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LETTER OF TRANSMITTAL

To His Ixcellency AustiN L. CROTHERS,

Governor of Maryland and President of the Geological Survey Com-
Iission,

Str:—I have the honor to present herewith the fourth volume of a
series of reports dealing with the systematic geology and paleontology of
Maryland. The preceding volumes have dealt with the Tertiary and
Quaternary deposits and the remains of animal and plant life which they
contain. The present volume treats of the Lower Cretaceous deposits
and their contained life, a knowledge of which is very important from an
educational and scientific standpoint. I am,

Very respectfully,
WM. BULLOCK CLARK,

State Geologist.
JoaNs HoPkixs UNIVERSITY,
BALTIMORE, September, 1911,
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PREFACE

The present volume is the fourth of a series of reports dealing with
the systematic geology and paleontology of Maryland, the Eoccne, Mio-
cene, and Plio-Pleistocene deposits having already been fully described.

The Lower Cretaceous deposits which form the subject-matter of the
present volume are more fully developed in the Maryland-Virginia area
than anywhere else in eastern North America and the Maryland section
is the type for the whole Atlantic coastal plain. Similarly the faunas
and floras of the Lower Cretaceous are much more fully represented than
elsewhere in this general region, the flora in particular being the richest
known flora of this age.

The vertebrate fauna of the Arundel formation collected by Mr. John
B. Hatcher and studied by the late Professor O. C. Marsh of Yale Uni-
versity is of interest, since it is the only Lower Cretaceous vertchrate
fauna known east of the Mississippi River, and it was upon these materials
that Professor Marsh based his opinion that the Potomac was of late
Jurassic age. This fauna has been thoroughly revised and elaborated in
the light of additional collections by Professor R. S. Lull of the same
institution. His results are in agreement with the evidence of the fossil
plants that these dcposits are of Lower Cretaceous age.

The invertebrate faunas, while meagre and poorly preserved, are of
great interest, since they constitute the only known representation in
eastern North America of the estuarine and fluviatile invertebrate life
of the Lower Cretaceous. This fauna has been described by Professor
W. B. Clark of the Johns Hopkins University.

The fossil floras have been restudied by Mr. E. W. Berry of the Johns
Hopkins University. The difficulties in the way of an adequate study
of the Potomac flora are very great. The material, with the exception
of silicified wood, lignite, and the silicified trunks of Cycadeoidea, is all
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in the form of impressions, and these, while abundant and diverse, are
with some notable exceptions poorly prescrved as well as fragmentary,
much more so than the diagrammatic figures built up from various frag-
ments by previous students would lead one to suspeet. The silicified
wood and lignite, while abundant, has for the most part undergone so
much decay beforc fossilization that the bulk of it is worthless. In
addition to the sections made by Dr. F. H. Knowlton and forming the
basis of his paper on the Fossil Wood and Lignite of the Potomac, a
large number of sections have been studied by Mr. Berry, most of which
proved unidentifiable, because of the extreme stage of decay before
fossilization. The most perfectly preserved show only the comparatively
unimportant features of the secondary wood. The petrified Cycadeoidea
trunks were also found to be poorly preserved, constituting in this
respect a remarkable contrast with those from the Black Hills area and
elsewhere.

The necessity of some sort of systematic treatment of the maze of
described forms in the literature of the Potomac which would enable
the geologist or the botanist to obtain some idea of the flora has long
been felt. The pre-existing multiplicity of species has made it necessary
to retain a number of extremely doubtful forms. Many have, however,
disappeared by reduction to synonymy, and some basis for the correlation
of a number of genera with their living representatives has become
apparent during the progress of the work.

Certain important forms known only from. the continuation of the
Maryland deposits in the Virginia area have been included, while others
upon which no new light could be shed have been omitted. These latter
will be discussed on a subsequent occasion in a work devoted to the
Virginia area and in course of preparation for the Geological Survey
of that state. Mr. Berry is indebted to various friends and colleagues
both at home and abroad for assistance during the progress of the work.
He is under especial obligations to the U. S. National Museum and Dr.
F. H. Knowlton for facilities in the study of the large Lower Cretaceous
collections of that institution as well as for many other courtesies. The
British Museum through Dr. A. Smith Woodward rendered invaluable
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assistance in contributing a large number of English Wealden plants
for comparison, and Professor Yokoyama of Tokio kindly forwarded
Japanese material of Onychiopsis. Dr. Albert Mann of the Department
of Agriculture and Doctors F. H. Blodgett and W. Ralph Jones have con-
tributed photo-micrographs or camera lucida drawings.

The U. 8. Geological Survey has cooperated in furnishing a large
number of the illustrations and in various other ways.

Finally any student of Lower Cretaceous floras must acknowledge his
great indebtedness to previous workers who have contributed to our
knowledge of these floras, more especially to Professor Seward in
England, the late Marquis Saporta in Portugal, the late Professor Os-
wald Heer in the Arctic regions, and Professors Ward and Fontaine in
this country.
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THE LOWER CRETACEOUS DEPOSITS OF
MARYLAND

BY

WM. BULLOCK CLARK, ARTHUR B. BIBBINS,
AND
EDWARD W. BERRY

INTRODUCTION

A knowledge of the Lower Cretaceous deposits of Maryland can only
be sccured through an understanding of the physiography and geology

of the broad province of which the State of Maryland forms a part. The
physical features which characterize this area may be traced for varying
distances into adjoining regions, some being recognized as far as the
New England coast on the north, and others as far as the Gulf Region
on the south.

THE PHYSIOGRAPHY

The region here considered forms a portion of the Atlantic slope,
which stretches from the crest of the Alleghanies to the sea, and which
is divided into three more or less sharply defined regions known as the
Coastal Plain, the Piedmont Plateau, and the Appalachian Region.
These three districts follow the Atlantic border of the United States
in three belts of varying width from New England southward to the
Gulf. Maryland is, therefore, closely related in its physiographic fea-
tures to the States which lie to the north and south of it, while its
central location on the Atlantic border renders it perhaps the most char-
acteristic in this broad tract. In crossing the three districts from- the
ocean border the country rises at first gradually, and then more rapidly,
until it culminates in the highlands of the western portion of the State.
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The Coastal Plain is the name applied to the low and partially sub-
merged surface of varying width extending from Cape Cod southward
through Florida, and confined between the Piedmont Plateau on the
west and the margin of the continental shelf on the east. The line of
demarkation between the Coastal Plain and the Piedmont Plateau is’
sinuous and ill-defined, for the one passes over into the other oftentimes
with insensible topographie gradations, although the origin of the two
distriets is quite different. A eonvenient, although somewhat arbitrary
boundary between the two regions in the Maryland area is furnished
by the Baltimore and Ohio Railroad in its extension from Wilmington
southwestward through Baltimore to Washington. The eastern limit of
the Coastal Plain is at the edge of the continental shelf. This is located
about 100 miles off shore at a depth of 100 fathoms beneath the surface
of the Atlantie Oecean. It is in reality the submerged border of the
North Ameriean éontinent, which extends seaward with a gently sloping
surface to the 100-fathom line. At this point there is a rapid deseent
to a depth of 3000 fathoms, where the continental rise gives plaee to the
oceanic abyss.

The Coastal Plain, therefore, falls naturally into two divisions, a sub-
merged or submarine division and an emerged or subaérial division. The
seashore is the boundary line which separates them. This line of de-
markation, although apparently fixed, is in reality very changeable, for
during the past geologie ages it has migrated back and forth across the
Coastal Plain, at one time occupying a position well over on the Pied-
mont Plateau, and at another far out at sea. At the present time there
is reason to believe that the sea is encroaching on the land by the slow
subsidence of the latter, but a few generations of men is too short a
period in whieh to measure this change.

The subaérial division is itself separable in Maryland into the Eastern
Shore and the Western Shore. These terms, although first introdueed
to designate the land masses on either side of Chesapeake Bay, are in
reality expressive of a fundamental contrast in the topography of the
Coastal Plain. This difference gives rise to an Eastern Shore and a
Western Shore type of topography. Chesapeake Bay and Elk River sepa-
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rate the two. Areas showing the Eastern Shore type arc found along
the margin of thc Western Shore at intervals as far south as Herring
Bay, and again from Point Lookout northwestward along the margin
of the Potomac River. On the other hand, an outlier of the Western
Shore type of topography is found at Grays Hill, in Cecil County, at
the northern margin of the Eastern Shore. The Eastern Shore type of
topography consists of flat, low, and almost featureless plains, while the
Western Shore is a rolling upland, attaining four times the elevation
of the former, and resembling the topography of the Piedmont Platcau
much more than that of the typical Eastern Shore. It will be seen
later that these two topographic types, which at once strike the eye of
the physiographer as being distinctive features, are in reality not as
simple as they first appear, but are built up of a complex system of
terraces dissected by drainage lines.

The Coastal Plain of Maryland, with which most of the State of
Delaware is naturally included, is separated from that of New Jersey
by the Delaware River and Delaware Bay, and from that of Virginia
by the Potomac River, but these drainage ways afford no barriers to the
Coastal Plain topography, for the same types with their systems of ter-
races exist in New Jersey and Virginia as well as in Maryland.

The Chesapeake Bay, which runs the length of the Coastal Plain,
drains both shores. From the Western Shore it receives a rumber of
large tributaries which are in the process of developing a dendritic type
of drainage, and which have cut far deeper channels than have the rivers
of the Eastern Shore. If attention is now turned to the character of
the shore-line, it will be seen that along Chesapeake Bay it is extremely
broken and sinuous. A straight shore-line is the exception, and in only
one place, from Herring Bay southward to Drum Point, does it become
a prominent feature. These two classes of shore correspond to two
types of coast. Where the shore is sinuous and broken, it is found that
the coast is low or marshy, but where the shore-line is straight, as from
Herring Bay southward to Drum Point, the coast is high and rugged,
as in the famous Calvert Cliffs which rise to a height of 100 feet or
more above the Bay. The shore of the Atlantic Ocean is composed of a
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long line of barrier beaches which have been thrown up by the waves
and enclose behind them lagoons flushed by streams which drain the
seaward slope of the Bastern Shore.

It was stated in the early part of this chapter that the topography of
the Coastal Plain is in reality more complex than at first appears, and
that this complexity is duc to a system of terraces out of which the
region is constructed. The subaérial division of the Coastal Plain con-
tains four distinct terraces and part of another, while the submarine
contains onc only. This makes for the Coastal Plain, as a whole, a
group of five terraces. These terraces, beginning with the highest, are
known by the names of Lafayette, Sunderland, Wicomico, Talbot, and
Recent. All five of the subagrial terraces are found on the Western
Shore, while only three of them occur on the Eastern Shore. These
terraces wrap about each other in concentric arrangement, and are de-
veloped one above another in order of their age, the oldest standing
topographically highest.

TeE GEOLOGY

The area of low land and shallow sea floor which borders the Piedmont
Plateau on the east and passes with constantly decreasing elevation east-
ward to the margin of the continental shelf has been described under
the name of the Coastal Plain. It is made up of geological formations
of late Mesozoic and Cenozoic age. These later formations stand in
marked contrast to the older strata to the westward, in that they have
been but slightly changed since they were deposited. Laid down one
above another upon the eastern flank of the Piedmont Plateau, when
the sea occupied the present area of the Coastal Plain, these later beds
form a series of thin sheets that are inclined at low angles seaward, so
that successively later formations are encountered in passing from the
inland border of the region toward the coast. Oscillation of the sea
floor, with some variation both in the angle and direction of tilting,
went on, however, during the period of Coastal Plain deposition. As a
result the stratigraphic relations of these formations, which have gen-
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erally been held to be of the simplest character, possess in reality much
complexity along their western margins, and it is not uncomimon to find
that intermediate members of the series are lacking, as the result of
transgression, so that the discrimination of the different horizons, in the
absence of fossils, often requires the utmost care.

The Coastal Plain sediments were laid down after a long break in
time following the deposition of the red sandstones and shales {Newark
formation) of late Triassic age, which overlie the crystalline rocks of
the western division of the Piedmont Plateau, and complete the sequence
of geological formations found represented in Maryland and Delaware.
From the time deposition opened in the coastal region during early
Cretaceous time to the present, constant sedimentation has apparently
been going on, notwithstanding the fact that frequent unconformities
appear along the landward margins of the different formations.

The formations consist of the following:

FORMATIONS OF THE COASTAL PLAIN.

Ceno.zoic.
Quaternary.
Recent.
Pleistocene Talbot
Wicomico } = Columbia Group.
Sunderland
Tertiary.
Pliocene (?) Lafayette.
Miocene St. Mary’s
Choptank — Chesapeake Group.
Calvert

Eocene

} — Pamunkey Group.

Mesozoic.
Cretaceous.

Upper Cretaceous Rancocas.
Monmouth.
Matawan.
Magothy.
Raritan.

Lower Cretaceous Patapsco
Arundel — Potomac Group.
Patuxent
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CRETACEOUS
Lower Cretaceous

The Lower Cretaceous is represented by the Potomac Group, which
consists of the Patuxent, Arundel, and Patapsco formations, deposits
laid down under estuarine and fluviatile conditions. The three forma-
tions have only been recognized in their full development in Maryland,
the lowermost Patuxent formation not being found to the north of
Maryland but extending southward as the basal division of the Coastal
Plain series through the south Atlantic States to eastern Alabama, while
the uppermost Patapsco formation extends northward into Pennsylvania
and disappears southward in central Virginia. The Arundel formation
has been recognized in Maryland alone.

The three formations are unconformable to each other and the under-
lying and overlying formations. They consist chiefly of sands and
clays, the former frequently arkosic, while gravel beds are found at
certain points where the shoreward accumulations are still preserved.
The deposits of the Patuxent formation consist mainly of sand, often
arkosic, and at times argillaceous, while clay beds at times appear. 'The
Arundel formation consists largely of clays, frequently dark colored, and
affording in places large amounts of nodular carbonate of iron. At times
the deposits are very carbonaceous. The Patapsco materials consist
largely of highly colored and variegated clays which grade over into
lighter colored sandy clays and also at times into sands.

The organic remains consist largely of fossil plants although the
Arundel formation has afforded representatives of several orders of
Reptilia together with a few invertebrate fossils. The fossil plants in
the Patuxent and Arundel formations consist chiefly of ferns, cycads,
and conifers, while the Patapsco formation contains a considerable rep-
resentation of dicotyledonous types. Messrs. Berry and Lull, who have
studied the plant and animal remains regard them as characteristic of
the Lower Cretaceous. The fossil plants of the Patuxent and Arundel
are strongly Neocomian-Barrcmian in character, while those of the
Patapsco are distinctly Albian.
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The total average thickness of the Lower Cretaceous formations in
Maryland is between 600 and 700 feet, and they show an average dip
of about 40 feet in the mile to the southeast.

Upper Cretaceous

The deposits referred to the Upper Cretaceous comprise the Raritan,
Magothy, Matawan, Monmouth, and Rancocas formations. ‘The two
lower formations are estuarine and fluviatile in origin, while the over-
lying formations are distinctly marine. All of these formations can be
traced to the northward into Delaware and New Jersey, where they
attain an even larger development than in Maryland. To the southward
they are gradually overlapped, one after the other, by the Tertiary
formations and are unknown in Virginia. Similar deposits are found
in North Carolina and the States which lie to the south of it but are
known under other formational names.

The four upper formations form an apparently conformable series
resting unconformably upon the Raritan formation, which in turn over-
lies the Patapsco formation unconformably. A slight unconformity may
perhaps exist between the Magothy and the Matawan, although a fuller
study of the relation of these formations indicates that they are prob-
ably conformable over the greater portion of the area of outerop. The
deposits consist chiefly of sands and eclays, with some gravels in the two
lower formations, while the three higher formations consist more par-
ticularly of clays and sands, the latter often somewhat glauconitic,
although much less so than similar deposits in New Jersey. The Rari-
tan formation consists chiefly of thick-bedded and light-colored sands
with some gravels. Clays generally light in color occur in the lower

portion of the formation. The Magothy formation is made up of sands
and clays that change rapidly both horizontally and vertically, finely

laminated clays with sand layers and more or less carbonaceous often
appearing. The Matawan formation is composed of micaceous, sandy
clays somewhat more sandy at times in the upper portion and more
argillaceous in the lower portion of the formation. The Monmouth
formation consists of reddish and pinkish sands more or less glauconitic
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in character. The Rancocas formation, which outerops in Delaware
near the Maryland line, consists of greensand marls which are fre-
quently highly calcareous.

The organic remains consist chiefly of fossil plants in the Raritan
and Magothy formations, and of fossil invertebrates in the Matawan,
Monmouth, and Rancocas formations. The flora consists largely of dico-
tyledonous types those forms found in the Raritan formation being dis-
tinctly Cenomanian in character while those of the Magothy are ap-
parently Turonian in age, which is apparently also the age of the
Matawan invertebrates. The Monmouth fauna, corresponding to the
Ripley fauna of the Gulf, is universally regarded as of Senonian age,
while the overlying Rancocas fauna has been referred to the Danian.

The total average thickness of the Upper Cretaceous formations of
Maryland is about 400 feet. They show a dip of from 20 to 35 feet in
the mile to the southeast.

TERTIARY
Eocene

The Eocene is represented by the Pamunkey G'roup, which consists of
the Aquia and Nanjemoy formations. The deposits are of marine origin
and comprise part of a geologic province embracing Virginia, Maryland,
and Delaware.

The two formations constitute a conformable series which overlies the
Upper Cretaceous deposits in Maryland unconformably while in Virginia
it has transgressed the latter and is found overlying the Lower Cre-
taceous strata unconformably. The deposits consist chiefly of green-
sands which are often calcareous in the Aquia formation and argillaceous
in the Nanjemoy formation.

The fossils consist mainly of animal remains and comprise an ex-’
tensive fauna, embracing particularly the group of Mollusca and Anthozoa,
which shows a faunal relationship with the Wilcox and probably with
the lower Claiborne beds of the Gulf.

The total thickness of the Eocene deposits in Maryland is about 225
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feet, and they show an average dip of 12} feet in the mile to the
southeast.

Mrocene

The Miocene deposits of Maryland are represented by the Chesapcake
Group, which is made up of the Calvert, Choptank, and St. Mary’s
formationis.! These formations are of marine origin. They attain a very
extensive development in the drainage basin of Chesapeake Bay, both in
Maryland and Virginia, from which area they can be traced southward
into North Carolina and northward into Dclaware and New Jersey. To
the south of the Hatteras axis the conditions change materially, and
other formations presenting faunal affinities more or less close are found.

The several formations comprising the Miocene are apparently slightly
unconformable to each other, although this unconformity is oftentimes
not apparent, the Choptank in some areas being apparently conformable
to the Calvert, while the St. Mary’s seemingly presents the same rela-
tions to the Choptank. The: deposits of the Chesapeake Group consist
largely of sands, clays, and marls. The Calvert is in part sandy and
in part clayey, with extensive deposits of diatomaceous earth in the
lower or Fairhaven member, and numerous marl beds packed with mol-
luscan shell remains in the upper or Plum Point member. The Chop-
tank formation is essentially sandy, although clays and marls also occur.
The St. Mary’s formation is decidedly clayey with sands or sandy clays,
the latter typically greenish-blue in color and often containing large
quantities of fossils.

The organic remains consist Jargely of fossil invertebrates, by far the
most common group being the mollusca. Diatoms are very common,
and remains of land plants are not rare in the basal strata, while corals,
bryozoans, and echinoderms arc not infrequent. Many cctacean forms
have been found at some localities.

The thickness of the Miocene deposits is between 450 and 500 feet,
and the strata have an average dip of 10 feet in the mile to the southcast.

! Another formation, the Yorktown, occurs at the summit of the Chesapeake
Group in Virginia and North Carolina.

3
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Pliocene (?)

The supposed Pliocene is represented by the Lafayette formation
which has been considered as extending from the Gulf along the Atlantic
border region as far northward as Pennsylvania, where the last remnants
are found. The Lafayette formation is chiefly developed as a terrace
lying irregularly and unconformably on whatever older formation chances
to be beneath it whether along the margin of the Piedmont Plateau or
the Coastal Plain,

Few fossils have been found in the Lafayette, and those not sufficiently
distinctive to determine its age. We simply know that it is younger
than the latest Miocene on which it rests and older than the oldest
Pleistocene beds found in its immediate vicinity. It may be either Ter-
tiary or early Quaternary in age, although most authors hitherto have
regarded it as probably Pliocenc in age. Doubtless materials of very
different ages have been referred by various students to the Lafayette.
The type section in Lafayette County, Mississippi, has recently been
shown to be of Eocene age.!

The materials comprising the Lafayette formation consist of clay,
loam, sand, and gravel which are often highly ferruginous, the iron being
often present in the deposits in sufficient amount to act as a cement.
These materials are generally very imperfectly sorted. The deposits
rarely exceed 50 feet in thickness, whilc the southeasterly dip is only a
few feet in the mile.

QUATERNARY
Pleistocene

The Pleistocene deposits consist of a series of surficial materials
known under the name of the Columbia Group, which has been divided
in Maryland and adjacent States into the Sunderland, Wicomico, and
Talbot formations. They consist mainly of a series of terraces which
wrap about the Lafayette and the lower portions of the older formations,
and hence extend as fluviatile deposits up the stream courses.

! Berry, Journ. Geol,, vol. xix, 1911, pp. 249-256.
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Fossils have becn found particularly in the latest, or Talbot forma-
tion, where extensive shell heds of estuarine and narine origin are
" known. Fossil plants have been found in all the formations. Their
gencral similarity has made it impossible to establish distinctive floras
as a basis for the correlation of the several formations, which has been.
based mainly on physiographic grounds.

The matcrials consist of clay, loam, sand, gravel, peat, and icc-borne
boulders. These do not as a rule occur in very definite beds, but grade
into each other both vertically and horizontally. The coarser materials
are often cross-bedded, and are for the most part distinctive over the
lower, portion of each of the formations, while the finer naterials, par-
ticularly the loam, are commonly found in the upper part of the forma-
tions, although these conditions are by no means universal. Each of the
formations rarely excceds 25 or 30 feet in thickness, although under
exceptional conditions a thickness of two or three times that amount

oceurs.
Recent

The Recent deposits embrace chiefly those being laid down to-day over
the submarine portion of the Coastal Plain, and along the various estu-
aries and strcams. To these must also be added such terrestrial dcposits
as talus, wind-blown sand, and humus. In short, all deposits which are
being formed under water or on the tand by natural agencics belong
to this division of geological time.

The Recent terracc mow in process of formation along the ocean
shore-line and in the bays and estuaries is the most significant of these
deposits, and is the latest of the series of terrace formations which began
with the Lafayette, the remnants of which to-day occupy the highest
levels of the Coastal Plain, and which has been followed in turn by the
Sunderland, Wicomico, and Talbot.

A deposit of almost universal distribution in this climate is the humus
or vegetable mold, which being mixed with the weathered surface of the
underlying rocks forms our agricultural soils. The intimate relation-
ship therefore of the soils and underlying geological formations is evi-
dent.
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Other accumulations i water and on land are going on about us all
the time, and with those already described represcnt the formations of
Recent time.

HISTORICAL REVIEW

The more detailed and specific discussions of the Potomac Group and
its contained fossils, as is usually the case, were preceded by a long
period during which the geological and lithological relations chiefly at-
tracted attention, and this in turn was preceded by a still longer period
during which the subjects were still more general, and only passing
reference was made to the scries of strata since designated the Potomac
Group.

The earliest definite reference to rocks of this age is contained in
two papers by B. H. Latrobe, the first of which dates back to 1799 and
refers to the use of “ Rappahannoc freestone ” in the construction of the
lighthouse at Cape Henry. The second paper, published in 1809, de-
scribes this rock and its uses, and mentions the presence of the contained
wood and lignite from the vicinity of Fredericksburg, Virginia.

The paper by John Finch, read before the Philadelphia Academy in
1823, and so often cited in historical discussions of Coastal Plain geology,
mentions the organic remains in the clay underlying the diluvial gravel
at Washington, and although not altogether unequivocal probably refers
to Potomac strata. Morton’s paper of 1829, which was based on the
notes of Vanuxem, describes the lignite and charred wood of thesc rocks,
which they include in their “ Secondary formation.”

The first intimation of the wide extent of the Potomac formations is
contained in an early report of Edward Hitchcock, published in 1833, in
which he mentions the probable distribution of deposits of this age from
Cape Cod to the Gulf of Mexico.

In a paper published by Thomas G. Clecmson in 1835 there is a good
description of the Potomac material near Fredericksburg with its fossil
wood and lignites, and with the first reference to impressions of plants
which he says are finely preserved in blue argillaceous fissile beds from
six inches to a foot in thicknmess.
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Richard C. Taylor, in a paper immediately following that of Mr.
Clemson devotes six pages and a folded plate to the description and
illustration of these plants, which he identified as Lycopodiolithes ? sp.,
Lepidodendron sp., Sphenopteris sp., Pecopteris # sp., and Thuites ? sp.,
and which are the remains of Frenelopsis, Sphenolepis, Cladophlebis, ete.
These he saw bore no relation to the plants from the Richmond coal
field, which were attracting considerable attention at that time and he
infers that the containing rocks are of Secondary age, perhaps co-eval with
the oolites.

The year 1835 also marks the beginning of the important series of
reports on the geology of Virginia by William B. Rogers, State Geologist
of that State, the first describing the Potomac sandstones along the
“ Fall-line ” and mentioning the presence of silicified wood, lignite, and
plant impressions. In his report for 1839 the same author traces his
“« Sandstone formation * as far south as Bollings Bridge on the Nottaway
River in southern Virginia. In his next report, that for 1840, he desig-
nates this formation the “ Upper Secondary,” and traces its extent
northward from Petersburg to the Potomac River. Later reports also
frequently refer to these rocks, which he regarded as Upper Oolite in age.

Richard C. Taylor returns to this subject in his work on the Statistics
of Coal, published in 1848, and compares the organic remains to those
from the Portland of southern England.

With the appointment of Philip T. Tyson to be State Agricultural
Chemist of Maryland, the latter State enters the literature. The map
accompanying his first report enumerates twenty-four formations, of
which the Cretaceous includes two, the first “a thick group of sands
and clays of various colors.” “In some localities it abounds in lignite
derived from coniferous plants.” “The bluish-gray varieties derive their
color from the carbonaceous remains of plants ”; the second, or Iron-ore
clays, “a series of beds of fine gray and lead-colored clays containing
several courses of carbonate of iron in flattened masses and nodules.”
“ The color of these clays is due to carbonaceous matter.”

Tyson early discovered a saurian footh in the latter beds, which was

described under the generic name Asfrodon by Christopher Johnston in
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1859, and more fully described by Professor Joseph Leidy in 1865. From
the same bed which yielded the tooth Tyson records “a new genus of
Cycas of large dimensions,” “silicifled coniferous wood,” and “ lignites
(coniferous).” In his next report, published in 1862, Tyson discusses
these iron-ore clays and says he is disposed to place them as low as the
oolitic, which view is concurred in by Agassiz, to whom he had showed
a photograph of the cycad trunk. Tyson found a number of these cycad
trunks and sent pictures of them to various geologists. They are men-
tioned by Professor Dana in the first edition of his Manual, with the
comment that P. T. Tyson observes that they may be Upper Jurassic.
One trunk was presented to Professor Dawson and is still at Montreal,
another was presented to Pro’fessor Marsh and is now in the Yale College
collection, while a third turned up recently at the South Carolina Col-
lege at Columbia, probably a gift by Tyson to Professor Le Conte, who
at that time was located at Columbia. The others were for a long time
in the possession of the Maryland Academy of Sciences, which institution
eventually turned them over to the Johns Hopkins University where they
are at the present time. Professor Dawson sent one of Tyson’s photo-
graphs to Carruthers, who refers to it in a postscript to his memoir
“On Fossil Cycadean Stems from the Secondary Rocks of Britain,” pub-
lished in 1870.

Professor Cope in a paper read before the Philadelphia Academy in
1868, sketches the geology of the Cretaceous as developed from New
Jersey to Virginia, mentioning the cycadaceous plants of Tyson, and also
referring to the clays along the Rappahannock from which Professor
Uhler has obtained the “ remains of some six species of plants, in beau-
tiful preservation, of the order Cycadacem ?, Gnetacee, and Filices.”
This was probably the Fredericksburg plant locality which afterward re-
warded Professor Fontaine’s efforts with such a great variety of speci-
mens. Professor Cope states that it is extremely probable that these
Virginia beds are the continuation of those of Maryland and Alexandria,
and he proceeds to sketch the conditions of deposition comparing them
to the conditions which prevailed to the westward in Triassic times. He
says further: “The age is therefore probably truly Wealden or Neo-
comian.”
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Among other “ Geological Notes” presented to the Boston Society
of Natural History in 1875 by W. B. Rogers is a paper “ On the Gravel
and Cobblestone Deposits of Virginia and the Middle States,” in which
he clearly distinguishes the surficial gravels of the Lafayctte and Colum-
bia from those of the older Potomac. “In the belt partially occupied
by the surface deposit here referred to there is exposed another group
of strata with which, at first view, the sandy and argillaceous layers of
this formation might readily be confounded. These are the silicious,
argillaceous, and pebbly beds, which, underlying the Tertiary in Virginia,
and the well-marked Cretaceous formation farther north, have, in the
latter region, been regarded as belonging to the base of the Cretaceous
series of the Atlantic States. In Virginia the formation consists typically
of a rather coarse and sometimes pebbly sandstone, in which the grains
of quartz and feldspar are feebly cemented by kaolin, derived from the
decomposition of the latter, and of argillaceous and silicious clays vari-
ously colored and more or less charged with vegetable remains, either
silicified or in the condition of lignite. These constitute the group of
beds designated in the Virginia geological reports as the Upper Second-
ary sandstone, and referred by me long since (1842) to the upper part
of the Jurassic series, corresponding probably to the Purbeck beds of
British geologists. From the Potomac northward this group of deposits,
as exposed in the deep railroad cuts between Washington and Baltimore
and on to Wilmington, is made up of variegated, soft, argillaceous, and
silicious beds, which, from the preponderance of ferruginous coloring
toward the Delaware, has been called by Professor Booth the red clay
formation. At a few points only foward the bottom of the deposit it
brings to vicw a bed of the felspathic sand, or crumbling sandstone, above
referred to. Traced transversely, it is seen to dip beneath the Cretaccous
greensand at various points in New Jersey, Delaware, and Maryland,
but in Virginia disappears in its eastward dip beneath the Eocene Ter-
tiary.

“How far we may consider this group of sediments in Maryland,
Delaware, and New Jersey as merely a continuation of the Virginia for-
mation above described can be determined only by further investigation.
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But the discovery in them at Baltimore, by Professor Tyson, of stumps
of cycads would seem to bring them into near relation with the formation
at Fredericksburg containing similar remains, and to favor their being
referred, at least in part, to the horizon of the upper Jurassic rocks.
Possibly we may find here a passage group analogous to the Wealden of
British geology. Whatever may be the result of further discovery, it
would seem to be premature at this time to assume the whole of these
deposits from the Potomac northward as belonging to the Cretaceous
series.

“ Where the Tertiary or Cretaceous rocks are present in this belt there
is, of course, no danger of confounding the superficial gravel and cobble-
stone deposit with the formation just deseribed, but in their absence,
which is usual in the river valleys, this deposit rests immediately on
the broken and denuded surface of the Secondary, and by the inter-
mixture of materials makes it more difficult to discriminate between
them.

“ Excellent opportunities for obsexving the contact of the superficial
deposit with the denuded and much older formation below are presented
in the neighborhood of Washington, among which may be specially men-
tioned the vertical cut at the extremity of Sixteenth street, at the base
of the hill occupied by Columbian College, and also the continuation of
Fourteenth street, ascending the same hill. At the former locality the
crumbling felspathic sandstone, or slightly adhering sand, is exposed to
a height of about 35 feet, with a very gentle eastern dip, and having the
color, composition, and diagonal bedding characteristic of the Fredericks-
burg and Aquia Creek sandstone. The gravel and cobblestone deposit
lying upon it descends with the slope of the hill to the general plain
below, resting at a somewhat steep angle against the denuded edges of
the underlying beds. From this and other localities it becomes obvious
that the latter formation has been deeply and extensively denuded before
and during the deposition of the surface strata, which form the chief
subject of this communication.”

Professor Fontaine commenced his work on the Potomac at about this
time, publishing during 1879 a series of three articles in the American
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Journal of Science entitled Notes on the Mesozoic of Virginia, and in-
cluding the Triassic in his discussion. The flora received considerable
attention and the materials were grouped into the “ Fredericksburg belt
and the “ Petersburg belt,” the one corresponding with what he after-
ward called the Fredericksburg beds and the other answering to the
James River beds, both in large part referable to the Patuxent forma-
tion. It was in the part published in the February number of the Ameri-
can Journal of Science that the * archaic dicotyledons” of the Potomac
were first mentioned in the following language: “ With the plants above
named, I find certain netted veined leaves, which by their nervation can-
not be distinguished from Angiosperms. Had they been found with
Cretaceous or Tertiary plants I think no one would hesitate to consider
them as such. As, however, they occur with a well-marked upper Juras-

sic flora, I hesitate to pronounce them to be Angiospermous plants with-

out a more careful study and extended comparison than I have as yet
been able to make. They are certainly not ¢ Dictyophyllum,” which is
the genus of fossil ferns that stands nearest to them. But when we find

such a development of undoubted Angiosperms in the lowest Cretaceous
beds of New Jersey and of the west, we should expect to find at least their
ancestors in the Jurassic flora.” Further along he speaks of the evidence
as to the age of the iron-ore clays as pointing strongly to the conclusion
that they were Wealden.

In a lecture by Professor Uhler, an abstract of which was published in
1883, considerable space was given to what is now regarded as part of the
Potomac Group, and which he calls Upper Jurassic or Wealden, giving
it a thickness of 500 feet in the Baltimore region.

In the spring of 1884 Professor Ward prepared a short paper on
Mesozoic Dicotyledons, in which he mentions Fontaine’s archaic dicotyle-
dons, which he states are from the Upper Jurassic of Virginia, and ex-
presses the hope that the problem of the origin of this group is at last
approaching solution. About this time Professor Fontaine joined the
staff of the U. S. Geological Survey, his first administrative report ap-
pearing in 1885 in the Sixth Annual Report.

In 1886 the name Potomac formation first appeared in print in a paper
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contributed by W J McGee to the Report of the Health Officer of the
District of Columbia for 1885. In 1887 Professor Fontaine submitted
a paper embodying his results to the American Association for the Ad-
vancement of Science, a brief abstract of which was published in 1888,
from which the following is quoted: “The name Potomac formation
has been applied to a series of newer Mesozoic sands, gravels, and clays,
sometimes cemented into sandstones and conglomerates, which appear
along the inner margin of the Coastal Plain, forming the basal member
of the undisturbed Mesozoic and Cenozoic formations of the eastern
United States, in Virginia, Maryland, Delaware, and perhaps other
States. It comprises two members—an upper, consisting gencrally of
variegated clays which are well exposed about Baltimore, and a lower,
consisting predominantly of sands and gravels, well exposed in the bluffs
of the Potomac River below Washington. The upper member is known
only north of Fredericksburg, and the lower is best developed from
Washington to Richmond.

“The age of the formation, as indicated by its flora, appears to coin-
cide approximately with that of the Lower and Middle Neocomian [mis-
printed Neuronian] of Greenland and Kurope.”

It was in December, 1887, that Mr. J. B. Hatcher, under instructions
from Professor O. C. Marsh, collected a considerable number of verte-
brate bones from an iron mine near Muirkirk, Md. He also found in
the same beds some small cones representing the genus Sequoia, and
much silicified wood and lignite. The bones were described by Professor
Marsh and the results published at once. As to the geological signifi-
cance of these forms, Professor Marsh says:

“ The fossils here deseribed, and others from the same horizon, seem to
prove conclusively that the Potomac formation in its typical localities
in Maryland is of Jurassic age, and lacustrine origin. There is evidence
that some of the supposed northern extensions of this formation, even if
of the same age, are of marine or estuary origin.”

The next year Professor Uhler read a paper before the American
Philosophical Society in which the name Baltimorean was proposed for
the lower beds and Albirupean for the upper, which, however, included
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strata younger than the Potomac. He enumerated the various types of
plant remains which he had collected from the different horizons.

The same year McGee published his paper entitled “ Three Formations
of the Middle Atlantic Slope,” devoting much of his space to the Po-
tomac formation, erroneously referring the Bryn Mawr gravels, the
“yellow rocks,” above Trenton, New Jersey, and the “sand hills ” east
of Princeton, New Jersey, to the Older Potomac.

At the meeting of the National Academy of Seciences held in the
spring of 1888 Professor Ward prepared a paper on the “ Evidence of
the fossil plants as to the age of the Potomac formation,” which was
published in the August number of the American Journal of Science,
from which the following may be quoted:

“ On numerous occasions, dating as far back as 1878, I have expressed
the opinion that the dicotyledons could not have had their origin later
than the middle Jura, and it will not surprise me if the final verdiet of
science shall place the Potomac formation, at least the lower member
in which the plants occur, within that geologic system. While the re-
maining types point strongly in this direction, I do not regard the
dicotyledons as at all negativing, but even more strongly suggesting,
this view.

“8till, it may be admitted that, according to the ordinary modes of
arguing from similar statistics, the sum of all the facts herc presented
would make the Potomae, considered from the view of the flora alomne,
homotaxially equivalent to the Wealden of England and north Germany,
now usually included in the Cretaccous system. If the vertebrate re-
mains are Jurassic and the flora Cretaceous we only have here another
confirmation of a law exemplified in so many other American deposits,
that, taking European faunas and their correlated floras as the standard
of comparison, the plant life of this country is in advance of the animal

life. This law has been chiefly observed in our Laramie and Tertiary

deposits, but is now known to apply even to Carboniferous and De-
vonian floras. It is therefore to expected that we shall find it to prevail
during the Mesozoic era. If, therefore, it be really settled that the
fauna of the Potomac series is homotaxially Jurassic, and we take our
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starting point from the Old World geology, there will be no more ob-
jection to regarding the Potomac flora as Jurassic than there is now in
contemplating the Laramie flora as Cretaceous. In fact, so far as the
character of the flora is concerned, there is much less difficulty in the
case of the Potomac than in that of the Laramie, since, as I have shown,
the Potomac flora, viewed in all its bearings, cannot be said positively
to negative the reference of the formation to the Jurassic upon the evi-
dence of the plants alone.

“TI do not, however, desire to be understood as arguing for the Juras-
sic age of the Potomac formation. The most that it is intended to
claim is that, if the stratigraphical relations and the animal remains
shall finally require its reference to the Jurassic, the plants do not
present any serious obstacles to such reference.”

European paleobotanists having manifested much interest in the
Potomac flora, a statement was prepared by Professor Fontaine for Feist-
mantel, the celebrated Bohemian savant who made it the subject of a
paper which appeared in the proceedings of the Royal Bohemian Society
in 1889. This same year saw the appearance of Dr. Knowlton’s long-
delayed work on the fossil wood and lignites of the Potomac formation,
a summary of which he had already contributed to the 1888 meeting
of the American Association for the Advancement of Science, an abstract
also appearing in the American Geologist. Professor Uhler also pub-
lished two additional papers at this time announcing the finding of his
Albirupean formation at Ft. Foote and on Piscataway Creek.

In 1890 Professor Fontaine’s Monograph was issued. In it are de-
scribed and illustrated 365 species, so called, of fossil plants, including
75 more or less nominal species of dicotyledons. The age is assumed to
be Neocomian, under which term are included the Wealden, Urgonian,
and Aptian groups of European geologists.

In Professor Clark’s account of the “ Third Annual Geological Expe-
dition into Southern Maryland and Virginia,” published in 1890, the
Albirupean is recognized as distinct from the underlying Potomae. The
same year N. H. Darton discussed the Potomac in a paper read before
the Geological Society of America, and the literature to date was passed
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in review by Dr. C. A. White in his Correlation Paper on the Cretaceous,
published in 1891.

Nearly twenty years after Tyson’s discovery of cycad trunks in the
iron-ore beds of Maryland, Mr. Arthur B. Bibbins took up the quest, and
during the next few years succeeded in obtaining from the inhabitants
of the region a very large number of trunks and fragments. These were
submitted for critical study to Professor Ward, who in 1894 published
a revision of the genus Cycadeoidea, to which all of the Maryland forms
belonged. Mr. Bibbins continued to collect more material, and in 1897
Professor Ward published descriptions of seven species from Maryland.

In a paper entitled “ Albirupean Studies,” and published in 1892,
Professor Uhler makes further contributions to the knowledge of the
Potomac, but his stratigraphic conclusions are, according to Professor
Ward, set forth in a rather ambiguous manner.

In a paper in Science, published in 1894, Professor Ward makes an
interesting comparison between the Potomac flora and that from the
Mesozoic of Portugal made known by the Marquis Saporta. He suggests
the following long-range correlations: James River beds=Infra Valan-
ginian, Fredericksburg beds=Valanginian, Mount Vernon beds=Tr-
gonian, Brooke beds= Aptian, and Raritan beds= Albian. In the same
number of Science appeared a note by F. A. Lucas on the Vertebrate re-
mains from the Maryland Potomae, Allosaurus, Pleuroccelus, Priconodon
and Astrodon being the forms enumerated. The same year Mr. Bibbins
published a summary of his Potomac studies, and the Fredericksburg
folio of the U. S. Geological Survey by N. H. Darton was issued. It
included a large area of the Virginia Potomac, which was described and
mapped as a single unit, however.

A number of important papers appeared during 1896. Among these
are Professor Ward’s elaborate discussion entitled: “The Potomac For-
mation,” in which he subdivides it into The James River Series, The
Rappahannock Series, The Mount Vernon Series, The Aquia Creek
Series, The Iron Ore Series, The Albirupean Series, and the Island

Series. The flora of each is discussed and considerable space is devoted
to the newly discovered flora of the clays on the Mt. Vernon estate.
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This was followed by Professor Marsh’s memoir on “ The Dinosaurs
of North America,” which contained the descriptions and figures of the
Maryland material collected from the iron-ore clays by J. B. Hatcher.
At the same time appeared Professor Ward’s paper on “ Some Analogies
in the Lower Cretaceous of Europe and America,” in which the Potomac
was compared with the Wealden of England, the “Scaly Clays ” of Italy,
and the Mesozoic of Portugal. Toward the close of the year Professor
Fontaine’s long-delayed geological paper on the Potomac appeared as a
Bulletin of the U. S. Geological Survey. It contained admirable de-
scriptions of local sections and the first geological map of the deposits,
covering the country between Baltimore and Petersburg. No attempt
was made, however, to show the areal extent of the subdivisions of the
Potomac, and the Virginia deposits are regarded as Lower and those in
Maryland as Upper Potomac. Professor Newberry’s monograph on the
Amboy clay flora appeared at this time as a posthumous publication un-
der the editorship of Arthur Hollick.

About this time Professor Marsh published two brief papers asscrting
the Jurassic age of the Potomac as well as of the Cretaceous beds on Long
Island and to the eastward. This called forth a discussion in the col-
umns of Science which was participated in by Arthur Hollick, L. F.
Ward, G. K. Gilbert, R. T. Hill, and Jules Marecou.

In the fall of 1897 Clark and Bibbins published a full summary of the
results arrived at in their study of the Potomac of Maryland, dividing
it into four formations—the Patuxent, Arundel, Patapsco, and Raritan.
The two former formations were provisionally referred to the Jurassic
and the two latter to the Lower Cretaceous.

In 1898 Professor Marsh replied to his critics and reasserted the Juras-
sic age of the Potomac beds.

In 1902 Clark and Bibbins published a second paper on the Potomac
of Maryland, in which the conclusions are essentially the same as in
their earlier paper. This paper was well illustrated and contained an
admirable map showing the areal extent of the different members of the
Potomac Group as developed in Maryland, the first of its kind ever
published. This same year the Cecil County report of the Maryland
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Geological Survey appeared. The Coastal Plain geology was contributed
by G. B. Shattuck, that for the Potomac largely from Mr. Bibbins’ notes.
The three Potomac formations present in that region, the Patuxent,
Patapsco, and Raritan, are delineated upon the large scale county map.

In 1906 the Dover folio of the U. S. Geological Survey prepared by
Dr. B. L. Miller was published. This included a considerable area in
Delaware and northeastern Maryland, in which the Patapsco and Raritan
formations were described and mapped.

Although it bears the date 1905 it was in 1906 that Ward’s second
paper on the Status of the Mesozoic Floras of the United States was
issued. Over two hundred and fifty pages are devoted to the Potomac
flora of Maryland and Virginia, two additional species of Maryland
cycad trunks are described, and the large amount of material collected
by Mr. Bibbins for the Maryland Geological Survey and Goucher College
is discussed in the systematic part prepared by Professor Fontaine. The
correlations and stratigraphy are by Ward, who accepts the Maryland
Survey formational names for that State, uniting, however, the Patuxent
and Arundel formations. For Virginia the James River and Rappahan-
nock are united and made the equivalent of the Patuxent and Arundel,
and the Mount Vernon and Brooke beds are correlated with the Patapsco
formation and an excellent map prepared by Mr. Bibbins shows the distri-
bution of the four formations of the Potomac Group in Maryland. Pro-
fessor Ward’s final conclusion was that the whole Potomac Group is of
Cretaceous age, the older Potomac forming a part of the European
Wealden, which he regards as Cretaceous. The report on the Physical
Features of Maryland by Clark and Mathews, published this same year,
contained a new geological map of the State on which the different
Potomac members are shown, and the text contained a full description
and characterization of them.

In 1907 the Patuxent Folio of the U. S. Geological Survey was pub-
lished by Shattuck, Miller and Bibbins. All the members of the Potomac
Group are fully described and mapped.

In 1910 Berry published a short article in the Journal of Geology
showing that the Raritan formation was of Upper Cretaceous age. This
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same year Clark published a paper describing the progress of the work
on the Geology of the Middle and Northern Atlantic Coastal Plain, in
which the various formations were briefly discussed and the Lower Cre-
taceous age of the Patuxent and Arundel formations affirmed. The
Raritan was referred to the Upper Cretaceous and the Potomac Group
was limited to the Lower Cretaccous. Berry also published a brief paper
discussing the southward extension of the Patuxent formation into North
Carolina, and showing that the Arundel formation is absent in Virginia,
and that the Patapsco formation is transgressed and disappears in cen-
tral Virginia beneath Tertiary deposits. The latter author also pub-
lished several systematic papers upon some of the more important genera
of Potomac plants.

The accompanying table shows the varying nomenclature of tlie more
important students of the Potomac deposits, commencing with that of
W. B. Rogers in 1841.
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STRATIGRAPHIC AND PALEONTOLOGIC CHARACTERISTICS

The Lower Cretaceous deposits of Maryland and adjacent areas have
long been studied by many independent workers who have approached
the problem from nearly as many different points of view. This fact,
together with the proverbially complicated stratigraphy, has given rise
to a highly varied taxonomy which is set forth in the previous chapter
and the accompanying comparative taxonomic table.
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The Lower Cretaceous deposits are more highly differentiated in Mary-
land than elsewhere along the Atlantic border, as is seen in both
their lithologic and paleontologic diversity. The several formations
present certain common features which need to be taken into considera-
tion in any discussion of the strata.

The deposits, which are largely sands and clays of varying strati-
graphic and lithologic characteristics, are, for the most part, uncon-
solidated, although certain marked exceptions to this are to be scen
in the locally developed sandstonc beds in the lower part of the series.
The deposits in general dip at progressively lower angles in passing
upward in the series, although the Arundel formation affords some
striking exccptions to this general rule. Again, the deposits thicken
down the dip within the limits of the area of outcrop, although they
apparently thin farther to the seaward, as shown by the well borings in
which Lower Cretaceous strata are encountered. The stratigraphic re-
lations show that after the deposition of the Patuxent and Arundel for-
mations they were gradually transgressed toward the northward by the
Patapsco formation before the close of Lower Cretaceous time. A study
of the organic remains reveals a gradual progress in the types of plant
life from the Patuxent through the Arundel and Patapsco, especially in
the gradual advent of dicotyledonous types of plant life. These various
features will be fully discussed in the descriptions of the several for-
mations.

Tue Poromac Grour

The Potomac Group, originally named by McGee for the deposits thus
characterized in this report, was divided by Clark and Bibbins into the
Patuxent, Arundel, and Patapsco formations, although they and others
included within the Potomac certain higher deposits of somewhat sim-

ilar character (Raritan formation) which are mow recognized as of
Upper Cretaceous age. A sufficient lithologic and paleontologic differ-
ence occurs in these higher deposits to warrant the restriction of the
term Potomac to those formations characteristic of the Potomac River
region where they were first described by McGee under the name of the
“ Potomac formation.”
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THE PATUXENT FORMATION

NAME AND SyNoNYMY.—The Patuxent formation was so designated
from the Patuxent River in Maryland, in the drainage basin of which
its deposits were first recognized as an independent formation and named
by Clark and Bibbins.' It is in part the “feldspathic sandstone” of
Rogers, the “lower oolite” of Tyson, and the ¢ Fredericksburg” or
“lower sandstone member ” of Fontaine and McGee. It includes most
of the “ James River ” and a part of the “ Rappahannock ” and “ Aquia
(Creek series ” of Ward, and also a part of the “ Baltimorean ” of Uller.

Argar DistriBurion.—The Patuxent formation extends across the
State in an irregular and at times interrupted belt, some 5 or 6 miles
in average width, from the Delaware line through Elkton, Baltimore,
and Laurel to the city of Washington. It forms generally the landward
border of the Coastal Plain, although its outcrop is in places buried be-
neath later deposits while seaward its surface continuity is interrupted
by the principal water-ways, such as the Susquehanna, Gunpowder, Pa-
tapsco, and Potomac rivers.

Outliers are found on the crystalline rocks to the west of the main
body of the deposits, the two most conspicuous being the outliers at
Catonsville and Lutherville. The former occupies one of the highest
levels containing Coastal Plain deposits while the latter is found in
a limestone valley a hundred feet lower than similar beds not far to
the southeastward. !

The Patuxent deposits in the Iall-line zone afford a very broken relief
in the vicinity of the stream channels. The exposed hillocks of Patuxent
materials with their slight cover of vegetation often suggest a bad land
topography. Patuxent deposits have becn observed in Maryland from
over 400 feet in elevation near Catonsville to below 400 feet in a well at
Indian Head.

LitHorocic CHARACTER.—The materials constituting the Patuxent
formation are on the whole arenaceous, although argillaceous elements
likewise appear. The sands, which are predominantly cross-bedded, are

1 Jour. Geol., vol. v, p. 481, 1897.




MARYLAND (GEOLOGICAL SURVEY 59

sharp and the gravel mostly subangular, and not as well rounded as that
of the overlying Pleistocene. The sand and gravel often contain a cou-
-giderable admixture of kaolinized feldspar, producing what is known as
arkose. To the indurated derivative Rogers gave the name “ feldspathic
sandstone.” Extensive deposits of rather fine and even-grained sandy
gravel occur near the base of the formation, notably in the valley of
Herring Run, at Roland Park, and near Cub Hill in Baltimore County,
where the materials have been employed to a greater or less cxtent as
road metal and for concrete. The basal gravels are often coarse and
cobbly, and adjacent to the crystalline floor are often indurated by
hydrous iron oxide to a resistant ferruginous conglomerate. Toward
the northward, in the vicinity of Perry Hall, Baltimore County, and in
the Broad Creek valley in Cecil County, the basal conglomerate is of light
color and is filled with angular fragments of quartz. Buff-colored sands
of fine-grained texture with some admixture of brownish loam are
common in the vicinity of Baltimore City, where they have been exten-
sively employcd as building sands. White glass sands somewhat arkosic
have been worked to some extent at Westport in Baltimore County. The
Patuxent sands are often indurated by hydrous oxide of iron and take
on very irregular and fantastic shapes, including hollow cylinders, in-
tricately corrugated plates and spherical and ellipsoidal gourds having
the local names of “sand bullets,” “sand clams,” ete. These indurated
phases are well developed at the Homestead sand pits near the old Pat-
terson mansion in Baltimore City. A ferruginous oolite is occasionally
found, especially in the vicinity of Washington, this phase recalling
Tyson’s term “ Lower Oolite ” for the deposit. The Patuxent sands are
very varied in color, the most distinetive being purple, which is perhaps
due to slight traces of manganese in the deposits.

The clays of the Patuxent formation are much less important than
the sands, with which they occur either as pellets or larger masses in
the arkosic materials or in interbedded streaks and lenses which at
times are of considerable extent. They commonly consist of kaolinized
material of greater or less purity, and locally known as “ Fuller’s earth.”
The clays are prevailingly white, but are at times of various delicate
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shades of red, yellow, brown, maroon, and lavender, in piebald tints and
patterns of great beauty. The purple coloring is very characteristic.
Extensive lenses of these brilliantly colored clays occur in the eastern
part of the city of Baltimore, wherc they constitute an important re-
source for the brick industry. They were penetrated to a depth of 40
feet in the excavations for the new outfall sewer for Baltimore City
without reaching their base, and were so resistant as to require the
almost constant use of the mattox. At Bayview these same clays were so
resistant as to require blasting. The clays are at times drab or black in
color, from the admixture of carbonaceous matter. Very definite beds
of lignite occur at some points, notably near Jessups and at Clifton
Park, at both of which points the lignite has been employed to some
extent as a fuel, although the beds are rarely more than a foot in
thickness and are of small horizontal extent. Lignitized twigs, limbs,
and trunks always strongly compressed as well as fossil leaves are not
uncommon in these deposits. Lignitized stumps have occasionally been
found in erect positions. The comminuted carbonaccous matter is at
times so abundant in the clays as to produee an earthy lignite of dead-
black color. A deposit of this character filled with lignitized stems
occurs in the valley of Broad Creek, Cecil County overlying the basal
conglomerate before mentioned. Occasionally the drab or lignitized
clays carry carbonate of iron as at Gaither’s Dam in Stony Run, Anne
Arundel County, but the deposits are of small economic importance.

Deposits of red and yellow hydrous oxide of iron are at times found
in sufficient extent to possess economic value as pigments. Such deposits
frequently oceur at the top of sand beds which are overlaid by drab
clays, as at the base of the terra cotta clays at Federal Hill.

StrikE, D1p, AND THICKNESS.—The strike of the Patuxent formation
in Maryland is in a general northeast-southwest direction, becoming
more nearly north and south as the valley of the Potomac is reached, to
the south of which, in Virginia, the strike is north and south.

The dip of the beds is to the southeast but is variable in amount, espe-
cially in proximity to the Fall-line, where in places it largely excecds the
dip of the main body of the deposits farther eastward. The dip to the
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F16. 1.—VIEW SHOWING ERODED UPPER SURFACE OF THE PATUXENT OVERLAIN BY SUNDERLAND
DEPOSITS, BELT LINE CUT NEAR CHARLES STREET, BALTIMORE CITY.

F16. 2.—VIEW SHOWING PATUXENT-ARUNDEL CONTACT, SOUTH SHORE OF SPRING GARDENS,
THE PROBABLE LOCALITY WHERE TYSON COLLECTED TIIE HISTORIC JOHNS HOPKINS
CYCAD STUMP, BALTIMORE COUNTY.
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east of the Fall-line varies from 50 to 90 feet in the mile, the average
being about 60 feet in the mile.
The rate of dips in feet per mile at various points is:

Burtonsville Perry Hall Battle Swamp
Laurel Throdors
Ilchester Hill North of Joppa...60-80 Bay View
Abingdon ~Egg Hill
Harford Furnace... 70 Cherry Hill
Carsins Barksdale
Aberdeen Grays Hill
Aldino Iron Hill
Webster Chestnut Hill, Del.. 50

The altitude of the Patuxent beds in the Lutherville arca previously
mentioned is anomalous, for besides lying at a lower level than the de-
posits farther to the seaward the dip is slightly to the northwestward.

From the above facts it is apparent that the deposits near the Fall-
line have been subjected to greater deformation than the beds farther

eastward, still in ne instance is there any certain evidence of actual
faulting along this line, although the high angle of dip at Relay, the

elevated position of the beds at Catonsville, and the abnormal altitude
of the strata at Lutherville, all point to unusual structural conditions
that may find their explanation in the faulting of the strata.

The maximum thickness of the Patuxent formation in Maryland is
not less than 350 feet and may considerably exceed that amount. In
the well boring at Indian Head it has been penetrated for a thickness
of 353 feet without reaching the crystalline floor. In northern Virginia,
at Alexandria, the brewery well shows 380 feet of Patuxent materials.
Toward the landward margin of the Patuxent formation less thicknesses
are found, the deposits frequently not excecding 150 to 200 feet. A
similar thinning of the formation occurs seaward, as shown by the
deeper well borings in eastern Maryland and Virginia.

STRATIGRAPHIC AND STRUCTURAL RELATIONS.—The Patuxent forma-
tion, as the basal formation of the Coastal Plain, rests directly on the
crystalline rocks of the tilted and submerged margin of the Piedmont
Plateau. This surface more or less eroded and trenched before the
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deposition of Patuxent sediments has been elsewhere described as the
Weverton peneplain. Monadnocks rise from its surface, as at Grays
Hill, now surrounded by Potomac deposits. These underlying rocks in
Maryland cobsist, as far as known, only of crystalline rocks of early
Paleozoic and pre-Paleozoic age, although both farther north and south
the Newark formation of Triassic age here and there reaches to the
Coastal Plain border. The slope of this ancient surface which has been
regarded as of late Jurassic or early Cretaceous age, is quite uniformly
about 75 feet in the mile towards the southeast, although local differences
occur due to the irregularities of the surface previously described.

The Patuxent formation is sometimes irrcgularly overlain uncon-
formably in Maryland by the Arundel formation, which apparently occu-
pies post-Patuxent drainage lines that had been warped before the
deposition of the. Arundel sediments. Covering both formations un-
conformably, and in the absence of the Arundel resting directly on the
Patuxent formation, is the Patapsco formation, which in Virginia, where
the Arundel formation is absent everywhere, comes in contact with the
Patuxent formation. In the absence of both of these formations of the
Potomac Group later formations of Upper Cretaceous, Tertiary and Qua-
ternary age are found overlying the Patuxent deposits unconformably.

The internal structure and stratigraphy of the Patuxent formation is
at times very complex, more so than that of any of the other Coastal
Plain formations. Contemporaneous erosion planes, very coarse and
steeply inclined cross-bedding and alternations of extremcly dissimilar
and sharply demarked beds and lenses in irregular attitudes, although
not the rule, are not at all uncommon.

At times small folds occur in the beds in contact with the crystalline
rocks which are apparently due to local expansions in the latter, as the
result of their hydration. An interesting fold of this character is seen
in the pits of the Maryland Clay Company at Northeast, Cecil County,
as the result of the kaolinization of the feldspathic rocks.

To what extent the beds have been subjected to larger structural
changes cannot be readily determined. The abnormalities in dip in the
vicinity of the Fall-line have been already referred to, and the possibility
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of faulting suggested, although no definite evidence on that point exists.

It is evident, however, that a warping of the beds occurs whether with
or without dislocation of the strata. The main body of the deposits may
well have been subjected to deformation in the many differential move-

ments which are known to have taken place in the Coastal Plain in post-
Patuxent time. Iurthermore, some of the marked changes in dip in
the later formations, as notably in the Magothy formation along the line
of the Chesapeake and Delaware Canal, suggest the possibility of actual
folding of the underlying formations.

OreanNic Remains.—Although the Patuxent deposits are in gencral
unfossiliferous because of their coarse character, nevertheless a consider-
able flora has been collected from clay balls and lenses and the more
argillaceous sands, especially from beds of this age in the Rappahannock
and James river valleys in Virginia.

This flora includes a large element made up of survivors from the
older Mesozoic, and is rich in species and individuals referred to the
fern genera Cladophlebis and Onychiopsis. Other genera of ferns, such
as Acrostichopteris, Schizeopsis, Scleropteris, Teniopteris, Ruffordia,
etc.,, are less common. A variety of cycad remains testifies to the
abundance of this type of plant, represented for the most part in the
Maryland area by the silicified trunks of Cycadeoidea, of which several
different species are known. Cycad fronds, less common in Maryland,
are abundant in the more argillaceous deposits of this age in Virginia,
and include a variety of genera such as Nilsonia, Podozamites, Zamites,
Williamsonia, Ctenopteris, Ctenopsis, Ctenis, etc. Perhaps the most
striking of these remains are the large forms of Nilsonia and the splendid
fronds of Dioconstes.

Among the gymnosperms are species of Sphenolepsis, Baiera, Brachy-
phyllum, Frenelopsis, Nagciopsis, Arthrotazopsis, Sequoia, and Cephalo-
tawopsis. These are for the most part genera that range from the late
Triassic to the Upper Cretaceous. They are abundant in the Patuxent
and represent families which in the modern flora are largely natives of

other continents.
b
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Supposed, but altogether doubtful, angiosperms, the most ancient
known, are represented by the genera Rogersia, Protewphyllum, and
Ficophyllum, which perhaps should be considered the remains of foliage
of the gymnospermous order Gnetales.

The known fauna of the Patuxent is represented by a single fish found
in the James River area, but it is extremely probable that the rieh
dinosaurian fauna of the overlying and elosely related Arundel forma-
tion flourished during Patuxent time, since in the west the representa-
tives of this fauna oecur in the Morrison formation eonformably below
the Kootanie formation, which earries the representatives of the Patux-
ent flora.

THE ARUNDEL FORMATION

Name anp SyNoNYMY.—The Arundel formation was named from
Anne Arundel County, Maryland, where the deposits of this formation
were first recognized as a distinet unit by Clark and Bibbins! It is
the lower portion of the “ upper oolite,” or “ Iron-Ore Clays” of Tyson,
a part of the “ Variegated Clays” of Fontaine, and McGee, and of the
“ Baltimorean ” of Uhler, and is the equivalent of the “Iron-Ore secries ”
of Ward.

AREAL DisTRIBUTION.—The Arundel formation outerops in an irreg-
ular and partially interrupted belt that extends from the head of Bush
River, in Harford County, to Washington, D. C. This belt adjoins that
of the Patuxent formation to the west, and reaches its maximum width
of 7 miles in the northern portion of Prince George’s C‘ounty, its usual
width being from 3 to 5 miles. Where the formation is not overlain by
later deposits it generally forms broad dome-shaped hills. The observed
vertieal range of the Arundel deposits is from 300 feet above tide to the
landward to 368 feet below to the seaward.

Lirmovoerc Craracrers.—The Arundel formation comsists typically
of drab, more or less lignitic clays, carrying nodules, geodes, flakes, and

ledges of earthy iron earbonate or siderite. The nodules or geodes are

t Loc. cit., p. 485.
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F16. 1.—VIEW SHOWING INDURATED LEDGES IN THE PATUXENT FORMATION, W STREET NEAR
I2TH STREET, WASHINGTON, D. C.

-

F16. 2—VIEW SHOWING FLOODED IRON MINE IN THE ARUNDEL FORMATION NEAR MUIRKIRK.
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often septarian, and their cavitics are commonly lined by brown velvety
masses of siderite crystals, which change to brown hematite on exposure
to the air. The materials of the Arundel formation are so strikingly
homogeneous, as compared with those of the underlying Patuxent and
overlying Patapsco, that its deposits have served as a datum plane
for Potomac stratigraphy in Maryland, and the iron produced is prized
for its high tensile strength.

"The clays are commonly free from grit, but are at times sandy, and to
the landward the sand may predominate, as in the vicinity of Washing-
ton. The clays are not infrequently pyritous and gypseous, both minerals
commonly occurring in druses. The gypsum druses frequently line the
septarian nodules but also occur free in the clays, as at Spring Gardens.
The clays are in general unctuous or “ fat,” and are an important resource
for brick, terra cotta, and pottery manufacture. They have been worked
for these purposes at several points, but will undoubtedly be much more
extensively employed in the future.

The siderite deposits known locally as “ oolite orec ” are changed com-
monly at the surface, and in the clays poor in carbon to greater depths
into hydrous oxide of iron or limonite, known locally as “brown ore.”
These ores have been mined since early Colonial days, one furnace at
Muirkirk being still in operation.

The lignitic element in the deposits, which gives to the clays their
characteristic drab color, at times becomes so pronounced as to form
well-defined lignite beds, which have been locally used as fuel, as at
Soper Hall Hill, Anne Arundel County. The lignite is at times finely
scattered through the clays, at other times trunks, limbs, twigs, and
leaves are found well preserved, the stumps in some instances being
found in erect position with their roots intact as they ggew. At times
the woody fibre may be partly replaced by siderite or by pyrite, as at
Reynolds’ iron mine at Hanover. ,

STRIKE, DIp AND THIcKNEsSS.—The strike of the Arundel formation
is essentially parallel to that of the Patuxent toward the north, being
about northeast to southwest and gradually becoming more nearly north

and south as southern Maryland is reached.
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The dip of the beds is to the southeast, and is in general at the rate
~ of about 50 fect in the mile. It is greater in the Fall-line zone, as shown
in the Putty Hill, Carney, and Camp Chapel areas, and is less to the
eastward. :

The observed thickness of the Arundel formation varies from a few
feet to about 100 feet or perhaps 125 feet in the middle of thc belt in
central Maryland. It apparently thins seaward, as shown by thc well
boring at Sparrows Point.

STRATIGRAPHIC AND STRUCTURAL RELATIONS.—The Arundel forma-
tion overlies the Patuxent formation unconformably, occupying what
appear to be old drainage lines therein, but extending beyond these to
the seaward where it spreads into a more or less continuous sheet. The
formation rarely comes in contact with the crystalline rocks, but a few
instances are known, as at one locality north of Relay and in the Camp
Chapel arca.

The deposits are unconformably overlain by the Patapsco formation,
or in the absence of the latter by the later Tertiary and Quaternary
formations.

The internal stratigraphic and structural features are relatively simple,
the strata consisting for the most part of widely extended beds or lenses
of clay with included beds of lignite and iron ore. Some cross-bedding
is found in the basal beds landward but it is unusual. The strata give
evidence of dcformation similar to the Patuxent beds in the Fall-line
zone, and are likewise affected by the general warping of the underlying
Patuxent previously described.

OreaNIc REMAINS.—Both animal and plant remains occur in the
Arundel, its manner of deposition favoring the preservation of both.

The Arundel fauna represents, so far as known, threc orders: Dino-
sauria, Crocodilia, and Testudinata.

The dinosaurs represent all of the sub-orders, including two of the
heavier, megalosaurian carnivores, Allosaurus and Creosaurus, and one
of the lighter, compsognathus type, Celurus. The quadrupedal Sau-
ropoda are represented by at least one genus, possibly two, Pleurocalus
and Astrodon, including two or three species in all, while of the Orthop-
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oda there are two, one the unarmored Dryosaurus, the other, Priconodon,
evidently belonging to the armored group or Stegosauria.

The dinosaurs show none of the remarkable over-specialization of the
later types, but, on the contrary, represent the order at the crest of the
evolutionary wave, before the signs of decadenee set in. Unfortunately,
owing to an almost utter dearth of terrestrial Jurassic deposits, nothing
is known of dinosaurian evolution in America from Newark time until
we come to the horizon under eonsideration. In Turope the record,
though still meagre, is more complete ; but it represents in every instanee
more primitive types than those of the Potomae and the Morrison.

The flora is of the same type as that of the Patuxent, most of
the genera and a large number of the species of the latter having been
found in the Arundel and where unknown the presumption is strong
that they still existed in nearby areas, since the known Arundel flora
contains no new or younger clements than does the Patuxent, and indi-
cates that the marked change in the flora of the Potomac occurred during
the time interval represented by the unconformity between the Arundel
and the overlying Patapseo formation.

The Arundel formation also eontains poorly preserved representatives
of fresh-water molluses.

THE PATAPSCO FORMATION

NaME aND SyNoNyMY.—The Patapsco formation was named by
Clark and Bibbins* from the Patapseo River in Maryland, in the drain-
age basin of whieh stream the deposits are well exposed and were first
studied as an indcpendent formation. It was included by Rogers in his
“ Upper Secondary ” or “ Jurasso-Cretaceous ”; by Tyson together with
the preceding formation in his “ Upper odlite.” It was with the Arundel
included by MeGee in his upper or “ varicolored elay member. The
formation was not differentiated either by Marsh, Fontaine, Ward, or
Darton in their Potomae. It eorresponds in part to what Fontaine
termed the Baltimorc beds, and ineludes Ward’s Mt. Vernon series and

' Loc. cit., p. 489.
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part of his Aquia Creek series as well as what he also called the Brooke
beds.

AreAL DistriBuTiON.—The Patapseo formation outerops in Maryland
in a belt of varying width extending from the Delaware line southwest-
ward to the District of Columbia to the east of the preceding formation.
To the south of Washington it is found along the valley of the Potomae
to below Mattawoman Creek. From the Delaware line to the Distriet
the belt has a width of about 5 miles, south of which it narrows appre-
ciably until it finally disappears in Charles County, aithough continued
on the west bank of the Potomae in Virginia. It is 2 much more con-
tinuous belt than the preceding Arundel formation.

Outliers are found resting on the Patuxent formation. The surface
is rolling, resistant caps frequently occurring as the result of the fer-
ruginous crusts whiclh are often developed. The Patapsco deposits have
been found all the way from hills 300 feet and more in elevation to a
depth of about the same amount in well borings.

Lrrmorogic CmaracTers.—The Patapsco formation consists of sands
and clays which differ, however, from those of the Patuxent formation
in the predominance of the argillaceous elements, especially the varie-
gated clays. The arkosic sands and gravels are much less common than
in the Patuxent formation. They are more common toward the southern
part of the area, where they at times become indurated, forming a part
of the well-known  Virginia freestone” of the Aquia Creek arca. A
band of pebbles frequently marks the base of the formation, as in the
Hanover region. A bed of broken and redeposited ironstone ernsts may
take the place of the pebbles, as near Hawkins Point on the Patapsco
River. _

The most characteristic materials are the highly colored and varie-
gated clays with their red, drab, and chocolate colors. The clays often
grade into or are interbedded with sandy clays, sands, and gravelly
sands. They are at times lignitic, a typical illustration being the lignitic
sandy clay at Fort Foote. Pellets of fossil resin at times occur with the
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I'1G. 1.—VIEW SHOWING THE PATUXENT-ARUNDEL CONTACT IN BELT LINE CUT NEAR THE
EASTERN BOUNDARY OF BALTIMORE CITY.

F1G6. 2—VIEW SHOWING EROSION OF OLD IRON MINE IN THIIE ARUNDEL FORMATION,
SCHOOLHOUSE HILL, BALTIMORE COUNTY,
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lignites. Small deposits of pyrite are also found in the same beds. The
variegated clays which commonly exhibit a great variety of cxception-
ally rich and delicate tints in irregular patterns often grade hori-
zontally into massive drab and black clays, which are often lignitic and
occasionally iron- or leaf-bearing. The sand sometimes contains pellets
or balls of white clay. They arc frequently cross-bedded, although not
as strongly so as the sands in the Patuxent formation. Red ochre, known
as “paint rock ” or “ paint stone,” occurs near the basc and summit,
and somctimes within the formation, while flakes of sandy and ocherous
limonite with botryoidal inferior surfaces are not uncommon at certain
horizons. The variegated clays often contain small pieccs of flattened
limonite quite uniform in size. The drab and chocolate-colored clays
have been worked at some points for iron carbonate in the Middle River
region, but the amount of ironstonc is small compared with that in the
Arundel formation.

STrIKE, Dir, AND THIcKNESs.—The strike of the Patapsco formation
is essentially the same as that of the two preceding formations. The
direction changes slightly duc to the structural features involved in the
central portion of the arca by which the Patapsco formation gradually
transgresses the earlier formations, both toward the north and toward
the south, which slightly affects the direction of the strike in the same
areas.

The dip is to the eastward at the rate of about 40 feet in the mile,
although it is somewhat increased within the Fall-line zone. The thick-
ness of the Patapsco formation is somewhat in excess of 200 feet, the
maximum thickness being observed in a well boring at Bowie, ncar
the Raritan-Patapsco contact, where a thickness of 260 feet was found.
The wells at Sparrows Point show a thickness of 204 feet, but it is pos-
sible that the upper beds had been eroded before the Pleistocene deposits
were laid down. At Red Hill, Cecil County, a thickness of 130 feet has
been observed, while at Grays Hill, in the same county, it reaches 100
feet.
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STRATIGRAPHIC AND STRUCTURAL RELATIONS.—The Patapsco forma-

tion rests unconformably on the underlying formations and at the 340-
foot hill at Relay transgresses them and rests on the crystalline rocks.
Toward the north the Patapsco deposits gradually transgress the
underlying formation, and in Delaware and Pennsylvania rest di-
rectly on the crystalline rocks at a number of points. Monadnocks of
crystalline rock penetrate the Potomac formations at several points in
northeastern Maryland and the adjoining portion of Delaware.

The Patapsco formation was much eroded prior to the deposition of
the Raritan, so that marked irregularities are found in the line of con-
tact which represent rather pronounced inequalities in the upper surface
of the Patapsco. In general the linc was well defined, and at some points
is marked by a line of broken and redeposited iron crusts. In the ab-
sence of the Raritan, which gradually thins out towards the south, the
Patapsco formation is overlain unconformably by later Cretaceous or
Eocene deposits, while in the absence of both later Cretaceous and Ter-
tiary deposits, the Patapsco formation is often overlain unconformably
by Pleistocene deposits.

The internal stratigraphy and structure of the Patapsco formation is
somewhat complex, on account of the great difference in the character of
the materials, ranging, as they do, from very plastic and highly variegated
clays to coarse sands, the latter occurring in lenses and beds which at
times considerably complicate the stratigraphy, although they are not
sufficiently continuous to make it possible to subdivide the Patapsco into
members of more than local importance. Such local lithologic terms
have been employed by others, but the very circumsecribed limits of
these beds render their use very problematical.

Some warping of the beds evidently occurs along the Fall-line, as
shown by the differences in dip, and it is quite possible that actual
faults occur, although on account of this continuity of the strata and
their frequent cover of later deposits it is impossible to determinc this
point definitely. As already pointed out, the marked changes in dip
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seen in some of the later formations, and particularly the Magothy for-
mation along the line of the Chesapeake and Delaware Canal, suggest the
possibility of actual folding in the Patapsco and carlier formations.

Oreanic REmains.—The Patapsco deposits have yielded a few speci-
mens of poorly preserved unios and an extensive flora, including repre-
sentatives of the Pteridophyta, Cycadophyte, Gymnospermw, and
Angiosperme. The ferns, cycads, and conifers rcpresent for the
most part the dwindling remnants of the Patuxent-Arundel flora, some
specics being common to all three formations and the genera being
largely identical. The fern genera Scleropteris, Schizawopsis and Teni-
opteris have disappeared, but Ruffordia, Cladophlebis, and Onychiopsis
are still common. Petrified remains of a species of Tempskya and im-
pressions of fronds of a peculiar new genus of ferns, Knowltonella, are
highly characteristic of this formation. Among the cycads Podozamaites
and Zamites are represented, but the genera Nilsonda, Dioonites, Ctenis,
Ctenopterts, and Ctenopsis have disappeared. Silicified trunks of Cyca-
deoidea have been found in the Patapsco, but it is questionable if they
have not been reworked from the older formations.

Among the gymnosperms Laricopsis, Baiera, Cephalotazopsis, and
Arthrotazopsis are no longer represented. Specics of Widdringtonites
and Pinus are new and characteristic, while the genera Sequoia, Spheno-
lepis, Brachyphyllum, and Nageiopsis are still present.

The marked distinctness and more modern aspect of the Patapsco
flora is due, however, to the abundance of Dieotyledonz, which fore-
shadow and were undoubtedly for the most part ancestral to the Dicotyled-
one of the Upper Cretaceous Raritan formation.

The more characteristic of these are the various species of Aralia-
ephyllum, Sterculia, Cissites, Celastrophyllum, Populophyllum, ete. The
compound lcaves of Sapindopsis arc one of the most striking dicotyledo-
nous elements present. Three species are known and all are strictly

confined to this horizon.
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LOCAL SECTIONS

1. Section at ** Red Hill,” along the west slope of Gray’s Hill, Cecil County,
beginning at 200 feet above tide.

Feet.

Cretaceous. Coarse reddish sand and evenly-bedded dark brown
Raritan ... SAndStOnE ICaER: ... frorsiel T T EE) cal B oo nl e oie ore BT 10
Yellow and buff sand and corrugated iron stone....... 10
Tough white clay reddish in places................... 7

Patapsco ....Massive variegated red and drab clay, the latter
slightly lignitic and containing obscure leaf im-
pressions. Lenses of white, water-bearing sand near

DAasERr . B B L T e o e 130
Patuxent ...Sand, not exposed at surface, to tide level....... L > 43
{1 10) £21) Rt A S P S 100 ") BT 0.0 5o —o B0 dlo 200

II. Shannon Hill ncar Northeast, Cecil County.

Pleistocene or Feet.
Recent ....... Loamandredclay.............. PO o P P TC ... 510
Cretaceous.
Raritan ....Dense plastic chocolate colored clay with flakes of iron
carbonate carrying leaf impressions...... I 10
( Light colofedisamd: ... oottt e oo oo aiore olfe o 8
Sandy chocolate colored clay.........coviveiieenennn. 10
Drab and light colored clay and sand grading into
West TemBEr "% it el hieieieis sheeieale o elale seiere e sles s
Patapsco ..J Chocolate clay, slightly lignitic.............oouerennn. i
Variegated Clay ...... . ecc ol eeeneunsoneanioeeens 18
Wi tessandl™. | . . b .o s b BT 1
Vaniegated "Glay w1 e oty o o r g Rl L h S e ot - otese 35
] Yellow and purple sand and ferruginous sandstone.... b
Total . o JI%. il o L B et xekegeke Lo<h D T 50 o ol 1514

II1. Section of Baltimore and Ohio Railway cutting at Foy’s Hill, Cecil
County, beginning 270 feet above tide.

Feet.
Recent ........ .Gravelly loam-“wash ™ ............iiiiiiiiineenn 5
Cretaceous. Fine. white BAMA:. . T ..o vu suu oot v miiaiiie oot i oie sleiololalale 11
Brown loamy sand, more or less gravelly and arkosic
tOWaATA " hHaSe: . . . Bk w5 e o Wl e s b e el Yoo 12
Raritan .. < White chinaware clay, more or less iron tinted, and

varicolored, at times grading horizontally and ver-
tically into micaceous sand and becoming gravelly
and arkosic toward the base............. P L1511

Patapsco . ...Very dense, richly variegated clay, to and below the
el TERTEILE & 68 a8 06 dBiE ook 313 0k 6 8.6 86 H660 0 B 9000 B 6 a0 10
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FIG. 1.—VIEW SHOWING EROSION OF ARUNDEL CLAYS, HARTKE IRON MINE NEAR HANOVER,
HOWARD COUNTY.

Fi16. 2.—viEw sHOWING REYNOLDS IRON MINE IN THE ARUNDEL FORMATION, I MILE SOUTH
OF HANOVER, ANNE ARUNDEL COUNTY.
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IV. Well Section at Sparrows Point, Baltimore County, Well No. 4, beginning
10 fect above tide.

Feet. Inches.

Recent ..... coaATtificial AlMng ..o o e i 10 .
Pleistocene. Medium coarse buff sand................ 0 )
Talbot .... J Coarse light drab sand....................... 53
Drab calcareous clay, with remains of marine
invertebrates ............ ..ot 20
Cretaceous. Light colored plasticclay.................... 22
Very coarse gravel. ........coviveeenneeennns 23
Wohilte Samid ... .- .o oot et vl e o o e e s 5
)i DT ) e A B s S e A st 5
Hard brown clay........coiiieeineneeennnnnns 15
Fine buff sand.......... Bt © T LB OE 13
Fine white water-bearing sand................ 32
Very coarse gravel........coovuenenrenenenenns 8
Hard sticky fineredclay...........coevuvenn. 32
Patapsco .. Coarse water-bearing sand................... a2

Data from the neighboring coke oven well
carries the section beyond this point. Begin-
| ning at 220 feet from surface, near base of the
foregoing member.

[IRE e EIETA 0 a8 o 6 AoRs H10000 0 0b GBI 5 o o8t 62

White sand ..........cciiiiiiivinrnrneennnns 9

Redl @l fo J. . ceend e et e ) N - | 4

UHARA SN, < '. . cgepe ooeie o ooimhs dmara 00 0le oo stogs s 16 5

Tough red clay............... SORLEI oo .14
Arundel (?)- “ Flint rock ” (probably iron carbonate)...... 0 334

LSoft blue clay, iron nodules at one level...... 23 8545

Gray SAHA, . o, 0. o oh el TuT e he T o6 s0 Feas 21
Patuxent . JRed Clay ......eouoveinmeneonneeannneannnn. 6 6

Unleniowm' &0 5.0 ool s SR L e amL 71

Crystalline rocks.Granite at ............ .. .ot iiiiiinennns 495

V. Section of Baltimore and Ohio Railway cutting east of Bay View Station,
Baltimore County, beginning at 130 feet above tide.

Cretaceous. Feet.
Patapsco (?).Buff, ferruginous sands, often indurated and capping
the BIEODR . . 5 it Jele o o lole ol e o e rorefele o oia oo oo ale ale ool s 10-20
Arundel ....Drab stratified leaf-bearing clays, occupying a depres-
sion in the surface of the Patuxent®............... 0-15
White and varicolored, more or less indurated, cross
Patuxent . bedded sands and gravels, somewhat argillaceous and
with lenses of sandy clay to the level of the railway
13 it Yol | S M SISl O R e 0 5-20
yROFANRN. N Kol . p. T PV L. LS S e 53

! See list of species in Tables of Distribution.
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VI. Section of Belt Line cut near Eastern boundary, Baltimore City, beginning
180 feet above tide.

Pleistocene. Feet.
Sunderland .Brown more or less gravelly loam, at times with re-
worked iron crusts. Occasional loose ferruginous
sandstone masses at base...........ciiiiiiiiiienn 20
Cretaceous.
Patapsco ...Hard, irregularly bedded, buff sand with thin corru-
gated plates of iron sandstone toward the eastward.. 0-15
Arundel ....Mostly massive dark red, yellow or mottled clay somec-
what sandy, locally wanting...................... 0-20
White and varicolored, often micaceous and cross
bedded sand and sandy clay, with crusts and ledges
Patuxent ..! of sandy mammalary limonite near the top.......... 20
Coarse white sandy micaceous gravel, locaiiy indurated
toward summit by hydrous iron oxide, exposed....10-20

Totalsp. W E T bl UL T TG SRSl L 95

VII. Well section at * Smith's Distillery,” Baltimore.

Tyson published in 1860 a record of strata penetrated by this well on North-
west harbor, which presents a typical Patuxent section. The well began at
10 feet above tide.

Feet

Recent ......... 125 LY o 1110 (o AU PR SR s SRS PO S b2
Cretaceous.

rSand, gravel and boulders............ccovvvineivennnn 6

HaEdl bluel Clay .=, 5k coe o o Sorcte e mooge St oLtk )

Redfclayievy. 2885 . 058, 0L RS B T sl 6

RBANOCHET "1, . 2% & oo corehefops o oiorel 9o oxe oo Mere i L ovaponot A 2 o 5

i i b S S S W b et 4

Whiterelay, W 5, Jwl L L ahad S s pee ok U LR e I 32

White sand and gravel, water-bearing................. 8

‘White sand, gravel and boulders, water-bearing....... 7

Crystallines!: ! L (GIEISB .. . e rreret cporeie srololols o Gho¥e s rhomoys LN Rekerer ogene) = 3] - feheryome ol 7

Motal - 0 T R e Syl | 129

VIII. Well section at Torsch Packing Company, Chesapeake Wharf,
Baltimore, beginning 10 feet above. tide.

Feet

(ol oY) TR W e IR O PR | 75 5w 05 010 080 o bo 0 8

Recent ........ {Mud ................................................ 7
Mud with shells and gravel............c..covvvunenn.. 7

Cretaceous. iedRClayd LW SR NS LW LN e TR ST 8
WIS G100 ook oo o XK T30 0 o 3tiad Aok oo M6 o dtic 15

Sandy white clay.......ooiviiiiiii i iiinninnnnnnn. 15

Rathxent® R ialroc g i L e ) 5
Impervious white clay..............ccoiiivvvnn.... 15

Water-bearing white sand............................ 22

Estimated to bed rock.............coviiiiiiiiiin, 48
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IX. Section at Federal Hill, Baltimore, at Baltimore Terra Cotta Works,
Covington and Ostend Strects and beginning about 70 feet above tide.

Feet. Inches.
Cretaceous. rSandy clay, sand and ferruginous sandstone,
with silicified wood and red clay laminae... 5 10
Carbonaceous clay with flakes of white and
brown iron ore....... 1 4
“Alum clay,” “yellow horse clay,” yellow
ochre, and variegated clay, at times sandy
and containing iron crusts and tubes
Bluish clay and potters clay with semi-erect
Patapsco ... stumps and horizontal logs of lignite, im-
pregnated with pyrite. Occasional fern im-
pressions
Darker blue slaty clay, without fossils
Gray slaty clay, with profusion of plant re-
mains? ..
Sandy clay
Indurated ferruginous layers
LCommercial red ochre

(Iron sandstone

‘White sand

Fine white sand with white clay balls
Building sand and indurated gravel, near tide.

The well at the Torsch packing house carries
Patuxent ../ this section downward (allowing for dip) as
follows:

White clay

Arenaceous white clay
Sand rock

‘White impervious clay
‘White water-bearing sand

Total about

X. Section at “ Lower Smith’s Banks,” 1 mile south of Hawkins Point, Anne
Arundel County.
Feet.
Pleistocene.
Brown massive and stratified loam with a few well-
rounded pebbles toward base
Cretaceous. Variegated argillaceous sand and sandy eclay, iron
crusts toward and at base where there is a local
unconformity
Extremely dense, massive and tough, richly variegated
Patapsco ..| clays
Continued downward by an artesian well at Ft. Armi-
stead, Hawkins Point, as follows:
Pink sandy clay...
Fine buff sand K e
| White and buff mottled clay

1 See list of species in Tables of Distribution.
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X1. Section at * Deep Ditch,” Schoolhouse Hill, Baltimore County, beginning
230 feet above tide.

Cretaceous. Feet,
Patapsco ...Argiiiaceous sand, more or less iron-stained, with
variegated ciay and ferruginous crusts; ash-colored,

lignitic and somewhat indurated toward the bage.... 10
(Slightly indurated, ferruginous ledge, with ieaf im-

pressions and casts of cones.............c00vuenn. i

Arundel ...)Drab-colored clays, with beds of lignite and white and
brown iron ore, containing occasional fern impres-

sions; teeth and bones of dinosauria; basal ferru-

L ginous ledge. Extensively mined for iron.......... 50

(Conipact yeiiowish, reddish and variegated sand, io-
cally carbonaceous; brown clay containing flakes of
iron ore (hydrous oxide); iead-coiored ciay with
indeterminate fragments of plants; ferruginous sand-
stone ledge with “ pipe ore” (corrugated iron stone),
silicified trunks of Cycadeoidea marylandica (Font.)
Patuxent . % vV and ~Inusieure¥enls , et e e s e hos okt sibor AerXel ch P - 30
Dense jointed clay of great variety and deiicacy of tint,
red, liver-colored, and white predominating; “ paint
rock ” (red ochre) and lenses of coarse hard sandy
arkosic gravel with balls of white clay and siiicified

WOOA N N rers « kil eensio B ool A il Poacle o) 20
Cross-bedded sand slightly carbonaceous............. . 10
FUMKNOWN;» ADOUWE: . i s cne b o Thern oiolelors siore™ o o sre slelois o s s 3
Crystailines ....Gneiss, exposed near Arbutus.............. B oo oo
Totalll, & .. .o ..o ol ik oML PR e e 151

XII. Section of ** Red Stone ' Baltimore and Ohio Railway cutting near Lans-
downe, Baltimore County, 140 feet above tide.

Cretaceous. Feet.
Arundel ....Drab ciays, iron-bearing in the immediate vicinity.... 10
Patuxent ...Buff, white and richly iron-tinted sand and ciay (the

sands at times indurated by iron) white “ pipe clay ”
and Ted - 0ENTET: . 2. et o s cioe o oiate oo crbiate o e o orela) o ol oekeke « 30

XIII. Section at Reynolds’ Iron Mine, Piney Run, 1 mile south of Hanover,
Anne Arundel County, beginning 100 feet above tide.
Feet. Inches.
Cretaceous. (White and light brown sand and gravei with
iron “StON@ VEISLS .1 - « ool 5. ¢ orerolonsbols ol olokole oo o 10
Patapsco ...J White and variegated argillaceous sand, ciay
and red paint clay, more or less indurated
ALIDASEY o r ooy wmere s E TR T (R a2 e e 5o s 10
Ferruginous ledge more or less conglomeritic. . 3
Arundei ...... Dense drab laminated clay, at times lignitic
and with occasional undeterminable fern
impressions. Nodules, flakes and ledges of
carbonate of iron in many courses (partiy
determined by boring)..............o 0l

©w
(=]
(]

Totaiw ..k . . M. . Far . . ol gl
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X1V. Section at * Timberneck Iron Mine” on Licking Run, 1 mile southwest
of Hanover, Howard County, 200 feet above tide.

Feet.
Cretaceous. Reddish sand somewhat gravelly with corrugated iron
Patapsco sandstone 12
IVariegated argillaceous sand and compact sandy clay
\ with clay pellets
Arundel Drab lignitic and at tlmes pyritous clay, very dense,
and carrylng pellets, nodules, flakes and ledges of
Iron carbonate to bed of Llcking Run

Patuxent .... White clay, exposed in bed of Llcking Run

XV. Section at Baltimore and Ohio Railway cutting, between Jessup's and
Montevideo Stations. beginning 290 feet above tide.

Pleistocene. Feet.
Sunderland .Loam, gravelly loam and ferruginous conglomerate
grading into sand and gravel at the base
Cretaceous. Brownish drab clay with fragmental masses of hema-
titic ochre carrying leaf and cone impressions... 2-6
Patapsco ..J) Lilght colored clay, grading over into red and varle-
gated clay ! .. 64
Bog Iron ore at
3
Lignitic clay, carrying iron carbonate and dlnosaur-
Arundel ... ian bones 60
Light drab clay with “ white ore” containlng occa-
slonal casts of mollusca 10
Patuxent ...Generally loosely-bedded, white and vari-colored sand,
argillaceous gravelly and arkosic sand and sandy
clay, with much interbedded lignite to and below .
level of railway tracks

XVI. Section at *“0ld Blue Bank ” iron mine, near Muirkirk, Prifice George’s
County, 230 feet above tide.

Recent
Cretaceous.
Patapsco ...Mottled gravelly loam with silicified wood

J’ Massive drab clay wlth septarian nodules of earthy

Arundel slderlte; bones of dinosaurla near the base

1 Highly lignitic lense with whilte charcoal ore
LTough blue clay with white ore

Patuxent ...White sand, exposed by boring

Total thlckness
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XVII. Section at Florida Avenue and Sizteenth Sireet, Washington, D. C., -
beginning at 180 feet above tide.

Feeot
Pliocene (7). Red loam, gravelly loam and gravel with cobbles and
boulders toward base............oiiiiiiiiiiiiiaan. 8
Lafayette Reddish brown stratified loam, vari-colored loam and
B clay interlaminated with brown sand............... 10
Ferruginous gravel with boulders of crystalline and
Newark rocks ........... SN I N N e 10
Cretaceous. Arkosic cross-bedded pebbly sand with clay pellets,
Patuxent .. slightly carbonaceous in places............ AL
Light greenish drab sandy clay............oceveunennn 6
(/1117 | e SRR o (P S, o BB 3 . 0 A 49

XVIII. Well section at Pumping Station at Soldier’s Home, Washington, D. C.,
beginning 200 feet above tide.

Feet

Cretaceous. ARCAMCIAYS .« .« oe ooe - o7 5 0 T o ALY T B TR 2
Redbgnavell b o8 .. nl oo Sk 0L UL S e 2

White gravel ..........cocvieeininnn T o oy P 3

WIMEE CHAT oot & o v oo oaie o chelosd oions ofohonsiolls AR - . 4

SR RS Gon e s PE  BRse | S o o't o B o 56908 30

Black loamy samdh. . de o oo o ol floione e St & Boere oefe e ke 6

White gravel, water-bearing.................. ... .. ... 6

Btilagt | gl o otk T W B
Bilue' potter’s lclay? . .. ... ko e B 16

A0 D IBB 06 So0 BEEED A5 6 b ol 6 BB 0.2 o e dk Jo00 0 0B 66 dso o o 74

Quartz sand, water-bearing............coiiiiiiiiiiin 13

IS0LE GRS oo ¢ Bads dlo 0Nt o 8 o P00 Aok o o0 6 oo 0 o 50

Sand and abundant water....... o o ey ISEB I o Bl 3% o 8

(CHENE IR G C37t onh ol olOk D 8 00 9800 00 A8 6 56 g 0:ofB 25 < ooic 13

lGravelly clay mixed with sand....................... 2

RS ORI RO KA araels - - e o T « LT oo o1 R eon R X 5

Crystalline “Hard °granite’ rock ™ fn velm......... 5 . .iiei.. 5
o' Gravel and sand, water-bearing....................... il
Hard “nigger-head” rock............coooiiiiiiiat, 304

[ 1757 175)] P o NP SRS (R S 5 S = ¥ 478

XIX. Rection at East Washington Heights, near Overlook Inn, beginning 280
feet above tide. -

Pliocene (7). Feet.
Lafayette ...Loam and gravel............... dh b s Mmoo . B L 15
Miocene.
Calvert ..... Fine yellow ocherous clay (“ marlite”) closely
jointed with occasional small leaf imprints, grad-
ing into mealy sand, iron crusts at summit........ 40
Cretaceous.
Matawan ...Dark colored, somewhat glauconitic sand........... 15
Light drab laminated sandy clay, at times carbo-
naceous ..... 0 00 o TS ol o AP = 8

Magothy ...l [,gpse buff, brown, yellow, gray, and white sugary
sands, more or less cross-bedded, and indurated,
with light drab leaf-bearing clay.................. 25
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Massive and stratified bluish drab clay, at times
lignitic and pyritous and occasionally blotched
Raritan ...J with red ochre
‘White clay in local lenses. Massive and stratifled
light-colored and drab clay, interbedded
Dense variegated and drab, jointed clay grading at
times into sand, lower portion more or less covered
by flanking of Pleistocene and wash
Red and drab clay with ferruginous sandstone largely
covered by flanking of Pleistocene and wash
Patuxent ...Beginning 20 feet below tide. Cross-bedded arkosic
sand, with interbedded clay, estimated
Crystallines ....At level below tide of 460 feet.

Patapsco

XX. Section at Fort Foote, Prince George's County, about 200 yards below
Notley Hall Wharf.

Pleistocene.
Wicomico ...Sandy gravel with cobbles and boulders
Cretaceous. r Tough, variegated clay
Strongly cross-bedded medium fine grayish carbo-
naceous sand compact toward top with interbedded
Patapsco ..J lenses of stratified drab or chocolate-colored clay
charged with comminuted vegetable matter and occa-
sional well-preserved leaf impressions?
Dense, tough, chloritic, variegated clay to tide

XXI. Section at Fort Washington, Prince George’s County, at excavation east
of wharf.

Pleistocene.
Wicomico ..Coarse gravel
Eocene.
Red sand with casts of Turritella, Dosiniopsis, Cyth-
erea, Crassatella, Ostrea, etc
Cretaceous. Light variegated sand, slightly glauconitic
Matawan .+ Dark micaceous sand with Cyprimeria densatae, Cras-
satella vadosa, Cuculaea vulgaris, ete
Dense, massive, jointed, variegated and drab clay, gyp-
seous above, occasional ironstone crusts e
Patapsco .. (Exposed near wharf) light gray lignitic sand, with
much iron stained clay balls and with lenticular
pockets of dark gray lignitic clay carrying indistinct
impressions of plants

1 See list of species in Tables of Distribution.
6
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XXII. Section at High Point, Y% to 3 mile below Glymont, Charles County.

Pleistocene. Feet.

Talbot ..... Loam  and gravel. ... ... ..l el Selole oolelsie oiohsRsts o ool 15
Cretaceous. Interbedded buff and more or less arkosic sand, loose
and cross-bedded, with light drab clay, iron crusts

atilibased.. . . ol foire oo - FERTEE: Drn O R D A0 20
Patapsco ..J Irregularly interbedded brown and light drab clay,

grading down to brown sandy clay.................
Brown sandy clay, with greenish-drab, chloritic, sandy
clay=at. tldek 4 = =0 S LT e L O S Y 55

XXIII. Section on Stump Neck, Charles County.

Pleistocene. Feet.

Talbot ...... Brown_gravelly: Toamu. | ... .. ... o ok 50 S0t s g o 3

Sand, gravel and cobbles...........c.ovuuunn A 12

Cretaceous. Cross-bedded, compact sand slightly arkosic........... 8
Patapsco ..! Massive green chloritic clay to tide, with lenses of drab

clay carrying leaf impressions?®..................... 4

TEtall . T, ru el Lot SN NN, 27

INTERPRETATION OF THE POTOMAC DEPOSITS

Potomac deposition was probably preceded by extensive base-leveling
of the eastern side of the continent, with accompanying widespread rock
disintegration. Stimulated by elevation and seaward tilting, thc re-
vived streams transported these materials to their present position. The
fact that these deposits consist very largely of redeposited Picdmont
crystallines, and to a less extent of Appalachian strata, is what might
be expeccted, but the circumstance that no clearly defined trace of re-
deposited Newark materials has becen found in the Potomac deposits of
Maryland is somewhat surprising. From this we must infer either that
the Newark was not to any great extent exposed to Potomac erosion, or
that its materials werc not sufficiently consolidated to permit of trans-
portation, except in so finely divided a condition as to be unrecognizable.
It is quitc certain that during maximum Potomac subsidence a large
body of Newark materials, especially beyond the limits of Maryland,
was beneath tide level, and therefore not exposed to subaérial influences.
Inasmuch as the Potomac beds themselves, particularly the basal ones,
have since that date undergone considerable induration, oflen without

1 See list of species in Tables of Distribution.
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NEAR VIEW OF LAYERS OF CARBONATE OF IRON NODULES IN THE ARUNDEL CLAYS,
REYNOLDS IRON MINE, T MILE SOUTII OF IHHANOVER,
ANNE ARUNDEL COUNTY.
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the agency of iron oxide, we may suppose that the subaérial Newark
sandstones of that date, if consolidated at all, were considcrably less
resistant than, for example, during the early Pleistocene, in the deposits
of which the Newark materials are abundantly represented.

The basal deposits of the Potomae Group, produced by the initial warp-
ing of the continental border and described as the Patuxent formation
indicate in their arkosie eharacter their proximity to the source of supply,
which was the extensively disintegrated Piedmont erystallines. It is
assumed that the Weverton peueplain, upon which the oldest known
Coastal Plain sediments were deposited, extended as a land surface to
the eastward of the present coast line. The epeirogenic movement, which
stimulated erosion and inaugurated the Potomac cycle of deposition was
undoubtedly a differential warping, with the focus near the present
Fall-line. This may have resulted in the formation of a broad, shallow
basin near or below sea level, from which the waters of the Atlantic
Ocean were largely excluded. McGee has compared the Potomae deposi-
tion with that of the present Gulf of California, although the lack of
any evidence of an invertebrate fauna in the Patuxent formation renders
such an interpretation unlikely. A gradual tilting of the coastal border
of the Weverton peneplain would seem more nearly to cxplain the facts,
since it is well known that sea coasts with an almost imperceptible
gradient like that of the present west coast of the Floridian peninsula,
show characters identical with those coasts which arc separated from the
open ocean by barriers in the form of reefs or sand bars. It seems
probable that the inner marginal Patuxent beds, which alonc are avail-
able for study, werc largely continental deposits made up of an ever-
varying and complex eombination of fluviatile, solian, and laeustrine
sediments whiech merged in passing to the eastward with estuarine or
littoral sediments. The well-rounded and rarely flattened pebbles are
characteristic of fluviatile action, as is the presence of eobbles, often of

large size, which are so prominent in some of the Virginia outerops.

The cross-bedding of so much of the arenaceous materials which pass
horizontally into clay lenses and which contain rolled clay balls is also
espeeially characteristic of fluviatile forces, and w®olian forees may like-
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wise be called upon to explain cross-bedding, although it would seem that
the latter class of deposits are practically negligible when the materials
are considered as a whole. The quickcned streams at the inauguration of
the Patuxent built out alluvial fans with comparative rapidity and af-
forded little opportunity for the preservation of terrestrial vegetation
or of the aquatic life of the Patuxent rivers or lakes. The fossil plants
which are so sparingly distributed in the Patuxent represent for the most
part fragments of conifcrous stems or coriaceous bits of foliage which
successfully resisted the trituration of the coarsc sediments. Only one
Patuxent exposure, that at Fredericksburg, Virginia, has furnished an
extensive flora, and this was contained in a single somewhat more argil-
laceous lens of very limited extent. Elsewherc a considerable flora has
been found in redeposited masses or balls of purer clay, which were
evidently transported from their original place of deposition in the
quiet waters of some Weverton oxbow or lake, and therefore antedate in
their origin and their contained flora that which was contemporaneous
with their final deposition in the Patuxent sands. That the contained
flora is not appreciably different from that of the balance of the Patuxent
flora indicates that this time interval, while long according to human
standards, was short when measured in terms of geological processes.
Such meagre fragments of the aquatic life of the Arundel and Patapsco
epochs as are preserved, a few almost undeterminable fresh-water gastro-
pods, tiny pelecypods and unios, indicate that conditions similar to thosc
outlined above persisted until the close of the Potomac.

The Patuxent deposits, like those of the succeeding Arundel and
Patapsco formations, reflect in a large measure the character of the
Piedmont materials which lie immediately to the westward. Where these
materials were highly fcldspathic the sediments are strongly arkosic.
This is a very characteristic feature of the Patuxent deposits, and one
which continues unchanged as far as eastern Alabama, a distance of
several hundred miles. Where gabbros or other rocks rich in the iron
minerals are found near the eastern margin of the Piedmont, as in the

vicinity of Baltimore, the derived sediments are ferruginous, and this

is especially noticeable in the concentration of the iron in the Arundel
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formation, and to a less extent in the Patapseo. Where the ehloritie
sehists of the Piedmont are developed near its eastern margin, as in the
northern Virginia area, the Patuxent elay lenses tend to be greenish
in eolor.

The close of the Patuxent cpoech was probably marked by a slight
elevation of its deposits and a trenehing of the surfaee by streams; or
perhaps the process was merely one of differential warping. This was
followed by a subsidenee or tilting, which was emplasized to the land-
ward by the oceupation of the ancient valleys by swamp deposits. The
tough elays of the Arundel formation, eharged with lignitie aecumula-
tions, in whieh tree trunks are at timnes found erect with their roots in-
tact, find their most satisfactory explanation on this basis. It was in
these ancient swamps and estuary marshes that the iron, derived to a
considerable extent from the adjacent areas of basie eruptives, was de-
posited, first, no doubt, as bog ore, which by contact with the excess of
carbonaeeous materials was later altered to the carbonate and redeposited
in its present nodular form. It was in these swamps that the remains
of dinosauria became entombed. On this hypothesis the lenses of Arun-
del elays represent erudely the ancient drainage lines of the croded sir-
faee of the Patuxent terrane. The widening of the areas seaward may
possibly be interpreted on the basis of lagoon deposits into whieh the
Arundel estuaries merged.

The Pleistoeene “buried-forest” deposits of the Chesapeake shores
may furnish some clue to the origin of the Arundel iron-orc elays, as
well as similar beds in the Patuxent and Patapseo formations. The
Pleistocene deposits of this charaeter appear to have originated by the
impounding of the estuaries by sand spits—a process which may be ob-
served at many points within the Chesapeak(e and elsewhere at the
present day. The closed estuary then speedily silted up and was con-
verted into a peaty eypress swamp in which bog iron ore was deposited.
Meanwhile the bay shorc adjoining the mouth of the swampy estuary
was gradually reeeding by virtue of wave aetion until the swamp mate-
rials themselves were invaded and more or less eut away. This process
was followed, or perchance attended, by gradual subsidence, which re-
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sulted in the deposition on the newly wave-cut surface of a new and later
member. Emergence followed, and the waves of the Recent period arc
now actively cutting away both the more recently deposited beds and the
basal remnant of the older ones, with their beheaded cypress trunks and
knees, imbedded in peat. In the basal clays of this Pleistocene swamp
deposit, penetrated by the roots of the trees, one finds an occasional, im-
perfectly formed nodule of iron carbonate, so characteristic of the Arun-
del. When exposed to the air it rapidly changes to a bright vermilion
ochre.

There is little question that some such process as this has figured to
a considerable extent in the genesis of certain of the lesser lenscs of
drab, lignitic, iron-bearing clay occurring at various horizons throughout
the Potomac Group; but the large scale—both vertical and horizontal—
on which the Arundel formation, or “iron-ore clays” proper, is de-
veloped cannot well be explained entirely by this simple theory. Land-
ward tilting must be retained as the chief explanation for the Arundel
clays until a more satisfactory interpretation can be brought forward.

The well-marked unconformity occurring at many points between the
Arundel and Patapsco formations, notably in the West Hanover district,
indicates emergence and a distinct erosion interval prior to Patapsco
deposition, and the marked changes in the floras would seem to indicate
that this interval was a long one, during which the Arundel sediments,
if originally continuous, were removed by erosion from large areas.

The highly colored and variegated clays of the Patapsco formation,
like the iron-bearing Arundel clays, evidently bear some relation to the
great basic eruptive masses, plentifully iron-bearing, which lie to the
north and west of them. This phase of the sedimentation is somewhat
more prominent in central Maryland, where the rocks of this character
are not only well developed, but nearest the eastern margin of the Picd-
mont belt. It is also probable that these ferruginous Patapsco clays were
also in part redeposited from the more richly iron-bearing clays of the
subjacent Arundel. The Patapsco sands were doubtless derived to a
considerable extent from those of the Patuxent terrane.

That the seaward tilting was not continuous or persistent in the same
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F1G. 1.—VIEW SHOWING PATAPSCO SANDS OVERLYING ARUNDEL CLAYS, CEDAR HILL MINE,
TIMBERNECK, I MILE SOUTHWEST OF HANOVER.

F16. 2.—VIEW SHOWING LEDGES OF INDURATED SAND IN THE PATAPSCO FORMATION WHICH
JS OVERLAIN BY GREENSANDS OF THE AQUIA EOCENE IN CUT OF R. F. & P. R. R,
NEAR AQUIA CREEK, VIRGINIA,
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direction is evidenced by the varying character of the deposits and the
statigraphic relations which the several formations sustain to each
other. In the succeeding chapters the surface configuration, both of
the crystalline floor and of the Potomac Group is discussed, and some pos-
sible interpretations advanced.

The greater thickness of the formations of the Potomac Group along
a belt somewhat to the eastward of the Fall-line may have emphasized
the downward movements in this portion of the Coastal Plain during
Potomac time. On the other hand, the gradual removal of the weight
over the Piedmont region by the removal of its residuals has possibly
occasioned an upward movement of that area as well as of immediately
adjacent Coastal Plain regions. The accumulating results of these ten-
dencies, partieularly the first imnentioned, from the beginning of Potomac
time until the present, have becn the weakening of the crystalline floor
near the landward border of the Coastal Plain, aeccompanied by monoclinal
folding and even faulting on a limited scale. The studies of McGee in
the upper Chesapeake area, and of others to the northward and south-
ward, fully convinced him that displacement had actually occurred, al-
though no very definite evidence was adduced in demonstration of the
same. Other writers, including Fontaine, however, believe that we have
to do merely with sedimentation across a pre-Potomac cscarpment. In
the opinion of the authors of this paper, the Fall-linc phenomena in
Maryland, and elsewhere, afford considcrable evidence of actual dis-
placements. A number of carefully constructed vertical sections on a
large scale have been made across the Fall-line zone, and these show
in nearly cvery instance evidence of this.

Lvidence of the actual displacement in the Potomac beds is very
clearly defined in the vicinity of Relay, Maryland, and this is further
strengthened by the fact that the Miocenc beds at Catonsville, near by,
lie considerably higher than the normal dip of the main body of the
Miocene deposits calls for.

At the openings of the Maryland Clay Company, at Northcast, Mary-
land, there occurs a well-defined example of an anticline in the Patuxent
beds which is believed by Ries to have been produced by thc hydration
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of the subjacent feldspathic rock in the proeess of its deceomposition into
the residual kaolin mined at this point. Though the scale on which
the folding oecurs is small, the phenomena afford a suggestion as to the
possible causes of some of the lesser irregularities in the Patuxent beds
which lie near the crystalline floor.

Surface Configuration of Crystalline Floor and its relation to Potomac
Basin of Deposition

The basal beds of the Potomac Group rest on a more or less uncven
surface of crystalline roeks, in which certain of the more important
drainage lines of the present day were alrcady established, as is shown
both at the marginal eontact and by the well borings near the landward
border of the formations.

The great inerease in the dip of the Patuxent and succeeding forma-
tions along the Fall-line has already been alluded to, as well as the
evidenee that it represents in part at least a fault searp.

It is significant, however, that there is a marked though less pro-
nouneed deeline in the dip of the strata eastward of the Fall-line all
the way to the seaward margin of the Coastal Plain. The evidence for
this is furnished by the deep-well borings in Delaware, Maryland, and
Virginia, the number of whieh is not as great as could be desired, al-
though they all show, without exception, a progressively lessened dip of
the beds as the distance from the landward margin increases.

The following wells of the middle Atlantic slope reach the crystalline
rocks and show the following rates of deseent of the crystalline floor:

Distance from

point where crys- Depthoferys-  po.. .

talline rock

Location of well, su%%lce%zgé%%es su{,‘}:?el‘)%ll?w S:l?cnclﬁg
Miles. Feet. Yeet.
Ice works, South Wolf Street,

Baltimore ................. 8 151 200
Baltimore Copper Works, Balti .

31010 P 2 187 93.5
Farnhurst, Delaware ........... 2 111 55-4-
Middletown, Delaware ......... 12 452 37.7
Sandy Point, Virginia........... 2 270 135
Quantico, Virginia ............. 2 210 105

North End Point, Virginia...... 72 1,162 15.7
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These records indicate a rapid slope near the Fall-line with a lessen-
ing seaward, although actual elevation is suggested in the crystalline
floor in the Middletown, Delaware, area, which may represent an exten-
sion of an axis from Iron, Chestnut, and Grays hills to the southcastward.
They also show an actual thinning of the Potomac deposits to the sea-
ward, as shown by the well at North End Point, where the thickness of
the Potomac beds is only onc-half the normal thickness at the outerop.

The record of the well borings becomes of the highest significance when
it is remembered that this crystalline surface has been receiving along its
seaward margin progressively greater and greater loading through de-
}.)osition since Potomac time. The conclusion is readily reached that
subsidence took place gradually, and that any barriers which existed
along the eastern margin of the Potomac basin were depressed below
sea level.

Marsh and McGee, as well as most other writers, have cxpressed their
belief in such a barrier, although not addueing any further concrete evi-
dence of the same than the non-marine character of the Potomac sedi-
ments. McGee has suggested, as above stated, that a Potomac barrier
may have been comparable in character and extent to the existing penin-
sula of Lower California. Another possible, although perhaps less
plausible, interpretation of thesc phenomena is found in the hypothesis
of incipient folding in Potomac time.

Such interpretations as have been suggested in the foregoing discussion
may be understood as but an imperfect and more or less speculative at-
tempt to reduce to language a long-continued scries of cvents whicl in
the actual complexities of the interacting factors involved baffles de-
scription.

Surface Configuration of Potomac Deposits and its Possible
Interpretation
The records of deep artesian well borings to the eastward of the Po-
tomac belt indicate some clearly defined irregularities in the rate of
decline of the Potomac surface. It will be scen from the following table
that only a single record shows a greater decline than 25 fect, while
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most of them show a deseent mueh less than this amount, in one in-
stanee (Crisfield) even less than the observed average landward dip
(12% feet) of the Eoeene deposits whieh immediately overlie the Potomac
beds to the southward.

Distance from
point where Depth of d ';“.f;’ Sf,n
Loeation of well. Potomac surface below ? ':tn P
surface reaches tide level. s .lp g
sea level. e,

Feet. Feet.
Roek Hall, Maryland i 240 24
Claiborne, Maryland 19 440 23
Tunis Mills, Maryland 24 430 18
Tilghman’s Island, Maryland.... 27 400 15
Gloucester Court-House, Virginia 38 - 600 16
Williamsburg, Virginia 38 550+ 14.5
North End Point, Virginia 62 920 15
Crisfield, Maryland 91 964 10.6

Aceording to these reeords, there is a marked lessening in the deeline
of the Potomae surfaee far to the seaward. When the surface of the
Raritan formation is likewise eonsidered there seems to be an aetual
rise in this surface in the Eastern Shore of Maryland and Delaware,
between the Chester and Choptank rivers, although it again declines east-
ward a little farther seaward, as shown by the boring at Gloueester Court
House, Virginia. Whether we have to do with an erosional irregularity

in the Potomac surfaee or with ineipient deformaﬁon, the faets at hand

do not permit us to determine. If the irregularity is due to the latter
cause, the axis of the antieline would not seem to be eoineident with that
of the peninsula of Delaware, but would eross the latter in a northeast-
southwest direetion. A depressed barrier, such as has above been indi-
eated, may well have served as the seaward buttress in suech deformation.
Whether there may be more than one of these axial prominenecs in the
Potomae surface is a question of mueh interest, but which eannot be
answered with the data at hand.

The lessening in the deseent of the Potomae surfaee far to the seaward,
as indieated by borings at North End Point and Crisfield, is in general
in harmony with the relations of the subjaeent erystalline floor above
deseribed.
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F16. 1.—VIEW SHOWING MASSIVE VARIEGATED CLAY OF THE PATAPSCO FORMATION, NEAR
HAWKINS POINT, ANNE ARUNDEL COUNTY.

I16. 2—VIEW SHOWING PATAPSCO SANDS AND CLAYS OVERLAIN BY PLEISTOCENE SANDS,
B, & O. R. R. CUT, ROSEDALE HILL, BALTIMORE COUNTY,
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DISTRIBUTION OF THE FAUNA AND FLORA.

The following tables show the geological and geographical distribution
of the animal and plant remains which have been collected in the deposits
of the Potomac Group both in the State of Maryland and in the contig-
uous areas of the District of Columbia and Virginia. The species rccorded
in these tables will be fully described in subsequent chapters.

TABLE SHOWING THE DISTRIBUTION OF THHE ANIMAL REMAINS.

Arundel. Patapsco.

Maryland. 'Distrlct of Columbia.| Virginia.

1
White
Washington. House

Bladens-
Branch-
ville.

Near
Muirkirk.
burg.

DINOSAURIA.
Allosaurus medius

Astrodon Johnstoni
Dryosaurus grandis
Priconodon crassus

CROCODILIA.
Gontopholis affinis .

GASTROPODA.
Bythinia arundelensig...... |........ |

Viviparus marylandicus ....|.coveeefoerncaes
| |

Viviparus arlingtonensis... Al s || SaRe Mo

PEL