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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-




MARYLAND GEOLOGICAL SURVEY 25

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.”




MARYLAND GEOLOGICAL SURVEY W

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




MARYLAND GEOLOGICAL SURVEY 45

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.
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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-




MARYLAND GEOLOGICAL SURVEY 67

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




MARYLAND GEOLOGICAL SURVEY. LOWER CRETACEOUS, PLATE IX.

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

PELECYPODA. |

Cyrena marylandica ........|.... ...

Unio polapscoensis........... [ -

The fossil plants which are much more abundant than the animal re-
mains, arc recorded in the tables which occupy the following six pages.
All those occurring in the District of Columbia are listed as well as
certain forms from the Potomac deposits of Virginia, although not all of
the forms which have been found in the latter state are included.
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LYCOPODIALES
Selaginella marylandica ....
EQUISETALES

Equisetum Lyelli ......
Equisetum Burchardti

CYCADOPHYTAE

Cyeadeoidea marylandica? ..
Oycadeoidea Tysoniana ...

Cladophlebis
Cladophlebis
Cladophlebis
Dryopterites
Dryoptcrites
Dryopterites
Dryopterites

I FR

R I LR Y R PR
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Cycadeoidea are not tabulated, since none have been found which have not been reworked into younger deposits.
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Cycadeoidea McGeeana .......covueuueenjones

Cycadeoidea Fontaineana ...............
Cycadcoidea Goucheriona ........eev...
Cycadeoidea Uhler{ ..........0c00vnvnn.

Cycadeoidea Bibbinsi ........ovonvnoo! B I/

Cycadeoidea Clarkiana ........ 0o doooth 8
Cycodeoidea Fisherae ..................
Dioonites Buchianus .........
Ctenopteris insignis 0 .
Ctenopteris angustifolia .........
Ctenopteris longifolia . ...
Ctenopsis latifolia .....
Zamdopsis dentata ..... 5 o
Zamiopsis petiolata .............
Zamiopsis laciniato .......

Nilsonia oregonensis .............ccouu..
Nilsonio densinerve ......

Zamites tenufnertds ...............c00..
Zamites crossinervis ..........000iinnnn
Dichotozamites cycadopsis ..............
Cycodeospermum marylandicum .........

Cycadeospermum obotatum .......e.ouuu.

Cycodeospermum acutum .........o.....
Cycadeospermum rotundatum ...........
Cycadeospermum sgpatulatum . ... o X
Podozamites subfalcatus ...............
Podozamites acutifolius ... 0B o
Podozamites inaequilateralis
Podozomites distantinervis
PPodozamites Knowltoni .
Podozamites lanceolatus ......... e

GINKGOALES
Baiera foliosa ..... 0000 8dlooo BB
CONIFERALES

Nageiopsis longifolia ............. 00000
Nagciopsis angustifolia
Nageiopsis zomioides ...

Cepholotaropsis magnifolia ............. 1] '

Cephalotaxopsis brevifolia ......... 960 aoty IW52
Brachyphyllum crasgicaule .............. ....

Brachyphyllum parceramosum ..........

Araucarites aquiensi® .............. opone B

Araucarites patapscoensis ..... 5 oloaaoan ol booo

Abietites maorocarpus ..........c.......

Abietites longifoliug ...........c0cvnuu..

Abietites foliognus .......cvvvveunn..
Abietitcs marylandicus ...

Pinus vernonengis ......
Cupressinorylon Wardi .
Cupressinozylon McGeei ..
Frenelopsis ramosissima ....

...... |

1Loé§litles toi ;ﬁis :;a}ilgfo{lowi;g spec!es:f Cycadeoidea a;;not tabulated, since none have been
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Frenelopsis parceramosa ...... . CRICERIEE 3 O
Sphenolepis Kurriana ............ .. cees SR I3 TR P P P
Sphenolepis Sternbergiana ......... coofeees 1 PR PAY NP IR |
Laricopsis angustifolie ............. . . | .

Arthrotaropsis expansa ......
Arthrotazropsis grandis ...........
Widdringtonites ramosus .....
Cedrug Leei ................
Sequoia I?(’lchfmba(‘hl 000008
Sequoia rigidea . .........
Sequoia delicatula
Sequoia ambigua

coel m | x| %

ANGIOSPERMAE
Cyperacitos potomacensis ............ P PR FE ERR R S
Plantaginopsis marylandica .............
Alismaphyllum Victor-Masont ............ . ol
Populus potomacensis ......... ] (N P PR e
Populophillum minutum ...... 5 ot G0 0 o o, B R E R R P .
Populophyllum reniforme ......oceeeeue.
Nelumbdites virginiensis ........ F O LT T E T FR PP P
Nelumbites tenuinervis ........ 00

Menispermites potomacensis .............
Sapindopsis vartabilis .........c0000000.
Sapindopsis magnifolia ........c.ccvuunn.
Sapindopsis brevifolia .........
Celastrophyllum denticulatum
Celastrophyllum parvifolium .
Celastrophyllum latifolium ..
Celastrophyllum acutidens .
Celastrophyllum Brittonianum
Celastrophyllum Hunteri .......
Celastrophyllum albaedomus
Cigsites parvifolius .....
Sassafras bilobatum
Sassafras parvifolium ....... 0o
Sassafras potomacensis ..........
Araliaephyllum crassinerte ............
Araliaephyllum magnifolium ...........

INCERTAE SEDIS
Hederaephyllum dentatum .....

“loseslonslen

Ficophyllum 8Serratum ...........ceceuue. .
Ficophyllum odblongifolium .............. g
Proteaephyllum reniforme

Proleaephyllum ovatum ..........00...
Rogersia longifolla ........o00vveeennn.
Rogersia angustifolia ....... 00000

Rogersta angustifolia parve .......... i
Aristolochiaephyllum crassinerve ......... ....
Aristolochiaephyllum ¢t cellulare .........|....
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THE GEOLOGIC PROVINCE

The Maryland Lower Cretaceous formations constitute part of a belt
of deposits of that age extending from Pennsylvania to eastern Alabama.
They are apparently cmbraced within the confines of a single geologic
province, although in places transgressed by strata of Upper Cretaccous,
Tertiary and Quaternary age.

The Maryland deposits afford the most complete sequence of Tower
Cretaceous strata within this district. Three formations are here recog-
nized, each with clearly defined lithologic characters, but separable like-
wise by easily recognizable unconformities.

Characteristic plant fossils have been found both in Maryland and
Virginia, but are unknown elsewhere, although fragmentary plant re-
mains * arc known to occur in the Alabama deposits, the Lower Cre-
taceous age of which has been rccognized by Berry, although the mate-
rial thus far collected is too poorly preserved for specific determination
or exact correlation with other floras.

To the northward of Maryland the Arundel and Patuxent formations
are gradually transgressed by the unconformably overlying Patapsco
formation, which in turn gradually disappears by the overlapping of the
Raritan formation in western New Jersey and eastern Pennsylvauia,
except at a few localitics to the west of the city of Philadelphia,” where
outliers of the Patapsco formation have been found with distinctive lith-
ologic characters.

Southward in Virginia the Patapseo formation disappears near Fred-
ericksburg, except for a single outerop of this age in the James River
valley near City Point. The Arundel formation is not known to occur
south of the Potomac River. With the single exception above noted, the
Patuxcnt formation is the only one exposed in south central and southern
Virginia, where in the valley of the James River some of the most fos-
siliferous beds of this formation have been found. Although they are

separated at the surface from the deposits of the same formation farther

1 Collected by Dr. L. W. Stephenson.
2 Philadelphia Folio, U. S. Geological Survey, p. 9, 1909.
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north through the transgression of younger formations, the continuity of
the beds is assumed from the similarity of the flora with its many identi-
cal species, as well as from the characteristic lithology.

Deposits formerly called by the name of the Cape Fear formation, but
evidently a eontinuation southward of the Patuxent formation of Vir-
ginia, arc found in North Carolina. Here again the transgression of
the Tertiary and the Quaternary formations interferes with the con-
tinuity of the outerop, although there is no reason to doubt that the
deposits are eontinuous beneath the later strata. No fossils have thus
far been discovered in the deposits of North Carolina, but the strata
oceupy the same stratigraphie position here at the base of the Coastal
Plain series as farther north, and are unconformably overlain by Upper
Cretaccous formations. The deposits are also strikingly similar to
those of the Patuxent formation in Virginia and Maryland, and it seems
to be a reasonable assumption that they constitute part of the same
formation.

To the south of North Carolina similar deposits have been long known
to extend through South Carolina and Georgia into eastern Alabama.’
The more southern oecurrenees have been erroncously associated with the
Tuscaloosa deposits farther westward in Alabama and Mississippi, from
whieh, however, they are entirely distinet, both in stratigraphic position
and lithologie character, while they are separable everywhere by marked -
unconformities from the overlying Upper Cretaceous deposits, as shown
by the broader structural relations of the distriet. They arc unquestion-
ably to be associated with the Patuxent beds farther north whether the
same formational name is employed throughout the entire district or not.
Notwithstanding the evidence in favor of a single formational unit
being found at the base of the Coastal Plain scries all the way from
Maryland to Alabama, it must be admitted that a transgressing sea

*Dr. L. W. Stephenson and Mr. E. W. Berry under the direction of Dr. T.
Wayland Vaughan, have greatly enlarged our knowledge of the stratigraphy
and paleontology of the South Atlantic and Gulf States, and the results of
their work have been available for the comparisons with the southern district
south of North Carolina.
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throughout so extended a coast line may well involve considerable time
for its accomplishment, and if the transgression proceeded from the
north toward the south, as seems probable, the deposits in Alabama would
necessarily be somewhat younger than those in Virginia and Maryland.

The differential movements to which the Coastal Plain has every-
where been subjected may readily cause, through transgression or inter-
formational denudation, a greater or smaller portion of an earlier forma-
tion to be exposed along the line of outcrop. It must not therefore be
assumed that deposits at every outcrop show exact equivalency; in fact,
the basal strata of the Patuxent formation in central Virginia affords
evidence of older floral elements than the deposits elsewhere. It may
well be therefore that portions of the more southern strata are younger
than the more northern beds of this widely extended formational unit.

A much more extended study of Lower Cretaceous deposits in the
south may reveal a larger assemblage of organic remains than has
hitherto been found. The animal remains are practically limited to the
Arundel formation in Maryland, while an extensive flora characterizes
the Patuxent and Patapsco in both Maryland and Virginia. A discovery
of similar floras elsewhere within the province, both in the northern and
the southern districts, would add largely in the final clucidation of the
problems presented.

The following table presents in tentative form the correlation of the
Lower Cretaceous deposits throughout the Atlantic Coastal plain.

Pennsylvania Georgia
and Maryland Virginia Cyl%li}tlxla ng\;llglria
Delaware

an
| Bastern Alabama

y |
Patapsco ?

|Lower Cretaceous

| ** Tuscaloosa” in
Patuxent.. | part

?




THE LOWER CRETACEOUS FLORAS
OF THE WORLD

BY
EDWARD W. BERRY

INTRODUCTORY

The Lower Cretaceous, because of the thickness of its deposits, the
time interval which it embraces, and the resulting change in plant and

animal life, has been considered by certain American geologists to con-

stitute one of the major divisions of the geological column under the
name Comanchean, although the utility of this term and its ultimate
survival is doubtful. Invertebrate palcontologists have taken the lead in
detcrmining its subdivisions, the main criteria being the succession of the
molluscan faunas, among which the Cephalopoda and the aberrant
Rudistz, Chamida, ete., are chiefly relied upon.

Since, except for the initial Cretaceous deposits both in this country
and abroad, the conditions in the materials preserved from erosion and
available for study are mainly those of marine deposition, fossil plants are
unrepresented or only partially represented at a large number of levels.
Consequently, they occupy a secondary place in the paleontological cor-
relation of the Lower Cretaceous as a whole. These floras are, however,
of extraordinary interest, since toward the close of the Lower Cretaceous
modern types make their appearance in considerable numbers, and it
seems probable that the evolution of the angiosperms, the dominant class
of the Tertiary and post-Tertiary floras, was accomplished if not inau-
gurated during this period.

While the nomenclature of the subdivisions of the Lower Cretaceous
varies in different countries and with different authors the following of
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.

the last cdition of De Lapparent are generally understood and are used
in the present discussion:
ALBIAN (d’Orbigny 1842)............. (Gauit)

Gargasian (Kilian 1887)!
Bedouiian (Toucas 1888)

{includes the Urgonian (d’Orbigny

APTIAN (d’Orbigny 1842)°..........

BARREMIAN (Coquand 1861)%....... 1850) and the Rhodanian (Rene-

vier 1854)

{ Hauterivian (Renevier 1874)

NEOCOMIAN (Thurmann 1835)*..... y
Valanginian (Desor 1854)

As a step in the preparation of the chapter on correlation the various
Lower Cretaceous floras have been tabulated, and since they present much
that is of interest the following abstraet seems worthy of publication.
No attempt has been made to completely revise authors’ identifications,
and a number of minor papers have been omitted. After sketching
briefly what is known of these floras a brief analysis is attempted.

The étages Neocomian, Urgonian, Aptian, and Albian we owe largely
to the genius of d’Orbigny. Sinee thc massive limestones of the Ur-
gonian at Orgon, in the lower valley of the Durance, represent such a
local type of scdimentation and fauna, French geologists have advocated
the substitution of the term Barremian, from Barréme in the Basses
Alpes, for this stage, which is also sometimes made an upper division
of the Ncocomian.

With regard to the term Wealden which occupies such a prominent
place in geological literature it is quite eertain that it represents a phase
dependent upon the physical conditions accompanying deposition, which
obviously may have been inaugurated at slightly different times in differ-
ent areas, and which may have persisted longer in some areas than in
others. Tts use should therefore be dissociated from the idea of a
chronologic unit and restricted, if used at all, to the stratigraphic unit

represented by deposits of this type.

1Kilian in Frech, Lethza geognostica, 2 Teil, 3 Band, Kreide, 1 Abt,
Paleocretacicum, 1907.

2 Suberetaceous (Gumbel 1881), Eocretaceous (De Lapparent) Palzocre-
taceous (Kilian 1907).
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The discussions of the age of the Wealden rival in volume those of
the Rhetie, Hercynian, and Laramie questions. As transitional deposits

the Wealden may well be partly of Jurassic age, but of late years it has

come to be accepted as a non-marine facies of the Neocomian, sinee, where
it is present, the lowest marine beds of the Neocomian are said to be
absent. That the flora (Seward, Ward) and fauna (Smith Woodward,
Marsh) are Jurassic in type is not to be wondered at, indeed it would
be remarkable if it were otherwise, since Nature knows no nnits, and
boundary lines in conformable deposits are purely utilitarian or academiec.
This being true, international rather than provincial usage should prevail,
and a unified time seale becomes an urgent necessity.

In the recent masterly summary by Emile Hang (Traité, 1910) the
Cretaccous is divided into three major divisions—the Eo-, Meso-, and
Neocretaceous ; the Iocretaceous corresponding to the original usage of the
Neocomian, the Mesocretaceous being made up of the Albian, Ceno-
manian and Turonian stages. This treatment has much to commend
it, as can be appreciated by an inspection of Haug’s tables of the range
of the characteristic fossils. The paleobotanical evidence, while less full,
lends considerable support to such an arrangement, which is also in ac-
cord with the diastrophic fact that the extensive transgression of the sea
which culminated in the Upper Cretaccous was inaugurated in Albian
time.

Lower Cretaceous deposits of various ages oceupy large areas in South
America, Asia, and Australia, and doubtless in time, as a result of more
detailed examination, they will yield their quota toward the completion
of the records of distribution of the Cretaceous floras.

THE NEOCOMIAN STAGE’
The name we owe in the first instance to Thurmann (1835). It is
derived from Neuchatel (Neocomum), the marine beds of this stage being
typically developed in the Swiss area.

! This term is used throughout in the restricted sense as consisting of the
étages Valanginian and Hauterivian and not as synonymous or coextensive
with Eo- or Pal®o-cretaceous.
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The Neocomian marks the culmination of the upper Jurassic emer-
gence, and is emphasized by littoral, estuarine and various types of conti-
nental deposits, such as the Morrison and Kootanie of thc west and the
Wealden of Europe. Marine deposits continue uninterruptedly along the
Pacific coast of both North and South America, the Cretaccous fiora
being observed for the first time in the upper portion of the Knoxville
beds in the former area. The Neocomian sea of Mexico appears not
as yet to have reached the international boundary.

Deposits of this age are typically developed in southern Europe and
northern Africa. The eastern and southern coasts of Africa were also
receiving sediments as well as a large area in southern Asia. Eastern
Greenland shows Neocomian deposits, and an arm of the sea extends
southward across central Russia (Petchorian). Along the eastern coast
of North America the initial transgression of the Cretaceous sea is not
recorded in outeropping deposits of a typically marinc character until
Upper Cretaceous tiine, those of the Lower Cretaceous lying buried from
observation far to the eastward.

Floras in the marine deposits of this stage are scarce and unimportant
biologically, although they are of considerable stratigraphiec importance
if they are of terrcstrial origin, in furnishing data for correlation. Often
these fossils are impressions of seaweeds or similar indefinite objects.

Switzerland
From the marine beds in the cantons of Berne, Vaud, Appenzell in

Switzerland, and Rapatz in Freiberg Heer* has described the following:

Aulacophycus pedatus Heer
Bambusium neocomense Heer
Caulerpa Lehmanni Heer

Chondrites serpentinus Heer
Chondrites neocomensis Heer
Discophorites angustilobus Heer
Discophorites Fischeri Heer

Fucoides friburgensis Heer
Gyrophyllites Oosteri Heer
Gyrophyllites pentamerus Heer
Sphaerococcites meyrati Fischer-Ooster
Zamites (Dioonites) Kaufmanni Heer

1 Heer, F1. Foss. Helveti®, vierte abth., 1877.
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The second is a supposed grass, the last a cycad, and the balance are
indefinite fucoidal-like remains.

Portugal

The Lower Cretaceous of Portugal furnishes a nearly complete section
largely the result of the stratigraphic and paleontologic studies of Chof-
fat. The fossil plants have becn elaborated for the most part by the late
Marquis Saporta, whose large work appeared in 1894. The only con-
siderable previous work on these floras was the valuable contribution by
Heer in 1881.°

The Portugucse deposits are of great interest, not only because of the
similarity in floral evolution with the Potomac, shown by the contained
floras, but also for the recason that they are largely checked by inter-
calated marine faunas." Saporta records the following species from
Portuguesc beds classed as Neocomian. It is needful to point out that
this author’s specific lines are finely drawn, resulting in a multiplication
of specics scarcely warranted by the character of the materials.

Abietites acicularis Sap.

Adiantum aneimiwfolium Sap.
Adiantum subtilinervium Sap.
Alismacites primevus Sap.
Bambusium latifolium Heer
Brachyphyllum corallinum Heer
Brachyphylium obesum Heer
Caulinites atavinus Heer

Caulinites fimbriatus Sap.
Cedrelospermites venulosus Sap.
Changarniera dubia Sap.

Cheirolepis Choffati Sap.
Cladophlebis argutidens Sap.
Cladophlebis Browniana (Dunk.) Sew.
Cladophlebis derelicta Sap.
Cladophlebis Ungeri (Dunker) Ward
Cladophlebis fissipennis Sap.

1 Saporta, Fl. Foss. Port., Trav. Géol. Port., Lisbon, 189%4.

* Heer, Cont. Fl. Foss. Port., Trav. Géol. Port., Lisbon, 1881,

s ward has given the historical details and a somewhat elaborate dis-
cussion in a review of Saporta’s great work. Science (N. S.) vol. i, 1895,
pp. 337-346.
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Cladophlebis minor Sap.
Cladophlcbis minutissima Sap.
Cladophlebis sinuatilobule Sap.
Cledophlebis subcycadinae Sap.
Ctenopteris ultima Sap.
Cyclopitys Delgadoi Sap.
Cyclopteris tenuestriata Heer
Dictyopteris anomala Sap.
Dictyopteris infracretacica Sap.
Dictyopteris tenella Sap.
Equisetites Burchardti Dunk.
Frenelopsis leptoclada Sap.
Frenelopsis occidentalis Heer
Glossozamites brevior Sap.
Glossozamites dilaceratus Sap.
Glossozamites modestior Sap.
Lonchopteris lusitanica Sap.
Marattic minor Sap.
Matonidium Althausii (Dunker) Ward
Microlepia pluripartita Sap.
Neuropteridium spinulosum Sap.
Neuropteridium torresianum Sap.
Oleandridium tenerum Sap.
Onychiopsis Mantelli (Brongn.) Sew.
Osmunda retinenda Sap.
Pagiophyllum Heerianum Sap.
Palwocyparis flexuosa Sap.
Pecopteris Choffatiana Heer
Pecopteris dilacerata Sap.
Phlebomeris ? falciformis Sap.
Phyllitcs problcmaticus Sap.
Poacites gemellinervis Sap.
Poacites paucinervis Sap.
Poacites striatifolius Sap.
Poacites tenellus Sap.
Podozamites ? acutus Sap.
Podozamites ellipsoideus Sap.
Podozamites linearis Sap.
Podozamites oviformis Sap.
Pteridoleimma spoliatum Sap.
Pteridoleimma tripartitum Sap.
Rhizocaulon elongatum Sap.
Rhizocaulon vertus Sap.
Ruffordia Gepperti (Dunk.) Seward
Scleropteris debilior Sap.
Sequoia lusitanica Heer
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Sequoia subulata lusitanica Sap.
Sphenolepidium debile Heer
Sphenolepis Kurriana (Dunk.) Schenk
Sphenolepis Sternbergiana (Dunk.) Schenk
Sphenopteris eapillaris Sap.
Sphenopteris Choffatiana infracretaciea Sap.
Sphenopteris cuncifida Sap.
Sphenopteris debiliformis Sap.
Sphenopteris disscctifolia Sap.
Sphenopteris dissectiformis Sap.
Sphenopteris flabellinervia Sap.
Sphenoptcris flabellisecta Sap.
Sphenopteris ginkgoides Sap.
Sphenopteris Gomesiana Heer
Sphenopteris lobulifera Sap.
Sphenoptcris lupulina Heer
Sphenopteris plurinervia Heer
Sphenopteris pseudolepida Sap.
Sphenopteris subtilinervis Sap.
Stachypteris minuta Sap.

Thuyites dcnsior Sap.

Thuyitcs pulchelliformis Sap.
Widdringtonites debilis Sap.
Widdringtonites pygma@us Sap.
Williamsonia minima Sap.

Yuceites fractifolius Sap.

There are 45 specics of ferns, 20 species of conifers, and only 9 species
of cycads represented. The Williamsonia, Yuccites, Changarniera, and

Poacites striatifolius are considered Proangiospcrme, and the balance

of the specics of Poacites, as well as Rhizocaulon, Alismacites, and
Caulinites are elassed as Monocotyledona, Phyllites problematicus, and
Cedrelospermites are referred to the Dicotyledonz with a query.

It may be noted that seven species (one equisetum, four ferns, and two
eonifers), cosmopolitan Lower Cretaceous types, are present in the I’o-
tomac flora, while sixteen of the genera are represented in the Maryland-
Virginia area.

France

In France the Wealden type of sedimentation is developed aceording
to De Lapparent south of Beauvais in the Pays de Bray (see Kilian)
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and in Hainaut. From this area Brongniart® recorded five species of
characteristic Lower Cretaceous plants in 1849. These were Lon-
chopteris Mantelli, Pachypteris gracilis, Brachyphyllum Gravesii, Za-
mates Brongniarti, and Carpolithus Mantells.

Cornuel * recorded some additions to the flora in 1866 which he ob-
tained from beds of Neocomian age in the Paris basin, and Saporta * and
others have made minor contributions. The flora as a whole is poorly
developed, and has, in a country so rich in Carboniferous, Jurassic, and
Tertiary plant beds, attracted but little attention. The following forms
have been recorded:

Brachyphyllum Gravesii (Pomel) Brongniart
Equisetum Burchardti Dunker (Carpolithus Mantelli)
Pinus aspera Cornuel

Pinus gracilis Cornuei*

Pinus elongata d’Orbigny

Pinus rhombifera Cornuei

Pinus submarginata Cornuel

Protopteris Buvignieri Brongniart °

Sphenopteris Fittoni Seward (Pachypteris gracilis)
Sphenopteris Delgadoi Saporta® (possibiy same as Fittoni)
Weichselia reticulata (S. & W.) Ward

Zamites Brongniarti (Manteli) Brongniart

England
The flora of the English Wealden, using that term in the more re-
stricted sense for the Hastings beds and the overlying Weald Clay (H. B.
Woodward) is of interest not only becausc its flora is the only European
flora outside of Portugal which has been revised in recent years, but

1 Brongniart, Tableau, 1849, pp. 107, 108.

*Cornuel, Des cones de pins trouves dans les couches fluviolacustres de
I’étage néocomién du bassin parisien, etc. Bull. Soc. géol. Fr. (2e série),
tome xxiii, 1866, pp. 658-673, pl. xii. Note sur les cones de Pinus elongata
découverts a Saint-Dizier (Haute-Marne) et sur des cones de cddre du sable
vert de la Houpette (Meuse), Buil. Soc. géol. Fr. (3e série) tome x, 1882, pp.
259-263.

* Saporta, Notice sur les végét. foss. de la craie infér. des environs du
Havre, Mém. Soc. Géol. de Normandie, 1877.

*The name of this species is preoccupied by Saporta’s Tertiary species
from Aix in Provence.

* Brongniart, Tabieau, 1849, pp. 35, 111

® Saporta, Rev. gén. bot. tome v, 1893, p. 365, pl. iv, fig. 5.
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also from the striking similarity in lithology between it and the Potomac
beds.

The flora has been elaborated by Scward* who gives an abridged his-
torical sketch of its study in his introduction. The following species
are recorded :

Acrostichopteris Ruffordi Sew.
Algites catenelloides Seward
Algites valdensis Seward
Androstrobus Nathorsti Sew.
Anomoramites Lyellianus (Dunk.)
Becklesia anomala Sew.
Benmnettites sp.

Bennettites Carruthersi Sew.
Bennettites Carruthersi var. latifolius Sew.
Bennettites Gibsonianus Carr.
Bennettites Sexbyanus (Brown)
Brachyphyllum obesum Heer
Brachyphyllum spinosum Sew.
Bucklandia anomala (S. & W.)
Carpolithes sp.

Chara Knowltoni Sew.
Cladophlebis Albertsii (Dunk.)
Cladophlebis Browniane (Dunk.)
Cladophlebis Dunkeri (Schimp.)
Cladophlebis longipennis Sew.
Conites (Araucarites) sp.

Conites armatus Sew.

Cycadites Remeri Schenk.
Cycadites Saporte Sew.
Cycadolepis

cf. Dichopteris levigata (Phill.)
Dictyophyllum Raemeri Schenk
Dioonites Brongniarti (Mant.)
Dioonites Dunkerianus GOpp.
Equisetites Burchardti Dunk.
Equisetites Lyelli Mantell
Equisetites Yokoyama Sew.
Fittonia Ruffordia Sew.
Leckenbya valdensis Sew.
Marchantites Zeilleri Sew.
Matonidium Althausii (Dunker) Ward
Microdictyon Dunkeri (Schenk)
cf. Nageiopsis heterophylla Font.
Nilsonie schaumbdurgensis (Dunk.)

? Seward, Wealden Flora, pt. 1, 1894; pt. ii, 1895.
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Onychiopsis Mantelli (Brongn.)

Onychiopsis elongata (Geyler)

Otozamites Geppertianus (Dunk.)
Otozamites Klipsteinii (Dunk.)

Otozamites Klipsteinii superbus Sew.
Otozamites Klipsteinii longifolius Sew.
Otozamites sp., cf. 0. Reibeiroanus Heer
Pagiophyllum crassifolium (Schenk)
Pagiophyllum sp.

Pinites Carruthersi Gard.

Pinites Dunkeri Carr.

Pinites Ruffordi Sew.

Pinites Solmsii Sew.

Protopteris Witteana Schenk

Ruffordia Gopperti (Dunk.)

Ruffordia Gopperti var. latifolia Sew.
Sagenopteris acutifolia Sew.

Sagenopteris Mantelli (Dunk.) Schenk
Sphenolepis Kurriana (Dunk.) Schenk
Sphenolepis Sternbergiana (Dunk.) Schenk
cf. Sphenolepidium (Sequoia) sudbulatum Heer
Sphenolepidium sp.
Sphenopteris Fittoni Sew.
Sphenopteris Fontainei Sew.
Teaniopteris Beyrichii (Schenk)
Twniopteris Beyrichii var. superba Sew.
Teniopteris Dawsoni Sew.

Tempskya Schimperi Corda

Thuites valdensis Sew.

Weichselia reticulata (S. & W.) Ward
Withamia Saporte Sew.

Yatesia Morrisii Carr.

Zamites Buchianus (Ett.)

Zamites Carruthersi Sew.

Zamites Carruthersi var, latifolius Sew.

-

These include 2 alg®, 1 chara, 1 bryophyte, 3 equiseta, 23 ferns, 16
conifers, and 24 cyeadophytes. Twelve of the widespread species are
present in the Potomae flora. There are 16 common genera represented
in the two areas and a number of distinet, but elosely related speeies in
the two floras.

Belgium

Dumont divided the Aachenian of Hainaut into an upper and a lower

stage, but in recent years Belgian geologists have restricted Dumont’s
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term to the Upper Cretaeeous of Aix-la-Chapelle, and have proposed the
term Bernissartian (Purves, 1883) for the Lower Cretaceous, whieh is
often spoken of as Wealden and was formerly eonsidered the age of the

Gault. That both these horizons, as well as several intermediate ones,
are present in this area is not at all improbable. The floras have been
studied by Coemans,’ Saporta,” and more reeently by Seward." Pro-
fessor Bommer is engaged at the present time in studying well-preserved
plant material of this age from near Brussels. A list of the reeorded
speeies ineludes the following :

Adiantites sp., Seward

Algites sp.. Seward

Cedrus corneti Coemans

Cladophlebis Ungeri (Durker) Ward
Cladophlcbis Browniana (Dunker) Seward
Conites minuta Seward

Cycadecidea (Cyeadites) Sehachti (Coemans)
Equisetites ? sp., Seward

Gleichenia ? (in fruit) Saporta
Qleichenites sp., Seward

Laccopteris Dunkeri Schenk

Leekenbya valdensis Seward

Lyeopodites sp., Seward

Matonidium Althausii (Dunker) Ward
Onychiopsis psilotoides (Stokes and Webb) Ward
Pinites Solmsii Seward

Pinus Andrwi Coenians

Pinus Briarti Coemans

Pinus depressa Coemans

Pinus gibbosa Coemans

Pinus Heeri Coemans

Pinus Omalii Coemans

Pinus Toillezi Coemans

* Ceemans, F1. foss. du premier étage du terrain crétacé du Hainaut. Mém.
Acad. Roy. Belg.,, tome xxxvi, 1867.

*Dupont, Sur la découverte d’ossements d’Iguanodon, de poissons et de
végétaux dans la fosse Sainte-Barbe du charbonage de Bernissart, Bull. Acad.
Roy. Belg., (2e série), tome xlvi, 1878, pp. 387-408 (plants determined by
Saporta on page 396).

® Seward, La Flore Wealdienne de Bernissart, Mém. Mus. Roy. d’Hist. Nat.
de Belg., Année 1900.

‘Bommer, Nouveau gite de végét. découverl dans largile Wealdienne de
Bracquegnies (Hainaut), Bull. Soc. belge. de Géol. Paléont. et Hydrol., tome
vi, 1892, p. 160.
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Protorhipis Remeri Schenk
Ruffordia Gepperti (Dunker) Seward
Sagenopteris Mantelli (Dunker) Seward |
Sphenopteris delicatissima Schenk
Sphenopteris Fittoni Seward
b cf. Teniopteris, Seward — Nilsonia (?)
Weichselia reticulata (Stokes and Webb) Ward
The Belgium flora is of a very fragmentary character, but apparently
includes one or more vague algal remains, 15 or 16 varieties of ferns,

1 lycopod, 1 equisctum, only 1 cycad, and 10 conifers.

Germany

The serious study of the flora of the German Wealden may be said
to have begun with Dunker’s oft-quoted monograph, which appeared in
1846. In the German area (northwest Germany, Hanover, and the Hol-
land frontier) the Hastings sand of England is represented by the
Diester (Hils) sandstone, while the upper or argillaceous member is
called the Weald clay (Wilderthon). The term Wealden has sometimes
been amplified to include the underlying Purbeck, as is the case in Kay-
ser’s well-known text-book. Other writers consider the German Wealden
older than that of England,! a view certainly not supported by the flora.

The most important contributor io our knowledge of the German
Wealden flora is Schenk,’ although Ettingshausen and others have made
minor contributions. A partially revised list of the recorded specics in-
cludes the following:

Abictites Linkii (Rocmer) Dunker
Alethopteris cycadina Schenk

Alethopteris Huttoni (Dunker)
Anomozamites Schaumburgense (Dunker)
Baiera pluripartita Schimper

Cladophlebis Browniana (Dunker) Seward
Cladophlebis Ungeri (Dunker) Ward
Clathraria Lyelli Stokes and Webb

! Pavlow and Lamplugh, Argiles de Speeton et leurs équivalents. Moscou,
1892.

? Schenk, Die Flora der nordwestdeutschen Wealdenformation, Palaeonto-
graphica, Band xix, 1871, pp. 203-276, pl. xxii-xliii; Band xxiii, 1876, pp. 157-
163, pl. xxv, xxvi.
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Cycadites Remeri Schenk

Dioonites Dunkerianus (Goeppert)

Dioonites Gappertianus (Dunker)
Equisetum Burchardti Dunker

Hausmannia dichotoma Dunker

Jeanpaulia Brauniana Dunker

Lomatopteris Schimperi Schenk

Marsilidium speciosum Schenk

Matonidium Althausii (Dunker) Ward
Microdictyon (Laccopteris) Dunkeri (Schenk)
Onychiopsis psilotoides (Stokes and Webb) Ward
Pachyphyllum curvifolium (Dunker) Schenk
Pachyphyllum crassifolium Schenk
Pecopteris Murchisoni Dunker

Protopteris Witteana Schenk

Pterophyllum Lyellianum Dunker

Ruffordia Gepperti (Dunker) Seward
Sagenopteris Mantelli (Dunker)

Sphenolepis Eurriana (Dunker) Schenk
Sphenolepis Sternbergiana (Dunker) Schenk
Spirangium Jugleri (Ettings) Schenk (probably not a plant)
Sphenopteris delicatissima Schenk
Sphenopteris adiantifrons Ettingshausen
Sphenopteris Fittoni Seward

Tempskya Schimperi Corda

The ferns are largely in the majority in this list, numbering 18 species,

while the conifers furnish but 7 species and the cycads 6 species.
From the neighboring area of Westphalia Hosius and von der Marck?
have described the following species, which they designaie as Neocomian :

Abietites Linkii (Roemer) Dunker

Dioonites abietinus Miquel

Laccopteris Dunkeri Schenk

Lonchopteris reccntior Schenk

Pinus Quenstedti Heer ?

Pitcairnia primeva Hosius and Von der Marck

Podozamites @qualis Miquel

Protopteris punctata Sternberg

Pierophyllum blechniforme Hosius and Von der Marck

Pterophyllum Germari E. v. Otto

Pterophyllum sazxonicum Reich ?

Sagenopteris neocomiensis Hosius and Von der Marck

! Hosius and Von der Marck, Die Flora der westfilischen Kreideformation,

Palaeontographica, Band xxvi, 1880, pp. 80-95; Nachtrag, Band xxxi, 1885,
p. 231,

8
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Sphenolepis Kurriana (Dunker) Schenk

Sphenolepis Sternbergiana (Dunker) Schenk

Weichselia reticulata (Stokes and Webb) Ward (Ludovice Stiehler)
Zamites iburgensis Hosius and Von der Marck

Zamites nervosus Schenk

Sazony

The Neocomian sandstones of Langenberg, near Quedlinburg. of Wester-
hausen, etc.,, in Saxony, formerly eonsidered of Quader age, have fur-
nished a eonsiderable flora, Stiehler* having deseribed three speeies from
this region as long ago as 1858. Sechulze,” in 1888, added eonsiderahly
to the list of plants, and more reeently Riehter * has been elaborating this
flora in a most earefnl manner. He follows von IKoenen in eorrelating
the Wealden with the Berriasian below the ammonite zones of the Valan-
ginian and Hauterivian. A partially revised list of the reecorded speeies
is as follows:

Alethopteris cycadina Schenk
Alethopteris revoluta Schenk
Baiera miinsteriana (Presl) Heer (obviousiy an incorrect identification of
this Rhatic species)
Cylindrites spongioides Goeppert
Gleichenia cf. giesekiana Heer
Gleichenia longipennis Heer
Qleichenia cf. rotula Heer
Glossozamitcs Schenkii Heer
Hausmannia dichotoma Dunker
Hauvsmannia gracillima Richter
Hausmannia Kohlmanni Rlchter
Hausmannia Sewardi Richter
Hausmannia spuria Richter

! Stiehler, Dle Flora des Langeberges bei Quediinburg, Paiaeontographica,
Band v, 1855-1858, pp. 71-80, pi. xii-xv.

2 Schuize, Ueber die Fiora der subhercynschen Kreide, Zeits. gesammt.
Naturw. Halle, Band 1x, 1887, pp. 440-470.

¢ Rlchter, Neocompflanzen der Keib’schen Sandgrube bei Quedlinburg,
Zeits. deutsch. geol. Gesell,, Band 11, 1899, Verhandiungen, pp. 39-41. Beltr. z.
Fiora der unteren Krelde Quedlinburgs. Teli i. Die Gattung Hausmannia
Duniker und elnlge seltenere Pflanzenreste. Lelpzig, 1906, pp. 27, pis. 7.
Teil ii. Die Gattung Nathorstiana P. Richter und Cylindrites spongioldes
Goeppert. Leipzig, 1909, pp. 12, pi. 6. Cylindrites spongioides Goeppert und
Nathorstlana P. Rlchter, Monatsber. Deutsch. Geol. Geseil.,, Band 1xii, 1910,
pp. 278-284,
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Matonidium Althausit (Dunker) Ward

Microdictyon regale Richter (= Laccopteris ?)

Moriconia cyclotoxon Debey and Ettings. (obviousiy a wrong identification
of this Upper Cretaceous species)

Nathorstiana arborea Richter

Nathorstiana gracilis Richter

Nathorstiana squamosa Richter

Onychiopsis psilotoides (Stokes and Webb) Ward

Pandanus Similde Stiehler

Phlebopteris dubia Richter (— Laccopteris)

Pterophyllum Ernestine Stiehler

Picridophyllum fastigiatum Schuize

Schizoneuropsis posthuma Richter

Sphenolepis Kurriana (Dunker) Schenk (imbdricata Roemer)

Sphenolepis Sternbergiana (Dunker) Schenk (cf. Sequoia falcifolia Schuize)

Weichsclia reticulata (Stokes and Webb) Ward (Ludovica Stiehier)

Zamites speciosus Heer

Zamites sp., Schulze

This flora is remarkable for the large number of ferns which it con-
tains, the genus Hausmannia of the Dipteriacem being especially well
represented.

Sweden

Nathorst, as quoted by Seward in his Wealden flora, is the authority

for the statement that l.ower Cretaccous floras are absent from the

Scandinavian region.

Africa
The Uitenhage series of South Africa is often referred to the Upper
Jurassic. Tossil plants were recorded from these rocks by Tate ' many
years ago, and morc recently Seward has revised® and added to® the
flora. The latter author considers these beds as of approximately the
same age as the English Wealden. The following speeies arc recorded:

Araucarites rogersi Seward
Benstedtia sp., Seward *
Brachyphyllum sp. Seward

*Tate, On the Secondary Fossiis from South Africa, Quart. Journ. Geol.
Soc. Lond., vol. xxiii, 1867, pp. 139-175, pls. v-ix.

*Seward, Ann. S. Afr. Mus., vol. iv, 1903, pp. 1-46, pls.

*Seward, Notes on Fossil Plants from South Africa, Geoi. Mag., Dec. v,
voi. iv, 1907, pp. 481-487, pls. xx, xxi.

* Stopes has recentiy shown that these supposed cycad remains are conifers.
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Bucklandia sp., ¢f. anomala Carruthers
Carpolithus sp., Seward

Conites sp., A, $p., B

Cladophlebis Browniana (Dunker) Seward
Cladophlebis denticulata forma atherstonei Seward
Oycadolepis Jenkinsiana (Tate) Seward

Nilsonia Tatei Seward

Onychiopsis psilotoides (Stokes and Webb) Ward
Osmundites Kolbei Seward!®

Phyllotheca Whaitsi Seward

Sphenopteris Fittoni Seward

Sphenopteris sp., Seward

Teniopteris 8p., cf. arctica Heer

Tazites sp., Seward

Zamites africana (Tate) Seward

Zamites Morrisii (Tate) Seward

Zamites recta (Tate) Seward

Zamites rubidgei (Tate) Seward

New Zealand

The two species, Polypodium Hochstetteri Unger, and Sphenopteris
Fittoni Seward, have been recorded from New Zealand beds which have
been tentatively correlated with the Wealden by Seward.

Peru

The explorations of Professor Steinmann in Peru during 1903-1904
resulted in the discovery of Neocomian plants at several localities. These
were described by Neumann® in 1907. Still more recently a large col-
lection was made by Captain Berthon, which is being studied by Pro-
fessor Zeiller, who has published one preliminary paper.” The recorded
species arc:

Cladophlebis Browniane (Dunker) Seward
Equisetites Lyelli Mantell

Equisetites Peruanus Neumann

Otozamites Geaeppertianus (Dunker) Seward

*The anatomy of this form was subsequently described by Kidston and
Gwynne-Vaughan.

2Neumann, Beitr. z. Kennt. der Kreidef. Mittel-Peru, Neues Jahrb. xxiv,
Beilage Band, 1907. (Plants on pp. 74-87, pl. i, ii.)

* Zeiller, Comptes rendus, tome ecl, 1910, p. 3.
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Rhynchogoniopsis neocomiensis Neumann
Weichselia reticulata (S. & W.) Ward
Zamiostrobus crassus (L. & H.) Goeppert
Zamiostrobus aff. index Saporta

Japan

The major divisions of the Mesozoic are all represented in Japan, the

Cretaceous to a greater cxtent than the Triassic or Jurassic. It is de-
veloped over large arcas in northern Japan and also in southern Japan.'
Rocks classed as Bathonian by the Japanese paleontologists furnish an
extensive flora,’ scveral species of which continue into the Lower Cre-
taceous of that country.

The Neocomian plants which were first studied by Nathorst® occur
in the Ryoseki series which is widely distributed and contains several
fossiliferous horizons, so that unlike most Neocomian plant deposits
those of Japan arc intimately associated with beds containing marine
invertebrates, such as Trigonia, Avicula, Belemnites, Cyrena, and various
Stephanoceratideze. The final elaboration of this flora we owe to Professor
Yokoyama * who compares it with the European Wealden and the Ameri-
can Potomac, regarding it as representing the whole of the Neocomian.
The total number of specics recorded arc the following:

Adiantiles yuasensis Yokoyama
Cladophlebis Browniana (Dunker) Seward
Cladophlebis Nathorsti Yokoyama
Cladophlebis Ungeri (Dunker) Ward (P. Geyleriana Nathorst)
Cyparissidium ¢ japonicum Yokoyama
Dicksonia tosana Yokoyama
Dicksoniopteris Naumanni Nathorst ,
Dioonites Buchianus (Ettings.) Born.
Dioonites Buchianus angustifolius Fontaine
Glossozamites parvifolius Yokoyama
Lycopodites sp., Nathorst

! Outlines of Geol. of Japan, 1902, compiled by Imp. Geol. Surv., pp. 48-74.

? Yokoyama, Jurassic Plants from Kaga, Hida, and Echizen, Journ. Coll. Sei.
Imp. Univ., vol. iii, 1889.

*Nathorst, Beitr. Mes. F1. Japans. Denks. k. Akad. Wiss.,, Wien, Band lvii,
1890.

‘Yokoyama, Mesozoic Plants from Kozuke, Kii, Awa, and Tosa, Jour. Coll.
Sci., Imp. Univ., vol. vii, 1895,




116 TreE Lower CrrETAcEOUS FLoraS oF THE WORLD

Macroteniopteris (1) marginate Nathorst (probably a Nilsonia)
Nilsonia Johnstrupi Heer

Nilsonia schaumburgensis (Dunker)
Nilsonia pterophylloides Yokoyama
Onychiopsis elongata (Geyler) Yokoyama
Onychiopsis elegans Yokoyama

Pecopteris cf. virginiensis Fontaine®
Podozamites lanceolatus minor Heer
Podozamites lanceolatus latifolia Nathorst
Podozamites pusillus Velenovsky
Podozamites sp., Yokoyaina

Pteris (?) sp., Yokoyama

Ptilophyllum cf. cutchense Morris
Sphenopteris tenuicula Yokoyama
Thyrsopteris sp., Yokoyama

Torreya venusta Yokoyama

Zamiophyllum Naumanni Nathorst

The list cmbraces 1 lycopod, 12 ferns, 13 cycads, and but 2 conifers.
Tive of the species are present in the Potomac flora, and there arc threc

or four additional specics in the Japanese flora which are closely related
to American forms.

China

From the Mesozoic basin in the province of Ssu-ch’nan in southwestern
China, Professor Yokoyama * has reported a Lower Cretaccous flora which
he regards as of Neocomian age. The forms recognized are:

Cladophlebis sp., Yokoyama

Coniopteris nitidula Yokoyama
Glossozamites acuminatus Yokoyama
Glossozamites Hoheneggeri (Schenk)
Podozamites lanceolatus (L. & H.) Schimper

Spitzbergen
The Mesozoic flora of Spitzbergen has been revised recently by
Nathorst.” Although the plants from Cape Staratschin, discovered by
Nordenskiold in 1872, were regarded by Hecr as of Lower Cretaceous

*This form should probably be included in Cladophlebis Browniana.

* Yokoyama, Mesozoic Plants from China, Journ. Coll. Sei.,, Imp. Univ., vol.
xxi, 1906.

* Nathorst, Zur Mesozoischen Flora Spitzbergens, Kgl. Svenska Vetens.-
Akad. Handl, Band xxx, No. 1, 1897.
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age, and were so deseribed,’ Nathorst has considered them as of Upper
Jurassie age. In his geology of Spitzbergen® the possibility of this flora
being of Neoeomian age is pointed out, but in a still later publieation *
he states that the paleobotanieal and paleozotlogieal lines of evidenee are
finally in harmony in regarding the beds as Upper Jurassie, his original
opinion. This flora probably lived so near the end of the Jurassie, if,
indeed, it may be ealled a Jurassie flora, as to eome within the elastie
term Wealden ; in faet, Seward ° recognized its Wealden affinities in 1895.

Combining the flora from Cape Staratsehin, as revised by Nathorst,
with that diseovered at Advent Bay by DeGeer in 1882, as elaborated by
the same author, yields the following list:

Buiera graminea Nathorst

Baiera spetsbergcnsis Nathorst

Carpolithus sp. A, B, C

Cedrozylon cavernosum (Cramer) Schenk
Ccedroxylon pauciporosum (Cramer) Schenk
Cladophlebis sp., A, B

Drepanolepis angustior Nathorst
Drepanolepis rotundifolia (Heer) Nathorst
Elatides curvifolia (Dunker) Nathorst
Equisetites sp. (?) Nathorst

Feildenia Nordenski6ldi Nathorst
Gleichenia sp., Nathorst

Lycopodites Sewardi Nathorst
Pagiophyllum (?) sp., Nathorst

Pinites (Pityostrobus) Conwentzi Nathorst
Pinites (Pityophyllum) Lindstromi Nathorst
Pinites (Pityophyllum) Staratschini (Heer) Nathorst
Pinites (Pityophyllum) cf. Solmsii (Seward) Nathorst
Pinites (Pityospermum) cuneatus Nathorst
Pinites (Pityospermum) sp., Nathorst
Pinites (Pityolepis) pygmeus Nathorst
Pinites (Pityolepis) tsugaformis Nathorst
Pinites (Pityocladus) sp., A, B
Rhizomopteris sp., Nathorst

! Heer, Kgl. Svenska Vetens.-Akad. Handl., Band xiv, No. 5, 1876; Fl. Foss.
Arct., Band iv, 1877, pp. 48-50.

*Nathorst, Beitr. z. Geol. Biren. Insel, Spitzbergens u. k. Karl.-Landes, Bull.
Geol. Inst. Upsala, vol. x, 1910, pp. 360-369.

® Nathorst, Aftryck ur Geol. Foren., Nov. 1910, pp. 1-9.

¢ Nathorst, Verhandl. k. k. geol. Reichs., 1883, No. 2. p. 25.

*Seward, Wealden Fl., pt. ii, 1895, p. 233.



118 THE LowerR CRETACEOUS FLORAS OF THE WORLD

Sphenopteris (?) DeGeeri Nathorst

Sphenopteris sp., A, B ,

Schizolepis cylindrica Nathorst

Schizolepis (?) retroflexa Nathorst

Stenorrhachis (?) clavata Nathorst

Teniopteris Lundgreni Nathorst (cf. Beyrichii Schenk)
Thinnfeldia arctica Heer

Xenoxylon phyllocladoides Gothan

Heer’s supposed monocotyledon Hypoglossidium antiquum is consid-
ered by Nathorst as the impression of some coniferous scale, Baiera
cretosa is considered a fern petiole, and Baiera dichotoma an undeter-
minable plant fragment: Sphenopteris sp. A is considered as close to the
widespread Onychiopsis psilotoides, while Cladophlebis sp. A suggests the
widespread Cladophlebis Albertsii, and Cladophlebis sp. B the equally
widespread Cladophlcbis Browniana. The two species of Baiera recog-
nized are close to the Potomac species Baiera foliosa, and upon the whole
the present writer is disposed to consider the flora as exhibiting a Lower
Cretaceous rather than an Upper Jurassic facies, whatever may be its
exact stratigraphic position. In this connection mention should be made
of the fossil wood described by Gothan® from this and the nearby island
of King Charles Land. His identifications include

Anomalozylon magnoradiatum Gothan
Cedrozylon transicns Gothan
Cedrozylon cedroides Gothan
Cedroxylon phyllocladoides Gothan
Cupressinoxylon cf. McGQeei Knowlton
Phryllocladozylon sp., Gothan
Piceoxylon antiquis Gothan
Protocedroxylon araucarioides Gothan
Protopiceoxrylon extinctum Gothan
Thylloxylon irregulare Gothan
Xenoxylon latiporosum (Cramer) Gothan

Kootanie

A history of the study of the fossil plants of the Kootanie formation
down to 1905 is given in Professor Ward’s monograph (loc. ¢it.). The

1 Gothan, Die Fossilen Holzer von Konig Karls Land, Kgl. Svenska Vetens.-
Akad. Handl., Band xlii, No. 10, 1907.
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principal contributors have been Dawson,’ Newberry,’ and Fontaine.’

More recently Dr. Knowlton * has published an account of some interest-
ing additions to this flora. The combined list after eliminating part of
the synonyms is as follows:

Abietites longifolius (Font.) Berry
Acrostichopteris fimbriata Knowlton

Adiantum montanense Knowlton
Angiopteridium canmorense Dawson
Anomozamites acutiloba Heer ?

Anomozamites sp., Dawson

Antholithes horridus Dawson

Asplenium Dicksonianum Heer (= Onychiopsis Gepperti ?)
Asplenium martinianum Dawson

Baiera brevifolia Newberry

Baiera longifolia (Pomel) Heer — Baiera cretosa Schenk
Baieropsis sp., Dawson == Acrostichopteris ?
Carpolithus virginiensis Fontaine

Carpolithus sp., Dawson

C'ephalotaxops'is $p., Dawson

Chiroptcris spatulata Newberry

Chiropteris Williamsii Newberry

Cladophlebis angustifolia Newberry
Cladophlebis Browniana (Dunk.) Seward
Cladophlebis consiricta Fontaine

Cladophlebis Fisheri Knowlton

Cladophlebis distans Fontaine

Cladophlebis virginiensis Fontaine
Cladophlebis virginiensis montanensis Fontaineg
Cladophlebis hetcrophylla Fontaine

* Dawson, On the Mesozoic Fioras of the Rocky Mountain region of Canada,
Trans. Roy. Soc. Can., voi. iii, sec. iv, 1885, pp. 1-22, pi. i-iv. Dawson, Creta-
ceous Floras of the Northwest Territories of Canada, Amer. Nat., vol. xxii,
1888, pp. 953-959. Dawson, Correlation of Eariy Cretaceous Fioras in Canada
and the United States, Trans. Roy. Soc. Can., vol. x, sec. iv, 1892, pp. 79-93.

*Newberry, Schooi of Mines Quarteriy, vol. viii, 1887, p. 329. Newberry,
Flora of the Great Falis Coal Field, Montana, Amer. Journ. Sci. (iii), vol. xli,
1891, pp. 191-201, pl. xiv.

*Fontaine, Description of Some Fossii Plants from the Great Falis Coal
Field of Montana, Proc. U. S. Natl. Mus., vol. xv, 1892, pp. 487-495, pl. 1xxxii-
Ixxxiv. Fontaine, in Ward, Mon. U. S. Geol. Surv., voi. xlviii, 1906, pp. 284-
315, pl. 1xxi-lxxiii.

‘ Knowlton, Description of a Collection of Kootanie Plants from the Great
Falls Coai Fieid of Montana, Smith. Misc. Coii. (quarteriy issue), voi. i, pt. i,
1907, pp. 105-128, pl. xi-xiv.
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Cladophlebis parva Fontaine

Cladophlebis sp., Dawson

Cycadeospermum rotundatum Fontaine ?

Cycadeospermum montanense Fontaine

Cyperites sp., Dawson

Dicksonia montanensis Fontaine

Dicksonia pachyphylla Fontaine

Dicksonia sp., Dawson

Dioonites borealis Dawson

Dryopteris angustipinnata montanensis (Font.) Knowlton?!

Dryopteris monocarpa (Font.) Knowlton

Dryopteris montanensis (Font.) Knowlton — Cladophlebis Ungeri (Dunk.)
Ward ?

Dryopteris kootaniensis Knowlton

Equisetum Phillipsii (Dunk.) Brongniart

Equisetum Lyellii Mantell

Ginkgo lepida Heer

Ginkgo nana Dawson

Ginkgo sibirica Heer

Ginkgo sp., Dawson (nuts)

Qlyptostrobus grenlandicus Heer

Laricopsis longifolia latifolia Fontaine

Lycopodites ? montanensis Fontaine

Nageiopsis longifolia Fontaine

Nilsonia schaumburgensis (Dunk.) Nathorst

Oleandra arctica Heer

Oleandra graminefolia Knowlton

Onychiopsis brevifolia (Font.) Berry ?

Onychiopsis QGaepperti (Schenk) Berry

Onychiopsis latiloba (Font.) Berry

Onychiopsis psilotoides (S. & W.) Ward

Osmunda dicksonioides Fontaine

Pagiophyllum sp., Dawson

Pecopteris montanensis Fontaine

Pinus anthraciticus Dawson

Pinus susquensis Dawson

Podozamites distantinervis Font. ?

Podozamites lanceolatus (L. & H.) Schimper

Podozamites latipennis Heer

Podoxamites inwquilateralis (Font.) Berry

Podozamites nervosa Newb,

Protorhipis Fisheri Knowlton

Pterophyllum montanense (Font.) Knowlton

Sequoia acutifolia Newb.

tThe type of this variety has been referred by the writer to Cladophlebis
Albertsii (Dunk.) Brongniart. The writer has referred the Potomac forms
usually referred to Dryopteris to the less definite form-genus Dryopterites.
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Sequoia ambigua Heer

Segquoia fastigiata Heer ?

Segquoia Reichenbachi (Gein.) Heer
Sequoia rigida Heer

Sequoia Smittiana Heer

Sphenolepis Sternbergiana (Dunk.) Schenk
Sphenolepts Kurriana (Dunk.) Schenk
Sphenolepis sp., Dawson

Sphenopteris sp., Dawson

Taonurus incertus Dawson

Taxodium cuneatum Newberry
Widdringtonites ramosus (Font.) Berry ?
Williamsonia ? sp., Dawson

Zamites acutipennis Heer

Zamites apertus Newberry

Zamites arcticus Goeppert

Zamites borealis Heer

Zamites montana Dawson

The Kootanie flora comprises 1 lycopod, 2 equisctese, 34 speeies of ferns,
19 cyeads, and 25 conifers. One monoeotyledon, a Cyperites, is reported
by Dawson, but it is of absolutely no significance, and a number of the
other species in this flora listed on the authority of Dawson are of very
questionable value. The Kootanie and Potomac floras have about a

seore of speeies in eommon, as well as others not positively identified,
and a number of eloscly allied forms.

Wyoming
The cyead trunks from the Freezeout Hills of Carbon County, Wyo-
ming, come from the Atlantosaurus beds of Marsh (Morrison forma-
tion). Opinion is divided as to whether they are of late Jurassic or
early Cretaceous age, the weight of the evidence lcaning toward the
latter assumption. The species, all of which have been described by
Ward,' are:

Cycadella Beecheriana Ward
Cycadella carbonensis Ward
Cycadella cirrata Ward

! Ward, Description of a New Genus and Twenty New Species of Fossil
Cycadean Trunks from the Jurassic of Wyoming, Proc. Wash. Acad. Sci., vol.
i, 1900, pp. 253-300. Ward, Jurassic Cycads from Wyoming, Mon. U. S. Geol.
Surv., vol. xlviii, 1906, pp. 179-203, pls. x1vi-1xiii.
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Cycadella compressa Ward
Cycadella concinna Ward
Cycadella contracta Ward
Cycadella crepidaria Ward
Cycadella exogena Ward
Cycadella ferruginea Ward
Cycadella jejuna Ward
Cycadella jurassica Ward
Cycadella gelida Ward
Cycadella gravis Ward
Cycadella Knightii Ward
Cycadella Knowltoniana Ward
Cycadella nodosa Ward
Cycadella ramentosa Ward
Cycadella Reedi Ward
Cycadella verrucosa Ward
Cycadella wyomingensis Ward

In this connection a single species from this same Horizon in Wyoming
(Beulah clays) should be mentioned. It is

Cycadella utopiensis (Ward) Wieland

Pacific Coast

On the Pacific coast of North America the Shasta Group has been
divided primarily into Knoxville and Horsetown beds. These have been
at times called formations, at other times, as in Monograph xlviii of the
U. S. Geological Survey, the Shasta is called a formation. Again the
series is united with the Upper Cretaceous as the Shasta-Chico series,
while local formational names have also been used in parts of the area.
The history of the study of the floras was fully detailed by Professor
Ward in 1906 (loc. cit.). Still more recently Knowlton® has con-
clusively shown that the Knoxville beds are largely of Upper Jurassic
age, the so-called Shasta flora being confined to the extremec upper part
of the great thickness of apparently conformable beds which have been
referred to the Knoxville. The writer is not concerncd with the question
of nomenclature in the present conncetion, and has used the term Shasta
throughout the systematic part of the work to designate that part of the
Knoxville, which is of Lower Crctaceous age, as shown by the contained

! Knowlton, Amer. Journ. Sci. (iv), vol. xxx, 1910, pp. 33-64.
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flora. Combining the various contributions which have been made to the
subject yields the following list of species:

FLORA OF UPPER KNOXVILLE BEDS

Abietites sp., Fontaine

Acaciephyllum ellipticum Fontaine?
Angiopteridium canmorense Dawson ?
Angiopteridium strictinerve latifolium Fontaine
Cephalotazopsis magnifolia Fontaine ?
Cladophlebis Browniana (Dunker) Seward
Cladophlebis parva Fontaine

Cladophlebis Ungeri (Dunker) Ward
Cladophledbis virginiensis Fontaine

Ctenis sp., Knowlton

Cycadeospermum californicum Fontaine
Dicksonia pachyphylla Fontaine

Dioonites Buchianus (Ettings.) Born.
Dioonites Buchianus abietinus (Font.) Ward
Dioonites Buchianus rarinervis Fontaine
Equisetum texense Fontaine ?

@Rleichenia Nordenskioldi Heer ?
Hausmannia ? californica Fontaine
Matonidium Althausii (Dunker) Ward
Nageiopsis longifolia Fontaine ?

Nilsonta californica Fontaine

Nilsonia Stantoni Fontaine

Nilsonia ? sambucensis Ward

Nilsonia schaumbergensis (Dunker) Nathorst
Oleandra graminefolia Knowlton
Onychiopsis psilotoides (Stokes & Webb) Ward ?
Prote®phyllum californicum Fontaine?
Pterophyllum ? lowryanum Ward
Sagenopteris elliptica Fontaine

Sagenopteris Mantelli (Dunker) Schenk
Sagenopleris nervosa Fontaine

Sequoia Reichenbachi (Gein.) Heer
Teniopteris sp., Knowlton

Zamites arcticus Goeppert

Zamites tenuinervis Fontaine

The foregoing list includes 1 equisetumn, 14 ferns, 14 cycads, and 4
conifers. It shows 15 species identical with Potomac forms and several

1 This was identified as A. pachyphyllum by Fontaine but is identical with
A, ellipticum. It is not an Angiosperm nor is it related to what this author
called Acaciephylium from the Potomac which is referred to Thinnfeldia.

2This is an absolutely unidentifiable fragment and might be a fern, cycad,
gymnosperm or angiosperm.
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others which are tentatively identified with them. The upper or Horse
town beds have furnished the following flora:

FLORA OF TIHE HORSETOWN BEDS

Abietites macrocarpus Fontaine
Acaciephyllum ellipticum Fontaine?
Angiopteridium canmorense Dawson ?
Angiopteridium strictinerve latifolium Fontaine
Cephalotaxopsis magnifolia Fontaine ?
Cladophlebis Browniana (Dunker) Seward
Cladophlebis heterophylla Fontaine
Cienopsis latifolia (Fontaine) Berry
Cycadeoidea Stantoni Ward
Dioonites Buchianus (Ettings.) Born.
Dioonites Buchianus abietinus (Font.) Ward
Dioonites Dunkerianus (Goepp.) Miq.
Gleichenia Gilbert-Thompsoni Fontaine
Menispermites californicus Fontaine ?
Nageiopsis longifolia Fontaine ?
Nilsonia oregonensis (Fontaine) Berry
Phyllites Fontainci Berry
Pinus shastensis Fontaine
Populus ? Ricei Fontaine?®
Sagenopteris elliptica Fontaine
Sagenopteris nervosa Fontaine
Sagenopteris oregonensis Fontaine .
Saliciphyllum californicum Fontaine *
Saliciphyllum pachyphyllum Fontaine*
Sequoia ambigua Berr

+ Sequoia Reichenbachi (Gein.) Heer
Sphenolepsis Sternbergiana (Dunker) Schenk
Zamites tenuinervis Fontaine

The conifers are more abundant than in the Upper Knoxville beds, 7
species being recorded. There are 9 cycads and 6 ferns, as well as 4
more or less vague angiosperms. Nine species are identical with Potomac
forms.

*Not an Angiosperm and unrelated to Potomac species referred to this
genus by Fontaine which prove to be identical with Thinnfeldia.

*This is probably an Angiosperm but there are no visible characters which
warrant its reference to this genus.

*This looks like a fragment of a Dicotyledon but is unidentifiable ge-
nerically.

“ These two forms might belong to any division of vascular plants. They
are probably Angiosperms but do not even show venation characters.
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QUEEN CHARLOTTE ISLANDS

In 1872 James Richardson® discovered and described fossiliferous
Lower Cretaceous on the Queen Charlotte Islands. A more elaborate ac-
count of the geology was published in 1880 by Geo. M. Dawson.” The
flora has been studied by Sir William Dawson ® and Penhallow.! A com-

bined list of their determinations is as follows:

Cupressinoxylon $p., Dawson
Cycadeocarpus (Dioonites) columbianus Dawson
@Ginkgo pusilla Dawson

Neuropteris heterophylla Brongniart
Nilsonia polymorpha cretacea Penhallow
Osmundites skidegatensis Penhallow
Sagenopteris elliptica Fontaine
Sagenopteris Nilsoniana (Brong.) Ward
Sagenopteris oblongifolia Penhallow
Sequoia Langsdorfii (Brongn.) Heer
Teniopteris plumosa Dawson

Taxoxylon sp., Dawson

Zamites crassinervis Fontaine

Zamites tenuinervis Fontaine

The bulk of the foregoing names are obviously incorrect identifications,
e. g., Neuropteris heterophylla is a typieal earboniferous Pteridosperm,
one of the Sagenopteris speeies is Jurassic and the Nilsonig is Rhetie,
while the Sequoia is Tertiary.

BRITISH COLUMBIA

What is probably the northward extension of the Shasta-Chieo scries

outcrops at various localities in British Columbia and probably in the

Yukon territory, but the areas are so remote and seattered that the details
of the geology and the fossil floras have only been worked out in a pre-

liminary manner.

* Richardson, Geol. Surv. Can. Rept. of Progress for 1872-73, p. 56ff.

3Dawson, G. M., Geol. Surv. Can. Rept. of Progress for 1878-79, pp. 1-239B.

*Dawson, W., Ibid., Rept. of Progress for 1872-73, pp. 66-71.

¢ Penhallow, Trans. Roy. Soc. Can., vol. viii, sec. iv, 1902, pp. 3-29, pls. i-vi;
Ibid., pp. 31-91, pl. vii-xvi.
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Recently Professor Penhallow! has studied the collections made by
Dr. R. A. Daly along the International Boundary in the Cascade Moun-
tains (49th parallel) and near Rossland in the Sheep Creek valley about
120 miles to the eastward. His determinations include the following:

Aspidium fredericksburgense Fontaine
Cladophledbis skagitensis Penhallow
Cycadites unjiga Dawson

Fruit of Exogen (Dorstenia ?)
Qleichenia Gilbert-thomp'soni Fontaine
Gleichenia sp.

Glyptostrobus europaus (Brongn.) Heer
Myrica serrata Penhallow

Nilsonia brevipinna Penhallow

Pinus sp. (vague leaves and seed)
Populus cyclophylla Heer

Quercus coriacea Newberry

Quercus flezuosa Newberry (?)

Saliz perpleza Knowlton (?)

Sassafras cretaceum Newberry

Without studying the materials it is not possible to discuss this small
list intelligently although several of the identifications are obviously
improbable and more than one horizon is evidently represented. The
Cladophlebis is not new and might represent a distal portion of the frond
of any of previously described species of the Cladophlebis virginiensis
‘type. The Gleichenia is obviously not referable to that genus and the
material identified as Glyptostrobus is probably Arthrotazopsis or Wid-
dringtonites, while considerable doubt attaches to all of the dicotyledons
enumerated.

ALASKA

The supposed Neocomian beds which contain fossil plants in the Cape
Lisburne region of Alaska are very probably of Upper Jurassic age, as
indicated by Knowlton’s studies. They are therefore omitted in the
present discussion, since the contained flora at best is small and not
especially noteworthy.

Mezico

From the supposed Neocomian of Tlaxiaco Nathorst® has reported

Pseudofrenelopsis Felizi, Sequoia ambigua and Sequoia Reichenbachi.

! Penhallow, Trans. Roy. Soc. Canada, 3d series, vol. i, sec. iv, 1908, pp. 287-
349, pls. i-ix.

? Nathorst in Felix & Lenk, Beitr. Geol. u. Palaont. Mexico, Theil ii, 1893, pp.
51-54,
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Tre BARREMIAN STAGE
Portugal

The floras classed as probably of Urgonian age in Portugal are not all
precisely fixed in the Lower Cretaceous section, and some of the species
in the following list may be from the Aptian, a matter of no great moment
in the present conneetion. In common with the floras from the other
horizons in the Portuguese Mesozoic, the Barremian flora was collected
through the efforts of Choffat and elaborated by Heer and Saporta, and
large collections in the hands of the latter at the time of his death have
never been described. i

The recorded species include the following:

Ancimidium lobulatum Saporta
Aneimidium minutulum Saporta
Aneimidium tenerum Saporta
Blyttia infracretacea Saporta
Brachyphyllum obesum Heer
Carpites burmannicformis Saporta
Carpites plicicostatus Saporta
Choffatia Francheti Saporta
Cladophlebis Dunkeri (Schimper) Seward
Cladophlebis sinuatilobula Saporta
Comptoniopteris cercalina Saporta
Delgadopsis rhizostigma Saporta
Dicotylophyllum cerciforme Saporta
Dicotylophyllum corrugatum Saporta
Dicotylophyllum hederaceum Saporta
Dicotylophyllum lacerum Saporta
Equisetum sp., Saporta

Frenelopsis occidentalis Heer

Isactes Choffati Saporta
Jungermannites vetustior Saporta
Lycopodites Francheti Saporta
Lycopodites gracillimus Saporta
Lycopodites Limai Saporta
Onychiopsis Mantelli (Brongn.) Seward
Poacites acicularis Saporta

Poacites cercalinus Saporta

Poacites plurinervulosus Saporta
Podozamites ? acutus Saporta
Protorhipis Choffati Saporta
Rhizocaulon elongatum Saporta
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Ruffordia Gepperti (Dunk.) Seward
Sphenolepidium debile Heer
Sphenolepis Kurriana (Dunk.) Schenk
Sphenolepis Sternbergiana (Dunk.) Schenk
Sphenopteris acutidens Saporta
Sphenopteris aneimieformis Saporta
Sphenopteris angustiloba Heer
Sphenopteris cercalensis Saporta
Sphenopteris cordai (Dunk.) Schenk
Sphenopteris cuneifida Saporta
Sphenopteris linearisecta Saporta
Sphenopteris lobulifera Saporta
Sphenopteris plurinervia Heer
Sphenopteris polyclada Saporta
Sphenopteris pygmaa Saporta

One species each of Isoetes, Equisetum, and Jungermannites are de-
scribed, the first being a very convincing type. There are 5 species of
Lycopodites, 22 species of ferns, 5 conifers, and only a single cycad.
The paucity of cycad remains is in remarkable contrast with most floras
of about this age, the Kome flora of Greenland and the Barremian flora
of Austrian Silesia each having 11 cycads.

Saporta refers Delgadopsis and Protorrhipis to his Proangiosperms,
although the second is unquestionably a fern. The species of Poacites
and Rhizocaulon are considered as monocotyledons and Choffatia as a
dicotyledon, although the evidence for all of these forms is of a character
which is far from trustworthy.

There are five species which are present in the Potomac flora and
several others which are closely allied types.

France

Remains of plants in the marine deposits of the Barremian of France
are scanty and unrepresentative.’ The recorded species include:

Araucaroxylon barremianum Fliche
Cedrus Lennieri Saporta
Cedroxylon reticulatum Saporta
Cedroxzylon barremianum Fliche

! Saporta, Notice sur les végét. foss. de la Craie infér des environs du
Havre, 1877. Fliche, Cont. & la fl. foss. de la Haute-Marne (infra crétacé),
Bull. Soc. Sci. Nancy, 1900, pp. 1-23.




MARYLAND GEOLOGICAL SURVEY

Cupressinee sp., Fliche

Cunninghamites elegans (not this species)
Filicales (stem)

Sarcostrobilus Paulint Fliche

Taenidium pinnatisectum Saporta

England
The floras of the Lower Cretaceous of England above the Wealden are
scanty and inadequately described. The following list compiled by
Ward in 1896 includes the rccorded remains from the Lower Greensand
and Atherfield beds (Urgonian-Aptian). These will probably receive
a modern treatment in the work on the Cretaceous which Dr. Stopes of
Manchester is preparing for the British Museum :

Cycadeoidea Gibsoni (Carr.) Ward
Cycadeoidea inclusa (Carr.) Ward
Cycadeoidea maxima (Carr.) Solms-Laubach
Cycadeostrobus Walkcri Carruthers
Dracena Benstedi Koenig?

Fittonia squamata Carruthers
Fucoides bignoriensis Mantell
Fucoides sp.

Pinites Benstedi (Mantell) Endl.
Pinites cylindroidea Gardner

Pinites Leckenbyi Carruthers

Pinites Mantelli Carruthers

Pinites oblongus (L. and H.) Endl
Pinites patens Carruthers

Pinites pottoniensis Carruthers
Pinites sussexiensis (Mantell) Brongn.
Weichselia reticulata (S. & W.) Ward

Austria-Hungary
Ettingshausen * in 1852 described a number of so-called Wealden plants

from Moravia and from Zobing in lower Austria, and 19 years later
Schenk * published his admirable account of the flora of the Wernsdorfer
schichten from Austrian Silesia in the northern Carpathians. The age

* Stopes has recently shown this to be coniferous.

? Ettingshausen, Beitrag zur ndheren kenntniss der Flora der Wealden-
periode, Abhandl. k. k. geol. Reichsanstalt, Wien, Band i, Abth. iii, No. 2,
1852, pp. 1-32, pls. i-v.

® Schenk, Die fossilen Pflanzen der Wernsdorfer Schichten in den Nord-
karpathen, Palaeont., Band xix, 1871, pp. 1-34, pls. i-vii.
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of this flora has been commonly accepted as Urgonian (Barremian) since
Schenk’s publication. The recorded species include:

Baiera cretosa Schenk

Cedrozylon Schenk

Chondrites furcillatus Roemer

Confervites setaceus Ettingshausen

Cycaditcs Brongniarti Roemer

Cycadites Hcerti Schenk

Cycadopteris Dunkeri Schenk

Cyclopteris squamata Ettingshausen
Cunninghamites elegans (Corda) Endl. (not this species)
Dioonites Buchianus (Ettingshausen) Born.
Eolirion primigenium Schenk

Equisetum Burchardti Dunker

Frenelopsis Hoheneggeri (Ettingshausen) Schenk
Lonchopteris recentior (Ettingshausen) Schenk = Weichselia ?
Onychiopsis psilotoides (Stokes and Webb) Ward
Podozamites Hoheneggeri Schenk

Podozamites obovatus Schenk

Podozamites Zittellii Schenk

Sagenopteris Mantelli (Dunker)

Sargassites Partschii Ettingshausen

Sequoia Reichenbachii (Geinitz) Heer
Sphenolepis Sternbergiana (Dunker) Schenk
Taniopteris 26bingiona Ettingshausen
Widdringtonites gracilis Heer ?

Zamites affinis Schenk

Zamites Gapperti Schenk

Zamites nervosus (Ettingshausen) Schenk
Zamites ovatus Schenk

Zamites pachyneurus Schenk

The flora includes 3 alge, 1 equisctum, 5 ferns, 2 ginkgos, 11 cycads,
and 5 conifers. The remarkable Kolirion, which has been suggested as
representing a survival of the Paleozoic Cordaites, and which Saporta
regarded as a Proangiosperm, is one of the features of this flora. Seven
of the species are present in the Potomac flora and others are closely
allied types.

Steinmann® has deseribed a calcareous alga, Boueina Hochstetter:
Toula® of the family Codiacex from the Upper Neocomian limestone

1 Steinmann, Ber. Naturf. Gesell. z. Freiburg, Band xi, 1899, pp. 62-72.
2 Toula, Sitz. k. Akad. Wiss., Wien, Ixxxiii, i, 1883, pp. 1319-1324, pl. v, fig. 10,
pls. vii-ix.
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(probably Barremian) near Pirot in southeastern Servia. Other sup-
posed lower Cretaceous plants from southeastern Kurope, such as those
from Solymos and Bucsava in Hungary are now considered Jurassic
(Tithonian).
Russia

Although Murchison* states that thc Wealden is absent in Russia,
Auerbach,’ as long ago as 1844, figured and described fossil plants from
the sandstones of Klin (Klin’schen sandstein) in the province of Moscow.
Eichwald* at one time regarded these sandstones as of Quader age, al-
though in 1865 he refers them to the Ncocomian. Dunker, who ex-
amined Trautschold’s plants considered the age as Wealden, and this is

the opinion adopted by the latter who has given the only complete account
of this flora.® The species are as follows:

Araucarites hamatus Trauts.

Alethopteris metrica Trauts.=— Matonidium ?

Asplenites desertorum Trauts. = Cladophlebis

Asplenites Klinensis Trauts.=— Weichselia reticulata (S. & W.) Ward

Auerbachia echinata Trauts.

Calamites sp., Trauts. — Equisetum

Cladophlebis Browniana (Alethopieris Reichiana Trauts.)

Cladophlebis Albertsii (Pecopleris Whitbiensis Trauts.)

Cycadites acinaciformis Trauts.

Equisetiltes 8p., Trauts.

Glossopteris solitaria Trauts. (— Sagenopteris)

Microdictyon Dunkeri Schenk (Pecopteris decipiens Trauts.)

Odontopteris dubia Trauts. = Cladophlebis

Pecqpteris Althausii Trauts, = Matonidium Althausii (Dunker) Ward

Pecopteris explanata Trauts. — Matonidium Althausii (Dunker) Ward

Pecopteris nigrescens Trauts. = Weichselia reticulata (S. & W.) Ward

Pecopteris pachycarpa Trauts.= Matonidium Althausii (Dunker)
Ward

Polypodites (Lonchopteris) Mantelli Trauts.=— Weichselia reticulala
(S. & W.) Ward

Phyllites regularis Trauts.

! Murchison, Geol. Russia, vol. i, 1845, p. 260.

# Auerbach, Bull. Soc. imp. nat. Moscou, vol. xvii, 1844, 1, p. 145, pl. v.

! Bichwald, Ibid., vol. xxxiv, 1861, 4, p. 432.

‘{Eichwald, Lethea Rossica, vol. ii, pt. i (1865), 1868, pp. 1-71.

® Trautschold, Nouv. Mém. soc. nat. Moscou, vol. xiii, 1871, pp. 189-236, pl.
xviii-xxii.
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Pinus elliptica Trauts.

Reussia pectinata Goepp.

Ruffordia Gepperti (Sphenopteris auerbachi Trauts.)
Thuyites ecarinatus Trauts.

Both Valanginian, Hauterivian and Barremian deposits are repre-
sented in central Russia these three stages being capable, according to
Pavlow, of a two-fold division into Petchorian below and Simbirskian
above. The fossil plants, according to recent authorities, are consid-
ered of Barremian age.

A number of forms recorded in the earlier work of Eichwald (loc. cit.,
1865) are not mentioned by Trautschold, and while they have little
precise value, either botanical or stratigraphical, they may be given for
the sake of completeness. They are:

Araucarites crassifolius Corda
Amygdalus taurica Eichwaid
Cerasus meridionalis EBichwaid
Cupressinoxylon ucranicum Goeppert
Cycadites affinis Eichwald

Cycadites contiguus Eichwaid
Equisetites notabilis Eichwald
Fasciculites ambiguus Eichwald
Geinitzia prisca Eichwald

Keckia ambigua Eichwald
Psammopteris knorrieformis Eichwaid
Quercus spathulata Eichwaid

Greenland

The most intcresting, as well as the most cxtensive, flora which has
been referred to this horizon in the Lower Cretaceous is the Kome flora
of Heer® found along the north side of the Nugsuak peninsula in West
Greenland, in latitude 70° 45" north (215 metres). Since White and

1 Heer, Foss. Fi. v. Nordgroniand, Kreide Fiora, Fl. Foss. Arct., Band i,
1868, ii, Specieiier Theii, pp. 78-85, pis. xiiii, xliv. Die Kreide-Flora der
Arctischen Zone, Kgl. Svenska Vetens-Akad. Handl, Band xii, No. 6, 1874,
pp. 31-92, pis. i-xxv; Fi. Foss. Arct., Band iii, 1874. Nachtrige zur Foss. Fl.
Gronlandes, Kgl. Svenska Vetens.-Akad. Handi., Band xviii, No. 2, 1880, pp.
3-8, pis. i, ii. Fl. Foss. Arct., Band vi, Abth. i, Theii ii. Fiora Fossiiis Gron-
landica, Theii i. Die Fiora der Komeschichten, Meddeleiser om Groénland,
Copenhagen, Femte Hefte, 1883, pp. 79-202. Fi. Foss. Arct.,, Band vi, Abth, ii,
pp. 1-19, pis. i-iv. Fl Foss. Arct., Band vii, 1883, pp. 151-167.
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Schuchert * have discovered additional dicotyledons in the IKome beds,

from which hitherto only Populus primeva was known, and have also

demonstrated the presence of the Atane scries on the north shore of the

peninsula, just how much reliance can be placed upon Heer’s list of

species as having come from a single horizon is uncertain, and some

doubt is raised regarding the Urgonian (Barremian) age which was held

by Heer, and so confidently stated in the French abstract at the end of

the fifth volume of “ Meddelelser om Grénland,” 1893, by Johnstrup.
The list of species recorded includes the following:

Adiantum formosum Heer
Acrostichites egedianus Heer
Aneimidium Schimperi Heer
Anomozamites cretaceus Heer
Aspidium ursinum Heer
Asplenium Boyeanum Heer
Asplenium Dicksonianum Heer
Asplenium lapideum Heer
Asplenium Nauckhoffianum Heer
Asplenium Nordenskioldi Heer
Baiera cretosa Schenk
Cladophlebis Albertsii (Dunker)
Cyparissidium gracile Heer
Cyperacites hyperboreus Heer
Cyperacites arcticus Heer
Czekanowskia dichotomae Heer
Dicksonia bellidula Heer
Dicksonia Johnstrupi Heer
Dictyophyllum Dicksoni Heer
Eolirion primigenium Schenk
Equisetum amissum Heer
Equisetites annulatioides Heer
Equisetites granlandicus Heer
Fasciculitcs graenlandicus Heer
Frenelopsis Hoheneggeri (Ettings.) Schenk
@inkgo arctica Heer

@inkgo tenuistriata Heer
@leichenia acutipennis Heer
@leichenia comptoniefolia Ettings.
Gleichenia delicatule Heer
Gleichenia Gieseckiana Heer

1 White and Schuchert, Cretaceous Series of the West Coast of Greenland,
Bull, Geol. Soe. Am., vol. ix, 1898, pp. 343-368, pls. 'xxiv-xxvi.
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Gleichenia gracilis Heer
Qleichenia longipennis Heer
Gleichenia micromera Heer
Gleichenia nervosa Heer
QGleichenia Nordenskioldi Heer
Q@leichenia optabilis Heer
@leichenia rigida Heer
Q@leichenia rotula Heer
@leichenia thulensis Heer
Qleichenia Zippei (Corda) Heer
@lossozamites Schenkii Heer
Glyptostrodbus grenlandicus Heer
Inolepis imbricata Heer
Laurus (?) sp., Knowlton
Lycopodium redivivum’ Heer
Marsilea (?) grandis Heer
Nathorstia angustifolia Heer
Nathorstia firma Heer
Nilsonia Johnstrupi Heer (identified by Knowlton)
Oleandra arctica Heer
Osmunda petiolata Heer
Pecopteris Andersoniana Heer
Pecopteris arctica Heer
Pecopteris Bollbreeana Heer
Pecopteris borealis Brongniart
Pecopteris hyperborea Heer
Pecopteris komensis Heer
Pinus Crameri Heer

Pinus Eirikiana Heer

Pinus lingulata Heer

Pinus Olafiana Heer

Pinus Peterseni Heer

Poacites borealis Heer

Populus primeva Heer
Protorhipis cordata Heer
Pteris frigida Heer
Pterophyllum concinnum Heer
Pterophyllum lepidum Heer
Sequoia ambigua Heer

Sequoia gracilis Heer

Sequoia Reichenbachi (Gein.) Heer
Sequoia rigida Heer

Sequoia Smittiana Heer
Sphenopteris borealis Heer
Sphenopteris fragilis Heer
Sphenopteris grevilloides Heer
Sphenopteris lepida Heer
Thuyites Meriani Heer
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Torreya Dicksoniana Heer
Torreya parvifolia Heer
Taonurus sp., Knowlton
Zamites acutipennis Heer
Zamites arcticus Goeppert
Zamites brevipennis Heer
Zamites borealis Heer
Zamites globuliferus Heer
Zamites speciosus Heer

This rich flora is remarkable for the variety and abundance of its
ferns, possibly due to favorable conditions of humidity. No less than

40 species are differentiated by Professor Heer, the Gleichenias being
especially abundant in both species and individuals, often in an excellent

state of preservation. The Kome flora includes a supposed Marsilea, a
lycopod, 3 equiseta, 3 ginkgoales, 11 eycads, and 18 conifers. Eolirion is
recorded, Cyperacites, Poacites, and Fasciculites are held to represent
monocotyledons, and the Dicotyledonx are certainly represented in
Populus and Laurus (#). Only 3 of the Kome species are positively

identified in the Potomac flora, bui there are a number of additional
types which are closely allied and probably a critical revision of the
Greenland material would disclose still other similar features.

THE APTIAN STAGE
The Texas Area

The elaborately subdivided Comanche section of Texas and adjacent
areas we owe chiefly to the labors of R. T. Hill, and the history of the
study of the fossil plants which have been fonund in these beds has been
given by Ward (loc. cit.). In the present connection interest centres
in the Glen Rose beds of the Trinity, from which a small flora has been
described by Fontaine and others. This flora contains the following
species :

Abietites Linkii (Roemer) Dunker
Abietites foliosus (Font.) Berry ?
Abietites ? sp., Fontaine
Brachyphyllum parceramosum Fontaine

Carpolithus Harveyi Fontaine
Carpolithus obovatus Fontaine
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Cycadeospermum rotundetum Fontaine
Dioonites Dunkerianus (Goepp.) Miquel
Dioonites Buchianus (Ettings.) Born.
Dioonites Buchianus rarinervis Fontaine
Dioonites Buchianus angustifolius Fontaine
Equisetum terense Fontaine

Frenelopsis varians Fontaine

Frenelopsis Hoheneggeri (Ettings.) Schenk
Pagiophyllum dubium Fontaine
Paleohillia arkansana Knowlton *

Pinus ? sp., Fontaine

Podozamites acutifolius Fontaine ?
Podozamites # sp., Fontaine

Sequoia pagiophylloides Fontaine
Sphenopteris valdensis Heer ?

Sphenolepis Sternbergiana (Dunker) Schenk
? Thuyoxylon americanum Unger
Williamsonia tezana Fontaine

Zamites tenuinervis Fontaine

It comprises rather widespread Lower Cretaceous types of a resistant
character which withstood maceration in littoral marine deposits, and it
is therefore not sufficiently representative for close correlation. Only
1 fern is represented. The cycads number 8 species, and the conifers
11. Six Potomac species are more or less satisfactorily identified, and
3 additional are somewhat doubtful.

The Trinity has been regarded by Hill as of Neocomian age, although
representing a considerable time interval during its transgression. Dou-
villé," Kilian," Suess,* and others have advanced reasons for considering
the base of the Texas Cretaceous as not older than the Aptian, and the
flora cannot be said to offer any evidence contrary to this view. A
further fact which suggests that the Texas Lower Cretaceous as a whole
is younger than it has usually been considered is furnished by certain
Albian faunal elements said to be present in the Fredericksburg, and

'Knowiton, Bull. Torrey Bot. Club, vol. xxii, 1895, pp. 387-390, tf. 1-3.

2 Douvillé, Sur Quelques Rudistes Américains, Bull.’soc. géol. Fr. (sér. iii),
tome xxviii, 1900, p. 218.

*Kilian, Sur Quelques gisements de 1’6tage aptien, Ibid. (sér. iv), tome ii,
1902, p. 358. In Frech, Lethea geognostica, 2 Teil, 3 Band, 1 Abt., Pal®o-
cretacicum, 1907.

¢ Suess, Amer. Journ. Sci. (iv), voi. xxxi, 1911, p. 105.
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by the prescnce in the Upper Comanche or Washita division of a flora
which is unmistakably of Upper Cretaceous (Cenomanian) age, and
which is therefore omitted from the present discussion.

The Black Hills Area

The flora of the so-called Lakota formation of the Black Hills rim
in Wyoming and South Dakota inay be considered in this place, although
it may be more properly referable to the Barremian since Dinosauria are
also present in these deposits.* The history of discovery has been given
in detail by Ward,” who, with the collaboration of Fontaine, has been
mainly responsible for the elaboration of the flora. A list of the re-
corded specics includes the following:

Acrostichopteris adiantifolia (Fontaine) Berry
Acrostichopteris pluripartita (Fontaine) Berry
Araucarites wyomingensis Fontaine
Araucarites ? cuneatus Ward

Asplenium Dicksonianum Heer (— Onychiopsis ?)
Carpolithus barrensis Ward

Carpolithus fasciculatus Fontaine

Carpolithus fenarius Ward

Carpolithus montium-nigrorum Ward
Cephalotaxopsis magnifolia Fontaine
Cladophlebis parva Fontaine

Cycadeoidea aspera Ward?®

Cycadeoidea cicatricula Ward

Cycadeoidea Colei Ward

Cycadeoidea colossalis Ward

Cycadeoidea dacotensis Macbride ¢
Cycadeoidea excelsa Ward

Cycadeoidea formosa Ward

Cycadeoidea furcata Ward

*Lucas, A New Dinosaur Stegosaurus Marshi, from the Lower Cretaceous
of South Dakota, Proc. U. S. Natl. Mus., vol. xxiii, 1901, pp. 591, 592, pls.
xxili, xxiv.

?*Ward, The Cretaceous Formation of the Black Hills as Indicated by the
Fossil Plants, 19th Ann. Rept. U. S. Geol. Surv., pt. ii, 1899, pp. 521-946, pls.
1ii-elxxii.

®* Ward, Elaboration of the Fossil Cycads in the Yale Museum, Amer. Journ.
Sel. (iv), vol. x, 1900, pp. 327-345, pls. ii-lv; Mon. U. S. Geol. Surv., vol. x1viii,
1906, pp. 316-326.

¢ Macbride, T. H., A New Cycad, Amer. Geol., vol. xii, 1893, pp. 248-250, pl. xi.
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Cycadeoidea heliochorea Ward
Cycadeoidea ingens Ward

Cycadeoidea insolita Ward

Cycadeoidea Jenneyana Ward
Cycadeoidea Marshiana Ward
Cycadeoidea McBridei Ward

Cycadeoidea minima Ward

Cycadeotdea minnekahtensis Ward
Cycadeoidea nana Ward

Cycadeoidea occidentalis Ward
Cycadeoidea Paynei Ward

Cycadeoidea protea Ward

Cycadeoidea pulcherrima Ward
Cycadeoidea reticulata Ward
Cycadeoidca rhombica Ward
Cycadeoidea Stillwelli Ward
Cycadeoidea superba Ward

Cycadeoidea turrita Ward

Cycadeoidea wellsii Ward

Cycadeoidea Wielandi Ward ! '
Czekanowskia nervosa Heer (?)
Equisetum Burchardti (Dunker) Brongniart
Q@leichenia Zippei (Corda) Heer
Glossozamites Fontaineanus Ward
Nageiopsis longifolia Fontaine (?)
Nageiopsis angustifolia Fontaine (?)
Nilsonia nigracollensis Wieland
Onychiopsis brevifolia (Fontaine) Berry
Onychiopsis Gepperti (Schenk) Berry
Onychiopsis latiloba (Fontaine) Berry
Onychiopsis nervosa (Fontaine) Berry
Onychiopsis psilotoides (Stokes and Webb) Ward
Pinus susquensis Dawson

Scleroptcris distantifolia Fontaine
Scleropteris rotundifolia Fontaine
Sequoia sp., Fontaine (cone)
Sphenopteris plurinervia Heer ?
Williamsonia (?) phenicopsoides Ward
Zamites borealis Heer

Zamites brevipennis Heer

Cycads predominate in this flora with a total of 33 species, but this is

probably more apparent than rcal, and is due to more or less duplication
in species founded on the gross characters of silicified trunks. The ferns

* Wieland, in Ward, Mon. U. 8. Geol. Surv., vol. xlviii, 1906, pp. 317-325, pl.
Ixxiii, figs. 15a-d; American Fossil Cycads, Carnegie Institution of Washing-
ton, Publ. No. 34, 1906.
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number 13 species, and there are 8 conifers and 1 equisetum. Ten Po-
tomac species are more or less satisfactorily represented and 2 or 3 addi-
tional are doubtfully represented.

Portugal

The Portuguese beds which have been referred to the Aptian by Choffat
and Saporta contain the following flora according to Saporta:

Bambusium latifolium Heer ?
Brachyphyllum confusum Saporta
Brachyphyllum obesum Hecer

Carpites burmannieformis Saporta ?
Caulinites atavinus Heer

Cladophlebis Dunkeri (Schimper) Seward
Ctenidium dentatum Heer

Ctenidium integerrimum Heer
Czekanowska nervosa Heer

Frenelopsis leptoelada Saporta
Frenclopsis occidcntalis Heer ?
Laccopteris pulchella Heer

Matonidium Althausii (Dunker) Ward
Onychiopsis psilotoides (Stokes and Webb) Ward.
Poacites plurinervius Saporta

Sequoia lusitanica Heer

Sphenolcpidium debile Hecer

Sphenolepis Kurriana (Dunker) Schenk
Sphenolepis Stcernbergiana (Dunker) Schenk
Sphenopteris angustiloba Heer
Sphenopteris plurinervia Heer ?
Sphenopteris tenuifissa Saporta
Tenidium lusitanicum Heer

Thuyites debilis Saporta

Thuyites pulchelliformis Saporta

Seven of the foregoing are ferns, 2 are cycads, and 11 are conifers.
Three of the forms are considered monocotyledons. Four of the species
are present in the Potomac flora.

France

The following two species are recorded from beds referred to the
Aptian® in the French area: :

Cylindrites latifrons Saporta
Pinus mammilifer Saporta

1 Saporta, Mém Soc. Géol. de Normandie, 1877.
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Germany

Hosius and von der Marck * have recorded the following species from
the Lower Gault of Westphalia:

Clathraria galtiana Hos. & v. d. Marck
Lonchopteris recentior Schenk
Megalozamia falciformis Hos. & v. d. Marck

Lorenz * has described the following fucoidal remains from the Kreide-
flysch, some of which are of Aptian age:

Caulerpa sp.

Diplopora muhlbergii Lorenz
Fucoides cf. latifrons Heer
Granularia sp.

Keckia sp.

Phycopsis affinis Sternb.
Phycopsis arbuscula Fischer-Oost.
Phycopsis intricata Brongn.
Phycopsis Targioni Brongn.

Switzerland

A single species, Ginkgo Jaccardi, is described by Heer* from Swiss
deposits which are considered of lower Aptian age.

Italy

The so-called scaly clays of Emilia, Italy (argiles écailleuses, argille
scagliose), have been referred to a number of geological horizons, but of
late years, as a result of the studies of Capellini,’ they have been con-
sidered of Lower Cretaccous age, the cycad trunks for which they are
chiefly celebrated being considered Aptian. The following specics of the
latter have heen described :

Cycadeoidea Bianconiana Massalongo
Cycadeoidea Capelliniana Solms.
Cycadeoidea cocchiana Caruel
1Hosius and von der Marck, Paleont., Band xxvi, 1880, pp. 77-80, 99.
? Lorenz, Bericht Naturf. Gesell. z. Freiburg, Band xii, 1902.
*Heer, Fl. Foss. Helvetie, vierte Abth., 1877, p. 146, pl. lviii, fig. 20.
*Capellini and Solms-Laubach, I tronchidi Bennettitee dei Musei Italiana,
Mem. R. Accad. Sci. Inst. di Bologna, ser. v, tomo ii, 1892, pp. 161-206, pls. i-v.
Capellini, Le Cicadee Fossili del Museo geologico di Bologna, Mem. R. Accad.,
Sci. Inst. di Bologna, ser. vi, tomo vi, 1909, pp. 51-69, pls. i, ii.
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Cycadeoidea etrusce Cap. and Solms.
Cycadeoidea Ferrettiana Cap. and Soims.
Cycadeoidea imolensis Cap. and Soims.
Cycadeoidea intermedia Ranzani
Cycadeoidea Maraniana Scarabeiii
Cycadeoidea Masseiana Capellini
Cycadeoidea montiana Cap. and Solms.
Cycadeoidea Pirazzoliana Massalongo
Cycadeoidea Scarabelli Meneghini
Cycadeoidea veronensis Massalongo

THE ALBIAN STAGE
The Black Hills Area

In the Black Hills area the Lower Cretaceous of Ward, previously re-
ferred to, has been divided by Darton® into several formations on the
basis of eertain lithologieal differenees. The uppermost of these, termed
the Fuson formation, eontains a considerable flora, which has been
correlated with the Albian of Europe. The plants have been described
by Ward and Fontaine (loc. ¢it.) and include the following species :

Abietites longifolius (Font.) Berry

Abietites macrocarpus Fontaine

Acrostichopteris pluripartita (Font.) Berry ?
Araucariozylon Hoppertone Knowiton
Arthrotazopsis grandis Fontaine ?

Carpolithus virginiensis Fontaine
Cephalotazopsis magnifolia Fontaine
Cladophlebis Ungeri (Dunk.) Ward ?
Cladophlebis wyomingensis Font. (ef. virginiensis Font.)
Cycadeospermum rotundatum Fontaine
Equisetum Burcherdti (Dunk.) Brongn.
Feistmantelia oblonga Ward

Ficophyllum serratum Font. (not a Ficophyllum)
Qeinitzia Jenneyi Fontaine

Leptostrobus alatus Ward

Matonidium Altheusii (Dunk.) Ward

Pecopteris borealis Brongn. (Cladophlebis or Qleichenia)
Pinus susquensis Dawson

Quercophyllum wyomingense Fontaine
Sapindopsis variabilis Fontaine

Sequoia ambigua Heer

Sequoia Reichenbachi (Gein.) Heer

* Darton, 21st Ann. Rept. U. 8. Geol. Surv., pt. iv, 1901, pp. 489-599.
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Nphenolepis Kurriana (Dunk.) Schenk
Ulmiphyllum densinerve Font. (a fern)
Weichselia reticulata (Stokes and Webb) Ward
Zamites () sp., Fontaine

Six are ferns, 2 are cycads, 11 are conifers, ard 4 are angiosperms.
About 13 of the species are identical with Potomac species.

Portugal
The Albian flora of Portugal is very extensive, part of it coming from
the Vraconnian (Choffat) and a larger part from older Albian horizons.
The following lists of species are taken from Saporta’s final revision of
these Portuguese floras:

Adiantum dilaceratum Saporta
Adiantum eximium Saporta
Adiantum expansum Saporta
Adiantum tenellum Saporta

Adoza praatavia Saporta

Aralia calomorpha Saporta

Aralia prozima Saporta
Aristolochia Daveauana Saporta
Aristolochia vetustior Saporta
Baiera cretosa Schenk
Brachyphyllum obesiforme Saporta
Brachyphyllum obesiforme elongatum Saporta
Braseniopsis venulosa Saporta
Braseniopsis villarsioides Saporta
Cissites parvifolius (Font.) Berry
Cissites sinuosus Saporta
Cladophlebis confusior Saporta
Cladophlebis Ungeri (Dunk.) Ward
Cladophlebis Limai Saporta
Cladophlebis obtusiloba Saporta
Cussonia ? lacerata Saporta
Cycadites pygmaus Saporta
Cycadites tenuisectus Saporta
Eolirion lusitanicum Saporta
Frenelopsis occidentalis Heer
Magnolia Delgadoi Saporta
Menispermites cercidifolius Saporta
Myrsinophyllum revisendum Saporta
Nelumbium lusitanicum Saporta?
Nelumbium Choffati Saporta?

1 Compt. rénd. 12 Nov., 1894, p. cxix.
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Onychiopsis psilotoides (Stokes and Webb) Ward
Palwocyparis obscura Saporta

Paleolepis bicornuta Saporta

Palxolepis emarginata Saporta
Pecopteris dispersa Saporta

Pecopteris minutula Saporta
Peucedanites primordialis Saporta
Phlebomeris ! falciformis Saporta
Phlebomeris spectanda Saporta
Phlebomeris Wilkommi Saporta

Pinites cyclopterus Saporta

Poacites levis Saporta

Podozamites ellipsoideus Saporta
Podozamiles gracilior Saporta
Podozamites Henriquest Saporta
Podozamites modestior Saporta
Proteophyllum disscctum Saporta
Proteophyllum leucospermoides Saporta
Proteophylium ozyacanth@morphum Saporta
Pteridoleimma phycomorpha Saporta
Ruffordia Qeepperti (Dunk.) Seward
Saliz infracretacica Saporta

Saelix retinenda Saporta

Sassafras protophyllum Saporta

Sequoia subulata Heer lusitanica Saporta
Spheria phylostichoides Saporta
Sphenolepidium debile Heer

Sphenolepis Kurriana (Dunk.) Schenk
Sphenolepis Sternbergiana (Dunk.) Schenk
Sphenopteris crenularis Saporta
Sphenopteris debilior Saporta
Sphenopteris flabellina Saporta
Sphenopteris involvens Saporta
Sphenopteris pseudo-cordai Saporta
Sphenopteris recurrens Saporta
Sphenopteris tenuifissa Saporta

The list includes over 20 ferns, 18 gymnosperms, of which 6 are eycads
and 22 angiosperms. Six of the species are represented in the Potomae
flora and a number of types are closely allied.

10

Vraconnian (Upper Albian) of Portugal

Brachyphyllum obesum Heer
Carpites granulatus Saporta
Eucalyptus angusta Saporta

Eucalyptus Choffati Saporta
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Eucalyptus proto-Geinitzi Saporta
Frenelopsis occidentalis Heer

Laurus attenuata Saporta

Laurus notandia Saporta

Laurus paleocretacea Saporta
Leguminosites infracretacicus Saporta
Myrica lacera Saporta

Myrica revisenda Saporta
Myrsinophyllum venulosum Saporta
Phyllites inflexinervis Saporta
Phyllites triplinervis Saporta
Proteophyllum daphnoides Saporta
Proteophyllum demersum Saporta
Proteophyllum oblongatum Saporta
Proteophyllum truncatum Saporta
Ravenalospermum incertissimum Saporta
Salix assimilis Saporta
Sapindophyllum brevior Saporta
Sapindophyllum subapiculatum Saporta
Sphenolepis Kurriana (Dunk.) Schenk
Sphenolepis Sternbergiana (Dunk.) Schenk
YViburnum vetus Saporta

Cycadophytes and ferns have not been described from this Vraconnian
flora, which is largely made up of angiosperms of Upper Cretaceous

Only two species, the widespread conifers of the genus

Sphenolepis, are represented in American floras, although practically all

of the genera are represented on this side of the Atlantic.

France

The Albian of France has furnished a considerable flora, the elabora-
tion of which is largely the work of Fliche,' although Saporta® described

several species at an carlier date.

The recorded species include the following:

Abietites Chevalieri Fliche
Amphibennetites Bleicheri Fliche
Amphibennetites Renaulti Fliche

1Fliche, Note sur les nodules et bois mlnéralisés trouvés & St. Parresles-
Vaudes (Aube) daps les grés verts infracrétacés, Mém. Soc. Acad. Aube, tome
1x, 1897. Fliche, Etudes sur la Fl. Foss. del ’Argonne, Bull. Soc. Scl. Nancy,

? Saporta, 1877, loc. cit.
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Araucaria cretacea (Brongn.) Schimper
Araucaria insulinensis Fliche
Araucaria reperta Fliche
Araucaria Revigniacensis Fliche
Araucariozylon albianum Fliche
Cedroxylon reticulatum Saporta
Cedrophloios Bleichcri Fliche
Cedrus oblonga (L. and H.) Fliche
Cupressinoxylon infracretaceum Fliche
Cycadeoidea argonncnsis Fliche
Cycadeoidea colleti Fliche
Cycadeoidea semi-globosa Fliche
Cycadeoidea sp., Fliche

Laurus Colleti Fliche (this may be Cenomanian in age)
Pinus argonnensis Fliche

Pinus Andrei Coemans

Pinus mammilifer Saporta

Pinus pramonticola Fliche

Pinus prohalepensis Fliche

Pinus Saportana Fliche

Pinus wohlgemuthi Fliche
Pityoxylon argonnensc Fliche
Pityozylon infracretaceum Fliche
Pityoxylon Thomasi Fliche
Protopteris Buvignieri Brongniart
Protopteris wohlgemuthi Fliche
Pseudo-araucaria Lamberti Fliche
Pseudo-araucaria Loppineti Fliche
Pseudo-araucaria major Fliche
Tsugites magnus Fliche

Yatesia Guillaumoti Fliche
Zamiostrobus Loppineti Fliche

Englend
The appended list of forms from the English Gault was compiled by

" Ward in 1896. As has been previously mentioned, the Lower Cretaceous

floras are undergoing revision by Stopes.

Fucotdes bignoriensis Mantell
Pinites Andrei (Coem.) Gardner
Pinites gracilis Carruthers
Pinites hexagonus Carruthers
Pinites Mantelli Carruthers
Pinites patens Carruthers
Sequoiites Gardneri Carruthers
Sequoittes ovalis Carruthers
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Africa (Egypt)

The Nubian sandstone whieh forms so extensive a part of the surfaee
of the Libyan desert is regarded by Dc Lapparent as of Albian age.
Petrified woods were deseribed by Unger from this area as early as 1843,
and again in 1858." Carruthers,' Heer,” and Schenk® have also eon-
tributed to the subjeet. Most of the material deseribed by these authors
is Upper Cretaeeous or later, Zittel, in his exhaustive report on the mate-
rials and results of the Rohlf’s expedition,” regarding some of the plant
horizons as Senonian (Nicolia, Araucariozylon, ete.) and others Danian
(Diospyros, Royena, ete.).

Considerable uncertainty regarding the exact age of some of the ex-
posures still prevails. Recently Seward ® reeords the following cxtremely
fragmentary remains from various Nubian sandstone outerops in Egypt:

Clathropteris egyptiaca Seward
Weichselia ¢
Cladophlebis sp. cf. Klukia

These, if correctly identified, would indicate a Lower Cretaceous age,
but the remains are so inconclusive, while the outcrop, according to Dr.
Hume of the Egyptian Survey, is probably Upper Cretaeeous in age
(Campanian), so that the probability is all in favor of the Clathropteris
representing a more recent genus of Dipteriaces, and the others of being
ineorrect identifieations, as Professor Seward has already pointed out.

GENERAL CHARACTER AND DISTRIBUTION

When the species recorded from the Potomae Group are added to the
foregoing ineomplete lists a very eonsiderable flora is recorded from the

1 De Lapparent, Traité, tome iii, 1906, p. 1368.
? Unger in Endlicher’s Genera Plantarum, Suppl. ii, 1843, p. 102.
Unger, Sitzungs. K. Akad. Wiss,, Wien, Bd. xxxiii, 1858, pp. 209-233, pls.

i-iii.

* Carruthers, Geol. Mag., vol. vii, 1870, pp. 306-310, pl. xiv.

s Heer, Neue Denks. Schweiz. Gesell. Naturwiss., Bd. xxvii, Abth. i, No. 2,
1876, pp. 11, pl. i.

¢ Schenk, Palezontographica, Band xxx, 1883.

" Palzontographica, Band xxx, 1883.

® Seward, Geol. Mag., dec. v, vol. iv, 1907, pp. 253-257, tf. 1-3.




MARYLAND (GEOLOGICAL SURVEY 147

Lower Cretaceous as a whole. While this neeessarily represents but a
small percentage of the species which clothed the earth during that period,
it furnishes some data bearing on the mareh of vegetation during whieh
the transformation from a Jurassie to an Upper Cretaceous and essen-
tially Cenozoie type oeeurred. This flora shows evidenee in the varying
proportions whieh the main types, such as the ferns, eyeadophytes, and
eonifers, bear to one another, that we have represented plants which grew

under eonsiderable local differenees of soil, altitude, humidity, and pre-

eipitation eonditions,
It is apparent that the dominant types of the late Jurassic floras con-

tinued without marked change throughout the older Cretaccous. These
are the ferns, eyeadophytes, and gymnosperms. We know little about
the Thallophyta, the Bryophyta, or the Lycopodiales. The Equisetales
had evidently dwindled to proportions strietly comparable to their present
day deployment. The more eharacieristic fern families of the older
Mesozoie, such as the Marattiacex, are greatly reduced in importanee,
and the families ' Sehizmacew, Gleicheniacex, Matoniaces, Osmundaeese,
and Dipteriace®, which are of great importance in the early part of the
Lower Cretaeeous, were destined to be overshadowed by the Polypodiacea
before the close of the Cretaceous, ferns of this type represented in the
eastern United States by various speeies of Cladophlebis and Onychiopsis
being already the most abundant numerieally even as early as the begin-
ning of the Patuxent. Pteridosperme are unknown, and it is within
reason to suppose that this elass was no longer represented in the flora
of the world.

The Cyeadophytes of the early Cretaceous are essentially the familiar,
even if too little known, types of the later Jurassic. They are abundant
in genera, speeies, and individuals, and are quite as dominant an element
in the carlier Cretaceous as in the Rhamtie and Jurassie floras. Before
the close of the Lower Cretaceous, however, they beeame largely extinct.
The other gymnospermie types—the Ginkgoacesr, Taxacce, and Pinacex

! These family names are used in a generalized sense and not as if they
were coterminous with our modern groups of the same names.
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—are all represented in the carly Cretaceous floras. The Ginkgoaces,
to which some at least of the speeies of Baiera belong, are much less
prominent than in the Jurassic. The Taxacce are well represented and

seem to have been relatively more prominent than at the present day.

The Pinaces are relativcly well represented, espeeially when it is re-
membered that they were largely upland types then as now, and that they
lack the advantage over Cycadophytes, and to a certain extent over Ferns
as well, of resisting maceration. The Araucariacex arc an important ele-
ment among the Lower Cretaccous eonifers, some forms in their foliage
characters, cone-habit, and anatomy scarcely distinguishable from their
well known and rather isolated descendants of the present day. Others,
less eertainly identified, indicatec a considerable adaptive radiation of
forms of this general type during all of Cretaceous time.

With regard to the dominant modern class, the Angiosperm, little of
importance can be stated with precision. Certain genera from the oldest
Potomac, namely, Rogersia, Ficophyllum, and Proteephyllum, have been
described as angiosperms. The writer is convinced that these forms are
not angiosperms, but are probably Gnetales, although it must be said in
all frankness that there is no real evidenee one way or the other on this
question, and it would do little or no violence to the known facts if some
of them were referred to the Filicales, a reference already amply proven
for one at least of Saporta’s Proangiosperms, the genus Protorhipis.
The latter author classes a numnber of indefinite forms from the Neo-
comian and later Lower Cretaccous horizons of Portugal as Proangi-
osperms, such fragments as have received the generic appellations of
Poacites, Rhizocaulon, etc., while other similar fragments are classed as
monocotyledons. The evidence of the angiospermie nature of any of
these remains is seareely worthy of confidence. Nothing remotely sug-
gestive of this class is known from the Wealden floras of England, Bel-
gium, or Germany, the Neocomian flora of Japan, the Kootanie flora of
Montana and British Columbia, or even from the Barremian of Russia,
France, and England. The so-called Urgonian of Greenland contains
undoubted dicotyledons, but their exact age is not altogether beyond
question, and they may be considerably younger. There is fairly satis-
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faetory evidenee of angiosperms in beds whieh are classed as Aptian, and
by the elose of the Albian dicotyledous beecome a eonsiderable element in
the floras. As regards species they form 30 per eent of the Patapsco
flora, 17 per eent of the Fuson flora, and over 35 per eent of the Albian
flora of Portugal.

It would doubtless be interesting to pursue the subjeet in more detail,
to discuss the vrobable place and manner of origin of this latest and most
highly organized elass of plants, as well as its early paths of migration,
but the subjeet is so highly speeulative that it may well await the en-
largement of the bounds of our knowledge.

The same statement is in a measure true of attempts to deseribe Lower
Cretaceous climatic eonditions. The floras are so different in every way
from those of the present that it is unsafe to lean too strongly on the
faets which may he deduced from the present elimatie distribution of
the sometimes remotely related representatives of these aneient types in
the existing flora. It would be foolhardy to guess at actual temperatures.
With regard to more general statements and questions of moisture the
basis is not quite so insecure. The floras eertainly show such slight
changes whieh may be legitimately related to temperatures when they are
traced from place to plaece, that a marked uniformity of temperature
conditions over a great many degrees of latitude must be admitted. The
accompanying sketeh map shows in a general way the loeation of the
known Lower Cretaccous floras. That from Peru is within 15 degrees

of the equator, while that from western Greenland is in latitude 70°
North, and that from Spitzbergen is from latitude 78° Nortl, and even
if the latter is latest Jurassie instead of earliest Cretaceous, it serves

equally well to indicate that climatic eonditions were much more uniform
than they are at the present time.

It seems quite obvious from a consideration of the large-fronded ferns
and cycads of the Potomac flora that they eould not have withstood a
winter as severe as the average winter of to-day in the latitude of Mary-
land. The petrified woods show seasonal ehanges, but the width of the
active growth-ring is very wide, and that of restrieted growth is narrow
and more or less irregular, and is as readily explained by a dry season as
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by a cold winter, nor are there any known deciduous forms." While the

data are not conclusive it seems certain that the Potomac climate was

considerably warmer than that of to-day, with much less change from

i :

Fi1a. 1.—Sketch map of the world showing the approximate location of
outcrops containing Lower Cretaceous Plants.,

—
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Potomae Group (Patuxent, Arundel, Patapseo formations), Maryland-Virginia area.
Glen Rose beds (Trinity Group), Texas area.

Black Hills area (Lakota, Fuson formations).

Kootanie area, Montana, British Columbia.

Lower Cretaccous, Queen Charlotte Islands.

Shasta area (Upper Knoxville and Horsetown beds).

Mexieo (Neocomian),

Peru (Neoeomian).

Kome beds, Greenland.

Spitzbergen (possible of Jurassie age),

Southern England (Wealden, Barremian, Aptian, Albian)and Belgium (Bernissartian).
Germany (Wealden, Aptian).

Portugal (Neocomian, Barremian, Aptian. Albian).

France (Neoeomian, Barremian, Aptian, Albian).

Switzerland (Neoeomian, Aptian) and Italy*(sealy elays of Emilia).

Austria Hungary (Barremian).

Klin Sandstone (Barremian).

Uitenhage series,

Southwest China (Neocomian).

Japan (Neocomian).

season to season, and with a very long growing period. The rainfall must

have been ample and fairly well distributed, and the indications point

to a

rather high percentage of humidity throughout the major portion of

1 Laricopsts and cerfain cycadophytes such as Zamites and Podozamites
may be exceptions to this statement.
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the year. The Patuxent and Arundel floras may be compared with cer-
tain modern temperate rain-forests made up of a dense growth of ferns
and cycads in more or less pure stands, with occasional conifers towering
above the general level of the vegetation, which was rclatively low, and
gradually predominating in passing from the coast to the uplands.

The Potomac floras, which are the most extensive known floras from
the Lower Cretaceous and only rivalled by those from Portugal, serve
admirably to indicate the progression of the plant world during the
Lower Cretaceous.

Omitting certain forms from the Virginia area which have not yet been
studied and which do not materially alter the proportions, and excluding
doubtful specics like those of Carpolithus and other indefinite gencra,
we find about 100 species in the Patuxent flora. These include 36
species of ferns, 2 equisetums, 29 cycadophytes, 1 Baiera, 24 conifers,
19 of which belong to the Pinaces, and the remainder to the
Taxacew, and 6 altogether doubtful angiosperms. The Arundel flora is
only one-third as extensive as the Patuxent and contains but 10 specics

of ferns, 5 cycadophytes, 13 conifers, including 10 in the Pinacee, and

3 in the Taxacee, and 5 questionable angiosperms. The Patapsco flora,
which is about the same size as that of the Patuxent, contains 23 ferns,
the same two equisetums as the Patuxent, 10 cycadophytes, 17 conifers,
including 14 Pinacez and 3 Taxacez, and about 25 angiosperms, most of
which are reliably determined.







CORRELATION OF THE POTOMAC
FORMATIONS

BY
EDWARD W. BERRY

The charaeter of the evidenec in general available for purposes of

eorrelation, has been admirably stated by Bernard,® Clark,” Ward,® and
others, and need not be dwelt upon at length in the present eonneetion.
Some of the criteria, which may be given greater or less weight, may be
briefly enumerated as follows:

1. Identieal or elosely allied (affiliated) genera and species. This is the
old and always useful method of establishing correlations, though it prac-
tieally ignorcs the principle of homotaxis. Too mueh relianec eannot
be plaeced on pereentages, and the individual abundanee of types is an
important factor whieh should always be earefully eonsidered.

2. Latest appearanee of identieal or allied types. This is of less value
than the next following. i

3. Earliest appearanee of similar types whose aneestors presumably
originated elsewhere.

4. Similarity in stage of development of geographically separated
faunas and floras. Facts of morphology, habit, and strueture, and of
organs and tissues are eonsidercd as well as the systematic differentiation.

5. Dominanee of certain types or gemeral character of the facies, in
part the reciprocal of Nos. 1-4.

6. Diastrophism, or the rclation of the broader changes of crustal his-
tory to biologieal history.

! Bernard, Eléments de Paléontologie, Paris, 1895.

2 Clark, Bull. U. S. Geol. Surv., No. 141, 1896, pp. 47-53.

*Ward, Principes et méthodes d’étude de corrélation géologique au moyen
des plantes fossiles. Compte-Rendu cing. Sess. Congrés Géol. Internat., Wash-
ington, 1891, pp. 97-109. In English in Amer. Geol., vol. ix, 1892, pp. 34-47.
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7. Similarity or diversity of contemporaneous physical conditions as

reflected by the character of sedimentation and the biota (ecological
grouping).

8. Stratigraphic continuity, similarity or diversity of the stratigraphic
succession.

Onme of the first questions to be considered is the relation which the
floras of the different Potomac formations bear to one another. The
Patuxent flora, comprising about 100 species, contains the following
forms, about two score in number, which have not been detected in the

Arundel or Patapsco floras:

Schizwopsis americana
Ruffordia Gepperti
Acrostichopteris cyclopteroides
Acrostichopteris parvifolia
Dryopterites macrocarpa
Dryopterites cystopteroides
Dryopterites dentata
Aspleniopteris pinnatifida
Aspleniopteris adiantifolia
Onychiopsis brevifolia
Sagenopteris latifolia
Sagenopteris virginiensis
Teniopteris auriculata
Teniopteris. nervosa
Thinnfeldia rotundiloba
Cycadeoidea (probably all nine species)
Ctenopteris longifolia
Ctenopsis latifolia
Zamiopsis petiolata
Zamiopsis laciniata
Zamites crassinervis
Podozamites inequilateralis
Podozamites distantinervis
Baiera foliosa
Cephalotazopsis magnifolia
Cephalotazopsis brevifolia
Cupressinozylon Wardi
Cupressinorylon McQeei
Laricopsis angustifolia
Sequoia rigida

Sequoia delicatula
Prote@phylium reniforme
Proteephyllum ovatum
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The forcgoing constitute about 40 per cent of the whole flora, and
nonc of these occur outside of North America exeept the Ruffordia, which
is a widespread Wealden type.

The Arundel flora numbering 33 speeies contains the following species
which are not present in the older Patuxent or the younger Patapsco
floras:

Thinnfeldia marylandica
Cycadeospermum marylandicum
Rogersia angustifolia parva
Cedrus Leei

With the exception of these four species, together with Cycadeosper-
mum obovatum, all of the species which are recorded from the Arundel
formation are eommon in the Patuxent, while these 4 species and 13
additional forms have not been found in the younger Patapsco flora..
The relation of the Arundel to the Patuxent formation is, however, much
eloser than these figures indicate, since 24 Patuxent species which have
not been detected in the Arundel survive in the Patapsco, and therefore
must have been present during the deposition of the Arundel, but
failed to be preserved or discovered. This leaves the five species
enumerated above as the sole distinetion between the Patuxent and
Arundel floras, and with the exception of the unique Cedrus Leci all
are older genera .well represented by closely allied speeies in the
Patuxent, as well as in other early Cretaceous floras. It is quite
probable that if the Arundel flora were more extensively preserved other
peculiar types would be discovered, nevertheless it is perfectly appar-
ent that the Arundel flora is elosely allied to the flora which preceded
it, and the interval separating the two floras, if there was sueh an
interval, was one of short duration. This is strikingly eonfirmed by the
relations existing in the western interior between the Patuxent-Arundel
flora, as developed in the Kootanie formation of Montana and British
Columbia, and the Arundel vertebrate fauna which finds its closest simi-
larity in the Morrison (Atlantosaurus, Como) fauna.

The two floras have a great many elements in common, and upon the
basis of the floras alonc the conclusion would be rcached that the base
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of the Kootanie was approximately the same age or slightly older than the
base of the Patuxent. When the favnas are considered it develops that
the Morrison fauna, which is considered by many paleontologists to be of
Jurassic age, is found conformably beneath the beds containing the
Kootanie flora, which is of unquestioned Lower Cretaceous age. Along
the Atlantic seaboard this is reversed, and the bulk of the flora corre-
sponding to that of the Kootanie underlies beds containing a large repre-
sentation of the Morrison fauna, and which also has been considered to
be of Jurassic age by Marsh and others.

The Patapsco flora, on the other hand, is decidedly different from the
flora of the underlying Arundel formation, and this difference is not so
much an extinction of earlier forms, although the extinctions have been
considerable, as it is an introduction of higher forms of a decidedly
Neocretaceous facies.

The following older Cretaceous species, sixty-one in number, appear
to have become extinet before the dawn of the Patapsco. These include
17 ferns, 24 cycadophytes, 1 member of the ginkgoales, 2 taxaceous forms,
10 conifers, and all of the supposed primitive angiosperms, 7 in number:

Schizeopsis americana
Ruffordia Gepperti
Acrostichopteris cyclopteroides
Acrostichopteris parvifolia
Dryopterites macrocarpa
Dryopterites cystoptcroides
Dryopterites dentata
Aspleniopteris pinnatifida
Aspleniopteris adiantifolia
Cladophlebis Albertsii
Onychiopsis brevifolia
Sagenopteris latifolia
Sagenopleris virginiensis
Teniopteris auriculata
Teniopteris nervosa
Thinnfeldia rotundiloba
Thinnfeldia marylandica
Cycadeoidea (probably all nine species)
Cycadeospermum marylandicum
Cycadeospermum acutum
Cycadeospermum rotundatum
Cycadeospermum spatulatum
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Ctenopteris longifolia
Ctenopteris insignis
Ctenopsis latifolia

Nilsonia densinerve
Dioonites Buchianus
Zamiopsis petiolata
Zamiopsis laciniata
Zamites crassinervis
Podozamites inwqutlateralis
Podozamites distantinervis
Baiera foliosa
Cephalotaxropsis magnifolia
Cephalotaxopsis brevifolia
Cupressinoxylon Wardi
Cupressinozylon McGeei
Arthrotazopsis expansa
Arthrotaxopsis grandis
Frenelopsis ramosissima
Brachyphyllum parceramosum
Laricopsis angustifolia
Cedrus Leei

Sequoia rigida

Sequoia delicatula
Protexphyllum reniforme
Proteaphyllum ovatum
Rogersia longifolia
Rogersia angustifolia
Rogersia angustifolia parva
Ficophyllum serratum
Ficophyllum oblongifolium

Forty-one Patuxent-Arundel species are known to persist in the Pa-
tapsco flora, while the following Patapsco species are unknown in either

the Patuxent or Arundel floras:

Acrostichopteris longipennis
Knowltonella Maxoni
Dicksoniopsis vernonensis
Dryopterites pinnatifida
Tempskya Whitci
Selaginella marylandica
Dichotozamites cycadopsis
Podozamites Knowltoni
Araucarites aquiensis
Araucarites patapscoénsis
Abietites marylandicus .
Pinus vernonensis
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Widdringtonites ramosus
Cyperacites potomacensis
Plantaginopsis marylandice
Alismaphyllum Victor-Masoni
Populus potomacensis
Populophyllum minutum
Populophyllum reniforme
Nelumbites virginiensis
Nelumbites tenuinervis
Sapindopsis variabilis
Sapindopsis magnifolia
Sapindopsis brevifolia
Celastrophyllum denticulatum
Celastrophyllum parvifolium
Celastrophyllum latifolium
Celastrophyllum acutidens
Celastrophyllum Brittonianum
Cclastrophyllum Hunteri
Celastrophyllum albedomus
Cissites parvifolius
Aralicphyllum crassinerve
Araliephyllum magnifolium
Hederephyllum dentatum
Aristolochiephyllum crassinerve
Aristolochicphyllum ? cellulare
Menispermites potomacensis
Sassafras bilobatum
Sassafras parvifolium
Sassafras potomacensis

The total number of forms introduced with the dawn of the Patapsco
formation numbers 42 species and includes 5 ferns, 3 of the genera of
which are unknown in the preceding floras; 1 Selaginella, which is a
decidedly modern type, unique in the fossil state; 3 cycadophytes, among
which the genus Dichotozamites is new; 5 conifers, among which the
genera Pinus and Widdringtonites are unrepresented in the Patuxent-
Arundel floras, and Araucarites doubtfully so; 3 monocotyledorns, all mod-
ern types; and 25 dicotyledons, which are distributed among 11 genera.
All of thesc genera are unknown in the Patuxent-Arundel flors, and only
one, namely, Populus, which also occurs in the somewhat uncertain
Kome horizon, is known in pre-Albian beds anywhere. Moreover, nearly
all of thesc genera are well represented in Upper Cretaceous floras, al-
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though none of the specific types except Podozamites Knowlioni and
Celastrophyllum Brittonianum survive in the succecding Raritan flora.

It seems obvious that this striking modernization of the flora which is
first seen in the Patapsco, corroborated by the well-marked erosional
unconformity between the Arundel and Patapsco formations in regions
where the former intervenes between the Patuxent and Patapsco, indicates
an interval of long duration, an interval during which the angiosperms,
which so greatly outnumber any other class of plants in Upper Cretaccous
and more recent floras, were evolved.

We are forced to the conclusion that the Patuxent-Arundel floras are
essentially a unit of early Cretaceous age whose affinities all lie with the
floras which preceded them, while the Patapsco flora, widely removed in
time from the Patuxent-Arundel, heralds the approaching dominance
of a new and more highly organized type of vegetation which was destined
to so largely replace the strictly Mesozoic plant types early in Upper
Cretaceous time.

Turning now to a comparison of the Potomac floras with floras outside
of the Potomac province we may endeavor to fix their place in the Lower

Cretaceous time scale of the world.

Tre EurorEAN FLORAS

Tt is obvious from a perusal of the discussion in the chapter devoted
to the Lower Cretaceous floras of the world that no arguments are neces-
sary to prove that the Patuxent-Arundel flora is post-Jurassic in age, a
conclusion amply sustained by Professor Lull’s discussion of the reptilian
remains fromn the Arundel beds.

The Patuxent-Arundel flora contains but 2 species which have been
recorded from the Portlandian, i. ., Cladophlebis Browniana and Sequoia
Reichenbachi, and one additional older Mesozoic species, Podozamites
lanceolatus, which, with the Sequoia, is of no significance since both
continue through the Upper Cretaceous, and both may be composite

11




160 CORRELATION OF THE PoTtomAc FORMATIONS

species.’ A large number of the genera, however, are well-known Jurassic
types, and it is this feature which gives the apparent Jurassic facies to the
Potomac, Wealden, and other' Neocomian floras.

Sixteen Patuxent specics, some of which are doubtful determinations,
are present in the European Wealden floras, while 3 additional species
are recorded from floras which are classed as Neocomian. There are in
addition 12 species which are very similar to foreign Wealden and Neo-
comian types, as indicated in the table of distribution. There are 13
species present in the foreign Barremian, and 11 additional specics
which are closely allied to Barremian types.

Comparison with Aptian floras shows 2 identical species and 4 addi-
tional allied forms. Eight species continue in the European Albian and
11 additional are similar to Furopean Albian species, largely those of
Portugal. When these facts are considered along with those furnished
by the Arundel reptilia, and when the Patuxent-Arundel floras are
studied in comparison with those from other American Lower Cretaceous
localities, the conclusion is reached that the Patuxent and Arundel for-
mations cousidered as a unit represent all except possibly the earliest
part of the Neocomian and all of the Barremian of the standard Euro-
pean section.

Turning to the Patapsco flora it may be noted that none of the species
which are peculiar to this flora, when compared with the underlying
Patuxent-Arundel floras, occur in the European Cretaceous except Cissites
parvifolius, which is found in the Albian of Portugal. A considerable
number, however, among which may be mentioned Cyperacites potoma-
censis, Populophyllum reniforme, Celastrophyllum acutidens, and Sassa-
fras potomacensis are represented by closely allied species in the Albian of
Portugal. Moreover, the latter flora closely parallels the Patapsco, in that
both mark the first abundant appearance of undoubted dicotyledons and
a persistence of a considerable number of the earlier Cretaceous types,

! Dioonites Buchianus and some few other species have been recorded by
various students from Jurassic deposits but the identifications are not above
suspicion.
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which survive in both the Patapsco flora and that of the Albian of
Portugal.

On the basis of this close similarity between these two floras on op-
posite sides of the Atlantic, and the fact that both mark the first abund-
ant appearance of Dicotyledone, and the further fact that the Patapsco
formation, is overlain unconformably by the Raritan formation, carry-
ing an abundant and unmistakably Cenomanian flora,' the Patapsco
formation is considered of Albian age. The unconformity which sepa-
rates the Patapsco formation from the underlying Potomac beds is
believed to represent all or nearly all of the time interval represented
by the Aptian stage of European geology.

Having established with a considerable degree of certainty thc Euro-
pean equivalents of the Potomac formations, a comparison may be insti-
tuted betwcen the flora of the Potomac and that of other North American
Lower Cretaceous deposits.

Tae TriNITY FLoRA oF TEXAS

The Trinity flora is small and poorly preserved and is represented by
fragmentary remains of 25 species.
Several of these occur in the Potomac. Of thesc Brachyphyllum par-

ceramosum, Cycadeospermum rotundatum, and Dioonites Buchianus do
not range above the Arundel, and while three or four species are common
to the Trinity and Patapsco floras, these all extend back to the Patuxent.
Since there are no characteristic Patapsco species in the Trinity it is

conclusively pre-Albian in age. As has previously been mentioned,
French paleontologists, upon the evidence of the invertebrate fossils,
consider the Trinity to be of Aptian age. The flora is not extensive
enough for direct comparison with the relatively scant floras of the
BEuropean Aptian, and while the writer would be inclined to consider
the Trinity as somewhat older than this, the contained flora cannot be
said to furnish reliable evidence contrary to such an assumption, since
most of the Trinity plants are widespread types, both geographically and

1 Berry, Journ. of Geol., vol. xviii, 1910, pp. 252-258.
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geologically, facts due in a considerable measure to their resistance of
maceration. The same statement would apply to the very meagre flora
described by Nathorst from Mexico.

Tae LakorAa Frora or THE Brack Hirrs

The Lakota flora contains numerous silicified trunks of Cycadeoidea
similar in their external featurcs and internal organization to those of
the Potomac, some of which may prove to be specifically identical when
their anatomy shall have been studied. In addition, at least 12 species
arc common to the Potomac and the Lakota. These include 8 ferns,
1 equisetum, and 3 taxoid conifers, all of which are found in the Pa-
tuxent, 8 occur in the Arundel, and 10 occur in the Patapsco. None
of the modern types of the Patapsco are present, and the flora is certainly
pre-Albian in age. It is not as old as the basal Patuxent, and may be
considered to represent the upper part of the Barremian and the lower
part of the Aptian of Europe.

Trr Fusoxn FrLora oF THE Brack Hirrs

The Fuson flora is a limited one, embracing only 26 identified forms,
of which 3 or 4 survive from the Lakota flora. At least 11 of the species
are more or less positively identified with species described originally
from the Potomac. Six of these range from the Patuxent through the
Patapsco. Cephalotazopsis magnifolia is confined to the Patuxent,
while on the other hand, Sapindus variabilis is one of the type fossils of
the Patapsco, and far outweighs the former in any determination of age.
There are fragmentary remains of other dicotyledons in this flora, and
also a species of Geinitzia, a coniferous genus more especially character-
istic of Upper Cretaceous horizons. The Fuson therefore is considered
more or less synchronous with the Patapsco formation, and Albian in
age.

Tar KooTaNiE Frora

The Kootanie flora of Montana and British Columbia is an extensive

one, consisting of 86 nominal species, of which at least 20 are present in
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the Potomac and several others are closely rclated to species which
occur in the Potomac. Six of these are forms which do not range
above the Patuxent-Arundel in the east. No characteristic Patapsco
species is known from the Kootanie, nor have any dicotyledons been dis-
covered. There are also represented several species which are not known
from horizons later than the Wealden and Neocomian, while both Daw-
son and Fontaine have recorded several Jurassic (Oolite) species in this
flora, although these particular identifications are not entircly above
suspicion, since neither of these students was always as careful as is desir-
able in some of their comparisons. Nevertheless several types which are
usually considered as especially characteristic of Jurassic floras, such as
Ginkgo and Protorhipis, are represented in the Kootanie flora.

There are also present a large number of Kome species (Greenland)
and several from the Barremian of Europe, so that the Kootanie cannot
be considered younger than the Patuxent-Arundel of Maryland, and it
may be in part slightly older, although the two were at lcast partly
contemporaneous.

The Kootanie flora is of especial interest becausc its relations with
the older Morrison formation make it possible to compare the Patuxent-
Arundel flora and the contemporaneous reptilian fauna with the corre-
sponding flora and fauna of the Morrison-Kootanie. The age of the
Morrison (Atlantosaurus beds of Marsh, Como beds of Secott, Beulah
shales of Jenney, etc.) has long been disputed, vertebrate paleontologists,
who alone have been competent to speak on the subject, having, with the
exception of Williston regarded them as Jurassic. The latter author has
on several occasions pointed out their probable Lower Cretaceous age.!
Lull’s studies of the Arundel Reptilia lends considerable weight to
Williston’s position. Fisher * has traced the Kootanie southward into the
Big Horn basin, where it was named the Cloverly formation by Darton,
and has differentiated the Morrison bencath the former in the Great

Falls area, where there is no apparent ﬁnconformity between the two. It

! Williston, Journ. Geol., vol. xiii, 1905, pp. 342-350; vol. xviii, 1910, p. 93.
? Fisher, Economic Geol., vol. iii, 1908, p. 77; Bull. U. S. Geol. Surv., No. 356.
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seems probable that this general horizon in the Rocky Mountain area
has been regarded as Morrison, where it contains vertebrate remains and
Kootanie where it contains plant remains, while to the eastward it may
be represented by marine Comanchean deposits. The recent discovery
of a Sauropod dinosaur in the Trinity of Oklahoma adds probability to
this supposition. While it is no part of the present purpose to discuss
at length the stratigraphic or faunal evidence of the age of the Morrison,
the presence of the Patuxent-Arundel flora in the Kootanie and the
similarities between the Arundel and Morrison faunas would seem to
lend strong probability to the view that the Morrison is Lower Cretaceous
and not Jurassic. This probability receives additional support from the
admitted Upper Jurassic age of the underlying Baptanodon beds, so
called.

Tae UprrEr KNoXVILLE FLoRA

The flora of the Cretaceous portion of the Knoxville beds in the
Pacifie coast region of North America is an extensive one, although the
specimens are for the most part fragmentary and poorly preserved. A
total of 35 species is recorded from this horizon in the present list (see
supra). About one-third of these are specifically identical with or
closely allied to Potomac species. No dicotyledons are certainly known,
and the species with an outside distribution are cither forms with a
considerable vertical range or are confined to Wealden, Neocomian, or
Barremian horizons. Since there is no known unconformity between
these beds and the Upper Jurassic portion of the Knoxville it is quite
obvious that the former must represent all of the Neocomian and prob-
ably the Barremian as well.

Tue HorserowN Frora

This flora is directly descended from that of the Upper Knoxville,
which it resembles in having 12 out of a total of 28 species in common.
Five fragmentary species of dicotyledons have been deseribed from this
horizon by Fontaine. They are very incomplete and ambiguous, but
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probably represent dicotyledons, the botanical affinities of which are

entirely conjectural. Since there are no distinctively Patapsco types in
this formation it is believed to correspond with all of the Aptian stage
of European geology, possibly representing, in addition, the later Bar-

remian and the early Albian.

GENERAL CONSIDERATIONS

Additional Lower Cretaceous floras from South America, Europe, Asia,
and Africa have been discussed in the preceding chapter, and their ar-
rangement has given ample expression of the writer’s opinion of their
relative ages as derived from a study of these floras. It does not scem
worth while to attempt a detailed analysis of these floras at the present
time, since lists of species and citations of authorities have already been
given, while the accompanying tables of distribution amply illustrate their
points of contact with the floras from the different formations of the
Potomac Group.

While the geological range of a large number of these species is not
known with precision, the data at hand are sufficient to justify the table of
correlations given on page 172, especially as there is a considcrable body
of stratigraphical and paleozoélogical evidence in confirmation of that
which is paleobotanical.

The liability to error in attempting correlations between remote areas
is fully appreciated, and it would be unreasonable to suppose that the
exact limits of a number of these floras will not be shifted back and
forth as new or better evidence is discovered. Nevertheless the relative
position of the main body of the respective floras in Lower Cretaceous
chronology is believed to rest upon a fairly secure foundation.
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THE REPTILIA OF THE ARUNDEL
FORMATION

BY
RICHARD SWANN LULL

The fossil reptiles of the Potomae, while not so abundant in numbers
or kinds as in the Morrison of our Western States, nevertheless compare
very closely with the latter, as nearly all of the Potomae genera and, in
some instances, very closely allied if not identical species are found in
the West.

A striking similarity also prevails between the Potomac on the one
hand and the Wealden of Europe on the other, while one important
Maryland genus is reported from a lower horizon than the Wealden and
none from a higher level.

The Potomac fauna is largely dinosaurian, all of the sub-orders being
represented, in addition to which there is a erocodile, together with at
least one turtle and a ganoid fish.

The Dinosaurs

The carnivorous dinosaurs are represented by at least three species.
One, the common Allosaurus, the European representative of which is
Megalosaurus, may be recognized by feet and limb bones, vertebrz, and
teeth. This species, which has been named Allosaurus medius by Pro-
fessor O. C. Marsh, was a creature of large size, comparing very favorably
with Allosaurus fragilis of the West, the estimated length of which is
34 feet. It walked entirely on the hind feet after the manner of its
kind, using the hands for grasping, and never for locomotion. The
teeth are sharp pointed, like reeurved daggers, with finely serrated edges,
and often show a considerable degree of blunting through wear.
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Another, much larger form, seems to have been present, though leaving
the most meagre record of its existence in the shape of a single verte-
bra—evidently that of a Creosaurus, to which the name of potens, the
powerful, is given. This animal must have resembled Allosaurus very
closely.

Beside the huge carnivores, there were lesser ones of the most delicate
build, with bones lightened by the development of interior spaecs, doubt-
less filled with air, as in the birds, until an almost paper-like thinness
of the bone resulted. The Maryland animal, known only from the teeth
and a single claw, resembled in tooth and claw its western allies. The
latter Professor Marsh called Celurus, hollow tail, in allusion to the
pneumatic bones, and to the Arundel species he gave the name of
Calurus gracilis. This animal must have been extremely active, preying
upon feebler reptiles and possibly upon the primitive mammals and birds
of that day.

Of the plant-feeding dinosaurs, the sub-order of great quadrupeds, the
Sauropoda are represented by at least one genus, Pleurocelus, possibly
by others; but this is not certain.

Pleurocalus is a long-legged type, apparently of small size, though
most of the individuals represented were immature at the time of their
death, though, strangely enough, of fairly eonstant size, which seems
to imply cither a wholesale slaughter of the young or that they really
had reached the average staturc, though not full maturity. Of these,
two species are represented, one Pleurocelus nanus, the restoration of
which is shown on pl. xi, was but 12 feet or so in length by 4 feet
in height; a pigmy compared with the colossal bulk of Brontosaurus of
the West with its length of over 60 feet.

Pleurocelus nanus is by far the best known of the Potomae dinosaurs
for more than half of all the material eollected may be attributed to it.
It was lightly built, though, in eommon with its allies, this lightness was
largely confined to the skull and backbone, while the limb bones were
much more solid in texture. Pleurocelus resembles most closely the
form known as Morosaurus, a genus of wide distribution, from whieh it
differed mainly in the greater relative length of the forc limbs and of
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the centra of the vertebree. The teeth, which are slender, slightly flat-
tened eylinders, sometimes nearly straight, again spoon-shaped, with
blunt eutting edges, imply a very soft vegetable food, probably in the
form of an aquatie plant, whieh grew in suffieient profusion to enable
these ereatures to satisfy their needs. The Sauropoda were apparently
of wading habits though, with such small types as this, land loecomotion
was doubtless not only possible but probable. Pleurocelus nanus has
allies so near akin as to be nearly indistinguishable, both in the Morrison
beds of the West and the Upper Jurassic ( ? Kimmeridgian) near Havre, -
Franee, while somewhat more remotely related types are reported from the
Kimmeridgian of Sussex and of the Isle of Wight.

Another specics of Pleurocelus, to which Professor Marsh gave the

name of altus in allusion to its greater size, is also found in Maryland,
though its known remains are very few compared with those of its ally.
In size it exeeeded that of Pleurocelus nanus by about two and a half
times, giving it an estimated length of at least 30 feet. Its limb bones
were much slenderer than those of a Morosaurus of equivalent length,
indieating an animal of greater aetivity. Another genus, Asirodon,
deseribed years ago by Dr. Leidy from one or two teetl, is a near ally,
if not identieal with Pleurocelus altus. Judgment is suspended, how-
ever, until further light is fortheoming in the way of more material,
for the teeth of Astrodon are extremely rare.

To the orthopod or predentate dinosaurs may be referred two genera
of Potomae forms, one a lightly built, agile, plant-feeding type, differing
from Pleurocelus in many respeets, of which two are perhaps the most
striking. Ome is the character of the mouth armament, for, while in
Pleurocelus the teeth were fragile struetures situated along the jaws,
but espeeially in the front of the mouth, in the form under eonsidera-
tion, Dryosaurus, the anterior portion of the mouth was toothless, and
doubtless sheathed with horn like that of a turtle, while the teeth were
eontained in magazines in the eheek portion of the jaws, a relatively
simple meehanism, however, when compared with the later Cretaceous
types. The other distinetive feature is the bipedal gait, shown by the

great difference in size of the fore and hind limbs. Doubtless, however,
12
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Dryosaurus could rest upon all fours while feeding, using the bird-like
hind limbs alone when in motion. Dryosaurus, a close ally of Laosaurus,
the restoration of which is shown on pl. xiii, is found in the Morri-
son beds of the West in the form of a nearly related species, Dryosaurus
altus. To the Potomac form, because of its greater size, among other
distinctive features, the name of Dryosaurus grandis is given. The
nearest European ally to the present species is Hypstlophodon fozi from
the English Wealden beds, smaller and in some respects more primitive
than the American types and representing a collateral line of descent.

The larger, more heavily built predentates of the Morrison and of
Europe have not as yet been discovered in the Arundel deposits. This,
however, is not surprising, for their habits of life differed so essentially
from those of the Sauropoda that their remains are rarely found asso-
ciated in the rocks Another locality for Potomac dinosaurs might
readily disclose these larger terrestrial types.

There is another predentate type, known from a number of similar
teeth, to which the name of Priconodon crassus has been given by
Marsh. These teeth indieate a relationship with the armored dinosaurs
or Stegosauria, forms whieh, because of the increasing weight of their
protective mail, came down on all fours, not only for resting but for
actual locomotion, as the increasing power of the fore limbs gives evi-
dence. Judging from the teeth alone the nearest ally of Priconodon is
Paleoscincus costatus described by Leidy from the Judith River beds
of Montana, which are of Upper Cretaceous age. The teeth of the known
contemporary (Stegosaurus) are much smaller and of a more specialized
character. Stegosaurus, however, is known to be a remarkably speeialized
side line, probably the terminal member of its race, as its remains are
unknown above the Morrison formation. There were, however, more
conservative armored types which persisted until the close of the age
of reptiles, and to this race Priconodon seems to have belonged. One
vertebral centrum has been found in the Arundel beds very similar

to that of Stegosaurus, except that it is smaller, but, as it represents an

immature animal, that distinction has but little weight. It has been
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provisionally referred to Priconodon crassus, but may possibly represent a
genuine stegosaur, otherwise unknown.

Other Reptiles

The fauna includes a crocodile, Goniopholis, found in the Wealden and
Purbeck beds of Europe and in the Morrison of Colorado and Wyoming.
The teeth are so similar to those from the western quarries that the
name Goniopholis affints, the nearly related, is given to the Potomac type.
These are crocodiles of moderate size, 6 feet or more in length, and may
have resembled the modern genus Crocodilus, with its narrow snout,
quite closely in general appearance. In addition to the crocodile there

are occasional fragments of bone which give evidence of the presence of
a turtle as yet unidentified.

SUMMARY

The Arundel fauna represents, so far as known, three orders: Dino-
sauria, Crocodilia, and Testudinata. The presence of a ganoid fish is
also indicated.

The dinosaurs represent all of the sub-orders, including two of the
heavier, megalosaurian carnivores, Allosaurus and Creosaurus, and one
of the lighter, Compsognathoid type, Celurus. The quadrupedal Sauro-
poda are represented by at least one genus, possibly two, Pleurocwlus
and Astrodon, including two or three species in all, while of the Ortho-
poda there are two, one the unarmored Dryosaurus, the other, Pricono-
don, evidently belonging to the armored group or Stegosauria.

The dinosaurs show none of the remarkable over-specialization of the
later Cretaceous types, but, on the contrary, represent the order at the
crest of the evolutionary wave, before signs of decadence set in. Un-
fortunately, owing to an almost utter dearth of terrestrial Jurassic de-
posits, nothing is known of dinosaurian evolution in America from
Newark time until we come to the horizon under consideration. In
Burope the record, though still meagre, is more complete; but it repre-
sents in every instance more primitive types than those of the Arundel
and the Morrison.
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The character of these dinosaurs, and of the crocodile as well, cor-
relates the beds wherein they are found absolutely with the Morrison
(Como) of the West. An accurate comparison with European forma-
tions is more difficult, as the faunas have fewer forms in common.
‘Pleurocelus is reported from the Kimmeridgian as well as from the
Wealden, but that from the former horizon may readily have been an-
cestral to the Arundel type, although the European material is too frag-
mentary to admit of a just comparison. Of the other dinosaurs, the
affinities seem to be entirely with Wealden forms, Celurus being found
therein, while Allosaurus compares in point of size and dentition with the
Wealden Megalosaurus. Dryosaurus has its nearest European ally in
Hypsilophodon, again a Wealden type, and the crocodile, Goniopholis,
is reported from the Wealden and its marine equivalent the Purbeckian,
not from the older Jurassic levels.

The weight of this evidence would seem to place this fauna beyond the
Jurassic into the beginning of Cretaceous times.
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VERTEBRATA

CLass REPT]LIA
order DINOSAURIA

Suborder THEROPODA
Family MEGALOSAURIDAE
Genus ALLOSAURUS Marsh
ArrosAURUS MEDIUS Marsh
Plate XTIV, Figs. 1-3

Allosaurus medius Marsh, 1888, Amer. Jour. Sci., ser. iii, vol. xxxv, p. 93.

Allosaurus Bibbins, 1895, Johns Hopkins Univ. Circulars, vol. xv, fig. G.

Antrodemus medius Hay, 1902, Bull. U. S. Geol. Survey, No. 179, p. 489.

Allosaurus medius Hay, 1908, Proc. U. S. Natl. Museum, vol. xxxv, p. 353.

Description—The type (No. 4972, U. S. National Museum) consists
of a single tooth, the other material mentioned by Marsh in his original
description being removed to the genus Dryosaurus (vide infra, p. 204).
Marsl’s description of the type is as follows: “The teeth are remark-
ably flat and trenchant, with the edges finely serrated, and the surface
very smooth. . . . One tooth has the crown 30 mm. in height; its antero-
posterior diameter at base 15 mm.; and its transverse diameter 7 mm.”

There are several larger, better preserved teeth among the material,
onc of which (No. 5685, Goucher College) shows decided wear. The
most perfect is one in the possession of the Hon. Charles E. Coffin,'
Muirkirk, Maryland (pl. xiv, figs. 1, ). It is about 3 inches (76 mm.) in
length and 1% inches (28.7 mm.) in the antero-posterior diameter. The
crenulations of the margin cease about midway toward the root on the
anterior convex border, but extend the length of the crown on the posterior
edge. There is a slight variation in the size of the crenulations, as they
are somewhat coarser in the larger teeth.

*Or No. 3121, Goucher College.
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The two vertebrae which are here referred to this species indicate an
animal of the same approximate size as the teeth and phalanges. One
(No. 2534, G. C.), which seems to be a posterior presacral, has
a form quite similar to the type of Allosaurus fragilis, but relatively
somewhat less constricted in the middle. It agrees in having the same
somewhat flattcned inferior surface. Anteriorly, the centrum has a
shallow concavity, while posteriorly it is nearly plane. The pedicels of
the neural arch are stout and the neural canal seems to be broader than
in the type of 4. fragilis, possibly owing to the fact that the vertebra
is a morc posterior one. The two agree in the depression on either side,
which, however, is somewhat less marked in the present species.

DIMENSIONS
RGN, roirm oo b s sl s amererems oo e « 0 afe o5 413 w6 0 53 EERS @ 90.0 mm.
Least diameter of centrum....................... 68.5 mm.
Diameter of anterior face as preserved............ 105.0 mm.
Diameter of posterior face as preserved.......... 95.5 mm.
Height of centrum..........c..ciiiiiiiineeiinnns 85.0 mm.

The anterior caudal vertebra (No. 2614 a, G. C.) is that of
a young individual, as the neural arch had not codssified with the
centrum. Internally it seems to have been composed of rather coarse,
cancellous tissue with no trace of an internal cavity, as in the type of
Antrodemus, as figured by Leidy.*

The anterior face is slightly concave, the posterior one nearly plane;
and while the centrum is constricted decidedly in the middle there is
no trace of the lateral depressions seen in the presacrals.

DIMENSIONS
VD booo o e T o A S0 o ORI SN S o 107 mm.
Least dlameter ..........cciivviinieniieinrnnnnnnnns 59 mm.
Diameter anterior face.............coiiiiiiiiiinn. 101 mm.
Diameter posterior face............ ..o 93 mm.
Fielighit O'f" CEIMETTINY 4 o e0 o' oie o onifols o o0 o oo ope one shone oie ool e 92 mm.

The first phalanx of the second digit is represented by the proximal
half (No. 2536, G. C.), and is peculiar for its height as compared
with its width and the two very prominent ridges on the inferior face.

tLeidy, Rept. of U. S. Geol. Surv, of Terr., vol. i, 1873, pl. xv, fig. 18,
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The articulation is a smooth, cylindrical concavity with no trace of ridges
to limit lateral motion. It is probable that it was formerly somewhat
cup-like, as the preparator has slightly altered the shape of the bone.
The articular end is full of a cancellous tissue, nevertheless there was
a well-defined medullary cavity in the shaft. The portion preserved
measures in height, 73 mm.; in width, 58 mm.

The first phalanx of the third digit (No. 2521, G. C.) (fig. ?) is
entire, most cxcellently preserved, and presents a decided similarity to
the type of Allosaurus fragilis; differing therefrom in being more de-
pressed proximally, especcially in the broader, flatter under surface.
Distally, the prescnt type is not so broad relatively as that of 4. fragilis,
and the articular face is more concave transversely. Altogether the two
bones are quite distinet in conformation.

DIMENSIONS
Length .0 mm.

Transverse diameter distal face .0 mm.
Vertical diameter distal face .5 mm.
Transverse diameter proximal face .5 mm.
Vertical diameter proximal face .0 mm.
Least transverse diameter, shaft .0 mm.

There are also two distal caudals, one No. 5701, the other un-
numbered, both of the U. S. National Museum collection, each character-
ized by a flattencd ventral aspect and the development of a slight keel
along the sides, giving it a somewhat hexagonal section. The ncural
spine is reduced to a low ridge fading out posteriorly, while the zygapo-
physes are much prolonged.

Length of centrum of No. 5701
Length of centrum of unnumbered specimen

The latter is somewhat stouter and has a more decided upward arch.

Allosaurus medius is a fairly well-defined species, though the only onc
of the original cotypes referable to it, the tooth, is one of the least dis-
tinctive features of the skeleton. The remains which I have referred to
it, however, are all from the same locality and formation, and are all

relatively about the same proportionate size, judging from the remains
of Allosaurus fragilis.
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Occurrence.—ARUNDEL FormaTION, Near Muirkirk, Prince George’s
County.
Collections.—U. 8. National Museum, Goucher College.

CREOSAURUS POTENS sp. nov.
Plate XIV, Fig. 4

Description.—The type specimen is a vertebral centrum (No. 3049, U.
S. National Museum) from the ferruginous conglomerate of Washington,
D. C., which seems to represent a theropod dinosaur otherwisc unrecog-
nized in the Arundel formation.

The vertebra (fig. 3), evidently a posterior presacral, is of peculiar
proportions ; nearly as deep as long, and strongly compressed laterally,
the lower surface forming a distinet keel, which is nearly straight in
profile. The neural canal is broad, though somewhat constricted in the
middle of the centrum.

The vertebra differs materially from those of Allosaurus in lacking
the decided constriction in the middle and in the presence of the keel.
It resembles most nearly the vertebre belonging to the type of Creosaurus
atroz (No. 1890, Yale Museum), not, however, the onc figured by Marsh
as Creosaurus.'

The vertebra in question is much larger than those of the type of
C. atroz, but the latter show the same compressed form, though with a
less straight ventral outline.

The present vertebra is slightly opisthoceelous and its dimensions are

as follows:
I U0 IR calt TP PSP Sy SR A 140.0 mm.
Depth of centrum................ccciviitiinnnn.. 128.0 mm.
Width' anterior. face...........cneuuuiinnnnsson.. 98.5 mm.
Width posterior face.............covviivivinnnn.. 97.0 mm.
Least diameter of cenfrum....................... 78.0 mm.

This vertebra represents by far the largest carnivore known from the
Arundel formation.

*Marsh, 16th Ann. Rept. U. S. Geol. Survey, pt. i, 1896, pl. xii, figs. 5, 6.
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® Occurrence—ARUNDEL  FormaTioN.  Washington, District of
Columbia.
Collection—U. S. National Museum.

Family COELURIDAE
Genus COELURUS Marsh
C®LURUS GRACILIS Marsh

Plate XV, Fig. 1

Calurus gracilis Marsh, 1888, Amer. Jour. Sei,, ser. iil, vol. xxxv, p. 94.

Cwlurus gracilis Zittel, 1890, Handbuch der Palaeontologie, Abth. i, Bd. iii,
p. 732.

Celurus gracilis Hay, 1902, Bull. U. S. Geol. Survey, No. 179, p. 493.

Description.—The type specimen is No. 4973, U. S. National Museum,
an ungual phalanx from near Muirkirk, Maryland. Additional material
consists of Nos. 3336, 3338, and 8176, Goucher College, and embraces
three teeth, the first two coming from the same locality as the type.

The original deseription is as follows: “ The smallest Dinosaur found
in these deposits is a very diminutive carnivore, apparently belonging
to the genus Celurus. It was not more than one-half the size of the
western species, and its proportions were extremely slender. The bones
are very light and hollow, the metapodials being much elongated and
their walls extremely thin. An ungual phalanx of the manus measures
about 25 mm. in length; and 14 mm. in vertical diameter at the base.
This animal could not have been more than 5 or 6 feet in length.”

The ungual phalanx is from the manus, and from the great develop-
ment of the base below the articulation must have constituted a powerful
grasping organ when one considers the size of the entire animal.

The teeth resemble very closely that of Celurus fragilis figured by
Marsh,” but differ in the almost total reduction of the crenulation ot
the anterior convex border, which is perfectly smooth in ome of the
three specimens, has serrations of almost microscopical fincness for a
short distance from the tip in the second, while, in the third specimen,

! Marsh, 16th Ann. Rept. U. S. Geol. Surv., pt. i, 1896, pl. vii, fig. 1.
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the border is broken away where the crenulations would occur if present. ®
The curvature of the teeth is similar in each species, while the variation
in size may be accounted for by a difference in the stage of growth of
the individual teeth ; as it is, two of the Maryland ones are slightly larger
than the tooth of Calurus fragilis figured by Marsh.

Occurrence.—ARUNDEL ForMaTION. Near Muirkirk, Prince George’s
County.

Collections.—U. 8. National Museuni, Goucher College.

suborder SAUROPODA
Family MOROSAURIDAE
Genus PLEUROCOELUS Marsh
PrEvrROCE®LUS NANUS Marsh

Plate XI; Plate XIV, Figs. 5-8; Plate XV, Figs. 2-5; Plate XVI;
Plate XVII; Plate XVIII, Figs. 1, 2

Pleurocwlus nanus Marsh, 1888, Amer. Jour. Sci., ser. iii, vol. xxxv, p. 90,

Pleurftizicsz;l:ts(;.nanus Lydekker, 1890, Catal. of Fossil Reptilia and Amphibia
in the British Museum, pt. iv, p. 238, fig. 52.

Pleurocelus nanus Marsh, 1896, 16th Ann. Rept. U. S. Geol. Survey, pt. i,
pls. x1, xIi.

Pleurocelus nanus, Hay, 1902, Bull. U. S. Geol. Survey, No. 179, p. 483.

Description.—Type material consists of a cervical vertebra (No. 5678),
a dorsal (No. 4968), a sacral (No. 4969), a caudal (No. 4970), all of
the U. S. National Museum collection. In addition to these, a caudal
vertebra (No. 3372), four metatarsals, and two unguals (No. 2667), a
supra-occipital bone (No. 5692), a left dentary (No. 5669), and a tooth
(No. 5691) are also in the National Museum.

Marsh’s original description of this species is as follows: “ The most
common fossils secured thus far from the Potomac formation are the
remains of a small Dinosaur, which clearly belongs to the Sauropoda,
but is by far the most diminutive member of this group yet discovered.
Portions of the skull, vertebre, and limb bones of several individuals

have been obtained, and they agree so nearly that they may be referred
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to one species. They differ somewhat in size, owing, apparently, to a
difference in age.

“In comparing these remains with the Sauropoda now known, they
appear to resemblc most nearly those of the genus Morosaurus, so well
represented in the Upper Jurassic of the Rocky Mountain region. A
careful comparison, however, shows that they belong to a distinct genus.
The teeth are of the same general type as those of Morosaurus, but their
crowns are mainly compressed cones, and not spoon-shaped. The dentary
bone is slender and rounded at the symphysis, instead of having the mas-
sive, decp extremity seen in Morosaurus. The maxillary is also lighter,
and less robust. The supra-occipital agrees closely in shape with that
of Morosaurus, and forms the upper border of the foramen magnum, as
in that genus.

“The cervical and dorsal vertebra arc elongate, and strongly opistho-
ceelous. The latter are much longer than the corresponding vertebree
of Morosaurus, and have a very long, deep cavity on each side of the
centrum, to which the proposed generic name refers. All the trunk
vertebre hitherto found are proportionately nearly double the length of
the corresponding centra of Morosaurus, and the lateral cavity is still
more elongate. These points are shown in the posterior dorsal vertebra,
represented in figs. 1 and 2. The neural arch in this region is lightened
by cavities, and is connected with that of the adjoining vertebrae by the
diplosphenal articulation.

“The sacral vertebre in Pleurocelus are solid, as in Morosaurus, but
much more elongate. The surface for the rib, or process which abuts
against the ilium, is well in front, more so than in any of the known
Sauropoda. Behind this articular surface is a deep pit, which somewhat
lightens the centrum. These characters are seen in the sacral vertebra
represented in figs. 3 and 4. The first caudal has the centrum very short,
and its two articular faces nearly flat, instead of having the anterior sur-
face deeply concave, as in the other known Sauropoda. The neural spincs
in this region are compressed transversely. The middle and distal
caudals are comparatively short, and the former have the neural arch
on the front half of the centrum, as shown in figs. 5 and 6. The bones
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of the limbs and feet preserved, agree in general with thosc of the smaller
species of Morosaurus, but indicate an animal of slighter and more

graceful build. The mectapodials are much more slender, and the

phalanges are less robust than in the other members of the order.

“The known remains of the present species, representing several indi-
viduals, indicate an animal not more than 12 or 15 feet in length, and
hence the smallest of the Sauropoda. They were found at several local-
ities of the Potomac formation in Prince George’s County, Maryland.
Regarding the present species as typical, some of the more special char-
acters distinguishing these remains from the known Sauropoda are as
follows:

“(1) Teeth with compressed or flattened crowns.

“(%) Dorsal vertebrae with low neural sutures, and clongate cxcavation
in each side of the centrum.

“(3) Sacral vertebra solid, with a cavity in each side, and with facc
for rib in front.

“(4) Anterior caudals with flat articular faces, and transversely com-
pressed neural spines.

“(5) Middle caudal vertebree with neural arch on the front half of
the centrum. These characters seem to indicdte a distinet family, that
may be called the Pleurocelide.”

This is by far the best-known species, as nearly all of the more im-
portant parts of the skeleton are known, though probably from many
different individuals. The known remains are almost entirely those of
immature specimens, but are of comparatively constant relative size,
showing probably that the animals they represent were of average size.
P. nanus is about the smallest known sauropod; measuring from 12 to
15 feet in length by 4 to 5 fect in height, but relatively long of limb,
especially in front, as the restoration will show.

The Skull—Of the skull the following portions may be recognized :
Left dentary, left maxillary, part of right maxillary, left alisphenoid,
and minor skull fragments.

The left dentary is represented by the type specimen No. 5669, U. S.
National Museum (pl. xiv, fig. 5). In general form it resembles very
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elosely that of Brontosaurus, being mueh lighter and less deep than that of
Morosaurus. Anteriorly, it is rounded and abruptly truneated at the
symphysis. On the ventral a.speet 1s the open meckelian groove, begin-
ning at the symphysis and sweeping backward to the extreme end. About
the mid-length of the bone this groove widens out to form tlie man-
dibular fossa, its outer margin extending downward to form a thin,
eurved plate of bone whieh forms at least one-half of the outer surface of
the jaw. The meckelian groove is not present in the anterior half of
the jaw of Brontosaurus, though in Morosaurus grandis it is very similar,
both in position and in extent. There seem to have been at least thirteen
teeth in commission at one time, and none of the erowns now visible in

the alveoli have the spoon-like shape.

DIMENSIONS
Length of dentary (tangential)................... 122.0 mm.
Depth at anteriorend............................ 30.5 mm.
Depth at posterior end (estimated).............. 50.0 mm.
Thickness at 3d alveolus...............ccovvunnnn. 15.0 mm.

The maxillary (pl. xiv, fig. 6) resembles that of Morosaurus rather than
of Brontosaurus, especially in its anterior portion, as the upward proeess
for artieulation with the prefrontal, while wanting, secms to have had
its origin much further forward than in Brontesaurus, indicating a short,
high skull, like that of Morosaurus. In proportion of thickness to
length, the present maxilla again resembles the more robust Morosaurus
rather than Brontosaurus. The number of alveoli in Morosaurus is nine,
and in Pleurocelus nine or ten as compared with thirteen in Bronto-
saurus. There is, as usual, a eorresponding row of foramina on the
inner faee, opening into a shallow groove.

The dimensions of the left maxilla (No. 5667, U. S. National Mu-
seum) are as follows:

Length to mx.-pmx. facet........................ 88.5 mm.
Length of tooth series. .. ......................... 71.0 mm.
THICKIEES . ...t iiciit o iomaneseaneachoneens s 15.5 mm.

The alisphenoid (pl. xvi, fig. 1) (No. 5668, U. S. National Museum) re-
sembles very closely the corresponding bone of Morosaurus, though dif-

fering somewhat in proportions, being more broadly expanded superiorly.
13
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Anteriorly, the bone united with its fellow, thinning out for the exit
of the olfactory lobe. Below is the large, rounded optic foramen, while
in the middle of the bone, running from above downward, is a long,
narrow foramen, showing a tendeney to be constrieted into three aper-
tures, probably for the exit of the third and fourth eranial nerves, and
possibly for the anterior carotid artery. Behind the long foramen is a
sharp crest, which evidently buttressed the post-orbital, as in Morosaurus.
Posteriorly, just below the origin of this crest is part of the large fora-
men for the fifth cranial nerve. The dimensions of the bone are as

follows :

Fore and aft diameter..............ceiiiiiinenn.. 48.6 mm.
Vientieall diameter ™. . ®. .o i e ... fear Ll g 40.0 mm.

The supra-oceipital (No. 5692, U. S. National Museum) again agrees
closely in shape with that of Morosaurus, forming the upper portion of
the foramen magnum. It differs from that of Morosaurus in forming a
relatively broader arch to the roof of the brain case.

Anteriorly, there is, on either side, the sutural surface for articulation
with the parictal, but between these articulations there is a finished an-
terior border which may have been edged with cartilage but which shows
no sutural indieation. In front of this area a fontanelle must have been
situated, probably of a temporary character, and not corresponding to
the interparietal or pineal foramen. It must, of course, be borne in mind
that we are dealing with a very immature animal.

The prineipal points wherein the bone differs from that of Morosawrus
other than that above mentioned are in proportions and in the curves
of the various surfaces; the present bone being slightly eonvex from

side to side while that of Morosaurus is deeidedly concave.

DIMENSIONS
WACHR, so merGd oS0 b 0 oo Slo adb BopEHARIOE .ot 0 0 0B 63.0 mm.
Fore and aft diameter............. ... oot 33.7 mm.
Greatest depth .........c.ciiiiuiiiiriannnnaans 27.0 mm.
Width of foramen MagnuUM.........ccovuvveenvenonn 18.5 mm.

Greatest width of brain case...................... 32.2 mm.
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Vertebral Column.—The cervical and dorsal vertebre are clongate
and strongly opisthoceelous, though the dorsals evidently became shorter
as they approached the sacrumn and became less opisthoceelous as well.

The vertebrae are all characterized by deep lateral cavities, so deep
that they are separated only by a thin septum of bone in the mid-line.

Throughout the entire presacral series the vertebrae are relatively
much longer than in Morosaurus, the comparison being made with a
speccimen of the latter of equivalent individual age, Morosaurus latus,
type (No. 1910, Yale Muscum), and the latter cavities arc also longer,
though bearing about the same relation to the length of the centrum.

Many vertebree have been discovered, but relatively few of them can
be placed with certainty, as no two can be proven to have belonged to
the same animal. A few, however, may be taken as examples.

The anterior cervical (No. 5700, U. S. National Muscum), which
appcars to be the axis, is the slenderest of all the known vertebre of
Pleurocwlus, differing from that of Morosaurus in being more slender
with the lateral cavities longer, but less deep. Anteriorly, the bone is

corroded away, giving it decidedly the appearance of an odontoid process,

though thc latter shows no sign of sutural union with the body of the
vertebra, as in the young Morosaurus lentus, which also shows the
intercentrmin of the axis as a separate clement. The neural canal is

broad. The posterior cavity is less deep than in the posterior cervicals.

DIMENSIONS

Length

Breadth anterior end

Breadth posterior end

Height of centrum

In the posterior cervical (No. 5678, U. S. National Muscum), which

is that described by Marsh, the pleuroeclous condition seems to have
reached its maximum. The lateral depressions are very deep and extend
fore and aft into pocket-like cavitics, so that the entire centrum is
reduced to a shell. The neural canal is broad, but widening out, espe-
cially in the rear, and with a slight median longitudinal ridge on its
floor. The sutural surfaces for the attachment of the ncural arch are
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¥

exeeedingly broad and rugous. The vertebrw in this region are relatively
very broad and flat.

DIMENSIONS
§ 12017210 L T SO ) R R O SR a 96.5 mm.
Breadth of anterior face............. ... ...l 67.5 mm.
Breadth of posterior face........................ 63.0 mm.
Depth at anterior end.............coooivnnvnnnn.. 43.0 mm.
Depth at posterior end..................coaL.. 51.0 mm.

The dorsal (No. 4968, U. S. National Muscum) (pl. xv, fig. 4), was de-
seribed by Marsh as a posterior, but is considered by Hatcher * an anterior
dorsal, “ as is evidenced by its strongly opisthoceelian characters and the
more extended pleuroeentral cavities.” Comparing it with the perfeet
series of the small Morosaurus lentus, T should plaee the bone in question
in the mid-dorsal region as the fifth, or possibly the sixth, vertebra.
The eurvature of the artieular faces is less pronounced than in the
cervical deseribed above and the lateral cavities, while deep dnd reaching
well forward, are by no means as extensive as in the cervieal. Here the
neural eanal 1s broad and but slightly constrieted in the middle line.
The bone is composed of a dense eancellous tissue. The extent of the
suture for the neural arch is by no means so broad as in the cervieals.
There is in the colleetion a detached fragment of the neural areh which
is lightened by cavities as in the larger Sauropoda.

The dimensions of the type dorsal are as follows:

IDET T o R SRR e o~ CORNE e B o' O e 95.0 mm.
Transverse diameter, anterior end................ 63.3 mm.
Transverse diameter, posteriorend................ , 68.0 mm.
Depth of centrum..........cooiiiuniiinnenennnnns 63.5 mm.
Maximum width of neural canal.................. 27.0 mm.
Minimum width of neural canal.................. 17.8 mm.

There are no posterior dorsals in the eollection sueh as that deseribed
by Hateher,’ but, from the similarity between the eervieal described by
Hatcher and that in the present instanece, it is reasonable to suppose that

the posterior dorsals will agree approximately as well.

1 Hatcher, Ann. Carnegie Mus., vol. ii, 1903, p. 10.
? Hatcher, Ann. Carnegie Mus., vol. ii, 1903, pp. 9-14, figs. 3, 4.
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The sacral (No. 4969, U. S. National Muscum) (pl. xv, fig. 5) is appar-
ently the second or third, and, as characterized by Marsh, is solid, as in

Morosaurus, but much more clongate. The surface for the rib covers

the anterior half of the centrum, behind which is a deep pit extending

slightly forward into the base of the rib facet, but which does not, how-
ever, extend far into the body of the centrum itself. Anteriorly, the
articular face is somewhat triangular, with the apex pointing downward ;
posteriorly, it is more nearly oval. The neural arch was attached to the
anterior two-thirds of the centrum, so that the intervertebral foramen
for the exit of the spinal nerve was wide, in keeping with the great
width of the neural canal.
The dimensions of the sacral are as follows:

Anterior diameter
Posterior diameter
Depth of centrum

Almost the entire caudal scries is known from the centra and, in a few
instances, from the neural arches as well. There is no traee, however,
of the chevron hones.

The anterior caudals are short and nearly amphiplatyan, wherein
again they resemble Morosaurus lentus. The middle and distal caudals
have more elongated centra, but they arc still relatively short. The
anterior caudal (No. 5639, U. S. National Museum) (pl. xvi, fig. 3) is
typical, having the shortened centrum with the anterior faec slightly
eoncave, the posterior one very slightly so. The facets for the trans-
verse proeesses are high so that the transverse process must have borne
against the neural arch to some extent. Facets for the chevron bones
are very slightly indieated. The dimensions of the bone are as follows:

Breadth

The pedicels of the anterior caudals are stout, with prolounged pre-
zygapophyses. The character of an anterior caudal is shown in fig. 3.
The caudal (No. 4970, U. 8. National Museum), one of the cotypes,

is somewhat hour-glass shaped, amphiceelous, with the sutures for the
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neural arch on the forward half. There are prominent faccts for the

chevron bones at the postcrior margin, the anterior ones being less

marked, as shown in pl. xvi, fig. 2.

DIMENSIONS

Breadth

The neural spine bearing the post-zygapophyses of about the tenth
caudal is present. It is stout, compressed and elongated forc and aft at
the summit. The zygapophyses are about 30° out of the perpendicular.
This bone fragment (No. 5650, U. S. National Museum) mecasures as
follows:

Height about

Transverse diameter at summit

Longitudinal diameter at summit

A posterior candal (No. 5372, U. S. National Museum) (pl. xvi, fig. 4)

has the ncural arch complete, cxcept the tips of the pre-zygapophyses. It
resembles the one just described, except that it is relatively much more
slender and shows no trace of facets for the chevron bones. The spine
is compressed to a sharp, straight edge, and the articular faces of the
centrum are nearly planc.

Depth of centrum 19.5 mm.

Height over all

Breadth

A ppendicular Skeleton.—Of the shoulder girdle, the coracoid is known

from two specimens besides which the summit of a secapula only has been
recognized. Of the coracoids the more complete one is No. 2523, G. C.
It seems, however, to have belonged to a larger individual fhan the
average size of the bones would indicate. The imperfect one is more
nearly of the general size. It resembles very closely that of Morosaurus
lentus, except for the form of the glenoid face, which, in Pleurocelus,
is broader below and forms a ridge on the outer face, which is sharply
elevated above the general level of the bone. The portion containing the
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" foramen has been broken away, but the beginning of a depression leading
into it is visible. The distal end of the seapula (No. 2512, G. C.) 1s
not distinetive.

Length of coracoid
Thickness at glenoid surface

A humerus and a femur bear the same catalogue number, 2263, U. S.
National Museum, and are of much the same general appearance and
color which may indicate that they pertain to the same individnal,
despite Hateher’s remark that “mno two bones or fragments of all that
material . . . . were found in such relation to one another as to demon-
strate that they belonged to the same individual.” It may, however,
be safe to assume that they show the average relation of length: that these
bones bear to each other in Pleurocelus. Compared with the humerus
in Morosaurus, that under consideration appears more slender, espeeially
at the proximal end, with a less prominent deltoid erest. The distal
end is more rectangular when viewed from below than in Morosaurus,
but the olecranon depression on the posterior aspeet is much deeper
and longer in Pleurocelus. The bone is less straight, more of an elon-
gated S in the present genus, and is very much longer in proportion to
the femur than in Morosaurus.

DIMENSIONS

‘Width proximal end
Width mid shaft
‘Width distal end
The radius (No. 2263, U. S. National Museum) is apparently of the
average size. It is less eurved than that of Morosaurus grandis and rela-
tively somewhat stouter. Its dimensions are:

300.0 mm.
Width proximal end
Width mid shaft
The ulna is represented by No. 5673, U. S. National Muscum, the
proximal half, and another unnumbered bone representing a distal half.

They do not appear, however, to pertain to the same speeimen, as they
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are too long when added together, though, in other proportions, rela-
tively correct. Viewed proximally, the bone is wider than in Moro-
saurus, the artieular face being more L-shaped, while the angles are less
acute in keeping with the more rectangular character of the distal end
of the humerus. Distally, the ulna shows the same sub-rectangular
form, as compared with that of Moroesaurus.

Length of ulna estimated.......................... 320 mm.
Width of proximal end....................cciu... 97 mm.
Depth of proximal end.................ccoovvnn... 63 mm.
Width of mid shaft.............. ..., 33 mm.
Width of distal end................... Ve o T 69 mm

No trace of the carpals has been recognized.

The metacarpals (pl. xvii, fig. 1) are long and slender, but the strueture
of the hand is as yet unknown, except that it seems to have been much
longer relatively than in Marsh’s restorations of the fore and hind limbs
of Morosaurus grandis.!

Pelvis—Therc are no bone fragments which can, with any degree
of assurance, be referred either to the ilium or pubis. 'There is, however,
the proximal portion of a bone (No. 5677, U. S. National Museum)
which Professor Marsh identified with the ischiunm. It is much too
large, proportionately, to go with the remainder of the skeleton we have
been deseribing, as it approximates that of the young Morosaurus lentus,
an, individual at least half again as large as the average Pleurocalus
nanus. The bone is also much thicker and differs in its curvature; nor
is ¢here any indication of the rotation of the distal end of the ischinm
upon the long axis of the bone as in Morosaurus. The bone is, however,
too defective for a fair comparison.

Femur.—This bone is represented by the perfect specimen bearing the
number 2263, U. S. National Museum, and other less perfeet miate-
rial. Tt differs from that of Morosaurus lentus in being much less robust
and in the sharp edge of the ridge on the external face below the great
trochanter. The lesser trochanter is also much less pronounced in
Pleurocelus.

* Marsh, 16th Ann. Rept. U. S. Geol. Surv., pt. i, 1896, pl. xxxviii.
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DIMENSIONS

Width proximal end

Width mid shaft

Width distal end

The tibia (No. 5657, U. S. National Museum) and the fibula (No.

5656) (pl. xvii, fig. 3) both resemble those of Morosaurus lenius, except
that they are again mueh less robust and are relatively very much longer
in proportion to the length of the femur, though until the actually asso-
eiated bones of one animal are found such proportions in Pleuroee/us may
be open to doubt.

Length of the tibia
Width of proximal end
‘Width of distal end
Width of mid shaft

Dimensions of fibula:

Length 0 mm.
Width proximal end .0 mm.
Width distal end .0 mm.
Width mid shaft .5 mm.

The tarsus seems to be represented by an astragalus (No. 5452, U. S,
National Museum), which is listed as the type astragalus of Allosaurus

medius, but does not correspond either to the form of a theropod

astragalus or to the dimensions given by Marsh in his original deserip-
tion. The bone is an irregular oval, somewhat pointed at one end, al-
though, as little of the original surface is preserved, it is diffieult to tell
how mueh of the present form is correet.

Width
Fore and aft diameter
Greatest thickness
The metatarsals are shorter and more robust than the metacarpals so
that the foot is short and eompact.
The first metatarsal, that figured, is one of the eotypes‘ (No. 2267, U. S.
National Museum). Its dimensions are:

Length
Width of proximal end
Width of distal end
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A second metatarsal (No. 5660, U. S. National Museum) has the
following dimensions:

ILEIRIN oo0 ST ISR i S U SR S B, . 77 mm.
Width proximal end...........coivviiiiniiinennn., 54 mm
Width distal end.........ccciveiiiiiirirnnenennn. 38 mm.

The ungual phalanx, cotype No. 2267, U. S. National Museum, here
figured (pl. xviii, fig. 2), has the following mecasurements :

JL{E011716] T e Rt oy 58.7 mm.
Width proximalend.............c.cciiiinnn.. 35.5 mm.
TREMGITREAET « Fole o oo o ohee e oo oee el anee il eeeteodion 18.5 mm.

Occurrence—ARUNDEL ForMATION. Near Muirkirk, Prince George’s
County.
Collections.—U. S. National Museum, Goucher College.

PrEUROCELUS ALTUS Marsh

Plate XVIII, Fig. 3; Plate XIX, Figs. 1-4

Pleurocelus altus Marsh, 1888, Amer. Jour. Sci., ser. iii, vol. xxxv, p. 92.

Pleurocalus altus Hay, 1902, Bull. U. S. Geol. Survey, No. 179, p. 483.

Description.—The type speciinen is a tibia and the proximal and distal
ends of a fibula (No. 4971, U. 8. National Museum). Marsh’s original
description is as follows: ‘A larger species, apparently of the above
genus, is represented by various remains from the same localities as the
specimens just described. A tibia and other limb bones show the animal
to have had elongated posterior extremities, at least a third longer pro-
portionately than in Morosaurus, which these remains, in some respeets,
clearly rcsemble.

“The tibia has the proximal end compressed transversely, with its
outline subrhomboidal. The shaft is solid throughout, with the excep-
tion of a very small cavity near the middle, and here it is subovate in
transverse section. The distal end is much flattened antero-posteriorly,
and the notch in the articular face, characteristic of the Sauropoda, is
well marked. This tibia is twenty-five inches (635 mm.) in length, with
its proximal end seven inches (177 mm.) in fore and aft diameter, and
the distal end six inches (152 mm.) in transverse diamecter. Both ex-
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tremities are rngose, indicating a heavy covering of eartilage. The

fibula is massive, and its distal end somewhat expanded. The astragalus

was free, and is wanting in the present specimen.”

The tibia (pl. xviii, fig. 3) has nearly the length of that of Morosaurus
grandis (No. 1905, Yale Museum) and but little more than half its
diameter, indicating an animal of much lighter build. Compared with the
type of Morosaurus lentus (No. 1910, Yale Muscum) the tibia of Pleuro-
calus altus is at least half again as long. The dimensions of the type
are given in Marsh’s deseription above, but there are no fore-limb bones
in the collection referable to this species so that the relative length of
fore and hind limbs eannot be ascertained.

A metatarsal (No. 5687, U. S. National Musecum) (pl. xix, fig. 1) may
be provisionally referred to this species, as it has about the same relative
proportions as that of P. nanus. It is surprisingly heavy when compared
with the tibia, however, having fully the bulk of the equivalent bone of
Morosaurus grandis. Its general form may be ascertained from the
figure.

DIMENSIONS

Breadth proximal end
Breadth distal end
There is a middle caudal (No. 5626, G. C.) (pl. xix, figs. 2, 3), which is

doubtless referable to this speeies. It is a solid bone, biconeave, with the
neural arch, whieh is missing, over the anterior portion, as in P. nanus.
Laterally, it has rather prominent keels, and two lesser ones on its ventral
aspect which terminate in the prominent chevron articulations. The
transverse processes were situated at the base of the neural pedicels at
about the mid-length of the bone. This bone, which is that of a fully
mature animal, is here figured. Its dimensions are:

105.0 mm.
Width anterior face 132.0 mm.
Width posterior face 128.0 mm.
Depth of centrum

Part of a large proximal caudal is also recognizable, but too defeetive

to characterize.
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A large sauropod rib (No. 5010 d, G. C.) may be referred to this
species. It is wide at the proximnal end, with a prominent tuberculun,
and in section is Lr-shaped at first, broadening out in a shallow U-shape
toward the distal end.

Occurrence.~—ArUuNDEL ForMATION. Near Muirkirk, Prince George’s
County.
Collections.—U. S. National Museum, Goucher College.

Genus ASTRODON Johnston
ASTRODON Jo1INSTONT Leidy
Plate XIX, Fig. 5
Astrodon johnstoni Leidy, 1865, Smithsonian Contrib. to Knowledge, vol.
xiv, art. vi, pp. 102, 119, pl. xiii, figs. 20-23, pl. xx, fig. 10.

Description.—The type (No. 798, Yale Museum) consists of a nearly
perfect tooth and the seetion of another prepared for the mieroseope.
It is thus deseribed by Teidy: “ The tooth of Astrodon, . . .. bears con-
siderable resemblance in form to the teeth referred to the Hylwosaurus,
an associate of the Iguanodon and Megalosaurus, in the Wealden forma-
tion of Europe. The speeimnen eomprises nearly the length of the crown,
and is about an ineh and a half long. The shaft of the erown is straight,
eompressed cylindroid, in transverse seetion ovate, the outer side strongly
eonvex, the inner side mueh less so. The summit of the erown is eom-
pressed eonieal, eurved inward, convex externally, depressed internally,
and sub-acute at the lateral borders, one of which is worn in the specimen
so as to expose a narrow traet of dentine.

“The transverse seetion of the tooth beneath the mieroseope, . . . .
exhibits an interior disk of dentine, with a multitude of minute tubul
radiating from the narrow elliptieal section of the pulp eavity, sur-
rounded by a thiek layer of enamel.”

The dimensions are:

Bregldth "of Crowm. .. ... 6o ieeivecaceecnonein.. 12.3 mm.
Thickness «v.vvniiiiininiineneinononeennnenennss 10.7 mm.
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In the collection of Goucher College are two more teeth, one (No.
2604) referablc without question to Astrodon, differing from the type
only in the degree of wear, which has involved not only the apex and the
margin on either side, but the greater part of the surface of the crown,
so that the charaeteristie wrinkled aspeet is only diseernible over a portion
toward the fang.

The other specimen (No. 3333) (pl. xix, fig. 4), while nearly as large as
the tooth just mentioned, differs from both it and the type in lacking the
spoon-shaped curvature characteristic of the others; in fact, it is strik-
ingly like many other tecth in the collections referable to Pleurocalus
nanus, except that it is about twice the size of the average of the latter,
or about as much larger as the tibia of Pleurocalus allus Marsh (vide
supra) cxceeds that of P. nanus. Moreover, among the number of
teeth referable to P. nanus there is a considerable range of variation
in shape, though no very great difference in' size; some of them re-
scmbling very closely the type tooth of Astrodon johnsloni except for
size.

Hatcher * has already called attention to this similarity, but made no
mention of the great disparity of size, a point brought out by Lucas.’
I am inclined to agree with Hatcher in considering Astrodon and Pleu-
rocelus synonymous, but not in the synonymy of the species . nanus
with Astrodon johnsloni; for, in spite of the fact that the vertebrae of
Pleurocelus nanus, referable to this speeies, arc without exception those
of immature animals, they, together with foot and limb bones of appro-
priate size, as Lucas says, “ greatly outnumber all the other vertebrate
rcmains obtained from the vicinity of Muirkirk, Md.” This is also true
of the tecth referred to this species. Pleurocalus altus, on the other
hand, is represented by but few bones, and could readily have been the
possessor of teeth like those of Aslrodon johnstoni as well as of the two
specimens mentioned in this section. It is therefore quite possible that
Pleurocalus altus should be econcidered as synonymous with Astrodon
johnstont, in which case the latter name would take precedence. It

* Hatcher, Ann. Carnegie Mus., vol. ii, 1903, pp. 12-14.
* Lucas, Science (N. 8.), vol. xix, 1904, p. 436.
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seems preferable, however, in view of the rarity of the remaius, to let
the matter rest in abeyance until further proof is obtained.
Occurrence.—ARUNDEL ForMATION. Bladensburg, Prince George’s
County.
Collections—Yale Museum, Goucher College.

Suborder ORTHOPODA
Family CAMPTOSAURIDAE
Genus DRYOSAURUS Marsh
DRYOSAURUS GRANDIS sp. nov.
Plate XIX, Figs. 6, 7; Plate XX, Figs. 1-4

Allosaurus medius Marsh (in part), 1888, Amer. Jour. Sci., ser. iii, vol
xxXxv, p. 93.

Description.—The type material consists of a first phalanx of digit iv
of the hind foot (No. 5453, U. S. National Museum, cotype of Allo-
saurus medius), an astragalus (No. 5652, U. S. National Museum, ? co-
type of Allosaurus medius), a proximal phalanx of digit iii (No. 5684,
U. S. National Museum), the distal extremities of two metatarsals (Nos.
5684 and 5704 U. 8. National Muscum), an unnumbered ungual, and
the phalanx (No. 2609, Goucher College).

Among the remains referred by Marsh to Allosaurus medius, the tooth
alone may be with certainty referred to the Theropoda ; the “ first phalanx
of the hind foot,” surely, and the astragalus, probably, may be relegated
to the ornithopod dinosaurs of the genus Dryosaurus, and, together with
other material, become the cotypes of a new species.

This species differs from the type of the genus, D. altus Marsh * (Lao-
saurus), mainly in its greater size and proportions and in the character
of the astragalus.

The left astragalus viewed from below is somewhat hour-glass shaped,
narrowing toward the calcaneal faecet. Viewed anteriorly, the upper
margin is seen to be broken away so that the sharp upward process

* Marsh, Amer. Jour. Sci. (iii), vol. xvi, 1878, p. 415, pls. ix, x.
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from the outer (calcaneal) side is somewhat exaggerated, and gives it a

superficial resemblance to the strong upward process of the astragalus of
Creosaurus. The calcaneal facet is of much greater extent than in
D. altus, the posterior margin being nearly straight in the present specics,
whereas in D. altus it is sharply curved. The bone under consideration
is of less fore and aft diameter than that of I. altus, while its transverse
diameter is nearly half again as great. This is in part doubtless duc to
the worn condition of the present type.
The dimensions of the astragalus are as follows:

Transverse diameter

Greatest fore and aft diameter
Least fore and aft diameter
Height

Metatarsal ii (pl. xix, fig. %, left) differs from that of D. latus by its
larger size, the greater roundness of the articular face, indicating a some-
what more mobile joint, and in the lesser prominence of the outer kecl.
The depressions upon the lateral faces of both metatarsals are much more
pronounced than in D. altus. Width of the articular extremity, 34 mm.;
fore and aft diamcter, 33.5 mm. The bone is extremely hollow; the
maximum thickness of the walls of the shaft being 4 mm. The medullary
cavity extends well down into the articulation.

Metatarsal iii (pl. xix, fig. 7, right) is also represented by its distal
articulation and a small portion of the shaft. It in turn differs from that
of D. altus in having no median fore and aft depression over its articular
face, except a very slight one in front. Its dimensions are as follows:

Width of the articular extremity
Fore and aft diameter

In this bone the walls are somewhat stouter, measuring G mm. as a
maximum.

The proximal phalanx of digit iii (No. 5703) is unfortunately from a
much smaller individual but differs from that in D. alfus in having no
trace of a median antero-posterior ridge in correspondence with the
lack of an equivalent groove in the articulation of the metatarsal. 'The
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distal facet of the bone is saddle-shaped with regular eurves and no
trace of a sharp median groove. !

The proximal phalanx of digit iv is represented by two bones, one
somewhat smaller than the other. The larger of these (No. 5453, U. S.
National Museum) (pl. xx, figs. 1, 2) is part of the eotype of Allosaurus
medius. The proximal end is coneave and there are two very prominent
ridges on the palmar aspeet of the proximal oue-third. Distally it is char-
acterized by a rather pronounced groove in the articular face and the great
depth of the external depression. The bone is very hollow, resembling
in this respect the metatarsals.

DIMENSIONS

JLETT NN, R e I e TR 5T o o o 88.0 mm.
Width of proximal end.................cc.coun... 34.0 mm.
Depth of proximal end........................... 38.5 mm.
Width of distal end.............ccovvviviinn. .. 31.5 mm.
Depth of distal end...................ccoiint.... 28.5 mm.
WiHAEh Of “ShAEL. ... . .vve e e vecr v mes e o e 20.0 mm.

The distal phalanges (pl. xx, fig. 3) are typical with proximal ridge and
distal groove, effeetually limiting motion other than in the vertical plane.

The ungual (pl. xx, fig. 4), whieh is here referred to this speeies, is coni-
pressed, triangular in scetion, the upper face bearing a rather sharp ridge
which separates it from those of Laosaurus consors, those of Dryosaurus
altus being unknown. [t has a gentle curve with the characteristic
slightly hollowed under surface of Laosaurus and the smaller Campto-
saurus speeies.

DIMENSIONS

Judging from the comparative size of Dryosaurus grandis and D. altus
one would perhaps be justified in assuming the present individual to
have attained the length of about 13 fect, using Professor Marsh’s esti-
mate of 10 feet for the latter species.

Occurrence—ARUNDEL FormaTIoN. Near Muirkirk, Prinee George’s
County.

Collections—U. S. National Museum, Goucher College.
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Family STEGOSAURIDAE
Genus PRICONODON Marsh

PricoNopox crassus Marsh
Plate XX, TFigs. 5, 6
Priconodon crassus Marsh, 1888, Amer. Jour. Sci., ser. iii, vol. xxxv, p. 93,
Pricoiiiolgérassus Marsh, 1896, 16th Ann. Rept. U. S. Geol. Survey, pt. i,
pl. xliv, figs. 2a, b, c.

Description.—The type specimen is a single tooth (No. 2135, U. S.
National Museum) from ncar Muirkirk. Marsh’s original description
is as follows: “The existence of another herbivorous Dinosaur in the
same horizon of the Potomac formation is indicated by a number of
fragmentary remains, the most characteristic of which is the tooth fig-
ured below. This may be regarded as the type specimen. Although
resembling somcwhat the teeth of Diracodon from the Jurassic of the
West, it is quite distinct. It has the narrow neck, swollen base, and
flattened crown of that genus, but the serrated edges meet above at a
sharp angle, instead of forming a wide curve at thc apex. The surface
shown in fig. 7 is much worn by the opposing tooth. In fig. 9, the pit
formed by the succeeding tooth is seen near the top of the fang. The
other remains at prescnt referred to this species were not found with this
tooth, and hence, their relations to it arc uncertain. They will be de-
scribed more fully elsewhere.”

The prominences producing the serration of the edges of the crown
are continued down on either face of the crown in delicate, curved ridges
except where obliterated through wear. The.swollen basc is separated
from the blade-like crown, forming a prominent shoulder from which a
single ridge runs nearly straight upward toward the apcx. There re-
mains but little of the fang of the tooth, but it appears to have been
nearly cylindrical, as in Stegosaurus and Diracodon.

DIMENSIONS
Width aCross CrOWN......viviieineeroennennenennnn 9.7 mm.
e T R R S B 6.3 mm.
Height of crown above shoulder.................... 6.5 mm.

14
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This tooth resembles somewhat that of Palwoscincus costatus Leidy,’
from the Judith River beds, though the type of Pal@oscincus is slightly
smaller than that of the present species. The swelling shoulder in
Priconodon is more prominent and rounded than in Pal@oscincus, and
in the latter the cusps are much sharper and more prominent, though
less numerous on one edge of the crown. The median ridge of Pricono-
don is also lacking.

The tooth of Priconodon resembles those of Diracodon and Stegosaurus
in the rounded shoulder, but has the blade of the crown more sharply
compressed and is very much larger. The dimensions of the former are:
Diracodon, 5 mm. wide; Stegosaurué, 5.5 mm. (measured from the fig-
ure). A specimen, No. 2606, from the collection of Goucher College,
Baltimore, is a relatively immense tooth, though badly worn through
use and subsequently, so that except for the general shape, the distinctive
characters are not clearly discernible. Its dimensions are as follows:

AWV TRMRCERE . | iorsts « one adeions Baenene Felone onenone®non el syt Wenl e 15.7 mm.
Heightol €rown. .. . vovve i oo e ddliie e saiaens 14.6 mm.
Thickness Of CTOWIl. .. ovv vt teer e ineennenneennns 9.3 mm.

The two last measurements have become less through abrasion. 'This
tooth represents a much larger animnal, for an individual has teeth of
approximately the same size throughout, if one may judge from the jaws
of Diracodon and Stegosaurus. There are, however, in the collection of
Goucher College, Baltimore, specimens intermediate in size, and all so
worn as to show no clearly defined spccific characters which would serve
to separate them from the type. These speeimens, five in number, are
all from the blue charcoal clay of Coffin’s Old Engine Bank, Swamp
Poodle, near Muirkirk, Maryland. The locality of the type is also the
Swamp Poodle, but the precise locality and level are not given.

From the Arundel blue charcoal clay of Contee, Maryland, comes
specimen No. 3101, of the Goucher College collection, the centrum of a
dorsal vertebra (pl. xx, fig. 6), unlike anything else in the entire mass of
Arundel material. It represents a young animal, since the ncural arch
had not yet codssified with the centrum. The centrum is opisthoccelous,
the anterior articular face being plane; the posterior a moderately deep

1Trans. Amer. Phil. Soc., vol. xi, 1860, pp. 146-7, pl. ix, figs. 49-52.
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concavity. The bone tapers decidedly, as the anterior face is less than
four-fifths of the transverse diameter of the posterior. The sides are
decidedly concave and meet in a slight keel-like anlgle inferiorly. The
neural eanal is extremely narrow, especially at a point just in front of
the mid-length of the centrum. There are several tiny, irregularly placed
foramina which enter the centrum from the bottom of the canal, the two
anterior ones being separated by a slight ridge. The irregular ridges
on the articular face for the pedicels of the neural arch are approxi-
mately parallel, only radiating at the anterior end of the centrum. The
bone appears to be solid, of fine cancellous character, with no trace of
lateral depressions, such as one finds in Pleurocelus. This vertebra which
evidently came from the mid-dorsal region, compares very closcly with a
vertebra of Stegosaurus ungulatus (cotype No. 1858, Yale Museum), ex-
cept for size. The two vertebre differ in the much less relative depth of
the posterior concavity in Stegosaurus, and in the fact that the anterior
and posterior faces are the same diameter in Stegosaurus, but there is a
similar, though not quite so marked, tapering of the pediecl facets. The
groove of the neural canal is wider in Stegosaurus, and seems to lack the
eonstriction, but it is quite probable that the neural canal widened per-
ceptibly vertically before narrowing again in the neural arch of Pricono-
don. There is no trace of a keel-like ridge on the lower side of the
centrum in Slegosaurus, though the curve of the scction is sharper here
than on the sides. In neither case is there a trace of the capitular rib
facet on the centrum, which in Stegosaurus is high on the greatly elevated
neural arch.

In pl. xvii of the forthcoming monograph of the Stegosauria this bone
is figured, together with a longitudinal section, showing its extremely
dense cancellous tissue comparable to that of the centrum under discus-
sion. From this comparison it seems reasonably sure that we have here
the centrum of a stegosaurian dinosaur which will be provisionally re-
ferred to Priconodon. Whether it may be referred to P. crassus or not
is an open question, for the vertebra is much smaller than that of the
adult Stegosaurus ungulotus while on the other hand the teeth of

Priconodon are much larger than those of the stegosaur. Leidy says,
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however, that “ we observe no neccssary relation of the length of animals
in proportion with the size of their teeth.”
The dimensions of the centrum are as follows:

mm.
Depth of anterior face .0 mm,
Depth of posterior face .0 mm,
Width of anterior face .3 mm.
Width of posterior face .5 mm.
Depth of posterior concavity 5 mm.
Least width of arch facet (ant.)................... 17.0 mm,
Greatest width of arch facet (post.))................ 33.2 mm.

The tooth of Priconodon comes nearest Leidy’s Pal@oscincus from the

Judith River, to which it could readily be ancestral, as the cvolutionary

tendency on the part of the Orthopoda is to increase the number and
decrease the size of teeth.

The vertebra is nearest to Stegosaurus, but the equivalent vertebra
of Palwoscincus is unknown, and the association of vertebrse and teeth
is in each case conjectural.

Occurrence.—ARUNDEL FormaTioN. Near Muirkirk, Contee, Prince
George’s County.

Collections.—U. S. National Museum, Goucher College.

Order CROCODILIA

Suborder EUSUCHIA

Family GONIOPHOLIDAE
Genus GONIOPHOLIS Owen
GONIOPHOLIS AFFINIS SP. DOV,
Plate XX, Fig. 7

Description.—A crocodile is represented by a number of teeth and
part of a scufe. The tecth, however, are the most distinctive. They show
beyvond question the generic characteristics of Gontopholis: “ stout,
rounded, slightly curved, with the enamel ridged and grooved, and well-
marked caring placed in a plane coincident with that of the curvature of

»1i

the crown. They resemble very closely a multitude of teeth from

! Lydekker, British Mus. Catalogue Reptilia and Amphibia, pt. i, 1888, p. 79.
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“ Quarry 9,” Como, Wyoming (Morrison), preserved in the Yale Mu-
seum, which agrce in size with those of the type specimen of Goniopholis
(Diplosaurus) feliz (Marsh). Unfortunately, none of the crowns in the
last specimen show their outer surface, but those of the Maryland speci-
men differ from those from Como by having secondary ridges between
the main ridges on the proximal portion of the crown. See figure. The
similarity aside from this feature is very great and shows a close rela-
tionship with the Morrison type as-the specific name implies. The
sculpturing on the scute (No. 5465) is coarser than on any of those in
the lot of material from Como. This may, however, be duc to the por-
tion of the body from which the scute came, and is probably not of
importance.
Tooth No. 8175, M. G. S., may be taken as the type.

Length of crown about
Width of crown at base

Occurrence—ARUNDEL ForaeaTioN. Branchville, Prince George’s
County.

Collections.—Maryland Geological Survey, U. S. National Museum.

MOLLUSCA

CLass GASTROPODA
order CTENOBRANCHIATA
Suborder PLATYPODA
Superfamily TAENIOGLOSSA
Family AMNICOLIDAE

Genus BYTHINIA Leach

BYTHINIA ARUNDELENSIS Sp. nov,
Plate XXI, Fig. 6

Description.—Shell small, turbinate; sutures pronounced; whorls in-
flated, the last much larger than the earlier ones; surface apparently
smooth, except for lines of growth.
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This spccies is represented by a single cast.

Length, 6 mm. ; diameter, 4 mm.

Occurrcnce—ARUNDEL FORMATION. Arlington, Anne Arundel
County, Maryland.

Collection.—Maryland Geological Survcy.

Family VIVIPARIDAE
Genus VIVIPARUS Montf.

VIVIPARUS MARYLANDICUS Sp. DOV.
Plate XXIT, Figs. 1-3

Description.—Shell subconical ; sutures deep; whorls flattened ; sur-
face probably smooth, except for lines of growth; last whorl much larger
than the earlier ones.

This species is represented by two casts, of which pl. xxi, fig. 1, is
regarded as the type. |

Length, 12 mm. (?) ; diameter, 7 mm.

Occurrence.—ARUNDEL ForMATION. Arlington, Anne Arundel County,
Maryland.

Collection.—Maryland Geological Survey.

VIVIPARUS ARLINGTONENSIS Sp. Nov.

Plate XXI, Figs. 4, 5

Description.—Shell conical, elongate; sutures moderately deep;
whorls slightly flattened ; surfaee apparently smooth, exeept for lines of
growth ; whorls four in nwmber, the last whorl larger than earlier ones.

This speeies is represented by two speeimens which show the whorls
in cross-section ; pl. xxi, fig. 4, is regarded as the type.

Length, 11 mm.; diameter, 6 mm.

Occurrencc.—ARUNDEL ForMATION. Arlington, Anne Arundel County,
Maryland.

Collection.—Maryland Geologieal Survey.
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CLass PELECYPODA
order TELEODESMACEA

Superfamily CYRENACEA
Family CYRENIDAE
Genus CYRENA Lam.
CYRENA MARYLANDICA Sp. NOV.
Plate XXI, Figs. 8, 9
Description.—Shell subtriangular, thin, flattened, obscurely eoneen-
trically ridged, inequilateral ; the beaks low.
The fragmentary specimens of this species indicate that it belongs to
the genus Cyrena.
Length, 12 mm.; height, 6.5 mm.
Occurrence.—ARUNDEL FormATION. Arlington, Anne Arundel County,
Maryland.
Collection.—Maryland Geological Survey.

order PRIONODESMACEA

Superfamily NAIADACEA

Family UNIONIDAE
Genus UNIO Retzius
UNIO PATAPSCOENSIS Sp. NOV.
Plate XXI, Tig. 7
Description.—Shell subovate, clongate, thin, flattened, beak about one-
third distance from anterior to posterior end, and low.
The single valve found is a cast which shows elearly the characteristie
form of the shell.
Length, 35 mm. ; height, 20 mm.
Occurrence—Parapsco Formarron. White House Bluff, Fairfax
County, Virginia.
Collection.—U. 8. National Museun.



214 SYSTEMATIC PALEONTOLOGY

SPOROPHYTA

cuss PTERIDOPHYTA

orfer FILICALES -

Family SCHIZAEACEAE
Genus SCHIZAEOPSIS Berry
[Annals of Botany, vol. xxv, 1911, p. 194]

Ferns of unknown habit with repeatedly dichotomous fan-like fronds
made up of ribbon-like coriaceous segments. Veins for the most part
thin and parallel for the greater part of their course, but forking
dichotomously at intervals. Fructifications massed in fusiform bodies
of relatively large size, and consisting of numerous closely packed sporan-
gia, whose structure and detailed arrangement are unknown. These
fructifications are borne at the distal ends of certain of the veins at
varying heights, usually along the margins, but occasionally on the face
of the laming. Ordinarily they arc massed toward the distal ends of
the ultimate divisions of the frond, as in the modern Schizea clegans,
the ultimate ones appearing as continuations of the ultimate tceth which
terminate the distal lacinee. Spores spherical, thick walled, massively
striated.

The fern genus, Acrostichopleris (Baieropsis), which is very sim-
ilar in vegetative character to Schizwopsis, is best retained for the some-
what similar remains of fronds until definite information is obtainable
regarding their reproductive structures, although it is extremely prob-
able that some at least of the species of Acrostichopteris should be re-
ferred to the Schizeace®, and the same remark is equally applicable to
certain species ordinarily referred to the genus Baiera.'

There are abundant theoretical reasons for expecting to find repre-
sentatives of this family as far back at least as the later Mesozoic. Such

* This is, of course, not true of all species of Baiera, some of which in their
fruiting characters, show conclusively a relationship with Ginkgo.
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still carlier ferns as have been supposed to exhibit affinities with the
Schizeeaces, as, for example, the Paleozoie genus Senftenbergia, are too
obscure and indefinite to be of much value, and it seems eertain that the
older Mesozoic and Paleozoic ferns, at least the Leptosporangiate ones,
were too generalized to admit of their being referred to the accepted
families, based as the latter are to such a large extent, upon cxisting
species. 'There is, however, abundant collateral evidence for the view
that by the dawn of the Cretaceous the main lines of eleavage which
separate the fern-families, as we now know them, were rather clearly de-
fined. In addition to the Schizaa-like specics here described, the Schizea-
cex were represented in the Lower Cretaceous rocks of both Iurope and
Ameriea by several specics referred to the genus Ruffordia, which, in the
character of its sterile and fertile fronds, resembles the modern genus
Aneimaa.

There is also the well-authenticated Jurassie genus Klukia of Raei-
borski," which seems to fall within this family, and Professor Zeiller®
has recently called attention to certain fern remains from the Wealden
of Peru, which have annulate sporangia of the Schizew type. Finally,
Stopes and Fujii® have deseribed struetural material from the Upper
Cretaceous of Hokkaido, Japan, sufficiently prescrved to show some of
the soral characters and to warrant the restoration of the sporangium

of what they call Schizwopteris mesozoica.

While the present genus is thus far confined to the eastern United
States, the genus Acrostichopteris, which so closely resembles it in vege-
tative habit and geological position, has been found in the Kootanic
formation of Montana and in the Wealden of England, and elosely allied,
if not identieal, forms have been described by Saporta from the Lower

Cretaceous roeks of Portugal as various species of Sphkenopieris.

* Raciborski, Engler’s Bot. Jahrb., Band xiii, 1891, p. 1.

2 Zeiller, Comptes rendus, tome cl, 1910, p. 1488.

* Stopes and Fujii, Phil. Trans. Roy. Soc. Lond., vol. cci B, 1910, p. 6, tf. 1-3,
pl. ii, fig. 1.
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SCHIZZOPSIS AMERICANA Berry
Plate XXTII, Figs. 1-9

Baieropsis expansa Fontaine, 1890, Mon. U. 8. Geol. Surv., vol. xv, 1889,
pl. Ixxxix, fig. 1 (non fig. 3; pl. xc, fig. 1; pl. xci, fig. 2; pl. xcii, fig. 5,
Which are referred to Acrostichopteris expansa).

Baieropsis macrophylla Fontaine, 1890, Mon. U. 8. Geol. Surv., vol. xv, 1889,
p. 212, pl. xc, fig. 6.

Schizeopsis expansa Berry, 1911, Annals of Botany, vol. xxv, p. 194, tf. 1,
pl i, figs. 1-6.

Description.—Fronds relatively large, about 11 cm. in length by 6 em.
in width, apparently short stalked, divided almost to the base into two
prineipal ribbon-like divisions, whieh, in turn, are almost immediately
subdivided diehotomously into two similar subordinate divisions whieh are
diehotomously forked in a like manner at varying heights. In the nearly
eomplete speeimen figured from whieh the restoration has been made,
the outer main division of the frond is somewhat less developed and less
eut up ‘than the inner main division. The texture is eoriaeeous. The
veins are thin but strong, in some speeimens suggesting a double vaseular
strand ; they fork diehotomously near the region where the frond forks,
and then repeatedly at varying intervals, but they are, for the greater
part of their eourse, unbranehed and approximately parallel. They are
somewhat more numerous than in the comparable modern speeies of
Schizea. 'The fruetifieations, as preserved, are brownish, spindle-shaped
bodies about 4 mm. in length and 1 mm. in diameter. They were ob-
served and figured by Fontaine in the specimens named by him, Baierop-
sis macrophylla, and were considered to be of a pathological nature, i. e.,
fungal, but were not notieed on the specimen which he included under
Baieropsis expansa, although they are readily seen in the figure here
reprodueed, whieh is from a photograph of the speeimen from whieh
Fontaine drew his fig. 1 on pl. lxxxix, of the Potomae flora. These
fruetifieations are borne at the distal ends of eertain of the veins at
varying heights, usually along the margins, but oeeasionally on the face
of the lamine. Ordinarily they are massed toward the distal ends of
the ultimate divisions of the frond, as in the modern Schizaa elegans,
the ultimate ones appearing as eontinuations of the ultimate teeth whieh
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terminate the distal lacine. Numbers of these fructifications are in
organic connection with the fronds, so that there is no room for any
mistake in obscrvation. These objects are found upon microscopic ex-
amination to be made up of masses of closely packed, relatively large
spores, in the ground mass of which there are traces of other tissues
which cannot be made out, but which evidently represent peduncles and
sporangial walls. These sporcs are nearly spherical in form, a featurc
common to the genera Anetmia and Lygodium, but apparently not to
Schizaa. They are of large sizc, averaging about 1/10 of a millimetre
in diamcter. The tetrad scars are small but well marked, but show no
protubcrances or ornaments at the outer angles. The walls are thick
and strongly striated, another feature of the modern Schizeacee, espe-
cially of the genus Aneimia, and well shown in the fossil spores repro-
duced on Pl. XXTI. The spore contents are for the most part dissipated,
only the ycllowish exine remaining, and the walls are frequently col-
lapsed so that with a low power they appear cross-lined because of their
Juxtaposition.

Since only the spores are preserved the morphology of these fructifica-
tions is conjectural. They have the appearance of simple fusiform
sporangia of gigantic size, but it is belicved that they represent a large
number of pairs of more or less confluent, or at least close packed,
sporangia.

The specimens are found in a partially lithified sandy clay, almost an
argillaceous sand, but the sand is fine-graincd, so that the fossils arc well
preserved, as indicated by the specimen photographed. In this specimen
the spores were evidently nearly mature, as indicated by their size and
configuration. None seen are in tetrads, and yet the sporangia could
hardly have dchisced before fossilization, since each tiny rock cavity
which represents these fructifications is packed with the spores. In some

of the impressions there are faint transverse lines on the matrix as if they

marked the line of demarcation between successive pairs of sporangia-
bearing branches, and in one casc the vein upon which the fructification
was borne can be traced the entire length of the fructification, clearly
indicating that it is not a gigantic simple sporangium but an aggregate
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of sporangia comparable to that of the modern genus Schizea. These
are both figured (x4) on pl. xxii.

With regard to the botanical affinity of this speeies the writer’s
convictions are indicated in the generic name. No modern group of
ferns fulfils the conditions as does the family Schizeacexe. The fossil
fern is identical with various modern tropical meinbers of this family'
in vegetative habit, no other modern ferns known to the writer resembling

F1e. 2.—Restoration of a frond of Schizeopsis americana Berry, about four-
fifths natural gize.

it in the eharacter of the fronds except the genus Rhipidopteris of the
Polypodiacea, which has a quite different habit and type of fructification.
The venation is closely similar to Schizea. The fructifications are sim-

ilarly borne and the spores are similar in form and markings to those of
the closely allied modern species of Lygodium and Amneimia. It is be-
lieved that the combination of close agreement in vegetative characters
with a similar close agreement in fructification characters, in so far
as they are determinable from the nature of the material, justifies the
reference of these ferns to the family Schizeacem, a family whiech on
theoretical grounds we would expect to find represented in the Lower
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Cretaccous. Whether the detailed organization of the fructifications con-
forms to that which obtains in the modern members of the family cannot
be determined ; presumably there were differcnces, but these were prob-
ably not greater than those between the existing genera referred to this
family. A restoration of the fossil drawn from the specimen here figured
is shown in text fig. 2.

Since Baieropsis expansa was the type of Fontaine’s genus Baieropsis
it cannot be made the type of the new genus Schizeopsis, and it is there-
fore referred to the older genus Acrostichopteris, with the members of
which it agrees in its known characters. The single specimen from
Fredericksburg, which is the type of the present species and genus, and
which is different from Baieropsis expansa, as defined by Fontaine, must
therefore be renamed, a fact which was owverlooked when the writer de-
seribed the present species.

It is very probable that the widespread Baiera cretosa Schenk,' recorded
by Heer,’ from the Kome beds of Greenland, and by Dawson® from the
Kootanie of British Columbia, both of these latter records, as well as

Schenk’s type material from the Barremian of Austrian Silesia (Werns-'

dorfer Schichten) being fragmentary,’ is related to Schizeopsis, as may
also be Jeanpaulia nervosa Dunker® of the Wealden of Germany. The
evidence for considering them refcrable to the Ginkgoales is ecrtainly
very inconclusive, in fact Schenk originally compared his specimens with
the modern Schizawa elegans, and they are all very different from the true
Baiera of the Patuxent formation.

Occurrence.—~PATUXENT ForMATION. Fredericksburg, Virginia.

Collection~TU. S. National Museum.

! Schenk, Pal®ontographica, Band xix, 1869, p. 5, pl. i, fig. 7.

? Heer, Fl. Foss. Arct., Band iii, Abth. ii, 1874, pp. 59, 124, pl. xiii, figs. 13,
14; pl. xvii, fig. 12; pl. xxxv, figs. 8-10 (Sclerophylling): Ibid., Band vi,
Abth. ii, 1882, p. 14 (Baiera).

* Dawson, Trans. Roy. Soc. Canada, vol. iii, sec. iv, 1885, p. 9, pl. ii, fig. 5
(Baiera longifolia).

*Nathorst (Kungl. Svenska Veten. Akad. Handl. Band xxx, 1897, No. 1,
p. 33), considers the specimens from Spitzbergen which Heer referred to
this species in 1877 (loc. cit.,, Band iv, p. 49) to be fragments of fern stems.

5 Dunker, Mon. Norddeutsch. Wealdenbildung, 1846, p. 12, pl. v, fig. 3.
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Genus ACROSTICHOPTERIS Fontaine
[Mon. U. 8. Geol. Survey, vol. xv, 1890, p. 106]

This genus is characterized as follows by its describer: * Fronds prob-
ably creeping, with very long, often flexuous rachises, which seem to
to have been more or less succulent; pinne going off obliquely, long and
apparcntly slender; ultimate pinna or pinnules subopposite to alternate,
comparatively short, and cut down nearly to the rachis into more or less
cuneate-flabellate pinnules or primary segments. These are divided gen-
erally into cuneate-flabellate segments, which in turn are separated into
oblong segments, ending in oblong, or ovate-obtusc, or acute tecth; pin-
nules decurrent and forming a wing; nerves slender but distinet, flabel-
lately diverging, forking dichotomously, and ending in the teeth ; fructi-
fication occurring on the basal segments of the pinnules, in the upper
portions of the frond on the upper one alone, in the lower portions on the
upper and lower ones, the fructified scgments close appressed to the prin-
cipal rachis. The fructified segments are so modified as to take the
form of leathery, rounded, or elliptical segments, which on the lower
side arc covered by the naked sori, and seen from the upper side, espe-
cially when compressed on the clay, look like pods.” The fructification
characters should be modified to include those of Acrostichopteris pluri-
partita, which appear to represent entire pinnules reduced to fertile scg-
ments and not merely basal lobes of otherwise sterile pinnules thus
transformed, as appears to be the case in Acrostichopteris longipennis.

With all the collected material at hand it is difficult to sce any con-
clusive evidence that the species included in this genus were creeping in
habit or had succulent rachises or that the the fertile segments were
covered with naked sori. There is some evidence as to fructification char-
acters, but this is most indefinite as regards details, and it may be noted
that what are called nut-like secds when applied to fragments referred
by this author to his genus Baieropsis are described as above for frag-
ments which he referred to the present genus, although neither the fertile
nor the vegetative parts arc distinguishable with certainty in these two
supposed genera.
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Most of the supposed species of Baieropsis are referred in the present
work to Acrostichopteris, with which they are obviously allied in in-
stances where they are not actually identical. They present no characters
which are clearly those of the order Ginkgoales, except their subdivided
fronds, which are suggestive of Baiera or Jeanpaulia, but might cqually
suggest various living Polypodiace®, c. g., Actinopteris and Rhapidopteris,
or the family Schizeace. Among fossil species they are very similar
to forms referred to Sphenopieris, Palmatopteris, ete. Considerations
which point away from Baiera in the direction of the ferns are the fine
inequilateral outline of the leaves (pinnules), their decurrence, and their
arrangement in a pinnate manner in a single plane. As has already been
shown the species Baieropsis macrophylla Fontaine and part of Baieropsis
expansa Fontaine have furnished fructifications which ally them with
the family Schizeeacez.

With regard to the botanical position of Acrostichopieris little is
known. According to Fontaine: “The genus in the naked sori is like
Polypodium, but in most features stands nearest to Acrostichum, much
resembling the section Rhipidopteris. In this latter, however, the fructi-
fication is borne on separate pinnules. If we place the fructified pinnules
of Rhipidopteris as basal segments on the sterile ones, we have a form
strikingly like Acrostichopterts. This genus has also some resemblance
to Marsilea.”

Seward,' on the strength of Fontaine’s conclusions, as quoted above,
places the genus in the Polypodiacew. Potonié® places it as a synonym
of his Palmatopteris in the artificial group of Sphenopterides.

There is considcrable collateral evidence for the refercnce of these
forms to the family Schizeacew, or to what answered to this family in a
general way in Mesozoic times. This evidence consists of a relationship
of this sort shown by fertile specimens of Baieropsis expansa Fontaine

and Baieropsis macrophylla Fontaine, which the writer has united® to

1 Seward, Wealden Fl., pt. i, 1894, p. 60.
2 Potonié in Engler and Prantl, 1902, p. 490.
! Berry, Annals of Botany, vol. xxv, 1911, pp. 193-198.




222 SYSTEMATIC PALEONTOLOGY

form the species Schizwopsis americana, and which differ but slightly
in frond characters from the members of the present. genus. Further-
more, there is the close resemblance between the sterile fronds of this
genus and thosc of Ruffordia, which, upon fairly satisfactory grounds,
has been referred by Seward (loc. cit.) to the Schizeaces.

Acrostichopteris may be compared with the modern Actinopteris, a
monotypic genus of the Indoafrican steppes, with the neotropical genus
Rhipidopteris, or with Schizea dichotoma Sw. and Schizea elegans Sw.
of the family Schizeacese. It is not closely related to Acrostichophyllum
Velenovsky (1889), of the Cenomanian of Bohemia. As here delimited
it embraces six species in the Maryland-Virginia region. Of these, three
species are confined to the basal beds or Patuxent formation, two species
range through the whole Lower Cretaceous of this region, and are present
as well in both the Lakota and Fuson formations of the Black Hills re-
gion, and one species is confined to the Patapsco formation and is wide-
spread in its occurrence. One additional species, suggestive of Acrosti-
chopteris parvifolia of the Patuxent formation, and likewise close to
the only remaining species, Acrostichopteris Ruffordi Seward® of the
Iinglish Wealden, has recently been described by Knowlton® from the
Kootanic of Montana. Considering for a moment the Portuguese honio-
taxial deposits we find a considerable number of remarkably similar
forms described by Saporta,’ all of which are referred to the form-génus
Sphenopteris.  Thus from the Upper Jurassic there is Sphenopteris
tenellisecta Sap.,.from the Urgonian S. cuneifida Sap., from the Aptian
S. flabellisecta Sap., S. tenuifissa Sap., and S. debilior Sap. These
forms are certainly congeneric with Acrostichopteris, and with more
representative material doubtless some species would be found to be
common to both sides of the Atlantic. Some are more nearly like the
forms segregated by Fontaine to form his genus Baieropsis, while others
are of the type which this author referred to A crostichopteris.

! Seward, Wealden F1., pt. i, 1894, p. 61, pl. vi, fig. 3.
*Knowlton, Smith. Mise. Coll.,, vol. 1, 1907, p. 110, pl. xi, figs. 3, 3a.
® Saporta, Fl. Foss. Portugal, 1894, pp. 25, 69, 127, 160, 161.
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ACROSTICHOPTERIS LONGIPENNIS Fontaine

Plate XXT11, Figs. 1, 2 ; Plate XXIV, Fig. 7

Acrostichopteris longipennis Fontaine, 1830, Mon. U. S. Geol. Survey, vol.
xv, p. 107, pl. clxx, fig. 10; pl. clxxi, figs. 1, 5, 7.

Acrostichopteris densifolia Fontaine, 1890, Ibid. (pars), pl. clxx, fig. 11;
pl. eclxxi, figs. 2, 6; pl. clxxii, fig. 13 (non pl. xciv, fig. 4 which is
referable to A. parvifolia Font.).

Baieropsis foliosa Fontaine, 1890, Mon. U. S. Geol. Surv., vol. xv, 1889, p.
209, pl. xciii, figs. 4-6.

Baieropsis denticulata angustifolia Fontaine, 1830, Mon. U. S. Geol. Surv,,
vol. xv, 1889, p. 210, pl. cxii, fig. 7.

Baieropsis denticulata angustifolia Fontaine, 1906, in Ward, Mon. U. S.
Geol. Surv., vol. xlviii, 1905, p. 491.

Acrostichopteris longipennis Fontaine, 1906, in Ward, Mon. U. S. Geol.
Surv., vol. x1viii, 1905, p. 567.

Acrostichopteris parvifolia Fontaine, 1906, in Ward, Mon. U. S. Geol.
Surv., vol. xlviii, 1305, p. 558, pl. cxvi, fig. 5.

Baieropsis foliosa Fontaine, 1306, in Ward, Mon. U. S. Geol. Surv., vol.
x1viii, 1905, pp. 481, 482, 489, 504, 508, pl. cx, fig. 9.

Acrostichopteris longipennis Berry, 1910, Proc. U. S. Natl. Mus., vol.
xxxvill, p. 627.

Description.—Fronds with relatively long pinne, decompound proxi-

mad and becoming simpler distad, the ultimate pinnules subopposite to

alternate, rather closc set. Pinnules inequilateral and slightly decurrent,
cut into several narrow sublinear divisions and terminated by two or
more subacute teeth. The lower pinnules are wider and more laciniate,
and more decidedly alternate on the stout rachis. Venation fine, but
distinet, flabellate and diehotomous, ultimate divisions terminating in
the apieal teeth. The sterile and smaller specimens tend to much greater
density than those of larger size or those showing traces of fructifieations.
The fructifications, which are illy defined in the eoarse matrix, are
borne on the proximal or distal or both basal segments of the pinnules;
the segment or segments involved beeomes wider and shorter and ellip-
tical in outline. No details can be made out.

This species is exceedingly common in the Patapsco formation, to which
it is confined, being especially common in the beds of this age at Federal
Hill. In Virginia it occurs at a large number of localities within this
formation.

15
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It is difficult to see what evidence, unless it be the supposed relation-
ship with the modern Rhipidopteris, led Fontaine to claim a creeping
habit for these forms. The rachis is sometimes more or less flexuous,
but not markedly so, and the length is relatively great. Proximally,
however, the rachis becomes stouter with decompound pinna as broad
or broader than they are long. It seems probable that this form was not
a ground dweller with creeping rachis or rhizome, nor did it adhere to
tree trunks, but reclined or clambered over the abundant erect Lower
Cretaceous vegetation, as docs the modern Lygodium. It appears to be
closely related to Sphenopterts debilior Sap.' of the Albian of Portugal.

Occurrence.—Pararsco ForMATION. Near Wellhams, IFederal Hill
(Balti;nore), Maryland. Near Brooke, 72d milepost, Hell Hole, Mouth
of Hell Hole (?), White House Bluff, Dumfrics Landing, Aquia Creek
Cut, and Mt. Vernon, Virginia.

Collections.—U. S. National Museum, Johns Hopkins University,
Goucher College.

ACROSTICHOPTERIS ADIANTIFOLIA (Fontaine) Berry
Plate XXIV, Figs. 2, 3

Baieropsis adiantifolia Fontaine, 1890, Mon. U. S. Geol. Survey, vol. xv,
1889, p. 211, pl. xcii, figs. 8, 9; pl. xciii, figs. 1-3; pl. xciv, figs. 2, 3.

Baieropsis adiantifolic Fontaine, 1899, in Ward, 19th Ann. Rept. U. S. Geol.
Survey, pt. ii, p. 684, pl. clxviii, fig. 8.

Baieropsis adiantifolia Fontaine, 1906, in Ward, Mon. U. S. Geol. Survey,
vol. xlviii, 1905, pp. 510, 528, 538.

Acrostichopteris adientifolia Berry, 1910, Proc. U, S. Natl. Mus., vol.
xxxvili, p. 629.

Description.—*“ Stems moderately strong; leaves subopposite to oppo-
site, closely placed, often imbricated, subquadrilateral to flabellate fan
shaped, narrowed to a wedge-shaped base, and attached by a short pedicel
which springs from the lower corner of the leaf, so that the inner margin
of the leaves runs close to the main stem, parallel with it, and often

overlapping it, while the lower margin of the leaves stands nearly at

~ !Saporta, Fl. Foss,, Portugal, 1894, p. 161, pl. xxviii, figs. 5, 5a.
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right angles with the main stem; leaves cut down to near the base into
two principal lacinize, and those higher cut into two or more minor
laciniz ; ultimate lacinize very shallow and strap shaped, ending in acute
very short tecth, or rarely in narrowly elliptical and subacute ones; all
the lacinie turned outwards or upwards, the lower margins of the leaves
being cntire or having sometimes an acute tooth; leaves in ascending
towards the tips of the leafy branches have their lower margins directed
morc and morce upwards, become smaller, assume more of an elliptical
or a wedge shape, have the laciniz only on the upper margin, and, finally,
coalesce to form a terminal leaflet, which at base shows three segments,
but whose terminal portions arc not scen; nerves fine but distinct,
branching at base from a mother nerve, and then dividing repeatedly
in a dichotomous manner so as to fill the laminz, and have the branches
ending in the teeth.

“The plant is most frequent at Fredericksburg, but is not abundant

there, and is usually in a very fragmentary state. If we look to the

shape of the lcaves alone this curious plant is much like a fern of the
type of Adiantum, but the gradations through differcnt forms connect
the specimens so closely with the flabellate leaves of Baieropsis that they
cannot be separated by any good distinctions. The principal diffcrence
from the more common and typical forms of Baieropsis is found in the
greater proportional width of the leaves and the smaller depth of the
subdivision.”—Fontaine, 1890.

This specics is based upon very fragmentary specimens, and it is very
doubtful if the material identified from the Patapsco and Arundel forma-
tions is the same as that from the Patuxent, the presence of this species
from Chinkapin Hollow, Virginia, and Arlington and Fort Foote, Mary-
land, being each based on a single, very poor specimen.

Occurrence.—PATUXENT FormMATION. Fredericksburg, Lorton (Tele-
graph station), Potomac Run, Virginia. ARUNDEL FoRrMATION. Ar-
lington, Maryland. PaTapsco FormartoN. Fort Foote, Maryland (?);
Chinkapin Hollow, Virginia (?).

Collection.—U. S. National Museum.
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ACROSTICHOPTERIS CYCLOPTEROIDES Fontaine

Plate XXIV, Fig. 1

Acrostichopteris cyclopteroides Fontaine, 1890, Mon. U. S. Geol. Surve;;,
vol. xv, 1889, p. 109, pl. xciv, fig. 8.

Baieropsis. denticulata Fontaine, 1890, Mon. U. S. Geol. Surv., vol. xv,
1889, p. 210, pl. xciii, fig. 7.

Acrostichopteris cyclopteroides Berry, 1910, Proc. U. 8. Natl. Mus., vol.
xxxviii, p. 630.

Description.—Pinnules rounded, fan shaped, cyclopteroid, divided into
two or three principal segments, which are split up into six or more sub-
ordinate linear oblong divisions terminated by subacute teeth. Rachis
stout. Venation flabcllate, the single vein which enters the base re-
peatedly forking dichotomously, the ultimate divisions entering the
teeth.

This species is poorly characterized and is based upon infrequent and
very fragmentary material from the single locality cited. It may well
represent a slightly variable form of pinnule of one of the other more
abundant Patuxent species, e. g., Acrostichopteris parvifolia Fontaine.
In the foreign Cretaceous it is rather remotely suggestive of Sphenopteris
flabellina Sap.! from the Albian of Portugal.

Occurrence.—PATUXENT FormaTiON. Dutch Gap, Virginia.

Collection—U. S. National Museum.

ACROSTICHOPTERIS PARVIFOLIA Fontaine

Plate XXIV, Figs. 4, 5

Acrostichopteris parvifolia Fontaine, 1890 (pars), Mon. U. S. Geol. Survey,
vol. xv, 1889, p. 108, pl. xciv, figs. 5, 9, 10, 12; pl. clxxi, figs. 3, 4; pl.
clxxii, fig. 4 (non Font., in Ward, 1906).

Acrostichopteris densifolia Fontaine, 1890, Mon. U. S. Geol. Surv., vol. xv,
1889, pl. xciv, fig. 4 (non balance of citation).

Baieropsis adiantifolia minor Fontaine, 1890, Mon. U. S. Geol. Surv., vol.
xv, 1889, p. 212, pl. xciv, fig. 1.

Acrostichopteris parcelobate Fontaine, 1890, Mon. U. S. Geol. Surv., vol. xv,
1889, p. 108, pl. xciv, figs. 6, 7, 11, 14.

Acrostichopteris parvifolia Berry, 1910, Proc. U, S. Natl. Mus., vol. xxxviii,
p. 630.

! Saporta, Fl. Foss., Portugal, 1894, p. 160, pl. xxviii, figs. 3, 6.
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Description.—Pinnules small and generally remote, the distal ones
short, all divided into three principal lobes which are variously dissected
and terminated with two or more short, stout teeth. Venation as usual
in this genus.

This species is thus far confined to the Patuxent formation of Vir-
ginia, the specimens from Maryland so identified by Fontaine proving
to belong to Acrostichopteris longipennis, which is somewhat similar in
appearance but usually much more dense in habit.

The remains are rare and fragmentary at all of the recorded localities
except Dutch Gap Canal, where they are not infrequent. They show no
traces of fructifications. This species is very closely related to Acrosti-
chopteris fimbriata Knowlton® of the Kootanie formation of Montana,
and likewise to Acrostichopteris Ruffordi Seward” of the English
Wealden. On the continent it is represented by the nearly allied and
strictly congeneric species Sphenopteris tenellisecta Sap.' from the Upper
Jurassic, and Sphenopteris flabellisecta Sap. from the Aptian of
Portugal.

Occurrence—PATUXENT FormATioN. Dutch Gap, Fredericksburg,
Trents Reach, Potomae Run, Virginia (not Federal Hill, Md.).
Collection.—U. S. National Museum.

ACROSTICHOPTERIS PLURIPARTITA (Fontaine) Berry

Plate XXTIV, Fig. 6

Baieropsis pluripartita Fontaine, 1890, Mon. U. S. Geol. Survey, vol. xv,
1889, p. 208, pl. 1xxxlx, fig. 4; pl. xc, figs. 2-5; pl. xel, figs. 1, 3, 4, 7; pl.
xcil, figs. 1, 2, 6.

Baieropsis pluripartita minor Fontaine, 1890, Mon. U. S. Geol. Surv., vol.
xv, 1889, p. 208, pl. xci, fig. 5;. pl. xcli, fig. 3, 4.

Baieropsis longifolia Fontaine, 1830, Mon. U. S. Geol. Surv., vol. xv, 1889,
p. 210, pl. xci, fig. 6.

Baieropsis pluripartita ? Fontalne, 1899, In Ward, 19th Ann. Rept. U. S.
Geol. Survey, pt. li, p. 685, pl. clxviii, figs. 9-12.

! Knowlton, Smlth., Mlse. Coll., vol. 1, 1907, p. 110, pl. xi, figs. 3, 3a.
* Seward, Wealden F1., pt. i, 1894, p. 61, pl. vi, fig. 3.

* Saporta, Fl. Foss. Portugal, 1904, p. 25, pl. xiii, fig. 1.

¢ Saporta, Ibid., p. 69, pl. xv, figs. 14, 15.
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Baieropsis pluripartita Fontaine, 1906, in Ward, Mon. U. 8. Geol. Survey,
vol. x1viii, 1905, pp. 479, 481, 482, 505, pl. cvii, fig. 1.

Baieropsis longifolic Fontaine, 1906, in Ward, Mon. U. S. Geol. Surv., vol.
xlviii, 1905, pp. 505, 517, pl. exi, fig. 3.

Acrostichopteris pluripartita Berry, 1910, Proc. U. S. Natl. Mus., vol. xxxviii,
p. 631.

Description.—Pinnules large in size, inequilateral, fan shaped, sub-
opposite, at an acute angle of divergence, narrowly divided almost to the
base into three principal and a varying number of narrow linear sub-
ordinate segments. Venation of the usual character in this genus, slen-
der but distinct. The apices arc usually, if not always broken off so
that their character cannot be made out. Rachis comparatively slender.

This species includes certain indefinite fertile specimens upon which
Fontaine based the characters of the supposed fruits in his genus Baierop-
sis. This fructification is clearly to be correlated with Acrostichopteris
pluripartita, since onc specimen shows a characteristic pinnule of this
species. The preservation is poor and the most that can be made out
are oval bodies apparently representing reduced or transformed seg-
ments of pinnules, all the segments of which are fertile in this case,
and not merely the basal ones as is shown in so many specimens of
Acrostichopteris longipennis. TFertile specimens of the present species
are, on the other hand, very rare and fragmentary.

This species is present in both the Patuxent and Patapsco formations
of Maryland and Virginia. It is also recorded somewhat doubtfully
from both the Lakota and Fuson formations in the Black Hills rim of
Wyoming. In Portugal Saporta describes several very similar forms.
These include Sphenopteris cuneifida of the Urgonian-Aptian,' Sphen-
opteris dissectiformis® of the Aptian (?), Sphenopteris tenuifissa® of
the Albian, and Sphenopteris flabellina,’ also of the Albian,

From the Neocomian sandstone near Quedlinburg in Saxony, Richter ®

* Saporta, Fl. Foss. Portugal, 1894, pp. 69, 127, pl. xvi, fig. 11, pl. xxiii, fig. 6.
2Ibid., p. 68, pl. xv, fig. 18; pl. xvi, figs. 12, 13.

#Ibid., p. 161, pl. xxvili, fig. 4.

+Ibid., p. 160, pl. xxix, fig. 16.

® Richter, Zeits. deutsch. geol. Gesell.,, Band 1i, 1899, Verhandlungen, p. 40.
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has mentioned fossils which he states arc very close to Baieropsis pluri-
partita Fontaine.
Occurrence.—PATuxENT ForMATION. Fredericksburg, Telegraph Sta-

tion (Lorton), Trents Reach, Dutch Gap, Virginia; New Reservoir,

District of Columbia. Pararsco FormatioN. Hell Hole, 72d milcpost,
near Brooke, Virginia; Overlook Inn, Maryland.
Collection.—U. S. National Muscum.

AcrosTICHOPTERIS EXPANSA (Fontaine)

Baieropsis erpansa Fontaine, 1890, Mon. U. 8. Geol. Surv., vol. xv, 1889,
p. 207, pl. 1xxxix, fig. 3; pl. xc, fig. 1; pl. xci, fig. 2; pl. xcii, fig. 5 (non
pl. Ixxxix, fig. 1 which is made the type of the genus Schizeopsis).

Description.— Leaves very large, having probably the width of 12 cm.
and the length of over 15 cm., attached by slender pedicels, and appar-
ently distributed as given in the generic description, i. e., pinnately on
leafy twigs, which themselves are arranged pinnately on a principal
stem, the main stem and branches ending in leaves of the normal kind;
leaves divided to ncar their bases into several principal laciniee, which in
turn are subdivided at varying heights into subordinate laminge, and
these into ultimate ones that arc long and narrow, ribbon-like, with the
ends not seen; all subdivide dichotomously and diverge so as to give the
leaf a fan shape; the ultimate laciniee, 1.5 mm. wide and under; the
nerves distinct, although slender. They fork at the base in the primary
lacinize, and then repcatedly subdivide dichotomously in the lacinie at
varying intervals, the branches being more or less parallel.”—Fontaine,
1890.

In its vegetative characters the present species is not very different
from Schizaopsis americana Berry, being, however, somewhat smaller,
with as yet unknown fructification characters and the veins with double
vascular strands.

Occurrence.—PATUXENT FormaTION. Fredericksburg, Dutch Gap,
Trents Reach, Virginia.

Collection.—U. S. National Museum.
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Genus RUFFORDIA Seward
[Wealden Fl., pt. i, 1894, p. 75]

This genus was proposed by Seward for certain ferns previously re-
ferred to the frond genus Sphenopteris, the fertile pinne of which,
found in the English Wealden, suggest a relationship with the modern
species of Aneimia, a relationship fully borne out by the appearance of
the sterile pinne.

Fronds tri-quadripinnate, triangular in outline, rachis frequently
flexuous. Pinne alternate, broadly triangular to ovate-lanceolate. Pin-
nules delicate, decurrent, somewhat variable, with linear acuminate
ovate cuneate ultimate divisions, dentate, or denticulate. Veins flabel-
late, repeatedly forked. Fertile pinne considerably reduced with scat-
tered sporangia.

A number of extremely rare and fragmentary Potomac ferns have
been described by Professor Fontaine as various species of Sphenopterss.
Five of these are herc united to form the two following species of
BRuffordia. It is true that no fertile pinnm have been found in asso-
ciation with the sterile pinnz in this country, as is the casc in the English
Wealden, but as nearly as can be made out from such imperfect material
as we possess the form and habit of the sterile pinne is so close that the
identity of the remains from both sides of the Atlantic is reasonably
certain. Attention should be called to the resemblance between the
pinnz in Ruffordia and in Acrostichopteris, interesting in comnnection
with the fact that there are some grounds for supposing that the latter
genus is related to the Schizeacesz,

In any event the American material does not show the specific differ-
entiation assigned by Professor Fontaine, nor is it desirable to perpetuate
the use of the generic term Sphenopteris for forms younger than the
Palcozoic.

Rurrorpia ACRODENTATA (Fontaine) Berry
Plate XXTII, Figs. 5, 6

Sphenopteris acrodentata Fontaine, 1890, Mon. U. S. Geol. Survey, vol. xv,
1889, p. 90, pl. xxxiv, fig. 4.

Ruffordia Gapperti var. latifolia Seward, 1894, Wealden FI1., pt. i, p. 85, pl.
vi, figs. 1, 1a.
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Description.—Apparently tripinnatifid, more open and with the ulti-
mate segments shorter and broader than in the following speeies. Lower
pinnules divided almost to the rachis becoming reduced through lobed
to simple pinnules distad ; summits obtusely rounded, minutely toothed.
Venation flabellate. Veins repeatedly forked, the ultimate branches end-

ing in the marginal teeth.

This speeies is very close to the following, of which it is made a va-
riety by Professor Seward, who states that the English material shows
many intermediate forms, although the extremes are different emough.
As the scanty American material lacks intermediate forms it has seemed
best to treat it as belonging to a distinct species at the same time recog-
nizing its resemblanee to the following and the possibility that more
representative material might demonstrate their identity.

Occurrence—PATUXENT FormATION. Dutch Gap, Virginia. PATAPscO
YormaTiON. Federal Hill (Baltimore), Maryland.

Collection.—U. 8. National Museum.

Rurrorpra GEPPERTI (Dunker) Seward

Plate XXIII, Figs. 3, 4

Cheilanthites Gaepperti Dunker, 1844, Norddeutsch, Wélderthon, Programm
der hoheren Gewerbschule in Cassel, 1843-1844, p. 6.

Sphenopteris Geepperti Dunker, 1846, Mongr. d. Norddeutsch. Wealdenbild-
ung, p. 4, pl. i, fig. 6; pl. ix, figs. 1-3.

Sphenopteris Gaepperti Bronn, 1848, Index pal., vol. 2, p. 1168.

Sphenopteris Gaepperti Brongniart, 1849, Tableau, p. 107.

Sphenopteris Gepperti Unger, 1850, Gen. et Sp., p. 109.

Sphenopteris Hartlebeni Dunker, op. cit., p. 4, pl. ix, fig. 9.

Sphenopteris Hartlebeni Bronn, loc. cit.

Sphenopteris longifolia Dunker (non Phillips nec. Felstm.) op. cit., p. 4,
pl. viii, fig. 6.

Sphenopteris adiantifrons Ettingshausen, 1851, Jahrb. d. k. k. Geol. Reichs-
anst., Jahrg. II, p. 157.

Sphenopteris Jugleri Ettingshausen, 1852, Beitr. z. F1. d. Wealdenperiode,
p- 15, pl. iv, fig. 5.

Sphenopteris Hartlebeni Schimper, 1869, Pal. Végét., tome i, p. 394, pl. xxx,
figs. 2, 3.

Sphenopteris longifolia Schimper, Ibid.

Sphenopteris Jugleri Schimper, Ibid.

Sphenopteris Auerbachi Trautschold, 1870, Der Klin'sche Sandstein, Nouv.
Mém. Moscou, vol. xiii, p. 207 [19], pl. xviii, fig. 5.
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Sphenopteris Gaepperti Schenk, 1871 (pars) Palzont., vol. xlx, p. 7 (209),
pl lv, figs. 4, 6; pl. ix, fig. 2 (non pl. iv, figs. 2, 3).

Sphenopteris Gepperti Dupont, 1878, Bull. Ac. R. Belg., ser. il, vol. x1vi, p.
396.

Sphenopteris valdensis Heer, 1881 [pars], Fl. Foss. du Portugal, p. 14, pl.
xv, fig. 11.

{?) Sphenopteris sp. Yokoyama, 1889, Jour. Coll. Scl., Imp. Univ. Japan,
vol. 111, pt. 1, p. 34, pl. xlv, figs. 13, 13a.

Sphenopteris cf. Gapperti Nathorst, 1890, Denks. k. Akad. Wlss., Weln,
Band lvil, p. 51, pl. vl, figs. 2, 3.

Cladophlcbis sphenopteroides Fontaine, 1890, Mon. U. S. Geol. Surv., vol.
xv, 1889, p. 79, pl. xxI, fig. 4.

Thyrsopteris heteromorpha Fontalne, 1890, Mon. U. S. Geol. Surv., vol. XV,
1889, p. 136, pl. lil, fig. 1.

Sphenopteris thyrsopteroides Fontalne, 1890, Mon. U. S. Geol. Survey, vol.
xv, 1889, p. 89, pl. xxv, fig. 3; pl. lviii, fig. 5.

Sphenopteris spatulata Fontaine, Ibid., p. 93, pl. 1, fig. 4.

Sphenopteris pachyphylla Fontaine, Ibid., fig. 5.

Sphenopteris valdensis Fontaine, 1893, Proc. U. S. Nat. Mus., vol. xvl, p.
263, pl. xxxvi, fig. 2.

Sphenopteris valdensis Saporta, 1894, Fl. Foss. Portugal, p. 126, pl. xxiii,
fig. 9; pl. xxiv, figs. 2, 3.

Ruffordia Gapperti Seward, 1894, Wealden Flora, pt. i, pp. 76, 77, pl. iv, pl
v; pl. x, figs. 1, 2.

Sphenopteris tenuicula Yokoyama, 1895, Journ. Coll. Scl., Imp. Univ., vol.
vii, p. 217, pl. xx, fig. 11; pl. xxi, figs. 2, 3; pl. xxvlil, fig. 6.

Ruffordia Gepperti Seward, 1900, F1. Wealdienne de Bernissart, Mém.
Musée d’Hist. nat. Belgique, Année 1900, p. 18, pl. iii, fig. 33.

(?) Cladophledis sphenopteroides Penhallow, 1905, Summary, Geol. Surv.,
Canada, 1904, p. 9.

Cladophlebis sphenopteroides Fontaine, 1906, In Ward, Mon. U. S. Geol.
Surv., vol. xlviii, 1905, p. 519.

Description.—* Sphenopteris fronde tripinnata, apicem cersus bipin-
nata, pinnis alternis distantibus vel plus minus approximatis, pinnulis
alternis clavatis petiolatis apice laciniatis vel subemarginatis, laciniis
obovatis, cuneatis, nervis obsoletis, thacibus tenerrimis canaliculatis.”’—
Dunker, 1846.

Abundant material from the English Wealden has enabled Professor
Seward (loc. cit.) to considerably amplify our knowledge of this plant
by his description of the fertile pinne, which are considerably reduced
and bear scattered sporangia, the structure of which could not be made
out.
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The American material which is very limited and poor consists of frag-
ments of pinne all from localities in Virginia, and very badly figured by
Professor Fontaine, who shows an enormously winged rachis in the speci-
men he calls Sphenopteris thyrsopteroides. Specifically identical frag-
ments are made the basis for two additional specics of Sphenopteris, i. e.,
S. pachyphylla and S. spatulata.

This species is wide ranging and long lived, having been recorded from
strata of Neocomian, Wealden, Barremian, or Albian age in England,
Germany, Belgium, Russia, Portugal, Austria, and Japan. Although
not recorded from the Arctic regions there are a number of forms de-
scribed by Heer from the Kome beds as species of Sphenopteris, Jean-
paulia, and Asplenium that are at least very closc to this specics.

Extremely fragmentary remains from the Trinity division at Glen-
rose, Texas, which are identified with Sphenopteris valdensis Heer by
Professor Fontaine are probably referable to this species.

Occurrence.—~PATUXENT ForRMATION. Fredericksburg, Dutch Gap,
and Trents Reach, Virginia; Ivy City (?), District of Columbia.

Collection.—U. S. National Museum.

Family MATONIACEAE (?)
Genus KNOWLTONELLA gen. nov.

Fronds of medium or large size, pseudo-dichotomous in habit, at least

in part. Rachis stout. Pinnules linear-lanceolate, acuminate, attached

by their entire base (occasional specimens slightly constricted), obliquely
placed and usually more or less decurrent. This obliquity increases
proximad until finally the rachis may be bordered by long and narrow
gradually decreasing wings, which in some specimens appear to be con-
tinued downward beyond a fork. Occasionally pinnules higher up will
(abnormally) show this alate character. Distad the pinnules become
reduced in size and more or less confluent, forming a lamina with ser-
rate marginal teeth of greater or less incision. Texture very coriaceous.

Venation immersed. The midvein is prominent below and continues to
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the apex of the pinnule, although much diminished in calibre. The later-
- als branch at a wide angle and fork somewhat like thosc of Laccopteris;
anastomosis has not been observed, however. The presence of dormant
buds at the ends of the primary axes has not been observed. Fructifi-
cation characters unknown.

This genus, of which the following species is the only one known, is
clearly a member of the important Mesozoic fern alliance usually segre-

go

2

RSP
L/\Uj }
P ’ aT

Fie. 3.—8ketch map of the world showing the Mesozoic and existing dis-
tribution of the family Matoniacem. Circles — Upper Triassic, multiplication
sign =— Jurassic, plus sign=— Lower Cretaceous, stars =— Upper Cretaceous, en-
closed dots show present occurrences.

gated to form the families Gleicheniace and Matoniaces,' although the
exact line of clcavage between the two, granting that there is such a line,
has not been determined with precision for the existing, much less the
fossil forms. The pseudo-dichotomy, which is such a characteristic

*Christ groups these two families in a separate class which he calls
Oligangia. Die Farnkriduter der Erde, Jena, 1897, p. 335.
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feature of most of these ferns is rare in the other fern-families, and when
present is usually a variable and not a characteristic habit.’

The genus, which is obviously unlike any previously known, is named
in honor of Dr. F. H. Knowlton, as a slight appreciation of the value
of his contributions to our knowledge of fossil plants. As Knowlionia
has already been used by Salisbury for a member of the Ranunculaces,
the present genus may be known as Knowltonella. The Matoniacee, of
which but two existing species are known, from a very restricted area in
the East Indies, arc of considerable importance in the Mesozoic and
enjoyed a wide range. The occurrence of the existing species is shown on
the accompanying sketch map, as well as the known occurrences of fossil
representatives. These have been obtained by plotting the recorded oc-
currences of Laccopteris Presl, Matonidium Schenk, Phlebopteris Bron-
gniart, Microdictyon Saporta, Gutbiera Presl, Carolopteris Decbey and
Ettinghausen, and Marzaria Zigno, and may in some instances represent
incorrect identifications. It will be seen that this family, while ap-
parently present in the Arctic region and in North America, was a prom-
inent element in European Mesozoic floras from the Upper Triassic
through the Jurassic and Lower Cretaceous, and continued to be repre-
sented well into the Upper Cretaceous. Some of the European material
is very satisfactory, and has been the basis for a considerable body of
literature.

KNoWLTONELLA MAXONI sp. nov.
Plates XXV, XXVI, XXVII

Description.—Tronds as described for the genus (supra). Pinnules

of normal form varying in size from 0.6 em. in length by 1.5 mm. to

1 For a discussion of the living Gleicheniacez see Underwood, A prelimin-
ary review of the North American Gleicheniacee, Bull. Torrey Bot. Club,
vol. xxxiv, 1907, pp. 243-262.

For a comparison of the living and fossil Mationiacex see Seward, On the
structure and affinities of Matonia pectinata R. Br., with notes on the geo-
logical history of the Matonines, Phil. Trans. Roy. Soe., Lond., vol. exei,
1899, pp. 171-209, pls. xvii-xx.
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6 mm. in width, averaging 1.3cem. in length by 2.5mm. in width.
Distad the pinnules are united for more than half their length, proximad
they are more or less decurrent. There are great irregularitics in the
latter feature. Omne secondary limb may be alate for almost half its
length, while the other may be pectinate entirely to the base. If it be
granted that these forms are comparable with the modern species of
Gleichenia or Dicranopteris, then they show similar irregularities in the
suppression and development of the primary axes. Soral characters
unknown.

This species is exceedingly abundant at certain localities within the
Patapsco formation of the Potomac valley, to which it is thus far con-
fined. Specimens of any size are perfectly characteristic, but small
fragments may be rcadily mistaken for Cladophlebis, Laccopteris, and
other genera. The varying appearance assumed by this specics is well
shown on the accompanying plates. From the abundance of the remains
at certain outerops this species must have been gregarious after the
manner of the modern Matonia pectinata, Dicranopteris fulva, or the
various other species of the latter genus, as well as those of the allied
genus (@leichenia. The alate rachises suggest somewhat the modern
Matonia sarmentosa Baker. (Phanerosorus Copeland, Philip. Journ. Sei.,
vol. iii, 1908, p. 344.) The writer has seen a specimen of the common
Dicranopteris fulva (Desv.) Underwood, collected by Mr. W. R. Maxon
in Jamaica, which departs widely from the usual form in the direction
of Matonia sarmentosa Baker, and also in the direction of Gleichenia
(sens stricto, i. e., with short, rounded segments), which also serves to
accentuate the relationship between these various forms, since it is con-
ceivable that the alate rachises of Knowlfonella Mazoni are near the orig-
inal type (or arc morphologically short pinnnles which have become
fused), and thc normal pinnules are acquircd just as the form of
Dicranoptcris fulva may be considered as of phlogenetic significance and
the normal form the acquired form. Similarly the form of Matonia
sarmentosa, while due to the specialized habitat of the species, and in
that sense acquired, harks back to the ancestral forms whose pinnule
characters antedated those of Matonia pectinata.
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Knowltonella Mazoni is remotely suggestive of the three species of
Phlebomenris described by Saporta from the Albian of Portugal. It is
named in honor of Mr. Wm. R. Maxon, of the National Herbarium, in
appreciation of his helpful interest in.fossil fern-remains.

Occurrence~—Parapsco FormarioN. Stump Neck, ncar Glymont,
Maryland; near Widewater, Virginia.

Collections.—Johns Hopkins University, Maryland Academy of
Science.

Family CYATHEACEAE
Genus DICKSONIOPSIS gen. nov.

The genus Dicksoniopsis is proposed as a convenient form-genus for
fern fronds which show an undoubted relationship with the modern ferns
of the tribe Dicksonies, but which it is impossible to correlate positively
with any of the existing genera of this subfamily. The term Dicksonites
would be preferable but it is preoccupied, having been used by Sterzel
to designate certain Carboniferous and Permian fern-like remains which
are not cven remotely related to the form under discussion.

Probably most of the older Mesozoic species of Dicksonia, of which
there arc a considerable number, should be referred to the present genus,

however, only the single Potomac species is discussed in the present
connection.

DrcxsoNIoPsis VERNONENSIS (Ward)

; Plate XXVIII, Figs. 3, 4

Scleropleris vernonensis Ward, 1895, 15th Ann. Rept. U, S. Geol. Surv,, p.
349, pl. ii, figs. 1-3.

Dryopteris virginica Fontaine, 1906, in Ward, Mon. U. S. Geol. Surv., vol.
x1viii, 1905, p. 491 (non Fontaine, 1890).

Scleropteris vernonensis Fontaine, 1906, in Ward, Mon. U. 8. Geol. Surv,,
vol. xlviii, 1905, p. 501, pl. cvii, fig. 10.

Dryopteris parvifoliea Fontaine, 1906, in Ward, Mon. U. S. Geol. Surv., vol.
xlviii, 1905, p. 541, pl. cxiv, fig. 7 (non other citations of this species).

Description.—Frond finely divided, bipinnate or bipinnatifid. Pinne
alternate, lanceolate in outline, passing distad into inequilaterally lobed
pinnules. Pinnules alternate, ascending; the basal pair usually about
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50 per cent larger than their fellows and more lobate. The usual type
of pinnule is united to the rather slender rachis by a somewhat con-
strieted base. The proximal margin is usually entire, the apex rounded
and the distal margin has usually a single rounded lobe, separated from
the rounded apical lobe by a shallow sinus. The venation is fine and
sparse, and consists cssentially of a single forked vein, one limb of which
runs to the apex of the pinnule and the other runs to the distal lobe.
The fertile pinnz are slightly reduced in size and more open than the
sterile, and bear an elliptical sorus at the apex of the vein which runs
to the distal lobe of the pinnule. No details of structure can be made
out.

This species was deseribed by Ward in 1895 as a species of Scleropteris
and compared with Scleropleris tenuisecta Saporta from the French
Kimmeridge. It resembles this species somewhat in general appearance,
and this is especially marked in the case of some of the more open speci-
mens with trilobate pinnules figured by Ward from Mt. Vernon. The
fertile specimens show conclusively, however, that this speeies is closely
allied to the modern forms of the tribe Dicksoniee of the family Cy-
atheaces.

Professor Fontaine has described Dicksonia pachyphylla from the
Shasta of California and Dicksonia montanensis from the Kootanie of
Montana, both of which have the lamina almost entirely reduced in the
fertile pinnee.

The most nearly related fossil species is Dicksonia bellidula Heer®
from the Kome beds of Western Greenland. Curiously enough this was
originally described by Professor Heer as a specics of Scleropteris,’ just
as Professor Ward made the same mistake in his identification of the
Potomae species. The Arctic species has shorter, broader, and more
rounded pinnules or pinnatifid lobes of the pinnz. It resembles the
Potomac species in having a single elliptical sorus at the apex of a vein
on the distal margin of each pinnule or pinnatifid lobe of a pinna.

* Heer, F1. Foss. Arct., Band vi, Abth, i, 1882, p. 1.
*Heer, Fl. Foss. Arct., Band iii, Abth. i, 1874, p. 35, pl. ii, figs. 17¢c, d, 18;
pl. xi, fig. 8.
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Occurrence.—ARUNDEL FormarioN. Arlington, Maryland. Patapsco
FormarioN. Mt. Vernon, White House Bluff, Virginia.
Collection—U. S. National Museum.

Family POLYPODIACEAE
Genus CLADOPHLEBIS Brongniart
[Tableau, 1849, p. 251

This genus is essentially a form-genus which is restricted at the present
time to include only certain fern remains of Mesozoie age, although this
type of frond is practically identical with those of some Paleozoic gencra,
as, for example, Pecopteris, and it can also be closely matched by a va-
riety of Tertiary and living ferns.

Cladophlebis was proposed by Brongniart in 1849 for those species
which formed the section Pecopteris neuropteroides in his “ Histoire des
végétaux fossiles,” which he regarded as transitional between Pecopteris
and Neuropteris. Certain of their characters were mentioned but no
formal diagnosis was attempted. Saporta, who was perhaps the first
to define the genus with precision gives the following characterization:

“Frons pinnatim divisa, pinnule ab alterutra diserete vel vix inter
se cohxrentes rachi tota basi adnate aut plus minusve contracte subque
auriculate integrae rariusve dentate; nervuli e nervo medio orti apicem
versus attenuati vel evanidi primum obliqui, dein curvati fureatoque
divisi”*

Schimper, in 1874, gives a somewhat amplified diagnosis as follows:

“ Frondes bipinnatim divise, pinnis patentibus, lobis seu pinnulis tota
basi insidentibus, interdum confluentibus, raro breviter auriculatis,
acuminatis vel obtusis, hic illic, praeeipue apice, denticulatis, haud raro

sursum subfalcatis ; nervo medio sat valido, nervis secundariis sub angulis

acutis vel patentioribus orientibus, paulum supra basin dichotomis et
repctito-dichotomis, tenuibus et tenuissimis.” *
Later this author ® abandons Cladophlebis in the belief that the fertile

* Saporta, Pal. France, ser. ii, Végétaux, Pl. Jurass., t. 1, 1873, pp. 298, 299.
* Schimper, Pal. Végét. t. iii, 1874, p. 503.
# Schimper in Zittel’s Handbuch der Paleontologie, Abth. ii, 1890, pp. 99, 100.

16
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specimens described by Heer justify the refercnce of these forms to the
modern genus Asplenium.

The most recent diagnosis is that by Seward, which may appropriately
be quoted for the American Cretaceous forms:

“ Fronds pinnately divided, pinn spreading, lobes or pinnules at-
tached by the entire base or slightly auriculate, acuminate, or obtuse,
occasionally dentate, especially at the apex, not rarely subfalcately curved
upwards, midrib strong at base, and towards the summit dissolving into
branches, secondary veins given off at a more or less acute angle,
dichotomous a little above the base, and repeatedly dichotomous.!

Much difference of opinion has prevailed regarding the unity and the
systematic position of the genus, Saporta® having long ago pointed out
that Brongniart’s Paleozoic species had nothing in common with those
of the Mesozoic, and that the Liassic and Oolitic forms, those which the
former author was discussing, give evidence of common characters. At
the present time there is still lacking evidencc from such fructified
remains as have been discovered of close rclationship between all of the
various species of Cladophlebis. Thus Heer discovered in'the Siberian
Jurassic fragments of the Cladophlebis whitbyensis type with soral char-
acters which he compared with those of the subgenus Diplazium of
Asplenium,” and Schenk has figured fertile pinnules of the same type in
the case of the allied Asplenites rasserts.' Certain specimens of the
Jurassic specics Cladophlebis lobifolia show that the sporangia in this
species were apparently borne in semi-circular pocket-like depressions
on the edges of the fertile segments,® while the fructifications of Clado-
phlebis denticulata are in the form of narrow, oblong sori parallel with
the secondary veins, and are compared by Seward® with the modern
forms Asplenium lugubre and Phegopteris decussata. In his latest utter-
ance on this subject he asserts that “there are fairly good grounds for

1 Seward, Wealden Fl., pt. i, 1894, p. 88.

2 Saporta, Pal. France, ser. ii, Végétaux, Pl. Jurass., t. iv, 1888, p. 357.
# Heer, Fl. Foss. Arct., Band iv, 1877, p. 38, pl. xxi, figs. 3, 4.

¢ Schenk, F1. Foss. Grenz. Keup. Lias., 1867, p. 61, pl. vii, figs. 7, Ta.

s Seward, Jurassic Fl,, pt. i, 1900, tf. 23.

¢ Seward, loc. cit., p. 141.
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the assertion that some at least of the fronds described under this name
are those of Osmundace®.”’ Zeiller” has recently described a species
from the Wealden of Peru, which he considers identical with or very
close to Cladophlebis Browniana, in which the sporangia are biseriate,
oval, and annulate as in the Schizmacee. These are said to be very
like those of the Jurassic genus Klukia of Raciborski. In the Potomac
flora we find that fourteen so-called species of Aspidium Swartz (Dry-
opteris Adanson), mostly fertile fronds, were described by Fontaine in
1890. These showed mostly large elliptical or reniform sori in rows on
each side of the midvein, and located generally on the distal branch of
a furcate vein, usually wanting in the apical part of the pinnule. These
were compared by this author with modern species of Aspidium, Cys-
topteris, Polystichum, and Didymochlena. The preservation is not of
the best, the matrix being coarse, and Fontaine’s figures are largely
idealized. . It has seemed remarkable that the fronds of Dryopteris in
the Potomac beds were almost always fertile, while those of Cladophlebis
in intimate association with them were invariably sterile.

By careful comparison it has been possible to correlate the fertile
specimens described as Dryopteris with the sterile Cladophlebis fronds
of the same species in five of the types which are represented in the
Potomac flora by sterile and fertile fronds, and the presumption is
strong, although unverified, that the remaining Dryopteris forms rcpre-
sent fertile fronds of Cladophlebis, although they are set apart in the
present publication in the genus Dryopterites. While the foregoing facts
arc not in unison in regard to the systematic position of Cladophlebis
they all point to the inclusion of the following American species in the

family Polypodiacez, or what answered to this family in Lower Cre-'

taccous times, and cast some doubt upon Raciborski’s suggestion that
Cladophlebis denticulata and other species of the same genus were the
sterile fronds of Osmundaceous ferns. It is quite possible that ferns
of more than one subfamily of the Polypodiaces, or, indeed, of other
families, are included among the various described species of Cladophle-

1 Seward, Fossil Plants, vol. ii, 1910, p. 345.
2 Zeiller, Comptes rendus, tome cl, 1910, p. 1488.

2
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bis. It necd but be remembered how many unrelated modern ferns have
fronds of the Cladophlébis type, as, for example, certain species of Al-
sophila, Asplenium, Cyathea, Dryopteris, Gleichenia, Onoclea, Osmunda,
Polypodium, Pteris, etc., to cast doubt upon the botanical affinity of
Cladophlebis species unless these are attested by a considerable body
of evidence. It is believed, however, that the Potomac specics are all
to be included in the subfamily Dryopteridew, and becausc of this and also
because their actual identity with the modern genus Dryopteris, or, in
fact, with any of the modern genera in this subfamily is extremely ques-
tionable, it has seemed wiser to use the more gencral name Cladophlebis
instead of using Dryopteris, where the sterile and fertile fronds have
been correlated. Possibly in the end a new generic name, such as
Aspidiopteris, will prove to be the most satisfactory solution of the
question.

A large number of species of Cladophlebis have been described, two
species, according to Arber, occurring in the Permo-Carboniferous of
India. The genus appears in force in the Keuper and Rhatic, with more
than a dozen recorded species. Over a score are recorded during the
Jurassic, certain types, such as Cladophlebis denticulata, apparently be-
coming world wide in their distribution. For the Lower Cretaceous Sa-
porta has founded a large number of species based upon Portuguese

material, and Fontaine has instituted a still larger number of American

species. From the Potomac beds of Maryland and Virginia the latter
author recorded 23 different species, besides several varieties of Clado-
phlebis, altogether losing sight of variations and changes due to age, posi-
tion of the fossils with regard to the frond as a whole, and changes duc
to the direct action of the environment. These were often based upon
such insufficient material that it becomes almost impossible to deal with
them with any degree of assurance. In considering all of the more
represcntative material and including with it all of the forms recorded
from Maryland, we have a total of eight species, and these eight species
include remains which were the basis for twenty-three of Fontaine’s
species and varietics of Cladophlebis, six of his species of Dryopieris,
and nine of his species of Pecopteris.
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CrLApoPHLEBIS BrowN1aNa (Dunker) Seward

Plate XXIX, Figs. 1, 2

Pecopteris Browniana Dunker, 1846, Mon. Norddeutsch. Weaidenbildung,
p. 5, pl. viii, fig. 7.

Pecopteris Browniana Bronn, 1848, Index Pal, vol. il, p. 914.

Pccopteris Browniana Brongniart, 1849, Tableau, p. 107.

Pccopteris Browniane Unger, 1850, Gen. et Sp., p. 176.

Alethopteris Rcichiana Ettingshausen, 1852, Abh. k. k. geol. Reichs., Band
i, Abth. iii, p. 17.

Alcthoptcris Rcichiana Schimper, 1869, Pal. Végét., tome i, p. 569.

Pccopteris Browniana Schenk, 1871, Pal@ont., Band xlx, p. 215, pl. xxvi,
fig. 2.

Alethoptcris ! Browniana Schlmper, 1874, Pal. Végét., tome iii, p. 502.

Pecopteris cf. Browniana Nathorst, 1890, Denks. K. Akad. Wiss.,, Wien,
Band lvii, p. 53, pl. v, fig. 5.

Cladophlebis inwquiloba Fontaine, 1890, Mon. U. S. Geol. Surv., vol. xv,
1889, p. 80, pl. xxv, fig. 8.

Cladophlebis petiolata Fontalne, 1890, Mon. U. S. Geol. Surv., vol. xv, 1889,
p. 80, pl. xxii, fig. 8.

Cladophlebis oblongifolia Fontaine, 1890, Mon. U. 8. Geol. Surv., vol. xv,
1889, p. 74 (pars), pl. vii, fig. 5 (non figs. 3, 4 which are referred to
Cladophlebis virginiensis Font.)

Cladophlebis crcnate Fontaine, 1890, Mon. U. S. Geol. Surv., vol. xv, 1889,
p. 75, pl. ix, figs. 7-9; pl. x, figs. 1, 2; pl. xiii, figs. 1-3; pl. xix, fig. 7;
pl. xx, fig. 6.

Cladophlebis alatea Fontaine, 1890, Mon. U. S. Geol. Surv., vol. xv, 1889,
p. 77, pl. xlx, fig. 5.

Cladophlcbis sp., Fontalne, 1890, Mon. U. S. Geol. Surv., vol. xv, 1889, p. 78,
pl. xIx, fig. 2.

Pecopteris strictinervis Fontalne, 1890, Mon. U. S. Geol. Surv, vol. xv,
1889, p. 84, pl. xiii, figs. 6-8; pl. xix, fig. 9; pl. xx, fig. 3; pl. xxii, fig.
13; pl. clxx, figs. 5, 6.

Pecopteris ovatodentata Fontaine, 1890, Mon. U. S. Geol. Surv., vol. xv,
1889, p. 85, pl. xv, fig. 8; pl. xxii, fig. 12; pl. xxiii, fig. 1.

Pecopteris microdonte Fontaine, 1890, Mon. U. S. Geol. Surv., vol. xv, 1889,
p. 85, pl. xix, fig. 8; pl. xx, figs. 5, 11.

Pecopteris Browniena Fontaine, 1890, Mon. U. S. Geol. Surv., vol. xv, 1889,
p. 88, pl. xxii, figs. 10, 11; pl. xxiil, figs. 2-7; pl. xxvi, figs. 3, 13.
Pecopteris virginiensis Fontaine, 1890, Mon. U. S. Geol. Surv., vol. xv, 1889,

p. 82, pl. vili, figs. 1-7; pl. ix, figs. 1-6; pl. xxiv, fig. 2; pl. clxix, fig. 3.

Pecopteris constricta Fontaine, 1890, Mon. U. S. Geol. Surv., vol. xv, 1889,
p. 86, pl. xx, figs. 1, 2, 4.

Pecoptcris socialis Fontaine, 1890, Mon. U. S. Geol. Surv. vol. xv, 1889,
p. 87, pl. xx1, fig. 7 (non Heer, 1882).
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Pecopteris angustipennis Fontalne, 1890, Mon. U. S. Geol. Surv., vol. xv,
1889, p. 87, pl. xxl, fig. 10.

Pecopteris Browniana Fontaine, 1892, Proc. U. 8. Natl. Mus., vol. xv, p. 492,

Pecopteris Browniana Dawson, 1893, Trans. Roy. Soc. Can., vol. x, sec. iv,
p. 84, fig. 3.

Pecopteris Browniana Saporta, 1894, Fl. Foss. Portugal, pp. 35, 78, pl iv,
figs. 11-13; pl. x, fig. 19; pl. xi, figs. 9, 10; pl. xll, figs. 2, 3; pl. xv,
figs. 19, 29; pl. xvi, figs. 12, 16, 17, 19.

Cladophlebis Browniana Seward, 1894, Wealden F1,, pt. i, p. 99, pl. vii, fig. 4.

Cladophlebis inclinata Fontaine, 1894, in Diller and Stanton