is greenish-blue
when fresh but weathers to brown or a light buft color on long exposure
to the atmosphere. In the extensive pits at Lyons Creek, where the
material is being worked for commerce, the transition from the green-
ish-blue to buff color may be seen in the inasses removed progressing
in concentric rings. In sueh specimens, the fresh greenish material is
found at the eenter passing gradually into the buff-colored material
toward the periphery.

The low cliffs which border Chesapeake Bay south of the pier at
Fairhaven are composed of diatomaceous earth with a eapping of
Columbia gravel. From Fairhaven the beds eross southern Maryland
in a northeast-sonthwest direetion following the line of strike, and
are worked at Lyons Creek on the Patuxent and again at Popes Creek
on the Potomae. They may also be found at innumerable plaees be-
tween these points in euttings made by water-ways. North of this
diagonal line, extending between Fairhaven and Popes Creek, the diato-
maceous beds gradually rise until they rest on hilltops, while south
of the diagonal line, they gradually disappear below tide.

The diatomaccous earth, on account of its porosity and compaetness,
is used in water filters. It is reduced readily to a fine powder and
makes an ecxcellent base for polishing powders. On aceount of its
porous nature, diatomaceous earth is used as an absorbent in the manu-
faeture of dynamite, while its non-conduetivity of heat makes it a
valuable ingredient in packing for steam boilers and pipes, and in
safes. This latter is the principal use to whieh it is put. It has been
thought that the diatomaceous earth might be of use in certain branches

of pottery manufacture which require on the part of the materials
refractoriness and an absenee of color when burned. Dr. Heinrich

Ries tested a sample of the diatomaceous earth from Lyons Creck at
conre 27 in the Deville furnace and found that the material fused to a
drop of brownish glass. The non-refractory character of the diato-
maceous carth is thus clearly demonstrated.

The Fairhaven diatomaccous earth has been subdivided into three
zones, whieh may be characterized as follows:

Zone 1.—At the base of the Calvert formation and lying uneonform-
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ably on the Eocene deposits is a bed of brownish sand carrying Phacoides
contractus. This stratum varies somewhat in thickness from place to
place, but does not depart widely from six feet on the average.

Zone 2.—Lying immediately above Zone 1 is a thin stratum of white
sand of about one foot in thickness which is locally indurated to sand-
stone. It contains a large number of fossils, of which the following
are the most important: Ecphora tricostata, Panopea whitfieldi, P.
americana, Corbula elevata, Phacoides contractus, Venericardia granu-
lata, Astarte cuneiformis, A. thomasi, Thracia conradi, Pecten madi-
sonius, P. humphreysii, Chione latilirata, Cytherea staminea.

Zone 3.—This stratum when freshly exposed consists of a greenish
colored diatomaceous carth which, on weathering, bleaches to a white
or buff-colored deposit breaking with a columnar parting and presenting
perpendicular surfaces. It is very rich in diatomaceous matter, the me-
chanical analysis of specimens yielding more than 50 per cent of diatoms.
The thickness of this bed varies from place to place, but where it is pen-
etrated at Chesapeake Beach by an artesian well it has a thickness of
about 55 fect. At Tairhaven, where it is well exposed, it carries large
numbers of Phacoides contractus. This zone is best exposed at Popes
Creek, Lyons Creek, Fairhaven, and in strcam gullies lying along the
northern margin of the Miocene beds.

Prum Porxt Marrs.—The Plum Point marls occupy the remainder
of the Calvert formation above the Fairhaven diatomaceous earth.
Plum Point in Calvert county where the beds are typically developed,
has suggested the name for this member. These marls consist of a
series of sandy-clays and marls in which are imbedded large numbers
of organic remains including diatoms. The color of the material is
bluish-grcen to grayish-brown and buff. Fossil remains although
abundant through the entire member are particularly numcrous in two
prominent beds from 30 to 35 feet apart. These beds vary in thick-
ness from 4§ to 13 feet. They may be easily traced along the Calvert
Cliffs from Chesapeake Beach to a point 2 miles below Governor Run.
At Chesapeake Beach they lie high up in the cliffs and pass gradually
downward beneath the surface of the water as the formation is followed
southward. Along the Patuxent river the Plum Point marls are
not exposed so extensively as in the Calvert Cliffs but they are visible
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at intervals from the cliffs below Lower Marlboro southward to
Ben Creck, in Calvert county. On the west bank of the river they may
be occasionally seen from a point opposite Lower Marlboro down the
stream to 1% miles below Forest Wharf.

On the Potomac river, the banks are usually very low and composed
of Columbia sand and gravel. In consequence of this the Plum Point
marls are seldom met with. On the Maryland side of the river they
may be seen in the low cliffs at the mouth of the Chaptico Bay and on
the Virginia side a considerable thickness of the marls is exposed the
entire length of the Nomini Cliffs.

When fresh, the Plum Point marls and the Fairhaven diatomaccous
earth do not differ much in appearance from each other. The thickness
of the Plum Point marls increases constantly down the dip and it is
probable that the greater portion of the 310 feet of the Crisfield well
section, which has been assigned to the Calvert formation, is to be
referred to this member.

From a dectailed study of the exposures along the Calvert . Cliffs, it
has been found possible to subdivide the Plum Point marls into 12 zones.
They are characterized as follows:

Zone 4.—At the base of the Plum Point marls and lying conformably
on Zone 3, the uppermost member of the Fairhaven diatomaceous earth
is a six-inch deposit of greenish sandy clay carrying Ostrea percrassa.
This zone first makes its appearance along the Calvert Cliffs at Chesa-
peake Beach and continues on down the shore for about 2% miles, when
it can be no longer distinguished. Throughout this distance, the zone
does not dip toward the southeast in harmony with the other zones
which are visible above it, but actually appears to rise slightly against
the dip until it finally vanishes at the point indicated. The crratic
behavior of this zone would seem to indicate a local migration and
temporary occupation of this particular area by Ostrea percrassa. This
zone corresponds to “ Zone a ” of Harris.'

Zone 5.—This zonc is developed immediately above Zone 4 and at
Chesapeake Beach has a thickness of ¥ fect; as it is followed southward,
however, along the Calvert Cliffs, it is found to thin rapidly until at

t Tertiary Geology of Calvert Cliffs, Maryland. Amer. Jour. Sci., vol. xlv,
1893, pp. 21-31.
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a distance of about 2} miles south of Chesapeake Beach it has a thick-
ness of only 2 fect and 6 inches. At this point the base actually lies
higher than at Chesapeake Beach, although on account of the thinning
the top lies lower. From this point southward it dips away in har-
mony with the dip of the other beds of the Calvert formation. The
materials making up this zone consist of a greenish sand clay, which
carries scattercd bands of Corbula elevata.

Zone 6.—This zone consists of a greenish sandy clay carrying large
numbers of Corbula elevata which are distributed thickly throughout
the stratum and not scparated into scattered bands as in the zones im-
mediately below and above it. At Chesapeake Beach, where this zone
is best developed, it attains a thickness of eight feet, but thins rapidly
toward the south, like the two preceding ones, until at a point 23}
miles south of Chesapeake Beach it has diminished to a thickness of
two feet. From this place it continues at about the same thickness
until it finally disappears beneath the beach at Plum Point.

Zone 7.—Lying immediatcly above the last is a layer of greenish
sandy clay carrying scattered bands of Corbula elevata, resembling
very much in appearance Zone 5.

Zone 8.—This stratum is lithologically like those immediately pre-
ceding, but varies from them in either being devoid of fossils or in
carrying only a few poorly preserved fossil casts of a Corbula, which is
probably Corbula elevata. It consists of a greenish sandy clay varying
from 9 to 15 feet in thickness. It may be best seen along the Calvert
Cliffs from Chesapeake Beach to Plum Point.

Zone 9.—This zone consists of grcenish and greenish blue sandy clay
carrying scattered layers of Corbula elevata and varying in thickness
from 6 feet at Chesapeake Beach to 2 feet at Plum Point.

Zone 10.—On account of its great and varied assemblage of fossils
this stratum is the most conspicuous zone in the entire Calvert forma-
tion. It conists of a grayish green or a yellow to a brown sandy clay
varying in thickness from 6 to 9 feet and is continuously exposed
along the Calvert Cliffs from Chesapeake Beach till it dips below tide
two or three miles south of Plum Point Wharf. The following is a
partial list of the fossils found in this zonc: Turritella indentata,
Phacoides anodonta, Crassatellites melinus, Astarte cuneiformis, Ostrea
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VIEW OF DRUM CLIFF, NEAR JONES WIIARF, ST. MARY'S COUNTY, SHOWING
THE CHOPTANK FORMATION.

Frg. 2 —-ANOTHER VIEW OF DRUM CLIFF, SHOWING THE CHOPTANK FORMATION WITH
THE INDURATED LAYER AT BASE OF SECTION.
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sclleformis, Pecten madisonius, Macrocallista. marylandica, Atrina har-
risii, Arca subrostrata, Glycimeris parilis, ete. It corresponds to “ Zone
b” of Harris."

Zone 11.—This stratum consists of a greenish blue to a brown sandy
clay changing loeally to a sand. It thickens somewhat as it passes
down the dip from 5 feet where it is exposed in the bluffs at Chesa-
peake Beach to 13 feet 1} miles south of Plum Point Wharf where it
approaches tide level. It is unfossiliferous or earries a few imperfect
fossil easts.

Zone 12.—When typieally developed, this zone consists of a brownish
sandy clay, although at times it changes to a bluish ecolor. In many of
its exposures only imperfect fossil ecasts ean be distinguished, but in
other places it is found to earry Fcphora quadricostata var. umbilicata,
Venus mereenaria, Cytherea staminea, ete. It varies in thickness from
two to four feet and corresponds to “ Zone e ” of Harris."

Zone 13.—The materials of this zone consist of a bluish sandy clay
more or less changed in seetions to a yellowish or brownish color. It
earries imperfeet fossil easts and varies in thickness from 32 feet at
Chesapeake Beach to 10 feet at a point one mile south of Parker Creck,
thus gradually thinning as it passes down the dip.

Zone 14.—The materials which make up this stratum consist of a
brownish to yellowish sandy elay abundantly supplied with Isocardia
fraterna. 1t varies in thickness from 2 to 7 feet and corresponds to
“Zone d” of Harris.!

Zone 15.—This zone is the uppermost member of the Calvert forma-
tion and consequently has been econsiderably eroded so that its true
thickness is not definitely known. It consists of a yellowish sandy clay
grading down loeally into yellowish sand at its lower portions. At a
point one mile south of Plum Point Wharf this zone shows a greater
thiekness than anywhere else along the Calvert Cliffs; at that plaee it
measures 48} feet. Sections north and south of this point have
either been in great part replaced by Pleistocene sand or have suffered
by the unconformable overlapping of the Choptank formation.

tLoc. cit.
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THE CHOPTANK FORMATION,

The Choptank river has suggested the name for this formation be-
cause of its great development on the northern bank of that estuary a
short distance below Dover Bridge. In this locality the Choptank
formation is very fossiliferous and may be seen at the base of a low
cliff which borders the stream for some distance.

Areal Distribution.

The Choptank formation, which constitutes the second member of
the Chesapeake Group in Maryland and lies immediately above the
Calvert formation, is found in Caroline, Talbot and Dorchester counties
on the Kastern Shore, and Anne Arundel, Calvert, Prince George’s,
Charles and St. Mary’s counties on the Western Shore. On the Eastern
Shore the Choptank formation is so completely buried beneath the
surface cover of Columbia sand and loam that its exact areal distribu-
tion is not definitely known. Its presence, however, has been detected
In the area indicated in numerous marl pits and well borings, although
the location of its northern and southern boundaries is largely a matter
of conjecture. The northern boundary appears to enter Caroline county
a little northeast of Greensboro and from there crosses in a south-
western direction to the mouth of the Choptank river. The southern
boundary follows a parallel course, cutting across southern Caroline
county, crossing the Choptank river not far from Cambridge and reach-
ing the Bay in about the middle of Taylor Island.

In Calvert county, on the Western Shore, the Choptank formation is
not so much obscured by the Columbia deposits as it is in the counties
of the Eastern Shore. It may be found in a long line of outcrops ex-
tending from the hilltops just west of Herring Bay to a place on the
Calvert Cliffs a little distance north of Cove Point. It is also found
at intervals along the Patuxent river, but west of this estuary it is
almost as much obscured by younger deposits as on the Eastern Shore.
The boundaries of the Choptank formation in Calvert county, although
in part conjectural, are better known than in any other portion of
southern Maryland, but the limitations set to its distribution in certain
parts of Prince George’s and Charles counties have been determined
more by calculation than from observation. They are believed, how-
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ever, to be approximately eorrect and are fixed as aceurately as our
present knowledge warrants.

The streams of the Western Shore have cut deeper and more ramifying
channels than those of the Eastern Shore and the eontact of the Chop-
tank with the Calvert formation appears consequently very irregular.
The northern border of the Choptank formation extends in a N. E.-
S. W. direction from the hills west of Herring Bay to the flat country
at the head-waters of Wieomico river. The southern border of the
Choptank formation is also a diagonal line running approximately par-
allel with the northern border and extending from near Cove Point on
Chesapeake Bay to the mouth of Flood Creek on the Potomac river.
This last loeality is only approximately fixed as the Miocene beds in
this region are obseured by younger deposits. The point where the
Choptank formation dips below the tide eannot, however, be very far from

the locality indicated.

Strike, Dip and Thickness.

The strike of the Choptank formation is in general from northeast
to southwest; but due to erosion, particularly on the Western Shore,
as pointed out above, the outcrop is very sinuous, and the strike appears
to change loeally. On the Eastern Shore, as the country is extremely
flat, the rivers have not opened up extensive drainage lines and the out-
erop is therefore approximately parallel to the strike.

The dip does not appear to be constant throughout the entire extent
of the formation. In Calvert eounty, where the Choptank is best
exposed, the northern portion of the formation down to Parkers Creck
scems to lie almost horizontal ; but south of this point the base of the
formation dips away at about 10 feet to the mile. Due to this strue-
ture, the Choptank formation occupies hilltops in the northern por-
tion of its arca and gradually occupies lower and lower levels, until in
the southern portion of its area it is found in river bottoms and finally
disappears beneath tide. The best place to examine the dip of the
Choptank formation is along the Calvert Cliffs between Parker Creek
and Point of Roeks. Here an almost unbroken exposure of the Chop-
tank may be seen dipping gradually toward the southeast.

The thickness of the Choptank formation is variable. In the Nomini




Ixxx GEOLOGICAL AND PALEONTOLOGICAL RELATIONS

Cliffs, Virginia, it is present as a 50-foot bed between the Calvert forma-
tion below and the St. Mary’s formation above. This is the thickest
cxposure which is open to direct observation. In the well section at Cris-
field, mentioned above in conuection with the Calvert formation, the
Choptank formation attains a thickness of about 175 feet. It will thus
be seen that the Choptank formation, like the Calvert, thickens as it
passes down the dip.

- Character of Materials.

The materials composing the Choptank formation are extremely vari-
able. They consist of fine, yellow, quartz sand, bluish-green sandy-
clay, slate-colored clay and, at times, ledges of indurated rock. In
addition to these materials, there are abundant fossil remains dissemi-
nated throughout the formation. The sand phase is well shown in
the Calvert Cliffs from Parker Creck southward to Point of Rocks.
The sandy-elay and clayey members may be seen in the same cliffs near
Point of Rocks and southward. The indurated rock is well shown in
Drum CUff on the Patuxent and at Point of Rocks, and the fossil re-
mains are seen typically developed on the Choptank river, at Drum
Cliff and at Governor Run.

Stratigraphic Relations.

The Choptank formation lies unconformably on the Calvert forma-
tion. This unconformity is in the nature of an over-lap but is not
easily discernible even where the contact is visible. The best place to
observe the unconformity is in that portion of the Calvert Cliffs just
below the mouth of Parker Creek. Even here, the unconformity can-
not be seen while standing on the beach but may be observed from a
boat a short distance from the shore. The unconformity of the Chop-
tank on the Calvert formation is also proved from the fact that at the
above-mentioned locality the fossil bed which lies lowest in the
Choptank formation rests on the Calvert, while at Mt. Harmony and
northward the upper fossil bed of the Choptank rests on the Calvert
formation. There are also certain differences between the fauna of
the Calvert and that of the Choptank. How far this unconformity
continues down the dip after the beds disappear from view is mnot
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Fig. I.-VIEW FROM THE BLUFFS AT THE DOVER BRIDGE LOCALITY ON THE CHOPTANK
RIVER, TALBOT COUNTY.

¥,

Fig. 2. VIEW SHOWING FOSSIL BED IN THE CHOPTANK FORMATION AT DRUM CLIFF,
NEAR JONES WHARF, ST. MARY'S COUNTY.

VIEWS OF MIOCENE SECTIONS.
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known, as the data from well reecords are too meagre to draw any con-
clusion regarding this question. Above, the Choptank formation lies
eonformably beneath the St. Mary’s formation.

Subdivisions.

Zone 16.—This zone varies in eomposition from yellowish sand to
bluish or greenish sandy elay. It is about 10 feet thiek and may be
found exposed along the Calvert Cliffs from near Parker Creek south-
ward to a point a little north of Flag Pond, where it disappears be-
neath the beach. Where the Choptank first makes its appearanee in
the Calvert Cliffs at Parker Creek this zone is absent, and Zone 17 of
the Choptank rests immediately upon Zone 15 of the Calvert. Zone 16
is for the most part unfossiliferous, although about 3 miles south of
Governor Run a few fossils have been diseovered in it, of which the
following are among the number: Ecphora quadricosiata, Venus
campechiensis var. cuneata, Dosinia acetabulum, Phacoides contractus, ete.

Zone 17.—The Choptank formation earries two well-defined fossil
zones. Of these, Zone 17 is the lower one. The material eomposing
this stratum is mostly yellow sand along the Calvert Cliffs. It is
almost entirely eomposed of fossils, the yellow sand simply filling in the
spaces between the organie remains. The fauna of this zone is extremely
large, but the following will suffiee to give an idea of some of the types:
Ecphora quadricostata, Turritella plebia, Panopea americana, Corbula
idonea, C. cunecata, Metis biplicata, Macrocallista marylandica, Venus
mercenaria, V. campechiensis var. cuneata, Dosimia acetabulum, Iso-
cardia fraterna, Cardium lagqueatum, Crassatellites turgidulus, Astarte
thisphila, Pecten coccymelus, P. madisonius, Melina mazillata, Arca
staminea, ete. This zone makes its appearance along the Calvert
Cliffs at Parker Creek, where it is about 6 feet in thiekmess, and is
continuously exposed until it dips beneath tide a little north of Flag
Pond. It may also be seen at various points on the Patuxent River and
on the Lastern Shore. Zone 17 appears to thicken eonsiderably south-
westward along the strike, for where best exposed on the Patuxent River,
as near the mouth of St. Leonards Creek, it is at least 18 feet thiek, and
over 30 feet thick at Drum Cliff. This zone eorresponds to “ Zone e”” of

Harris.!

1 Loc. cit.
f
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Zone 18.—This zone is for the most part unfossiliferous, although
in places it carries some imperfect fossils and fossil casts. The mate-
rial of which it is composed is for the most part yellowish sand above
but grades down into bluish clay below and at times the entire stratum
is composed of bluish clay. In thickness it varies from 18 to 22 feet
along the Calvert Cliffs and is continuously exposed along the Calvert
Cliffs from Parker Creek to a point a few miles south of Flag Pond.
Where this zone is exposed at Drum Cliff it is thinned down to about 8
feet in thickness.

Zone 19.—This constitutes the upper of the two great fossiliferous
zones of the Choptank formation. Like Zone 17 it is composed almost
entirely of fossils with the interstices filled with reddish and yellow
sand. It varies in thickness from 12 to 15 feet along the Calvert Cliffs
and is continuously exposed from Parker Creek southward to near
Cove Point, where the stratum dips beneath the beach. The following
is a partial list of fossils found within this zone: Balanus concavus,
Corbula idonea, Macrocallista marylandica, Dosinia acetabulum, Cardium
laqueatum, Phacoides anodonta, Crassatellites marylandicus, Astarte this-
phila, Ostrea carolinensis, Pecten madisonius, Arca staminea, ete. This
zone corresponds to “Zone £ ” of Harris."

Zone 20.—This zone lies at the top of the Choptank formation. It
consists of greenish sand which is frequently oxidized to a red color,
and at times it carries bands of clay. It seems to be devoid of fossils
and is 15 feet thick, although it has frequently suffercd by erosion. Tt
may be best seen near Flag Pond, where it is overlain by the St. Mary’s

formation.
THE ST. MARY’S FORMATION.

The name of this formation has been suggested by St. Mary’s county
on account of its great development within that region. The forma-
tion is found exposed in numerous places along the St. Mary’s river, in
the vicinity of St. Mary’s City as well as along the southern bank of
the Patuxent river. '

Areal Distribution.

The St. Mary’s formation, like the Calvert and the Choptank forma-

tions, crosses the state from northeast to southwest. On the Eastern

1 Loc. cit.
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Shore, it is present, if at all, in Caroline, Talbot, Wicomico and Dor-
ehester counties. 'This region, however, is covered bv a heavy mantle
of sand and loam so that it has never been found extensively developed on
the surfaee, nor is there any paleontologieal evidence of its presence in the
records of exeavations and well borings. This surface-cover makes it
extremely difficult to fix definitely the northern and southern boundaries
of the formation, and the lines which indicate them on the map are
only approximately correct. The northern boundary of the St. Mary’s
formation probably enters Caroline eounty about midway between Den-
ton and Federalsburg, runs southwest, passing south of Cambridge and
on to Chesapeake lely. The southern boundary doubtless runs in a
direetion approximately parallel to the northern one. It probably
enters the state in the northern part of Wieomieo eounty and then runs
southwest to the mouth of the Honga river. Throughout this region,
the country is low and flat. Streams have not opened up channels of
any importance, and the oecurrenee of the St. Mary’s formation must be,
consequently, nearly coineident with the line of strike.

On the Western Shore the St. Mary’s formation is found developed
in southern Calvert and in southern St. Mary’s counties. In this
region, also, it is very mueh obseured by a mantle of younger material
belonging to the Columbia group and is, therefore, seldom seen on the
surface. Good exposures, however, are found along the Bay shore, the
Patuxent river and its tributaries and in the banks of the St. Mary’s
river. The most extensive exposure is found in Calvert eounty along
the Bay shore from Point of Roeks to Drum Point. Other exposures
arc found on both banks of the Patuxent river. In St. Mary’s county,
exposures may be seen one-half mile west of Millstone on the Patuxent
river, where the beds contain beautiful clusters of gypsum crystals, and
along St. Johns Creek and Mill Creek. On St. Mary’s river, the forma-
tions are exposed at intervals from Windmill Point up the stream toward
its head-waters.

The northern boundary of the St. Mary’s formation on the Western
Shore is very sinuous and can only be approximately loecated on aceount.
of the eover of surface loams which obseure the underlying formation.
The exact loeation of the southern border is also a matter of eonjee-
ture, but cannot be very far from corrcct. Marls belonging to the St.
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Mary’s formation have been found outeropping just west of St. Jerome
Creek and in the head-waters to the east at ‘Smith Creek. In the
extreme southern portion of St. Mary’s eounty, however, the St. Mary’s
formation seems to have been removed and loams and elays belonging to
the Columbia group deposited in its stead.

Strike, Dip and Thickness.

The strike of the St. Mary’s formation, like that of the two pre-
eeding omes, is from northeast to southwest. On the Eastern Shore,
the oeeurrence and strike are approximately coineident; on the Western
Shore, however, due to the greater diversity in the topography, the
outerop is extremely irregular and departs very widely from the diree-
tion of strike. The St. Mary’s formation rests conformably on the
underlying Choptank and is overlain unconformably by younger mate-
rials. The dip averages about 10 feet to the mile toward the southeast.

The thiekness of the St. Mary’s formation varies from nothing to
about 280 feet. In the hilltops south of Prince Frederick, where the
dip carries the formation up to an elevation of 100 feet or more, the
thickness thins down gradually to nothing; while in the well boring
at Crisfleld it oeeupies a thickness of about 280 feet, although it is
possible that the upper portion of this may be Plioeene.

Character of Materials.

The materials eomposing the St. Mary’s formation eonsist of elay,
sand and sandy clay. As exposed in Maryland, it is typically a greenish-
blue sandy elay bearing large quantities of fossils and resembling very
elosely the sandy elay of the Calvert formation deseribed above. Loeally,
the beds have been indurated by the deposition of iron and again in
other localities, notably on the south bank of the Patuxent river about
one-half mile west of Millstone Landing and again near Windmill
Point, elusters of radiating gvpsum erystals are found.

Stratigraphic Relations.

The St. Mary’s formation lies unconformably on the Choptank forma-
tion. It is overlain unconformably by clays, loams, sands and gravels
belonging to various members of the Columbia group. There are
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F16. 1,-VIEW SHOWING THE LOW SHORE-LINE NEAR ST. MARY'S CITy, ST. MARY'
COUNTY.

Fiag. 2. VIEW SHOWING BLUFFS AT COVE POINT, CALVERT COUNTY, WITH THE S§1
MARY S FORMATION EXPOSED AT BASE OF SECTION.

VIEWS OF MIOCENE SECTION
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certain faunal differences which separate it from the Choptank forma-
tion. It has been subdivided into the following zones:

Subdivisions.

Zone 21.—This zone lies at the base of the St. Mary’s formation and
conformably on the Choptank formation. It consists of a drab clay
carrying sand bands of about the same color and appears to be devoid
of fossils. It may best be seen aong the cliffs south of Flag Pond,
where it has a thickness of about 15 feet.

Zone 22 —Lying immediately above the last mentioned stratum is
another band of drab clay in which thin beds of fossils are developed.
These first made their appearance in the cliffs south of Flag Pond,
and although the continuity of this bed s interrupted along the Bay
shore by talus slopes and overgrowth of woodland, still it is believed to
be continuous with the fossil-bearing beds at the base of the cliff at
Cove Point. The following are some of the more important fossils
found in this zone: Balanus concavus, Terebra inornata, Mangilia
parva, Nassa peralta, Columbella communis, Ecphora quadricostata,
Turritella plebeia, T'. variabilis, Polynices heros, Corbula in@qualis, Pec-
ten jeffersomius, Arca idonea, etc. This stratum is about 14 feet in
thickness. It corresponds to “ Zone g” of Harris.'

Zone 23.—This zone is composed of drab clay and sand. It has suf-
fered considerably from erosion, but along the Calvert Cliffs it carries
some fossils of which Turritella plebeia is the most important. It shows
a thickness of 30 feet but is unconformably overlain by the Pleistocene
sands and gravels.

Zone 24.—A break in the stratigraphic continuity of the St. Mary’s
formation occurs south of Drum Point and the exact rclation of this
zone to those preceding is not definitely known. 1t is believed, how-
ever, to lie very close to Zone 24. At Chancellor Point on the St. Mary’s
river, where it has been studied, 15 feet of bluish sandy clay are ex-
posed, overlain unconformably by Pleistocene loams. At this place a
large number of fossils are present, of which the following may be
mentioned: Acteon ovoides, Retusa marylandica, Terebra curvilirata,
Conus diluvianus, Surcula engonata, Fulgur fusiforme, Turritella varia~

! Loc. cit.
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bilis, Panopea goldfussi, Callocardia sayana, Venus campechiensis var,
mortoni, Isocardia fraterna, Phacoides anodonta, Pecten madisonius, P.
Jcffersontus, cte.

Locavn SectioNs.

The formations and zones described above are based on a large num-
ber of local sections found scattered throughout the Miocene area of
Maryland. The most continuous and complete series of sections is found
along Chesapcake Bay from Fairhaven southward to Drum Point, but
other instructive and important scctions are found in the valleys of the
Potomac and Patuxent rivers and along many of the rivers of the
Eastern Shore.

CHESAPEAKE BAY SECTIONS,

The most complete section of the Miocene deposits along the Atlantic
Coast occurs in the famous Calvert Cliffs from Chesapeake Beach south-
ward to Drum Point. Throughout this distance the bluffs yield a com-
plete sequence of the yarious beds of the formations, and the fossils are
numerous and usually very well preserved. The entire Chesapeake Bay
section is given in detailed columnar sections in Plate V, and the rela-

tions of zone to zone indicated. The detailed description of each of these
sections will now be given.

I. Section on a southern branch of Lyons Crcek.

[ White diatomaceous clay (Zone 3)
I White sandstone containing following fossils: Ecphora
tricostata, Panopea whitfieldi, P. americana, Corbula
: : | elevata, Phacoides contractus, Venericardia granu-
Miocene. lata, Astarte cuneiformis, A. thomasi, Thracia con-
‘ radi, Pccten madisonius, P. humphreysii, Chione
l latilirata, Cytherea staminea (Zone 2)
Brown sand containing Phaciodes contractus (Zone 1)
Eocene Greenish gray sandy clay

Calvert
Formation.

II. Section at Fairhaven, one-half mile south of wharf.

Pleistocene. Gravel, sand and clay

( Diatomaceous sandy clay bleached to a whitish color,
l jointed so as to have a rough columnar appearance
carrying Phacoides contractus (Zone 3, in part)....
Miocene. { Diatomaceous greenish sandy clay breaking with con-
I coidal fracture, carrying Phacoides contractus and
bearing rolled and reworked fossils from Eocene in

L lower 21, feet (Zome 3, in part)

Formation.




Miocene.

Eocene.

Calvert
Formation.

Pleistocene.

Miocene

Calvert
Formation.

IV.

~
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III. Section at Chesapeake Beach.

lxxxvii

Feet. Inches.

[ Yellow sandy clay (Zone 15) .............cuuu.

Yellow sandy clay (Zone 14)..............0unn
Blue sandy clay changing to yellowish hrown
sandy clay in the upper 12 feet, fossiliferous
throughout upper portion (Zone 13)........
Greenish brown sandy clay bearing fossil casts
(Zone 12) ...iteieeeeeeeeonenonononeannonns
Greenish brown sandy clay (Zone 11).........
Grayish green sand containing some clay con-
taining following fossils: Turritella inden-
tata, Phacoides anodonta, Crassatellites meli-
nus, Astarte cuneiformis, Ostrea selleformis,
Pecten madisonius, Macrocallista marylandica,
Atrina harrisii, Arca subrostrata, Glycimeris
parilis, etc. (Zone 10) .......covvvnviennnn
Greenish sandy clay carrying scattered layers
of Corbula elevata (Zone 9) ....... XTI
Greenish sandy clay apparently devoid of fos-
sils (Zone 8).......... 5006000000000 M00boo
Greenish sandy clay carrying scattered layers
of Cordbula elevata (Zone T)......ccevvveen.
Greenish sandy clay carrying large numbers of
Corbula elevata (Zone 6)...........ccvvuens
Greenish sandy clay carrying Thracia conradi
(@740 ¢ LT >3
Greenish sandy clay carrying Ostrea percrassa
(ZONE 4) ..ttt
Bluish-green sandy clay revealed in well-boring

(Zone 3, 2 and 1).......couiiiinenrennnnnnns 62
Glauconitic sandy clay............ ..ot
Total............ to s R et tacnaeatannnnns 97
Section 2.5 miles south of Chesapeake Beach.
Feet.
Yellowish sandy loam...............cccnvuen. 7
Yellow sandy clay (Zone 15)...........cvuvuns 19
Fossiliferous yellowish sandy clay with an in-
durated portion at top (Zone 14)............ 5
Brownish and bluish sandy clay containing im-
perfect fossil casts (Zone 13)............... 27
Chocolate colored sandy clay carrying imper-
fect fossil casts (Zone 12)............. . ... 3
Unfossiliferous blue clayey sand (Zone 11).... 9
Fossiliferous brown sand and clay (Zone 10).. 8
Fossiliferous bluish clayey sand (Zone 9)..... 3
Brownish sand and clay containing poorly pre-
served casts of Cordula (Zone 8)............ 15
Brownish sandy clay containing scattered bands
of Corbula elevata (Zone T)........covuvunn 2
Bluish clayey sand carrying large numbers of
Corbula elevata (Zone 6).......covvveeeennnn 2
Bluish clayey sand carrying scattered bands of
Corbula elevata (Zone 5)........c.ccvvvunn. 2
Bluish clayey sand carrying Ostrea percrassa
(ZONE 4D ... vvviieiteenoencoeecaoassosesonne
4

i Fossiliferous bluish clayey sand (Zone 3)......

- o & W & O

Inches.

[=2%



Ixxxviii GEOLOGICAL AND PALEONTOLOGICAL RELATIONS

V. Section one mile north of Plum Point.

Feet. Inehes,

Pleistocene. Yellowish sandy loam.............. 00000000000 7
Yellowish sandy clay (Zone 15)...... ........ 19
Yellowish sand carrying Isocardia fraterna
(Zome 14)......cvuviiiiinnnninnnnnnnnnns .. 7
Bluish and brownish sandy clay (Zone 13)..... 25
Brownish sand (Zone 12).................... 4 [§
Bluish clay grading downward Into brown sand
(Zomer 11D i .. . e el g e, 10 6

Yellowish brown sandy clay bearlng the followlng
| fosslls: Siphonalia devexa. Ecphora tricos-
tate, Turritella plebeia, T. variabilis; T. ve-
riabilis var. cumberlandia, Polynices heros,
Corbule inwqualis, Phacoides anodonta, Cras-
satellites melinus, Astarte cuneiformis, Pecten
madisonius, Venus rileyi, chione latilirata,
| Cytherea staminea, Melina maxillate, Atring
harrisii, Arca subrostrata, Glycimeris parilis,
| ete. (Zone 10).
Bluish green clayey sand carrying Corbula ele-
vata (Zone 9)...... SOONRE AR L S S 2
Bluish green clayey sand carrying imperfect
casts of Cordule elevata (?) (Zone 8)...... 10
Blulsh green clayey sand containing large num-
bers of Corbula elevata (Zone 6)............ 3
- Blulsh green clayey sand contalning fossll
casts of Cordula elevata (Zone 5)........... 3

Miocene.

Calvert
Formation.

VI. Section at Plum Point.

Plelstoeene. Yellowish sandy loam and gravel.................... 14

[Yellowish sandy clay bearing characteristle fossils
(Zone 10).....couiu it iiiiiieereennnnn. 2
Greenish sandy clay carrying scattered layers of Cor-

bula elevata (Zone 9)..........oviirnnnnnnnn.. 2

Greenish blue clayey sand carrying few imperfect fos-

slIs (Zone 8) ...oiiviviiiiit i e ()

Bluish clayey sand earrying Corbula elevata (Zone 6) 1

.......................................... 29

Miocene,

Calvert
Formation.

Total

VII. Section one mile south of Plum Point Wharf.

Feet. Inehes,
(Fossilifereus yellowish sandy clay grading Into
vellow sand In ‘its lower portions (Zone 15) 48 6
Brownish sandy clay containing Isocerdia fra-
terna (Zome 14)..... ... ... inunnnnnnn. 7
Bluish clay breaking with conchoidal fracture
N (Zeme T3Y . S L a 13 6
Brownish sandy clay carrying lmperfect fossil
casts (Zone 12) .................... 0806000 2 6
Unfossiliferous bluish clay (Zone 11)........ 11
Greenlsh sand bearing characteristle fossils
L (Zone 10)

Miocene.

Calvert
Formation.

=
[=]
[va
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Miocene.

Pleistocene.

Miocene.

Pleistocene.

Miocene.
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VIII. Section 1.5 miles south of Plum_ Point Wharf.

Calvert
Formation.
AL

Calvert
Formation.

Choptank
Formation

Calvert
Formation.

Ixxxix

Feet. Inches,

" Yellowish sandy clay (Zone 15)...............
Brownish sandy clay containing Isocardia fra-
terna (Zomne 14) ... .viiiiiinininnnnnnnans
Bluish clay (Zone 13)......ccvveeeeinunennnnnn
Brownish sandy clay containing Ecphora quad-
ricostata var. umbilicata, Venus mercenaria,
Cytherca staminca (Zone 12)...............
Bluish clayey sand carrying few imperfect fos-
Sils (Zone T1) ... . oo oseoani oo
Bluish green sandy clay carrying characteristic
fossils (Zone 10).............. o 850

IX. Scction 1.5 miles south of Dares Wharf.

Yellowish loam, sand and gravel

19

14

Bluish sandy clay earrying Isocardia fratcrna

(Zone 14)
Bluish elay (Zone 13)

nea (Zone 12) ...... 5

' 72 DR

X. Section .5 miles south of Parker Creek.

Reddish sandy loam...............ccceececus
(Reddish sand (Zome 20) .....................
Reddish sandy clay containing Balanus con-
cavus, Corbula idonea, Astarte thisphila, Pec-
ten madisonius, Venus campechiensis var.
cuneata, Dosinta acetabulum, Cardium laquea-
tum, Arca staminea, etc.,, (Zone 19) ........
Yellowish sandy clay containing fossil casts
| L, l(Zome™ 1&,)" 8. o e oo s e, S S
-{Yellow sand containing Ecphora quadricostata,
Turritella plebeia, Panopea americana, Cor-
bula idonea, C. cuneata, Metis biplicata,
Macrocallista marylandica, Venus mercenaria,
V. campechiensis var. cuneata, Dosinia aceta-

‘ bulum. Isocardia fraterna, Cardium laqueatum,
Crassatellites turgidulus, Astarte thisphila,
Pecten coccymeclus, P. madisonius, Melina

L maxillata, Arca staminea, etc. (Zone 17)....

fBIuish clay (Zone 15).....ciiuninnnnennnnnnn
Brownish sandy clay containing Isocardia fra-
terna (Zone 14) . ....iiiiuniiiineninnnnnnnns
! Bluish sandy clay (Zone 13).........000uvnn.
Brownish sandy clay carrying Ecphora quad-
ricostata var. umbilicata, Venus mercenaria,
Cytherea staminea (Zone 12)
Bluish clay (Zone 11)

14
20

==

Brownish sandy clay carrying Ecphora quadricostata
var. umbilicata, Venus mercenaria, Cythcrea stami-

2
Bluish clay (Zone 11).........coeivininiiininnn.., 8
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XI. Section one mile south of Parker Creek.

Feot
Pleistocene. Yellow sand...................... B 000000 8000000000 7
rRed sand (Zomne 20).........iiiivriit it 2
e | Yellow sand containing a little clay and carrying char-
g2 .S acteristic fossils (Zone 19).................c..... 14
8 8 | Yellowish sand above, grading into bluish clay below
o E and carrying bands of poorly preserved fossils
5 S (Zome 18) .. ..ttt e et 22
Miocene. B | Yellow sand carrying characteristic fossils (Zone 17) 5
{(Yellowish sand (Zome 16)...........c0vvuvvnnennnn 10
. & [Bluish unfossiliferous clay (Zone 15)................. 5
¢ © |Bluish clayey sand containing Isocardia fraterna
Z 84 (Zome 1) ... i, 2
8 = Bluish unfossiliferous clay (Zone 13)................ 10
= LBlulsh clay carrying characteristic fossils (Zone 12).. 1
Total........... ceioe o iderreca P, N . 78
XII. Section at Governor Run.
Feet.
Pleistocene. Reddish sandy loam..............coviururnnnnnnnn. 5
(Reddish sand (Zone 20)..........ccovitneiunnnnnn. 13
~ & |[Yellowish sandy clay carrying characteristic fossils
B | (Bome 19)... 0o i b et et naoeen s 12
s, g Yellowish sandy clay carrying a few poorly preserved
Sis fossils (Zome 18).......cvvinieininnnnnnenneinnens 18
é £ | Yellow sand carrying characteristic fossils (Zone 17) 6
Miocene. [Bluish sandy clay (Zone 16) .......ovvvrnrrennsnnns . 13
» & (Bluish clay (Zone 15).............cccovuiunennnnn.. 4
b i | Brownish sandy clay carrying Isocardia fraterna
% g (/03 T . 4
O :5 Bluish clay (Zone 13)............. . W PP AR 1
= —
B 75
XIII. Section 2.75 miles south of Governor Run.
Feet.
Pleistocene. Reddish yellow loam, sand and gravel................ 15
{ Yellowish sand carrying characteristic fossils (Zone
8 T7), . P, . ROy, . e 5
Tt 8 % { Greenish sandy clay carrying Ecphora quadricostata,
Miocene. 2 g l Venus campechiensis var. cuneata, Dosinia acetabu-
8 E L lum, Phacoides contractus, etc. (Zone 16) ........ 9
) 7 ) e 29
XI1V. Section at Flag Pond.
Feet.
Pleistocene. Reddish loam, sand and gravel..............cce0uunn. 40
= o [ Drab clay and sand (Zone 23)..............o0uenen. 29
» o | Drab clay carrying scattered bands of fossils which
8% contain the following species: Balanus concavus,
Miocene. = g <{ Spisula marylandica, Callocardia subnasuta, Car-
S B | dium laqueatum, Pecten madisonius, Melina mazx-
N illata, Yoldia lwvis (Zome 22)......oovveennnnen .. 14
l Drab clay with sandy bands (Zone 21)............... 15
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Drab clay with sandy bands (Zone 20)

Sandy clay indurated above which contains the foi-
jowing species: Balanus concavus, Corbula idonea,
Macrocallista marylandica, Dosinia acetabulum, Car-
dium lagqueatum, Phacoides anodonta, Crassatellites
marylandicus, Astarte thisphila, Ostrea carolinensis,
Pecten madisonius, Arca staminea, etc. (Zone 19)

Biuish green sandy clay carrying a few fossii casts
(Zone 18)

Bluish green sandy ciay carrying characteristic fossiis
(Zone 17)

Miocene.

Choptank
Formation

XV. Section at Little Cove Point.

Pieistocene. Reddish and yeilow loam, sand and gravei...........

Biuish sandy clay containing 8 feet from base a 6-

inch iayer of fossils consisting mostly of T'urritella
plebeia (Zone 23)

i Biuish sandy clay containing numerous layers of fos-

Miboene ‘ sils, among which are the following species: Bal-

Nassa peralta, Columbeclla communis, Ecphora quad-

ricostata, Turritella plebeia, T. variabilis, Polynices

heros, Corbula inwqualis, Pecten jeffersonius, Arca
} idonea, etc., (Zone 22)

St. Mary’s
Formation.

{ anus concavus, Terebra inornata, Mangilia parva,

XVI. Section at Chancellor Point.

Pieistocene. Sandy loam ) .
( Binish sandy ciay containing the foiiowing fossils:
l Acta@on ovoides, Retusa marylandica, Terebra curvil-

irata, Conus diluvianus, Surcula engonata, Fulgur
l fusiforme, Turritclla variabilis, Panopea goldfussi,
l Callocardia sayana, Venus campechiensts var. mor-

toni, Isocardia fraterna, Phacoides anodonta, Pecten
l madisonius, P. jeffersonius, etc. (Zone 24)

Miocene.

St. Mary’s
Formation.

OTHER SECTIONS.

None of the other drainage lines exhibit as eomplete sections of the
Miocene as are found along the Calvert Cliffs, but occasionally good ex-
posures are met with, some of the more important of which are given
below.

Section .25 miles below mouth of St. Leonards Creelk.

Feet. Inches
Pleistocene. Yellowish gravei and sand 6
Greenish sand partially indurated above, solidi- ‘
fied to soiid rock at base of section carrying
the following species: Balanus concavus, Pan-
opea americana, Corbule idonea, Cardium
laqueatum. Astarte thisphila, Pecten madi-
sonius, Melina macxillata, etc. (Zone 17, in

Miocene.

Choptank
Formation
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Section at Drum Cliff near Jones Wharf.
Feet. Inches
Pleistocene. Reddish yellow loam, sand and gravel......... 42
- Greenish clay containing poorly preserved fos-
sils carrying the following species: Balanus
concavus, Panopea awmericana, Phacoides con-
tractus, Cardium laqueatum, Pecten madison-
ius, Ostrca carolinensis, ete. (Zone 19, in
PAELE a5 e SRz ke b0 AT CEE L R Y T 6 6
Greenish unfossiliferous clay (Zone 18)....... 8
Brownish and greenish fossiliferous sand par-
tially indurated above, solidified to solid rock
at base, carrying the following species: Bal-
anus concavus, Ecphora quadricostata wvar.
umbilicata, Turritella plebeia, Corbula idonea,
Macrocallista marylandica, Dosinia acetabu-
lum, Cardium laqueatum, Crassatellites turgi-
dulus, Astarte thisphila, Pecten madisonius,
t Melina maxillata, Arca staminea, Scutella

Miocene.

Choptank Formation.

aberti, etc. (Zone 17, in part)................ 30
N Total=. MSF. . SEA DN, s . 25 S8 . 86 6

Section at Boston Cliffs, Choptank River, 1.5 miles below Dover Bridge.
Yeet.
Pleistocene. Yellowish sand and gravel..............ccco0viun.. 10
Reddish and yellowish fossiliferous sand containing
{ the following species: Pleurotoma albida, Ptycho-
salpinx multirugata, Ecphora quadricostata var. umbi-
licata, Ecphora tampaénsis, Scala marylandica, Seila
adamsii, Cecum patuzentium, Turritella plebeia.
Cructbulum multilineatum, Cadulus thallus, Saxi-
cava artica, Corbula idonea, Corbule inwqualis.
Asaphis centenaria, Metis biplicata, Melina maxil-
lata, etc. ("Zone 19; 1M DALY . Lot e el o ot el Sk g 12

Miocene.

Choptank
Formation.
— Y

b Q0] 3 O e o TR Ol . R M0 & Dl o 5o b0 S o o L Z

ORIGIN OF MATERIALS,

The materials which compose the Miocene deposits of Maryland may
be divided in regard to their origin into #wo classes, viz., the silicious
and arenaceous materials which are land-derived and the calcareous
materials which are of organic origin. The ultimate source of the for-
mer was doubtless tle rocks of the Piedmont Plateau and regions
beyond in Western Maryland and neighboring territory, but morc im-
mediately they have been derived from older coastal plain deposits;
the one which enters into the Miocene most conspicuously being the
Eocene. Near the contact of the Miocene and Tocene, a rolled fauna
derived from the latter is reworked in the former and occasionally
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grains of glauconite, which were in all probability formed in the Eoeene
oceur in the lower portions of the Miocene.

The organic remains, which eonsist, for the most part, of shells of
mollusks and bones of vertebrates, are usually in a very good state of
preservation. They have been but slightly disturbed since deposited
and evidently now occupy the same relative positions which they did at
the time when they lived.

GEOLOGICAL AND (GEOGRAPHICAL DISTRIBUTION OF SPECIES.
The geological and geographical distribution of the species obtained
from the Maryland Mioeene has alrcady hecn partly indicated in the
discussion of the various zones. A more complete presentation of the

occurrence of these forms is shown in the following tables as well as

in the chapters on systematic paleontology.

NoTe.—In a few instances forms have been described in the literature as
occurring at Maryland localities where members of the Maryland Survey
have not been able to corroborate their occurrence. In such cases their pres-
ence is indicated in the following tables by a * and a superior letter indi-
cating the authority. Thus:

¢ Indicates an occurrence on the authority of Conrad.
“ ‘“ Cope.
i “ Dall.
‘“ Foreman.
‘“ Say.
‘“ Wagner.

The few instances in which specimens have been described from the deep
well at Crisfield have been tabulated under * Crisfield well, St. Mary’s Form-
ation (?)” since the uppermost members of the Miocene there exposed belong
to that formation and through possible accidents during the driving of the
well forms may have fallen in from the upper horizons and been recorded as
occurring at greater depth. The exact depths at whick the forms were found
are given in the text and footnotes. The base of the Miocene lies about 776 feet
below the surface.
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LOCAL DISTRIBUTION.

[}
=l
SPECIES. =
2
2
]
i
E
]
&
1
e
(85
IE 3‘2
51813
2=/
MAMIALIA.
1| Bqualodon atianticus Leldy ......
2 | Syualodon protervus Cope . .o.oouunnnn..
8 | Priscodelphinus gabbi Cope ..........
4 | Priscodelphinus ruschenbergeri Cope
g | Priscodelphinus lacertosus COPE L 1R . o o =
¢ | Priscodelphinus (7) crassangulum Case .
7 | Priscodelphinus uracus Cope .........
8 | Priscodelphinus grunduerus Leidy
9 | Lracanthus conradi (Leidy) ......
10 | {zucanthus stenus Cope ......... o 5%
11 | Lxacanthus spinosus Cope ........ o L
12 | Izacanthus atropius Cope ............
13 | {racanthus coclospondylus Cope .......

14 | Zarhachis flagcllator Cope ...........
15 | Zarhachis tysonii Cope ........
16 | Octophis heteroclitus Cope .
17 | Rhaddostcus lutiradiz Cope .......
18 | Lophocetus calvertensis (Harlan)

19 | Delphinodon mento Cope ........
20 | Delphinodon leidyi MRy . ......".
21 | Hypocctus mediatianticus (Cope) ..
23 | Orycterocetus crocodilinus (2) Cope ......}:[- =
23 | Metopocetus durinasus Cope

2t | Cephalotropis coronatus (& @11 {8 o i
23 | Cetotherium megalophysum Cope
28 | Cetotherium parvum Trouessart

27 | Cetotherium ccphalum Cope
28 | 8iphonocetus cxpansus Cope ..
29 | 8iphonocctus priscus Leidy .. ..

30 | Siphonocetus clarkianus Cope .......
31| Ulias moratus Cope ........... sddo
32| Trctulias buccatus Cope ........
33| Balaenoptera sursiplana Cope

34 | BalacnaaffinisOwen .........
351 Cetaccan () ............
36 | Trichechus glgantcus (#) De kay

AVES,
1| Sula loxostyla Cope ....ovvunrnnnn..
2| Puffinus conradi Marsh ...........

REPTILIA,
1| Trionyz cellulosus Cope ...............
2| Trionyzsp. ........

8| Chelonesp. ........u ...

41 Chclonesp., ...cvvvun..
5| Cheloncsp .......
6
7
8
9

Theeachampsa (1) 867“{;‘6(‘1(‘);!‘(50‘[;6‘ = SRR 1N
Thecachampsa §!) sicaria Cope™ .........| feeles
Thecachampsa (?) contusor (o%a )

y

| Thecachampsa (1) antiqua (Le

:Tf
i

CALVERT FORMATION,
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| Sklpton.

| Tilghmans Station.

| Southeast Creek.
Truman Wharf,

White Landing.
Wye Mills.

| Calvert Cliffs.

| Plum Point (7)

Wescott Farm near Chureh Hi'l,

Calvert (I;;)rmation

t
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*

LOCAL DISTRIBUTION.

CALVERT FORMATION.

3 miles south of Chesapeake Beaeh.

SPECIES

(?)

Calvert Formation

x

t(?)

Truman W harf.

8 County near Patuxent River.

Wescott Furm near Chureh Hill.

Tilghmans Station.
 White Landi

Wye Mills.
Calvert Cliffs.
Plum Poin

Skipton.
____| Southeast Creek.

14 mile south of Chesapeake Beach.
Hollin CIiff.

HBetween MeKindee and Pindell.

Blakes.

Evans' Farm near Church Hill.

Fairhaven.
2 miles south of Parker Creek.

3 miles west of Centerville.
Plum Point.

3 miles north of Plum Point.

Popes Creek,

Lyons Creek Wharf.
Reeds.

Magruder Ferry.

Chesapeake Beach.
Parker Creek.

Huntingrown.

Jewell.

| Good Hope Hill.
| % mile north of Governor Run.

Burch.
Calvert Cliffs.
Centerville.
Charle
Chureh Hill.
Fricndship.

PISCES.

Squatina oecidentalis Eastman ..........[.. ...[..)..[..
Raju (7) duz Cope  ..vvveevvnnnn..
Myliobatis gigas Cope .............
Myliobatis paehyodon Cope
Myliobatis franygens Kastman
Adtobatis arcuutus Agasslz .......
Notidanus primigenius Agassiz ......
Odontaspis euspidata (Agassiz)
Odontaspis elegans (Agassiz) oo ard|se
Owyrhina degorii Agassiz ............ o .
Oryrhina hastalis Agassiz ....... . J.
Oxyrhing sillimani Gibbes ........ 00000 B 1% 3 53 0
Oryrhinu minuta Agasslz ......... ersifotsfo feiafe « | =
Otodus obliguus Agasslz ...... 36 o4
Carcharodon megulodon (Charlesworth) ..(..[..[.[..[..[..
Carcharias (Prionodon) cyertoni (Agassiz) |..|..|..]..[..
Carcharias laevissimus (Cope) ololelele ollealfs o[5wm
Carcharias collata Eastman
Carcharias magna (Cope) .........
Carcharias incidens Eastman
Galeocerdo contortus Glbbes
Galeoeerdo latidens Agassiz . .
Galeocerdo aduncus Agassiz
Galeocerdo triqueter Eastman ..
Hemipristig serra Agassiz ......ovvue.ns
Sphyrna prisca Agassiz_ ................ Jeododle
Sphyraena speciosa Leidy ............. B X% O C O P

ARTHROPODA. Malacostraca and Clrripedla.
Oancroldea ....oo.ovviivnnne cnvnnnnn.
Balanus eoneavus Brown ............ voele
ARTHROPODA. Ostracoda.
Cythere clarkana Ulrich & Bassler

Cythere clarkana var. minuseula U, & B, .
Cythere planibasalis Ulrich & Bassler ....

R EEEE N

*

*

eofocfenfonturfoc]on]ss

*

*

*
CICKY U B PO PR ) P ™ B

*

*

*
*

]

* ¥R X% RR

Cythere ealverti (?) Ulrich & Bassler
Cytherc inaequivalvis Ulrich & Bassier .
Cythere plebeia Ulrlch & Bassler ..... 0o df
Cythere plebeia var.modica U, & B.
Cythere plebeia var. capaz U. & B. .
Cythere burnsi Ulrlch & Bassler ........
Cythere paucipunctata Ulrleh & Bassler ...
Cythere tuomeyl Ulrich & Bassler ........
Cythere porcella Ulrleh & Bassler .......
Cythere nitidula Ulrlch & Bassler ........
Cuthere nitidula var. calvertensis U. & B. .
Cythere punctistriata Ulrlch & Bassler. ...
Cythere raughanl Ulrlch & Bassler ....... efeeles
Cuythere francisca Ulrich & Bassler ....... ¢
Cythere subovalls Ulrich & Bassler .......
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LOCAL DISTRIBUTION.

CALVERT FORMATION.
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ARTHROPODA, Ostracoda.—Continued. | | | | | | |

Cythere martini Ulrich & Bassler ........0 | | | .11 1.
Cythere dorsieornis Ulrlch & Bassler .....|
Cytherc dorsicornis var. bicornis U, & B.
Cythere lienenkleasi Ulrlch & Bassler ..
Cytherc prodaete Ulrich & Bassler .......|,
Cythere micule Ulrlch & Bassler ........./,
Cythere ewanthemata Ulrlech & Bassler ..
Cythere rugipunctate Ulrlch & Bassler ..
Cythere evaw Ulrich & Bassler .......
Cythere evax var. oblongula U. & B. ...
Cythere spiniplicata Ulrich & Bassier., ..
Cythere () shattaeki Ulrich & Bassler
Cythereis cornata var. amerieana U, & B
Cythereis alaris Ulrlch & Bassler. ......
Cytheridea subovata Ulrich & Bassler ...
Cytheridea (?) chesapeakensis U. & B. .
Cytherideis ashermani Ulrlch & Bassler ...
Cytherideis eylindrica Ulrlch & Bassler cofenienlanlen
Cytherideis subaequalis Ulrlch & Bassler ...
Cytherideis semicircularis Ulrlch & Bassler .
Cytherideis longula Ulrlch & Bassler ..... oles
Cytheropteron nodosam Ulrich & Bassler . .|......

Movrrusca. Cephalopoda. |
Nautilus (1) 8D, vvviiiiiiniininennnannsonan
MoLLusca. Gastropoda.
Actaeon ovoides Conrad

Actaeon pusillus (Iforbes) .
Actaeon shilohensis Whitfleld

eofosfoefeefenfoniocfenlas

eoloafoofeefes
eofoefentec|ee
R O B o
eofosfoc]eefes

Actaeon calvertensis Martln 4 N P ] M i
Volvula ivta (Conrad) ............. : 19 S % PR vofos]es : I I N . i
Volvula iota var. marylandica Martin . iy I P P P Y T P P } I U o 81 i
Yolvula iota var, diminute Martln ............. velen } ! . * i I ] P &

Yolvula iota var. ealverta Martin ........
Volvula iota var. patuxzentia Martin ......|,
Retusa (Cylichnina) marylandica Martln
Retusa (Cyliehnina) conalus (Deshayes)
Retusa (Cyliehnina) subspissa (Conrad)
Cyliehna (?) greensboroénsis Martin .....|
Cylichna ealvertensis Martln ....... .
Terebra unilineata Conrad ......... velee
Terebra (Aeus) eurvilineata Dall, .. ooue|+:| - ofeslee]es
T'erebra curvilineata var. whitfieldi Martin, [+« «o--[ee/oofcifee]e ]en
Terebra eurvilineata var. dalli Martin...|oe o[ /oe|e]oefoq]en
Teﬁ:b{:a ncm‘mlmeata var, ealvertensis | l | [ ]

Terebra (Aeus) eurvilirate Conrad.
Tercbra (Aeus) sineera Dali.....
Terebra (Hastula) simpler Conrad
Terebra simplex var. sublirata Conrad..
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LOCAL DISTRIBUTTION,

CALVERT FoRbATION, |

MorLusca. Gastropoda.—Continued. | | | | | |

Terebra (Hastula) inornata Whitfield ,..|.. .. H il bl dls
Terebra (Ilastula) patuxcntia Martin ..., 3 i i
Conus diluvianus Green ...

Conus marylandieus Green

Pleurotoma (Ilemipleurotoma) albu]a = | |

Perry oo ol
Pleurotoma (Ilemiplcurotoma) ‘communis ||

Conrad ....

Pleurotoma (Ilemipleurotoma) eommunis | -|
var. protocommunis Martin ... ofedd
Pleurotoma (Ilemiplcurotoma) choptank- |

ensis Martin ... 0.0

Pleurotoma (H emipleurotoma) bellacre-

nata Conrad.  ..oooovenes
Pleurotoma (Hemipleurotoma) calvcrtcn-
gig Martin ........ .. o)
Sureula rugata Conrad ..

Sureula marylandica Conrad
Sureula biscatenaria Conrad

Surcula engonata Conrad
Surcula rotifera Conrad
Surcula mariana Martin .
Mangilia parva (Conrad)
Mangilia parvoidea Martin

Mangilia cornelliana Martin  .,.uovvusens
Mangilia paturentia Martin ..., . 7
Mangilia (Glyphostoma) obtusa \Iartm

Drillia ineilifera (Conrad)

Drillia incilifera var. angulata Martin
Drillia ineilifera var. distans (Conrad)

Drillia whitfleldi Martin
Drillia ealvertensis Martin
Drillia limatula Conrad

Caneellaria lunata Conrad

Canecllaria prunicola Martin ..
Caneellaria reticulatoides Martin
Cancellaria eorbula Conrad
Cancellaria (Admete) marylandica ‘\mrtin R R O
Canccllaria (Trigonostoma) per.spectiw | |

Conrad

Cancellaria (Svcltua) patumcntw Martin . ;-- vafantente
Cancellaria (Sveltia) calvertensis Martin .

Caneellaria (Sveltia) sp

C’ancellarw,(Cancellar'iella)nemtotdca Martin!- : cofeefe el -|..~--L. i

Drillia limatula var. digsimilis Conrad .
Drillia limatula var. pyramidalis Martin
Drillia pseudedburnea (Whitfleld) s
Cancellaria alternata Conrad . ..c.vvs-is. o
Caneellaria engonata Conrad «.usvasasans
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67 | Oliva litterata Lamarck .................L.0..0 L, PRSP PO O Ao oile]e ofe
Oliva harrisi Martin ......... P 1 DO I N o O DY R P L D Y
69 | Marginelly minutae Pfeiffer ................ [ ..l.. . . 158 PR P O i
70 | Marginella denticulate Conrad ......... I | . B IO
71 | digrgincita catvertensis Martin . ..... ... N - coloe]e]-l]e . ke ofs
72 | Scaphclla solituria (Conrad) ........ A S 4 (A .l RN . i, ..|*1....
78 | Scaphella (Aurinia) mutabilis (C omad) B 0 Y D D A Jeeds
74 | Scaphelly (Aurinia) typus ((.onmu) ....... eofodfed]e fedlen i [
75 | Scaphella (Awrinia) obtuso (Emmons) G451
76 | Turbincila (7) demissa Conrad . ........... ..[......L..0..]..
7t | Scaphella trenholmii (P &11) ..o LWL
L Mitra mariana Martin ., ............
79 | Pulgur spiniger (Conrad) var ...........[.
Fulgur fusiforme Conrad ...............[.
81 | Fulyur tubcrculatam Conrad .
82 | Fulgur coronatum Conrad
83 | Fulgur coronatum var. rugosnnt

84 | Fulgur alveatum (Conrad)

85 | Lirosoma sulcosa Conrad

86 | Chrysodomus patu.rcntcnsm Me
87 | Bucelnofusus parilis Conrad
88 | Siphonalia devexra (Conrad)
89 | Siphonalia migrans (Conrad)

90 | Siphonalia marylandica Martin ...... PO T O R T 0d

91 | Siphonalia (f) calvertana Mavtin ........|. 0| ol e

92 | P'isonio (Cclatoconus) protractus ( . [ ' | | |
(Conrad) .......

93 { Ptychosalpine oltilis (( omad) .......... .. .

94 | Ptychosalpinx multimuatu Conrad e

95 | Ptycliosalpine lienosa Conrad ...........[L..[..L..

Ilyanassu? (Paranassa) porcina (Say)
97 | Nassa calvertensis Martin ........... eofoefes]s
98 | Nassa gubernatorla Martin ............. YN
99 | Nassa trivittatoides (Whitfield)
100 | Nassa greensboroénsis Martin
101 § Nassa morylandica Martin
102 | Nassa peralta (Conrady ..
103 | Nassa peraltoides Martin

104 | Nassa trivittata Say ....... RO
105 | Bulliopsis integra Conrad ...............
106 | Bulliopsis quadrata Conrad ......... .

107 | Bulliopsis marylandica Conrad ...
108 | Columbella (Astyris) communis ((‘onrad) e
109 | Columbella calvertensis Martin ...........|..

110 | Murex (Pterorhytls) conradi Daii ...... eefes]e
111§ Typhls acutlcosta Conrad ...... [RPPRPOPRPS F N
112 | Muricidea shilohensis (Heliprin) ........ ol
113 | Trophon tetricus Conrad ...... A A

114 | Trophon tetricus var. lacvls Martin PP A
115 | Trophon chesapeakeanus Martin .........[..
N6 | Traphon 8p . ..vvvvvviinnnns Ceeeen
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MoLLusca. Gastropoda.—Continued. | ' | l |
Scalaspira strumosu Conrad ............
Urosulping cinorcus (Say)? ......... P X1 1 D Y D 1 D . :
Llosalpln.mustwus((,omud)
bcphoruquaduwstuta (Say) .... J .
Ecphora gaudricostata var, imbilicata |
(Wagner) .......... Te v s s are o e
Ecphora tricostatd Mmtm [T
Ecphora tampucnsis (Dall) .. Y2 5
Corulliophila cumberlundiand (Gabb) R B P OO D o o b [
Seala suyanu Dall .................
Scala marylandica Martin ., ... .. N R I I el e e
Scala (Opalie) calvertensis Martin Ll [ Bl 111
Scalu (Opulia) reticuluta Martin ofes]efu]e o] sooe]onforfoe]ss
Scala (Opulia) prunicola Martin I g5
Scula (bthenorhytw) ecapunsyg Conrad .. 2oL LRILT, - R
Scalu (Sthenorhytis) puchypleuwra (,omud R 1A O 2 o oo |t Eo
Eulima cborca Conrad .......vvu... ookl Sl e
Eulima laevigatae (H. C. Lea; ...... [N JiL. 5 )
Eulima migruns Conrad ............ RS X
Nigo lincuta Conrad ... ) O P
Odostomiu conoideu (Brocchl) TR 1

Odostomia (Chrysallida) mclanoides (Con. )
Odostomiu (Evalea) mariunag Martin . ...
Odostomia (Syrnola) marylandica Martin .
Odostomia (Pyrgulina) calvertensis Mart.
Eulimella (Anisocycla) marylandica Mart.
Turbonilla (Chemnitzia) nivea Stimpson
Turbonillu (Chemnitzia) nivea Stimpson
BT, oooeerannn O
Turbonilla (Pyrgzscus) interrupta (Totten) ..
Turbonilla (Trayula) gubernatoriu Martln.| ...]..
Tritontum centrosum (Conrad) ......... P Y (S R Y PR PP Y O RO A
Pyrula hurrisiMartin .................. ERIETY DY PR P CRY Y P Y PN B PO
Cassig caclata Conrad ..........ouuuuuaafrroefon]onfocfee|se]oe]eefealee]n
Erato perexigua (Lonrad) P
Scila adamsii (H.C. Lea) ......... e
Cerithiopsis calvertensis Martin .. e

Cerithiopsis subnlata (Montagu) ........
Goniobasis marylandica Martin . .........|--
Caecum calvertense Martin ........ R O
Caecum patuxentinm Martin ............ . foe]eetes
Caecum greensboroénse Martin ..........[|«|-«]- |-
Vermetus granifcerus (Say) ....... RPN cofeefes
Vormetus virginicug (Conrad) ..........[o|-o[e]c.
Turritella indenta Conrad . ........ e
Turritella acquistriata Conrad ..........
Turritella plebeia Say ...... . .

Turritella variabilis Conrad

Turritella variabilis var. alticostata Con.

Turritella variabilis var. cumberlandia Con.|.-
Turritella variabilis var, exaltata Conrad




GENERAL

DIATRIBUD-
_TION.

“usfRmang BAINN HE | .
v yemang gy | -

“poyiamidiaranog | ci: vc
# e T A

IHIUTAG ] JRBAATH |

.

‘oo e oy

cv

7Y N

T AL L
iR A 0 v Eaeg | i
toag apwadeEagg |
g Sjlpeomonng |

;
‘
:
e
|

LT T
i B et ot
qoa) (L 30 Wulap 90 [0 SfAseaeg | <. o - -
i) — I LRELT e S
..E._l e
AL "ig i o | R -
e “IaATH .,m-ﬂ.-ﬁ-w_...wm.q tees |
il 190 gL o) nn._"_ah.ﬁ..h*.ﬁi.#m_ﬂpﬁﬁ | i
—_daap 300) 100 1AM A ERomoony | - G
= Jupog-ouw-gtg | G- G
TRATH mAmeR0,g JOREnoN | C :

SAOATH JOEXnaN Jo Enow | C C

o B+
| |.=E....£.E!. ."

CHERAPEARR GROTE,

|
l‘ |
z
o
|2
|

B, MANT'S
FORMATION.

i windg |

iR AA) OTRF] |+ % 5

LOCAL DISTRIDUTION.

LR

MARYLAND GEOLOGICAL SURVEY

vy sauor |

(i} i) S B I
oy yuwdon *..nh_ﬂ JA0A (W) B T B

— smppuwpedduary T T
R 1§ LN
"Rpad]) WOESUL] qaea |

i) Aous 0Ly JO i R |

gl dambd ] ) mmg) JoudaAog | -
|mﬁ = me .

Hone 10
(U ppese Bl

=
=
1=
=
5

“HAY IOUIDATE) JO YOS ST §
TEINIE JOTLEAAGEY JO SO0 ppu |
ST ABAGADE |
=pru,

Lome (1

CHOFTANE FOLMATION

Loow 17
{Lowar Hed)
g




CcVl GEOLOGICAL AND PALEONTOLOGICAL RELATIONS

LOCAL DISTRIBUTION.

SPECIES,

tween Mok indes and Pindell.

hinkes

MoLLusca. Gastropoda.—Cantinued.

Turritella variabilis var, ............ .
Tachyrhynchus perlaqueatus (Conrad)
Littorina irrorata (8ay) .................

Fossarus (Isapis) dalli (Whitflield) ... ...L,jj
Solarium trilineatum Conrad ............ [ .

Solarium amphiterinum Dall ....... .
Rissoa (Onoba) marylandica Martin
Rissoa sp .........c.iuiiuni..
Adeorbis supranitidus 8. Wood
Crueibulum costatum (Say) ....
Crucibulum costatum var, pileolum (11.

Crucibulum multilineatum Conrad
Calyptraea aperta (Solander) .......
Calyptraea ccntralis (Conrad) .....
Calyptraea greencboroénsis Martin
Crepidula fornicata (Linné) ........

Crepidula plana Say ...

Amalthea marylandica Martin . e
Xenophora eonchyliophora (Born) ....

Polynices (Neverita) duplicatus (Say) ...|.. .

Polunices (Lunatia) hemicryptue (Gabb)

Palynices (Lunatia) heros (Say) ........ o

8igaretus fragilis Conrad ........
Calliostama bellum (Conrad) ......
Calliostoma philanthropus (Conrad)
Calliostoma philanthrovus var. ...
Calliostoma virginicum (Conrad)
Calliostoma distans (Conrad) ........ ..
Calliostowma eboreum (Wagner) .......
Calliostoma wagneri Dall ,..........
Calliostoma aphelium Dali ..............
Calliostoina peralveatum (Conrad)
Calliostama humile (Conrad) .......
Calliostoma reclusum (Conrad) .....
Calliostoma marylandicum Martin
Calliostoma calvertanum Martin . ....
Teinostoma nanum (lea) .............
Teinostoma calvertense Martin

Teinostoma liparnw (H, C. Lea) ... o !

Teinostoma grecnsboroénse Martln
Cochliolepis striata Dall ............
Molleria minuscula Dall . ...,.....

Flssuridea altleosta (Conrad) RN N
Flssurldea griscomi (Conrad) ..........

Flssurldea marylandica (Conrad)
Figsuridea nassula (Conrad) ...
Flssuridea redimleula (Say) ..
Emarglnula marylandica Martin. ..

esapeake Beach.

apeake Beach.

Beach.

3 miles south of Ches:

R
Teanterville,
8 miles west of Centorvilie.
Charles County near Patuxent River.
Chesapeake I
1; mile south of Ch
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GEOLOGICAL AND PALEONTOLOGICAIL RELATIONS

SPECIES.

MoOLLUSCA.

* MoLLusca.
Dentalium attenaatum Say
Dentalium aanai Meyer .,
Dentaliwm caduloide Dall
Cadulus thallus (Conraa)

Cadalus newtonensis M. « ... .

Pelecypoda.
Pholas (Thovana) producta Conrad

MOLLUSCA.

Barnea «Scobing) areuate
Uartesia ovalis (Bay)
LPanopea whitfieldi pall .
Panopea goldfussii Wagner
Lanopea americana Conrad
Sawicava aretiea (Linngé)
Corbula idonea Conrad
Corbula clevata Conrad
Corbala inaeqaalis Say
Corbula cuncata Say ....
Mya producta Conrad ...
Sphenia dudia (1. C. Lea)
Paramya sabavata Conrad
Mesodesmma mariana Glenn
Ervilia planata Dall .. ...
Mactra clathrodon Lea

Spisula (Hemimactra) delumbis (Conrad).| - v ol
Spisula (Hemimactre) marylandica Dall

LOCAL DISTRIBUTION.

CALVENT FollMaTies.

Fu

GrIMIT

g

awell,

p TITTS
| Parker Ureek,

eonth af § besponke Beach,

I miles south of Chesapeake Heach,

l:hl._ll'l.‘h Hill.
| Bvans® Farm niar { ‘hu

| Fairhaven,

u
=
=

sl Fhemachy,

narth of

i I,

] Hiumnts

ons Creck W harl.

iiler Ferry

Ivert Clits.
wiat
Te

g

Botweon MoK Indes nod Findeil

| Hlmkis,

Bureh,
Chesa

5

Iy il

| # mlles south of Parker Crech.

| Pham Polat,

| i*'l_-llllulsllji]l.
| Thewd Ho

|

Amphineura. |
Chactapleura apicalata (Say)
Seaphopoda.

(Conrad)

Spisula (Hemimactra) eurtidens Dall ...l e s eeles

Spisula (Hemimactra) subponderasa

(d'Orbigny) ..... 0
Spisula (Hemimaetra)

slenn . ...,...,
Labiosa (Raéta) sp.
Ensis directus (Conrad)
Ensis engiformis Conrad .

Psammobdia gubernatoria Glenn .. ....
Asaphis centenaria (Conrad)

Semele earinata (Conrad)

Senmele carinata var. compacta

Sencle subovata (Say) ..
Abra longicallus (Scacehi)
Abra marylandica Glenn
Cumingia medialis Conrad

Tellina aequistriata Say .

édr;fraga (Conrad.)..' vrinrta st
Spisula (Hemimactra) subparilis e
Spisula(Hemimactra?) chesapeakensis

{Conrad)

Dall ...

Wit

| imiles north of Plim

2
£

Creek.

[; I.lll.i.II.TI...

| Truman Whaort,

EAL L Teeh,

kijtoir,
Bouth
Tl

| Wesoott Furm near Chareh B L

| White Laniding,

| Hieds

[ #ki

‘mlvert I'I:lFﬂu.thll
i

TS

| Fiam Polm i) |

Wye Milis
Al

I

Tellina (Angulus) declivis Conrad
Tollina {(Angulus) producta Conrad
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MoLLusca. Pelecypoda.—Continued.
39 | Tellina (Angulus) dupliniana Dall ...
40 | Telling (Angulus) wmbra Dann . ... "
41 | A ctis biplieata Conrad .,.......... . " :
2 | Maeoma lenis (Conrad) ................ B
43 | Maeomae marylandiea Glenn ,..,.........
44 | Petricola harrisit Dall  .................
45 | Petrieola ealvertensis Dall ..........

60 | Venus eampechiensis var. tetrica Conrad .
b1 | Venus eampeehiensis var. mortoni Conrad

2 | Venus eampeehiensis var. euneata (Conrad) x
63 | Venus ecampeehiensis var, eapax Conrad

64 | Chione latilirata (Conrad) ...................
86 | Chione parkeria Glenn . ....
86 | Chione alveata (Conrad e eTetan s - o .eead
B7 | Macroeallista marylandiea (Conradé .
883 | Callocardia (Agriopoma) subnasuta onrad), ,,
59 | Calloeardia (Agriopoma) prunensis Glenn...|. .
60 | Callocardia (Agriopoma) sayana (Conrad) ...
61 | Cythere (Antigona) staminea Conrad
62 | Dosinia acetabulum Conrad .....
63 | Clementia inoeeriformis (Wagner)
61 | Isocardia markoéi Conrad .......
65 | Isoeardia mazlea Glenn
66 | Isocardia fraterna Say ..
67 [ Isocardia ignolea Glenn . ... I M
68 | Cardium (Cerastoderma) laqueatum Conrad.|..
89 | Cardium (Cerastoderma) leptopleurum Conl,
70 | Cardium (Cerastoderma) eraticuloide Con..|.... ... . .
71 Cardium((‘erastoderma) ealvertensgtum Glenn|.. .. ...,
2 | Cardium (Cerastoderma) patuzentium Glenn,.. .. ..

78 | Cardium (Fragum) medium Linné . ceseafrrimnis
7 | Cardium (Levicardium) mortoni Conrad....[«l)es
75 | Solecardia (Spaniorinug) cossmanni Dall. H

%6 | Sportella whitfleldi Dall
77 | Sportella pelex Dall .
78 1 Sportella petropolitana Dall
79 | Sportella recessa Glenn .. .
80 | Sportella patuzentia Glenn
81 | Hindsiellg acuta Dall ......
82 | Erycina (Pseudopythina?) amerieana Dall.|i.l..

83 | Eryeina ealvertensis Glenn .
84 | Eryeina pruna Glenn ......
85 | Erycina marylandica Glenn
86 | Eryeina rickardia Glenn .
87 | Eryeinag speciosa Glenn ...
88 | Bornia maetroides (Conrad)

48 | Venus ducateli Conrad .......... PRI b
47| Venus rileyi Conrad ...... )
48 | Venus mereenaria Llnné ............. .. b
49 | Venus plena (Conrad) ................ 4 )
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exii GEOLOGICAL AND PALEONTOLOGICAL RELATIONS

SPECIES,

LOCAL DISTRIBUTION.

CALVERT FORMATION.

e ko Hoach.

canpeake Foach,

Tiifs.
:

eakoe Fonch

| @ miles wost of Coantarville,

urch Hill.
Evans’ Farm near Church Hill.

s

C

Charles (ounty near Patuxent River,

Between McKindee and Pindell.
Thesa

Blakes,

Burch.
A miles south of ©

 Calvert
Uontervilie
15 mile south of

lum Point.

hof P

3 miles north o
Popces Creek.

Reeds.

g .

{3 x4

A $

| 17

I
= gl

4 ARRG!
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o ERE

=5 |. E E‘ .8
| Tl B fel@rElals
JeloBlglEl SRS 8
dE2EE gl [BulE B8
S\50188 500973
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MorLusca., Yelecypoda.—Continued.

Bornia triangula Dall .........cc0vveendll..

Borniga marylandica Glenn . ........00...
Bornia depressa Glenn . ... 00iiiiinenn
Kellia rotundula Glenn ...

d'hecodonta (Dic:anodesmb') calvertensw|
Glenn ...... DR LRI TUICY PO PR PO PO PRPY Y A A P (AP PR PR ) PO P

Montacuta mariana Dail .. .o 000

Aligena wyaata (Conrad) «veveeee... ceeees
Aligena equata var. nuda Dall .........
Aligena pustulosa Dall ........000000
Diplodonta acclinis Conrad ......... e ed

Duplodonta shitohensis Dall  ...........
Diplodonla subvera (Conrad) .........
Phacoides (Pscudomiltha) foremani (Con. )
Phacoides (Pseudomiltha) anodontus (Say) .

Phacoides (Here) trisulcatus (Conrad) . .1” o 0 1]

Phacoides (Lucinoma) contractus (Say) .
Phacoides (Parvilucina) crenulatus (Con.) |

Phacoides (Parvilucina) prunus Dall .....| |77 1],
Phacoides (Lucinisca) cribrarius (Say) ..\ i | 0 L
Divaricella quadrisucata (d'Orbigny) ... .| [ 00| oor e

Cuama congregata Conrad ................
Cardita protracta (Conrad) ..............
Venericardia granulata Say ..........0.l..
Vencericardia castrana Glenn .......... . | 5
Crassatellites melinus (Conrad) .........l
Crassatellites morylandicus (Conrad) ... .|

,Crassatellites turgidulus (Conrad) ...,..
('rassatellites undulotus (Say)

Crasgeatellites (Crassinella) du'pHninnn Dall
Crassntellites (Crassinella) galvestonenasis (H.
Astarte vicina Sav .. e

Astarte thomosii Conrad ... ..
Astarte calvertensis Glenn .............
Astarte symmetrica Conrad .......... “ee
Astorte cuneiformis Conrad ........ e

Astorte castrono Glenn  ................

Astorte obruto Conrad .....
Astorte thisphilo Glenn  ..........vvueaa|osoren
Astorte perplana Conra@ .........ccoeeaafoclenes

Astarte parma Dall . .........
Pondora ((’lidrophora) crassidens Conrad .
Pondoro ({ennerleyia) lota Dall ,.......

Periploma peralto Conrad ......... R b T

Throcia conradi Couthony ..... LB

Margaritario obrupto (Conrad) B L

Mytilus conrodinus A'Orbigny ......

Mytilus (Mytiloconcha) Incurvus Conrad

Lithophaga subalvecata Conrad
Lithophaga fonensis Glenn .

Crenella Virido Glenn . ........oovvnnooniled

1+ Prince George's Co.,” and elsewhere,

@

t Formation

{ Calver

Plum Point (?) )

Wye Mills.

Truman Wharf.

Wescott Farm near Church Hill.

Skipton.
White Landing.

Southeast Creek.

Tilghmans Station.
Calvert Cliffs.
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GEOLOGICAL AND PALEONTOLOGICAL RELATICNS

LOCAL DISTRIBUTION.

CALVERT FORMATION.

h.
Beach.

SPECIES,

Chureh Hill.

ar Patuxent River.

Church Hill.

Lyons Creek Wharl,

Magruder Ferrey

Calvert Formation
(?)

south of Chesapeake Beac

‘Wescott Farm near
White Landing.
Wye Mills.

McKindee and Pindell.

Evans’ Farm near

Fairbhaven.

| 3 miles north of Plum Point.

Parker Oreck,

| Popes Creek.

Tilghmans Station.

| Tr1

yuman Wharf.

Church Hill.

| 3 miles west of Centerville.

# miles south of Parksr Creck.

| PFlam Point.
Southeast Creek.

Wollin Tlir,
Huntingtown.

3, mile north of Governor Run.

3 miles south of Chesapeake

Chesapeake Beach.
13 mile

| Good Hope HIllL.

| Calvert Cliffs.

| Centerville.

| Charles County ne:
| Friendship.

| Calvert Cliffs.

| Plum Point (7)

| Between
| Bureh.

MorLLus0oA. Pelecypada.—Continued.

139 | Crenclla gubernatoria Glenn
Madiolus ducatelii Canrad ......
Madiolus virginicus ((,omad)
Modiolus dalli Glenn
Madiolug tonensis Glenn
Madiolaria curta Glenn .......
Anomia simpler d'Orbigny ....
Anamia aculeata Gmelln . ....
Lima papyria Conrad ........
Plicatula densata Conrad ....
Pecten humphreysil Conrad ...
Pecten (Amusium) mortoni I;nvenel
Pecten (Pseudamusium) cerinus Canrad
Pecten (Chlamys) coccymelus Dall ... ..
Pecten (Chlamys) ragersi Canrad ...
Pecten (Chlamys) clintonius Say oeeles]s
Pecten (Chlamys) marylandicus Wagner . .|..|.. =
Pecten (Chlamys) madisanius Say e lmfeo]eo]mlee]-
Pecten (Chlamys) jeflersanius Say ......[..0..|osloifodoallulecoe]oaed]ee]ec]eeleale o sloaleelealeafeeles
Pecten (Chlamys) ]eﬁ'eraomus var. cdge- | |
comensts (Canrad) .. 3 !
Pccten (Chlamys) jeﬂ'ersonius var.
arius Say . .
Ostrea eellmfm'mix var. thomasit (Conrad)
Ostrea trigonalis Canrad S
Ostrea carolinensis Conrad
Ostrea percrassa Conrad
Ostrea sp.
Melina mawiilata (Deshayes)
Atrina harrisiti Dall
Atrina piscatoria Glenn ....
Arca (Scapharca) aubrastrata Canrad oofe
Arca (Scapharca) elnia Glenn  ..........[....|.
Arca (Scapharca) clisea Dall -
Arca (Scapharca) staminea Say
Arca (Scapharca) arata Say ..
Arca (Scapharca) idonea Canrad
Arca (Nactia) incile Say
Arca (Barbatia) centenaria Say ........
Arca (Barbatia) marylandica Canrad
Arca (Barbatia) virginice Wagner
Glycymeris parilis (Conrad) ..
Glycymeris subovata (Say)
Leda lleiata (Canrad) o
Leda liciata var. amndra Dall
Leda concentrica (Say)
Yaldia levis  (Say)
Nucula prozima Say
Nucula sinaria Dali
Nucula taphria Dall ..
Nucula prunicola Dall

1 At depth af 140 feet.
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exvi GEOLOGICAL AND PALEONTOLOGICAL RELATIONS

€00 =3 T T OO 23 =

FETN

[ RIS

SPECIES

i Between McKindee aud Pindell.

| Blakes.

MoLLuscoipea. Dracbiopoda.
Discinisea lugubris (Conrad) .....

MOLLUSCOIDEA, lryozoa.

Idmonea (?) cxpansa Ulrten . ...
Crisina striatopora Ulrienh .......

Theonoa glomerata Ulricn . ...v...
Mcembranipora oblonguta Ulrten ... ..

Aembranipora fossunjera Ulrich

Membranipora caminosa Ulricn ...
Membranipora germana Ulricn ........
Membranipora parvula Ulrich .. ...

Mcembranipora bifoliata Ulrich

Membranipora nitidula Ulrlch . o
Membranipora fistula Ulrleh  .......

Amphiblestrum eongtrictum Ulrich
Amphiblestrum agcllus Ulrich

Cupularia denticulata (7) (Con'r'a'd')' o 5

Microporella rrmciliata Ulrich ..
Microporella tnflata Ulrich ...,

Mlcroporella (1) bifoliata Uirich ...

Adeonellopsis umbilicata (Lonsdale)
Schlzoporella tnformata (Lonsdale)
Schizoporella subquadrata Ulrich
Schizoporella latisinuata Ulrich

Schizoporella doverensis Ulrich ..... i
Schizoporella cumulata Ulrich  .........
Retepora doverensisa Ulrich .......

Lepralta maculata Ulrich . ......

Lepralia montifera Ulrleh ..o 000 o d
Lepralia marylandiea Ulrich ......

Lepralia ( 1) rcversa Ulrich .
Palmicellaria convoluta ¥Ulrich
Palmieellarla punctata Ulrich
Cellepara massalis Ulrich  ......
Cellepora cribrosa Ulrich  ......

VERMES.
Spirorbls ealvertensis Martln ...

FcHINODERMATA. Echinoldea.

Echinoeardium orthanotum Conrad

Scutella aberti Conrad . ......coouvennn

1 FEcHINODERMATA. Ophiuroldea.
Ophioderma (2YSP.  covevennvvees

CoRLENTERATA. Hydrozoa.

[ FHudractinia multispinasa Ulrlch ..o ee s
Milleaster incurstans Ulrlech ..o vvevvo |
Ailleaster (1) subramosus Ulrlch ... ..
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LOCAL DISTRIBUTION.
CALVERT FORMATION.
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=
o 3 a
‘ =l 154 g
—:I =IEF] = <
) 212 | d 4 —
=3 al Be& = =1 0 . fee] E
SPECIES. £ siol lelel = & 8l | = | |8=
W =g 'ﬁ‘w | W= © ==
=2 188 = o ol |© & +
= »la Q_ig_ e & P | 5
§ Bl e ] & ) = °
= 3l 128 (2 e g |E il SHRE
® == i 3 &l ok {E | I& =
& oo g8 S B Sl gl g )
< SIEIC i Sl M E I KT e
5 | =@l 1l | Esl L IR el [E grelale |
b 4 |°aR|glsl . mla' |2 [elokdal dals B's\ﬁg-— o
2| | Blsig2leESEE |ele[EelE| B3 EIEEE| | PaEiEE o2
G | CEECEs sEe S szt EsSslesle| |50k 508
Dl o @ (w2 jae} <[ nwMel2 IS8 GleT S &
Old|ga B o BIS, &[T HIO ola=w|2 | © olo Ak
oM D0~ gz @ T vy @0l S goe o
o218 =] =|&|g o= = Eos 2lg= ok | h=APNE
e B R e R R R R
2 BRI S oo 0 07 09 0 2 [ [ (B 875 [T 13 |25 o oo [ 2 8 0 B B B IO
COELENTERATA. Anthozoa. r [
Paracyathus vaughani Gane ......... . cofoefeafoefe oot |- ofctorfsd
Astrhelia palmate (Goldfuss) ............... 0 - 5380 ] P Y 0 ) I )
Astrangia lincata (Conrad) ........... Bl 8 4| (38 5ol [ach |98 r [5ed [ 3
Astrangia (Coenangia) conradi Vaughan 00 g o] 2t K8 8 |
Scptastrea marylandica (Conrad) ...... . el 50 I8 | B8 (3 o e 15 60 5
Prorozoa. Radiolarla. |
Distephanus cru® sEhrenberg) ..................... o o alee Y
Distephanus specuium (Ehrenberg) ...... . o mae . B

Dictyocha fibula (7) Ehrenber;
Lithocampe marylandica Martin
Eucyrtidium calvertense Martin
Stichocapsa macropora Vinassa ....¢......
Anthocyrtium doronicum Ilaeckel
Lithastericus radiatus Ehrenberg 8000
Spongasteriscus marylandicus Martln
Dictyoryne profunda Ehrenberg ... .
Rhopalodictyum marylandicum Mar tln
Rhopalodictyum calvertense Martin . .
Porodiscus concentricus (Ehrenberg)
Phacodiscus calvertanus Martin .. ...
Cannartidium sp, ... R B (15
Cannartiscus amnhicylmdrwus Haeckel [ T A
Cannartiscus marylandicus Martin
Acanthosphaera parvula Vinassa
Hewalonche microsphaera Vinassa ......
Hezastylus simplewx Vinassa ...
Cenosphacra porogissima Vinassa ......

ProT0ZOA. Foraminifera.

Nonionina scapha (Fichtel& Moil) .....J..
Polystomella striatopunctata (F. & M.)
Discorbina orbicularis (Terquem)
Planorbuling mediterranensis A’Orblgny
Truncatulina lobatula (Walker & Jacob) .
Truncatulina variabilis A'Orbigny
Anomalina grosserugose ( Gilmbel)
Rotalia beccarii (Linné) .

Rotalia beccarii var. broeckhiana Kerrer ..|.. A | 1

GQlobigerina bulloides A’'Orbigny ........
Globigerina cretacea 4 Orbigny ..
Textularia abbreviata d'Orblgny ..
Textularia agglutinang d’Orblgny
Textularia articulata 4’Orbigny

Textularia gramen A'Orbigny

Textularia carinata 4’ Orbigny
Textularia sagittula Defrance

v

BRI

Textularia subangulata d'Orbigny .... B 91 b [

Bolivina beyrichii var. alata Seguenza .
Cristellaria cultrata (Montfort) .

1 Breton Bay, Claiborne. ?Breton Bay.

*

MR

D

EEEEEEES

| |
3Cristield well,

790 ft.

4 Crlsfield well, 485-500 ft.




‘uolBWIO §,£18J{ *IS |
‘uojeuLIog Yuwpdoypd|
-(pag 1edd n) 6] 9UOZ |
“(pog 194 07]) L} 9UOZ |
‘uoBWIO] 39ATE) |

*RIUIBITA |
= *SPIQ TurmoN |

"BIUISITA 10 vcu—h:? |

*dnoan oy sadesey) |

‘[loay A1) eXowodod |
‘uso], MON |
~ -pueilaei |
(&) £y118007 |

(1) dnoa g exsvadesay) |
‘oM esplque) |

TION.

-uopjewaoy yuwydoyp AM

GENERAL |

DISTRIBU-

*3007 (LI JO q3dap 18 [[9A4 O[[1A193UR) |
oA s AT IS |
uonvmIog "I9ATY JUIXNIBJ JO YINOW
841814 18 “[[eA\ PIRUSII)
“194A1Y 8, £I8] °1S8

—__"doap 399J g1 03 €9 ‘[[2.M 431D 93 0m000g

" “doop 309] £9 03 £ ‘(10 44 £I1) ©XOW0d0]

~ jujog-ouuiod
“19ATY 980304 JO QINOKW
“I0ATY ju9xXN)ed JO YINO}K
“SITTIN 189d) |
.h:E §,49[8uBT |
“uI0 g WNnIq
“3arod 9400 o133 |
A ‘1Ieq Ay SOUOC

I CHESAPEAKE GROUP.

MARY'S
FORMATION.

ST.

@)
uopswiog yueydoy)d

‘1038114

L 8HID 3I6A[E)
Bujpusy addBiy,
‘[IIH_puss
}{901)) WOSSO[Y 4oBad

“uny IOUISAOY) JO Y3NOSB SB[JU G |

-(pog] aodd []) UNY I0UILA0D

P
=
173
e
B
w
|
-
[S)
—
(2
S
-
o
B
S
(=]
z
-
=)
-
£
=
-
=~

“(pey 10dd j) puog 381§
‘0dplIg I9A0(0
ECIVE Jueydoy)
*uodiyg |
*010QSUdAID |
‘any 40UlaA0f) JO YINOS SI[1UI §
“unyf 10udd405 JO [{3I0U I[JW |
‘uny JoUuIdA0D
___‘puod 3e[q
B[ SIABQ
8, 119Y prae(Q
“BAOPIO)
czouanyg, |
*}@81) paruod] *3s |
“qujod medmeJ
°J1BY A\ SQUO[
‘any J0UJ9A0H JO YINOS SI[JW 3
*(pog] I9MOT) UNY JOUIIAO0H
‘(peg] 19407 ) puod 384
“}9e1)) PIoXON))

LOCAL DISTRIBUTION.

Zone 19
(Upper Bed)

CHOPTANK FORMATION,

Zone 17
(Lower Bed).




21
»
28
24
25

26 | Polymorphina lactea
27 | Polymorphina regina
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ProTozoA. Foraminifera.—Continued, ' |

Cristellaria wetherellit (Jones) ...................L0..LL . I|| | o] 4
Polymorphina compressa d’Orbigny ......... PRSP A P N d I At
Polymorphina compressa var, striata Bagg ... ..........[.. ... i o e

Polymorphina elegantissima Parker & Jones..|............

Polymorphina gibba (d’Orblgny) .
Walker

28 | Uvigerina canariensis @’Orbigny .......
29 | Uvigerinag pygmace d’Orblgny ......

30 | Uvigerina tenuistriata Reuss ...........
3l | Sagrina spinosa Bagg ...............

32
33
34

DW= T3 O b QT =

Miliolina seminulum (Linné).. .. . .
Spiroloculina grata Terquem ...,
Splroloculina tenuis (Czjzek) .....

PrLaxT.®. Diatomace:. |

Diplonels microtatos var. christianil Cleve .|..|....

Rhaphoneis gemmifera Ehrenberg .
Sceplroneis caduceus Ehrenberg .,
Stephanopyxis corona (Ehrenberg) ......
Paralia gulcata (Ehrenberg)
Biddulphia acuta (Ehrenberg) ...........
Biddulphia condecora (Ehrenberg) .....
Biddulphia decipiens Grunow
Biddulphia interpunctata (Grunow)

DR RN

Biddulphia semicircularis (Brightwell) ... .. ...
8 Grunow .............

Biddulphia suborbicularis
Biddulphia tessellata (Greviile)
@Graya argonauta Grove & Brun ..
Pseudauliscus spinosug (Christian) P 19
Aulacodiscus rogersit (Balley) ............
Eupodiseus incongpicuus Rattray .........
Actinoptychus heliopelta Grunow ..
Actinoptychus undulatus Kiitzing ...
Craspedodiscus coscinodiscus Ehrenberg

Craspedodiscus elegans Bhrenherg ... ..
Actinocyclus ellipticus Grunow . ...
Actinocyclus moniliformis Raifs . ...
Coscinodiscus apiculatus Ehrenberg ..

k Jacoby . A
rady, Parker & Jones..|............

R I N

24 | Qoscinodiscus asteroides Truan & Witt .

25 | Qoscinodiscus heteroporus Ehrenberg ....|.

26 | Coscinodiscus lewisianus Greville e ol

27 | Coscinodiscus lineatus Ehrenherg ............... 3 g

28 | Coscinodiscus perforatus Ehrenberg ............ whoalyrelo bl wfecbodbd gk Gt el b L o AR

1 For additioual localities consult text.

2 Norfolk well, 645 ft. 3Cristield well at 776 feet.
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exxii GEOLOGICAL AND PALEONTOLOGICAL RELATIONS

ExprLaxarioxy or CHARTS 0F DISTRIBUTION.

The following charts eontain only those Mollusea of the Maryland
Mioeene which are found in regions outside of the State or which range
below or above the horizons from which they have been deseribed in this
report. The charts have been arranged as follows:

Column 1 gives the range in depth in terms of fathoms for the gencra,
sub-genera, species or varieties placed opposite. A zero indicates that the
species oceurs at low water mark.  When no depth is given it is believed
that the form inhabits shallow water necar shore or between high and low
tide. Column 2 gives their extreme northern range, and eolumn 3 their
extreme southern range so far as it is known. In the columns from 4 to 15,
inclusive, arc shown the conditions under which the forms were found.
An asterisk (*) indicates that the form was picked up on the beach or
secured between high water and fifty fathoms. A dagger (1) indicates
that the form comes from fifty to eight hundred fathoms. When a dagger
and asterisk are both present, in some locality the form was found or sup-
posed to exist in both shallow and deep water.

Columns 16 to 38, inelusive, show the geologieal horizons in which the
various formations have been found in regions outside of Maryland.

When an X is placed in the column, it indicates that the form has been
reported from the horizon, but no locality given. The numbers refer to
the various localities of which the following is the key:

LIST OF LOCALITIES.

1. Alabama. 16. Brldgeton, N. 7.
2. Alaska. 17. Cainhoy, S. C.
3. Alligator Creek, Florlda. 18. Cafoosabatchie River, Florida.
4. Alum Bluff, Lower Bed, Chattahoo- 19. Cape Fear River, N. C.
chee River, Florida. 20. Cape May Wel, N. J.
5. Alum Bluff, Upper Bed, Chattahoo- 21. City Polnt, Va.
chee River, Florida. 22, Cocoa Post Office, Choctaw Co.,
6. Antliles. Alabama.
7. Archer, Florida. 23. Coggins Polnt, Va.
8. Artesian Well, Galveston, Texas. 24. Costa Rlca.
9. Ashley Phosphate, 8. C. 25. Creole Bluff, Grant Parish, La.
10. Atlantic City Well, N. J. 26. Crosswicks, N. J.
11. Balley’s Ferry, one mlle below Chl- 27. Cumberland Co., N. J.
pola River, Florlda. 28. Darllngton, 8. C.
12. Baflast Polnt, Tampa Bay, Florida. 29. De Leon Springs, Florida.
13. Bartow, Florlda. 30. Dinwiddie, York River, Va.
14. Beilefield, Va. ' 31. Dlsmal Swamp, Va.

15. Bowden, Jamalca. 32. Duplln Co., N. C.
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Castern United States.
Ecphora Bed, Alum Biuff.
5. Ildgecomb Co., N. C.
. Fali Post Oftice,
Alabama.
. Florida.
. Gaskins Wharf, York River, Va.
. Goose Creek, 8. C.
. Grove Wharf, Va.
. Gunion’s (Mrs.) Mari
Fear River, N. C.
. Gnlf Coast.
. Haitl.
4. Heislerville, N, J.
3. 1linds Co., Miss.
. Jackson, Miss,
. Jamalica.
. James River, Va.
. James River near Smithfield, Va.
. Jericho, N. J.
. Johns Island, 8. C.
. Jones Wharf, Va.
. Lee Co., Texas.
. Magnesia Spring,
Klorida.
Magnoiia, N. C.
56, Martin  Station,
Fiorida.
. Meherrin Rlver, N. C.
. Murfreesburg, N. C.
. Myakka River, Fiorida.
. Natural Well, Duplin Co., N. C.
. Neuse River below Newberne, N. C.
. Newton, Miss.
. Nomini Cliffs, Va.
. North Carolina.
. North Creek, Osprey, Fiorida.
. North Creek, Llttle Sarasota Bay,
Ilorida.
. Oak Grove,
Florida.

Choetaw Co.,

Bed, Cape

Alachua Co.,

Ilernando Co.,

Santa Rosa Co,

—

-1 =1 =1 =1 =1
]

(2

. DPetersburg, Va.

. Point Shirley, Mass.

. PPortland, Maine.

. Prairie Biuff, Alabama.
. Purdy’s

(Mrs.) Marl DBed, Cape

Fear River, S. C.

76. Sankaty Head, Nantncket, Mass,
77. San Domingo.

. San Pedro, Cal.

. Sapote, Costa Riea.

. Santa Barbara, Cal.

. Santo Domingo.

. Shiell Creek, Florida.

Shiloh, N. J.

. Shoal River, Walton Co., Florida.
. Simmons Bluff, 8. C.
. Snow Hill, N. C.

South Carolina.
Suffolk, Va.

. Suffolk on Nansemond and York

Rivers, Va.

. Stcne Creek, N. J.

Sumpter District, 8. C.

. Tarboro, lidgeeomb Co., N. C.

Tilly's Lake.

Temple I'lace on York River, Va.
Turk Cave, Alabama.

Turkey Creek, S. C.

. Urbanna, Va.

. Vicksburg, Miss.

. Virginla.

. Volusia Co., Fiorida.

. Waeeamaw District, 8. C.
2, Walton Co., Fiorida.

Wahtnbbee, Carson Creek, Miss.

. Warwiek, Va.
. West Florida.

106.

107.
108.

White Beaeh, Littie Sarasota DBay,
Florida.

Wiiilamsburg, Va.

Wilmington, N. C.

68. Ocala, Florida. 109. Woods Biuff, Alabama.
69. Peach Creek near Arcadia, Florida. 110. Yorktown, Va.
70. Peedee River, 8. C.

Columns 39 to 46, inclusive, give a summary of the geologieal distri-
bution of the various forms.

In compiling this chart only data secured from the works of the more
recent investigators have been admitted. Dr. William H. Dall, of the
U. S. National Museum, has been most: helpful in gencrously allowing

the writer to freely eonsult unpublished notes.
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THE RELATIONS OF THE MIOCENE OF
MARYLAND TO THAT OF OTHER
REGIONS AND TO THE RE-
CENT FAUNA

BY
WILLIAM HEALEY DALL.

The Director of the Maryland Geological Survey having requested me
to prepare a chapter reviewing some of the relations of the Miocene in
Maryland to that of other regions and to the recent fauna, and the per-
mission of the Director of the U. S. Geological Survey having been
kindly given, the following considerations are submitted. In pronounc-
ing judgment upon them it should always be borne in mind that the
stratigraphical relations of the more southern Miocene adjacent to that
of Maryland, especially that of Virginia and the Carolinas, are still very
imperfectly known, although the faunas of certain particular outcrops
have been quite fully enumerated.

Before proceeding to the consideration of the local Miocene it will be
well to recall the origin and scope of this term and what it stands for in
Buropean discussions of Tertiary Geology.

In the subdivisions of the Tertiary instituted by Lyell and Deshayes
those faunas were denominated as Miocene which contain from 17 to 20
per cent of species which survive to the recent fauna. This definition,
corresponding to the idea of evolution in the characteristic faunas, still
lies at the foundation of our ideas of what constitutes a Miocene fauna,
though to a greater or less extent modified by differences of opinion as
to what constitutes a distinct species, and by a wider knowledge of modi-
fications of faunas due to temperature, migration and the various factors
which, taken together, form that group of influences which is denomi-
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nated the environment. Since the modification of faunas not interfered
with by catastrophic changes of temperature and environment must
always be gradual, the exact limitation of the different series of which
the Tertiary is made up has of late been expressed in terms of dynamic
changes to which the terrains concerned have been subjected. The
division of the Tertiary time into two great systems has been generally
accepted by geologists. The first, which embraces all the recognized
Eocene and nummulitic beds, has been called Eogene, and contains
the Eocene and Oligocene series, The second, or Neogene, comprises
the remainder of the Tertiary, the Miocene and Plioccne series, and
was inaugurated and is limited by important dynamic changes in the
earth’s crust.

According to De Lapparent with the Miocene were ushered in impor-
tant changes in the geography and topography of Europe. First in order
of importance, as the work of the Miocene period was the elevation of
the Alps, or rather of that great zone of elevated plications which, extend-
ing from Morocco to Indo-China, the result of successive movements in
elevation, forms the southern border of what has been called Eurasia.
This immense upheaval was accompanied by the gradual draining of the
great lakes which covered much of France and central Europe during the
Oligocene, and, isostatically, by the sinking of other parts of the pre-
cxisting land. Following the latter the sea penetrated into the heart
of Europc, carrying its fauna with it. Coincidently the denudation of
the elevated area gave rise to extended sedimentary deposits radiating
from it. Subsequently the communications with the sea were cut off, the
eastern basin of the Mediterranean separated from the Atlantic became
less saline and the extension of brackishness in the sea to the northward
made gradual progress westward, reaching Corsica and the valley of the
Rhone, finally becoming in part a series of lakes, around which the great
herbivorous mammals of the period found a pasturage. The termina-
tion of the Miocene and the beginning of the Pliocene in Europe was
marked by a movement in depression of the Mediterranean axis, opening
the strait of Gibraltar, giving the Atlantic access to the Mediterranean,
where the subtropical members of the marine fauna were replaced by

' Cf. DE LAPPARENT, Traité de Géologie, éd. IV, pt. III, pp. 1409, 1518, et seq., 1900.
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those of a more temperate type while the climate of the temperate zone,
indicated by the land animals and vegetation became noticeably cooler
than it had been during the Miocene epoch.

Having thus indicated the salient characteristies of the Miocene epoch
as understood by European geologists, it becomes possible to compare
them with those of the epoch referred to the Miocene in North America.
The differentiation of faunas was well established before the beginning
of the Tertiary, and Eogene faunas in America show American charac-
teristics clearly, as compared with those of Europe. Other differences,
suggesting migrations, occur in the relative time of appearance of certain
groups; as, for instance, in America, the first influx of Nummulites is
in the upper beds of the lower Oligocene just as they were about to dis-
appear from the European fauna, where they had flourished in myriads
at an earlier epoch though then unknown west of the Atlantic. Thus
we may expect and shall find, on an inspection of the American Miocene,
both differences and points of agreement. As in Europe, so in America,
the Miocene was a period of elevation, of plication of the earth’s crust
with its attendant vulcanism, of denudation of the recently elevated
areas, and the formation of extended areas of sediment, formed chiefly
of clays, sands and marls, either consolidated into shales and sandstones,
or remaining less compacted. The elevation of Middle America and
the Antillean region, in harmony with that of southern Europc secms
to have been more or less constant, since no marine Miocene beds have
been definitely recognized in this area, and the antecedent Oligocene sedi-
ments were elevated several thousand feet, North and South America
were united, the island of Florida became attached to the Georgian main-
land, and the continent of North America on the whole assumed approxi-
mately its present outlines. Some modification of the coast line or sca-
bottom, supposedly in the vicinity of the Carolinas or possibly connected
with the elevation of the Antilles, diverted the warm currents corre-
sponding to the present Gulf Stream so far off-shore in the early part
of the Miocene as to permit of the invasion of the southern coast lines
by a current of cold water from the north, bringing with it its appro-
priate fauna and driving southward or exterminating the pre-existent
subtropical marine fauna of these shores. This resulted in the most
marked faunal change which is revealed by the fossil faunas of the
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Atlantic coast of America subsequent to the Cretaceous. A cool-tem-
perate fauna for the time replaced the subtropical one normal to these
latitudes, and has left its traces on the margin of the continent from
Martha’s Vineyard Island in Massachusetts south to Fort Worth inlet
in East Florida, and westward to the border of the then existing Missis-
sippi embayment. This seems to have been the limit of effectual invasion
by the northern marine fauna since, though no outcrops occur, the Gal-
veston artesian well-borings show two thousand feet of Miocene sedi-
ments west of the Mississippi, including a marked remnant of the Pacific
fauna, cut off from its allies by the elevation of Middle America and
barely surviving on this coast until the upper Miocenc time. The pre-
ceding Oligocene fauna has left traces as far north as southern New
Jersey, but denudation so accompanied the Miocene elevation that little
sediment of this epoch has survived in situ north of Georgia, and even
the Miocene sediments between northern Florida and North Carolina
are represented chiefly by isolated patches in sheltered areas. The deep
embayment of the Chesapeake region in Maryland and Virginia has
retained the largest and least disturbed area of the marine Miocene
sediments and given its name to them, as typical, on the Atlantic coast,
of the faunal remains of this character, which they contain. Contrary
to the conditions existing in Europe, in America no marked invasions
by the sea or extensive depressions of continental land are characteristic
of Miocene time, though in special localities the Miocenc sediments
transgress the remnants of the Focene. In the western region somc
analogy may be found for the brackish water deposits of Europe, in the
Miocene lake beds and their vertebrate remains. Between the upper
Oligocene of the John Day beds of the West and the typical Chesapeake
(Loup Fork) Miocene, Scott has recognized in the Deep River verte-
brates a fauna strictly analogous to that of Sansans (Gers) in France,
placed by Depéret, Gaudry and De Lapparent with the Helvétien. The
latter author recognizes in the Miocene of Europe the following stages:

1. BurpicALIEN.—This group has been the occasion of more or less
controversy, and is introductory to the fully typical subsequent stages.
Whether it is really a consistent whole, is, and has been for some time,
a debateable matter. It is not improbable that some part of the beds
included in this stage by many European geologists correspond to part
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of the series grouped in later American classifications with the upper
Oligocene. It has been united by Suess with the Oligocene Aquitanien.

Being a matter in which nomenclature rather than geology is concerned
its consideration may well be adjourned until a more thorough knowledge
of the supposed American equivalents is available. The European
characteristics of this stage comprise the earlier part of the period of
elevation during which the disappearance of the inland lakes and the
inception of fluviatile drainage were in progress.

. HELVETIEN.—This corresponds more exactly to the American defi-
nition of the Miocene of Maryland and Virginia, being the period of
uplifts and of culmination of the invasion of the southern sea into the
resulting isostatic depressions.

3. TorroNIEN.—During this period the most extreme elevation of
the uplifts was attained and with this some diminution of the marine
transgression and of the apparent sea-temperatures. It is probable that
this stage should be united with the preceding, as it is in a number of
cases only indicated by a facies, and barcly distinguishable from the
Helvétien. 1t should be noted that the arms of thc Mediterrancan sea
which deposited the marls of the Vienna Basin, the Mollasse of Switzer-
land, and the Miocene of Southern France, were inhabited by a fauna
derived from the south, and of a subtropical character; hence in no case
strictly comparable with a fauna, like that of the American Chesapeake,
derived from cool-temperate seas. It is to the fragmentary Miocenc of
North Germany and Denmark that we should look, if at all, to find the
time-analogues of our Chesapeake species.

4 and 5. SARMATIEN and PoNTIEN or PANNONIEN.—During these
stages, which might well be united, the Mediterranean sea became sepa-
rated from its eastern inland extensions, which gradually lost their
salinity and deposited the remarkable Congeria beds and other brackish
water sediments or lake beds, with the formation of which European
geologists regard their Miocene as having terminated.

In America, speaking broadly, as stated by Dr. Clark, the Miocene
appears at its inception unconformably and suddenly upon the surface
of the Eocene which in certain localities it transgresses. In the northern
part of its range the Eogene strata seem to have suffered much more
from denudation than in the corresponding series at the south on the
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Gulf Coast. While faint traces remain, in the mechanically mixed marls
of southern New Jersey, of the former presence of Oligocene sediments,
it is only by the occurrence of a few Oligocene species, mixed with much
more numerous Chesapeake forms, that this may be detected. South of
New Jersey no trace of the whole Oligocene series may be recognized, as
far as now known, north of Georgia. Nor is there described any remnant
of the nppermost Eocene as represented in the Gulf column of formations.
The beginnings of the Chesapeake in Maryland and Virginia are marked
by the prevalence of beds of diatomaceous earth. Otherwise there is
little that is distinctive in the successive beds of clay, sand and gray or
bluish marl which make up the bulk of the series, divided, on the basis
of its fauna, into three formations in Maryland, known as the Calvert,
Choptank and St. Mary’s. In Virginia we are greatly in need of more
stratigraphical information but it is believed that the older beds in the
main lie to the north and west, dipping southeasterly 8 to 10 feet per
mile, and, as at Petersburg, are practically similar to the Maryland
deposits. Passing to the southeast, beds higher in the scale are encoun-
tered, though the fauna is still very similar to that of Maryland. Finally
on the southeastern border at the sea, along the York river and at various
other localities we find beds of marl of a much lighter color, tinted
yellow by the presence of iron oxide, and containing a larger proportion
of recent forms, together with a still notable proportion of those which
occur in the Maryland beds. These newer sediments culminate near
Suffolk and about the upper Nansemond river district in the most recent
beds of all, on the top of which, in the basin of the Great Dismal Swamp,
have been collected mixed with unconsolidated Miocene marl, a few
characteristic species of the Southern Pliocene. In Virginia and Mary-
land we appear to have the basis of material necessary to trace the
development of a normally evolving fauna of a single origin, but when
we reach North Carolina we come upon an association of species in the
upper or Duplin Miocene, in which the introduction of a new factor is
manifest. This is a change of fauna due (as in the recent fauna of the
coast) not to earlier or later development, but to modifications due to
temperature and the environment, which have produced an assemblage,
perhaps simultaneously existing with that of Suffolk, Virginia, but
of an obviously more southern character. At present the promontory of
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Capc Hatteras serves as a landmark indicating the mutual boundary
between the northern temperate and southern subtropical mollusk faunas
of the present Atlantic coast; and it would seem as if in Miocene time a
similar arrangement prevailed.

The upper surface of the Chesapeake in Virginia has been extensively
denuded, and the equivalent, if any, of the Duplin beds has been removed
over a great portion of the Miocene area. The dip of the remaining
deposits, according to Darton, in the northeastern or older portion of the
beds, is about ten feet to the mile; in the Nomini section about 7.7 feet
to the mile; and in the newest, or Suffolk region, about 6.5 feet to the
mile. The beds, as a whole, retain at most about 560 feet of their
original thickness. The diatomaceous bed, when present, as is usually
the case, lies at the base of the series, on the denuded surface of the
Tocene, and if there were earlier deposits which should normally be
associated with the Chesapeake, neither in New Jersey nor in Virginia
do we find any trace of them remaining. In all cases and throughout
its extent the fauna has the characteristics of a shallow-water assembly,
without any marked littoral elements, but which might well have existed
in the immediate vicinity of low, nearly level, muddy or sandy shores,
and have extended off-shore to a distance more or less indefinite, but
which did not include any area subject to the influences of an open and
unsheltered ocean. ’

In Florida we first find, in passing southward from the North Carolina
deposits, an extended area of undisturbed and little denuded Chesapeake
sediments, and where, as at Alum Bluff on the Chattahoochee river and
localities on the Chipola river, they have been carefully examined, they
present, with some slight admixture of warmer water forms, a fauna
essentially like that of the more northern deposits. Eliminating the
species peculiar to the Florida beds alone, of the remainder about forty
per cent are common to the Chesapeake of Maryland and fifty-seven
per cent common to Florida and North Carolina. Since the northern
fauna must have become well established before it could have, as a body,
invaded the Florida province with the incursion of cold currents pre-
viously described, it is probable that the Alum Bluff Miocene represents
in time a period somewhat subsequent to that of the Maryland beds,

though in point of evolution of organic life nearly identical. About
i
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fourteen per cent of the Alum Bluff species have survived to the present
time. Beyond the Mississippi embayment, though no Miocene beds have
been observed outcropping at the surface, the artesian well at Galveston
has penetrated over 1800 feet of strata containing many fossils, evidently
of upper Miocene age. This assembly is strongly tinctured with ele-
ments characteristic of the Miocene of the Pacific coast which have not
survived in the present fauna of the Gulf. These forms are probably
the remnant of those cut off from the Pacific waters by the elevation of
Middle America in the early Miocene, which for a short time survived
on the Gulf side. Owing to these peculiarities there seems no special
reason for instituting extended comparisons between the Texas beds
and those of Maryland and Virginia.

We may now proceed to consider somewhat more in detail the relations
between the Miocene faunas of Maryland, (1) among themselves, (2) to
the Miocene faunas of adjacent States, and (8) lastly to the fauna of
the European Miocene. Since the molluscan quota of the fauna is much
the largest and that with which the writer is most familiar the local
comparisons which are made will be chiefly based upon it.’

The three horizons into which the Maryland Chesapeake has been
divided contain altogether about three hundred and sixty-four species
of mollusks, of which 14 per cent are peculiar to the Calvert formation,
9 per cent to the Choptank formation and 10 per cent to the St. Mary’s
formation, so that altogether one-third of the mollusean fauna of the
Maryland Chesapeake is peculiar to it. Ten per cent survive to the
present fauna. Of the whole, one hundred and forty-two species occur
in only one of the three subsidiary formations, while two hundred and
twenty-two are common to more than one of the three horizons, and
quite a number of Calvert species are absent from the Choptank but
reappear in the St. Mary’s formation. Of thosc species which are

?The authors of the systematic lists in this volume have in large part followed in
their work the arrangement and determinations made in my Tertiary Fauna of Florida
and the coiiections of the U. 8. Geoiogical Survey in the U. 8. Nationai Museum.
There are naturaliy some diffcrences due to the use of additional material and to per-
sonal equation, which, in the following discussion, will he ignored, as they will in
any case hardly affect the percentages. The list as herein contained will be accepted
for statistical purposecs, except that mere varieties wiii be ieft out of consideration;
though on some points I might still hold to my original opinion.
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common to more than one of the Maryland horizons 17 per cent are
also common to the Chesapeake of Florida at Alum Bluff and the Chipola
river.

For reasons which have already been specified, the Miocene fauna of
southern New Jersey is regarded by me as mixed with forcign clements
which have been mechanically incorporated with it during the progress
of denudation or by current action. Eliminating the doubtfully indi-
genous forms the remainder has much the aspeet of the Calvert fauna of
Maryland with whieh, on stratigraphic grounds, there is much reason
to assimilate it.

In making comparisons with Virginia horizons we are met at onecc
with the diffieulty that no good modern lists of Virginia Miocene mol-
lusks are available. To remedy this deficiency I have had the identified
species from Virginia localities in the National Museum collection listed
and have used them in making the following comparisons. Though
these Virginia species comprise little more than half of those which occur
in the horizons listed (many being yet unidentified), vet the numbers
scem sufficiently large to ensure the approximate aceuraey of the percent-
ages derived from them. The lists eomprise 71 species from Petersburg,
55 from the James river, 118 from the York river near Yorktown, and
57 from the newest beds of the Miocene near Suffolk, Va. The order
in whieh they are cited is that of their relative age beginning with the
oldest. The following table shows the proportion of surviving species in
ecach of the mentioned horizons:

Virginia—Petersburg horizon ............ 8.5 per eent
Maryland—Calvert formation ............ 9.3 « ¢
Virginia—James river beds.............. 11.0 “ ¢
Maryland—Choptank formation .......... 114 <« ¢
Maryland—St. Mary’s formation..... ..... 121« ¢
New Jerscy—Shiloh marls (mixture of

faunas) ...l 13.0 «
Florida—Alum Bluff horizon............. 140 « «
Virginia—Yorktown beds ............... 170, € "<
Virginia—Suffolk beds ................. 19.0 ¢ <

" North Carolina—Duplin beds............ 30 e v
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It is likely that complete collections from each of the Virginia locali-
ties might bring about a change of one or two per cent in the proportion
of surviving specics, so that too much stress should not be laid on small
differences of this kind; also, that, in the warmer regions, the proba-
bilities of survival among the smaller species are greater than in colder
waters. Making allowances for these factors it is probable that the age
(in descending order), of the several horizons, as measured by their
percentage of surviving species, would not differ greatly from the follow-
ing scheme:

Duplin.
Suffolk.
Yorktown.
Alum Bluff.
St. Mary’s.
[ Choptank.
James River.
‘Calvert.
JLPe’cersburg.

Taking the three subsidiary horizons of the Maryland Miocene, the
percentage of species in each of the cited Virginia horizons common to
each of the Maryland horizons is as follows:

Virginia. Maryland.
Calvert. Choptank. St. Mary’s.
Suffolk................ 874 33¢ 3%
Yorktown ............ 34 35 27
James River.......... 27 24 27
Petersburg ........... 34 34 33

From this it may be concluded that the connection between the Mary-
land and Virginia Miocene, as well as between the several horizons in
each state, is very intimate, and while the groups may be divided the
divisions are less fundamental than the general unity of the Chesapealke
as a whole compared with, for instance, the Duplin Miocene, which has
in common with the Suffolk beds only ten per cent of common species,
while of the non-peculiar species of the far more distant Chesapeake of
Florida 39 per cent are common to the Chesapeake of Maryland.
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We may, in considering the fauna of the Maryland Chesapeake, find
the analogy of its location under present conditions in either of two ways.
We may consider the present geographical distribution of the genera
represented in it, or we may take the surviving species and consider their
present distribution on our coasts. The latter is the most definite
method leaving less to the judgment of the statistician. From twenty
to twenty-five species survive from each of the Maryland horizons. Of
these eleven at present extend from the existing boreal fauna to the
subtropical waters of Florida, and therefore afford no more precise
indication. Of the remainder seventy per cent now live in the fauna
existing from Hatteras southward, while only thirty per cent are con-
fined to the region from Hatteras northward. We may therefore con-
clude, (1) that the temperature conditions governing the fauna of the
Maryland Chesapeake were those of the temperate rather than the boreal
or subtropical faunas of the present coast; and, (2) that the temperature
of the Chesapeake embayment was on the whole somewhat warmer than
at present. This is what the genera represented also indicate. Between
the several horizons of the Maryland Chesapeake there is but very slight
indication of any temperature difference; so far as there is any, it points
toward a progressive but slight cooling of the water from the Calvert
to the St. Mary’s; while the subsequent Pliocene was doubtless accom-
panied by a change in the opposite direction, a rise of temperature being
indicated by the changes in the fauna.

It has been shown® that the shell-bearing mollusk fauna of the cool-
temperate zone comprises normally about 400 species in any reasonably
diversified area. When thoroughly done, collecting from marl beds will
give much better results as regards completeness than can be had from
any dredging in the actual sea, because the marl is so much more acces-
sible than the seabottom. In the Maryland Miocene, omitting varieties,

about three hundred and sixty-four species are recorded. It may be
supposed that about forty species remain to be discovered in the Mary-
land beds.

Of the speccies known about ten per cent are supposed to survive.
This small number is partly the result of the rather restricted limits

#U. 8. Geological Survey, Bulletin 84, pp. 25-31, 1892,
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adopted for species by the authors of this part of the volume, as com-
pared with the views prevalent in the time of Lyell. However, about
13 per cent of the New Jersey species survive, and 14 per cent of the
Iloridian Chesapeake, so the estimate is not far from normal for the
lower American Miocene. For the upper Miocene of Duplin about 20
per cent arc estimated to survive, and 19 per cent in the Suffolk distriet
of Virginia. The intermediate Yorktown beds have about 17 per cent
of survivors.

I have already called attention to the fact that the Miocene of South
Turope is of a more tropical character than that of our typical Chesa-
peake, and that a more appropriate comparison in detail may be had
with the Miocene of Northern Europe, Belgium, North Germany and
Denmark. Even the latter is less boreal or apparently lived in warmer
waters than the species of the Maryland beds. It would scem that, in
America, the change at the end of the Miocene was marked by a slight
clevation and a distinctly warmer water fauna which pushed its way
northward at least as far as Virginia, and possibly to Martha’s Vine-
yard, where the genus Corbicula, a distinetly southern form, has been
detected. From a survey of the available literature it would seem, how-
ever, that, on the continent of Iurope, the Pliocene fauna which made
its way southward was of a somewhat more northern type than the
Miocene which it succeeded. If a change in the ocean currents corre-
sponding to our present Gulf Stream, took place at the end of the Mio-
cene, by which the tropical waters were directed over a longer cxtent
of the Atlantic coast than was the case during the Chesapeake epoch,

and hence became more or less cooled off before making the transit of
the North Atlantic, the temperature conditions necessary to account for

this difference in the faunas, would have been provided.

Of five hundred species of gastropods enumerated by Hoernes from
the Vienna basin 20.6 per cent are regarded as surviving to the present
cpoch; a number without doubt too great from the standpoint of the
average modern estimate of what constitutes a species. But it would
carry us too far to attempt to rectify this estimate in detail.

In the work of Nyst (1843) on the Tertiary of Belgium the Diestien
of Dumont and the fauna of the Bolderberg were referred to the Pliocene
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and the Oligocene. This view was afterward corrected by von Kocnen *
who showed that the Diestien and part of the Bolderien were a west-
ward extension of a fauna which he identified with that of the North
German Middle Miocene.

Of eighty-nine species of this Belgian fauna Nyst regarded 19 per cent
as surviving, an estimate which must be materially reduced to bring it
into harmony with modern views. Much more reliable from this stand-
point is the estimate of von Koenen, who rcgarded out of one hundred
and forty-two species of gastropods 11 per cent as identical with recent
forms, a result practically agreeing with our estimates for the middle
Chesapcake of Maryland and Virginia. Of thesc North German spccies
43 per cent are common to the fauna of the Vienna basin, 12 per cent
are also known from the German Oligocene and 38 per cent from the
Pliocene of South Europe. The relations with the Crag of Britain arc
less intimate, the latter being characterized by a rather colder water
fauna.

In a general comparison of the European and American Miocene we
find, among other things which may be cited as parallelisms: in land
vertebrates the Sansans and Deep River mammals, and among cetaceans
the presence of Squalodon, Balaena, Priscodelphinus and other dolphins.
Among the sharks may be cited Carcharodon megalodon, Hemipristis
serra and Notidanus primigenius. Ozyrhina, Carcharias, Galeocerdo and
various rays were abundant in the sea bordering the western continent
during this period.

In Furope Corals are rare except at the south ; in Maryland Astrohelia
and Seplastrea represent the group, the waters of Chesapeake time in
this region having been too cold for reef corals and too shallow for the
deep sca forms.

The Echinoids of the Miocene arc as a rule few in species and profusc
in individuals; Clypeaster, Scutella and Spatangus being the most promi-
nent of Buropean, Amphidetus and Scutella of American forms.

Among the Vermes Spirorbis is conspicuous, and Balanus among the
Crustaceans.

4Das Miocden Norddeutschlands und seinc Molluskfauna. Schr. ges. Naturw. zu
Marburg, X, Ste Abtb., pp. 189-143, 1872.
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Among the Foraminifera nummulites are absent, and, in America,
Orbitoides. Awmphistegina, Ehrenbergia, Cassidulina, and Ellipsoidina
are prominent in Europe; Polystomella, Planorbulina, Rotalia, Textu-
laria, Polymorphina, and Uwvigerina in America. Lithothamnion is a
common fossil in the marine Miocene of both continents.

There are left the Mollusca, which we may examine a little more
closely.

Cephalopods are rare in the Miocene. The Afuria which in America
does not persist beyond the middle of the Oligocene, in Europe is said
to linger a little longer. Nautilus is known from both the east and west
coasts of America in the Miocene.

In America, among the Toxoglossate gastropods, Terebra (represented
by species of the subgenera Hastula and Oxzymeris) is notable, there are
many Pleurotomoids, the cones are few and coarse, Canccllaria is
represented by a notable number of species. The same remarks apply
almost equally to the North German Miocene.

American Rhachiglossa are numerous. A species of Oliva and one of
Scaphella at least appear in both America and North Germany. Busycon
In the former region is represented by Tudicla in the latter. Fusus is
more abundant in Europe than in America but the peculiarly character-
istic Miocene subgenus of Chrysodomus, Ecplora, is represented in North
Germany by a form almost intermediate between the American E. quadri-
costata and Chrysodomus decemcostatus. Ancilla, Murez, Purpura and
T'ritia are conspicuous in the Miocene faunas of Europe, Ptychosalpinz,
Ilyanassa and T'ritia in America. The M elanopsis of Europe is paralleled
by the Bulliopsis of America.

Among the Tenioglossa, Turritella is conspicuous in both continents,
a form of Cassis (Cassidaria or Sconsia) is equally present. Cypraa is
more numerous in Europe but represented in both regions; Pyrula
occurs in both, more abundantly in Europe; as do the various types of
Tritoniide, such as Septa, Lotortum and Ranells. Pyrazus is more
abundant in Europe and the Calyptreide in America.

Among the Rhipidoglossa, Calliostoma is more representative in
America and Gibbula in Europe.

Turning to the bivalves we find an equally noticeable parallelism.
In Europe Glycymeris, Barbatia and Scapharca are very characteristic,
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as they are in America. Ostrea is large and numerous, large Pectens
occur, though the latter are perhaps less characteristic of the Miocene
than in America.

The conspicuous place of the Cardiums in our Miocene is hardly filled
by the species in the European faunas, where also we find a notable
number of Isocardia. Mactra in Europe is represented by Spisula in
America. Panopea is about equally conspicuous in both, Cardita more
so in Europe, Astarte in America. Corbula and Sazicava, arc equally
common to both regions. The very characteristic Mytiloconcha ocenrs
in both. A host of uncharacteristic forms, such as Nuculide, Abra,
Tellina, Ensis, Macrocallista, Ttmoclea, Lima, Phacotides, etc., are com-
mon to both, but in Europe Venerupis, Paphia, Eastonia, Lutraria,
Cardilia, Pecchiolia, Congeria and Adacna are found with no American

Miocene equivalents. Crassatellites, Crassinella, Agriopoma, Rangia,
Mulinia, Melina, occupy the same, or nearly the same, position on the

western continent, where the gianf species of Venus make their first
appearance.

In a general way, allowing for local peculiaritics, the Mioccne fauna
of North Germany compares well and agrees closely with that of Mary-
land, while the Mediterranean Miocene finds a closer analogue in the
more tropical fauna of the Duplin beds of the Carolinas. We have not
in America any equivalent, faunally, of the Congeria beds of the upper
Miocene of Eastern Europe.

CHARACTERISTIC SPECIES OF NORTH AMERICAN MIOCENE.

Deeming it interesting to know what species, as distinguished from
genera, are characteristic of the North American Miocene I have care-
fully inspected the lists. By characteristic are meant the species which
occur only in the Miocene, and occur in it from top to bottom, or, to
exemplify, in the beds from Alum Bluff to Duplin, in the South, or from
the Calvert to Yorktown or Suffolk, in Maryland or Virginia. It is
not meant that they occur at every horizon or zone, but that they have
existed throughout the Miocene somewhere, and disappear with the
inauguration of the Pliocene.

The following list comprises the species so defined, and is to some
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extent a surprise, both by the presence of some species and the absence
of others, the latter chiefly those which survived into the Pliocene.
Some of the groups which are peculiar to a portion of the Miocene and
do not occur throughout the system will be particularly missed. Doubt-
less the more thorough exploration of the southern Miocene will furnish
material for modifying the list to some extent, but as far as our present
knowledge goes it is emphatically characteristic of the epoch.

Drillia limatula Conrad.

Cancellaria carolinensis Emmons.

Scaphella trenholmii (Tuomey and Holmes).

Fasciolaria rhomboidea Rogers.

Busycon coronatum Conrad.

Busycon incile (Conrad).

Lcphora quadricostata (Say).

Fusus ezilis Conrad.

Anguinella virginica Conrad (worm tube?).

Cassis (Sconsia) hodgei Conrad.

Cructbulum constrictum Conrad.

Polynices (Lunatia) perspectivus (Rogers).

Polynices (Neverita) percallosus (Conrad).

Calliostoma philanthropus (Conrad).

Dentalium carolinense Conrad.

Dentalium attenuatum Say.

Cadulus thallus (Conrad).

Yoldia levis (Say).

Atfca (Barbatia) centenaria Say.

Arca (Scapharca) scalaris Conrad.

Arca (Scapharca) subrostrata Conrad.

Arca (Noétia) incile Say.

Atrina harristi Dall.

Pecten madisonius Say.

Modiolus ducateli Conrad.

Margaritaria abrupte (Conrad).

Pandora (Clidiophora) crassidens Conrad.

®Inclnding all the varieties and excluding the Rapana which has been too hastily
united with it.
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Crassatellites melinus (Conrad).

Crassatellites undulatus (Say).
Crassatellites psychopterus Dall.
Astarte obrute Conrad.

Astarte undulata Say.
Phacoides anodonia (Say).
Placoides cribrarius (Say).
Solecardia cossmanni Dall.
Bornia iriangula Dall.

Cardium acntilaguealum Conrad.

Cardium lagueatum Conrad.
Isocardia fraterna Say.

Venus tridacnoides (Lamarck).
Chione ulocyma Dall.

Callocardia (Agriopoma) subnasuta (Conrad).

Macrocallista reposta (Conrad).
Dostnia acetabrlum Conrad.

Tellina (Angulus) producta Conrad.

Semele subovata (Say).
Cumingia medialts Conrad.
Asaphis centenaria (Conrad).
Ensis ensiformis Conrad.
Spisula delumbis (Conrad).
Spisula subparilis (Conrad).
Spisula curtidens Dall.
Spisula marylandica Dall.
Mulinia milesit Holmes.
Mulinia congesta (Conrad).
Sphenia dubia (H. C. Lea).
Panopea reflexa Say.
Panopea goldfussi Wagner,
Discinisca lugubris (Conrad).

clv
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VERTEBRATA.

CLass MAMMALIA
Order CETACEA

The order CETACEA cxhibits within itself forms of the widest diver-
gence. Conforming in gencral to the fish-like form of body, the
members show variations in size between Balaenoptera sibbaldii, S5 to
90 feet long, and Platanista about 4 feet; in dentition from the car-
nivorous form of Orca to the balecn plates of the Right Whale or the
almost toothless Monodon. The superficial fish-like characters of the
body are generally regarded as degenerative adaptations to the aquatic
habitat. The almost total loss of the hair, the equally complete loss
of the hind limbs, the flipper-form of the fore limbs and the devclop-
ment of hyperphalanges; the position of the external nostrils on the
upper part of the skull; all these are found in general in animals
originally terrestrial in habit, that have become aquatic. To these
characters should be added the broad, flat tail developed in the hori-
zontal instead of the vertical direction and devoid of bony support.

The following features of the skull have been mentioned by Beddard *
as characteristic of the CETACEA:

“The separation of the two parietals by the intervention of the
supra-occipital, or their concealment by its overlapping.

“ The overlapping of the muzzle generally by the premaxillae.

“The loose attachment between the various bones surrounding or
connected with the organ of hearing.

“The absence or feeble development of the coronary process of the
lower jaw.”

The scattered locations and the fragmentary condition of the material

'A Book of Whales. Putnam & Sons, New York, 1900. This book contains a
most valuable semi-popular account of the Cetacea.
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deseribed in the following pages rendered impossible a eomplete re-
vision of the forms. All that has been attempted is to place the known
material in the most available form.

The classification of the CETACEA is in a very unsettled eondition so
that no one scheme can be said to be the eorrect one. The seheme
here given follows that of Flower and Lydekker.'

Suborder ARCHAEOCETI.

Animals most nearly approaching the land-living ancestors of the
group; the skull clongate with well-developed nasal bones and the teeth
differentiated into an anterior, ineisor series and a posterior, molar
series. These tecth, espeeially the molars, are extended in the antero-
posterior direction and have tuberculated cutting edges; the anterior
series is single-rooted and the posterior two-rooted. The body was
elongated and adapted to an aquatie life but the attachment of the
ribs, the strueture of the palatal region and other portions of the body
are very seal-like in their relations.

There is but a single family, the ZEUGLODONTIDAE, which is eonfined
to the Eocenc formations. In the United States they are most abund-
antly found in the deposits of Alabama, Louisiana, and Mississippi.

Suborder ODONTOCETI.

Forms in which the skull has lost many of the typieal mammalian
features retained in the previous suborder, especially in the facial
region; the external nares have retreated until they are simple openings
on the top of the head, descending almost vertieally through the skull
just anterior to the front wall of the brain ease. The retreat of the
nares has driven the nasal bones baek until they are mere nodules in
the posterior wall of the upper portion of the narcs. The nose is ex-
tended into a rostrum that may reach great length and slender propor-
tions; the teeth are variable, in some forms they are quite similar to
those of the preeeding suborder, in others they are simple and eonieal;
either present in large number or reduced to a single tooth in each
half of the mandible. The vertebrac in the neck are, in the muost

1 Mammals Living and Extinct. Flower and Lydekker. London, 1890.
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highly developed of the forms, anchylosed together in a short mass of

bone, this leaves the animal with no apparent neek; in other forms the
cervical vertebrae are all scparate and the head and body are separated
by a well-defined constriction. All forms show a distortion of the
anterior portion of the skull, which in some rcaches a high degree.
The suborder has four families: SQUALODONTIDAE, DPLATANISTIDAE,
DeLPuINIDAE, and PHYSETERIDAE.

Following is a scheme given by Cope’ for the determination of the
various families:

I.  Teeth of two types, one and two-rooted.
Neck longer; teeth in both jaws Squalodontidae.
1I. Teeth uniformly one-rooted.
a. Ribs nearly all two-headed.
Teeth in both jaws; neck generally longer Platanistidac.
Teeth in lower jaw only; neck short Physeteridae.
aa. Four or five anterior ribs only two-headed.
Teeth in both jaws; neck short Delphinidae.
In the samec article he speaks of the characters here sclected to
designatc the different familics. He says: “ All the above characters
are thosc of divergence from the principal mammalian stem, and have
relations to the eonditions of aquatic life. Thus the posterior position
of the nostrils permits inspiration without the elevation of the muzzle
above water level, which is rendered difficult, if not impossible in the
most speeialized types, by reason of the extreme flatness and inflexi-
bility of the cervieal vertebrae. The absenee of teeth is appropriate
to the habits of the types which laek them.” (The confinement of the
diet of the MysTicocETI to soft bodied animals.) ¢ The disartieulation
and the disappearance of the heads of the ribs in the MysrIcocETI is
appropriate to the support which all the viscera derive from the fluid
nmedium in which these large animals live.” Again, “ The line of the
successional modification of the CETACEA is found in the changes in (1)
the shape of the skull; (2) the extinction of the dentition; (3) the
shortening of the cervical vertebrac; and (4) in the separation of the
ribs from articulation with the vertebral centra. The modification of
the shape of the skull is rclated to the gradual transfer of the external

nostrils to more and more posterior positions.”

! Amer. Nat., vol. xxiv, 1890, p. 602.
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Family SQUALODONTIDAE.

This family is peculiar in its group in that it possesses teeth of two
kind as in the ARCHEOCETI; the anterior teeth are simple and conical
while the posterior or molar teeth are more complex and are two-rooted
(there are teeth in the premaxillary). The skull, however, presents the
characters of the OpoxTocETI. There are no living members of this
family.

Genus SQUALODON Grateloup.
SQUALODON ATLANTICUS Leidy.

Plate X, Tigs. 1, 2, 3.

Macrophoca atlanticus Leidy, 1856, Proc. Acad. Nat. Sci. Phila., vol. viii, p. 220

Squalodon atlanticus Cope, 1867, Proc. Acad. Nat. Sci. Phila., vol. xix, pp. 132, 144,
151, 158,

Squalodon atlanticus Leidy, 1869, Jour. Acad. Nat. Sci. Phila., 2nd ser., vol. vii, p.
416, pl. xxvlil, figs. 4-7; pl. xxx, fig, 18.

Basilosaurus (?) atlanticus Cope, n. n.

Description.—The original specimens described as M. atlanticus con-
sisted of three molar teeth from Cumberland county, New Jersey.
They were described as follows by Leidy in 1856: “ Crowns of the molar
teeth broader than the length; laterally compressed conical ; the anterior
and posterior borders acute, the former with a series of acute two, and the
latter with four conical tubercles having denticulated borders; inner

and outer surfaces exceedingly roughened, especially toward the base,

by longitudinally acute and broken ridges. Root composed of an
antero-posterior pair of fangs confluent half their length.

“ Length of largest tooth 2} inches; length of crown 10 lines, breadth
12 lines.”

Cope in 1867 described a second specimen from Charles county,
Maryland. “ At least four of the most posterior molars were inserted

in oblique alveolae, overlapping by their anterior fang the inner face
of the posterior fang of the tooth in front, anterior to these the
alveolae are less oblique, and separated by spaces. The palatal face is
moderately convex, while the external surface is divided into two plane
faces by an angulated line, which is strong posteriorly, vanishing anter-
iorly.” The fragments are said to indicate a cranium about 30 inches
long. The teeth “are longitudinally wrinkled and present a thick
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anterior and posterior cutting edge. The serrulations stand from
behind, 3-2, 2-2, 8-2, 3-2, the anterior two of the last being very weak.
The cutting edge of all these is serrulate. Not only in the number of
the crests, but in the more elevated conic apex, do these teeth differ
from those of S. holmesii.”

A specimen in the Museum of the Philadelphia Academy of Sciences
bears the name Basilosaurus atlanticus and purports to come from the
Miocene of Maryland. No trace can be found of any description of
such a species of Basilosaurus nor does the genus Bastlosaurus occur in
the Miocene. The label is by Cope and it is probable that it was
intended for Squalodon atlanticus. The strong resemblance of the
specimens to the teeth of the latter genus bears out this supposition.

Occurrence.—CALVERT FormaTion." Charles county near the Patux-
ent river.

Collections.—The type specimen is in the Museum of the Philadelphia
Acadeiy of Natural Sciences.

SquarLonox PROTERVUS Cope.

Plate X, Figs. 4, 5.

Cynorca proterva Cope, 1867, Proc. Acad. Nat. Sci. Phila., vol. xix, pp. 144, 152.

Cynorca proterva Cope, 1868, Proc. Acad. Nat. 8ci. Phila., vol. xx, p. 185.

Squalodon protervus Cope, 1869, Proc. Acad. Nat. Sci. Phila., vol. xxi, p. 151.

Squalodon protervus Leldy, 1869, Jour. Acad. Nat. Sci. Phila., 2nd ser., vol. vii, pp.
384-423, pl. xxvili, figs. 18-19.

Description—In 1869 Cope gave the following description of this
species: “This species is represented in the collection by a single
canine tooth, which presents the usual small crown and broad fang of
the CeTacEA. The fang is, however, shorter than in the ¢ Colophonodon
and Stenodon,” and, with the crown very much compressed in one plane.
A shallow groove extends on each side of it to the narrowed and flat-
tened truncate base. The tooth is widest at the middle of the fang;
the crown is rapidly acuminate, narrow lenticular in section, and fur-
nished with a rather thickened postero-internal cutting edge. The
anterior or external aspect is worn away by the attrition of a corre-

1 The mollusca collected by Cope at this time and from this locality and described
by Conrad were from the Calvert formation.



8 SYSTEMATIC PALEONTOLOGY

sponding tooth, but was obtuse, and furnished with a longitudinal ridge
on each side at the base of the crown. The surface of the enamel is
rugose, more minutely on onc side than on the other. The tooth is
considerably curved. While the enamel is polished the fang is rough-
ened and opaque.

Total length on middle I m. ........ 10.5 lines (48 mm.)
Length of crown ...................

Width at base of crown ............. 4.5 lines (9 mmn.)
Width at middle of fang ............ 5.25 lines (10.5 mm.)”

Occurrence.—CALVERT FormaTioN. Charles county, near the Patux-
ent river.
Collection.—Philadelphia Academy of Natural Sciences.

Family PLATANISTIDAE.

The teeth are undifferentiated, conical and single-toothed; the pre-
maxillary is without teeth; the nose is extended into a long and slender
rostrum and in the lower jaw the symphysis is very long. Zittel says
that it is at Jeast half as long as the jaw. The cervical vertebrae are all
separate and the ribs, except the most posterior, are two-headed. Note-
worthy living members of this group are Platanista of the Ganges which
is entirely fluvatile in its habits, never going into salt water, and
Pontoporia of the South American coast which is found near the mouth
of the La Plata river but has never been found in the fresh water of the
river. This last form serves as a connecting link in habits between the
PLATANISTIDAE and the succceding family which is confined to salt
water. Most of the fossil forms of OpoNTOCETI described from Mary-
land belong to the PLATANISTIDAE.

Cope has given the following scheme* for the determination of the
genera of the family PLATANISTIDAE:

I. Teeth with roots extended transversely.
Teeth with lateral basallobes; lumbar diapophyses wide...... Inia.
II. Teeth with cylindrical roots.
a. Caudal vertebrae plano-convex.
No caudal diapophyses .....vviiiveriiierrrssssnnnnnnnnns Cetophis.
aa. Caudal vertebrae plane.

! Amer. Nat., vol. xxiv, 1900, p. 603.
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. Lumbar diapophyses spiniform.
Lumbar and caudal vertebrae slender cerssaess Zarachis,
Lumbar and candal vertebrae short .....................Jzacanthus.
3. Lumbar diapophyses wide, flat.
Muzzle elongate, slender; cervical vertebrae long...Pr‘iscodclbIli-ntls.
Muzzle slender, cervical vertebrae, shorter . «....Pontoporia.
Teeth with longitudinally flattened roots.
Teeth in entire length of maxillary bone; symphysis con-
TVRTE | pere o e v iuiececoonnn ©0000000000000000000 B 0co0000000 Stenodelphis.
Teeth in all the jaws; symphysis not connate; an ercet osseus
crest on posterior part of the maxillary ....... «e..... Platanista.
Teeth at the base of the maxillary only; muzzle produced into
a subeylindrical beak ........... R . 8 viveees.. . Rhabdosteus.
V. No teeth; an alveolar groove; muzzle depressed, elongate....Agabelus.

The genus Lophocetus is not included in this scheme and it seems
impossible to insert it as only the skull is known. Certainly it belongs
in the second section; “ forms with cylindrically rooted tceth.”

Genus PRISCODELPHINUS Cope.

PRISCODELPHINUS GABBI Cope.

Plate X, Fig. 6.

Delphinapterus gabbi Cope, 1868, Proc. Acad. Nat. Sci. Phila., vol. xx, p. 191.
Tretosphys gabbi Cope, 1868, Proc. Acad. Nat. 8ci. Phila., vol. xx, p. 191.
Tretosphys gabbi Cope, 1869, Proc. Acad. Nat. Sci. Phila., vol. xxi, pp. 7, 8.
Tretosphys gabbi Leidy, 1869, Jour. Acad. Nat, Sci. Phila., 2nd ser., vol. vii, p. 434.
DPriscodelphinus gabbi Cope, 1890, Amer. Nat., vol. xxiv, p. 615.
Description—Described from a single caudal vertebra. “It has
pertained to a species of not more than half the length of T. grandacevus,
and is less strongly constricted everywhere and cspecially below. In a
caudal of near thec same position, the ridges and chevron articular
surfaces are much more elevated, especially those on the anterior part

of the centrum. They embrace a very deep groove in this, a shallow

one in the 7. gabbi. An additional longitudinal ridge on each side the
inferiors in front is wanting in 7. gabbi. Both have a delicate one
above the diapophyses in front, the 7. grandaevus behind also. There
is no posterior zygapophysis in the T'. gabbi. The caudal of the latter
is also relatively shorter.

Length centrum .... 2 in. (50 mm.)
Depth articular face anterior 1 in., 5.7 lines (11.4 mm.)
Width articular face anterior 1 in.,, 7 I'nes (14 mm.)”
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Occurrence—CALVERT ForMaTION. Charles county, near the Patux-
ent river.

Collection.—The type specimen is in the Museum of the Academy
of Natural Sciences of Philadelphia. It bears the label “ Tretosphys

gabbi Cope (Delphinapterus, Cope, type). Caudal vertebra, E. D. Cope,
Charles Co., Md.”

PRISCODELPHINUS RUSCHENBERGERI Cope.
Plate X, Figs. 7, 8.

Delphinapterus ruschenbergeri Cops, 1868, Proc. Acad. Nat. Sei. Phila., vol. xx, p.

Tretos;:(‘;/.s ruschenbergeri Cope, 1869, Proc. Acad. Nat. 8ci. Phila., vol. xxi, pp. 7-9.

Tretosphys ruschenbergeri Leidy, 1869, Jour. Acad. Nat. Sei. Phila., 2nd ser., vol.

vii, p. 434 (mention only).

Priscodelphinus ruschenbergeri Cope, 1890," Amer. Nat., vol. xxiv, p. 615.

Description.—This species was about the size of Izacanthus stenus.
“They (the vertebrae) are also of a slender form, more so than in any
species of the last genus (Izacanthus). What distinguishes it generally,
is that instead of the slender diapophyses of the caudal it has the broad
ones of the true Dolphins, though broader even than is usual in these,
and it is perforated a little on one side of the middle by the foramen
seen among the whales and dolphins generally.

“ Articular faces transversely oval; centrum slightly constricted with
an obtuse keel along the median line. The two inferior keels of the
caudal vanish on the middle part of the centrum.

Length of centrum ............. 1in. 9 lines (68 mm.)
Height of centrum .................. 10.3 lines (20.6 mm.)
Width of centrum .................. 12.5 lines (25 mm.)
Width neural canal ................. 5.2 lines (10.4 mm.)
Width basis diapophysis lumbar ...... 10.5 lines (21 mm.)
Width basis diapophysis caudal ....... 10 lines (20 mm.)”

The type specimen consists of two vertebrae, a lumbar and a caudal
vertebra.

Occurrence—CALVERT ForyatioN. Charles county near the Patux-
ent river.

Collection.—Philadelphia Academy of Natural Sciences.
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PRISCODELPHINUS LACERTOsUS Cope.

Delplinapterus lacertosus Cope, 1868, Proc. Acad. Nat. Sci. Phila., vol. xx, p. 190,
Tretosphys lacertosus Cope, 1868, Proc. Acad. Nat. Sci. Phila., vol. xx, p. 189,
Delphinapterus hawkinsi Cope, 1868, Proc. Acad. Nat. Sci. Phila., vol. xx, p. 190.
Tretosphys lacertogus Cope, 1869, Proc. Acad. Nat. Sci. Phila., vol. xxi, p. 7.
Tretosphys lacertosus Leidy, 1869, Jour. Acad. Nat. Sci. Phila., 2nd ser., vol. vii, p.
434.
Priscodelphinus lacertosus Cope, 1875, Proc. Amer. Philos. Soc., vol. xiv, p. 363.
Priscodelphinus lacertosus Cope, 1890, Amer. Nat., vol. xxiv, p. 615.

(13

Description.—This species is described as “ much the largest species

of the genus. It is based on two lumbar vertebrac which have been

united by exostosis and then separated. They are quite elongate and
have -broad diapophyses so far as their bases indicate. The articular

faces are about as broad as deep, and slightly pentagonal in outline,
not ovoid or discoid as in other species. The lower surface presents an
obtuse median angle, with slightly concave sides.”

There were two specimens; one from the mouth of the Patuxent
river in Maryland consisting of a single vertebrae, and five others from
the marl pits near Shiloh in Cumberland county, New Jersey. The
type is in the museum of the Academy of Natural Sciences of Phila-
delphia. One of the vertebrae so preserved is labeled, on the speci-
men, Delphinapterus lacertosus, but the accompanying case label is
“Tretosphys lacertosus Cope. (Delphinapterus lacertosus, Cope.)”
Another specimen in the same lot bears the label ¢ Delphinapterus
Hawkinsi = Delphinapterus lacertosus, Cope.”

Measurements of a vertebrae of 1'. lacertosus.
Length centrum «ve.....3 in. 5.5 lines (85.5 mm.)
Height articular surface .........2 in. 2.5 lines (55 mm.)
Width articular surface . in. 4.5 lines (59 mm.)
Width neural canal . 7.5 lines (15 mm.)
Width base diapophysis in. 9 lines (45 mm.)

Occurrence.—ST. MARY’S (7) ForMaTioN. Mouth of the Patuxent
river. CALVERT ForuaTioN. Charles county near the Patuxent river.
Collection.—Philadelphia Academy of Natural Sciences.
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PRISCODELPHINUS (?) CRASSANGULUM n. sp.
Plate X1, Figs. 1a, 1b, 2, 3a, 3b.

Description.—An imperfeet skull eollected by the Maryland Geologi-
eal Survey may belong to this genus. The teeth are all lost but the
alveoli seem to indicate that the roots were very slightly flattened,
if at all; in the anterior part of the series the alveoli seem to run
together and to form an imperfeet alveolar groove. If the teeth prove
to have the cylindrical roots the form must be considered as a species
of Priscodelphinus and only the discovery of vertebrac in connection
with the skull can determine whether it is a new species or belongs to
onc already deseribed. Tf the roots are found to be more flattened
longitudinally it must be considered as a new form near to rhabdosteus
but distinguished by the presence of teeth in the whole length of the
jaw.

Rostrum very long and tapering gently, the sides straight. Superior
portion of the upper jaw overlapping the lower, so that the alveoli of
the teeth are on the inferior side of the angle at the side of the jaw;
the upper surface of the jaw formed by the joined maxillaries and pre-
maxillaries; the under surface marked by a deep straight groove which
corresponds to a similar groove on the superior surface of the upper
jaw; the opposed surfaces of the two jaws almost flat. The teeth were
not opposed but extended out and forward from the sides of the jaw
even in the posterior portion of the series; the teeth were simple and
conical in form. The maxillaries did not extend posterior to the orhit,
they were greatly expanded posteriorly in thick wing-like extensions
that gave the base of the rostrum a considerable width, and passed
gradually into the slender portion. Between the posterior portions
of the maxillaries the vomer appears very slightly on the inferior sur-
face. Above, the vomer is seen to be a rather short V-shaped bone,
the posterior ends of which clasp the nodular and very rugose anterior
end of the mesethmoid; the ecartilaginous extension of this forward
was of considerable extent. The premaxillaries were very long and
slender, posteriorly they became flattened and thin; from a point just
anterior to the nares they diverged as they retreated; anteriorly they
were slender and rod-like, anchylosed to the maxillaries hut seemingly
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separate in the median line. The frontal appeared at the posterior
end of the maxillaries as a heavy flattened process overhanging the
orbit, the outer edge of which was thick and depressed in the vertical
dircetion. The basisphenoid has strong descending lateral processes
that carry backward-the pterygoid ridges, thus giving to the base of
the skull mueh the appearance of the modern dolphins. The occipital
condyle stood well out from the body of the bone; the occipital bone
joined the squamosal at a very large angle so that the posterior edge
of the zygomatic portion is almost as far back as any part of the skull;
this gives a very wide back to the skull with a rather sharp angle
between the sides and the back. The tympanic is rather simple in
form. It is especially characterized by the slender trough-like exten-
sion of the anterior edges of the lips; the posterior side shows a wide
shallow groove quite rugose on the sides and bottom.

Mecasurements:

Trom end of snout (incomplete) to posterior end of
IO SROOE IR SRS APRSIA SPRE i e e 445 m.

Posterior end of symphysis to posterior end of ramus .199 m.

Width between posterior ends rami .............. 4 m.

Width jaw at symphysis ... 05 m.

Width of jaw at about half the length ............ .03 m.

Width jaw at anterior end, as preserved .......... 01 m,

Number of teeth in five centimeters

Occurrence.—CALVERT ForyaTioN. % mile north of Governor’s Run.
Collection.—Maryland Gceological Survey.

PriscopeLrHINUS URAEUS Cope.

Tretosphys ureeus Cope, 1869, Proc. Acad. Nat. Sci. Phila., vol. xxi, pp. 7, 8.

Tretosphys uracus Leidy, 1869, Jour. Acad. Nat. Sci. Phila., 2nd ser., vol. vii, p. 435
(mention only).

Priscodelphinus uraeus Cope, 1875, Proc. Amer. Phiios. 8oc., vol. xiv, p. 363.

Priscodelphinus uraeus Cope, 1890, Amer. Nat., vol. xxiv, p. 614.

Description.—The species is founded upon a single lumbar from New
Jersey with which Cope associated a single caudal from the mouth of
the Patuxent river. The vertebraec are elongate as in the genus
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Zarhachis but not to the extent reached in that genus. The articular
face of the lumbar was injured “ but evidently has been as dcep as wide
and perhaps nearly round. The median impression is punctiform and
remarkably strong. The profile of the inferior outline is concave and
constituted by an obtuse keel, on each side of which is a short longitu-
dinal depression. The diapophyses have been broken off but their
bases are both broad and deep, slightly filling the concavity of the
infero-lateral face. The supero-lateral face strongly concave in both

directions.
Length centrum ..................... 39 lines (78 mm.)
Length of basis of neurapophysis........ 28.5 lines (57 mm.)
Length of basis of diapophysis ......... 20 lines (40 mm.)
Width neural canal ................... 4 lines (8 mm.)”

“ Caudal has broad diapophyses and a band-like impression passing
in front of them, and converging at center of median line below; a
character seen in many of the species of the genus. The points of
attachment of the chevron bones are well marked; they entirely dis-
appear on the middle portion of the centrum. The articular face is
similar to that of the lumbar, but is a little broader than high. These
surfaces are everywhere concave and are not marked by any longitu-
dinal ridges.

Total length ....................... 39 lines (78 mm.)
Length basis neurapophysis .......... 25 lines (50 mm.)
Length basis diapophysis ............ 24 lines (48 mm.)
Width neural canal ................. 2.6 lines (5.2 mm.)
Width articular face .......... poopoC 25.5 lines (5.1 mmn.)
Depth articular face ................ 21.3 lines (42.6 mm.)

“This is probably the second of the genera in length, and the third
in bulk.”

Occurrence.—ST. MARY’S FORMATION. Mouth of Patuxent river.

Collection.—The location of the type specimen is unknown. It was
loaned to Cope by Tyson, then the State Agricultural Chemist of
Maryland.




MARYLAND GEOLOGICAL SURVEY

PRISCODELPHINTUS GRANDAEVUS Leidy.

Plate XII, Figs. 1a, 1b, lc.

Prigseodelphinus grandaevus Leidy, 1851, Proc. Acad. Nat. 8ci. Phila., vol. v, p. 327.

Priscodelphinus grandaevus Cope, 1890, Amer. Nat., vol. xxiv, p. 605, figs. 2a, 2b,

3a, 3b, 3c.

Description.—An atlas vertebrae corresponds very closely in size and
appearance to the figures of Priscodelphinus grandaevus Leidy, published
by Cope. The anterior face is deeply concave. The articular faces for
the occipital condyles are concave, broader above than below and
inclined obliquely outward. The opening is roughly triangular. The
upper surface is thin and there is no elevation of the neural arch;
the top of the arch is marked by a low spine and on either side of this
is a large foramen. On the sides the transverse processes are bifurcate,
a broader process pointing upward and outward and a narrower one
outward and downward, the two processes are connected by a sharp
ridge and on either side of this are several small foramina for nutritive
vessels. The posterior face shows strong articular faces for the axis
and the lower surface of the inside of the ring shows an articular face
for a broad odontoid process; the articular surface covers about two-
thirds of the inner face of the lower portion of the ring and is marked
off from the anterior portion by a low rugose line. The lower face is
marked by a strong peg-like rugosity pointing backwards. There is no
trace of a tendency to coalescence of the cervical vertebrae.

Measurements:
Breadth across anterior face
Height anterior face
Breadth across transverse processes

Occurrence.—CALVERT FormMaTioN. } mile south of Chesapeake
Beach.
Collection.—Maryland Geological Survey.

Genus IXACANTHUS Cope.
This genus was described with I. coelospondylus Cope as the type.
The original generic description is as follows: “ This genus is similar
to the next (Priscodelphinus) in the cylindric spinous character of the
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diapophyses of the caudal and lumbo-sacral vertebrae, but differs from
it and all other DELPHINIDAE with which I am acquainted in the man-
ner of the attachment of the epiphyses of the vertebrae. Instead of
being nearly plane and thin discs, they are furnished with two oblique
faces above, which are capped by a projecting roof formed by the floor
of the ncural canal, while their central portion forms a knob which
fits a corresponding shallow pit of the centrum.”

IxacaNTHUS cONRADI (Leidy).

Delphinus conradi Leidy, 1852, Proc. Acad. Nat. 8ci. Phila., vol. vi, p. 35.

Delphinus conradr Cope, 1867, Proc. Acad. Nat. Sci. Phila., vol. xix, p. 144
(mention only).

DPriscodelphinus conradi Cope, 1868, Proc. Acad. Nat. Sci. Phila., vol. xx, p. 188.

Priscodelphinus conradi Leidy, 1869, Jour. Acad. Nat. Sci. Phiia., 2nd ser., vol. vii,
p. 433 (mention only).

DBelosphys conradi Cope, 1875, Proc. Amer. Philos. Soc., vol. xiv, p. 368.

Tracanthus conradi Cope, 1890, Amer. Nat., vol. xxiv, p. 614.

Description.—The species was deseribed by Leidy in 1852 from a
single lumbar vertebra. ¢ The epiphysial extremities of the vertebrae
are pentahedral.

Length of vertebral body .............. 2% inches (55 mm.)
Breadth of epiphysial extremities ....... 14 inches (43 mm.)
Breadth of base of-transverse process....1% inches (43 mm.)”

In 1868 Cope added from additional material: “Its affinities are
apparently ncarcr the last mentioned species (P. harlani) than any
other.”

Occurrence.~—~CALVERT ForMATION. Charles county near the Patux-
ent river.

Collection.—The type spccimen was probably placed in the museum
of the Academy of Natural Sciences of Philadelphia but seems to be
lost. Cope’s specimens are there.

IxacaxTHUS STENUS Cope.
Plate XIII, Figs. 1a, 1b.

Priscodephinus stenus Cope, 1868, Proc. Acad. Nat. 8ci. Phila., vol. xx, p. 188.

Priscodephinus stenus Leidy, 1869, Jour. Acad. Nat. Sci. Phila., 2nd ser., vol. vii, p
433 (mention only).

Belosphys stenus Cope, 1875, Proc. Amer. Philos. Soc., vol. xiv, p. 363.

Iracanthus stenus Cope, 1890, Amer. Nat., vol xxiv, p. 614.
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Description—The species was described from two lumbar vertebrae.
“They indicate both the smallest and the most slender species of the
genus. A scction of the vertebrae would have an almost pentagonal
form, though the articular faces are sub-round, and, what occurs in no
other specics, a little deeper than wide. The neural arch preserved in
elevated and possesses a weak pair of zygapophyses. The bases of the
broken diapophyses indicate that they are very wide. The lower face
of the centrum has a strong median longitudinal angle, stronger than
in any other species, and not prolonged into a keel. . . . The planes
of the centra are mostly straight.”

“ Length centrum in. 7.2 lines (39.4 mim.)
1 in. .5 lines (26 mm.)

.5 lines (26 mm.)
Width neural canal 5.8 lines (11.6 mm.)

Width basis diapophysis 10 lines (20 mm.)

Height neural canal 6 lines (12 mm.)

Height zygapophysis 8.2 lines (164 mm.)”
Corr, 1868.

Occurrence.—CALVERT ForMATION. Charles county near the Patux-
ent river.

Collection.—Philadelphia Academy of Natural Sciences.

IxacanTHUS spINosus Cope.

Plate XIII, Figs. 2, 3a, 3b, 4.

Priscodelphinus spinosus Cope, 1868, Proc. Acad. Nat. Sci. Phila., vol. xx, pp. 187,
188,

Priscodelphinus spinosus Leidy, 1869, Jour. Acad. Nat. Sci. Phila., vol. vii, p. 438
(mention only).

Belosphys spinosus Cope, 1875, Proc. Amer. Philos. Soc., vol. xiv, p. 863.
Tracanthus spinosus Cope, 1890, Amer. Nat., vol. xxiv, p. 603, fig. 1, p., 615.

Description.—The vertebrae are described as- ““about as broad as
long, with articular faces transversely oval and general form depressed;
sides of centrum nearly planc to a well marked obtuse median keel.”
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Length centrum lumbar .......... 1in. 9 lines (43 mm.)
Width articular face .............. 1 in. 7.5 lines (40 mm.)
Beight ....................... 1in. 6 lines (37 mm.)
Length diapophysis .............. 2 in. (50 mm.)

; 3 lines ( 6 mm.)

) Posterior

Whole height of .... 3 in. 8 lines (91 mm.)
lumbar

Width neural canal of g
Length diapophysis of { 1 in. 6.5 lines (38 mm.)

This specimen consisted of 2 cervicals, 3 dorsals, and 8 lumbars; the
lumbars are characterized by the long spinous transverse processes.
Cope says of this species, “ this is the type of the genus, for in it the
peculiar form of the diapophyses extends much farther forward on the
series of vertebrae than in any other.” Copg, 1868.

Occurrence.—CALVERT FORMATION. Charles county near the Patux-
ent river.

Collection.—Philadelphia Academy of Natural Sciences.

IxacanTHUS ATROPIUS Cope.
Plate XTII, Figs. 5a, 5b, 6.

Priscodelphinus atropius Cope, 1868, Proc. Acad. Nat. Sci. Phiia., voi. xx, pp. 187,
188.

Priscodelphinus atropius Leidy, 1869, Jour. Acad. Nat. Sci. Phiia., 2nd ser., voli. vii,
p. 433 (mention only).

Belosphys atropius Cope, 1875, Proc. Amer. Philos, 8oc., vol. xiv, p. 363.

Ixacanthus atropius Cope, 1890, Amer. Nat., vol. xxiv, p. 614.

Description.—“ The diapophysis of the caudal is short and spinous,
as in the last species (P. spinosus), and the last lumbar has had a
nearly similar process. The centra of all are very slightly compressed
and constricted medially. The dorsals are broadly rounded in section
without inferior carina; on the last lumbar the lateral face below be-
comes, as in other species, slightly concave.”

“ Length of dorsal (1)............ 2 in. 2 lines (54 mm.)
Width articular face ........... 1 in. 11.5 lines (48 mm.)
Depth articular face ........... 1in. 7 lines (39 mm.)
Height neural canal (2) ........ 9.7 lines (44.4 mm.)
Length diapophysis (1) ......... 1 in. 4 lines (33 mmn.)”

Copr, 1868.
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This speeies differs from P. harlani in that the dorsals are less
depressed, stouter and lack the inferior keel. There were three speei-
mens eonsidered in the formation of the species, representing among
them vertebrae from the dorsal, lumbar and caudal regions.

Occurrence—CALVERT ForuMATION. Charles county near the Patux-
ent river.

Collection.—Philadelphia Academy of Natural Sciences.

IxacaNTHUS COELOSPONDYLUS Cope.
Plate XIV, Figs. 1, 2.

Trxacanthus coelospondylus Cope, 1868, Proc. Acad. Nat. Sci. Phila., vol. xx, pp. 159,
187.
Itacanti:{ts coelospondylus Leidy, 1869, Jour. Acad. Nat. Sci. Phila., 2nd ser., vol.
vii, p. 435 (mention only).
ITxacanthus coelospondylus Cope, 1890, Amer. Nat., vol. xxiv, p. 614.
Description.—In the report of his verbal communication Cope stated
that the “ form was allied to Priscodelphinus in its slender and pointed
diapophyses of the lumbar and eaudal vertebrae, but differed in the
concave eentrum, with four processes clasping the epiphysis.”
The specific description is as follows: “ Extremities of the ecentra
deeply concave when epiphyses are removed; Iength of vertcbrae less
than breadth.

Length of eentrum lumbar ...... 2 in. 4.5 lines (59 mm.)
Width centrum lumbar ......... % in. 6.5 lines (63 mm.)
Elevation eentrum lumbar ...... 2 in. 4  lines (58 mm.)
Width neural eanal on dorsal....1 in. (25 mm.)
Width neural canal on lumbar ... .45 lines (.9 mm.)
Length caudal vertebrae ........ 2 in. 6  lines (62 mm.)
Transverse diameter ........... 2 in. 3  lines (56 mm.)
Width diapophysis at base ...... 6  lines (12 mm.)

Lumbar, elevation of body and
spine to anterior zygapophyses.4 in. 9.5 lines (119 min.)”

In the American Naturalist, Vol. XXIV, 1890, Cope remarks that
this speeies was short and robust; about the size of the White whale
(Beluga).
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There are mentioned as belonging to this form 3 dorsals, 9 lumbo-
sacrals and 1 caudal, not necessarily belonging to the same individual;
of thiese only a portion are preserved in the museum of the Academy
of Natural Sciences of Philadelphia. The others seem to be lost.

Occurrence.—CALVERT FormaTioN. Charles county near the Patux-
ent river.

Collection.—Philadelphia Academy of Natural Sciences.

Genus ZARHACHIS Cope.

ZAarmacurs rrLageLLATOR Cope.

Plate X1V, Fig. 3.

Zarhachis flagellator Cope, 1868, Proc. Acad. Nat. Sci. Phila., vol. xx, p. 189.

Zarhachis flagellator Cope, 1869, Proc. Acad. Nat. Sci. Phila., vol. xxi, p. 9.

Zarhachis flagellator Leidy, 1869, Jour. Acad. Nat. Sci. Phila., 2nd ser., vol. vii, p.
435 (mention only).

Zarhachis flagellator Cope, 1890, Amer. Nat., vol. xxiv, p. 614.

Description.—In 1869 Cope gave the following description of the
genus: “This genus is established on vertebrae which bear a general
resemblance to those of Priscodelphinus, but differ in the cssential point
of having flat and broad diapophyses of the caudals. It is therefore
intermediate between that genus and Delphinapterus. The posterior
caudals in our museum exhibit a narrowing of the diapophyses, as in
certain of the lumbars do in Priscodelphinus.

¢ All these vertebrae are of a greater length as compared to the
diamecter than in any cetacean known by me except the gre‘at Basilo-
saurus. The lumbars, when compared with those of 7'. (Tretosphys)
lacertosus, differ in their broadly obtuse median line, which offers dis-
tinct traces of two keels. An anterior caudal cither exhibits unusually
broad diapophyses, which are directed downwards, or else is a lumbar
with two keels, and a median groove below, which is not seen in any
other species. The caudals exceed in length those of any other species.
One of these, from a large individual, resembles P. afropius in the
narrow basis of the diapophysis, which is probably narrow, and not
perforate. The length of the vertebra is necarly double the vertical
depth of the articular faces. The diapophysis is nearly median; the
basis of each neurapophysis is one-half the length of the centrum and
median.
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Length lumbar (epiphysis hypo-

thetical) ................. 3 in. 6.3 lines (87.6 mm.)
Depth ......ccoiviiiiiiiin. 2 in. 2 lines (54 mm.)
SR | 000 o OHE ISIR-TRRIRRN 2 in. 3 lines (56 mm.)
Width neural canal ............ 2 in. 8 lines (66 mm.)
Length caudal (one epiphysis

supplied) . coed hal Sl 3 in. 10.5 lines (96 mm.)
Depth caudal ................. 2 in. 4 lines (58 mm.)
Distance between inferior keels. . 10.5 lines (21 mm.)
Width basis diapophysis ........ 10.5 lines (21 mm.)”

In 1869 the characters here given were corrected. “It was stated
to differ from Priscodelphinus in that, while some caudals had spinous

diapophyses, others possessed them flat, but imperforate. A vertebra
supposed to indicate the latter characters I am now compelled to refer

to another species and probably genus. Other vertebra assigned to
Z. flagellator must be referred elsewhere. A lumbar vertebra repre-
sents another species of probably the same genus, while a third has
evidently pertained to still a third species. The genus will be charac-
terized by the extraordinary length and slenderness of the lumbar
vertebrae, and similar, though slightly abbreviated form of the caudals.
The latter have spinous diapophyses, and in one species the former also.
While the width of the articular faces of the centra of these vertebrae
in the typical Priscodelphinus is but few lines less than the length, in
the species of this genus the diameter of the same is only from four-
sevenths to one-half of the length. The nearest approach is made by
Priscodelphinus stenus, where this diameter is six-scvenths of the
length.”

In the same article as the last quoted Cope gave a synopsis of the
characters of the species of this genus.

“ 1. Median or anterior caudal with a strong longitudinal keel above the
diapophysis—which is therefore probably present on the distal

Iumbars.
Epiphysis thicker, larger .......c..vvviiiiiiineenennnn.. Z. flagellator.
II. No longitudinal keel on lumbars, Diapophyscs broad, flat; epiphyses
thin, Jarge .oiviieiiiiiiiiiiireieeenioennnnennneennnnns Z. tysonii.

III. Diapophyses narrow, subspinous; epiphyses thin, small ..... Z. veloxr.”
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The spccies veloz has not been reported from Maryland.

Occurrence.—CALVERT ForyaTION. Charles county near the Patux-
ent river.

Collection.—Philadelphia Academy of Natural Sciences.

Zaraacuis tysoxir Cope.

Zarhachis tysonii Cope, 1869, Proc. Acad. Nat. Sci. Phila., vol. xxi, p. 9.

Zarhachis tysonii Leidy, 1869, Jour. Acad. Nat. Sci. Phila., 2nd ser:, vol. vii, p. 435
(mention only).

Zarhachis tysonii Cope, 1890, Amer. Nat., vol. xxiv, p. 614.

Description.—This species was based on one posterior lumbar. “ The
attenuated form characteristic of the genus is accompanied by broad
diapophyses showing that, as in Priscodelphinus, the species differ in
the number of posterior vertebrae which exhibit the contraction of the
diapophyses.

“The specimen preserved belonged to an adult animal. It was
apparently one of the posterior lumbars, as there are two feeble longi-
tudinal ridges beneath, whose interval is again obtusely ridge and per-
forated by scveral foramina. The inferior outline is strongly concave
in longitudinal section, and all the planes are concave in transverse
section. The articular faces are a little wider than deep. The neura-
pophyses occupy a base of .75 the length of the centrum. The diapo-
physes are about equidistant between them and the nearest inferior
ridge.

Total length of centrum ............... 48 lines (96 mm.)
Transverse diameter articular face ...... 29 lines (58 mm.)
Vertical diameter articular face ........ 27 lines (54 mm.)
Width neural canal (internal) .......... 5 lines (10 mm.)
Width between inferior ridges .......... 8 lines (16 mm.)”

Occurrence.~ST. MARY’S ForMATION. Near the mouth of the Patux-
ent river.

Collection.—Reported in the Museum of the Philadelphia Academy
of Ndtural Sciences.
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Genus CETOPHIS Cope.
CeTorHIS HETEROCLITUS Cope.

Plate XIV, Fig. 4.

Celophis heteroclitus Cope, 1868, Proc. Acad. Nat. Sci. Phila., vol. xx, p. 185.

Cetophis heteroclitus Leidy, 1869, Jour. Acad. Nat. Sci., 2nd ser. vol. vii, p. 4381
(mention only).

Cetophis heteroclitus Cope, 1890, Amer. Nat., vol. xxiv, pp. 603, 606.

Description.—This genus and species were founded upon caudal verte-
brac. “They present an approximation to Basilosaurus in the great
thickness of their epiphyses. In the more elongate vertebrae each
epiphysis will measure the third in length of the centrum deprived of
them; in the less elongate, they neasure one-lalf the same; in the

shortest, more than half the remaining centrum. One cxtremity of
the vertebra is flat, the other strongly convex, and nome have any

trace of diapophyses.” ... “In two vertebrae, the longest and the
shortest, the foramina which usually pierce the sides of the centra
vertically, issue below, within the basal groove and above, below and out-
side the basis of the neurapophysis. In another specimen the foramen
opens outside the inferior sulcus, and in one there is no foramen at all.”

The original description of the species is as follows: “The longer
or proximal caudal is subhexagonal in section, the median depressed
and the smallest round in section. The larger median is nearly round
in section. The epiphysis instead of retreating before a process of the
centrum opposite the four apophyses, as in Izacanthus, advances on the
centrum at these points. The inferior groove is deep on the first and
shallower on the succeeding; obsolete on the last.

Length smallest in. 1 line (49 nm.)
Length without epiphyses ........ 11 lines (22 mm.)
Height flat extremity 1 in. 10.5 lines (45 mm.)
Width flat extremity 1in. 11 lines (46 mm.)”

Occurrence.—CALVERT ForMATION. Charles county near the Patux-
ent river.

Collection.—Only one specimen of the type the smallest vertebrae is
preserved. It is in the Museum of the Academy of Natural Sciences
of Philadelphia.
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Genus RHABDOSTEUS Cope.
RuABDOSTEUS LATIRADIX Cope.
Plate XV, Figs. 1, 2, 3a, 3b, 4a, 4b, 5.
Rhabdosteus latiradiz Cope, 1867, Proc. Acad. Nat. Sci. Phila,, vol. xix, p. 132
(report of verbal communication), and pp. 144, 145.
Rhobdosteus latiradix Leidy, 1869, Jour. Acad. Nat. Sci. Phila., 2nd ser., vol. vii,
p. 435 (mention only).

Rhabdosteus latiradiz Cope, 1890, Amer. Nat., vol. xxiv, p. 607, fig. 4, p. 615.

Description.—In the report of the verbal communication of Cope we
find the following: “ Rhabdosteus latiradiz Cope was a peculiar genus
near the DELPHINIDAE, allied to Priscodelphinus Leidy, and perhaps
Platanista of the Ganges. Characteristic of it was a muzzle formed
of the usual elements but entirely cylindrical, the alveolar series approx-
imated underneath, and ceasing near the middle. Beyond this the
muzzle was prolonged like a cylindrical beak of a sword-fish, or
Coelorhynchus, and probably much farther than the mandible. Alveolae
longitudinal. Fragmentary specimens of this muzzle have been found
by the discoverer 2.5 feet in length.”

On page 145 of the same volume Cope gives the generic and specific
description of the form. ¢ This genus is either referable to a family
not yet characterized, allicd to the PLATANISTIDAE and DELPHINIDAE,
or belongs to the first named of these recent families.

“ Premaxillary and maxillary bones forming a cylinder, bearing teeth
on its proximal portion, and prolonged in its distal portion into a
slender straight beak. Tecth with the enlarged crown separated from

the fang by a constriction.”
The original description of the species is as follows: “ A portion of

the muzzle of this species which is preserved, measures 12 inches 7.5
lines in length, 12.5 lines in transverse, and 11 lines in vertical diameter
at the base. ’

“The superior edge of the maxillary bone forms the extcrnal out-
line, while the remainder of this element is entirely inferior. The
palatine face is convex, and the alveolar series approximated. The
alveolae themselves are longitudinal, two in .75 of an inch, and sepa-
rated from each other by spongy septa. The vomer does not appear
in the portion of the muzzle at my disposal.
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Width of premaxillary ............. 6  lines (12 mm.)
Width superior face of maxillary..... 4.75 lines ( 9.50 mm.)
Width palatine face of maxillary ..... 45 lines (9 mm.)

“Three teeth are rcferred with much probability to this speccies.
The fangs are from equal to twice the length of the crowns, and are
much compressed, widening downwards, and more or less prolonged at
one inferior angle, in the same plare. The crown, compressed trans-
versely to the root, and expanded above the base, straight or slightly
curved in the direction of its planc. Enamel smooth, edges obtuse.
The compressed fang corresponds to the longitudinal alveolus while
the transverse dilatation of the crown is similar to the form of those of
Platanista.

Length of the longest specimen......... 12 lines (24 mm.)
Length of the crown .................. 5 lines (10 mm.)
Width of fang ...........ooiiiiiiii.t, 3 lines ( 6 mm.)”

Occurrence—CALVERT FormaTioN., Charles county near the Patux-
ent river.

Collection.—The type specimen is preserved in the Muscum of the
Academy of Natural Sciences of Philadelphia.

Genus LOPHOCETUS Cope.

“Temporal fossa truncated by a horizontal crest above, prolonged
backward and bounded by a projecting crest, which renders the occi-
pital plane concave. The same crest prolonged upward and thickened,
each not meeting that of the opposite side, but continued on the inner
margins of the maxillary bones, turning outwards and ceasing opposite
the nares. Front, thercfore, decply grooved. Premaxillaries separated
by a deep groove. Teeth with cylindrical roots.” Cope, 186%.

The genus was regarded as belonging very close to the living genera
Pontoporia and Inia. “ The resemblance to Inta is the closest. The
only feature which renders a generic distinction certain is the cylindric
form of the posterior alveolae, which renders it probable that the teeth
were not furnished with lobes as in Inia.”
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LoPHOCETUS CALVERTENSIS (Harlan).

Plate XVI, Figs. 1a, 1h, 1c.

Delphinus calvertensis Harlan, 1842, Proc. Nat. Inst., Bull. ii, p. 195, figs. 1-4.

Delphinus calvertensis Dekay, 1842, Nat. Hist. of New York, Zool., pt. i, p. 136.

Pontoporia calvertensis Cope, 1866, Proc, Acad. Nat. Sci. Phila., vol. xviii, p. 297.

Lophocetus calvertensis Cope, 1867, Proc. Acad, Nat. Sci. Phila., vol. xix, pp. 144~
146.

Lophocetus calvertensis Leidy, 1869, Jour. Acad. Nat. Sci. Phila., 2nd ser., vol. vii,
p. 435 (mention only). F

Lophocetus calvertensis Cope, 1890, Amer. Nat., vol. xxiv, pp. 606, 615,

Description.—“1In Lophocetus calvertensis the nasal bones are sepa-
rated by a deep fissure. The maxillaries exhibit, on each side in front
of the external nares, two oval roughened surfaces, which converge
behind the nares. These appear to be insertions, perhaps for cartila-
ginous crests, comparable to the bony roofs of Platinista, less probably,
for muscles connected with the external meatus.

“The form of the muzzle is not elongate, as in the known species of
Pontoporia, and it is much expanded, proximally, instead of contracted,
as in the latter.”

On page 196 of Harlan’s paper appears the following deseription:
“The occipital and frontal ridges are strongly developed, indicating
muscular strength, especially of the jaws. We find similar indications
in the remains of the tecth, which have been large and robust. There
are ten sockets remaining on the right side, with the teeth broken off
at the rim. These organs approximate each other. The ten sockets
include a line four and a half inches long. There has been about one
and a half inches of the snout broken off, which would afford room for
two or three more teeth, making twelve or thirteen, in all, on each side.
The pyramidal eminence, anterior to the posterior nares, on the pala-
tine surface, is strongly prenounced. It terminates opposite the last
tooth. The excavations or longitudinal grooves, on each side of the
upper portion of this eminence, are unusually deep. The palatine
surface is slightly convex transversely. Above, the head is narrower
across the occipital ridges than other allied species, and narrower than
the transverse diameter of the base of the skull. The ossa nasi are
longer than broad, and convex. The atlas vertebra adheres to the
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oceiput, above the eondyles. It measures, across the transverse pro-
cesses, five inehes; transverse diameter, three inches; and the ring is
about one ineh thiek.

Dimensions:

Total length of head, from the temporal erest to

the presumed extremity of the jaw........... 17  in. (425 mm.)
Trom the anterior borders of the spiracles to the

presumed extremity of snout ................ 11.5 in. (287.5 mm.)
Breadth of skull above, aeross the oeeipital erests. 5 in. (125 mm.j
Breadth at base, between the temporal bones..... 6.5 in. (162.5 mn.)
Longest diameter of largest tooth at the soeket.. 3.5 in. (87.5 mm.)”

In the Museum of the Academy of Natural Seiences of Philadelphia
there is a tray of vertebrae, one of whieh 1s labelled in ink T'. (T're-
losphys) pseudogrampus, over this there has evidently been pasted a
paper label which is now lost. Three other vertebrae in the same
tray bear pasfed paper labels Delphinapterus tyrannus. There is a
loose label in the tray marked ¢ Delphinus calvertensis Harlan (Fossil
Dolphin) Mioeene, Calvert Cliffs, Md.” This makes the identification
of the speecimens rather diffieult. However, I have found no mention
of the diseovery of vertebrae belonging to Lophocetus (Delphinus) cal-
vertensis and am inelined to believe that the last is a misplaeed label.

Occurrence.—CALVERT (possible CHopraNk) Formatiox. Calvert
Cliffs.

Genus DELPHINODON! Leidy.

“ The most charaeteristie tooth, represented in figures 7 and 8, plate
xxx, supposed to be a premolar, is very unlike the eorresponding
teeth, so far as we are aequainted with them, in the distinet speeies of
Sgqualodon. The erown of this tooth is subtrihedral eonieal, as broad

1This and the foilowing genus, founded on teeth, are regarded by Cope as
belonging to the PLATANISTIDAE but by Zittel as possibly belonging in the anterior
series of some member of the SQUALODONTIDAE. The discovery of a more complete
dentitlon, only, can settle this question. Cope’s classification seems the most
probable,
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as it is long, ovoid in section at the base, and with a slight twist
inwardly. The inner and outer surfaces are very unequal, and sepa-
rated by linear, rugulose ridges. The back of the crown forms, at its
basal half, a thick convex tubercle crossed by the posterior dividing
ridge and bounded near the base by a short embracing ridge. The
anterior dividing ridge of the crown pursues a sigmoid course from
the summit postero-internally to the base antero-internally. The inner
and outer surfaces of the crown are conspicuously wrinkled and the
former has, in addition, an irregular curved ridge, terminating in a
basal tubercle and dividing off the anterior more wrinkled third of the
inner face of the crown, from the posterior two-thirds of the same
surface. The fang is more than three times the length of the crown,
strongly curved backward, slightly gibbous near the crown and com-
pressed near the front.

“ Length of the crown 6 lines (12 mm.); breadth 6 lines (12 mm.);
thickness 4% lines (9.5 mm.)” Leidy, 1869.

DerpHINODON MENTO Cope.
Plate XVII, Figs. 1, 2.

Cetacean Wyman, 1850, Amer. Jour. Sci., vol. x, ser. ii, pp. 230-232, figs. 4-7.

Squalodon mento Cope, 1867, Proc. Acad. Nat. Sci. Pbila., vol. xix, pp. 132, 144, 152.

Delphinodon mento Leidy, 1869, Jour. Acad. Nat. Sci. Phila., 2nd ser., vol. vii, p.
424, pl. xxx, figs. 7-9.

Delphinodon mento Cope, 1890, Amer. Nat., vol. xxiv, p, 614,

Description.—The species is “ characterized from four molar teeth
which were between two and three times as large as those belonging to
Squalodon wymani (Phoca of Leidy) with similar short incurved crowns,
but much more rugose. One molar had a smooth compressed fang,
which was a little curved and with a groove on each side. The fangs
of others were weathered, not grooved, curved and acute.” Cope, 1867.

Occurrence—CALVERT FormatioN. Charles county near the Patux-
ent river.

Collections.—The type is in the Museum of the Academy of Natural
Sciences of Philadelphia.




MARYLAND GEOLOGICAL SURVEY

DerprINODON LEIDYI (Hay).
Plate XVI, Figs. 3, 4, 5.
Phoca wymani Leidy, 1856, Proc. Acad. Nat. Sci. Phila., vol. viii, p. 265.
Squalodon wymani Cope, 1867, Proc. Acad. Nat. Sci. Phila., vol. xix, pp. 151, 152
(not p. 132).
Delphinodon wymani Leidy, 1869, Jour. Acad. Nat. Sci. Phila., 2nd ser., vol. vii, p.
425, pl. xxx, fig. 10.

Delphinodon wymani Cope, 1890, Amer. Nat., vol. xxiv, p. 614.

Delphinodon leidyi Hay, 1902, Bull. 179, U. 8. Geol. Survey, p. 591.

Description.—* One of the teeth (pl. xxx, fig. 10) bears a resem-
blance to the first described of the large species (menfo).

“ Its crown is proportionately longer, and the posterior tubercle and
internal curved ridge of the crown are rudimental, but it has the same
general form, with the abrupt curvature and slight twists of the summit
backward and inward. The ridges defining the inner and outer sur-
faces of the crown are alikc in their course and the enamel is likewise
wrinkled.

“The fang has the same form but is comparatively less curved.

“ Length of fang 5 lines (10 mm.); breadth 3% lines (7.5 mm.); thick-
ness 3 lines (6 mm.)”

Occurrence.—CALVERT ForyMarioN. Charles county near the Patux-
ent river.

Collection.—The type is in the Museum of the Academy of Natural
Science of Philadelphia.

Family DELPHINIDAE.

This family differs from the forcgoing in the anchylosis of the cervi-
cal vertebrae; in the shortness of the nose which is never developed
into a rostrum of any length; in the shortness of the symphysis which
never excecds one-third the length of the jaw. The teeth arc usually
simple and very numerous in both jaws but may be reduced to a single

greatly elongated tooth in the upper jaw as in the male of the Narwhal
(Monodon). To this family belong the common Porpoise (Phocoaena),
the Dolphin (Delphinus), the Killer Whale (Orca) and many other
living forms.

No members of this family have been described from the Miocene
beds of Maryland.
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Family PHYSETERIDAE.

Teeth entirely absent in the upper jaw and quite variable in the
mandible, either numecrous as in the sub-family PHYSETERINAE, or
reduced even to a single tooth in cach jaw as in some of the ZIPHIINAE.
In both of these families the bones of the cranium posterior to the
nares form an elevated crest that converts the facial region into a
considerable concavity, it is in this concavity that the oily material
from which spermaceti is refined finds lodgement. Physeter, Meso-
plodon and Hyperoodon arc living members of this family.

Genus HYPOCETUS Lydekker.!

“The genus Paracetus has recently been proposed by ILydekker* to
include members of this family (PEYSETERIDAE) which possess a well
developed series of teeth in the (?) premaxillary and maxillary bones.
It is up to the present time represented by one species, the Paracetus
pouchetii Moreno, of the Santa Cruz beds of eastern Patagonia, of the
district of Chebut. The present species is apparently not distinctly
related to that one. ...” Cope, Proc. Amer. Philos. Soc., pp. 135-155, 1895.

Hyrocerus MeDIATLANTICUS (Cope).

Plate XVII, Figs. 6a, Gb.

Paracetus mediatlanticus Cope, 1895, Proc. Amer. Philos. Soc,, vol. xxxiv, p. 270.

Hypocetus mediatlanticas Hay, 1902, Bull. 179, U. 8. Geol. Survey, p. 596.

Description— Char. Specif. As the posterior border of the skull
and the extremity of the muzzle of the specimen are broken off, an
exact idea of its outline cannot be given. However, the form was
probably much as in the P. pouchelii, and more elongate than in the
species Cogia. This form is subtriangular, with the base border con-
vex, and the two latcral ones concave. The muzzle is probably, how-
ever, produced into a rostrum, as the maxillary borders are parallel at
the point where it is broken off. On the right side, where the maxil-

1This genus is called Hypocetus in his Catalogue of the Fossil Vertebrata of North
America.

? Anales del Museo de la Plata; Paleontologia Argentina; II, Cetacean Skulls
from Patagonia, p. 8, pl. iii.
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lary bone is best preserved, there are eight alveoli; the teeth are lost.
The lateral border of the maxillary bone overhangs the tooth line
eonsiderably in front, and spreads away from it outwards and back-
wards in a gradually thinner edge to the dcep noteh whieh bounds the
supraorbital region anteriorly. The rise of the anterior border of the
facial basin is within this noteh, and not without it, as in the spceies
of Cogia; and is gradual, attaining a eonsiderable elevation immediately
in front of the tcmporal fossa, and a little within the vertieal plane
of the supraorbital border. The premaxillary bones are separated by
the deep vomerine channel which they partially overroof on each side,
and arc separated posteriorly by the prenarial part of the vomer pos-
teriorly. The latter forms an elevated crest directed forwards and
unsymmetrically to the right. The premaxillaries spread gradually
outwards posteriorly to a thin margin, and are eoneave opposite to
the vomerine erest which separates them, that of the left hand
descending to the narial orifice. The skull is broken off at the blow-
holes, so that it is diffieult to affirm positively whether the right blow-
hole existed or not. It was apparently present, but smaller and pos-
terior in position to the right one. The inferior surface of the
maxillaries slopes upwards and outwards, leaving the inferior face of
the vomer quite prominent below. The vomer forms the half of a
circle in transverse seetion above, and extends as far anteriorly as the
speeimen extends.

“There is a large supraorbital foramen between the preorbital noteh
and the rising edge of the faeial erest, as in the sperm whale; and there
is a smaller one in a direct line posterior to it just exterior to a more
elevated part of the erest, within a line above the posterior part of the
supraorbital border. A longitudinal groove anterior to the supraorbital
foramen is piereed in its fundus by two foramina. Anterior to the
groove a depressed foramen pierces the maxillary bone near the pre-
maxillary border. Anterior and interior to the eorresponding foramen
of the left side a depressed foramen pierces the premaxillary bone.
This foramen is absent from the right side. On the other hand, the
right premaxillary is pierced near the anterior part of the vomerine
erest by a large round foramen, whiech is wanting from the left side.
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A large foramen pierces the inner side of the lateral crest half-way to
the superior border, and opposite the middle of the left blow-hole.
“The dental alveoli are subround, and are separated by narrow septa.

They are not deep, the deepest equalling 50 mm., so that the teeth have
been easily lost.

Measurements.

Length of fragment on middle line .................... 200 mn.
Width of skull at supraorbital notch; left side restored. . .300
Width of muzzle where broken off ..................... 2
Width of right premaxillary at middle of length......... 100
Width of left premaxillary at middle of length.......... 150
Width of right premaxillary at vomerine keel ........... 100
Width of left premaxillary at vomerine keel............. 170
Elevation of lateral crest above orbit (apex broken off)....310
Length of series of eight teeth ................ooi0t. 165”

Cope, 1895,
Occurrence.—ST. MARY’S ForMATION. Drum Point.
Collection.—J ohns Hopkins University.

Genus ORYCTEROCETUS Leidy.

Cope in 1867 thus characterizes the genus. * Oryclerocetus Leidy.
This genus differs from Physefer in the extensive pulp cavity of the
teeth, and the absence of the surface cementation.”

ORYCTEROCETUS CROCODILINUS (?) Cope.

Plate XVII, Fig. 7.

Orycterocetus cornutidens Leldy, 1856, Proc. Acad. Nat. Sci. Phila., vol. vili, p. 255.

Orycterocetus cornutidens Emmons, 1858,-Rept. N. Car. Geol. Survey, p. 211, fig. 33.

Orycterocetus crocodilinus Cope, 1867, Proc. Acad. Nat. Sci. Phila., vol. xix, p. 144.

Orycterocetus cornutidens Leidy, 1869, Jour. Acad. Nat. 8ci. Phila., 2nd ser., vol. vii,
p. 437.

Description.— This speeies is based on a tooth belonging to an indi-
vidual of one-third or ene-fourth the size of the known species, O.
cornutidens Leidy, but nevertheless adult, as attested by the obliquely
worn apex of the crown. The general form is that of an elongate curved
cone, with flattened sides, and a broad convex face within the curve,
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and a narrower one on the outside. The tooth is marked by numerous
irregular transverse lines, similar to those frequently marking growth,
and by longitudinal shallow grooves. The pulp-cavity extends for two-
thirds the length of the tooth, being thus relatively deeper than in the
known species, and is also very large, thinning the external wall out
{o an open basis. In the known species the walls are relatively thicker,
and for a considerable distance parallel to each other. The form of
the tooth is in some degrec similar to the crown of the canines of some
crocodiles. There is no enamel on the teeth of Cetaceans of this genus.

“Total length, 2 inches, 5 lines; long diameter at base, 8.25 lines;
diameter at middle, 6 lines.” Cope, 1867.

In 1869 Leidy repeats the characters of 0. cornutidens:  conical,
strongly curved, and proportionately much broader approaching the
base than in the preceding species [O. quadratidens] ; nor does it assume
a quadrate appearance, but is nearly circular or ovoidal in transverse
section. The deep conical pulp cavity is defined by a sharp edge at the
periphery of the base.”

In this article Leidy remarks that Cope’s O. crocodilinus is most
likely a young individual of O. cornutidens, also he says that in the
light of the great variability in the teeth of the PHYSETERIDAE in
general that he regards it as very possible that all three species, de-
scribed from teeth, belong to the same species.

Occurrence.—CALVERT FormaTioN. Charles county near the Patux-
ent river.

Oollection.—Cope’s type of O. crocodilinus is in the Museum of the
Academy of Natural Sciences of Philadelphia.

Suborder MYSTICOCETI.

In this suborder the teeth are never developed beyond an embryonic
condition. Rudimentary teeth which disappear before birth are inter-
esting indications of the ancestry of the forms. The upper jaws are
greatly arched and from their lower sides depend the great plates of
baleen,  whale-bone,” which give to the animal its characteristic ap-
pearance ; the lower jaws are greatly arched in a horizontal plane. The

3
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combination of these two give an enormous extent to the cavity of the
mouth. The external nares are located on the top of the head but do
not extend vertically downwards as in the OpoNTOCETI, they extend more
backwards and downwards and are roofed by plate-like nasal bones.
The ribs are loosely articulated to the bodies of the vertebrae by a
single head only. By some these members of this suborder are divided
into two families, the BALAENIDAE and BALAENOPTERIDAE, founded
mostly on external characters, but Flower and Lydekker consider that
intermediate forms have rendered the division an unnecessary onc.
Balaena, the common Right Whale, and Balaenoptera, the Rorqual, are
the best known of the living forms.

Family BALAENIDAE.

In 1895, Cope* described several new members of the family BALAE-
NIDAE. He prefaced his descriptions with a summary of the characters
and relations of the Neocene members of the family which it seems
valuable to repeat here. He said: “I have remarked that the
Mysticete with its single family, the Balenida * ¢ would seem to have de-
rived their descent from some form allied to the Squalodontide, since
their nasal bones are more elongated than those of the Odontoceti, and in
Plesiocetus > (Cetotherium) ¢ the superior cranial bones show some of the
elongation of that family” This elongation of the superior cranial
wall is not secn in the genus Squalodon, but is moderately developed in
the genus Prosqualodon of Lydckker, founded on the P. australis Lydd.
from Patagonia. It is exhibited in a still more marked degree by the
genus Agorophius g. n. Cope, which is represented by the Zeuglodon
pygmeeus of Miiller, which was referred to Squalodon by T.eidy. The
form of the skuil in this genus approaches distinetly that of Cetotherium
of the Balenidw, and the permanent loss of the teeth would probably
render it necessary to refer it to the Mystacocete.

““ Stages of transition from some such genus as Agorophius to the typical
whalebone whales are represented by several genera from the Yorktown
beds. Theoretically the loss of teeth by failure to develop would be
accompanied by the loss of the interalveolar walls, leaving the dental

!Proc. Amer. Philos. Soc., vol. xxxiv, 1895, p. 139.
2¢0n the Cetacea,” Amer. Nat., vol. xxiv, 1890, p. 611.
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groove continuous and separate from the dental canal. A genus dis-
playing these characters has not been discovered, but I have no doubt
that it will be. The new genus Siphonocetus Cope exhibits the groove
roofed over by ossification of the gum, and distinet from the dental
canal. The genus Ulias indicates that a still farther degeneracy took
place, in the fusion of the dental groove and dental canal, while the
groove remained open. In Tretulias the same condition persists with
the addition that the gingival passages and foramina arc present, as in
the genus Siphonocetus, and in the later genera. In Cetotherium and
in later Bal®nide the groove and canal are fused, the gingival roof
is complete, and it is perforated. It would appecar, then, that Ulias
may be descended from the undiscovered genus above mentioned, while
Tretulias is descended from Siphonocetus. The exclusively Ncocenc
genera may be tabulated as follows:

I. Alveolar groove and dental canal distinct.

Alveolar Zroove OPeN..........coovurirernnnnnennnns Not discovered.
Alveolar groove roofed over and perforate........ Siphonocetus Cope.
I1I. Alveolar groove and dental groove confluent in a gingivodental canal.
Gingivodental canal open; no gingival canals............. Ulias Cope.
Canal open; gingival canals at one side............. Tretulias Cope.
Canal with complete and perforate roof........ Cetotherium Brandt.”

Genus METOPOCETUS Cope.

“Char. gen. Lateral occipital crests continuous with anterior tem-
poral crests which diverge forwards. Frontal bone elongate, not cov-
ered posteriorly by the maxillary, codssified with the nasals. Nasals
short, codssified with each other, not projecting antcrior to frontals.

“ Accompanying the cranial fragment on which this genus is founded
is a piece of a premaxillary bone of appropriate size, which presents
the character of that of a whalebone whale. The true position of this
genus is probably between Cetotherium and Agorophius. It is probably
a mysticete which approximates the ancestral zeuglodont type which is
represented in our present knowledge by the genus Agorophius. It is
connected with Cetotherium by the new genus Cephalotropis, which is
described below. The three genera form a group, which may be prop-
erly referred to the Bal®nid®, which is characterized by the elonga-
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tion of the frontal and parietal bones on the superior walls of the skull.
They differ as follows:

A temporal ridge; maxillaries little produced posteriorly; nasals not
produced beyond frontal, codssified with the frontal and with each
(0 4 Metopocetus Cope.

A temporal ridge; maxillaries much produced posteriorly; nasals free from
frontals and from each other, produced well anteriorly.Cephalotropis Cope.

No temporal ridge; maxillaries much produced posteriorly; nasals free from
frontals and from each other, well produced forwards........ Cetotherium
Brandt.

“The specimen on which the genus Metopocetus is founded is quite
mature, so that the sutures are codssified. The frontomaxillary and
frontopremaxillary sutures are, however, distinct, as they appcar to me,
and they are remarkable for their position. They extend but little
posterior to the external narial openings. The latter are, in relation
to the supraoccipital crest, anterior, but in relation to the position of
the nasals, posterior. The nasals are short for a Balenid, although
they enter wedge-like into the frontals for a considerable distance.

“The position of the genera Metopocetus and Cephalotropis may be
similar to that of the genera Ulias and Tretulias, which are known from
mandibular rami only. One or both of the former may be identical with
one or both of the latter; but of this there is as yet no evidence.” Cope,
1896.

MEeToPoCETUS DURINASUS Cope.

Plate XVIII, Figs. 1, 2a, 2b.

Metopocetus durinasus Cope, 1896, Proc. Amer. Philos. Soc., vol. xxxv, p. 141, pl.
xi, fig. 3.

Description.—*“ The specimen which represents the Metopocetus duri-
nasus is a cranium posterior to the nares, lacking the left exoccipital and
squamosal regions, and the right zygomatic process. Both occipital
condyles are preserved, and the basicranial region as far as the anterior
nares.

“The supraoccipital extends well forwards and its lateral crests
present a moderate concavity outwards and forwards. Its apex is
represented by a semicircular mass, posterior to which it is deeply con-
cave, and the concavity is divided by a longitudinal median crest. The
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temporal fosse approach together on the median line, forming a short
sagittal crest, which is about as wide as it is long. TFrom this the tem-
poral ridges diverge abruptly, and these extend in a nearly straight line
forwards, diverging from the line of the axis of the skull at an angle
of about twenty-five degrees. Between it and the lateral occipital crest
the temporal fossa is concave to the line of the anterior border of the
squamosal bone. At the latter point the line of the suture presents
an angle, which extends downwards, outwards and forwards. Betwecn
it and the posterior temporal crest the surface is concave above.

“ The exoccipital is flat vertically, and extends a little posterior to the
transverse line of the occipital condyles. The postglenoid face of the
squamosal is vertical, and it projects laterally beyond the exoccipital.
The postglenoid crest is not conspicuous, and the glenoid cavity pre-
sents downwards, and very little forwards. The posterior temporal
crest bounds a groove of the superior face of the part of the squamosal
that lies posterior to it. The latter face is quite wide, and its external
bounding angle is a right angle. It is continued as the superior face
of the zygomatic process.

“The petrous bone has a peculiar form. Its mastoid portion presents
externally a nearly discoid outline between the exoccipital and squamo-
sal. Its inferior portion descends as a process which forms the short
stem of a half-tubular horizontal portion, which opens downwards and
posteriorly, forming a partial meatus auditorius.

“The lateral descending borders of the basioccipital are so prominent
as to enclose a deep groove between them. The posterior nares are
about opposite to the anterior border of the foramen lacerum.

“The frontal region at its posterior apex is convex from side to side. As
it widens it presents three subequal faces, two lateral and one median.
The median plane is separated from the laterals by a shallow groove
on each side, which become deeper anteriorly, and turn abruptly out-
wards at the narial border. They appear to be the outlines of the nasal
bones. Anteriorly the lateral planes become thickened longitudinally
just external to these grooves. The entire anterior portion of the
cxternal planes is a sutural surface, with longitudinal grooves for a
length averaging 40 mm. This surface can relate to nothing but the
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premaxillary and maxillary elements. This point of attachment 1s,
however, antcrior to that of any known genus of Mysticete; and is
anterior to that in the Agorophius pygmeus Mill. In not extending
so far posteriorly as the nasal bones, it leaves the frontals to embrace
the latter anteriorly to an unusual extent. This is on the supposition
that the indistinct grooves on each side of the middle line really repre-
sent the lateral borders of the nasal bones, which is not certain, except
as to their anterior portions.

Measurements.
mm
Width of skull at exoceipitals ...............ooviii 406
Width of skull at postglenoid angles ................... 570
Width of occipital condyles .............. .. ..0iiia 150
Width of foramen magnum .............coviiiiinn... 65
Width of sagittal erest ......... .. .. .. i il
Width of anterior border of nasal homes ................ 90
Width of skull at sagittal crest .................. .. ... 170
Width of sphenoid at middle of for. lacerum............ 135
Anteroposterior diameter of glenoid surface ............. 115
Length of nasalcanal .......... ... ... .. ... oiitt. 250
Length from occipital condyles to anterior nares.......... 450
Length from foramen magnum to posterior end of sagittal
crest (oblique) ........ .. ... i, 210
Length of sagittal erest .............. ... o il 15
Length from sagittal crest to anterior nares ............. 195”
Cope, 1896.

Occurrence.—ST. MARY'S FormaTioN. Near the mouth of the Po-
tomac river.
Collection.—Museum of the Woman’s College of Baltimore.

Genus CEPHALOTROPIS Cope.

“Char. gen. Parietal bone separating supraoccipital and frontal by
a considerable space and presenting a sagittal crest. Fromtal exten-
sively overlapped by the maxillaries, premaxillaries and nasals. Nasal
elongate, distinet from the adjacent elements. Frontals presenting
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divergent temporal angles . . . . differ from Metopocetus in the free
elongate nasal bones.” Cope, 1896.

CEPHALOTROPIS CORONATUS Cope.

Plate XIX, Fig. 1.

Cephalotropis coronatus Cope, 1896, Proc. Amer. Philos. Soc., vol. xxxv, No. 151,
p. 143, pl. xi, fig. 2.

Description.— The specimen which represents this speéies is a portion
of the cranium which includes the elements which surround the brain
except the occipital, the superior part of the latter remaining; together
with the posterior parts of the maxillaries, premaxillaries and the
greater part of the nasals, and the basisphenoid and presphenoid in part,
and a considerable portion of the left temporal. The sutures distin-
guishing the several clements are distinet, so that the boundaries of
the latter can be readily distinguished. In describing this fragment I
will compare it especially with the Metopocetus durinasus and Ceto-
therium megalophysum, where the corresponding parts are preserved.

“ The supraoccipital angle is produced further anteriorly than in either
of the species named, and the sagittal crest is longer than in either.
The summit of the smooth oceipital surface forms a transverse border,
which cuts off the apex of the occiput, thus bounding posteriorly a
triangular area, of which the sides are a little longer than the base.
This triangle has a low, median keel, on each side of which the surface
iz concave, and is marked with numerous irregular fosse. The surface
has been evidently the seat of the insertion of something; but whether
it was entirely of a ligamentous character or whether some tegumen-
tary structure had its basis there I do not know. The superior border
of the temporal fossa is regularly concave towards the middle line, and
regarding the sagittal crest as restricted to the parietal bone, its trun-
cate edge is wider at the extremities than at the middle. The nar-
rowest portion of the crest is nearer the frontoparietal than the parieto-
occipital suture. The temporal ridge is in regular continuation of the
edge of the sagittal crest, and becomes transverse in direction towards
the orbital border of the frontal bone. This border is broken off.
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“The vertical temporoparietal suture does not run along a ridge as in
the M. durinasus, but its superior portion is on a low, obtuse angle.
The frontoparietal suture extends posteriorly from the sagittal crest
downwards, much posterior to the direction it presents in the C.
megalophysum, where its direction on each side is a trifie anterior to
transverse. Across the front the suture is coarsely serrate, differing
from the sutures of the anterior border of the frontal bone, which are
closely and deeply interdigitate, as in the C. megalophysum. The super-
ficial median part of the frontal is about one-third as long as the corre-
sponding part of the parietal. The nasomaxillary suture with the
frontal is short in the transverse direction, not reaching the temporal
ridge on each side. The frontomaxillary suture then becomes nearly
longitudinal for a distance of 50 mm. and then turns outwards for 25 mm.
On the opposite side the posterior border of the maxillary is more
oblique and extends from the transverse median portion divergent from
the line of the temporal ridge, forwards and outwards. The latter is
probably the normal direction of the suture. The nasal bones are very
narrow, but expand gradually anteriorly. They do not terminate pos-
teriorly in an acute angle as they do in the C. megalophysum and M.
durinasus (apparently), but are truncate. The premaxillaries are also
narrow at this point. Their posterior extremities are broken off. The
glenoid cavity presents downwards. The presphenoid is plane below
anteroposteriorly and transversely posteriorly, but is slightly convex
below anteriorly. It is hollow.

Measurements.
mm,
Length of supraoccipital triangle to occipitoparietal suture 80
Length of parietal on middle line ..................... 60
Length of frontal on middleline ...................... 25

Width of supraoccipital at base of supraoccipital triangle. .124
Width of base of cranium opposite supraoccipital triangle. .115
Width of sagittal crest ....................... ... ..., 18
Width of nasalsatbase .................ocoiin.L. 28
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“In the interstices of the specimen portions of matrix remain which
have the color and character of the material of the Yorktown forma-
tion. Embedded in this at certain points are fragments of Mollusca
of the genera Pecten, Lucina and Turritella. It was probably derived
from the Chesapeake region.” Cope, 1896,

Occurrence.—CHESAPEAKE GRoUP. Probably from Maryland.

Collection.—Johns Hopkins University.

Genus CETOTHERIUM Brandt.
CETOTHERIUM MEGALOPHYSUM COpe.

Plate XX, Fig. 1.

Cetotherium megalophysum Cope, 1895, Proc. Amer. Philos. Soc., vol. xxxiv, p. 146.
Cetotherinm megalophysum Cope, 1896, Proc. Amer. Philos. Soc., vol. xxxv, pp. 143,
146, pl. xi, fig. 1.

Description.—* This species is established on a cranium which is
complete from the condyles to near the anterior extremity of the nasal
bones inclusive. The apices of the zygomatic processes of the squa-
mosal bones and the left auricular bulla are wanting. The presence
of the right bulla in the specimen enables comparisons to be made
with species in which this part is preserved and where the cranium is
wanting. The skull has lain in the water for a considerable time, as
numerous barnacles and oysters have attached themselves to it. The
matrix has been generally removed from it by the action of the water.

“The cranium presents the characters of the genus in the close
approximation of the temporal fossee on the middle line and the
elongation of the frontals anterior to this point. Portions of premaxil-
laries and maxillaries remain at positions much posterior to that of the
external nares. The glenoid surface is separated by a sharp angle
from the temporal fossa. The sphenoid and presphenoid are keeled on
the median line. The vomer is visible between the palatines on the
middle line below.

“The lateral occipital crests form with a line connecting the exoc-
cipital processes across the foramen magnum, an isosceles triangle with
straight sides, each of which is rather shorter than the base-line men-
tioned. The apex of the supraoccipital is not elevated, and is well
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produced forwards, so that the length of the cranium from the posterior
border of the frontal bone is one and one-half times as long as the
depth of the cranium at the same point.

“The tympanic bulla has the general form characteristic of species
of this genus, but presents specific characters of its own. The part
anterior to the posterior boundary of the external process is half as
long again as the length posterior to it. The two measurements are
equal in the C. hupschii, according to Van Beneden. The two ridges
of the internal border unite 19 mm. postcrior to the anterior extremity,
forming a single acute angle. This character is not deseribed by authors
as occurring in any other species of this genus. The anterior extremity
is squarely truncate, and is semicircular in outline, as the superior side is
flat and the inferior convex. In C. brialmontii, according to Van Bene-
den, the bulla is not truncate in front nor is there a single acute edge on
the inner side in front; the portions of the bulla anterior and posterior
to the internal process are of equal transverse width; in the C.megalo-
physum the anterior portion is considerably narrower than the posterior
portion. In Mesocetus agramii, according to Van Beneden, there is'a
single acute internal ridge on the bulla, but it is much longer than in
the Cetotherium megalophysum and the anterior extremity of the bulla
is rounded and not truncatec in the former. The bulla in the species
now described presents an angle posteriorly, as viewed from below,
instead of the rounded outline seen in several species.

“The form of the skull differs from that of several species where that
region is known. Thus in the C. burtinit, according to Van Beneden, the
occipital bone is broadly rounded in outline instead of triangular.
In C. dubium this region is triangular, but is much more elevated and
less produced forwards than in the C. megalophysum. It is more
elevated than the length from the frontal bone posteriorly, instead of
being only two-thirds as high as long. In the C. moreni, from Chubut,
Patagonia, Lydekker states that the lateral occipital crests are more
elevated than the apex of the occipital bone, giving a cordate outline
to the posterior profile. This does not occur in any known northern
species. The tympanic bulla of this species is also quite different.
The occipital region of the C. hupschit resembles that of the C.
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megalophysum more nearly than that of any other specics as far as
known. In the C.capellinii Van Ben., according to the. descriptions
and figures of Capillini, the frontal is more elongate and narrower on
the middle line and the tympanic bulla has not the posterior median
angle when viewed from below such as exists in the C. megalophysum.

“ Comparison with the species described by Brandt from Russia and
Italy, discloses numerous important differences.’ The frontoparictal
region in the C. priscum Br. is materially shorter than in the megalo-
physum. The auricular bulle of C. priscum, C. meyerit and C. klinderii
arc gradually acuminate to an acute apex, when viewed from the inner
side, and are without the convexity of the lower side and the trunca-
tion of the apex characteristic of our species. The bulla of C. rathkei
is a little more like that of the Chesapeake form, but it is nevertheless
specifically distinct. It is, when viewed from above, broadly and sub-
equally rounded at both extremities, instead of being truncate at the
one and angulate at the other. The extremities are of subequal width,
while the anterior portion is much narrower in the C. megalophysum.

“ Finally the bulla of the C. megalophysum is of relatively larger size
than in any of the species noticed above.

Measurements.
m.
Length of fragment below ......................... .565
Width of fragment ............. ... . ... ool .515
Width of glenoid region from bulla .................. 150
Length of glenoid from bulla (least) ................ 100
Width of sphenoid between foramina lacera ........... 105
Length of tympanic bulla below ..................... 100
Width of tympanic bulla in front of external process.... .53
Width of tympanic bulla bchind external process ..... 67
Width at exoccipital processes........................ 400
Length anterior to parietals above .................. 225
Length of occipital from base of foramen magnum to
apex (0L CUIVE) +uuvnuvuen v eunesuneeeenneans 290
Width of occipital condyles and foramen .............. 140

! Memoires Acad. Imp. Sci, St. Petersburg, 1873, vol. xx, p. 143.
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“The mandible of this species is unknown. The size is not far from
that of the Cetotherium pusillum and Siphonocetus expansus of Cope.
Should either of these turn out, on the discovery of the skull, to be
Cetotheriform, it will become necessary to compare them with the
present species. The total length of the animal was about twenty or
twenty-five feet.” Cope, 1895.

Occurrence.—St. MarY's FormaTion. Cove Point.

Collection.—Johns Hopkins University.

CETOTHERIUM PARVUM Trouessart.

Plate XXV, Fig. 1.

Belaenoptera pusilla Cope, 1868, Proc. Acad. Nat. Sci. Phila., vol. xx, p. 159,
Eschrichtius pusillus Cope, 1868, Proc. Acad. Nat. Sci. Phila., vol. xx, p. 191.
Eschrichtius pusillus Cope,1869, Proc. Acad. Nat. Sci. Phila., vol. xxi, p. 11.
Cetotherium pusillum Cope, 1890, Amer. Nat., vol. xxiv, p. 616.

Cetotherium pusillum Cope, 1895, Proc. Amer. Philos. Soc., vol. xxxiv, p. 145, pl.

Cetoth:;;'z?ri‘p%rvum Trouessart, 1898, Catalogus Mammalium, p. 1071.

Cetotherium parvum Hay, 1902, Bull. 179, U. 8. Geol. Survey, p. 599.

Description.—In 1868 Cope said of this form that it was the smallest
known fin whale, being about 18 feet long. In 1895 he says: “ The
fragment of the ramus of this species above referred to is longer than
any that have come under my observation, which now number five
individuals. Its length is 723 mm., and the diameters at a fracture
near the middle are as follows: vertical, Y1 mm.; transverse, 47 mm.
It is a little larger than those I have seen hitherto, but agrees with
them in every respect.”

Occurrence—St. MARY’s (?) FormarioN. Near the mouth of the
Patuxent river.

Collection.—Johns Hopkins University.

CeroTHERIUM CEPHALUM Cope.

Plate XXI, Fig. 1; Plate XXTII, Figs. 1a, 1b, 2a, 2b; Plate XXIII,
Figs. 1, 1a, 1b; Plate XXV, Figs. 8, 13.
Eschrichtius cephalus Cope, 1867, Proc. Acad. Nat. Sci. Phila., vol. xix, pp. 181,
144, 148,

Eschrichtius cephalus Cope, 1868, Proc. Acad. Nat. S8ci. Phila., vol. xx, p. 195 (men-
tion only).
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Eschrichtius cephalus Cope, 1869, Proc. Acad. Nat. Sei. Phila., vol. xxi, pp. 10, 11
(mention only).

Eschrichtius cephalus Leidy, 1869, Jour. Acad. Nat. Sci., Phiia., 2nd ser., vol. vii,
p. 442,

Cetotherium cephalus Cope, 1890, Amer. Nat., vol. xxiv, pp. 612-615, figs. 7, 8; pl.
xxif.

Cetotherium cephalus Cope, 1896, Proc. Amer. Philos. Soc., vol. xxxv, p. 146, pl.
xii, figs. 2, 3.

Description.—The description given for this form by Cope in 1867
is as follows: “The mandibular rami measure 9 feet 4 inches and
were referred to an individual 31 feet long. They were compressed,
and with a narrow superior ridge, without nutritive foramina. The
hitherto known Miocene Whales—Balaena prisca and B. palae-
atlantica of Leidy—founded on portions of the mandibular rami, were
much less compressed, were furnished with numerous marginal nutritive
foramina, and the B. prisca was without superior ridge.”

In 1890 he added: “The ear bulla is noticeably compressed, some-
what incurved, and with a nearly parallelogrammic outline from the
side.”

Occurrence.—CALVERT ForMATION. Charles county ncar the Patux-
ent river, shore of Chesapeake Bay.

Collections—Philadelphia Academy of Natural Sciences. Johns
Hopkins University. '

Genus SIPHONOCETUS Cope.

SIPHONOCETUS EXPANSUS Cope.

Plate XXV, Fig. 3.

Megaptera expansa Cope, 1868, Proc. Acad. Nat, Sci. Phila., vol. xx, p. 193,

Eschrichtius expansus Cope, 1869, Proc. Acad. Nat. 8ci. Phlla., vol. xxl, p. 11

Eschrichtius expansus Leidy, 1869, Jour. Acad. Nat. Sci. Phila., 2nd ser., vol. vli,
p. 422,

Cetotherium expansum Cope, 1890, Amer. Nat., vol. xxiv, p. 614.

Siphonocetus expansus Cope, 1895, Proc. Amer. Philes. 8oc., vol. xxxiv, p. 140, pl.
vi, fig. 5.

Description.—The specimen was originally referred (1868) to Mega-
ptera because of a supposed difference between the cervicals and those
of Eschrichtius. In 1869 the jaw was discovered to have the typical
form of Eschrichtius. The following is the description given of the
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jaw: It presents “for a marked distance on the proximal portion, a
flat plane on the upper face, instead of the usual angulate ridge, which
is equally distinet from the outer and inner faces. In E. priscus the
superior plane is only a continuation of the outer convex face, and
accordingly the external series of nutritious foramina extends along it.
The plane is occupied on the other hand, in the Z. expansus, by the
inner series.

“The inferior margin is a rather obtuse angle; the general form is
not compressed, nor much convex externally, as in E. priscus.

Measuremendts.
Depth ramus ....................... .75 in. (68 mm.)
Thickness ...........cccoiiiiiiia, 1.65 in. (41 mm.)
Foramina (internal) two in........ .....2.50 in. (75 mm.)”

Cope, 1869.

Occurrence—St. MARY’S (?) FormarioN. Mouth of the Patuxent
river. The type came from Nomini cliffs.

Collection.—Johns Hopkins University. There are two rami said to
be preserved in the Tyson collection in the Maryland Academy of
Sciences.

SipHONOCETUS PRISCUS (Leidy).

Plate XXV, Fig. 5.

Balaena prisca Leidy, 1851, Proc. Acad. Nat. Sci. Phila., vol. v, p. 808.
Balaenoptera prisca Cope, 1867, Proc. Acad. Nat. Sci. Phila., vol. xx, pp. 144, 147.
Balaenoptera prisca Cope, 1868, Proc. Acad. Nat. Sci. Phila., vol. xx, p. 192.
Eschrichtius priscus Cope, 1369, Proc. Acad. Nat. Sci. Phila., vol. xxi, p. 11.
Eschrichtius priscus Leidy, 1869, Jour. Acad. Nat. Sci. Phila., 2d ser. vol. vii, p. 441
Cetotherium priscum Cope, 1890, Amer. Nat., vol. xxiv, p. 616.

Siphonocetus priscus Cope, 1895, Proc. Amer. Philos. Soc., vol. xxxiv, p. 140, pl. vi,

fig. 3.

Description.—Leidy gave the following description on the specics in
1851: “The fragment of lower jaw, fourteen inches long, is of much
more slender proportions than that of the preceding [Balaena palaeatlan-
tica], it is also more uniform in its breadth and depth, and has a strong
curve downwards as in B. rorqual, Lac. It is very nearly flat internally and
demi-cylindrical externally. The upper margin is angular but not prom-

inent, and forms the boundary between the inner and outer side. The
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gingival foramina, five in number in the specimen, are placed below
the upper margin internally, are about one line in diameter, and
open very obliquely forward into grooves almost horizontal, from half
an inch to onc inch long. The labial foramina, of which there arc the
remains of seven in the specimen, are about half an inch external to
the upper margin, about two lines in diameter, and open very obliquely
forward.

Vertical diameter ...................... 3 inches [75 mm.]
Transverse diameter ................... ? inches [50 mm.}”

In 1869 Cope described Eschrichtius priscus as intermediate in size
between E. cephalus and E. leptocentrus and E. expansus and E. pusillus.

Occurrence.—CALvERT ForMarioN. Charles county near the Patux-
ent river. (Fide Cope.)

Collection.—Philadelphia Academy of Natural Sciences.

SIPHONOCETUS CLARKIANUS Cope.

Plate XXV, Fig. 4.

Siphonocetus clarkianus Cope, 1895, Proc. Amer. Philos. 8oc., vol. xxxiv, p. 140,
pl. vi, fig. 4.

Description.—Described from fragment of mandibular rami. * The
cranium of this genus is unknown, but it is probably similar in char-
acter to that of the Cetotherium of Brandt. This genus differs from
Bal®noptera in having the elements between the supraoccipital and the
nasals much clongated, so that there is a sagittal crest of greater or
less length, and in the non-union of the dia- and parapophyses into a
vertebral canal,' in which it agrees with Eschrichtius of Gray. Some
of the rami described belong possibly to species of Balenoptera, and it
remains for future discoveries to ascertain which these are. . . . .

“In dimensions it . . . . is only excceded by . . . . Cetotherium lep-
tocentrum and C. cephalus. It compares more closely in dimensions with
the C. polyporum from the Chesapeake group of North Carolina. From

1 8ee Anierican Naturalist, vol. xxiv, 1890, p. 611, where these genera are charac-
terized: but Van Beneden’s name, Plesiocetus, is used for Cetotherium, and the latter
name for Fschrichtins of Gray.
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the last named, and from the C. cephalus, it differs in the robust form of
the ramus, resembling in this respect rather such species as C. paleatian-
ticum, S. priscus (Leidy), and S. ezpansus.

“The fragment representing the S. clarkianus is from the part of
the ramus anterior to the base of the coronoid process, and is about
350 mm. in length. Both faces are convex, but the external is more
strongly so than the internal. The superior part of the latter is, how-
ever, not horizontal as in the S. priscus, nor is the internal face sub-
horizontal as in S. expansus. The two faces unite above at an obtuse
angle, which if perfect, would be nearly right. The inferior edge is
on the contrary a ridge which would be acute were it not rounded.
The section of the ramus is therefore lenticular, with one side more
convex than ihe other. Posteriorly the external convexity becomes
greater, and the internal convexity rises towards the base of the
coronoid, leaving a gentle concavity above the inferior border. The
external foramina are large, distant, and only a little further below
the superior ridge than those of the inferior internal row. The latter
are in two series; those of the superior smaller and quite near the
superior edge; the others larger and situated lower down, and separated
by intervals of about 40 mm. No trace of Meckelian or alveolar

grooves.
Measurements.
min
. . vertical .......cciiiiiiann 95
Diameters at distal end
tTanSVerSe .. .vveverovonanns e
. . vertical ...... .. .00t 114
Diameters near coronoid
LTanSverse . ...veovenineeenn 99

«The presence of two internal series of foramina distinguishes this
species from any of those known to me. The rami are less compressed
than those of the C. pusillum, while the external position of the exter-
nal foramina distinguishes it from the S. priscus (Leidy). The pres-
ence of an acute-angled ridge below distinguishes it strongly from the
O. paleatlanticum. The species was larger than the Cetotherium
megalophysum above described, having probably attained- a length of
forty feet.” Cope, 1895.
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Occurrence.—St. MaRY’S FORMATION. Chesapeake Bay near Point-
no-Point (the specimen was dredged up from the bottom of the bay)
Collection.—Johns Hopkins University.

The following characters of the genus Siphonocetus (Eschrichtius)
were given by Cope in 1869 :

“ Characters of the mandibular rami. Much compressed, outer face little
convex; superjor margin a narrow ridge without truncation; with a series
of foramina on each side; the inner extending for a very short distance only;
no marginal groove; inferior edge narrow.

Werydlanges Dot L s L e S. cephalus.

Upper edge broad, with outer series of foramina, and meeting inner edge
at a right angle, which is the highest line, and with inner series of foramina
Just below it; most convex externally.

L AT s 8. priscus.

Upper edge broad behind only, and there bearing only the inner series of
foramina. Elsewhere with a median ridge and rows of foramina below on
each side; much decurved; less convex externally.

3o LT R e S. expansus.

Upper edge nowhere broad, and with a deep or shallow groove below it on
the inside; less decurved; less convex externally.

= 5 O PU SR v S. pusillus.

To this list may be added the following brief analysis of the char-
acters of S. clarkianus.

Upper surface a low ridge formed by the meeting of the outer and
inner faces at almost a right angle; section of jaw lenticular; inner
and outer faces convex, the external the most so; outer series of fora-
mina large; inner series double, the superior are the smallest and
situated quite near the superior edge.

Genus ULIAS Cope.

“Char. gen. Mandible with the gingivodental canal open throughout
most of its length, closed only near its apex. Gingival foramina repre-
sented by a few orifices on the alveolar border near the distal extremity.

“This form is of much interest as representing in adult life a stage
which is transitional in typical Balenide. The alveolar groove is
continuous with the dental canal, and is permanently open. It is
probable then that this genus possessed teeth during a longer period
" than the existing Balenide, and that they were retained in place by
4
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a gum so long that the canal could not close, as is the case in the
latter. The absence of the long series of mental foramina characteristic
of the true whales is further evidence to this effect.” Cope, 1895.

Urias moraTUs Cope.

Plate XXIV, Figs. 1a, 1b; Plate XXV, Fig. 6.
Ulias moratus Cope, 1895, Proc. Amer. Philos. Soc., vol. xxxiv, p. 141, pl. vi, fig. 1.

Description.—* This species is founded on a nearly entire right man-
dibular ramus. The condyle and angle are wanting, as is also a piece
from the proximal part of the distal third of the length. This piece
was found with the rest of the specimen, but has been, for the present
at least, mislaid.

“The ramus is moderately curved horizontally, but is not decurved
except towards the angle. A slight convexity of the inferior margin
exists at the anterior part of the proximal two-fifths of the length.
The superior border is occupied with the widely open alveolar groove,
which gradually contracts in transverse diameter distally, so as to be
closed for the terminal fourth of the length. On this region two or
three large foramina issue from it on the middle line above, and the
terminal mental foramen issues at the superior extremity of the distal
end, a little below the internal ridge on the external side of it. Of the
borders of the alveolar groove the internal is much lower than the
external on the proximal sixth of the length. The edges are then equal
for a short distance, and are acute. The internal then becomes the
more elevated, and continucs so until its point of union with the ex-
ternal. The internal wall of the groove is at first narrow, and its
superior edge from being acute becomes narrowly rounded, but becomes
more obtuse distally as the wall becomes thicker. The internal side
of the ramus is very little convex. The external side of the ramus is
strongly convex in vertical section, hence it is that the external edge
of the groove becomes wider as it becomes lower, until at the beginning
of the distal third of the length it forms a plane distinct from the
convex external face. This external convexity growing rapidly less,
the superior edge becomes proportionally narrower, and at the ex-
tremity of the ramus is about as wide as the internal superior ridge.
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The extremity of the ramus is, in profile, truncated obliquely backwards
and downwards to the obtuse angle at which it meets the slight rise in
the outline of the inferior margin. The external plane is slightly con-
cave. The internal face exhibits two surfaces, a superior convex por-
tion which widens downwards and backwards, and an inferior wider flat
portion separated from the superior by a straight ledge. The inferior
border of the ramus is represented by an angle of about 70° for the
greater part of the length. Below the rcgion where the alveolar
borders are equal the angle is more nearly right owing to the increased
convexity of the external face. It is rounded below the coromoid pro-
cess (which is broken off) and widens towards the angle. It is rounded
on the distal third, becoming narrower rapidly towards the distal
extremity.

Measuremendts.
Length of ramus restored; on curve................... 1.900 m.
Length of proximal fragment ....................... 7190
Length of distal fragment .......................... .390
Transverse diameter near condyle .................... .070
Transverse diameter where alveolar borders are equal. . ... .060
Transverse diameter at distal end of long fragment . .. ... 057
Vertical diameter where alveolar edges are equal........ 073
Vertical diameter at distal end of long fragment ...... 074
Vertical diameter at proximal end of distal fragment .. .079
Transverse diameter at proximal end of distal fragment. .049
Vertical diameter of extremity ...................... .065

“Besides the gencral characters, the Ulias moratus presents various
specific differences from the various species of Balenide which are
known. The flatness of the internal face and the lack of decurvature dis-
tinguishes it from several of them; and the abscnce of fissure at the
distal mental foramen separates it from others. I know of no species
which has only one series of foramina and that one on the median line,
on the distal fourth, except the present one. The size of the ramus
resembles that of the Cetothcrium palaatlanticum of Leidy, and repre-
sents a species of about twenty-five feet in length.” Cope, 1895.

Occurrence.—CHESAPEAKE GROUP. Maryland or Virginia,

Collection.—Johns Hopkins University.
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Genus TRETULIAS Cope.

Dental canal obliterated, and dental groove without osseous roof.
Gingival canals and foramina present at one side of the alveolar groove.

TrETULIAS BUCCATUS Cope.

Plate XXV, Fig. 2.

Tretulias buccatus Cope, 1895, Proc. Amer. Philos. Soc., vol. xxxiv, p. 143, pl. vi,
fig. 2.

Description.— This speceies is represented by parts of the mandibular
rami of two individuals. . .  One of these measures 607 mm. in length,
and is in fairly good preservation; the other is a shorter fragment,
and is considerably worn. They agrce in all respects.

“The longer fragment is gently curved both inwards and downwards.
It is compressed anteriorly, and more depressed postcriorly, so as to
be but little deeper than wide. The external face is very convex,
more so posteriorly than anteriorly, so that that part of the superior wall
which is developed is horizontal, as in the Siphonocetus priscus Leidy.
The internal face is little convex, and is slightly concave on a line near
to and parallel to the inferior border. Generally this angle is obtuse,
and is a little more than right; anteriorly, near the extremity it becomes
more ridge-like. Posteriorly the section of the ramus represents more
than a half-circle, the base being the internal face. The internal basal
concavity referred to disappears posteriorly, but its place is occupied
by a Mecckelian fissure, which extends along the bottom of the groove,
disappearing at the end of the terminal two-fifths of the length.

“The gingival canals are very oblique, extending horizontally for-
wards and outwards. The internal foramina issue at spaces of one and
two inches, and they are not connected by a superficial groove. The
superior (external) series are equally oblique, extending forwards and
opening obliquely upwards. Only two of these canals are present on the
specimen, and these are on the posterior two-fifths of the length. They
are not complete on the external side, and are thereforc only grooves.
The common canal is open external to them, and separates the superior
from the external face of the ramus. It has not the form of the section
of the ramus as in other species, but is shallow, and with its long axis
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oblique to that of the section, and parallel to that of the superior
oblique part of the external face. It is shallower than in the Ulias
moratus, and the species of Cetotherium, and is separated by a wide
osseous space from the inferior border. That this form is descended
from one with a larger canal is indieated by the fact that the fractures
of the ramus display a elosed fissure extending from the floor of the
canal vertically downwards. The eanal is overhung on the inner side
by a narrow free border of the superior perforate wall.

Measurements.

m.

Length of fragment............. ... ... oo i .607
L . vertical ................. 07
Lnatis Pustorionly % transverse ............... .078
b ) vertical ............. .070
Diameters more anteriorly ; transverse ........... .065
Diameters near distal extremity { T I p
transverse ...... .056

“For a length of 200 mm. from the anterior extremity the borders
of the gingivodental groove are sufficiently well preserved to demon-
strate that it was not closed. The edges posterior to this are more or
less worn, so that the roof might be supposed to have been broken away
in the absence of other evidence. This is, however, forthcoming, for the
internal border is so far preserved near the posterior extremity for a
space of 135 mm. as to show that no roof has existed.

“ Omitting consideration of the generic characters, the following
comparisons with other species may be made. In the Ulias moratus
the gingivodental groove is deeper and narrower, and the inner cdge
is mueh narrower. The external face is not so eonvex. The Siphono-
cetus priscus of Leidy resembles it more nearly in form, but the superior
(external) foramina are not so far inwards, and the two eanals taken
together eonform nearly to the outline of the ramus in section, which
ie far from being the case in the Tretulias buccatus. There is no
Meckelian groove. In the Cetotherium paleatlanticum Leidy, the ex-
ternal faee is mot so convex, and the internal gingival canals are,
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according to Leidy, ¢ directed upward and moderately forward” In the
T. buccatus thcy are directed forwards horizontally, and very little
upwards.” Cope, 1895,
Occurrence.—CHESAPEAKE GrorP. Maryland or Virginia.
Collection.—Johns Hopkins University.

Genus BALAENOPTERA Dacep.

BALAENOPTERA SURSIPLANA Cope.
Plate XXIV, Fig. 2.
Balaenoptera sursiplana Cope, 1895, Proc. Amer. Philos. Soc., vol. xxxiv, p. 151.

Description.—In describing this species Cope says: “ On comparison
with the Balenoptere described by Van Beneden, it is to be observed
that they [the tympanic bones] all differ from the present form
in the convexity of superior face, where the dense layer or lip has a
different chord or face from that of the space which separates it from
the internal longitudinal marginal angle. In the B. sursiplana there
is but ome superior plane from the custachian orifice to the internal
edge, which is absolutely flat. In all these specics also the dense layer
of the lip is reflected on the superior edge of the external thin wall at
its anterior end. In the present species this layer is reflected in a very
narrow strip underneath the free border, which overhangs it. In all
these species also the anterior extremity, as viewed from above or below,
is angulate, the angle marking the end of the inner border of the densc
layer or lip. In B. sursiplana the anterior extremity, viewed in the
same way, is truncate. The species which appears to approach nearest
is the B. definita Owen, which is figured by Lydekker.® This otolite
appears to be flatter above than the species described by Van Beneden
although the figure is not clear in this respect. It has the oblique
upwards and backwards looking face at the posterior extremity, which
is a conspicuous feature of the B. sursiplana, although it is mnot so
sharply defined by a strong transverse convexity of the superior surface,
as in the latter. Nor is there as strong a bevel of the anterior extrem-
ity of the superior face when viewed from within, as in B. definita. An

1Quar. Jour. Geol. Soc., London, 1887, vol. xliii, p. 11, pl. ii, fig. 3.
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equally conspicuous difference is to be seen in the form of the inferior
wall. According to Lydekker, this surface, when the bulla is viewed
from within, consists of three planes separated by rounded angles, of
which the median is longer than those at the ends. In the B. sursi-
plana this surface is regularly convex from end to end. In size this
species is like that of the large Balenopterw, including the B. definita.

Measurements.
mm,
Axial length of bulla .................. ... .. ... ..., 98
Width at posterior extremity of anterior hook at superior

border ........ ...l i, 1

Width at anterior extremity of orifice .................. 35

Width at posterior extremity of orifice .................. 53

Depth at middle (about) ..................coiu.a... 35
Greatest depth of lip ...................oiiiiia.L.. 38”
Cope, 1895.

Occurrencc—CHESAPEAKE GROUP. Maryland or Virgina.
Collection.—Johns Hopkins University.

Genus BALAENA Dinn.
BaALAENA AFFINIS Owen.

Balaena affinis Owen, 1846, A History of the British Fossil Mammals and Birds,
London, p. 530, fig. 221.

Description.—In describing several specimens of ear bones of whales
from the English Tertiary the author says: “One of the most com-
plete of the fossil tympanic bones, which measures five inches in length,
resembles the Bal. antarctica in the slight elevation of the outer part of
the involuted convexity, and its gradual diminution to the Eustachian
end of the cavity; it resembles both Balene in its traceable con-
tinuation to that end, and in the gradual continuation of the
concave outer wall from the involuted convexity; this convexity is
indented also, as in both recent Balmzne, by vertical fissures narrower
than the marked indentation which distinguishes the Bal. mysti-
cetus. . . . The upper surface of the bone maintains a more equable
breadth from the posterior to the anterior end, the outer angle of
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which, being well marked in the fossil, is rounded off in the recent
specimen ; the under and outer surfaces of the timpanic bone meet at
an acute angle.” Owen, 1846.

In a summary of the species described [plate to face page xlvi] occurs
the statement that while the specimen has been described as Balaena
it is very probable that the ear bones belong with certain teeth that
the author has described as Balaenodon. However, the name Balaena
is the one used and it has been shown that the teeth and ear bones do not
go together.

This is one of the most common of the Miocene Mysticocetes and
has a very general distribution.

Occurrence.—CHESAPEAKE GrouP. Maryland.

Collection—Johns Hopkins University.

CeTACEAN (7)
Plate XXIV, Figs. 3a, 3b.

A natural cast in sandy marl, shows the shape of the brain cavity of
some small member of the group. The general characters are shown
in the figures.

Occurrence.—CHESAPEAKE Group. Maryland.
Collection.—Johns Hopkins University.

order SIRENIA.
Family MANATIDAE.

Genus TRICHECHUS Linne.
TricHECHUS 61GANTEUS (?) (De Kay).

Plate XXVI, Fig. 1.
Manatus sp. Harlan, 1835, Med. and Phys. Res. p. 385.
Manatus giganteus DeKay, 1842, Nat. Hist. N. Y. Zoology, vol. i, p. 123.
Description.—The latter of these references gives only the name and
the fact that the specimen was discovered on the western shore of
Maryland. The original description mentions the presence of “a cervi-
cal and a caudal vertebra of a gigantic species of fossil Manatus; the
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vertical diameter of the former is nine inches and a half; the trans-
verse diameter of the former is nine inches and a half; the transverse
diameter eleven inches.” There is no further description and there
are no figures.

In the collection of the Maryland Geological Survey there is a radius
and ulna of what was evidently a small species of T'richechus, and a single
isolated rib has much the appearance of belonging to the same genus.

Occurrence—~CALVERT FORMATION. Iairhaven.

Collection.—Maryland Geological Survey.

With the earliest Miocene the ODONTOCETI appear in considerable
numbers, all the families and many of the genera being found in de-
posits of that age. The MysTICOCETI appeared only later and reached
their highest development in the Plciocene and the recent.

The ancestry of the SIRENA is as little known as that of the CETACEA
but the carliest known form has not rcached quite such a high state
of specialization as the earliest CeraceEA. In Prorastomus from the
Eocene of the Island of Jamaica, the single genus of the family Pro-
RASTOMIDAE, the teeth are of the angulate type and are present in
complete series in both the upper and the lower jaws. In the Mana-
TIDAE the incisor and canine teeth are wanting and the cheek teeth are
similar, while in the HALICORIDAE there is a large pair of incisor tecth
which may be absent. In outward form the SIRENIA have taken on
the fish-like form which is best adapted to the environment but there
remains an imperfectly developed pelvis and the rudiments of the
femoral bone.

The origin of the CeTacEA and of the other aquatic order, the
SIRENTA remains one of the most puzzling questions of phylogeny. To
the first is generally accorded an origin from some primitive and gen-
eralized member of the carnivorous stem, and to the latter an equally
obscure origin from the ungulates. The necessary connecting links to
prove these suppositions are, however, sadly lacking. Beddard, in his
recent book on Whales, would accord to the CETAcEA an ungulate
ancestry, but this he does with much diffidence. He says (page 99):
* It is to be feared that nothing can be done except, and that vaguely,
to suggest an Ungulate-like ancestor.” Albrecht would assign to the
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CETACEA a very primitive position, making them the ancestral form
of the mammals.” This idea has gained little credence. The settle-
ment of the question must await further discoveries. Certain it is
that the earliest forms that we know have already reached a very high
degree of specialization, so high as to command a belief in an earlier
origin than the fossils so far found would indicate.

CLass AVES

Order STEGANOPODES

Family SULIDAE (Gannets).
Genus SULA Briss
SurLa roxostyLa Cope.

Plate XXVI, Fig. 2.

Sula lowostyla Cope, 1871, Trans. Amer. Philos. Soc., vol. xiv, pp. 236, 287, fig. 53.

Description.—“ This species is established on a single coracoid bone
which I found at the foot of the Miocene cliffs in Calvert Co., Mary-
land. The furcular articular surface is broken off, as well as the
exterior half of the posterior or sternal articular extremity. The
extremity of the scapular surface is also injured. Sufficient of the
bone remains to furnish many characteristic peculiarities, and to indi-
cate its affinity to the totipalmate family of the Gannets or Sulidz.

“The bone is stout, and indicates a bird of strong flight. The shaft
proper is rather short, and subcylindric, with a trihedral tendency.
This form, with the expanded distal extremity, indicates its wide dis-
tinetion from the coracoid of the Gallinacem. Its subeylindric shaft
marks considerable difference from the Lamellirostres and many other
aquatic types. Its lack of inmer subclavicular ala and fo‘ramen, dis-
tinguishes the type from Raptores, the majority of the Longipennes and
many Gralle. The presence of a marginal groove or rabbett distin-
guishes it not only from most Psittaci and Insessors, but from many
Natatores also. After a study of the large collection of bird skeletons in

! Ueber die Cetoide Natur der Prommammalia, Anatomischer Anzeiger, 1, p. 838,
1886.
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the Museum of the Academy [of] Natural Sciences, aided by the Oissaux
Fossiles of A. Milne Edwards, I find it rescmbles closely the genus Sula.

“The glenoid articular face descends to opposite the proximal third
of the length; it is transverscly concave, and its inferior boundary is
raised to separate it from the longitudinal concavity which extends to
the head of the bonme. A longitudinal angle separates this from the
interior part of the inferior face. The anterior extremity is curved
upwards and is thinned by a strong rabbett, which follows the convex
margin. This margin is slightly obtuse. The outline is abruptly con-
tracted below the glenoid surface. The inner outline is obtuse, and
without trace of the intermuscular ridge, on subclavicular ala. The
margin expands inwards to the distal articular extremity, remaining
almost equally obtuse. The distal extremity is far less expanded
towards the median line of sternum than in Sula bassana. It is also
everted, the outer (inferior) projecting border, being turned out (down)
from the line of the shaft. In Sula bassana this marginal rim appears,
from Edwards’ plate, to be in the plane of the shaft. The articular
surface is divided by this rim into a narrow marginal external (inferior)
and a very much wider, strongly concave inner portion. The latter
is wider at the median end, where its inner (superior) margin is very
convex; it then contracts abruptly, leaving the remaining portion only
onc-half as wide. The very slight prominence of the dividing angulate
projecting margin distinguishes this genus from Sula bassana.

“There are three pneumatic foramina of no great size, in a short
serics commencing just within the head of the bomc. I am only able
to compare this bone with the figure of thc same element of the Sula
bassana given by Edwards, as our museum does not possess a skeleton
referable to this genus.

“As compared with the above, the glenoid articular face descends
more posteriorly (lower), and the superior (proximal) margin is more
transverse. The shaft viewed from before (below), contracts gradually
towards the distal expansion. The same contraction is visible when
viewed from the inner side. On the same view we obscrve that the
clavicular articulation is rather more posterior (lower down), and the
distal articular marginal edge is far less prominent and acute. The
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inferior (outer) narrower articular margin is much narrower than in

8. bassana.

Length to inner distal angle .......... .02 in. (50 mm.)
Length to posterior basis of scapular arti-

culation ........ .. ... oL 78 in. (1.56 mm.)
Width of head last point ............. .57 in. (1.14 mim.)
Width of glenoid ecavity .............. .25 in. (.50 mm.)
Widgh of sheft ...................... 23 in. (46 mm.)
Width of distal extremity to middle line

of shaft produced ................ 43 in. (86 mm.)
Thickness distal extremity ............ .38 in. (76 mm.)

“This gannett was somewhat smaller than the S. bassana of our
northern coasts, and approached more nearly those of the tropical

seas.”
Occurrence.—CALVERT (possibly Cumopraxk) FormarioN. Calvert

Cliffs.

Collection.—American Museum of Natural History.

order TUBINARES.

Family PROCELLARIDAE (Shearwaters).
Genus PUFFINUS Briss.

PUFFINUS CONRADI Marsh.

Plate XXVI, Figs. 3, 4.

Pupfinus conradi Marsh, 1870, Amer. Jour. Sci., ser. i, vol. xlix, pp. 212, 213.

Description.— The collection of the Academy of Natural Sciences
in Philadelphia has for many years contained the distal half of a left
humerus, and the lower portion of a right ulna, of an aquatic bird,
which were discovered in the Miocene of Maryland by T. A. Conrad, Esq.
A brief mention of these specimens, and of some other ornithic remains
from the United States, has already been made by Professor Leidy,” but
no description of them has yet been published. The specimens are

1Proc. Acad. Nat. Sci. Phila, vol. xviii, 1866, p. 287.
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so well preserved, and so characteristic, especially the humerus, that
the affinities of the species they indicate can be determined with toler-
able certainty. The most marked feature of the humerus is the trans-
verse obliquity of its shaft and distal extremity. Both are much
compressed, and so turned that the common plane of their longer
diameters, instead of being nearly vertical, as in the brachium of most
birds, is here highly inclined inward and downward. Among the other
characters of impor'tance may be mentioned, the unusually small size
of the ulnar condyle, the very deep, oval impression for the attachment
of the anterior brachial muscle, and the presence of an elongated, com-
pressed apophysis, extending outward and upward from the exterior
niargin of the distal end, just in front of the radial condyle.

. . . . .
“This humerus has the following dimensions:

mm.
Length of portion preserved .........ccovviiiiiiiiit 49.0
Vertical diameter of distal extremity .................. 13.2
Transverse diameter of radial condyle ................ 8.6
Transverse diameter of ulnar condyle ................ 3.8
Length of impression of anterior brachial muscle ........ 5.6
Breadth of impression of anterior brachial muscle ....... 3.8
Longer diameter of shaft where broken ................ 7.4
Shorter diameter of shaft where broken ................ 5.0

“ A comparison of the present fossils with the corresponding parts
of recent birds rcadily shows that the nearest allies of this extinet
species must be sought in the Auk family, or among the Petrels; as it
is only in these groups of birds, that the peculiar obliquity of the
humerus, noticed above, exists. In the Alcide, however, this oblique
compression is greater than in the present specimen. The latter has,
moreover, on its outer edge above the radial condyle, the long, pointed
projection, which is not seen in the Auks, although present in the
Petrels, Gulls, and some of the wading birds. The difference in size
between the ulnar and radial condyles, and the remarkably deep, oval
impression for the attachment of the anterior brachial muscle show
unmistakably that this humerus belongs to one of the Shearwaters, and
apparently should be placed in the genus Puffinus, with which 1t cor-
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responds in all esscntial particulars. In size and general features it
apparently resembles most nearly the brachium of the Cinereous Petrel
(Puffinus cinereus Gmelin), of the Pacific coast, but there are some
points of difference between them which clearly imply that the species
are distinct. The flat apophysis on the outer edge of the distal ex-
tremity is in the fossil specimen more pointed; the impression, on the
lower surface, of the anterior brachial muscle is deeper, and its outline
more sharply defined, which is also the case with the small epicondylar
depressions for the attachment of the muscles of the forearm. The
bone indicates, moreover, a somewhat smaller bird.

“The distal half of the right ulna, which was found with the hum-
erus, apparently belonged to a bird of the same species, although its
size would seem to indicate that it pertained to a smaller individual.?
Marsh, 1870.

Occurrence—CHESAPEAKE Grour. Maryland.

Collection.—Philadelphia Academy of Natural Sciences.

cuss REPTILIA.
Order CHELONIA,
Suborder TRIONYCHIA.
Genus TRIONYX Geoffroy.
TrIONYX CELLULOSUS Cope.
Trionyx cellulosus Cope, 1867, Proc. Acad. Nat. Sci. Phila., vol. xix, p. 142,
Description.—Known from a small part of the carapace. “ The sw-
face 1s marked by numerous closely placed pits, which are remarkably
deep, producing the vesicular appearance of scoria. The resemblance
is heightened by the irregular size of the pits. Edges of the septa

rounded. The fragments are unusually thick, indicating species of large
size.

Width of free portion of rib at origin ............ 7.5 lines.
Depth of portion of carapace ................... 4.33 lines.
Cope, 1867.

Occurrence.—CALVERT ForMatIoN. Charles county near the Patux-
ent river.
Collection.—Formerly in the Philadclphia Academy of Natural

Sciences.
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TRIONYX sp.

Trionyx sp. Cope, 1867, Proc. Acad. Nat. Sci. Phila., vol. xix, p. 143.

Description.—* An uncharacteristic portion of the carapace, which
exhibits larger and more regular pits [than 7. cellulosus], separated by
wider partitions. The pits at one extremity are larger than those of
the other, and the septa narrower.” Cope, 1867.

Occurrence.—CALVERT FormarioN. Charles county near the Patux-
ent river.

Collection—Formerly in the Philadelphia Academy of Natural
Sciences.

Suborder CRYPTODI RA.
Family CHELONIDAE.

Genus CHELONE Linne.
CHELONE, sp.

Chelone sp. Cope, 1867, Proc. Acad. Nat. Sci. Phila., vol. xix, p. 143.

Description.—“ A proximal portion of the costal plate has a thick-
ness of three lines, but rapidly thins out. Its surface exhibits trans-
verse ruge at its proximal extremity; elsewhere the ruge are longitu-
dinal, and more distinct on one side than the other.” Cope, 1867.

Occurrence.—CALVERT ForMATION. Near the Patuxent river in
Charles county.

Collection.—Formerly in the Philadelphia Academy of Natural
Sciences.

CHELONE sp.

Chelone sp. Cope, 1867, Proc. Acad. Nat. Sci. Phila., vol. xix, p. 143.

Description.— Two fragments of the carapace of a large and convex
species, each with a strongly marked groove for the margin of the dermal
shiclds. The surface is without sculpture.” This specimen was found
with the one previously described.

Occurrence.—CALVERT ForMATION. Charles county near the Patux-
ent river.

Collection—Formerly in the Philadelphia Academy of Natural
Sciences.
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CHELONE sp.
Plate XXVI, Fig. 5.

Description.—A fragment of the proximal portion of the scapula of
a very large specimen; badly weathered but showing the scapular part
of the humeral cotylus and the region of attachment of the coracoid.
Occurrence—CALVERT ForMATION. Plum Point.
Collection.—Maryland Geological Survey.

order CROCODILIA.

Suborder EUSUCHIA.

Family CROCODILIDAE.
Genus THECACHAMPSA Cope.

Thecachampsa Cope, 1867, Proc. Acad. Nat. Sci. Phila., vol. xix, p. 143,
Thecachampsa Cope, 1869, Proc. Acad. Nat. Sci. Phila., vol. xxi, p. 11.
Thecachampsa Cope, 1882, Amer. Nat., vol. xvi, p. 983.

In the original description the form is separated from Crocodilus by
“the entire hollowness of the external stratum of the crowns of the
teeth, and their composition of closely adherent concentric cones.
These internal cones, which number at least three, may be homolo-
gous with the included crowns of the successional teeth of other
Crocodilia, but they must be regarded as functional in a physiological
sense, since they compose the bulk of the crown of the tooth within.”

In 1869 Cope says: “Further investigation shows that this genus
is gavial-like, and that the peculiarity which characterizes its dentition
also belongs to Plerodon Meyer, of the European Miocene.”

In 1882 he says, under the head Crocodilus: “ A peculiarity of the
composition of the crowns of some of the species has been noticed, on
account of which I proposed a genus Ihecachampsa. In this type the
crown is composed of concentric hollow cones, one within the other.
I have not been able to separatc the crowns of the recent crocodiles into
such bodies, and they are generally too thin to display more than a few
such layers, were they so separable. This character was first observed
in some species of the Atlantic Coast, e. g., C. antiquus Leidy, and C.
squankensis Marsh; and the two Eastern Miocene species, C. sericodon
Cope (type of Thecachampsa) and C. sicaria Cope.”
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Later, about 1895, Cope was again of the opinion that the genus
Thecachampsa should stand. In consultation with Dr. W. B. Clark in
regard to the preparation of the latter’s Bulletin on the Eocene deposits
of the Middle Atlantic States he was, according to Dr. Clark, “ dis-

tinctly of mind that the genus should be called Thecachampsa instead
of Crocodilus.”

In the same article in which T. sicaria was described, Cope gave the
following synopsis of the species of Thecachampsa:

“Crowns of teeth not compressed, with short cutting edges ....T. antiquus
(C. antiquus L.)

Crowns cylindric, curved, with long and delicate cutting edges..T. sericodon.
Crowns compressed, with very long crenulate cutting edges, on a marginal
base .....oci..... 0 ok SBBBBEEEHEAR - . o T ol k 2Bk 000 M6k 50085 630 T. sicaria.”

THECACHAMPSA (7) sErIcoDON Cope.

Plate XXVII, Figs. 1, 2.

Thecachampsa ? sericodon Cope, 1867, Proc. Acad. Nat. Sei. Phila., vol. xix, p. 148.

Thecachampsa sericodon Cope, 1869, Proc. Acad. Nat. Sci. Phila., vol. xxi, p. 12.

Thecachampsa sericodon Cope, 1869, Amer. Nat., vol. iii, p. 91.

Thecachampsa sericodon Cope, 1871, Trans. Amer. Philos. Soc., vol. xiv, p. 64, pL v,

figs. 7 and 8. (Pp. 1-104 appeared in 1869.)

Thecachampsa sericodon Cope, 1875, Proc. Amer. Philos. Soc., vol. xiv, p. 363.

Thecachampsa ((rocodilus) sericodon Cope, 1882, Amer. Nat., vol. xvi, p. 984,

Thecachampsa sericodon (?) Case, 1901, Md. Geol. Survey, Eocene, p. 95, pi. x, fig. 8.

Description.—This species was based “on a number of specimens
of elongate conic crowns, which resemble to a considerable extent those
of Crocodilus antiquus Leidy, of the samc epoch. They differ from
T. contusor in their more compressed and elongate form, the presence
of a subacute ridge on the apical three-fifths of the crown, the absence
of the lateral grooves, and the chevron structure. They are, on the
contrary, minutely striate, and possess a silky lustre.

“Length of the medium specimen 16.5 lines (23 mm.); base of the
crown 9 lines (18 mm.).”

Occurrence—CALVERT ForMATION. Charles county near the Patux-
ent river.

Collections.—The type specimens, two teeth, are in the museum of

the Academy of Natural Sciences of Philadelphia.
5
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THECACHAMPSA (?) sicaRiA Cope.
Plate XXVII, Figs. 3, 4, 5.

Thecachampsa sicaria Cope, 1869, Proc. Acad. Nat. 8ci. Phila., vol. xxi, p. 12.

Thecachampsa sicaria Cope, 1869, Amer. Nat., vol. iii, p. 91.

Thecachampsa sicaria Cope, 1871, Trans, Amer. Philos. 8oc., vol. xiv, pp. 63, 64, pl.

v, figs. 6, 6a, 6b. (Pp. 1-104 appeared in 1869.)

Thecachampsa (Crocodilus) sicaria Cope, 1882, Amer. Nat., vol. xvi, p. 984,

Description.—Described from teeth “with much compressed crowns
of the tooth with prominent cutting edges.” The specimens were
loaned to Cope by Mr. P. T. Tyson, the State Geologist of Maryland.

Occurrence.—St. MarY’s (?) FormarioN. “Near the mouth of the
Patuxent River.”

Collection.—Not known.

TurecacraMPsa (?) coNTUsOrR Cope.
Plate XXVTII, Figs. 6a, 6b.

Thecachampsa contusor Cope, 1867, Proc. Acad. Nat, 8ci. Phila., vol. xix, p. 143.
Thecachampsa contusor Case, 1901, Md. Geol. Survey, p. 96, pl. x, fig. 4.
Crocodylus antiguus Hay, 1902, Bull. 179, U. 8. Geol. Survey, p. 512. (In part.)

Description.—This species is of very doubtful value, it probably be-
longs with Th. antigua. It was described from a single tooth, “ re-
markable for its short conic form. The basis is circular, and its diam-
eter is three-fifth the length of the tooth. The apex is rather acute
and circular in section, it is directed to one side, and the tooth is
slightly flattened on the inside of the curve. This face is bounded by
a low obtuse ridge on each side, for the basal two-thirds of the crown,
which are not distinguishable from a series of ridges which mark, at a
distance of a line, the basal three-fifths of the crown; they are less dis-
tinct on the convex aspect, and are separated by concave surfaces.
Instead of the cutting ridges of Crocodilus, the apex is provided with
a narrow flattened plane on each side. The surface of this portion and
much of the convex, is marked by a minute decussation or chevroned
structure.

“Vertical length 14.5 lines (29 mm.); diameter of the basc of the
crown 8.5 lines (17 mm.).”

Cope says in Trans. Amer Philos. Soc., vol. xiv, 1871, p. 64: “ The
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peculiar form of the tooth on which 7. contusor was based is due, I
find, to attrition and partial destruction of the enamel.”
Occurrence.—CALVERT FormMATION.—Charles county near the Patux-
ent river.
Collection.—Formerly in the Philadelphia Academy of Natural
Sciences.

THECACHAMPSA (?) ANTIQUA (Leidy).
Plate XXVII, Figs. 7, 8, 9.

Crocodilus antiquus Leidy, 1851, Proc. Acad. Nat. Sei. Phila,, vol. v, p. 307.
Crocodilus antiquus Leidy, 1852, Jour. Acad. Nat. Sci. Phila., 2nd ser., vol. ii, pp.
135-188, pl. xvi, figs. 1-5.
Crocodilus antiquus Emmons, 1858, Rept. N. Car. Geol. Survey, p. 215, fig. 35h.
Thecachampsa contusor Cope, 1867, Proc. Acad. Nat. Sci. Phila., vol. xix, p. 143,
Thecachampsa antiqua Cope, 1869, Proc. Acad. Nat. Sci. Phila., vol. xxi, p. 12.
Thecachampsa antiqua Cope, 1869, Trans. Amer. Philos, Soc., vol. xiv, p. 64, fig. 16.
Thecachampsa (Crocodilus) antiqua Cope, 1882, Amer. Nat., vol. xvi, p. 988,
Crocodylus antiquus Hay, 1902, Bull, 179, U. 8. Geol. Survey, p. 512, (In part.)
Description.—The description given by Leidy is as follows: “One
of the teeth, represented in Fig. 1, Plate XVI, is a little less in
breadth than the first anterior inferior tooth of the adult Crocodilus
biporcatus. In the specimen the lower part of the fang has been
broken away, but the tooth appears to have been as long, or nearly so,
as that referred to of C. biporcatus. It is slightly less curved than that
of the latter, and the crown, though as long, is much less robust, more
slender, less curved, and more pointed at the summit. The enamel is
more finely and sharply striated and at the apex of the crown is not so
rugous, and its lateral carinated ridges are not so elevated and extend
but a relatively short distance below the point of the tooth; upon one
side disappearing entirely nine lines from the commencement, and on
the other after five lines only. The fang is simply cylindrical and
invested by a thin lamina of ostco-dentine continuous with the basal
edge of the enamel. The large conoidal pulp cavity of the tooth
extends to within eight lines of the summit of the crown. Within this
cavity, in the specimen which was not at all worn off from use, was
already formed a young tooth, represented in Fig. 2, closely corre-
sponding in form with the half inch of the summit of that which
ensheathed it, a circumstance, however, which is the ordinary one in

the living species of Crocodile.
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“The second specimen of the teeth, represented in Fig. 3, consists
of a crown only, which is as long as that of the former tooth but slightly
more slender, and the cnamel is a little smoother, and its ridges, though
not so elevated, are longer.

“The color of the deatinal substance and osteo-dentine of the teeth
is umbreous brown or chocolate; the enamel is lighter colored, glisten-
ing, and delicately undulating and interruptedly striate.

Measurements.
First specimen:
Thickness of the broken edge of the pulp cavity,
three inches below the summit of the crown. 1} lines (3 mm.)
Probable length of the tooth in its perfect condi-
tion, if the parietes of the pulp cavity de-
creased in thickness at the same rate as a
corresponding tooth of Crocodilus bipor-

CATUS v vvvveemnnernseaenseneeceosonnnns 5 inches (125 mm.)
Length of crown laterally ...............ovne 1} inches (37 mm.)
Lateral diameter of base of crown............. 10 lines (20 mm.)
Transverse diameter of base of crown .......... 9% lines (18 mm.)
Lateral diameter of fang ............cooveven 12 lines (24 mm.)
Transverse diameter of fang ...........coont. 10} lines (21 mm.)

Second specimen:
Length of crown laterally ..............conee 1} inches (37 mm.)
Lateral diameter at base of crown ............. 9 lines (18 mm.)

“Pr. Wyman* has described and figured the crown of a tooth of a
Crocodile from the Miocene, at Richmond, Virginia, which corresponds
to the above descriptions, and probably belong to the same species.

« In relation to the specimens of the concavo-convex vertebrae, their
size indicates a species of crocodile probably no less than eighteen feet
in length.

“One of the specimens represented in Fig. 4, I judge to be an
anterior dorsal, probably the second; the other is a posterior dorsal,

or a lumbar vertebra.

1 Amer. Jour. Seci., ser. ii, vol. %, 1850, p. 233, figs. 8a and 8b.
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“In the former, the spinous process excepting its base, the trans-
verse processes, the articular or oblique processes excepting part of
the right anterior and left anterior, and right anterior margin of the
body, with the corresponding lateral tubercle, are broken away. In
form and general proportions, it bears a great resemblance to the
corresponding vertebra of the Crocodilus gangeticus, and the most strik-
ing difference is observable in the spinal canal, which in the former is
cordiform or trilateral with rounded angles and the apex downwards,
while in the latter it is reversed. Judging from its base, the inferior
spinous process has been relatively thicker and not so broad as in
Crocodilus gangeticus ov Alligator lucius. 'The junction of the body
is .hemispherical. The lateral tubercle for the head of the lob is
formed upon a relatively broad base.

Measurements.

Length of the body from the bottom of the con-

cavity to the summit of the convexity.... .. 3 inches (Y5 mm.)
Length laterally, exclusive of the convexity...... 3 inches (75 mm.)
Depth of concavity ............ ... ...l 10 lines (20 mm.)
Vertical diameter of concave extremity has been

PG 0 0.0 0 0 o o TSR, T IABEEEY, G5 o BEHEESEE. . 3 inches (Y5 mm.)
Transverse diameter of coneave extremity....... 3 inches (Y5 mm.)
Vertical diameter of convexity at base.......... 2 in. 2 1. (54 mm.)
Transverse diameter of convexity at base........ 2% inches (62 mm.)
Transverse diameter of body at middle {from one

suture to the other ...................... 3 inches (Y5 mm.)
Antero-posterior breadth of base of spinous pro-

COSS vttt e e 22 lines (44 mm.)
Vertical diameter of spinal foramen ............ 14 lines (28 mm.)
Transverse diameter of spinal foramen.......... 1 inch (25 mm.)

“The other vertebra, represented in Fig. 5, consists of the body only
with the abutments of the neural arch and a small portion of the right
anterior articular process. It is more compressed at the sides than
in Crocodilus gangeticus, and therefore appears relatively decper and
narrower.
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Measurements.

Length of the body from the bottom of the con-

cavity to the summit of the convexity ...... 3% inches (81 mm.)
Length laterally, exclusive of the convexity, has

been about .............. ... ... ...l 3% inches (81 mm.)
Vertical diameter of convexity has been about....3 inches (V5 mm.)
Transverse diameter of convexity has been about. 3 inches (V5 mm.)
Transverse diameter of body at middle from one

lateral suture to the other ................ %% inches (56 mm.)

“The fragment of rib consists of the vertebral third of one of the
posterior ribs. It is thick and strong in accordance with the size of
the animal, but presents nothing peculiar.

“The ungual phalanx appears, so far as I can ascertain from com-
parison with those of Alligator lucius, to be the first of the thumb.
It is of large size and very robust. Its base is trilateral with rounded
angles, and presents a transverse conmcave articulating surface. The
depressions for the lateral ligaments just above the condyles are re-
markably deep. Just postero-superiorly to one of the depressions is
an oval tubercle for tendinous attachment.

Measurements.
Length of phalanx .......................... %% inches (56 mm.)
Greatest breadth at base ..................... 15 lines (30 mm.)
Greatest depth of basc .......... o — | 13 lines (26 mm.)
Breadth of condyles .........ccivineuiinnnnn. 10% lines (21 mm.)

“TFor the species to which the fragments of the skeleton described
belonged, I propose the name Crocodilus antiquus.”

Occurrence—CHESAPEAKE GrouP. High Cliffs of the Potomac river,
40 miles above the mouth of the river in Westmoreland county, Virginia.

Collection.—The specimens consist of two teeth, two vertebrae, a
fragment of a rib and an ungual phalanx. They are in the Museum of
the Academy of Natural Sciences of Philadelphia.

“
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CLass PISCES
Subclass ELASMOBRANCH]II.

order SELACHII.

Suborder TECTOSPONDYLI.
Family SQUATINIDAE.
Genus SQUATINA Dumeril.

A single eharaeteristie tocth of the “ Angel-fish,” Squatina, without
lateral dentieles and having a small mmedian downward prolongation of
the erown upon the front of the root below the large cone, was obtained
by the Survey from the Calvert formation at Plum Point. The speecies
appears to be distinct, and is interesting as being the first to be defi-
nitely recognized from this continent. It is probable, however, that
the small undetermined teeth figured by Leidy in the Post-Pleiocene
Fossils of South Carolina (Plate XXV, Figs. 9-13), also belong to
Squatina.

SQUATINA OCCIDENTALIS . Sp.
Plate XXVIII, Figs. 1a, 1b.

Description.—Crown erect and eomparatively stout, eonvex on both
faces, and with sharp eutting edges. Enamel forming a blunt projee-
tion in front below the base of the erown, and extending as far as the
lateral extremities of the root on the outer face. Root with a flat
triangular inferior surface, and nutrient foramen situated in a slight
median depression; upper surface of root elevated into a prominent
transverse fold extending from the base of the erown to the innermost

angle of the root. Total licight of tooth in the type-speeimen 6 mm.;

length of base 9 mm.
Occurrence.—CALVERT ForMATION. Plum Point.
Collection.—Maryland Geologieal Survey.

Family RAJIDAE Miiller and Henle.
Genus RAJA Cuvier.

Tt is eustomary to assign either to this genus or to T'rygon the majority
of detached dermal tubereles found in the Tertiary of various European
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localities. The teeth of these genera are sufficiently distinctive, but in
the case of their dermal armor, including caudal spines, the determina-
tions are necessarily very doubtful.

Rasa (7) pux Cope.

Plate XXVIII, Fig. 2.
Raja dux Cope, 1867, Proc. Acad. Nat. Sci. Phila., vol. xix, p. 141.

Description.—This “species” was founded by Cope on a large and
much abraded dermal tubercle from Charles county, the original de-
scription of which is as follows:

“This species is represented by a dermal plate, which was originally
covered by enamel, and probably supported a spine; the latter, and a
considerable portion of the former, have been lost. The form is un-
symmetrically subpentagonal, longer than broad. One extremity trun-
cate, the other obtusely narrowed. Inferior surface concave-flattened;
superior rising to a small median plane, edges thin. Greatest elevation
near the narrow extremity, where the spine stood; a groove extends
from the position of the latter to the margin. Surface indistinetly
ribbed at right angles to the margin. Enamel with slight wavy ribs,
those near the centre much coarser than those near the circumference.
Length of plate 15 lines; greatest width 12.75 lines; greatest depth 4
lines. A second plate, perhaps of the same species, differs in its
narrower form; it is without enamel. This ray was larger than any
described from the European Tertiary.”

The type-specimen, of which a figure is given in the present volume
for the first time, is preserved in the Museum of the Philadelphia
Academy of Natural Sciences. Similar but smaller dermal tubercles
from the Miocene of Wurtemberg are assigned by various authors’ to
the genera Raja, Trygon, Acanthobatis and even Acipenser.

Occurrence—CALVERT ForMATION. Charles county near the Patux-
ent river.

Collection.—Philadelphia Academy of Natural Sciences.

1J. Probst, Beitidge zur Kenntniss der fossilen Fische aus der Molasse von Bal-
tringen (Wiirtt. Jahresb., vol. xxxiii, 1877, pp. 97-99, pl. il).—O. Jaekel, Ueber ter-
tiire Trygoniden (Zeit. d. deutsch. geol. Gesell., vol. xlii, 1890, p. 365).—Idem, Die
eocinen Selachier vom Monte Bolea, p. 140, Berlin, 1894.
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Family MYLIOBATIDAE Miiller and Henle.
Genus MYLIOBATIS Cuvier.

The best account of the dentition of this genus, with valuable sugges-
tions for the determination of fossil teeth, is given by A. S. Woodward."
The devclopment of young teeth has also deen studied by Jaekel,” and
the dentition of some hitherto misunderstood fossil forms correctly
interpreted by him.

It is stated in the report on the Eocene of Maryland, pp. %64 and
265, that the “ anterior end ” of the large dental pavement of Myliobatis
magister Leidy is shown uppermost in the figures, but as these were inad-
vertently turned upside down, the statement should be amended so as
to read posterior end. In most cases the orientation of Myliobatid
dental plates can be readily determined. Traces of wear, due to the
comminution of food during life, occur always at the anterior end; the
transverse sutures of the median teeth are usually curved posteriorly
along the lateral margins; and the superficial striae or wrinkels (when
the gano-dentine layer is unabraded) always radiate outwards on passing
from front to back. A longitudinal section shows that the median teeth
are not only closely appressed against one another throughout their
height, but they overlap in a tectiform manner, each tooth sloping
obliquely backward.

Two species of Myliobatis have been described by Cope from the

Eocene marls of New Jersey, which seem to have escaped general notice.
These are M. glottoides* and M. rectidens M. serratus Leidy, founded
on much abraded teeth from the same horizon and locality, is renamed

VM. leidyi by O. P. Hay,* the former specific title being preoccupicd.

MyL10BATIS G16AS Cope.
Plate XXVIII, Figs. 3a, 3b; Plate XXIX, Figs. 1a, 1b.

Myliobatis gigas Cope, 1867, Proc. Acad. Nat. Sci. Phila., vol. xix, p. 140.
Myliobatis vicomicanus Cope, 1867, Proc. Acad. Nat. Sci. Phila., vol. xix, p. 140.

! Ann. Mag. Nat. Hist. [6), vol. i, (1858) pp. 36-47; Proc. Geol. Assoc., vol. xvi,
(18499), p. 8.

2 Die eocéinen Selachier vom Monte Bolca, pp. 129-131, and 150-159. Berlin, 1894.

3 Proc. Amer. Philos. Soc., vol. xi, 1870, pp. 293, 204.

¢ Amer. Nat., vol. xxxiv, 1899, p. 785.
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Myliobatis gigas Leidy, 1877, Jour. Acad. Nat. Sci. Phila., 2nd ser., vol. viil, p. 241,
pi. xxxiii, fig. 4.

Myliobatis vicomicanus Leidy, 1877, Jour. Acad. Nat. Sci. Phila., 2nd ser., vol. viii
p. 242, pi. xxxiii, fig. 5.

Description.—Dentition large but comparatively thin, the smooth
coronal contour nearly flat in the lower jaw and but slightly arched
from side to side in the upper. Longitudinal superficial striae well-
marked, regularly deflected outwards on passing posteriorly. Median
teeth in the adult about nine times broader than long, more arched
at the sides than in the middle; lateral teeth longer than broad. Trans-
verse sutures of median teeth slightly recurved posteriorly along the
sides, and to a lesser extent (in the lower dentition) also in the middle.

This species is remarkable for the great tenuity of the tesselated
pavement in proportion to its size, just as M. pachyodon is remarkable
for its excessive thickness. These differences are best understood by
a comparison of the cross-sections given on Plate XXVTIII, Fig. 3b, and
Plate XXIX, Figs. 1b, of this volume, with Plate XIII, Fig. 1a, of the
Eocene volume. The lower dental pavement is relatively narrower than
the upper, and its median teeth are shorter. In the type-specimen of
the so-called “ M. wvicomicanus,” shown in Plate XXIX, Fig. 1, the
median teeth arc fully nine times as broad as they are long. Cope’s
types of this species have already been figured by Leidy, although for
some unexplained reason certain fragments belonging to the left-hand
side of the upper dentition in front were omitted by the artist.

The transverse sutures, especially those of the lower dental pavement
and the longitudinal superficial striae, are curved similarly to those of
M. magister from the Eocene Phosphate Beds of South Carolina; but the
median teeth are shorter, flatter and much thinner than in the Eocene
species. The lower dental pavement exhibits a shallow longitudinal
depression along the median line, in which the transverse sutures are
gently curved posteriorly. In this respect the lower dentition resembles
that of M. magister Leidy, M. dizoni Agassiz, and some other species,
while it is exactly opposite to the condition presented in the upper
dentition of M. fastigiatus Leidy.

The total length of the series of eleven median teeth in the lower
dental pavement shown in Plate XXIX, Fig. 1, (type of M. vicomicanus)
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is 8 ecm. and the width of the largest tooth 6 cm. The extreme length
of the upper dental pavement measured in a straight line antero-
posteriorly is rather more than 10 cm. or along the arc of its curved
surface 12 em. Its largest median tooth has a width of 8 cm. and a
length of 1.1 cm.

Occurrence.—CALVERT ForymatioN. Charles county near the Patux-
ent river.

Collection.—Philadelphia Academy of Natural Sciences.

MyLrioBaTIS PACHYODON Cope.
Plate XXIX, Figs. 2a, 2b.

Myliobatis pachyodon Cope, 1867, Proc. Acad. Nat. Sci. Phila., vol. xix, p. 140.
Myliobatis pachyodon Leidy, 1877, Jour. Acad. Nat. Sci. Phila., 2nd ser., vol. viii,
p. 242, pl. xxxii. fig. 6.

Description.—Dentition large and massive, the median teeth being
unusually thick in proportion to their size. Except as regards thick-
ness, the median teeth are shaped similarly to thosc of M. gigas Cope
and the transverse sutures are similarly curved. The species is inter-
mediate in character between the accompanying M. gigas and M. magis-
ter from the Eocene, the latter having longer median teeth and more
strongly curved transverse sutures. The type of the present species,
which appears to be unique, exhibits only the left half of four anterior
median teeth and portions of threc elongate lateral teeth. The median
teeth have a length of 1.1 em. and thickness of 2.1 cm. If, as indicated
by the cross-section and longitudinal striae, the pavement is preserved
for rather more than one-half its width, the median teeth must have
been at least 6 cm. wide.

Occurrence.—CALVERT FormaTiON. Charles county near the Patux-
ent river.

Collection.—Philadelphia Academy of Natural Sciences.

MYLIOBATIS FRANGENS n. SD.
Plate XXTIX, Fig. 3.

Myliobatis sp. Leidy, 1877, Jour. Acad. Nat. Sci. Phila., 2nd ser., vol. viii, p. 243,
pl. xxxii, figs. 7, 7a.

Description.—Lower dental pavement nearly flat and relatively very
thin, in cross-section resembling M. gigas Copc. Median teeth about
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nine times broader than long, and with nearly straight transverse
sutures.

The specimen upon which the above diagnosis is based was recog-
nized by Leidy as belonging probably to a distinct species, its most
obvious characteristic being the nearly straight course of the transverse
sutures. The latter are not curved posteriorly at the sides nor in the
middle, as in M. gigas, nor is there a median longitudinal depression,
as in that and various other species. The median teeth are also rela-
tively longer than in the lower dentition of M. gigas, but the cross-
section is much the same in both.

In the specimen under consideration, which appears to be unique,
the superficial layer of gano-dentine has been entirely removed, so that
the triturating surface presents a punctate appearance where the num-
erous nutrient tubules are cxposed. Indications of wear are very con-
spicuous on the three anterior teeth, as shown in the figure. Owing
to the great amount of attrition which the median teeth have under-
gone, their thickness is nowhere more than 1 cm. The width of the
second median tooth counting from the front may be safely estimated
at 5 ecm., and its length 0.9 cm. No significance is to be attached to
the slight irregularities in the course of two of the transverse sutures.

Occurrence.—CALVERT FormaTION. Charles county near the Patux-
ent river.

Collection.—Philadelphia Academy of Natural Sciences.

Genus AETOBATUS Blainville,
AETOBATIS ARCUATUS Agassiz.
Plate XXIX, Fig. 5.

Aétobatis arcuatus Agassiz, 1843, Poiss. Foss., vol. iii, p. 827.

Aétobatis arcuatus Eastman, 1901, Md. Geol. Survey, Eocene, p. 102, pl. xiii, figs.
3a, 3b, 8.

Aétobatis arcuatus Hay, 1902, Bull. 179, U. 8. Geol. Survey, p. 321.

This species is tolerably abundant in various Miocene localities of
Maryland, Virginia, North Carolina and New Jersey, but the teeth
invariably occur singly in the detached condition, and are more or
less water-worn or otherwise abraded. An examination of the type-

specimens of Cope’s A. profundus, described from the Miocene of
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Charles county, corroborates Leidy’s opinion that these are only the
worn anterior teeth of the speeies under eonsideration.
Occurrence—St. MARY’S FormATION. St. Mary’s River. CALVERT
ForMaTION. Charles eounty near the Patuxent river.
Collections.—Philadelphia Aecademy of Natural Sciences, Maryland
Geologieal Survey, Museum of Comparative Zoology.

Suborder ASTEROSPONDYLI Haase.

Family NOTIDANIDAE Bonaparte.
Genus NOTIDANUS Miiller and Henle,

Remains of this genus are uncommon in the Ameriean Tertiary
formations. A single specimen assigned to N. primigenius is recorded
by Gibbes from the Eocene (?) of Richmond, Virginia, and the same
form is mentioned by Cope as occurring in the Mioeene of New Jersey,
Maryland and North Carolina. Aeeording to A. S. Woodward, the
stout, awl-shaped teeth from the “marls of New Jersey,” deseribed by
Leidy * under the name of Xiphidolamia ensis, are referable to the sym-
physis of the upper jaw of Notidanus. The same author also remarks
the evolution of the multieuspidate teeth in this genus is analogous to
that observed in the grinders of the elephant, there being in both eases
a multiplieation of similar parts when they oceur in series.

NOTIDANUS PRIMIGENIUS Agassiz.
Plate XXIX, Figs. 6a, 6b.

Notidanus primigenius Agassiz, 1843, Poiss. Foss., vol. iii, p. 218, pl. xxvii, figs.
6-8, 18-17 (? figs. 4, 5).

Notidanus primigenius Gibbes, 1849, Jour. Acad. Nat. Sci. Phila., 2nd ser., vol. i,
p. 195, pi. xxv, fig. 05.

Notidanus primigenins Wyman, 1850, Amer. Jour. Sei., ser. ii, vol. x, p. 234.

Notidanus plectrodon Cope, 1867, Proc. Acad. Nat. Sci. Phila., vol. xix, p. 141

Notidanus primigenius Woodward, 1886, Geol. Mag. [3], vol. iii, pp. 205, 258, 525.

Heptranchias primigenius Hay, 1902, Bull. 179, U. 8. Geol. Survey, p. 300.

Description.—Prineipal eone of lower lateral teeth relatively large,

with prominent anterior serrations on its basal half diminishing in size

1 Jour. Acad. Nat. Sci. Phila., 2nd ser., vol. viil (1877), p. 252, pl. xxxiv., figs.
25-80.
2 Nat. Sci., vol. 1 (1892), p. 674.
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downwards; secondary cones usually six in number, all acutely pointed,
and attached to a deep, laterally compressed root, beveled on its outer
face. Principal teeth of the upper jaw less laterally elongated and with
fewer cusps than those of the lower jaw. Lower median tooth with
a well defined cusp.

The teeth of this species are intermediate in character between those
of N. serratissimus, which are usually smaller, and N. gtgas, which are
longer and have a larger number of secondary cones. The average
length attained by the lateral teeth is about 8 cm. Cope states of his
so-called N. plectrodon that it presents fewer denticles than any other
species, and thus approaches distantly the N. recurvus of Agassiz.”
Comparisons show, however, that both of these species are founded on
teeth referable to the upper jaw of N. primigenius. About a score of
specimens have been obtained in all from the Miocene of Charles
county, Plum Point and Tairhaven. The root is unfortunately injured
in the specimen shown in Plate XXIX, Fig. 6.

Occurrence.—CALVERT ForMaTION. Charles county near the Patux-
ent river, Plum Point, Fairhaven.

Collections.—Maryland Geological Survey, Johns Hopkins University,
Philadelphia Academy of Natural Sciences, Museum of Comparative
Zoology.

Family LAMNIDAE Miiller and Henle.
Genus ODONTASPIS Agassiz.
ODONTASPIS CUSPIDATA (Agassiz).
Plate XXX, Figs. 1a, 1b.

Lamna cuspidata Agassiz, 1843, Poiss. Foss., vol. iii, p. 290, pl. xxxvii a, figs. 48—
50.

Odontaspis cuspidata Eastman, 1901, Md. Geol. Survey, Eocene, p. 105, pl. xiv, figs.

la, 1D, 6a, 6b.

Lamna cuspidate Hay, 1902, Bull. 179, U. S. Geol. Survey, p. 302.

This species occurs with rather less frequency in the Miocene than in
the Eocene of this state, and is found principally at Plum Point and
Fairhaven. All the examples observed are of the anterior dentition,
and in the majority of cases are more or less water-worn.

Occurrence.—CALVERT ForMATION. Charles county near the Patux-

ent river, Plum Point, Fairhaven.
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Collections.—Maryland Geological Survey, Johns Hopkins University,
Philadelphia Academy of Natural Sciences, Museum of Comparative
Zoology.

ODONTASPIS ELEGANS (Agassiz).

Plate XXX, Tigs. 2a, 2b, 3.

Lamna elegans Agassiz, 1843, Poiss. Foss., vol. iii, p. 369, pl. x1. b, fig. 24, (non pl.
xxxv, figs. 1-7, nec pl. xxxvii q, figs. 58-59).

Odontaspis ¢legans Eastman, 1901, Md. Geol. S8urvey, Eocene, p. 104, pl. xiv, figs.
2a, 2b, 2¢, 8a, 3b, 3ec.

Lamna elegans Hay, 1902, Bull. 179, U. S. Geol. Survey, p. 303.

Notwithstanding this is the most abundant of all sharks’ teeth in
the Focene of Maryland and adjoining states, it is extremely uncommon
in the Miocene. It is recorded by Cope from the Miocene of Charles
county in this state, and from Cumberland county, New Jersey, but no
examples are preserved in the Museum of the Philadelphia Academy
of Natural Sciences with the rest of the Thomas Collection, which
formed the basis of Cope’s report. The dozen or so of specimens
obtained by the Survey are all from Plum Point, and were found com-
mingled with teeth of the preceding species.

Occurrence.—CALVERT ForMATION. Plum Point.

Collection.—Maryland Geological Survey.

Gerus OXYRHINA Agassiz,

This genus is distinguished from Lamna by the prevailing absence
of lateral denticles in the teeth, and as shown by several nearly com-
plete skeletons from the Upper Cretaceous of this country and Italy,
has remained practically constant from Mesozoic time to the present.

OXYRHINA DESORIT Agassiz.
Plate XXX, Fig. 4.

Oxyrhina desorii Agassiz, 1843, Poiss. Foss., vol. iii., p. 282, pl. xxxvii, figs. 3-13.

Ozyrhina desorii Gibbes, 1847, Proc. Acad. Nat. Sci. Phila., vol. iii, p. 267.

Oxyrhina desorii Gibbes, 1849, Jour. Acad. Nat. Sci. Phila., 2nd ser., vol. i, p. 203,
pl. xxvii, figs. 169-171.

Oxyrhina wilsoni Gibbes, 1849, Jour. Acad. Nat. Sci. Phila., 2nd ser., vol. i, p. 203,
pl. xxvii, figs. 172, 173.

Oxyrhina desorii Emmons, 1858, Rept. N. Car. Geol. Survey, p. 236, fig. 67.

Isurus desorii Hay, 1902, Bull. 179, U. 8. Geol. S8urvey, p. 805.
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Description.—* Anterior teeth narrow, much elevated, and robust;
crown much curved inwards, the outer coronal face nearly flat, the
inner very convex; root with two elongated branches diverging at an
acute angle. Lateral tceth more compressed, with a shorter root having
more divergent branches; crown narrow, the cutting-edges in most
cases gradually diverging to the extremities of the base, and the apex
rarely reflexed.”—Woodward.

The original of Plate XXX, Fig. 4, is an average-sized specimen of
the anterior series of teeth; it belongs to the Museum of the Philadel-
phia Academy of Natural Sciences.

Occurrence.—CALVERT ForMATION. Plum Point, Charles county
near the Patuxent river.

Collgctions.—Maryland Geological Survey, Philadelphia Academy of
Natural Sciences, Museum of Comparative Zoology.

OXYRHINA HASTALIS Agassiz.
Plate XXX, Figs. 5a, 5b, 6a, 6b, 6c.

Oxyrhina hastalis Agassiz, 1843, Poiss. Foss., vol. iii, p. 277, pl. xxxiv, (excl. figs.
1,2, ? 14).

Ozyrhina hastalis Eastman, 1895, Palaeontogr., vol, xli, p. 178 (complete literature

references and syonymy).

Ozyrhina hastalis Clark, 1895, Johns Hopkins Univ. Cire., vol. xv, p. 4.

Ozyrhina hastalis Clark, 1896, Bull. 141, U. 8. Geol. Survey, p. 42.

Isurus hastalis Hay, 1902, Bull. 179, U. 8. Geol. Survey, p. 306.

Description.—* Teeth attaining a large size, broad, thin, compressed ;
outer coronal face flat or concave, rarely with vertical wrinkles; root
short, the branches very divergent, usually blunt and abbreviated.
Anterior teeth large, triangular and relatively broad, the crown only
gently curved outwards at the apex; coronal edges of the lateral teeth
gradually curving to the cxtremities of the base, the apex often bent
slightly outwards.,”—Woodward.

The teeth of this species are rather more abundant than those of
0. desorii, which accompany it at Plum Point and in Charles county.
The cxample figured is from the former locality, and is one of the

largest lateral teeth in the collection, its total height being very nearly
6 cm.
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Occurrence.—CHOPTANK FormaTioN. Jones Wharf, Flag Pond.
CaLvVERT ForMATION. Plum Point, Fairhaven, Charles county near the
Patuxent river.

Collections.—Maryland Geological Survey, Johns Hopkins University,
Philadelphia Academy of Natural Sciences, Museum of Comparative
Zoology.

OXYRHINA SILLIMANI Gibbes.
Plate XXX, Fig. 7.

Oxyrhina sillimani Gibbes, 1847, Proc. Acad. Nat. Sci. Phila., vol. iii, p. 268,
Oxyrhina sillimani Gibbes, 1849, Jour. Acad. Nat. Sci. Phila., 2nd ser., vol. i, p.
202, pl. xxvii, figs. 165-168.

Tsurus sillimani May, 1902, Bull. 179, U. 8. Geol. Survey, p. 307,

Description.—Teeth attaining a total height of about 3 em., and
exhibiting much uniformity. Distinguished from O. hastalis by the
greater thickness of the crown, which is slightly convex on its outer
surface, and by having a deeper and more expanded root with divergent
branches. Coronal apex sometimes curved backwards, but never bent
out of the vertical plane.

This specics occurs in about equal frequency with O. desorii, which
it accompanies. The example figured is one of the lateral teeth and
shows the characteristic form of the root which serves to distinguish
this species from O. hastalis.

Occurrence.—CALVERT ForMATION. Plum Point, Fairhaven, Charles
county near the Patuxent river.

Collections.—Maryland Gceological Survey, Philadelphia Academy of

Natural Sciences, Muscum of Comparative Zoology.

OXYRHINA MINUTA Agassiz.

Oxyrhina minuta Agassiz, 1843, Poiss. Foss., vol. iii, p. 385, pl. xxxvi, figs. 36-39.

Oxyrhina minuta Gibbes, 1849, Jour. Acad. Nat. Sci. Phila., 2nd ser., vol. i, p. 202,
pl. xxvii, figs. 161-163 (non fig. 164).

Tsurus minutus Hay, 1902, Bull. 179, U. 8. Geol. Survey, p. 306.

It is doubtful if the imperfect teeth from the Focene of South
Carolina assigned to this species by Gibbes properly belong here, and
it is practically certain that the species is wrongly recorded by Cope as

occurring in the Miocene of Maryland and New Jersey. The specimens
6
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so determined by him appear to be young examples of 0. sillimani and
0. desorii, together with some that are clearly referable to Carcharias.

Genus OTODUS Agassiz.
OTopus 0BLIQUUS Agassiz.

Plate XXX, Figs. 8, 9.

Otodus obliquus Agassiz, 1843, Poiss. Foss., vol. iii, p. 267, pl. xxxi, pl. xxxvi, figs.
22-27.
Otodus obliquus Eastman, 1901, Md. Geol. Survey, Eocene, p. 106, pl. xv.
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