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LETTER OF TRANSMITTAL

To His Excellency PHirLiPs LEE GOLDSBOROUGH,

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

Sir:—1I have the honor to present herewith the sixth volume of a series
of reports dealing with the systematic geology and paleontology of Mary-
land. The preceding volumes have dealt with the Devonian, Lower
(Cretaceous, Tertiary, and Quaternary deposits, and the remains of animal
and plant life which they contain. The present volume treats of the
Upper Cretaceous deposits and their contained life, a knowledge of which
is very important from an educational and scientific standpoint. I am,

Very respectfully,
Wirriam Burrock CLARK,
State Geologist.

Jouns HoPKINS UNIVERSITY,
BALTIMORE, December. 1915.
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PREFACE

The present volume is the sixth of a series of reports dealing with
the systematic gcology and paleontology of Maryland, the Devonian,
Tower Cretaceous, Eocenc, Miocene, and Plio-Pleistocene deposits having
already been fully described.

The Upper Cretaceous deposits which form the subject-matter of the
present volume are extensively developed in the Maryland area, and the
Maryland scetion is the type for the Middle Atlantic Coastal Plain. Simi-
larly the faunas and floras of the Upper Cretaceous are fully represented.

The Upper Cretaceous deposits are dcscribed by Professor Wm. Bullock
Clark, of the Johns Hopkins University, who has devoted many years to a
study of the Cretaccous of the Atlantic Coastal Plain. The chapter on
Petrography and Genesis of the Sediments is contributed by Dr. Marcus
I. Goldman, a former student of the Johns Hopkins University.

The palcontological investigations have been jointly conducted by
several experts. The Vertebrata, and the fossil plants, which arc espe-
cially prominent in the Magothy formation, have been dcscribed hy
Professor Bdward W. Berry, of the Johns Hopkins University, who has
also contributed the chapter on the Upper Cretaccous Floras of the World.
The abundant molluscan faunas of the Matawan and Monmouth forma-
tions have been described by Dr. Julia A. Gardner, of the Johns Hopkins
University. The Arthropoda have been described by Dr. Henry A.
Pilsbry, of the Philadelphia Academy of Natural Scienees; the Bryozoa
by Dr. R. S. Bassler, of the U. S. National Museum ; the Echinodermata
by Professor Wm. Bullock Clark; and the Anthozoa by Dr. L. W.
Stephenson, of the U. S. Geological Survey.

Grateful acknowledgment is madc to all who have assisted in the
present study; especially to Mr. A. B. Bibbins of Baltimore for much
information regarding the stratigraphy of the Raritan and Magothy
formations, and to Dr. T. W. Stanton and Dr. L. W. Stephenson for
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facilities at the U. S. National Muscum, and for much critical advice in
connection with the acconnt of the Mollusca ; to Dr. Henry A. Pilsbry for
assistance and for the usc of the rich collections of the Philadelphia
Academy of Natural Sciences; to Dr. H. B. Kiimmel, the State Geologist,
and Dr. M. W. Twitchell, the Assistant State Geologist of New Jersey,
for the usc of the collections of the Geological Survey of New J ersey ;
and to Mr. George S. Barkentin, of Albany, New York, for the beautiful
drawings which illustrate the Vertebrata, Mollusca, Brachiopoda, and
Echinodermata. Acknowledgment is also made to Mr. A. B. Bibbins for
several of the photographs of characteristic Upper Cretaccons outcrops.
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THE UPPER CRETACEOUS DEPOSITS OF
MARYLAND

BY
WM. BULLOCK CLARK

INTRODUCTION

The Upper Cretaceous deposits of Maryland can only be interpreted
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 herc considered forms a portion of the Atlantic slope,
which stretches from the crest of the Alleghanies to the sea, aud which
1s divided into threc 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 character-
istic in this broad tract. In crossing the three districts from the occan
border the country riscs at first gradually, and then more rapidly, until
it culminatés in the highlands of the western portion of the state.

The Coastal Plain is the name applied to the low and partially sub-
merged surface of varying width extending from Cape Cod southward
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through Tlorida, 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 often ill-defined, for the one frequently passes over into the
other with insensible topographic gradations, although the origin of
the two districts is quite different. A eonvenicnt, although somewhat arbi-
trary, 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 castern 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 approximately 100 fathoms
beneath the surface of the Atlantic Ocean. It is in reality the submerged
border of the North Ameriean continent, which extends seaward with a
gently sloping surface to the 100-fathom line. From this point there is a
morc rapid descent to a depth of 3000 fathoms, where the continental
rise gives place 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 demar-
cation, although apparcntly stationary within narrow limits, is in reality
very changeable, for during the past geologic ages it has migrated back
and forth across the Coastal Plain, at one time occupying a position well
over on the Piedmont 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 which to measure this change.

The subaérial division is itself separable in Maryland into the Eastern
Shore and the Western Shore. These terms, although first introduced
to designate thc 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-
rate the two. Areas showing the Eastern Shore type are found along
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the margin of the Western Shore at intervals as far south as Herring
Bay, and again from Point Lookout northwestward along the margin
of the Potomae River. On the other hand, an outlier of the Western
Shore type of topography is found at Grays Hill, in Ceeil County, at
the northern margin of the Eastern Shore. The Eastern Shore type of
topography econsists 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 oftentimes the topography of the Piedmont
Plateau mueh more than that of the typical Eastern Shore. It will be
seen later that these two topographie types, which at onee strike the eye
of the physiographer as being distinetive features, are in realty not as
simple as they first appear, but are built up of a eomplex system of
terraces dissected by drainage lines.

The Coastal Plain of Maryland, with whieh most of the State of
Delaware is naturally ineluded, is separable from that of New Jersey
by the Delaware River and Delaware Bay, and from that of Virginia
by the Potomae 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 reeeives a number of
large tributaries whieh are in the proeess of developing a dendritic type
of drainage, and which have eut far deeper channels than have the rivers
of the Eastern Shore. If attention is now turned to the charaeter of
the shore-line, it will be seen that along Chesapeake Bay it is extremely

broken and sinuous. A straight shore-line is the exeeption, and in only

one place, from Herring Bay southward to Drum Point, does it beecome
a prominent feature. These two elasses of shore eorrespond to two
types of eoast. Where the shore is sinuous and broken, it is found that
the eoast 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 eomposed of a
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long line of barrier beaches which have been thrown up by the waves
and enclosc behind them lagoons flushed by streams which drain the
seaward slope of the Eastern 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 due 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
as far as known, 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 Brandywine, Sunderland, Wicomico,
Talbot, and Recent. All five of the subaérial terraces are found on the
Western Shore, while only three of them occur on the Fastern Shore.
These terraces wrap about each other in concentric arrangement, and are
developed one above another in order of their age, the oldest standing
topographically highest.

Tirr 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. 1t 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 arca of the Coastal Plain, these later beds
form a series of thin sheets that are inclined at low angles scaward, 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 uncommon to find
that intermediate members of the series arc 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 Picdmont 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 scdimentation 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

Cenozoie.
Quaternary.
Recent.
Pleistocene.............. Talbot..............
‘Wicomieo........... = Columbia Group.
Sunderland. ........ }
Tertiary.
Plioeene (?) ............ Brandywine
Miocene................. St.Mary’s...........
Choptank........... — Chesapeake Group.
Calvert............. }
Eocene.................. Nan.jemoy .......... } ne PRERERY CoAmD.
Aquia..............
Mesozoic.
Cretaceous.
Upper Cretaceous........ Rancocas.
Monmouth.
Matawan.
Magothy.
Raritan.
Lower Cretaceous........ Patapsco...........

Arundel............ } — Potomac Group.
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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, decposits
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 alonc.

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 arkosie, 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 arkosie,
and at times argillaceous, although clay beds at times appcar. 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 carbonaccous. The DPatapsco 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-Barremian 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 feet 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 chicfly estuarine and fluviatile in origin, while the
overlying 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 forma-
tions 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, although probably continuous beneath the cover
of Tertiary deposits.

The Upper Cretaceous formations form an apparently unconformable
series resting unconformably upon the Patapsco formation of the Lower
Cretaceous. The deposits consist chiefly of sands and clays, with some
gravels in the two lower formations, while the three higher formations
consist more particularly of clays and sands, the latter often somewhat
glauconitic, although much less so than similar deposits in New Jerscy.
The Raritan 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 alternating sand layers and often more or less
carbonaceous likewise occur. The Matawan formation is composed of
micaceous, sandy clays somewhat more sandy 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 glauconitie

in character. The Rancocas formation, which outerops in Delaware

near the Maryland line, consists of greensand marls which are frequently

highly calcareous.
3
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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 appa-
rently Turonian in age, which is apparently also the age of the Matawan
invertebrates. The Monmouth fauna, corersponding to the Ripley fauna
of the Gulf, is universally regarded as of Senonian age, while the over-
lying Rancocas fauna has been referred to the Danian.

The total average thickness of the Upper Cretaceous formations of
Maryland is about 400 fect. They show a dip of from 25 feet to 35 feet
in the mile to the southeast.

TERTIARY
Focene

The Eocene is represented by the Pamunkey Group, 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 Dclaware.

The two formations constitute an apparently conformable series which
overlics the Upper Cretaceous deposits in Maryland unconformably while
in Virginia it has transgressed the latter and is found overlying the
Lower Cretaceous strata unconformably. The deposits consist chicfly
of greensands which are often calcareous in the Aquia formation and
generally argillaccous in the Nanjemoy formations.

The fossils consist mainly of animal remains and comprise an cxtensive
fauna, cmbracing particularly the molluses and corals, which show 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
feet, and they show an average dip of 123 feet in the mile to the southeast.
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Miocene

The Mioeene deposits of Maryland are represented by the Chesapeake
Group, which is made up of the Calvert, Choptank, and St. Mary’s
formations." These formations are chiefly 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 ean be traced south-
ward into North Carolina and northward into Delaware and New Jersey.
To the south of the Hatteras axis the conditions ehange materially, and
other formations presenting faunal affinities more or less elose are found.

The several formations comprising the Mioeene are apparently slightly
uneonformable to each other, although this uneonformity is oftentimes
not apparent, the Choptank in some areas being apparently eonformable
to the Calvert, while the St. Mary’s seemingly presents the same rela-
tions to the Choptank. The deposits of the Chesapeake Group eonsist

largely of sands, elays, and marls. The Calvert is in part sandy and
in part elayey, with extensive deposits of diatomaeeous earth in the lower
or Fairhaven member, and numerous marl beds paeked with mollusean
shell remains in the upper or Plum Point member. The Choptank forma-
tion is essentially sandy, although elays and marls also oeeur. The
St. Mary’s formation is decidedly elayey with sands or sandy elays, the
latter typieally greenish-blue in eolor and often eontaining large quan-
tities of fossils.

The organie remains eonsist largely of fossil invertebrates, by far the
most common being molluses. Diatoms are very eommon, and remains
of land plants are not rare in the basal strata, while eorals, bryozoans,
and echinoderms are not infrequent. Many eetacean forms have been
found at some loealities. )

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

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



g THE UPPER CRETACEOUS DEPOSITS OF MARYLAND

Pliocene (?)

The supposed Plioeene is represented by the Brandywine formation
which, under the name of Lafayette, has been eonsidered as extending
from the Gulf along the Atlantie border region as far morthward as
Pennsylvania, where the last remnants are found; but reeently the Gulf
Lafayette has been shown to be made up of the weathered surface mate-
rials of many different formations. It is chiefly developed as a terrace
lying irregularly and uneonformably 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, and those not suffieiently distinetive to
determine its age. It is known to be younger than the latest Mioeenc
on whieh it rests and older than the oldest beds hitherto regarded as Pleis-
toeene found in its immediate vieinity. It may be either Tertiary or
carly Quaternary in age, although most authors hitherto have regarded
it as probably Pliocene in age. ‘

The materials comprising the Brandywine formation eonsist of elay,
loam, sand, and gravel, which are often highly ferruginous, the iron being
often present in the deposits in sufficient amount to aet as a cement.
These materials are gemerally very imperfectly sorted. The deposits
rarely exceed 50 feet in thickness, and have a southeasterly dip of 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 adjaeent States into the Sunderland, Wicomieo, and
Talbot formations. They eonsist mainly of a series of terraees which
wrap about the Lafayette and the lower portions of the older formations,
and hence extend as fluviatile deposits up the stream courses.
Fossils have been found partieularly in the latest, or Talbot forma-
tion, where extensive shell beds of estuarine and marine origin are
known. Fossil plants have been found in all the formations. Their
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Fi6. 1.—VIEW OF WHITE ROC KS, PATAPSCO RIVER, SHOWING INDURATED SANDSTONE LEDGES OF
RARITAN FORMATION.

F1G. 2.—viEwW OF ROCKY POINT, MOUTIL OF BACK RIVEK, SHOWING INDURATED SANDSTONE BED
IN THE RARITAN FORMATION.
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general similarity has made it impossible to establish distinetive floras
as a basis for the correlation of the several formations, and their dis-

crimination has been based mainly on physiographie grounds.

The materials consist of clay, loam, sand, gravel, peat, and ice-borne
boulders. These do not oeeur as a rule in very definite beds, but grade
into each other both vertieally and horizontally. The coarser materials
are often eross-bedded, and are for the most part confined to the lower
portion of each of the formations, while the finer materials, particularly
the loam, are commonly found in the upper part of the formnations,
although these conditions are by no means universal. Eaeh of the
formations rarely exceeds 25 feet or 30 feet in thickness, although under
exceptional conditions a thickness of two or three times that amount
occurs. '

Recent

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

The Reeent terraec now in proeess of formation along the oeean
shore-line and in the bays and estuaries is the most signifieant of these
deposits, and is the latest of the series of terrace formations which began
with the Lafayettc, the remnants of which to-day oceupy the highest
levels of the Coastal Plain, and which has been followed in turn by the
Sunderland, Wicomieo, 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.

Other aeceumulations in water and on land are going on about us all
the time, and with those already deseribed represent the formations of
Recent time.
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HISTORICAL REVIEW.

The Upper Cretaceous formations of Maryland were not generally
recognized as such until a very late period in the investigation of the

Atlantic Coastal Plain strata. Even after the Cretaceous age of the
lower part of the deposits had been recognized they were associated with
the underlying beds which were commonly regarded as Lower Cretaceous,
or even in part as Jurassic. The upper beds of the series were, on the
other hand, often associated with the overlying Eocene deposits with
which in certain places they present much similarity in lithological
character. It was not until a relatively recent period that the Upper
Cretaceous age of the greater part of these deposits was recognized.

Some of the earlier American geological writings refer in a general
way to the territory under discussion. William Maclure in his “ Ohser-
vations on the Geology of the United States, explanatory of a Geological
Map,” in 1809 mentions the region, although in this publication the entire
Coastal Plain is referred to the “alluvial formation,” the fourth of the
grand divisions of the geological column according to the Werneriap
classification which Maclure adopted.

Another early publication in which the district under discussion was
mentioned is that of H. H. Hayden entitled: “ Geological Essays; or an
Inquiry into some of the Geological Phenomena to be found in various
parts of America and elsewhere.” This early publication by a Maryland
man was published in Baltimore in 1820.

Gerard Troost in 1821 discusses the occurrence of amber on the

Magothy River in Anne Arundel County in deposits now referred to the
Magothy formation. In this article the author refers to the geological

occurrence of the amber and to the associated minerals and fossils.

By far the most important contribution to the stratigraphy of the
Coastal Plain that had up to that time appeared was made by John
Finch in his “ Geological Essay on the Tertiary Formations in America.”
This was the first attempt to correlate the deposits of the Coastal Plain
on scientific grounds, and although many comparisons of doubtful value
were made, yct the knowledge of American Coastal Plain formations was
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materially advanced. Finch objeets to the use of the term “alluvial”
for these formations and states that they are “ contemporaneous with the
newer Secondary and Tertiary formations” of France, England, and
other countries.

The credit for the first definite recognition of the Cretaceous deposits
of the Atlantic Coastal Plain must be ascribed to Lardner Vanuxem.
The results of his observations were placed in the hands of his friend,
S. G. Morton, for publication in the Journal of the Academy of Natural
Sciences of Philadelphia, where they appeared in 1829. His views were
more briefly stated under his own signature in the American Journal of
Science later the same year. During the same year, as well as in the
year immediately succeeding the publication of Vanuxem’s artieles,
several contributions were made by S. G. Morton, both in the Journal
of the Academy of Natural Scicnces of Philadelphia and the American
Journal of Science on the organic remains of the Cretaceous deposits
of various portions of the country to which he gave the name of “ Fer-
ruginous Sand Formation.” Several forms from the Chesapeake and
Delaware Canal were described. The results of his investigations were
finally combined in 1834 in an important work entitled, Synopsis of
the Organic Remains of the Cretaccous Group of the United States.”
The year following, Morton proposed a division of the Cretaceous of
the United States into three groups, and this view was further stated
in 1842. The uppermost of these groups, however, is now generally
regarded as of Tertiary age.

Tn 1834 the first State Geologieal Survey of Maryland was organized
under the direction of J.T. Ducatel as State Geologist, and in his report
for the year 1835 he makes the first definite statement of the occurrence
of Upper Cretaceous marine deposits in Maryland by referring to the
presence of “Jersey marl” in Cecil and Kent counties, although he
brings forward no palcontological evidence in support of his claim. He
further adds in regard to the wider distribution of the Cretaccous that
“we should be cautious not to arrive at general eonclusions too hastily.”

In his report for 1836 Duecatel says: It will be reeollected that at the
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deep cut of the Delaware Canal, lignite and amber were found by Dr.
Morton, associated with ammonites, Bacculites and other organie remains
of the Secondary epoch. None of these fossils are known to have been
detected in our beds; but they have not been so deeply penctrated into,
nor so carefully examined. The great deposit of Lignites and Pyrites
with amber, on the Magothy River [Anne Arundel County], bears, on
the other hand, all the evidences of being a member in the formation to
which the micaceous black sand of the Severn [Anne Arundel County],
undoubtedly Secondary, is a part.” Again, in his report for 1837 he adds
in regard to the section on the “ Eastern Shore” at the head of the
Sassafras River, that “at George Town [Kent County] the high river
hanks are composed of a ferruginous sand, in some places indurated,
overlying a mixed green sand, without fossils; but on aseending the river
the green sand is freer from foreign admixture, and at the Head of Sassa-
fras becomnes quite pure and filled with marine shells, the prineipal kinds
of which are the terrebratula Harlani and gryphea vomer.”

During part of the period that Ducatel was conducting the Geological
Survey of Maryland, J. S. Booth was State Geologist of Delaware: The
results of the latter’s work were finally summarized in 1841 in his
“ Memoir of the Geological Survey of the State of Delaware,” in which he
divided the “Upper Secondary” of the Delaware arca into the © Red
Clay ” and the “ Green Sand ” formations.

The visit of Charles Liyell to the United States in 1841 was an impor-
tant event in the history of Coastal Plain geology. The inspiring pres-
ence of the author of the epoch-making * Principles of Geology,” coupled
with his wide knowledge regarding similar deposits in Europe, led to
renewed activities in the field of Coastal Plain geology and the better
interpretation under his leadership of many points which had up to
that time been but imperfectly understood. Although Lyell’s observa-
tions were more significant in the fleld of Tertiary than that of Cre-
taceous geology, still numerous references were made to the latter. In
his contributions to the subject he correlated the American Cretaceous
with the divisions between the Gault and Maestricht of Europe and also
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pointed out the fact that Morton’s uppermost division of the Cretaceous
was really of Eocene age.

Philip T. Tyson in 1860, in his first report as State Agricultural
Cheinist, referred to the Cretaceous fossiliferous grecnsand of the Eastern
Shore of Maryland and also mentioned the occurrence of the same forma-
tion to the south of Baltimore, although the latter observation was not
substantiated by authentic paleontological data. He, furthermore, recog-
nized the presence of some of the New Jersey Cretaceous divisions upon
the Eastern Shore of Maryland but made little or no attempt at their
delimitation.

For many years sugsequent to Tyson’s work nothing of importance was
accomplished in the interpretation of the Cretaceous deposits of Mary-
land. In 1889, however, the writer described the presence of fossiliferous
Upper Cretaceous beds in Anne Arundel and Prince George’s counties,
Maryland, a number of highly fossiliferous localities being found at
various points throughout this area. Many well-known Cretaceous fossils
alrcady described from the New Jerscy formations were recognized and
listed in this publication.

Subsequent to the publication of this article further investigations
were carried on by the writer and his associates on the Cretaceous deposits
of the state. At the same time a number of other students were engaged
in a study of this and adjacent areas, among them P. R. Uhler and N. II.
Darton, who proposed names for several of the formational units, Uhler
proposing the names Baltimorcan and Albirupean, the former represent-
ing the Potomac deposits described in the Maryland Geological Survey
report on the Lower Cretaceous and the Albirupean portions of the non-
marine strata younger than the Potomac that are discussed in the present
report. Darton proposed the name Magothy formation for the deposits
overlying the Raritan, and the name Severn for the still later Cretaceous
deposits of the state which the author of this chapter has correlated
with the Matawan and Monmouth formations established in New Jersey
and which contain quite distinctive faunas.

The relations of the Cretaceous deposits throughout the northern half

of the Atlantic Coastal Plain, including Maryland, Delaware, and New
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Jersey, were discussed by the writer in an article that appeared in the
Bulletin of the Geological Soeiety of America in 1894, and these con-
clusions are still further elaborated with the eollaboration of his asso-
ciates in the same publication in 1897. A later statement in which com-
parisons are also instituted with the South Atlantic and Gulf Upper
Cretaceous is found in the Bulletin of the Geological Society of America
for 1908 and in Professional Paper No. 71 of the U. S. Geological Survey
for 1912.

In later years Edward W. Berry has made a very exhaustive study of
the fossil plants of the Upper Cretaceous of the Atlantic Coastal Plain,
and many brief contributions have been made by him on various phases of
this subject. The results of these studies are incorporated in the exten-
sive discussion which he has prepared for the present volume.

Still more recently Julia A. Gardner has been engaged in a study of
the animal remains from the Upper Cretaceous beds of the state, and the
results of her investigations are likewise published in the present volume.
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STRATIGRAPHIC AND PALEONTOLOGIC CHARACTERISTICS

The Upper Cretaceous deposits of Maryland extend from the Delaware
border with gradually deereasing thicknesses to the valley of the Potomac
River, where they finally disappear in surface outcrop by the trans-
gression of the Tertiary decposits, which in Virginia rest direetly on
Lower Cretaceous strata.

The Upper Cretaceous deposits of Maryland are much less extensively
developed than to the northward in New Jersey, where they attain their
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greatest thickness in the northern Atlantic Coastal Plain and where they
have been differentiated into a larger number of stratigraphic units than
arc recognizable in Maryland. The gradual transgression of the Tertiary
deposits southward has also covered the uppermost formations of the
New Jerscy area which have not been recognized southwest of the Dela-
ware line.

The Upper Cretaceous strata consist of sands, clays, and marls, the

latter both calcareous and glauconitic. The marls, especially the green-

sand marls, arc confined to the higher formations of the Upper Cre-
taceous and are most extensively developed in the Monmouth formation,
where the beds arc at times highly glauconitic. The strata are rarcly
consolidated, although indurated beds are found in the Raritan where
they constitute the ledges at Rocky Point at the mouth of Back River,
Baltimore County, and at the White Rocks, and on Stony and Roek creeks,
Anne Arundel County. Indurated beds are also found in the Magothy
formation on Magothy River, and less frequently in the Matawan and
Monmouth formations, although here and there inconspicuous layers are
developed in these formations both on the Eastern and Western shores.

The strata have in general a progressively lower dip to the southeast-
ward in passing upward in the series, the dip varying from 30 fect to
35 feet in the mile in the lowest formation to not over 25 fect in the mile
in the highest. The deposits apparently thicken slightly down the dip,
although they probably thin farther to the scaward, as already discussed
in the casc of the Lower Cretaccous strata.

The stratigraphic relations do not indicate any marked unconformities
beyond the gradual transgression of each succeeding formation over the
preceding formation southward, although the Monmouth formation over-
laps the Matawan entirely in central Prinee George’s County and overlies
the Magothy formation directly for a considerable distance in this area.
The materials comprising the scveral formations arc, however, in the
main more or less distinctive, and it is probable that considerable time
intervals mark the stratigraphic breaks.

The Raritan and Magothy formations are of epicontinental origin, the
marine waters nowhere reaching the area of recognized deposition in
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Maryland in Raritan time, although possibly entering the region in the
southern part of the district during the Magothy epoch as has been shown
to be true in New Jerscy in the vicinity of Cliffwood. The organic remains
therefore of the Raritan and Magothy are chiefly of vegetable origin and
represent a still further advance in development over the floras of the
Patapsco formation of the Lower Cretaceous. With the opening of
Matawan time the marine waters transgressed upon the land, and we
find during the Matawan and Monmouth epochs a deposition of marine
sediments containing an extensive fauna of Upper Cretaceous age.

The mollusean fauna of the Upper Cretaceous of Maryland includes
223 species, 129 pelecypods, 84 gastropods, 1 scaphopod and 9 eephalopods.
These are segregated into 53 genera and 32 families of pelecypods, 38
genera and 26 families of gastropods, 1 genus and 1 family of scaphopods
and 8 genera and 8 families of cephalopods.

All of the Upper Cretaceous horizons except the Raritan have yielded
invertebrate fossils. The Magothy fauna, however, is very meager, eon-
sisting of 5 or possibly 6 species of bivalves and 1 univalve. Three out
of the 6 or 7 species are restricted in their known distribution to the
Magothy, 1 has not been recognized except from the Magothy and Mata-
wan, 1 or possibly ? range through the Magothy, Matawan and Mon-
mouth and 1, the ubiquitous Pecten gquinquecostatus, occurs at all hori-
zons from the Magothy to the Rancocas.

The Matawan fauna is quite prolific, 75 or possibly as many as 83
species in all, including 48 to 53 pelecypods, 21 or 22 gastropods and 6

cephalopods. Approximately 57 per cent of these species are restricted

to the Matawan. The restrieted peleeypods are rather less than 50 per
eent of the total, but 16 out of 22 of the gastropods and all of the eephalo-
pods are peculiar. The strongest affinities of the fauna are with the
Monmouth, 29 to 36 species, almost 43 per ecnt, being common to the two
formations, while only 3 or possibly 4 species range downward and only 3,
all of them bivalves, persist into the Rancocas. However, it is probable
that if the Magothy and Rancosas formations were as well represented
as the Matawan and Monmouth the number of common species would be
greatly increased.
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The Monmouth fauna is mueh the most prolifie of any of the Upper
Cretaceous faunas of Maryland; 158 or possibly 164 forms have heen
speeifically dctermined, and there are a number of other speeies, most of
them new; which have been disregarded beeause they are too poorly pre-
served to serve as types. Over 80 per eent of this fauna is peeuliar. Asin
the Matawan fauna, the percentage of restricted peleeypods is mueh lower
than that of either the gastropods or eephalopods; only a little more than
70 per ecnt of the Monmouth bivalves are peeuliar to the horizon, while
about 94 per ecnt of the univalves and all three of the eephalopods are
restrieted to that formation. Not more than 3 or possibly 4 of the 164
speeies run down into the Magothy, although about 22 per cent of the
Monmouth forms oceur in the Matawan. The Monmouth and Raneoeas
have only 5 species in common, 3 of the 5 being wide-ranging forms whieh

are initiated before the opening of the Monmouth. The other 2 occur
only in the Monmouth and Raneoeas.

The Rancocas fauna is only imperfectly known. Gastropods undoubt-
edly arc present, but none were found in a detcrminable state, so that all
of the 8 species recorded are bivalves. Out of the 8, 3 are restrieted in
their known distribution to the Raneoeas, 2 to the Monmouth and Ran-
eoeas, 2 to the Matawan, Monmouth and Ranecoeas, and 1 extends down-
ward as far as the Magothy. Gryplea vomer has not been reported from
the Ranecocas of Delaware, although it oecurs at a similar horizon in New

Jersey. It is the only Upper Cretaceous mollusk of Maryland which is
known to survive the break between the Mesozoie and the Cenozoie.

From a biologic point of view the most interesting feature of the fauna
is the relatively large number of Prionodesmacea, 75 out of the 129
bivalves, almost 53 per eent, being ineluded in the most primitive of the
three peleeypod orders. In the sueeeeding Eoeene of Maryland only 24
out of 55, or 44 per eent, are rcferable to the Prionodesmaeea, and in
the Miocene of Maryland only 53 out of 187, or 28 per cent of the entire
number.

A few of the genera represented, notably Perissonola, Nemodon and
Paranomaa, all of them deseribed by Conrad from East Coast speeies,
have not been reecognized exeepting from the Upper Cretaceous. Inoce-
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ramus and Ezogyra, though not restricted to the Cretaceous, are char-
acteristic of it, while Gryphwa and T'rigonia reach their culmination in
the middle and upper Mcsozoic. The Cretaceous representatives of the
more highly specialized orders, the Anomalodesmacea and the Teleodes-
macea, are conspicuously distinct from the later types. Of the four
Anomalodesmacean genera, two of them, Periplomya and Liopistha arc
restricted to the Cretaceous; Pholadomya is distinctly Cretaceous in its
affinities, though it persists in greatly diminished numbers even to the
Recent, while Cuspidaria was likewise initiated in the mid-Mesozoie, and
though wide-ranging has never been a major factor in any fauna.

The Teleodesmacea, the most highly organized order, is much less
important, relatively, than in the Cenozoic faunas. The genera are more
specialized than in the Prionodesmacea, and many of those identified in
the fauna under discussion are cither restricted to or characteristic of the
Crctaceous. The sole represcntative of the Cypricardiacea is the abun-
dant Veniella, a typically Cretaceous genus, although persistent into the
Tertiary. The comparatively modern Crassatellites is the most abundant
member of the Astartacean fauna, although Crassatellina and a number
of undeterminable species of Friphyla, both of them genera restricted to
the Cretaceous, are also present. The Cardifacea are represented by a
single rare species of Venericardia, the Lucinacea by a rare Myriea and
the Rancocas Phacoides nozontownensis, together with the prolific Cre-
taceous T'enea of rather uncertain affinities. Cardium is abundant during
the late Mesozoic, as it is during the later Cenozoic. The Venerids are
rather primitive; the prolific Cyprimeria, and Legumen do not survive
the emergence at the close of the Mesozoic, while the more modern
Dosinia, Cyclina and Meretriz are known from less than a dozen indi-
viduals. The prolific species of Tellinacea are all of them included under
genera restricted in their distribution to the Cretaceous, i. e., Tellinimera,
Anona and Linearia, although the true Telling is also present. Neither
of the Solenacean genera, Leptosolen or Solyma, survives the close of the
Mesozoie, nor does the prolific Cymbophora, the single representative of
the Mactracea. Both of the Myacea, however, Corbula and Panope, are
abundant in the Tertiary and Recent seas, as well as in the Cretaceous,
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while all of the Adesmacea, Martesia, Pholas and Teredo, arc initiated
before the beginning of the Cretaceous and long survive its close.

The late Mesozoic affinitics of the Gastropods arc quite as obvious as
those of the Pelecypods. Awellana, the Opisthobranch genus which is
represented by the largest number of species, is restricted to the Cre-
taceous together with the closely allicd Ctnulia. Acteon and Ringicula
were well established in the Mesozoic, although they are more closely
identified with the Tertiary faunas. Haminea, Acteocing and Cylichna
are all modern types which had a meager rcpresentation in the late
Mesozoic. The Pleurotomids did not reach their culmination until the
Tertiary, although they were no insignificant factor in the Upper Cre-
taceous faunas. The Volutide are a very highly specialized group and the
gencra referable to it are, for the most part, very restricted in strati-
graphic distirbution. Rostellites, Volutomorpha and Liopeplum all were
initiated in considerablec numbers during the Upper Cretaceous, hut none
survived its close. The group of the Fulguride, Fasciolariide, and Fuside

is represented by a number of highly specialized genera, prolific during

the Upper Cretaceous but apparently restricted to it, notably Pyropsis,
most closely allied to Tudicle, and Serrifusus of the Fulguride, Piesto-
chilus and Odontofusus of the Fasciolariide, and Pyrifusus of the Fuside.
Pugnellus, the single representative of the Strombide, is also restricted
to the Cretaceous, while Anchura of the Aporrhaide occurs in the Jura
as well. The Cerithitde and Scalariide occur but very rarcly. Lazi-
spira, the one genus of the Vermitidac which can be dectermined with
assurance, has not been recognized excepting from the Cretaceous. Other
members of the family probably occur, but it is difficult to separate them
from the tubiculous worms. The Turritellide as represented by the type
specics are remarkably prolific in the Mesozoie as well as in the Cenozoic.
Pseudomelania, the characteristic Mesozoic genus of the Pyramidellide,
was rather more abundant during the early and mid-Mesozoic than ncar
its close. The occurrence of the Xenophoride and the Solariide is insig-
nificant. Gyrodes, the most abundant genus of the Naticide in the fauna
under discussion, is restricted to the Upper Cretaceous, while Lunatia and
Amauropsis have a much wider range. The Trochide are rcprescnted
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by Margarites which was probably initiated before the opening of the
Cretaceous and still persists. The ancient family of the Euomphalide
includes a spccies which has been rather dubiously referred to Discoheliz,
a genus which is particularly characteristic of the Lias, although it has
been reported from the Trias to the Oligocene. The occurrence of the
single scaphopod is without significance.

Only Eutrephoccras among the cephalopods survived the close of the
Mesozoic and that genus only into the Tertiary. All of the Ammonoids—
Pachydiscus, Baculites, Scaphites, Sphenodiscus, Placenticeras and Mor-

- toniceras—are restricted in their distribution to the Cretaceous, while the
Dibranch Belemmatella has not been recognized excepting from the Upper
Cretaceous. .

THE RariTAN ForMATION

NaME aND SyNoNymyY.—The Raritan formation, so named by the
writer * from the Raritan River, New Jersey, in the basin of which it is
typically developed, was later applied to deposits of the same age in Dela-
ware and Maryland.® The term Plastic or Amboy Clays had hitherto been
employed for this formation in New Jerscy. Uhler included much of the

Raritan in his Albirupean formation which, however, also emhraced por-

tions of the Patapsco and Patuxent formations in both Maryland and

Virginia. McGee at the same time apparently included portions of the

Raritan in his Potomac formation, although much of the Raritan both

in Maryland as well as farther north was not included. Ward and other
writers endcavored later to place all of the Raritan deposits in the Potomac
group with which, however, they should not be combined either on strati-
graphic or paleontologic grounds. The term Potomac group is therefore
employed only for the Patuxent, Arundel, and Patapsco formations of

Lower Cretaceous age.

Arpar DistriBuTioN.—The Raritan formation extends across the
state in a constantly narrowing belt from the Delaware line to the Potomac

*Clark, Wm. Bullock, Ann. Rept. of the State Geologist of New Jersey for
the year 1892, pp. 181-186, 1893.

? Clark, Wm. Bullock, Bull. Geol. Soc. Amer., vol. vi, p. 480, 1894. Clark and
Bibbins, Jour. Geol,, vol. v, pp. 492-494, 1897.
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F16. 1.—VIEW OF GLASS SAND QUARRY NEAR STONY POINT, SHOWING RARITAN FORMATION
UNCONFORMABLY OVERLAIN BY THE MAGOTHY FORMATION.

W W

N
N

ar N

\\LS'Lm

‘

F16. 2—vIEW oF

‘CAPE SABLE” (NORTH FERRY POINT), MAGOTHY RIVER, SHOWING TYPE
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River. In Cecil County the width of outcrop attains a maximum of five
to six miles along the dip, which is gradually reduced toward the south-
east although expanding to some extent in northern Anne Arundel
County unti]l in central and southern Prince George’s County it consists
only of a narrow belt at times interrupted for considerable distances along
the bluffs facing the Potomac River. The surface continuity of the
formation is also interrupted by the waters of the Chesapcake Bay and
the larger streams which flow across its outcrop. Outliers arc found in
the higher hills to the south and southwest of Elkton, and also in northern
Anne Arundel and Prince George’s counties where they occur at times
several miles to the west of the main outcrop.

Lrtnorocrc CiarACTERs.—The Raritan formation consists largely of
white or buff sands and white, pink, drab, or varicgated clays, the strata
changing rapidly in character both horizontally and vertically. The
sands over wide areas form beds of nearly pure silicious grains and when
dry are very white in color showing the presence of a very small per-
centage of hydroxide of iron. The white sands are more cxtensively
developed in the upper part of the formation. The lower strata arc gen-
erally much more highly colored and often indurated by the deposit of
larger quantities of iron oxide which at times produces a characteristic
tube-like structure, these deposits being known as “ pipe ore.”” The indu-
rated beds as alrcady stated are well shown at Rocky Point near the mouth
of Back River in Baltimore County as well as along the lower courses of
Rocky and Stony crecks on the south side of the Patapsco River and at
White Rocks in the immediate vicinity. It is the latter locality which
afforded the name Albirnpean employed by Uhler for the formation which
he established to include these and other deposits. The upper, purer
silicious beds have becn extensively exploited as glass sands and large
pits have heen opencd along the upper reaches of the Severn River.

Very coarse sands and even gravels are found at times well sorted but
rarely with angular cobbles, in this respect differing from the Patuxent
formation in which such materials not infrequently occur. At the same
time the sands and gravels contain very little arkosic material which is so
characteristic a feature of the Patuxent. The coarser sands and gravels
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occur in irregular lenses at various horizons. These coarse beds are often
so firmly cemented by hydroxide of iron that they have been employed
locally for rough structural purposes. On Elk Neck rain pillars capped
by indurated masses have been observed.

Sandy clays and clays occur as lenscs at all horizons, the latter in very
variable colors, at times white, but more frequently yellow, drab, or
highly variegated, in this latter case being similar to the variegated clays
of the Patapsco formation. Such clays are well exposed in the high bluffs
at Worton Point, Kent County. The darker clays are at times lignitic
and pyritic; and also contain small nodules of iron carbonate. The clays
m places show thin partings of sand at regular or irregular intervals,
which when near together give the clay a fissile character. At times
isolated patches very rich in iron oxide are locally known as “ Paint Pots,”
while the highly variegated layers of clay, also rich in iron oxide, have
been referred to as “ Peach Blossom Clays.”

The deposits of the Raritan formation are in the main quite distinct
from those of the underlying Patapsco formation, but are more nearly
like those of the Magothy formation whiéh, however, lacks the highly
colored beds that are found here and there in the Raritan. At the same
time the Magothy formation consists more largely of definitely stratified
layers which betoken the beginning of the more distinctly open water
stratification of the later Cretaccous formations.

STRIKE, D1, AND THICKNESS.—The strike of the Raritan formation is
in a general northeast-southwest direction, becoming nearly north and
south in central and southern Prince George’s County and in northern
Charles County.

The dip of the beds is to the southeast and east at the rate of 30 feet to
35 fcet in the mile, although it is somewhat greater in the outliers to the
west of the main body of the outcrop nearer to the “fall-line.”

The maximum thickness of the formation probably does not excced
50 feet in the area of outcrop and generally is less than 200 feet, although
this thickness is oftentimes not reached even in the northern part of the
district where the chief development of the formation occurs. Farther
south the thickness gradually declines until in Anne Arundel County it
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is about 100 feet, which is further reduced to not over 50 feet in central
Prinee George’s County, and with intermittent outerops finally thins out
by the overlapping of later formations in northern Charles County. The
Raritan formation evidently thickens for a eertain distance along the
dip, as for example, in the deep well at Middletown, Delaware, where
about 350 feet of materials are referred to this formation.

STRATIGRAPHIC AND STRUCTURAL RELATIONS.—The Raritan formation
rests uneonformably on the Patapseo formation, marked irregularities
being found here and there along the line of eontact indieating that rather
pronouneed inequalities existed on the upper surface of the Patapsco at
the time of the deposition of Raritan strata. In general, the contact is
sharply defined and at some points is marked by a line of broken and
redeposited iron erusts.

‘The Raritan formation was eroded and transgressed toward the south
by the Magothy formation. In southern Prince George’s and Charles
eounties, however, the transgressing Eoeene deposits overlie the Raritan
beds, the strata being finally entirely overlapped in northern Charles
County.

The internal stratigraphy aud structure of the Raritan is eomplex
oecause of the wide variability in the character of the materials, ranging
as they do all the way from gravels and eoarse sands to plastie elays. The
rapid variation in the sands and clays both horizontally and vertieally
renders it impossible to subdivide the Raritan into members of more than
very local importance.

The Raritan strata are cvidently affected slightly along the western
margin of the outerop, particularly in the more distant outliers, by the
warping of the beds which evidently occurs along the “ fall-line ”” as shown
by the marked diflerence in dip in the Lower Cretaceous formations in
passing from the “ fall-line ”” eastward. ILoeal variations in dip also oeeur
whieh suggest slight folding.

Oreanic REmains.—The Raritan deposits have yielded both animal
and plant remains. The fauna is very meager both in individuals and

species, but the flora is mueh more abundant, partieularly to the north
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of Maryland, the strata of New Jerscy having afforded numerous repre-
sentatives of plants.

The animal remains known only in New Jersey consist of the bones of a
plesiosaur and a few obscure mollusks of probably brackish-water habitat.
Teredo borings have occasionally been found in lignitized coniferous
wood. The fauna, however, does not afford sufficiently characteristic
forms to be of any aid in determining the correlation of the deposits.

The flora of the Raritan formation embraces many types of plant life,
including ferns, cycads, conifers, monocotyledons and dicotyledons. The
most significant forms arc the dicotyledonous plants which present a
relatively modern aspect, a considerable advance being shown in this
respect over the Patapsco flora. The silicified cycad trunks characteristic
of the Patuxent formation have nowhere been observed. The fossil
remains occur chiefly in the drab clays, the two localities furnishing the
largest number of species in Maryland being located near the mouth of
Back River and on EFlk Neck, although much more highly fossiliferous
localities have been found farther north in New Jersey. Among the
chadracteristic spccies observed in Maryland are the following:

Asplenium dicksonienum Heer
Aralia washingtoniana Berry
Aspidiophyllum trilobatum Lesquereux
Araliopsoides cretacea (Lesquereux)
Araliopsoides breviloba Berry
Czekanowskia capillaris Newberry
Diospyros vera Berry

Fontainea grandifolia Newberry
Magnolia newberryi Berry

Platanus heerii Lesquereux
Protophyllum multinerve Lesquereux

Protophyllum sternbergii Lesquereux
The Raritan formation has been compared by Berry,' on the basis of
the plant remains, with the Dakota sandstonc of the Western Interior
and with the Tuscaloosa formation of Alabama, which have a closely allied
flora, although the Maryland beds are considered by him to be somewhat
older. In terms of the European standard section the formation should
unquestionably be placed in the Ccnomanian.

! Berry, E. W., Jour. Geol., vol. xviii, p. 258, 1910.




MARYLAND GEOLOGICAL SURVEY 61

Ture Macoruy ForMaTIiON

Name AND SyNoxyMY.—The Magothy formation, so named by
Darton* from the Magothy River, Maryland, where the formation is
typiecally developed, is now employed for the extension of these beds north-
ward into Delaware and New Jersey. Uhler employed the name ¢ Alter-
nate Clay Sands” for portions of this formation, although he also
ineluded other deposits under this designation. The Magothy deposits
have becn for the most part ineluded with the underlying strata, but there
ean be no question of their distinetness from the Raritan formation.

AREAL DistriBurioN.—The Magothy formation extends across the
state from the Delaware line to eentral Prinee George’s County. The
area of outerop is much narrowed in Prince George’s County until it
ultimately comecs to occupy a very narrow belt to the east of the Raritan
formation. In Cecil, Kent, and Anne Arundel eounties its outerop varies
from two to three miles in width which is somewhat exeeeded if the out-
liers on Elk Neek, Ceccil County, and in northern Annc Arundel are
included. The continuity of the outerops is very materially interfered
with by the Chesapcake Bay and scveral of the larger tidal streams, among
them Elk, Bohemia, Sassafras, Magothy, and Severn rivers.

Litnorogic CraracteErs.—The Magothy formation is largely made up
of light-colored sands, at times coarse and eonglomeratie. Some of the
beds are in plaecs eonsolidated to form a brown sandstone, and the sands
themselves are at times highly eolored by the admixture of hydroxide of
iron. Clays, generally drab or ehoecolate brown in eolor, also oceur,
although the elay beds are subordinate to the sand beds in this formation.
The dark eolored beds are often highly lignitie and at times pyritic. The
lignitic material is generally very finely divided, but it may oeeur in
larger masses.

The deposits ehange rapidly in character hoth horizontally and ver-
tically and in this respeet are not unlike the Raritan deposits. Cross-
bedding likewise oeeurs, but is on the whole less prominent than in the
earlier formation. At some of the localities the beds present a very

1 Darton, N. H., Amer. Jour. Sci. 2d ser., vol. xlv, pp. 407-419, 1893.
5
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marked and pronounced stratified character, espeeially in some of the
clays which are finely laminated. A striking feature of thesc deposits is
the presence of amber which was described from beds of this age at « Cape
Sable ” (North Ferry Point), Magothy River, by Troost in 1821. The
amber oceurs in layers of lignitie sandy elay in the form of pellets.

The light-colored white sands contain pinkish angular quartz grains,
and at times much muscovite. A characteristic type of stratification is
seen in the sandy layers separated by thin lamine of dark-colored clay or
sandy elay which is often leaf-bearing. It was due to the frequency of this
laminated structure that Uhler was led to propose the name “ Alternate
(lay Sands ” for these beds. Such elay laminz at Grove Point and other
localitics have furnished an extensive flora.

The Magothy deposits, particularly at “ Cape Sable” (North Ferry
Point) on the Magothy River, afforded in earlier days not inconsiderable
outputs of alum and copperas, derived from the lignitic and pyritic beds.
The “Baltimore Alum and Copperas Works,” at Locust Point, Balti-
more, produced large quantities of these products which Ducatel esti-
mated in 1834 as amounting to over $30,000 annually.

The Magothy formation lacks the massive beds of highly eolored clays
found in the Raritan, while the variable and rapidly alternating sands and
clays are infrequent in the latter. The materials of the Magothy are also
for the most part readily distinguished from the overlying Matawan by
the absence of glauconite in the former and by the lack of homogeneity
which is so marked a feature of the Matawan deposits.

StrIKE, D1p AND THICKNESS.—The strike of the Magothy formation is
essentially like that of the Raritan formation. Tt has a general northeast-
southwest direction throughout much of the area of outerop, except in
Prince George’s County where it is more nearly north and south.

The dip of the beds is to the southeast and east and at the rate of about
30 feet to the mile, although this is somewhat increased in the case of the
outliers to the west of the main body of the outecrop.

The Magothy formation has a maximum thickness at times of nearly
100 feet in the northern part of the distriet, but even here the thickness
is variable and in some places does not exceed one-half that amount.
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Farther south in Anne Arundel County it has been cstimated to have
a maximum thickness of about 60 feet on the Magothy River, which
declines to about 30 fect on the Severn River, and in central Prince
George’s County it rarely reaches more than 10 to 15 feet.

STRATIGRAPIIIC AND STRUCTURAL RELATIONS.—The Magothy forma-
tion overlies the Raritan unconformably and gradually transgresses that
formation southward, although it does not entirely overlap it along the
line of outcrop. The contact at times is not very sharply defined on
account of the unconsolidated character of the materials, but a broad
study of the relations indicates the unconformable nature of the contact.

The Matawan formation also overlies the Magothy formation uncon-
formably and likewise transgresses it southward, although over much of
Prince George’s County the transgression by still later formations makes
it impossible to determine the extent of this overlap to the southward.
The stratigraphy and structure of the Magothy beds is complex and, as
in the case of the Raritan formation, the wide variability in the character
of the materials renders it impossible to subdivide the Magothy into
members of more than local importance.

The relatively limited area of outerop of the Magothy formation has
afforded little if any evidence of warping, although the slightly greater
dip in the more westcrn outliers as compared with the main body of
the formation suggests that there may have been some deformation along
the “ fall-line.”

Orcanic REmaINs.—The Magothy formation has afforded both animal
and plant fossils. The animal remains, chiefly marine mollusks, are con-
fined to a few localities in the extreme northern and southern portions of
its outerop. The locality at Cliffwood, New Jersey, has long been known
and has afforded a considerable marine fauna, while a similar occurrence
on Good Hope Hill, District of Columbia, near the southern extremity of
the occurrence of the Magothy has likewise afforded a number of similar
forms.

The Magothy fauna in Maryland is unfortunately known from but
a single locality, Good Hope Hill, ncar Anacostia, D. C. By far the

most abundant species, a small Corbula, suggesting the C. bisulcata of
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Conrad, occurs in so poor a state of preservation that it has mot heen
described. Another very conspicuous clement in the fauna is a Panope
whicli is, like Clorbule, a muddy bottom form. Turritella is also abundant
aud Pecten and Cardium fairly common, while Tenea and Solyma have a
limited representation.

The fauna, meager as it is, very clearly indicates muddy bottom con-
ditions, probably estuarine in character and quite possibly at the mouth
of the ancient Potomac.

The flora of the Magothy formation has afforded numecrous types of
plant life including ferns, cycads, conifers, and dicotyledons that present
many points of difference from the Raritan flora, and are of more modern
aspect. Among the more important fossiliferous localities that have
afforded plant remains may be mentioned “ Cape Sable” (North Ferry
Point) on the Magothy River, and Grove Point at the mouth of the
Sassafras River. Among the characteristic species found in the Magothy
of Maryland are:

Aralia ravniana Heer
Araucaria marylandica Berry
Asplenium cecilensis Berry
Bauhinia marylandica Berry
Bumelia praenuntia Berry
Carex clarkii Berry
Coccolobites cretaceus Berry
Colutea obovata Berry

Cornus forchhammeri Heer
Dalbergia severnensis Berry
Dammara cliffwoodensis Hollick
Elexodendron marylandicum Berry
Eucalyptus wardiana Berry
Ficus crassipes Heer

Qlcichenia saundersii Berry
Hedera cecilensis Berry
Lycopodium cretaceum Berry
Magnolia capellinii Heer
Moriconia americana Berry
Nelumbo kempii Hollick
Protophyllocladus lobatus Berry
Sabalites magothiensis Berry
Sapotacites knowltoni Berry
Sterculia cliffwoodensis Berry
Sterculia minima Berry
Widdringtonitcs reichii (Ettingshausen) Heer
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FIG. 1.—VIEW OF ROUND BAY, SEVERN RIVER, SHOWING MAGOTHY FORMATION OVERLAIN BY
MATAWAN FORMATION.

F16. 2—NEARER VIEW OF SAME, SHOWING CONTACT BETWEEN THE MAGOTHY AND
MATAWAN FORMATIONS.
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The Magothy formation is evidently equivalent to the lower part of
the Black Creek formation of North Carolina, which also embraces in its
upper part the Matawan formation as well. In the Black Creek forma-
tion the beds containing the typical Magothy flora and strata bearing
the marine Matawan fauna are found interstratificd. The Magothy has
also been correlated with the Tuscaloosa deposits of western Alabama,
although the latter is likewise the equivalent in part of the Matawan.
The Magothy formation is referred to the Turonian in the Buropean scale.

Tue MATAWAN FoRMaTION

NAME AxD SYNoNyYMY.—The Matawan formation, so named by the
writer* from Matawan Creek, New Jersey, where deposits of this age are
extensively developed, is also applied to the extension of these strata into
Maryland. The term Clay Marls was long used for thesc deposits in
New Jersey. Darton described under the name of the Severn formation
in the Maryland arca both the Matawan and Monmouth formations.
Uhler proposed a number of lithologic units, the stratigraphic relations
of which arc undeterminable, for thesc deposits. The writer divided the
Matawan formation in New Jerscy, from below upward, into the Cross-
wicks clays and Hazlet sands, and the New Jerscy geologists have still
further divided the Crosswicks clays into the Merchantville clay and the
Woodbury clay, and the Hazlet sands into the Englishtown sand, the
Marshalltown formation, and Wenona sand, the term Matawan being
retained as a group term to include these five formations in New Jersey.
It has been impossible, however, to satisfactorily recognize these sub-
divisions of the Matawan to the south of the Delawarc basin.

AxeaL DistriBuTioN.—The Matawan formation has been traced {rom
the Delaware line aeross Cecil and Kent counties to the shore of the
Chesapeake, beyond which it is again found outcropping in Anne Arundel
and northern Prince George’s counties, beyond which it is overlapped
by later formations. The width of outerop on the Eastern Shore is

1 Clark, Wm. Bullock, Jour. Geol., vol, ii, pp. 163, 164, 1894; Bull. Geol. Soc.
Amer., vol. vi, p. 481, 1894.
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about two miles. In the interstream portions of Anne Arundel County
it extends from water level to the higher points of the region, and
although of less thickness it covers a wider area from northwest to south-
east on account of the more elevated character of the country. Beyond
the Patuxent River the outcrop gradually narrows until it disappears
entirely before the center of Prince George’s County is reached. A few
outliers are found on Elk Neck in Cecil County and at a few points in
Anne Arundel County.

Litnoroarc CHARACTERS.—The Matawan formation consists largely
of dark-colored micaceous sandy clays, often glauconitic. At times the
deposits become very sandy and lighter-colored, while at other times they
form a black clay. The upper part of the formation is generally pre-
dominantly arcnaceous, the sands varying in color from almost white to
a dark greenish black. The beds in general arc very persistent in char-
acter, and the rapid change of materials so common in the Raritan and
Magothy formations docs not occur. A thin pebble bed at times marks
the base of the formation. Iron pyrites has been found at times in the
darker and more carbonaceous beds.

The glauconitic constituent of the beds is much less pronounced thau
in the overlying Monmouth formation, although glauconite grains are
not uncommon. The decomposition of the glauconite in the weathered
beds produces reddish-brown materials that are at times indurated by the
hydrous iron oxide, producing thin ledges or crusts on exposed surfaces.
The deposits of the Matawan formation are quite unlike those of the
underlying Magothy and show by their pronounced stratification the dis-
tinetly marine conditions which prevailed during their deposition. The
homogeneous nature of the material over extended areas is in marked
contrast to the alternating sands and clays that arc found so extensively
in the Magothy. The materials of the Matawan are on the whole much
more like the succeeding Monmouth formation, but the latter is more
arenaceous and glauconitic, and the dark-colored micaceous sandy clays
and black clays of the Matawan are rarcly found. The Matawan deposits,
especially in Anne Arundel County, frequently contain large oval con-
eretions of clay ironstone which are very characteristic.




MARYLAND (GEOLOGICAL SURVEY

STRIKE, D1r, AND I'HICKNESS.—The strike of the Matawan formation
is in general similar to that of the underlying Magothy formation and
continues in a northeast-southwest direction from the Delaware line to
northern Prinee George’s County. The dip of the beds is to the southeast
and east at the rate of about 25 feet in the mile. The thickness of the
formation in Ceeil and Kent counties reaches a maximum of about 70 fect.
To the southward it deelines gradually in thickness until it reaches an

“average of about 50 feet in Anne Arundel County. Toward the Patuxent
River it gradually thins and finally disappears a few miles to the south-
westward, in northern Prinee George’s County.

STRATIGRAPHIC AND STRUCTURAL RELATIONS.—The Matawan forma-
tion rests unconformably on the Magothy formation. No marked irregu-
larities oceur, but the Matawan formation gradually transgresses the
Magothy to the southward as already pointed out.

The Matawan formation is also uneonformably overlain by the Mon-
mouth formation. Although no marked irregularities of contact have
been observed, the Monmouth formation transgresses the Matawan for-
mation to the southward where it finally overlaps it altogether and comes
to rest on the Magothy formation.

The internal stratigraphy and strueture of the Matawan is very simple
because of the slight variability in the eharaeter of the materials over wide
areas. The somewhat more arenaccous character of the upper beds is not
suffieiently marked, however, to justify the separation of the Matawan
into independent members, espeeially as no faunal differences are recog-
nizable either in Maryland or to the northward in New Jersey.

Oreanic REmAINS.—The Matawan dcposits in Maryland have fur-

nished only animal remains, with the exception of a single cone scale of

Dammara from Millersville, Anne Arundel County. The animal remains
are entirely of marine types and probably lived under conditions of
moderate depth, such as are found well within the 100-fathom line.
Among the groups represented are FEchinodermata, Vermes, Bryozoa,
Crustacea, Pelecypoda, Gastropoda, Cephalopoda, and Pisces. The fossils
have been found ehiefly in the dark-eolored sandy elays.




68 Tir UpPER TRETACEOUS DEPOSITS OF MARYLAND

The Matawan is represented in Maryland and Delaware in two distinct
areas, the one along the Chesapeake and Delaware Canal, Delaware, and
the other in Anne Arundel County, Maryland.

The fauna of the Delawarc area is much less homogeneous in char-
acter than that of Maryland, and some of the faunal zones which Weller
differentiated in New Jersey apparently persist to the southwest, though
much less sharply defined than at the type localities. In general, the
fauna becomes increasingly younger to the eastward. The presence of
Ezogyra costata near Delaware City and of Belemnitella at Briar Point
indicates that there is probably some Monmouth from the canal dump
mingled with the Matawan at these localities. In the immediate vicinity of
Summit Bridge and at Post 105 a fauna is represented analogous to that
of the Merchantville and Woodbury of New Jersey. Among the most
characteristic species in the fauna of approximately twenty species are
Anchura rostrata, Turritella delmar, Lawispira lumbricalis, Liopistha
alternata, Mortoniceras delawarensis, Placenticeras placenta, and Sca-
phates hippocrepis.  Turritellu delmar, which is one of the most abundant
species, was described from Delaware and has been reported only from
the environs of the type locality. Lawispira lumbricalis, Anchura
rostrata, Placenticeras placenta, and Scaphites hippocrepis are character-
istic Merchantville forms, while Mortoniceras delawarensis and Liopistha
alternata are peculiar not only to the Merchantville but to the Mortoni-
ceras subzone of the entire eastern United States and Gulf. Because of
the presence of this characteristic genus the horizon has been called by the
name of the Mortoniceras subzone rather than the more local term “ Mer-
" chantville”  Furthermore, the Suinmit Bridge fauna is probably the
equivalent not of the Merchantville alone but of both the Merchantville
and the Woodbury. Even within the limits of New Jersey Weller noticed
that the differentiation betwcen them became increasingly difficult toward
the south, and in Delaware it is apparently oblitcrated. Both typical
Merchantville forms, such as Mortoniceras delawarensis, and typical
Woodbury forms such as Yoldia longifrons, occur at a single locality,
although the earlier types are dominant.
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The Mortoniceras fauna 1s a relatively deep-water fauna and notable
for the absence of the Ostreids. In this respect it stands in marked con-
trast to the fauna which is most typically developed to the eastward in
the vieinity of Camp Fox, opposite Post 236, on the Chesapeake and
Delaware Canal. By far the most conspicuous element in the latter, from
the point of view of both numbers and size, is the Ostreids. At eertain
localities, notably at Camp Fox, the beach is paved and the side of the
Canal heavily studded with Gryphea vesicularis.  Ezogyra cancellata,
whieh oeeurs near the top of the E. ponderosa zone and the base of the
E. costata zone, is ubiquitous throughout the restricted area in question
but less prolific than G. vesicularis. Osirea falcata is also a characteristic
form, though less conspicuous by reason of its smaller size. A number of
species of the smaller bivalves and univalves oeeur but none of them is
abundant, while the eephalopods are very rare. The general aspect of the
fauna is very similar to that of the Marshalltown of New Jersey which,
like the fauna west of St. Georges, is best characterized by the abundanee
of the ponderous Ostreids.

The Matawan fauna from the Magothy River in northern Amnne
Arundel County is very meager, but is more homogencous in general
character and is less rcadily separable into faunules than is that along the
eanal. The fauna includes a few charaeteristic Merchantville types, such
as Schaphites hippocrepis, but it also includes a number of the forms
restrieted in New Jersey to the Upper Matawan and a few southern
speeles which characterize the Exogyra ponderosa zone, such as Cucul-
leea carolinensis, whieh has not been recorded from the Cretaceous farther
north. The fauna, on the whole, is more cosmopolitan than any oceurring
to the northward and was probably laid down in a more open sea which
was more aeeessible from the south.

The Matawan formation is the equivalent of the upper part of the
Black Creek formation of North Carolina and is also represented in the
Eutaw formation, and probably the lower part of the Ripley formation
and its equivalent the Selma chalk of the eastern Gulf region. The forms
point to the Turonian age of the beds.
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Tue MoxmovTH ForaArion

NAME AND SYNONYMY.—The Monmouth formation was so named by
the writer * from Monmouth County, New Jersey, where the deposits of
this formation are characteristically developed. These deposits were
formerly known in New Jersey under the name of the Lower Marl Bed
and the Red Sand. Darton considered the Monmouth formation as the
upper part of his Severn formation. Uhler discussed these deposits
under lithologie names which eannot be readily recognized. The present
writer divided the New Jersey Monmouth formation into the Mt. Laurel
sands, the Navesink marls, and the Redbank sands and these have been
more recently employed as formational units by the New Jersey geologists.
These subdivisions cannot be recognized in Maryland.

AreAL DiStriBUTION.—The Monmouth formation extends from the
Delaware boundary to southern Prince George’s County, a few miles to
the south of Washington. The width of outerop is variable, reaching 4 or
5 miles in maximum extent in Cecil County, but rapidly narrowing in
Kent County, where it is reduced to about 2 miles in width. In Anne
Arundel and Prince George’s counties it occupies a very irregular line of
outerop due to the higher country, the strata being traced from the hill-
tops in the northwest down the valley lines to their disappearance at tide
level, and therefore often reaching a total width of outc.rop in the
stream channels along the dip of 4 to 5 miles. TFarther to the south-
westward in Prince George’s County the Monmouth forms a narrow band
which finally disappears by the overlap of later formations.

Litnorogic CuarAcTERS.—The Monmouth formation consists chiefly
of reddish and pinkish sands, generally gl(:zuconitic, the beds in plaees
forming a dark greensand. The glauconitic feature is much more marked
than in the preceding Matawan. When unweathered the glauconitic beds
are dark green or nearly black in color, but beeome reddish-brown when
weathering.

The deposits are commonly loose and unconsolidated, but are loeally
indurated by the ferruginous cecment derived from the weathering of the

! Clark, Wm. Bullock, Bull. Geol. Soc. Amer., vol. viii, pp. 331-336, 1897.
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glauconite. In some places iron crusts of irregular shape are found, but
the indurated materials more often occur in the form of layers one or
two inches in thickness. At other times tubular or rounded eoneretions
occur- which are filled with gray sand in which grains of unweathered
glauconite are present.

The beds are very homogeneous over wide areas and in this respeet are
not uulike the deposits of the Matawan, although they arc more arena-
ceous and glauconitic. The alternating elays so common in the Matawan
are absent, and clay deposits generally are unfrequent. Because of the
similarity of the materials the Mommouth is, when unfossiliferous, dis-
tinguished with difliculty from the overlying Focene Aquia formation,
although the broader relations show that a marked interval scparated
the two.

STRIKE, D1P, AND THICKNESS.—The Monmouth formation has the same
general strike as the underlying formations, maintaining a nearly north-
east-southwest direction from ecastern Ceeil County to eentral Prince
George’s County. The dip of the beds is to the southeast at the rate of
20 to R5 feet in.the mile. The maximum thickness of the formation on
the northern ISastern Shore is about 100 feet. Along the Sassafras River
it 1s reduced to about 65 feet, and in Anne Arundel County to about
50 feet. It generally declines from this area southward until in central
Prinee George’s County it is only 20 to 25 feet in thicknmess, beyond
which it gradually thins out, due to the overlap of later formations.

STRATIGRAPHIC AND STRUCTURAL RELATIONS.—The Monmouth forma-
tion overlies the Matawan formation uneonformably, although no marked
irregularities of surface have been observed in the region. The Mon-
mouth formation gradually transgresses the Matawan formation to the
southward until it comes to rest on the Magothy formation. It is the
most conspieuous transgression observed in the Upper Cretaceous section.

The Moumouth formation is overlain unconformably by Tertiary
deposits both of Ioeene and Miocene age, sinee the southwardly-trans-
gressing Aquia‘formation is in turn overlapped by the Calvert formation
so that both are at times found in contaet with the Monmouth strata.
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The Monmouth formation presents very simple problems in strati-
graphy and structure since the deposits are remarkably homogeneous over
extensive areas. No marked ehange in strike and dip are observable,
while no folding of the strata can be detected. No segregation of the
formation into members of more than very local cxtent has been possible.

Oreax1c REMAINS.—The fossils of the Monmouth formation in Mary-
land arc entirely animal remains of marine type and evidently lived on
the continental shclf within the 100-fathom line. The more glauconitie
eharaeter of the beds and their more homogeneous strueture suggest that
the habitat of these forms may have been slightly decper than that of
the Matawan fauna, since the eonditions of formation of glauconite point
to arcas of slight deposition ot terrigenous materials. The groups of
animal remains represented comprise the corals, echinoderms, vermes,
bryozoa, crustacea, pelecypods, gastropods, and cephalopods. The fossils
occur chiefly in the dark-colored glauconitic beds, where at a few localities
great numbers have been collected in a splendid state of preservation.

The Monmouth fauna is very much larger than the Matawan, much
better preserved and much more cosmopolitan in its affinities. Out of a
total of 158 or possibly 164 species listed, 35 per cent are new. 'This high
percentage of new forms by no means indicates a local fauna, but rather
a very large one which is only imperfectly known.

There are three areas of distribution in Maryland, one on the Eastern
Shore in Cecil County, another along the Sassafras River in Cecil and
Kent counties, the third in Prince George’s and Anne Arundel counties.

The Sassafras River fauna though prolific is very poorly preserved, and
the determinable species are none of them diagnostic of any particular
facies. The most striking difference between the Monmouth of Cecil
County as developed along the Bohemia Creek and that of Prinee George’s
County is the cephalopod clement. The latter is represented on the
Fastern Shore by Belemnilella, on the Western Shore by Sphenodiscus
lobalus and less commonly by Scaphites conradi. 'This suggests an
affinity of the former with the Mt. Laurel-Navesink marls, the horizon
in which Belemnitella is excecdingly sbundant and to which it is
restricted.  Sphenodiscus, on the other hand, in New Jersey is the most
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F16. 1.—VIEW OF LOWER WIIITE BANK, FLK NECK, SHOWING PATAPSCO, RARITAN, AND
MAGOTHY FORMATIONS.

F1G. 2—VIEW OF GROVE POINT SHOWING MAGOTHY FORMATION OVERLAIN BY
MATAWAN FORMATION,
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characteristie species of the Tinton and is confined to it. The abundant

presence of this form in- Prince George’s County cannot but sug-
gest a synehroneity with the New Jersey Tinton. It is difficult to
explain the absenee of Belemnitella by any other than a stratigraphic
difference, sinee the conditions were apparently quite as favorable for its
existence in the later Monmouth as they were in the earlier. 1n the
Europcan Mesozoic the Belemnitellas are considered among the most
valuable of the guide fossils since they originated abruptly, dispersed
rapidly and became extinct in as short a time as that required for their
initiation. It is equally difficult, however, to explain the absence of
B. americana by its early extinction, sinee its supposed European equiva-
lent, Belemnitelle mucronata, is restrieted to the upper portion of the
uppermost Senonian, a horizon higher than that generally accepted for
the Navesink. Aside from the presence of Belemnitella, the Bohemia
Creck fauna is notable for the relatively large number of Ostreids, a
feature which it shows in common with the later Matawan and the Nave-
sink of New Jersey. It differs from the Navesink, however, in the absenee
of a large gastropod fauna. Apparently the waters were even more shallow
in the area inhabited by the Belemnitella fauna than in that character-
ized by the presence of Sphenodiscus and by the relatively few Ostreids,
partieularly thosec of the more ponderous type. The Sphenodiscus fauna
is restricted in its known distribution in Maryland to the Western Shore,
and, indeed, to Prince George’s County. These marls have furnished the
most prolific of any of the Upper Cretaceous faunas of Maryland. The
fossils are in an exeellent state of preservation, though very soft and
prone to erumble. The characteristic elements of the fauna, aside from
the widespread Sphenodiscus, are Nucula slackiana, Cucullea vulgaris, a
number of small oysters, Ezogyra costata in limited numbers, Trigonia
eufalensis, a number of Pecten, notably simplicius and argillensis, Cre-
nella serica, Liopistha protexta, Crassatellites vadosa, several (7a1_'dia, the
prolifie Cyprimeria major, two new species of Cymbophora, and a large
number of Corbule, Pleurotomide, Volutes, Pyrifusi and Nalicide,
together with Turritelle in great abundance. The abscnce of Brachiopods
and Scaphopods is rather remarkable.
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The general make-up of the fauna indieates a muddy bottom covered by
quiet waters, certainly not more than 50 fathoms in depth. However, it is
by no means an estuarine fauna but one that lived in the open sea. There
was, probably, free eommunication with the inshore life of the Gulf
region, but there may have been a barrier, possibly a volume of fresh
water, which shut off some of the New Jersey shore life. The waters were
doubtless warmer and mueh more uniform in temperature, and environ-
mental eonditions, as a whole, more favorable to mollusean life than
they are off the Maryland eoast to-day.

The Monmouth formation is the equivalent of the Peedee beds of North
and South Carolina and the upper part of the Ripley and its equivalent,
the Selma chalk of the Gulf. The forms point to the Lower Senonian
(Emscherian) age of the heds.

Tuue Raxcocas ForMATION

The Rancocas formation, so named by the writer * from Raneoeas Creek,
New Jersey, where the deposits of this horizon are extensively developed,
has not been found to outerop within the limits of the state, although it
oceurs in Delaware near the Maryland Line and in all probability oeeurs
in Maryland beneath the cover of the Tertiary formations. Its separation
from the underlying deposits under the name of the Middle Marl in
New Jersey was early recognized. The subdivisions of this formation
into the Hornerstown marl and Vineentown sand in New Jersey beeome
gradually obscured to the southward, the marl even appearing within
or at the top of the lime sands.

The Raneoeas formation overlies the Monmouth unconformably and
its line of contact is generally sharply defined.

It contains a fauna very distinrct from those of the underlying Upper
Cretaceous formations. The faunas of the Magothy, Matawan, and Mon-
mouth are much more closely allied with one another than with the
Raneocas formation in whieh quite distinct faunal elements make their
appearance. No deposits of equivalent age have been recognized in the

* Clark, Wm. Bullock, Jour. Geol., vol. ii, p. 166, 1894.
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south Atlantiec and Gulf states, although the characteristic Raneocas
species, Terebratula harlani, has been questionably determined in mate-
rials obtained from the decp-well borings at 01d Point Comfort, Virginia.
The Rancoeas fauna points to the Danian age of this formation.

The Rancocas fauna has not been diseovered in Maryland, although it is
quite well represented in Delaware in the vicinity of Odessa. The diag-
nostic features of the fauna are essentially those of the Vincentown of
New Jersey—a prolific bryozoan fauna, Terebratula harlani in abun-
dance, and a very meager molluscan representation. The mollusca of the
two arcas arc curiously dissimilar, none of the few characteristic species
of New Jerscy, Cardium knappi, Carvatis veta, Polorthis tibialis, occur-
ring in Delaware, while the abundant Gryphea, to which the character-
istic Vincentown bryozoa attach themselves, is apparently not present in
New Jersey. Tt is probable that the Delaware Rancocas represents a
fossil oyster bank where the ensemble of the life was, as it is to-day, very
distinct from the fauna a short distance removed from the bank.

In the coarse grecnsands in the vicinity of Noxontown Pond a very
prolific fauna occurs, but in such a wretched statc of prescrvation that but
little attempt has becn made to give it a place in the literature. No trace
of Terebratula harlani could be detected, nor are any of the diagnostic
species of the Rancocas recognized. It is, apparently, a very much local-
ized inshore assemblage, the two most prolific constituent species being an
undescribed Yoldia and an undescribed Phacoides.
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LOCAL SECTIONS

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

Cretaceous. Feet.
( Coarse reddish sand and eveniy-bedded dark brown

Raritan. ... sandstone] fedge! . St fabage bt ot e SRS 0L Ok S 10

Yeilow and buff sand and corrugated iron stone ....... 10

Tough white ciay reddish in piaces.................. 7
Patapsco.....Massive variegated red and drab ciay, the iatter

slightiy iignitic and containing obscure ieaf impres-
sions. Lenses of white, water-bearing sand near base. 130

Patuxent.....Sand, not exposed at surface, to tide ievei........... 43

1I. Shannon Hill near Northeast, Cecil County.

Pieistocene or Feet.
Recent......... Coam andyired TeIay % . .. ol st sl e el e e e e 5-10
Cretaceous.
Raritan...... Dense piastic chocoiate coiored clay with flakes of iron
carbonate carrying ieaf impressions................
(Light cofored sand...........ccoo0iiiiiietiiiniinn, 8
| Sandy chocoiate coiored clay.............ccoiiiiiiiln 10
Drab and light coiored clay and sand grading into
TEp(0 | IOV T o dugio 0 oo o BB B0 01 B0 016 .o do Ao BB b BISCIBHG & 8
Patapsco...<{ Chocoiate ciay, siightiy lignitic................... ... 7
TR T b O e B0 S S ABE o ol IOk olocac S RIS IS B Sl o 18
I T SR e e o e RN s R A 1
ViariegatiSdy CIAYE v . Set: 5 e[ - ke o 50 o o Beniteramters o oo e b 35
| Yellow and purple sand and ferruginous sandstone.... b
(TG, Moo oo TAUFS T a0 d2bh 96 ok ob 5 058 40008, 0 op Ed 112
II1. Section of Well at Fort Dupont, Newcastle County, Delaware.
Pleistocene. Feet.
Talbot....... Yeilowish sand and fine gravel, brackish water.... 0-24
Cretaceous.
I Gray, siightiy ciayey sand and fine gravei......... 24-40
Rancocas. . .{ Dark greenish, limy sand with shells, contains
much glauconite .............. A, fel i Bk O 40-60
Dark sandy micaceous Clay. ... ... covieeerinenenns 60-140
Monmouth. } Medium gray sand with very littie giauconite. . ... 140-160
Brownish gray sandy ciay with some giauconite... 160-180
Dark coarse sand and ciay, some giauconite....... 180-197
Hard, iight red, slightly sandy clay.............. 197-223
Dark, micaceous, sandy ciay..............c.o.... '223-240
Matawan. . .< Fine to medium drab or brownish gray, ciayey sand
with a little glauconite........................ 240-280
Fine to coarse brownish, micaceous clay with some
glameEoNite S e msRsl | 5 o e i oo fene e & e e o % s 280-300
Medium to coarse drab or brownish sand with vary-
ing amounts of glauconite and occasionally some
Magothy. . CIEG I ! N e B AN e e L e 300-418
Fine to medium, light gray sand, no clay and very
littie glauconite ........... .. ot 418-421
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Cretaceous. Feet.
rLight, brick-red clay with some sand............. 421-467
Pink to medium, slightly clayey, pinkish buff or
pinkish brown sand..............c.cooviiiieeenn 467-500
Fine to medium brownish gray micaceous sand. 500-510
Ratitan Medlum to fine pinkish brown sand with red and
- A L B B G SR 0 50 0 o TR S S 6510-640
Fine to medium light brown micaceous sand and
T el s b a0roddn B o6 46500 dHOE T R 0000 640-650
Brownish gray, micaceous, clayey sand containing
13 1 T S S S IO 650—-661
(Fine to medium pinkish brown sand with beds of
pink, red and white clay and lignite............. 661-710
Medium varicolored sand with lignite............. 710-725
Coarse, light pinkish brown sand................. 725-730
Light brown sand containing many brown granules,
ilso I Eite TN o R e e e 730-734
Patapsco...< Dark, brownish clay and coarse sand............. 734-736
Medium, pinkish brown, clayey sand.............. 736-740
! Brown clay with coarse sand, contains lignite..... 740-745
Medium, brownish, clayey sand................... 745-750
| Fine to coarse pinkish brown sandy clay containing
,  brown granules and lignite................. ... 750-75656
L Medium, grayish brownish clayey sand............ 755-762

IV. Section west side of Maulden Mountain (Lower White Banks), Elk Neck.

Meet.
Reeent ;..o «ooe.. Wash material ...........0iiiiieiiieiiiiiies 6-8
Cretaceous.
Laminated white sand alternating with white clay
(lense of pink sand at thetop)................. 20
Irregular ledges of ironstone..................... 41,
Magothy. .. Cross-bedded pink or yellow loose sands with some
iron crusts (full of bank-swallows’ holes)....... 6-8
WD Er OG0t oo ol ol ik oG R R 36000 2-3
Ironstone 1edges .......ccveeeevrsnencnrnonnnnans 2146-3

LF‘ine quartz pebbles with some pellets of white clay. 1%-3
[ Cross-bedded yellow sand passing into a pink sand

with occasional thin lenses of ironstone......... 10
Gray to buff sand........ 9000000000 o0 308 80a00 12
Ledge of fronstone...........coceeevenennannces 1-3
Cross-bedded brown and yellow, often indurated

CoTnal bao B B s A f o oo Al S, S R 121%

Alternating white clay with pellets of red iron oxide
Raritan....< and buff to white finely laminated sand with white

| clay pellets and occasional ledges of ironstone... 16
| Cross-bedded yellow sand with irregular ironstone
layers, sometimes forming massive ledges....... 7-8
Mottled pink and white clay passing gradually into
next member .......cocciteieeeeetiotcsoraancas 7
Laminated white sandy clay, in places passing into
an ash-colored sand..............ccovvu.n.. v 22
UFine white sand with pellets and lenses of clay 2314
Patapsco. . Dark drab clay containing lignite, white clay at the
top and sometimes brown clay below............ 10
TotalW=-l. . . .. = o i J St A RS & ) 1681%
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V. RSection southwest side Maulden Mountain (Gillers Hole), Elk Neck.

Pleistocene. Feet,
Tatayettor: JiCIaytlcammiin O Ml R LR L L rr e i S 8-10
Pebble conglomerate and loose pebbles............ 115-2
Cretaceous.

(Fine greenish gray sand with finely disseminated
glauconitephl . 5" Sm it . e AT vees DY
More grayish glauconitic sand, qulte micaceous
Matawan...4 with small pockets of glauconite and some lron
cOnCretions, I .o SNV Sl I SNl e |15
Persistent layer of ironstone.....................
(Gray iron mottled sand less glauconltic, micaceous 10

(Very fine ash-colored micaceous sand with thin
lenses and small pellets of white and yellow clay
and pellets of coarse yellow sand, the whole be-
coming argillaceous toward the base............ 9

Mottled yellow and white arenaceous clay with
small iron carbonate concretions, passlng insen-
N ﬁ slbly into next member........................ 10

Finely laminated yellow, gray, salmon and white
cross-bedded fine sand with iron concretlons and

numerous pellets and lenses of clay in places. .. 6
Drab sandy micaceous clay with comminuted llgnlte 51
| Layer of loose, small white quartz pebbles......... 1
( Mottled yellow and white (some blotches of red)

elay | .. T, ~plel o . e, i e A e 11

Ironstone band

Fine white sand wlth some layers of slightly In-
durated! yellowe= Sandiy . e 1 a SRR . 13

| Buff sand of same character, centrally dark and
lighter above and below................. o e 11
Similar white sand.............................. 4

Yellow sand with clay pellets, firmly indurated In
Rarltan. . ! 13 plaices i e e ST = 4
Cross-bedded yellow, buff and pink sand.......... 5

Red and yellow sands with ledges of ironstone and

in places with loose gravel of angular quartz

DEBBIOST o7k oo« b dnBae S heser - [ LEPE o Rew - By 10
Finely lamlnated somewhat sandy white plastic clay 5
Talus covered-"SloNe: : ... - E bl mertemid e sl b 25

Loose yellow sand with pink blotches alternating
with white clay. The sand indurated in places

and containing ironstone....................... 2
Patapsco..... Compact drab clay with lignite, to tide. ........... 8
Aotale . Al % et .k 0 b o S T 19514

V1. Section south side of Chesapeake and Delaware Canal 1 mile east of Pivot
Bridge, between Mileposts 67 and 68.

Pleistocene. Feet.
Talbot....... Somewhat disturbed brownish-yellow to gray sandy
loam with bands of pebbles and cobbles at base..... 3
Cretaceous.
Dark greenish-black micaceous glauconitic sand with
small pockets consisting almost entirely of glauconite
Matawan.. . decidedly green In color. Thin dlscontinuous band

of small subangular quartz pebbles at base.......... 8
Irregular contact.
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Cretaceous. Feet.
Magothy... . White to chocolate-colored extremely fine loose sand
containing small pleces of lignite in rather definite
bands. This layer grades horlzontally (to the west)
into black plastic clay containing much lignite.
Many pieces of lignite are coated or infiltrated wlith

pyrite and marcasite. Exposed to water’s edge...... 5

VII. Section south side of Chesapeake and Delaware Canal 1% miles east
of Pivot Bridge, opposite Milepost S3.

Pleistocene. Feet.
Reworked Matawan glauconitle sand................. 9
Wilcomico.. { Pebble and boulder band, some angular boulders as
much as 3 feet in greatest diameter................. 3
Cretaceous.
Matawan.. ...Mottled dark micaceous glauconitle sand with blotches
of lighter color; discontinuous indurated ledge of iron
stone 3 inches thick at base........................ 15
Black plastic clay containing much lignlte............ 1%
Magothy... { Loose fine white sand containing considerable lignite.. 31%
Loose yellow sand to water’'s edge................... 1%
ULIOL T gy Moo et B 17 ety (B el A o oty g 33%

The two lower layers of the above section grade horizontally (to the west)
into a layer of black plastic clay containing lignite and siderlte nodules.

VIII. Section north side of Chesapeake and Dclaware Canal, 3 mile west of
Summit Bridge, between Mileposts 92 and 93.

Plelstocene. Fect.
{Loamy reworked glauconltic sand................ 5
Gravel and pebble lens, some pebbles 4 inches in
: : diinsoatien=F S0 S gt 8 o PR sl e T itk 1%
Jioane: Reworked glauconitic sand....................... 2
Gravel band with matrix of glauconitic sand ce-
mented by lron oxide in places................. ik
Cretaceous. -
Matawan. . ..Glauconitic sand containing much mica, occasional
small® pebbleetat ;bage, .. v i pain ko oty e omal 3

Layer lignite with little other material present in
certain places while in other places there is a
considerable admixture of black plastic clay with
fossil plants. Lignitized logs have been bored by
Teredo. QOccasional siderite nodules at top...... 1%-2

Extremely fine white loose sand in whlch are thin
bands of plastic black clay containing lignite... 6

Loose buff to yellowish brown to salmon-colored
sand containing many irregular iron crusts, some
O IRT R ST ZE S ko, ST M I [P et B =Ny e M, o N ¥

Magothy. ..
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IX. RSeetion north side of Chesapeake and Delaware Canal, Yo mile west of
Summit Bridge, ncar Milepost 105.

Pleistocene. Feet.
Reworked glauconitic sand derived from Matawan and
containing many small pebbles..............cc..... 10
Pebble and cobble band cemented by iron oxide in
PIACASRatE T ¥ ¥ 5 (T TR b e ol e svet Toweme towed. 3 [ o T 11

Wiccmico. .

Cretaceous.
Argillaceous greencsand, rich yellow in color, due to
N T e SN L T i o N T L e e e L 4
Gray (resembling a mixture of pepper and salt) dark
green glauconitic micaceous sand................... 24
Gray to green glauconitic sand containing ferruginous
bands and nodules from 1 to 4 inches in diameter,
in which are many fossils of gastropods, pelecypods,
ammonites, crab claws, and sharks’ teeth with occa-
sionalvenystalsiof Igmpauim .. = f 000 s L 14
Material similar to above layer but without fossiliferous
nodules and bands of ironstone. Exposed to water’s
(e e Y e woltt, = SRR, Lo e 12

Meatawan. ..

X. RSection north side of Chesapeake and Delaware Canal 30 rods west of
Summit Bridge, just west of Milepost 116.

Pleistocene. Ie

Loose coarse buff to yellow cross-bedded sand......... 7

Band of pebbles and cobbles ranging in size up to &
inches in diameter in matrix of yellow sand indurated
DO N OXTH e ID PlaBER Z 1 e, o o b T oW L oot ohaste s 214

Wicomico. .

Cretz.ceous.

Yellowish green to chocolate-colored weathered glaucon-
itic sand containing flattened rellets of clay and small
iTregular-quartespebblesiyls &SI Sh e Lo bam e 3%

Mottled dark-greenish black to light green glauconitic
sand containing angular to subangular quartz pebbles
14 inch in diameter and water-worn pieces of lignite,
some of which are 1 inch in diameter; a few fossil
casts of pelecypods and gastropods were noted....... 4

Loose gray, buff, to yellow weathered micaceous sand.. 5

Loose, ferruginous yellow micaceous sand containing

Monmouth. .

s A L s

ROTHE HLONEGRUSES:) F= . () Tl foreie o gt booro s AL, Lo 4
i Light to dark green micaceous glauconitic sand........ 10
LConcealed L0 WATET S SCAZEL:. | 5} ot o oo otd 5 o ot e o ager o bk 12
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X]. Seetion south side of Chesapeake and Delaware Canal, Yo mile east of
Summit Bridge, opposite Milepost 136.
Cretaceous. Feet.
Monmouth. .. Weathered yellowish brown glauconitic sand indurated

to form rather firm iron sandstone ledges from 6 to 22
inches in thickness; occasional pockets of fresh glau-

conitieisandl ane -seem it ot i R E TN o o e e 3
Gray to yellow fine micaceous sand grading into under-
1500 - AT 0T e S e B i 1 L Dt o 8 S 10
Matawan Ferruginous yellowxsh brown sand containing crabs’
(L N O i SRR 4 SO IROE & ] DT e Bs S 2
Dark bluish-black argillaceous glauconitic sand. Ex-
posed to water’'s edge.............. Aptl L 48 L Teotd 8 414
TRetals 2 4% Sy L N R TER TR B e g T2 S S 1914,

XII. Seetion at mouth of Lloyd Creek, 2 miles east of Betterton, Kent County.

Pleistocene. Feet.
Wicomico....Gravels and boulders cemented to form a ferruginous
conglemerate in places, in matrix of loose white to
VANOWA sam Al s doortrvs o b L SRh S n ) a0 Sera RSN 12
Cretaceous.
Monmouth. ..Brownish-yellow to gray sand containing many irregu-
lar iron crusts roughly arranged in layers.......... 20

Matawan.. ...Mottled drab, light yellow, and brown fine sand in which
there are many small pebbles about the size of a pea
in the upper portion and in the lower portion numer-
ous elongated compact iron stone concretions from
1 to 41 feet in height, 1'% feet thick, and 1% to 4
feet wide in an upright position. Exposed........ - 28

XIII. Seetion % mile south of Bodkin Point, Anne Arundel County.

Cretaceous. Feet,
Clay-10aTny DI FSARAYE -0 e ) IR o et o Tt S b s 86 $o 7
Indurated ferruginous! JAFEr. . . . . v et Jot v e e 2

Raritan Clay, dark drab, containing many lignitized trunks of
- trees encrusted with pyrite in small well-formed crys-

i DR R S S e O TR Al oy ALt L
O R i T00 D) [ 1o b atlna e B e o A e e B L 1%
RO, . e A N el LR, Y v 141
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XIV. RSection 134 miles south of Bodkin Point, Anne Arundcl County.

Cretaceous. Feet.
SRNAlOAIY lwry . 4o = e Moe T S e i e 1l
Sandstone, reddish-brown, ferruginous................ 3

Alternating layers of buff, gray, and black sand con-
taining small flakes of muscovite and comminuted
Magothy 5.5 e e it iaR dein ATt SF I IS A v A5 e f A s s vt e =i 114
Alternating layers of drab to black clays and fine gray
sand. Clay layers contain comminuted plant re-
mains and some small pieces of amber while the sand

( layers contain much muscovite..................... 21
Raritan...... White sandy clay grading downwards into variegated
€ e Do TR s ot A e - L h Wi = 10
R OTRIE N o B e N R i e e et s e 18

XV. Section at Park Point, Magothy River, Anne Arundel County.

Feet.
Pleistocene....... Ferruglnous sand with Iron crusts.................. 2-5
Cretaceous.
More or less weathered arglllaceous, glauconitic and
micaceous orange mottled sand.............. iyt
Matawan...{ Compact finely micaceous glauconitle, argillaceous,
dark greenish fine sand with a few scattered quartz
pebbles at the base, forming a sharp contact....... 5
(Laminated micaceous, brown, more or less ferruginous
sandy clay with whitish sand films and comminuted
g A ACRIAIS . B o i ey gt L oE L 2-4
Magothy. .. { Massive, very fine gray sand with only slight traces of
0 en = e T ) e e S e e i 3-4
Rather loose fine buff micaceous stratified sand with
{  thin horizontal seams of comminuted lignite....... 2-3
YROUAIIASS Do =t Db rmnd, lle 2 DI bl 0 ) I 22-29
XVI. BSection near North Ferry Point (Cape Sable), Magothy River.
Pliestocene or Feet.
Recent: ;5.1 Sandygloames 3, L1 FoF P e b AT L e % 1-3
Cretaceous.
Compact fine sand with disseminated glauconite. .. ... 3-4
Compact fine sand with glauconite in pockets about the
Matawan...{ Sl of st hICETS BT T ok e L L 3-4
Iron crusts forming a persistent line, in places develop-
(L Imefintodledges. .y 255 o8 5l A wfest F3 WL G 4-5
Coarse, iron-stained, laminated sands with pellets of
Magothy. .. AT S 8 e b e e L M o g e gl o e 15-17
Black or brownish clays with commilnuted llgnite.... 4-5

PROGRIES bl v o o Loy iy, WL E e b ey oo ] 30-38
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XVII. Section at Stony Point 1 mile above North Ferry Point, Magothy River.

Cretaceous. 9 Feet.
Laminated sands
Magothy. .. { Black,

Raritan

XVIII. Section at Brennen Sand Company’s pit, Severn River, Anne Arundel
County.

Cretaceous.
Magothy Small pebbles (1% inch) cemented with sand
Coarse sand

(Brlck red and gray mottled clay
 Tough, plastic, greenish-black clay
| Light snuff-colored plastic clay, lower 2 feet showing
alternating bands of pink and snuff, varying horizon-
1 tally to a pure white pottery clay
Raritan. ...J white sand
Light gray clay, with knife edges of white sand. .
‘White glass sand, medium coarse, with some arkose. . ..
l (The Raritan formation has been shown by borings to
continue downwards for 77 feet, the upper 30 feet of
{ this being glass sand)

XIX. B8ection on west side Sullivan Cove, Severn River.

Feet
Pleistocene Sandy loam
Cretaceous.
Matawan. ... Fine buff, micaceous sand with weathered glauconite. .16
| Chocolate-colored sandy clay with lignite and leaf im-
pressions o Y. o 134
| Iron crusts.
Chocolate-colored leaf-bearing clay with irregular pock-
ets of white micaceous, somewhat lignitic sand
Orange and buff sand cross-bedded with thin lamins
J of chocolate-colored clay and lignitic lens of very
coarse sand
Argillaceous, laminated lignitic beds
| Pyritiferous, micaceous sandy clay
Lignitic bed
| Sandy indurated clay
Very white compact sand
lLight drab compact sandy clay

Magothy...
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XX. RSection two-tenths of a mile east of wharf, Round Bay, Severn River.

Cretaceous. i Feet.

Green, sandy clay, with brown and yellow sand...... 6

' Chocolate-colored sandy clay, weathered on surface to

Matawan... buff and yellow, grading into member below........
Black sandy, glauconitic and micaceous clay, massive.. 12

Iron crust.

Magothy..... Very coarse sand, angular and cross-bedded, with con-
siderable ignite; = (U P « Sl e b o - e s 6
oty AT a B e AR B o e JIN 30

XXI. Well at the U. 8. Naval Academy, Anne Arundel County, Md.

Feet.
Recent........... Made ground . .0 . .8 Sl e Bl ceesesas 0-20
Eocene.
Aquia Coarse orange sand with some clay and bits of shells 20-40
""" Coarse greenish to orange sand with some clay...... 40-60
Cretaceous.
Matawan ....Fine greenish sand and dark clay.................. 60-140
Very tough drab Cla¥iilce: ..o oo oo cioe s oo ssh 140-180
Magothy. .. { Medium gray sand with streaks of light-colored clay;
sand water-bearing ...........c it eiiiaeeenn 180-220
‘Tough clay with fine white sand......... PRI LN 220-250
Fine sand with flowing water..................... 250-270
Coarse water-bearing sand; flowing water.......... 270-306
Tough red clay....... H O Ml e R v....306-340
Pink and red clay with coarse SANALE: L s i T 340-360
Coarse brownish sand, water-bearing............... 360-400
Raritan....J Coarse light buff sand, water-bearing........... ....400-415
Pink clay containing gravel....................... 415-435
Crust of“ifon forel &7, tes 1000 S L sl L 435
Vari-colored sand, water-bearing................... 435-465
Crust OE-IBON OBER-: & i i cierte oo i s, oWetohe o o Fon bons ¥ AT 44 465
| Vari-colored sand, water-bearing................... 465-510
| CRugtrof. IRON [OFer. o Al Nl e - Bl - bl e SR en - m T sl 510
Dark-blue clay .............c.... Lo Fret U & 510-516
Very tough redl oT PIDKTGLEY . 5% o o g s o - neyomolor 516-548
Crust of ron; ore v, . . o geeolghs e Moo L B 524 ailsd ggg
Yellow sand, lower portxon coarse and water-bearing.5b
Etempee. ) { Pink Gl £ .. e rarr e o ok e S ST 0 T e 583-587
| Coarse sand and gravel-—pebbles % inch in diameter
—Ilarge flow of Water. ....ccoveeneeeenrnncrennans 587-601

Very -hard Togki. 5.fver 8w, L o o B = e ol o 601
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XXII. Section of well at East Washington Heights, near Overlook Inn, D. C.

Pliocene (?) Feet.
Lafayette....Loam and gravel

Miocene.

Fine yellow ocherous eclay (“marlite”) closely
jointed with oecasional small leaf imprints, grad-
ing into niealy sand, iron crusts at summit........

Cretaceous.
Dark colored, somewhat glauconitie sand
Magothy. .. {Light drab laminated sandy clay, at times carbon-
aceous

(Loose buff, brown, yellow, gray and white sugary
sands, more or less cross-bedded and indurated,
with light drab leaf-bearing clay

Massive and stratifled bluish-drab clay, at times lig-
nitic and pyritiferous and occasionally blotched
with red ocher ¥

‘White clay in local lenses. Massive and stratified
light-eolored and drab clay, interbedded

[ Dense variegated and drab, jointed clay, grading at
J times into sand, lower portion more or less covered
Patapsco. .. by flanking of Pleistocene and * wash

Red and drab clay with ferruginous sandstone largely
L covered by flanking of Pleistocene and “wash"....
Patuxent....Beginning 20 feet below tide. Cross-bedded arkosic
sand, with interbedded elay, estimated
Crystallines At level below tide of 460 feet.

Raritan....<

INTERPRETATION OF THE UPPER CRETACEOQOUS
DEPOSITS

The Upper Cretaceous formations indicate the presence of a great
variety of geological conditions during their deposition. During the
epoch in whieh the Raritan beds were being laid down, eonditions were
more nearly like those of preceding Lower Cretaceous than later in Upper
Cretaceous time. A considerable interval must have elapsed, however,
after the deposition of the Patapsco formation during which the Lower
Cretaceous formations were materially eroded, since the Raritan strata
overlie the older beds with a eclearly defined erosional uneconformity.
Furthermore, a very great ehange in plant life had taken place in the
interval between the Patapsco and Raritan epochs.

The Raritan beds are more generally arenaceous than the preceding

Patapsco formation and eontain but little arkose as eompared with the
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sands of the Lower Cretaccous formations. The presenee of such exten-
sive deposits of arenaceous sediments indicate in all probability a renewed
depression of the coastal border and the transportation again of coarser
materials into the area of deposition. Many of these materials were
doubtless obtained from the earlier C'retaceous strata, but only the more
solid quartz grains resisted the processes of transportation. Much, how-
ever, was doubtless hrought from the Piedmont and Appalachian arcas by
the streams which had their sourees within those regions.

There is no evidenee, however, that marine waters entered the region
of Raritan sedimentation since no marine fossils have been observed. The
irrcgular and frequent cross-bedding of the strata suggest that the
deposition was partially continental in charaeter combined with sedimen-
tation in broad lagoons into which the streams poured a large amount of
clastic material. The rapid ehanges from coarse to fine sand and often-
times to clays indicates constantly changing currents with the formation
of bars and spits on the floors of the lagoons. The discovery in New
Jersey of a few molluscan forms of probably estuarine habitat indicates
that the sea could not have been far distant.

Some of the less sorted materials suggest fluviatile eonditions over por-
tions of the area particularly at the opening of the epoch, while eolian
transportation may well have been a factor as we see so frequently to-day in
the proximity of coast lines where sandy deposition is taking place.

That an extensive flora eovered the coastal border and doubtless spread
over the upland areas is elearly evident by the ahundanee of plant remains

which are found at certain points where the sediments were of a type to
preserve them. TUnfortunately no traces of