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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.
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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-




54 TaE UprPER CrETACEOUS DErosiTs oF MARYLAND

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.
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‘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



58 THE UrrER CRETACEOUS DEPOSITS OF MARYLAND

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.
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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.
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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.
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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.



MARYLAND GEOLOGICAL SURVEY 69

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 terrestrial animal life have

been detected, although such must have existed in profusion during
Raritan time.

The close of Raritan sedimentation was evidently marked by conti-
nental oscillations by which the sea floor of that period was elevated and
eroded with a subsequent depression that carried the margin lower to the
southward than to the northward, with the result that a gradual trans-
gression of Magothy deposits takes place from that direction.




MARYLAND GEOLOGICAL SURVEY S

With the opening of the Magothy epoch a considerable change was
already manifest, although the lagoons must still have existed over much
of the area in which the rapidly alternating arcnaceous and argillaceous
sedinients were deposited. Somewhat varying deposits are found, but in
general the strata become persistent over wider areas and mariue fossils,
such as eharacterize the Magothy areas in southern Maryland, as well as
farther north on the shores of Raritan Bay in New Jersey, indicate the
entraice of the sea in places. The area of sedimentation niust, however,
have been near the shore, for land plants are splendidly preserved at many
points and doubtless lived at no great distance from the sea along the
coastal border.

The rapidly alternating deposits of cand and clay over cousiderable
areas suggest current changes that may find their cxplanation in pro-
nounced seasonal differences. In other localitics, however, homogeneous
deposits of considerable thickness give no such indications.

There is little to suggest any great depth of water in the present known
area of Magothy deposition beyond the finding of traces of glauconite in
the niore marine sediments at one or two localities. Although little is
kuown regarding the actual origin of glauconite, except through the
medium of foraminiferal disintegration, yet it is quite conceivable that
these slightly glauconitic beds may have been at inconsiderable depths
under conditions of slow deposition of terrigenous materials, since so
much of the Magothy lithology is littoral in character, as are also the
marine faunas.

The close of Magothy time witnessed a further oscillation of the sea
floor with probable erosion along the coastal margin but with the early
renewal of seaward tilting which for the first time during the Cretaceous
period brought the sea widely over this portion of the Coastal Plain. The
very marked changes in sediments and the widespread uniformity of
materials suggest that the old barriers were broken dow as the result of
a greater seaward tilting. To the north of Maryland there seems to be

some evidence of oscillation during Matawan time in the slight faunal

changes recorded, but in Maryland the marine faunas show but slight
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differentiation from the beginning to the end of the Matawan time, and
although some variations in sedimentation took place, there is no ade-
quate basis for anything but loeal divisions of the strata.

It 1s probable that this depression so characteristic of Matawan time
may have carried the sea over the area of earlier Cretaccous sediments
and on to the Piedmont distriet, for we find widely seattered through the
beds, particularly in the lower strata, a verv pronounced admixture of
mica flakes making the micaceous sandy clays of this formation among
the most diagnostie deposits. No adequate souree for these materials can
be found in the earlicr Coastal Plain formations and it seems likely that
they must have been derived from the Piedmont gneisses, cither through
direct coastal eontact or by transportation down the wide rivers into
the sea.

The Matawan sediments now preserved in Maryland and farther north
show that elearly defined marine conditions had been established over the
entire district, but farther sonth in North Carolina the répetition of
marine and nonmarine sediments went on during Magothy and Matawan
time as shown in the Black Creek beds of that area. 1t is evident, there-
fore, that no great interval of time could have elapsed after the elose of
the Magothy and the opening of the Matawan, although pronounced
physical changes are apparent in the Maryland arca.

A much greater change, however, marked the elose of the Matawan, and
although marine econditions still persisted a very considerable change had
taken plaee in the fannas, while the oscillations of the sea floor caused the
transgression of the Monmouth strata southward over the Magothy
deposits with the complete overlapping of the Matawan formation. 'This
marked change in the fauna and to some cxtent also in the sediments
indicates that physical and faunal changes of no mean proportions had
been initiated. This faunal change has now been traced all the way from
New Jersey to the Gulf, and is one of the significant divisional lines i
the Cretaceous deposits of the Atlantie border.

The greatly increased proportion of glauconite in the sediments sug-
gests somewhat deeper, or at least more open, seas, free from the influence
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F16. 1.~—~VIEW OF SECTION ALONG CHESAPEAKE AND DELAWARE CANAL, SHHOWING MATAWAN
FORMATION OVERLYING MAGOTHY FORMATION,

FIG6. 2—VIEW ON LINE OF CHESAPEAKE BEACII RAILROAD NEAR CENTRAL AVENUE, SHOWING
MAGOTHY FORMATION OVERLAIN BY MONMOUTH FORMATION.
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of land-derived materials. A very much greater proportion of glauconitic
materials at times shows that the seas must have been elear and that most
of the terriginous materials had been already deposited near the shore-
line of the time.

To the northeast of Maryland later Cretaceous deposits appear, repre-
senting the later epoehs of the Upper Cretaceous period, but they are
absent in Maryland, in all probability beeause of the extensive trans-

gression of the Tertiary. While in the northern part of the New Jersey

Coastal Plain the Locene deposits sueceed the Cretaceous with little or no
uneonformity, in Maryland the break represents a long interval in time,
ineluding not only the later epochs of the Cretaceous but the earliest
epochs of the Eocene.

DISTRIBUTION OF THE FAUNA AND FLORA

The following tables show the geological and geographical distribution
of the animal and plant remains that have been found in the Upper
Cretaceous deposits of Maryland and adjoining areas in Delaware and
the Distriet of Columbia. The writer is indebted to Edward W. Berry
for the list of fossil plants aud to Julia A. Gardner for the list of animal
remains. 'The speeies in these tables will be fully described in subsequent

chapters.
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VERTEBRATA—REPTILIA

Thoracosaurus neocesaricnsis .
Thoracosaurus sp.
Iyposaurus rogersii

VERTEBRATA—PISCES

Lamna elegans
Lamna cuspidata ..
Corax pristodontus .
Corax falcatus ....
Enchodus dirus ...
Ischyrhiza mira ..
Myliobatis obesus

ARTIIROPODA—CRUSTACEA

Helopatiall TADDI. it o8 SoorerampMontty 05 ot R e

Iloloparia gladiator e

Callianassa mortoni 1

Callianassa mortoni var. marylandica .

Callianassa conradi ............ R

Callianassa conradi var. punctimanus .

Callianassa clarki ............. bau e 76 deele

Callianasea, sp. “indeb. =2 0o tapam. i ool welfs ool ik
MOLLUSCA—CEPHALOPODA

Eutrephoceras dekayi . OB ol B o 2 doe o

Pachydiscus complexus
Baculites ovatus ......
Seaphites hippocrepis .
Placenticeras placenta .
Sphenodiscus lobatus ., ..
Mortoniceras delawarensis .
Belemnitella americana

MOLLUSCA—GASTROPODA
Acteen Jinteds: .| oo LT s
Actcon gabbana ..
Ringicula clarki ..
Cinulia naticoides .

Avellana
Avellana
Avellana
Avellana
Haminea
Haminea

Acteocina forbesiana ..

Cylichna

bullata ..
costata .
pinguis .
lintoni
mortoni ...

cylindrica ...
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MOLLUSCA—GASTROPODA—Cont’d

Morea naticella .....
Morea marylandica ....
Paladmete cancellaria
Turris sedesclara ....
Turris welleri .........
Turris monmouthensis , P PP 8
Turris terramaria ..... R PP
Surcula amica ......... 1,

Olivella monmouthensis
Rostellites nasutus ...
Rostellites marylandica .
(D Rostellites Jamesburgens s
Volutomorpha conradi ..........
Volutomorpha perornata
Liopeplum leiodermum ..
Liopeplum cretaceum .,..

Vulpecula reileyi ........
Xancus alabamensis .

Xancus intermedia i o i 2 1 (0 T3S S . e b .
Pyropsis perlata ... i ohel e BT ISR TR N ot T I s A EE [
' Pyropsis trochiformi N 5 5 1

Pyropsis reileyi .......
Pyropsis septemlirata .
Pyropsia whitfieldf ....
Pyropsis retifer ..... SR
Pyropsis lenolensis .......ccciieiiiiiiiiiiriiaiaeeionenlones
Serrifusua nodocarinatus
Piestochilus bella .......
Odontofusus medians ..
(?)Fasciolaria juncea ..
(?)Fasciolaria sp. ... A | IR | Py
Pyrifusus marylandica . | . 3 Eatoiod Tt el (B
Pyrifusus vittatus ... . o ofefe . od ot
Pyrifusus whitfleldi .
Pyrifusus cuneus ....
(?)Pyrifusus elevata .,
Pyrifusus monmouthensis w5
Pugnellus densatus ....o.cveeeeeenieeonnooeennnaasfsoeeflociosoonanfecloafuefesfaveclecloafuslonlonioneelocionelosionnslenealions
Pugnellus goldmani . . 41 |52 A o
Anchura rostrata .. -4 s [ gl [ TR oBaat c §. Foal| M e
Anchura pennata el
Anchura hebes ..
Anchura pergracilis ...
Anchura monmouthensis ......ocevieeeecencancens
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Onoclea inquirenda ....
Cladophlebis socialis .
Asplenium cecilensis ...
Asplenium dicksonianum *
Lycopodium cretaceum ,..

CYCADOPHYTA

1 Williamsonia delawarensis ......
Williamsonia marylandica ..
Podozamites lanceolatus * .
Podozamites knowltoni * .
Podozamites marginatus ..

oo

CONIFEROPHYTA

Dammara cliffwoodensis ..

Araucaria bladenensis ....

Auracaria marylandica ......

Brachyphyllum macrocarpum ..........

Brachyphyllum macrocarpum formosum

Protophyllocladus lobatus ......

Protophyllocladus subintegrifo! fus

Sequoia heterophylla ......c0000e

Sequoia ambigua * ....

Sequoia reichenbachi * ...

' Cupressinoxylon (?) bibbinsi
| Thuja cretacea .
‘ Juniperus hypnoides .
Widdringtonites reichii ,

! Raritanis gracilis ....
| Geinitzia formosa ....
Czekanowskia capillaris

. Moriconia americana ..

ANGIOSPERMOPHYTA
1Coarex: elarkdi L. oo Tolee veroeenes

Doryanthites cretacea

t Occurs also in late Lower Cretaceous

Pistia nordenskioldi ............coiiiiiiiiiiena.. ‘ i1 b L

tsesecseererencea. foolasian P O P I

* % k& & K K Kk K Kk £ % X k|

*.

* x x x, |

" OUTSIDE
. . Magothy
| Raritan Formation Foimation
o [
[ A
= |E£E
2 ol
. ; 3018 s
el 2 | <l
gl | P G B | S5
<l 3l | z =]
ESEE c'i’u'fj"d ‘8:);‘ w s :I'g-c‘
SPECIES ls|dE ARSI el (386
'08.0 b 5 Aol 4 ! e |BS| [«
SCES ] =1 Z-Z;v_-;..c:q,'c oAl o
i 1 bl tlSIS| 516 P M-
= '%<‘-”' A=) Pl E:_ N g Slol g ElglE =R =
BT eZ| A o2 glgl< 3 .vﬁ«ogmﬁg’q‘ =
6dmagitﬂz£o;‘:‘"g'g“"'ggzsz-:a‘a“,_”%—:’g:'
BO|5|< £l 8 218.8::’522 « %5 5| SR el 8 e & = 2
i Ele O8I AC S5 2 <<% LM S
& 8SIE e m{'cOw:'g Lol 2| Sl 2| 1| &3] L8 "5&3’;,‘3-?58.‘
\8:«“‘8“«3g;Sa“%o2!%’:"5.9'5.er‘gg'gug:*a;ac“§.°.
=" e sl =Sl ., O £ 8mE S d s sTI ELRE B e BIE =
Sl e R R sl D <l Bl 9 g 8T 5T Ele Bl 5B ORIE
SIEEHE .-o.E‘Eo']‘s.E w-:,-:h—EgEEt-ﬁqgesggm%gg;-
R I Pl P =t s NS e P -
:gmva‘ﬁga-g_g\a‘ic._rzmm,a‘:;«:_:E.-g.o.g.«gal,ug.cﬁgaﬁ
28T |2 212l olel ol Bl 88 815 2w Bl BlE| o ['ElE
.—:a-xEleukQ>|—‘¢|ﬂ)=3_‘2.‘:gﬁ§‘voyls'§§o‘é:8‘025
2|2 R 5 Elel g 2| 3183|825 E §ls| 5l&=le 55l Es 8(s|5 8 5 e
' &5 O|= & afell 818880 1 5 Fe 2| &2 Fmieii e S S <€ S
T 1 | T T T I e
v TR | 117 T
Spherites raritanensis ............ LTS I I I O T Y OO 8% il it 3 ot
ALGE
Algites americana ....... 85000 Tt o elsloio o o/ oltore - (ST e IR - - - ] Ly 358 . 1 3 P 0
|
| PTERIDOPHYTA
Gleichenia zippel * .......cccviveeennnnnn. B8 000 d|loF Ik *




MARYLAND GEOLOGICAL SURVEY 103

[ & LOCAL f
Magothy
Formation

T
1

OUTSIDE
Raritan Formation

j &
£ w 2%
5l || [EEE
k B RREE SE
< ; = || ek
| 1= = | s <58
s * il Bl skl
l = 8IS o[l oH N REIE = !
Q= <52 |0Z % | & e
A = | Y IE ! 3| = 'U‘:::
SPECIES slglBl e | s &lEen o tnie BEL S
el G \ i . ZElL|ER =
ZOEI8 | | 188 8 S N T I
ol =5 i | .ooca Z BB 8T w1 S
Z| A= E gl i=lasiSlo] 519 A0 ER o 8 HS|E
= 510 | o2 e @ T e £ :‘mm‘»o\“,hv«“ﬂl
JS[E S e gl sleF R T E feC P S A T e
Sl Siol Bl g = Bl 0] sofv] ol B[l szl o] Je BT s AR
2(8|gl=lE 8 Eisl TS BlE| 8 EESIPTE|S S e 5 glEl5 |8
: (=] 3 | Fol [ | =19 g | —_ "=
L a=lEle e 8 A= 5% << 5] 215 2Ig[5 6 s gE=eT el
! ! =] g
81218 ELs 8RR IBIREIT ol ol ol o = Bl 2 E[7UES | S12 sls| 2| 25|21 &
101.2(5] m.°$=wng|w IOIE8lEE] BT gl e °"c>“‘»-°
—lel=l< _5_‘00[ w-o:gs‘:,_.-.zu,coéoao.n.njc B E
'ngfjei&ﬁ‘ﬁ;do;‘ﬁ<l"'<:§gggl"‘o'ﬁéng':g‘s°mi
=1 RS R e o EER
SIS JOE| ElSIE)E! o *': SEISIEIS %“E(“—OE-Qm"”"‘si'
RE| 2 E |1 2= "‘°£:="‘°"'3"“t[°‘5“"w§ g8l cle
P8 §C dla BR~EElSlTs » Tirlsl5 82 e ¥olal8la Elels
Egc“lv‘:‘&:g"'go‘:\f—z%::"=—='Eo° E“’U!gnug“’“
<0 1Z| 3! E|¥ e 2sv s buzeLd s sl ‘eI’
sl Sl gi= = o gy ele B SelSESu=Z2n eSS &
SISEEEE e pEE Rt anE st eafat
i m.’faolra-DmEmS.Qcm5-::.52)22.9:2E-mﬁjm\?pﬁ:<-moélr’5
W = 3 o el i 3, i il e i diian 'y I 1
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| Sabalites magothiensis ..
| Myrica longa ..
Salix flexuosa ..
Salix lesquereux:
Populus stygia .
| Quercus morrisoniana .
Quercus severnensis ...
Ficus daphnogenoides .
| Ficus ovatifolia ....
Ficus cecilensis
Ficus crassipes .
Ficus krausiana .
Platsnus heerif ...........

Aspidiophyllum trilobatum .
Protophyllum sternbergii ..
Protophyllum multinerve .
Coccolobites cretaceus ...
| Magnolia hollicki ...
Magnolia laceana
Magnolia longipes
Magnolia obtusata
| Magnolia boulayana
| Magnolia tenuifolia .
| Magnolia capellinii .
Illiclum deletoides .
Carpites liriophylli .
Nelumbites primzva
Cinnamomum newberryi .
Laurus protezfolia .
Laurus plutonia
Laurus hollickii ..
Taurophyllum elegans ......
Laurophyllum angustifolium .
Sassafras acutilobum ..,......
Leguminosites canavalioides ..
Leguminosites coronilloides ..
Leguminosites omphalobioides
Liriodendropsis constricta ..
Colutea obovata .........
Colutea primordialis .
Bauhinia marylandica .
Dalbergia severnensis ,.....
Crotonophyllum cretaceum .
Ilex severnensis .............
Eleodendron msrylandicum
Celsstrus arctica ....e..es
Celastrophyllum crenatum ....
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ANGIOSPERMOPHYTA—Cont’d

Celastrophyllum undulatum ..
| Rhamnites apiculatus ..
Cigsites newberryi ......
Cissites formosus var magothlensm 00
Hedera cretacea ...
Hedera cecilensis .
Sterculia minima ..
| Sterculia cliffwoodensis .
| Eucalyptus attenuata .
Eucalyptus latifolia .
Eucalyptus geinitzi

| Eucalyptus wardiana .
Cornus cecilensis ...
Cornus forchhammeri
| Aralia grenlandica .
| Aralia ravniana 5
Aralia washingtoniana
Araliopsoides breviloba .
Araliopsoides cretacea ..
Araliopsoides cretacea dentata .
Araliopsoides cretacea salisburifolia .
Andromeda cookii .
Andromeda parlatorii ..
Andromeda novz-cmsarez .
Andromeda grandifolia .
Myrsine borealis .
Myrsine gaudini .
Sapotacites knowltoni
Bumelia prznuntia .
Diospyros primava .
Diospyros rotundifolia
Diospyros vera .
Cordia spiculata
Fontainea grandifolia ..

Carpolithus septloculus ...
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MARYLAND GEOLOGICAL SURVEY

THE GEOLOGIC PROVINCE

The Maryland Upper Cretaeeous formations eomprise part of a nearly
continuous belt that extends from Maryland northward through Dela-
ware and New Jersey to the islands off the New England eoast as well
as to southern Massaehusetts. Although transgressed by Tertiary deposits
in Virginia they reappear in surfaee outerops in North Carolina where
they present somewhat different characters and where the strata liave been
deseribed under different names. From this area they have been traced
southward to the Gulf, where they again take on different charaeters and
have been deseribed under still other names. Even within the north-
ern area the strata are in plaeces transgressed by Tertiary or Quaternary
deposits, the latter at times covering the Upper Cretaeeous beds exten-
sively in the interstream areas, while in the extreme northern part of the
district the surface continuity of the beds is broken by bays and estuarics.

Unlike the Lower Cretaceous strata which attain their most complete
development in Maryland, the Upper Cretaceous formations of this
northern distriet are best devcloped in New Jersey, the Maryland deposits
representing the gradual thinning out of these formations to the south-
ward. 1t is significant that the Lower Cretaceous formations are over-
lapped northward by the Upper Cretaceous and are unknown in the

northern part of New Jersey Coastal Plain and in the islands off the

New England coast, whercas the transgressions hitherto deseribed within
the Upper Cretaceous are developed to the southward with the gradual
overlapping of the several formations in that direction. These trans-
gressions, within the Upper Cretaceous, however, are not of equal signifi-
canee, although clearly defined in each instance. The Monmouth trans-
gression is apparently more pronounced than the Magothy and the
Matawan, since the Monmouth deposits entirely transgress the Matawan
and eome to rest on the Magothy in the southern part of the distriet.
The most extensive development of the Upper Cretaceous series withiu
the provinee is to be found in Monmouth County, New Jersey, where each
of the formations attains large, if not in each case maximum, thickness

and where the differentiation of the deposits and faunas has led to the
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deseription of a larger number of loeally developed formations than are
recognizable elsewhere. The names employed in the present report with
the exception of the term Magothy, introduced by Darton, were employed
by the writer in New Jersey for those formational units whiech ean be
traced througlout this northern Upper Cretaceous provinee. Whether
these divisions in New Jersey should be subdivided into members or for-
mations and the larger units regarded as formations or groups, as the
case may be, is of little consequenee, but they must be retained as forma-
tional names south of the Delaware basin sinee the features relied upon
for their subdivision in eentral New Jersey are not recognizable outside
that state. Not only are the formations deseribed in an earlier ehapter as
oceurring in Maryland present, but still later formations known under
the name of the Raneoeas and Manasquan formations, the former of
which has been traced through Delaware to the Maryland Line, although
the subdivisions deseribed for the New Jersey area are not recognizable
south of that state. The Manasquan formation, however, is known only
in New Jersey and even in that state is mruch restrieted in its develop-
ment. It is possible that this formation likewise participates in the
southerly transgression characteristie of the older Upper Cretaceous
formations, but there is no positive information on this subject.
Deep-well borings near the margin of the Coastal Plain in Virginia at
0Old Point Comfort and at Norfolk show that deposits of Upper Cre-
taeeous age occur benecath the eover of the Tertiary formations, and repre-
sent one or more of the formations developed farther north. The mate-
rials penetrated are very similar to those charaeteristie of the Magothy-
Monmouth series of formations, and eonsist of coarse and fine sands and
even of pebbles as well as clays of dark color with lignite and, even more
striking, of the dark sandy mieaccous elays and greensands so eharaeter-
istie of the Matawan and Monmouth. At the same time a considerable
number of fragmentary fossils have been secured which present more par-
tieularly a Matawan aspeet, although a single specimen has been ques-
tionably referred to a species found only in the Rancocas. The total
thickness of these buried Upper Cretaccous deposits in Virginia has been
estimated at 65 feet to 75 feet, but may be considerably greater. It is
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apparent, however, that the Upper Cretaceous formations of Maryland
are eontinued to the southward beneath the Tertiary formations into
southern Virginia, a region which must have been much more extensively
depressed during Tertiary time than Maryland and the distriet to the
north of it to have buried the Upper Cretaceous so deeply beneath the
later dcposits. Whether more of the scction penetrated by the well
borings should be assigned to the Upper (‘retaccous or whether the strata
of this age have materially thinned along the dip cannot be determined
from present knowledge. The facts in any event are far too meager to
determine the location of the coast line in Virginia during this period.

It seems equally probable that the Virginia strata were likewise eon-
neeted on the south with those of North Carolina where deposits repre-
senting the Magothy-Matawan-Moninouth series are represented in the
Black Creek-Peedee series. There is no definite evidenee of the existence
of the Raritan formation in the Virginia well borings, and it is quite
eertainly absent in North Carolina, together with the Patapseo and
Arundel formations of Lower Cretaceous age. A mueh greater interval is
therefore represented between the Lower and Upper Cretaeeous strata in
North Carolina than in Maryland, although the formations absent in this
distriet may have been overlapped and aetually exist farther seaward.
The Black Creek formation, as already pointed out, eontains both the
flora of the Magothy and the fauna of the Matawan in interbedded layers
and laeks the single change from non-marine to marine deposits shown in
the northerly area in passing from the Magothy to the Matawan. Although
the physical conditions existing in North Carolina must thercfore have
been somewhat differcnt from those farther north, there is little doubt
that these deposits must be linked through Virginia with those of
the northcrn Atlantie Coastal Plain in the same gencral provinee of
deposition. The Peedee formation presents so many eharaeteristies in
eommon with those of the Monmouth formation that although they are

separated by wide areas of overlapping Tertiary formations these deposits

must be considered as probably forming a eontinuous belt of sedimenta-
tion with the more northern areas.
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There is likewise little doubt that the area of sedimentation represented
in the North Carolina deposits was continued southward along the con-
tinent border into the Gulf district where the Cretaceous strata attained
such extensive development in the Tuscaloosa, Eutaw, Selma, and Ripley
formations whieh, as will be shown later, are regarded as representing the
Raritan, Magothy, Matawan, and Monmouth formations of the northern

area. It seems probable, therefore, when viewed in its broader relations,

that the northern provinee was connected with the south Atlantic and
Gulf provinces and that the same general conditions were continuous
throughout the entire area of the Atlantic and Gulf borders.

When the conditions that existed in Upper Cretaceous time along the
Atlantic and castern Gulf borders are considered, it is apparent that
both in the north and in the south—in New Jersey, Delaware, and
Maryiand on the one hand, znd in western Alabama on the other—the
Upper Cretaceous of these areas was inaugurated with cxtensive deposits
of non-marinc character which evidently spread widely over the castern
and southern lowlands of the then existing Coastal Plain. If is not
difficult to believe that similar deposits were being formed during this
time over much of the intervening areas, although such deposits have
not been observed nor any others which might represent them. Tol-
lowing the Raritan epoch in the north and the evidently somewhat later
Tuscaloosa epoch in the sonth, came the transgression of the marine
waters of the continent border which so far buried the earlicr Upper
Cretaccous deposits south of Maryland to the eastern Gnlf area that no
trace of these formations has been found, if perchance they escaped
the erosion to which they are known to have been subjected even
within the area of their outcrop. That they may ultimately be discovered
in deep-well borings is quite possible, but their absence along the line of
outcrop is but another proof of the differential movements that have taken
place since the deposition of the earliest Lower Cretaceous strata within
this area and which have been somewhat strikingly exemplified in the
relations of the Upper Cretaceous formations already described.
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F1G. 2.—VIEW OF SECTION NEAR BRIGIITSEAT, PRINCE GEORGE’S (OU NTY, SIIOWING MONMOUTH
FORMATION OVERLAIN BY AQUIA FORMATION.
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A somewhat similar problem presents itself in the presenee of later
(retaceous formations in New Jersey and their absenee elsewhere along
the eoastal border. Gradual transgression of first the Eoeene and then
the Miocene, followed by the extensive eover of Pleistoeene deposits, sug-
gests the possibility that deposits of equivalent age to the Raneoeas and
Manasquan may exist farther to the eastward in Maryland and thenee
southward to the Gulf. The only evidence that has ever been introdueed
in support of this view is the questionable determination of Terebratula
harlant from the well boring at Old Point Comfort. It would not be at
all surprising if deposits of this and even Manasquan age were found in
deep-well borings along the eontinent border. A diseovery of diagnostic
fossils of these horizons would add a notable ehapter to the history of
the Atlantie Coastal Plain.

The following table presents in tentative form the relations of the

Upper Cretaeeous deposits in the Atlantie and eastern Gulf areas.
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THE PETROGRAPHY AND GENESIS OF THE
SEDIMENTS OF THE UPPER CRETACEOUS
OF MARYLAND

BY
MARCUS 1. GOLDMAN

INTRODUCTORY

The objeet of this chapter is to present the results of the detailed study
and the meehanieal and mieroseopieal analysis of a few typieal sediments
from the Upper Cretaceous of Maryland. Work of this kind is merely
an extension of petrography to the sedimentary rocks; yet it has hitherto
been so little practised that most geologists hearing the term petrography
think instinetively of erystalline rocks. This comment is made in order
to forestall an attitude of mind towards what follows that is very gen-
eral, namely the belief that after such an analysis of a sedimentary roek
it is possible to determine the conditions under which the rock originated.
That is, of course, the ultimate objeet of sueh work, yet it is no more

implieitly the immediate result of the study of a given rock than the

study of a given erystalline rock in the beginning of that seience was the
direet key to the origin of the rock—or is to-day, for that matter. 1f
decades of study of eonglomerates, whose eomposition is apparent to the
unaided eye, leave many fundamental problems concerning this rela-
tively simple type of rock still unsolved, it is not to be expeeted that
mieroseopic knowledge of facts of the same kind about the sedimentary
rocks of finer grain will suddenly reveal the conditions of their origin.
In faet, for these finer-grained rocks, as for the eonglomerates, field study
of their larger geological charaeters, their variations vertically and hori-
zontally, the form of the whole mass, its relations to adjacent beds, and
other features must remain as important as the laboratory analysis. But
a more detailed knowledge of the eomposition of the finer-grained sedi-
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mentary roeks is desirable than the eurrent terms, sandstone, shale, sandy
shale, tuff, limestone, or even more eircumseribed terms like chalk, green-
saud, etc., afford; and from the awakening interest in this subject it is
safe to expeet that before long every stratigraphie study of a limited
region will eontain deseriptions of the eomposition of the sedimentary
rocks involved. Every such study will bring out some significant faets
regarding the origin of the partieular roeks, but for a satisfactory final
interpretation of the eonditions under which the roek originated it will be
neeessary to have accumulated an extensive series of analyses of modern
sediments of all possible varieties. Comparing then the ancient sediment
with the modern ones, the eonditions of whose origin will be more or less
completely known, it will be possible by finding the modern sediment that
is most similar to determine the eonditions under which the aneient sedi-
ment in question was formed. On the other hand, the sediments of the
past offer some opportunities to the investigator that are lacking in the
modern. For in the subaqueous sediments of to-day only what is at the
surface, or a few feet below, can be examined. Of the ancient sediments,
however, it is possibie to obtain seetions in whieh the changes both vertical
and lateral ean be followed out, and thus knowledge gained which eould
be gathered from sediments in proeess of formation only through een-
turies of observation or through periods too long for eonsideration. Thus
the two branches of the study must advanee together, each throwing light
on the faets of the other, and the two pointing out to eaeh other the
problems that require speeial attention.

It is this consideration that has led to the attempt to interpret freely
the facts obtained in the present study in the belief that an investigation
is valueless until some eonelusion has been drawn from it, and that the
investigator who has accumulated the faets is in the most advantageous
position for interpreting them. These interpretations, however, are put
forward most tentatively and with the greatest possible reservation.

While the published literature deseribing modern sediments is uot
inconsiderable,” it is not of much value for the Cretaccous sediments

*For a very full and up-to-date bibliography, see Andrée, K., Ueber Sediment-
bildung am Meeresboden Geol. Rundschau, vol. 3, 1912, H 5/6, pp. 324-338.
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beeause most of it deals with the deposits of the decper ocean, little with
the deposits near and adjaeent to the mouths of rivers. Probably no inves-
tigator of modern sediments has had the geologie bearings of the study so
forward in his mind as Thoulet, and it is his publieations therefore, limited
in extent though the work of one man inust be, that are of most value
to the geologist. Foremost in his work in this conneection stands the

reeently published monograph, with eolored maps, of the sediments of

the Gulf of Lyon ;" and the work of his pupil Sudry’ on the Lagoon of

Thau in the same region is, as subsequently pointed out, probably of par-
tieular bearing on the Matawan. (See espeeially sample 8, below.)

References to sueh studies as have been made of near-shore sediments
will be found in Andrée’s bibliography, but as far as I know the only syste-
matic and eontinuous investigation of this type, and the only one whose
results are expressed in the tangible form of a map is that by Thoulet of
the Gulf of Lyon. In faet it is, I believe, the need for studies of this
kind that inspired him to earry out the work.

Tite METHOD OF ANALYSIS

In all essentials it is Thoulet’s * method of analysis that has been fol-
lowed in this investigation.

In a general way three main types of proeedure in the analysis of unin-
durated sediments, whether aneient or modern, may be reeognized. The
first is the method of clutriation in which a separation, mainly of the clay
and finer parts from the sand, is made by subjeeting the sample to a rising
eurrent of water whose veloeity is known and ean be regulated. This
method eannot be used, however, to subdivide material finer than 3 mm.,

beeause finer partieles settle too slowly to oppose any veloeity of current

i Thoulet, J., Etude bathylithologique des cotes du Golfe du Lion. Annales
de I'Inst. Océanograph., T. iv, Fasc. 6, Paris, 1912, 66 pp. Maps.

? Sudry, L., L’Etang de Thau. Ann. de I'Inst. Océanograph., T. i, Fase. 10,
Monaco, 1910, 208 pp.

* Thoulet, J., Précis d’analyse des fonds sous-marins actuels et anciens. Paris:
Chapelot et Cie, 1907, 220 pp. Instructions pratiques pour I'établissement
d’une carte bathymétriquelithologique sous-marine. Bull. de I'Inst. Océan-
ograph., No. 169, Monaco, 1910, 29 pp.
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that is practically attainable. Theoretically there would scem, however,
possibilities of its unlimited extension to finer sizes in the centrifugal
elutriator of Yoder,' in which the velocity that the particles oppose to the
current is greatly increased by centrifugal force.

The second method, developed by Mitseherlich,’ deterniines the rela-
tive internal surface of a soil. There are two distinct procedures for
arriving at this quantity. The first is bascd on the fact that when water
is brought into contact with a perfectly dry porous or powdered substance
a certain heat is developed which is a function of the internal surface of
the substance. The finer its particles the greater, of course, will this
surface be, and the greater, therefore, the heat developed. In practice it
is more convenient to adopt the second procedure, which dctermines the
hygroscopicity of the substance, that is, the amount of water which the
material will take up out of a saturated atmosphere. This quantity, as
explained by Mitscherlich, is also supposed to have a definite rclation to
the internal surface.”

The third method, and the one most generally employed, is that of
sieving the sands in conjunetion with washing out the mud. It is to this
group that the method of Thoulet belongs, as well as that of Murray, the
U. S. Department of Agriculture, and others. To these methods are
added certain accessory procedures (the essential part of some less gen-
erally practised methods) such as treatment in heavy liquid, by the electro-
magnet, with acids, cte.

There is no room for lengthy discussion of the relative values of these
three methods; but for the purpose in hand the method by elutriation is
theoretically and practically the most satisfactory,’ sinee it classifies the

*Yoder, P. A, Bull. No. 89, Utah Exper. Sta., 1904.

* Mitscherlich, E. A., Bodenkunde, Berlin, 1905, pp. 49-70.

* An attempt to eliminate the effect of the internal surfaee of the particles
(that is minute fissures or pores in them) has been made by Franz Scheefer:
Eine Methode zur Bestimmung der dusseren Bodenoberfliche. Dissert. Kénigs-
berg. i. Pr., 1909.

*Thoulet, Précis d’analyse (op. cit.), 65-67.——Hilgard, E. W., Soils. 1906,
pp. 90-93.——Ries, H,, Clays. 1906, pp. 113-115.——Andrée, K., Ueber Sediment-
bildung am Meeresboden (op. cit.), pp. 350, 351.
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sediments by the relative settling velocities of their eonstituents, which is
the signifieant factor in sedimentation, and, on aceount of the time allowed
for working over the material in the elutriator, tends to classify them very
successfully. Its dcfeet is the great amount of distilled water, time, and
attention it requires. The method of determining surface by heat of
moistening or hygroscopicity seems to have the defect that it gives only a
single value for each sample, so that sediments made up of very different
proportions of the various sizes might yet give the same results. It is
really a method that has much more significance for soils, for whieh it was
devised, than for sediments to which it has, however, been very recently
applied.’

The method here followed, which is that of Thoulet with some modifi-
cations as will be noted, is essentially as follows: A large portion of the
sample is first passed through sieves with respectively 3, 6, and 10 meshes
to the ineh, and the portion retained is classed as gravel, though con-
cretions of these sizes should of course be separately considered. As a
matter of fact, none of the samples eontained any gravel that would not
pass the 3-mesh sieve; very few, indeed, any gravel at all, and then only
very little.  As the material was dried at 105° it was necessary to know the
proportion of gravel in such dried material, but it would not have been
pratical to dry the large portion required for gravel determination. The
whole lot was therefore weighed merely air-dried, and at the same time
a small portion weighed separately, dried for about eight hours at 105° C.,
and the percentage loss in drying determined. This loss was then applied
to the large lot in which the gravel had been determined. For the rest
of the analysis about 10 gm. of the sample, if neeessary crushed some-
what in order to facilitate drying, is dried for about eight hours at a
temperature maintained as nearly as possible at 105°. The sample was
cooled in a dessicator and weighed rapidly; but the avidity with which
the dried samples took up moisture gave an aceuracy of not more than
5 mg. to 10 mg. The balance, moreover, that was used for the later

1 Kiippers, E., Physikalische u. mineralogisch-geologische Untersuchung von
Bodenproben aus Ost- u. Nordsee. Wiss. Meeresuntersuch. Herausgegeb. v. d.
Kommiss. z. Untersuch. d. deutsch. Meere, ete., 1908, N. F., vol. x, pp. 1-11.
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analyses did not have a reliable aceuraey of more than 5 mg., which is
the smallest unit to which weights were then recorded. The sample was
next washed into an 8 oz. milk-sterilizing bottle with water and generally
a little ammonia to help disintegrate the clay. Tle bottle was then shaken
on a rotary shaker. This is simply an axis to which a board is fastened.
The bottle is attached to the board at right angles to the axis with the
middle of the bottle over the axis, so that when the axis is rotated the
sediment and water, which should less than half fill the bottle, flop from
one end of the bottle to the other twiee in oue revolution and by this
jarring the sample disintegrates. The method seemed fairly effective;
just how effective it is hard to say. Certainly in some of the samples
there was a pereeptible amount of clay granules, a little in all; they are
mentioned in some of the analyses that follow, though they are not con-
sistently recorded. But it is a question whether, i1 some eases at least,
these elay granules are not an essential part of the sediment representing
some kind of growth or eoneretion in the clay. That tliere is a possibility
of the existenee of such eoncretions is indieated by the round, elay-like
granules with faint aggregate polarization that were found in a few of
the samples (see sample 4) and believed to represent a stage intermediate
betwewn clay and glaucouite. The uncertainty prevailing in the whole
matter appears from the difference of opinion concerning the best method
of disintegrating clay, Mitscherlich, e. g., recommending that the sample
be boiled some fifteen minutes, while others say that only luke-warm
water should be used, because hot water coagulates the eclays. ‘

After being shaken ten to thirty hours, according to the apparent
amount of elay iu the sample, the material is washed out of the bottle into
an evaporating dish of 12 em. diameter. Here it is allowed to settle for a
while, the mud deeanted into a 1500 c. e. separating funnel, hot wash
water added in the evaporating dish, the settling and decantation repeated,
ete., several times. The lengtl of time during which the material was
allowed to settle varied for different samples and decreased for each suc-
cessive decantaion. If the sample was muddy the writer started with
fifteen minutes, allowed ten minutes on the seeond settling and so on down,
depending somewhat on the observed rate of clearing of the upper part of
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the suspension. This appears to have been more time than Thoulet
allowed, but it was probably on this aceount that very little residue from
the material tapped from the separating funnel was obtained. Another
slight adaptation of Thoulet’s method consisted in fixing the time for the
last settling at thirty scconds. That is, all the “sand ” and “silt ”” had to
settle in that time. This period was chosen on the basis of practical
experience with the samples, which showed that the interval was sufficient
to allow all but a eertain cloudiness to settle out. In many samples, how-
ever, it was found that there was a sort of transition matcrial which not
only had a different appecarance from the sand but also did not scem to
settle with the same promptness as the sand, forming a sort of interme-
diate eonstituent. Microscopic examination justified this conelusion as,
according to the constitution of the sample, irregular glauconitie frag-
ments, limonitic fragments, or small clay flakes secondarily cemented
appeared in this intermediate product. The determination of the amount
of this product settling in thirty seconds but not in ten, was most
unsatisfaetory, since the quantity depended largely on the amount of
water in the evaporating dish, the temperaturc of the water as affecting
convection currents, and probably other faetors, so that it was possible
to wash back much of the material that had once been washed out, and
viee versa, by continuing washing to keep on almost indefinitely washing
out a little more silt from the sand. Any absolute value, of course, the
portion settling between thirty and ten seconds has not in any case, since
it represents no distinet pure product of any kind; but even its relative
amount in different samples has no great precision. Actual results, how-
ever, as given in the following analyses, show that the differences in
quantity are marked enough in some cases to indieate roughly the amount
of this product, and thus to give some indication of the extent of the
processes—in most cases probably subsequent to the formation of the
sediment—which have produced it. Besides, since the material is finer
grained than the cxtra fine sand, it is, in the end, according to Thoulet’s
classification, counted with the clay to determine the amount of mud, so
that the separation of it does not affeet the final numerical result.
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The eclay washings in the large separator funnel were allowed to settle
for about half an hour, the settlings tapped and rewashed for any sand or
silt that might have eseaped the first washing. The amount, as indicated
above, was usually very small. This method of separating sand and
“clay” is in principal entirely similar to the method of the Bureau of
Soils of the U. S. Department of Agrieulture.’ The use of the eentrifuge
by the Bureau of Soils merely hastens settling. Their method differs
mainly in having definite size limits for the finer portions of “silt”” and
“clay.” But the analysts of the Bureau of Soils themselves recognize that
a perfect separation is never attained and that it is indeed theoretically
possible only if all the particles treated have the same density and shape.
But if other conditions remain constant the same result is attained by
allowing the particles to scttle a definite length of time through a fixed
distance, so that theoretically the method of Thoulet, as used, gives the
same results, even though time of settling instead of prevailing size of
particles settled is used as the determining factor.

In general, it must be said, and is admitted by all students of sediinents,
that all such mechanical methods of separating sand and “ clay,” while
they allow valuable comparison, are, from a scientific standpoint, still
most unsatisfactory. It is now generally believed that the colloidal state,
in which true clay may be assumed to be, is merely a certain state of sub-
division betwcen fairly definite limits (100pp to 10pu) in a continuous
series from grains visible to the unaided eye to moleeular solution. 1f this
is so, then any separation of what might be called true clay, even if it were
mechanically possible, would still be somewhat arbitrary. Moreover,
there is some reason to doubt that in a natural sediment there actually
exists sueh a continuous series rather than a mixture of certain definite
- consituents or groups of constituents each with its own size limits, the
limits overlapping more or less.

The ideal solution of the problem would be to establish a curve showing
the rate at which the settling of the constituents of a given sediment
progresses. That different constituents can be differentiated in the finest

1(. S. Dept. Agric. Bureau of Soils, Bull. No. 24, 1904; Bull. No. 84, 1912.
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portion by this method is indicated by the work of Mohr,' who carries
his settling to periods of several weeks. But he too separates between arbi-
trary limits and lis curve is therefore not continuous. Moreover, his

results show that in the very finest portions some further differentiation

could probabiy be made.
To go into a more detailed discussion of methods other than the
mechanical for the differentiation of the constituents of argillaceous sedi-

ments would not be in place here. Reviews and discussions of such
methods can be found in a paper by Stremme and Aarnio, “ Die Bestim-
muny der anorganischen Kolloide,” ete., Zt. f. prakt. Geol., vol. xix, 1911,
pp- 3R9-335, and vau der Leeden und Schneider, “ Ueber neuere Methoden
der Bodenanalyse u. der Bestimm. der Kolloidstoffe im Boden,” Int. Mitt.
f. Bodenkunde, vol. ii, 1912, pp. 81-109, in which, among others, the
method of Mitscherlich referred to above is discussed. There may also be
much to be learncd about the colloidal matter by the method of staining
and microscopic study in which a beginning has been made by Hurides-
hagen.” But it may be said in conclusion that the analysis of clay-bearing
sediments on a scientific basis, that is, on the basis of their natural con-
stituents, has not yet been attained.

To continue the description of the method of analysis that has been
employed in the present study, the clay suspension in the funnel was
tapped into a large evaporating dish. Thoulet, who, working with fresh
modern sediments, was not obliged to add ammonia to disintegrate, then
added a few drops of alum solution to precipitate the clay, scttled, siphoned
off as much of the supernatant water as possible, and evaporated to dryness
over a gentle heat. As ammonia was used in most of the present analyses,
it had to be ncutralized, which was done with hydrochloric acid. Per-
formed at first approximately, this neutralization produced irregular
results due doubtless to soluticn with an excess of acid, while to neutralize
exactly was very tedious. Moreover, experiment with one sample showed

* Mohr, E. C. Jul., Mechanische Bodenanalyse. Bull. Dépt. de I’Agr. aux Indes
Néerlandaises No. 41, Buitenzorg, 1910, 33 pp.——Ergebnisse mech. Analysen
tropischer Béden. Ibid. No. 47, 1911, 73 pp.

? Hundeshagen, Ueber die Anvendung organischer Farbstoffe zur diagnosti-

schen Faerbung mineralischer Substrate. Neues Jahrb. f. Min. etc. Beilage-Bd.
xxviii, 1909, pp. 335-378.
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that hot water dissolved a small portion of it, partly salts, partly a tough,

almost white, colloidal substance, so that in the later analyses the whole
quantity was evaporated down on a steam bath. The dried elay was
scraped out of the dish with a steel spatula, a process which always
involved some loss, partly from a small residue that adhered, partly from
dust that was carried away. The clay was then dried for eight hours or
more at about 105° C., cooled in a desiecator and weighed as rapidly as
possible.

The sand separated from clay aud silt was air-dried, weighed and then
passed through a series of sives made of bolting cloth with approximately
30 (28), 60, 100 (97), and 200 meshes, respectively, to the inch.'

Following, according to Thoulet’s observations,” are the minimum sizes
ot the materials held back by the different sieves:

— Coarse sand.

) 0.89 mm

— Medium sand.
60. ... i 0.45

= Fine sand.
100, ... cieninnnnnns 0.26

— Very fine sand.
200, .. e 0.04

= Extra fine sand.

Even this simple process of sieving is not quantitatively absolute which,
as indicated above, is one of the reasons for preferring the elutriation
niethod. The two causes are: most important of all that the grains are
not round ; a minor factor that the meshes, especially in the finer bolting
cloths, are not uniform. As a result of the irregular form of the grains,
very long grains with a short diameter less than the mesh opening will

pass, and with prolonged shaking very many of them. The duration of the

sieving is, therefore, a matter of accommodation based largely on personal
judgment and experience. The procedure was to stop when the grains
that came through were predominantly elongated. But this stage will be

! The figures in parentheses are the given meshes, according to trade num-
bering, which were the nearest that could be obtained. The actual mesh, ac-
cording to measurement, is still somewhat different, in most cases fewer
meshes per inch or larger openings. Professor Thoulet was, however, good
enough to assure the author that these were quite accurate enough.

z Thoulet, J., Précis d’analyse (op. cit.), p. 64.
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rcached mueh sooner with the eoarse than with the finer sizes. As the
coarse material was, besides, usually less abundant the coarsest size was
not generally shaken more than a minute, while the finest, that is, that on
the R00-mesh sieve, when 1t was abundant required sometimes more than
half an hour. The amount of shaking that each size reccived depended
on the abundance of the material of that size, the sizes being suceessively
removed from the nest of sicves, in the order of their fineness, while the
finest was continued until observation, with the hand lens, of the material
passed showed that predominantly elongated grains were eoming through.
The sieves were shaken by hand. The Department of Agriculture uses a
mechanieal shaker in which the sieves are left for about threec minutes.
Thoulet’s principle is to eontinue shaking until a considerable shaking
passes only a negligible amount of material,’ as it would require an
excessive length of time to produce an absolutely complete separation
of the finer sizes. But his limit, which is also only approximate, agrees
quite eclosely with the present, since, when dominantly clongated grains
come through, the rate of separation is very slow. The products of sieving
are weighed and put aside for study.

Finally the “ very fine sands ” are separated according to their specific
gravity by means of Thoulet’s solution, of a density slightly greater
than 2.7. The most serious defeet of this separation in the rocks studied
was due to the glaueonite. Fresh glauconite is lighter than alt the feld-
spar and quartz, so that it remains in the light portion and can subse-
quently be in turn separated by its density. But in all the glauconitic
rocks considered in the following the greater part of the glauconite sank
with the “heavies” and was made up of grains ranging in density in
many cases from less than 2.7 4 to higher than 3.00. This is doubtless
due to wecathering effects. An exaet determination of the amount of
glauconite by weight was therefore impossible, and even the fairly close

approximations that were obtainable with a solution of specific gravity

of 3.00 and the elcetro-magnet to be mentioned below, are not quite com-
parable on account of the diffcrence in density of the lots from different

! Thoulet, J., Précis d’analyse (op. cit.), p. 64.
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samples. The importance of considering the glauconite separately is,
however, evident, since in many of the samples it has been formed in place
and not brought in like the rest of the material.

Except for separating the glauconite the electro-magnet plays no
inherent part in the analysis of the samples. 1t has been used merely to
segregate different minerals in order to facilitate the study of them. The
magnetic permeability of different minerals is distinet, so that, by intro-
dueing various resistances in the circuit of the magnet, they can be scgre-
gated. Thoulet has for his magnet a table showing the current that will
attract cach mineral, but this varies so with the particular constitution,
and doubtless also with the amount of decomposition of the mineral, that
it affords only an approximate indication in practice. Tt was found most
practical to try different strengths of current and examine the product
with the hand lens, until a satisfactory separation was obtained. One of
the most refractory minerals in both the gravity and magnetic separation
is mica. While it tends to accumulate in certain portions, the segregation
is always far from perfect, and, moreover, in transferring it there are
always losses said to be due to statie electric charges which cause it to
adhere to the surfaces with which it comes in contact. This very static
electrie property can be used to separatc it from other minerals, but
this procedure has not been applied in the present study.

While the method thus described includes all the steps employed in a
complete analysis it appeared, when the results began to accumulate, that
some of the separations could not yield information of any value in certain
sediments, or at least that more results of importance could be accumu-
lated by not making eaeh analysis so systematically complete; henee in a
few of the later ones some of the steps are omitted.

The quantitative results of the mechanical analyscs are represented in
the diagrammatic form (pp. 169, 170) so effectively used by Mohr in the
papers referred to above” The eonstruetion of these diagrams is very

1'While Mohr devised these diagrams quite independently, exactly the same
type of diagram, differing only in scale, was used at an earlier date by J. A.
Udden, * The mechanical composition of wind deposits.” Augustana Library
Publ. No. 1, 1898, 69 pp.
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simple. The amount of each portion is represented by a vertical column of
which the height eorresponds to the percentage of the portion present in
the whole sample. The columns are all of the same arbitrary width and the
successive sizes are placed side by side, the vertical boundarics between
them being the limit of size that separates them. Their significance may
be most readily conceived by imagining the columns to represent small
sample tubes containing the different portions and placed side by side in
order of their size of grain.

Finally, mention must be made of a serious defect in the entire analysis
of 1nany samples, which arises from the abundance of carbonaeeous organic
matter present. Even a determination of it by quantitative analysis, if it
did not involve an amount of time disproportionate to the advantage to
be derived, would probably not give entirely accurate results. Keilhack®
describes a common method of determination by burning off the earbon-
accous matter, but this has so many defects that it scarcely scems worth
using. It is probably largely on this account that the Bureau of Soils of
the Department of Agriculture takes no cognizance of carbonaceous
matter, which practice has been followed in the present study. However,
a specific gravity separation might be used here to float off the carbon-
accous matter, at least in the sands, with results of a degree of accuracy
equal to that of the other separations. Certainly in some of the sediments
that in the following pages have been called of the ¢ delta ”” type the pro-
portion of carbonaceous matter is so great that it interferes scriously with
the value of the results of the analyses.

? Keilhack, Lehrbuch der praktischen Geologie, 1908, p. 540.
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THE ANALYSES

SAMPLE NO. 1 (F1G. A, p. 169)
Serial number?® : 7.
Field number : 1%°-10-2-1911,
Formation : Magothy.
Locality : Betterton.
Appearance : A compact, massive, homogeneous, slightiy greenish-gray, fine-grained,
micaceous, argiiiaceous sand.

MECHANICAL ANALYSIS
Sample . .11.040 gm.
Per cent of
sample
Sands .. . . . e teeieee.. T34
26.1

99.5
Per cent of
total sands
Coarse sand
Medium sand
Fine sand ...
Very fine sand
Extra fine sand

Per cent of
very fine sand

.. 89.3
10.0

003

MAGNETIC SEPAQATION Per cent of
total heavies
Attracted at 2000 ohms .... ceceiteenestsnnsssees. 48186
S. G.>3.002
8. G.< 3.002 (giauconite) 80.29,=32.359% of heavies
= 3.20% of very fine
Attracted at full current ..........ccv0uvuennnn
S. G.< 3.002 (mica)=23.45% of heavies
S. G.>>3.002 iargely pyrite concretions
Non-magnetic
Magnetite

DESCRIPTION OFF PRODUCTS
A. UnNDpER TuE HAND LENS ?

There ls very much carbonaceous plant matter which gives ail the sands a dark,
blackish-gray appearance.

The coarse, medium, and fine-grained sands all show a considerable proportion of weil-
rounded and smoothed quartz grains. They are all three speckled with the argiliaceous
grains described under the very fine light portlon, the proportion of these increasing
in the finer portions. Smooth limonitic grains occur in ali of the portlons, perhaps from
the alteration of gianconlte grains. I[Jeavy minerals seem to be very scarce in thesc
coarser portions though mica is scattered through the * fine-grained ” sands.

it The seriai number is the number given to the analysis when it was made, indicating
thie order in which the sampies were taken up, hence not corresponding to the present
order which ls stratigraphic.

2 {Iigh magnetite.

s Magnlfication X 10,
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B. UNDER THE MICROSCOPE
1. Very Fine Sand
(1) Light
flatio of quartz to feldspar estimated 90 : 10.

With the iight portion there is scparated an ahundance of grains of a transiucent to
opaque, humus-brown substanee fuii of smail dark granules. The substance is isotropic,
index of refraction 1.55-1.56. 1t crushes plastically under the knife. I’robahiy it is a
combination of organic and inorganie colloidal matter, with inelusions of granuies that
may be both mineral and carbonaceous but are not fresh minerai grains.

(2) lleavy
Dominant.—Gliauconlte in worn grains ; pereentage as given.
Abundant.—Magnetite, garnet, epldote, muscovite, pyrite in granular eoneretions.
Rarer.—Tourmaline, staurolite, chiorite, hiotite, topaz, 1utile, zoisite, zircon, enstatite,
kyanite, anatase (dumortierite?).
The weil-rounded form of the magnetite grains is noteworthy.

II. Finer Portions

The finer portions (extra fine, siit, and clay) show littie of special interest. The
clay is gray with a strong humus-brown stain, and contains unusually much of a dirty
fibrous matter that is common in many of the samples.

Summary and Conclusions.—Noteworthy are:

(1) The abundance and variety of heavy minerals.

(2) The high pereentage of magnetite with assoeiated garnet and
epidote.

(3) The fact that the glaueonite is all rounded, 1. ¢., reworked.

(4) The rounded elay-like grains. These may be merely undisinte-
grated eclay, though' their abundance would seem to indieate some
coneretionary proeess, perhaps the first stages in the formation of glau-
eonite, as will be explained in the general diseussion of glauconite (see
p- 176 below). The abundance of pyrite in the sample, however, suggests
that pyrite may have something to do with the formation of these granules,

though I believe such a process has not hitherto been recognized.

(5) The pyrite eoneretions. Pyrite coneretions are, under ecertain
eonditions, formed in waters in which abundant organie matter is
deecomposing.

(6) The lack of sorting indicated by the abundanee of several different
sizes of sand and the high percentage of magnetite and garnet.

1 The ratio of quartz to feidspar was determined by making severai counts, in dlfferent
parts of the siide, of ali the grains in the fleld of view of a No. 4 objective and deter-
mining the number of these that were feldspars. The feidspars were rather readily picked
out, following Thoulet, with the aild of a ilquid of index 1.548 (the mean index of quartz),
ehecked when necessary Ly determining the opticai figure. The average as wiii he seen,
is always given to the nearest § units. The relative sizes of the grains was not con-
sidered, so that the results have no absolute quantitative vaine. They do serve, how-
ever, to indicate the reiative abundance in different sampies.

9
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SAMPLE NO. 2 (FIG. B, p. 169)
Serial number ; 10.
Fleld number : 1410-2-1911.
Formation : Magothy.
Locality : Betterton.
Appearance : A hard, blue-gray, faintly laminated clay in layers about 1 inch thick with
sandy partings.

MECHANICAL ANALYSIS
Sample ..

Per cent of
sample

Per cent of
total sands

Coarse sand
Medium sand

Fine sand

Very flne sand ....
Extra fine sand

Per ceat of
fine sand

000000 5000000000000 87.5
Heavy ... . B ) O 1 |

DESCRIPTION OF PRODUCTS

A. UNDER THE HAND LENS

Tbe coarsc portion is only carbonaceous matter; the medium-grained contalns, in
addition, small rounded pyrite nodules, grains and flakes of argillaceous matter, but as
primary minerals only a few flakes of mlca. The fine-gralned contains more of the
clay grains, and mica more abundant and in greater variety, there being chlorite as weil
as muscovite,

B. UxDER THE MICROSCOYE
I. Very Fine fand
(1) Light

Quartz : feldspar=85 : 15.

Besides feldspar and quartz carbonaceous fragments and argiilaceous grains as in the
coarser portlons, are important constituents. These two constituents are, in fact, so
abundant that they interfered with the study of the quartz and feldspar. A portion was
therefore incincrated and with tbe aid of this incinerated portlon the following facts
could be determined.

Tbe plant fragments appear In two forms, one black and opaque, thc other brown,
translucent, and generally showlng some organic structure. The Incinerated portion
turned from black to red. Under the microscope it was tben found that most of the
opaque black fragments had disappcared but the brown translhicent remalned with ali
their structure, baving apparently only turned red. It may be that somec of the trans-
lucent had also disappcared but tbe essential point is tbat many of them, at least, werc
evidently permeated, or perhaps partly replaced, by some iron salt wbleh on incineration
preserved the form of the orlginal plant fragment.

ITere too the clay gralns, found in the other portions as well, could be studied under
the microscope. Tbe facts about tbem may therefore be summarized. They are round
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or flaky In form. The smalicr sizes are translucent, of a humus-brown color, filled with
smali opaque flakes and grains. They crush piasticaily but the crushed portion reveais
no new characters.

Essentially they are probably true clay and their appearancc is that of the greater
part of what is separated as clay. But it is important to know whether they arc merely
nndlsintegrated portions of clay, or whether they are minute concretions. The flaky
form of many of them supports this iatter hypothesls, suggesting their formation in
mouids such as the piant fragments might afford. For the present, however, the ques-
tlon must remaln undecided.

(2) iieavy

The heavy minerals are:

Abundant.—Muscovite, chiorite, serpentine.

Rarer.—Tourmaline, glauconite, garnet.

Essentiaiiy the heavy portion is muscovite, wlth some chiovite and scrpentince,
tourmaiine and garnct being excecdingiy rare. Of glauconite there are very few grains,
many of themn weathered yeliow.

11. Sitt

Dark dirty, brownish-hlack, micaceous. The dark color appears to be due mainiy to
the great amount of black carbonaceous matter which is probably responsibie for the
high percentage of silt separated from this sampie, though the large proportion of the
finest-grained sands is probably aiso a factor in this resuit. The carbonaceous matter
not only contributes to the slit Itseif but also catches up many gralns of fine sand which
are flonted off with it. There is very little arglllaccous matter and that In Irregular
flocules, not In the rounded gralns noted in the very fine light portion.

Summary and Conclusions.—Noteworthy are:

(1) 'The very small proportion of sands and the large proportion of
clay.

(2) The very high proportion of earbonaccous matter.

(3) The granules of argillaceous matter and the pyrite eoncretions
as in sample 1. The sample seems to be, like sample 1, high in heavy

minerals, but this is deceptive since micas are the prineipal constituent of

the heavy portion, and these in spite of their specific gravity are elassed,
in the processes of sedimentation, rather with the light and fine-grained
minerals.
SAMPLES NO. 1 AND NO. 2

General Summary and Conclusions—While sample 2 is markedly dif-
ferent from sample 1 in the much lower percentage of sand, in the general
dominanee of the fine-grained materials, and in the seareity of heavy
niinerals other than mica, it still has in comnion with it certain features
that are essential. Foremost among these is the wide range of size in the
sands ; for while thesc are dominantly finer-grained they do not show that
dominance of any one size that is eharaeteristie of the most typical marine
sediments which have heen subjected to the sorting action of strong waves.
This is at once apparent from an inspection of the diagrams of these two
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sediments (A) and (B), p. 169, with the diagrams on p. 170, rcpresenting
various types of deposits. The high percentage of carbonaceous matter is
also a characteristic of both samples. Both contain coneretionary pyrite
grains or small nodules, and in both there are the peculiar clay granules
that have been noted.

Before interpretation of the beds is attempted their manner of oecur-
renee in the field should be taken into account. This is charaeterized
ahove all by the rapid and rather extreme alternation of the beds between
the two types, sandy and argillaceous, as fairly well represented by these
two samples. Carbonaceous matter is conspicuous, also mieaceous beds,
while thin films of whitish sand between the beds are a characteristie
peculiarity.

The mechanical analyses of sediments, that are represented on p. 170,
are 1ot numerous enough nor sufficiently correlated with the exact condi-
tions of their formation to justify direet matehing of the above analyses
with them. They illustrate certain general factors in sedimentation rather
than definite types of sediment, and this first discussion of them may
therefore be made a general introduction.

The principal factors in the diagrams are: (1) The mazimum, that is,
the predominant portion. Both the extent to which it excecds the other
portions as an indication of the degree of sorting of the sediment, and the
size which it represents as indicating the strength of the sorting agent are
significant. (R) The sharpness of the “ curve,” as Mohr calls it, on each
side of the maximum, that is, the extent to which the maximum execeds
the portions on both sides of it. (3) The general form of the curve, espe-
cially whether it shows more than one maximum. 'This last feature, how-

ever, while theoretically important is evidently very much influenced by

the degree and limits of subdivision of the sample. In the diagrams of
these Cretaceous sediments the only second maximum is that representing
the clay portion, but that this would in most cases probably disappear is
indicated by the analyses given by Mohr." He makes many subdivisions
of the portion classed as clay in Thoulet’s method of analysis, with the
result that there is often a steady fall of the curve through these portions.

! Mohr, E. C. Jul., Ergebnisse mech. analysen, ete. (op. eit.).
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An examination of the diagrams on p. 170 leads to the recognition of the
following general effect of different conditions and agents on the diagrams.
Most conspicuous is the difference in the degree of sorting or sizing. The
most complete sizing is produced by strong waves and by wind action
(p- 170, figs. A, C, J, K, L). Off-shore marine sediments (p. 1%0,
fig. C) arc as well sorted as beach sands, differing only in having the
maximun! in a finer size. A similar difference in the maximum appears
between dunc sands of temperate regions (p. 170, fig. J) and those of
tropical regions (XK, L), and though this might be due to a difference in
the part of the dunes from which the different samples were taken, it is
also quite possible that the prevailing winds of these tropical regions are
stronger.

But while the deposits found respectively under the influence of winds
and of strong waves thus agree in their perfection of sizing, they also
show a certain difference in that, in the produect of wave action, aftcr the
maximum the largest portion is the next finest material, while in the
eolian deposit the next coarsest is generally the largest.'

The lagoonal deposits may be taken as rcpresenting in general deposits
in a small body of water in which there is much weaker wave-action and
less room for the horizontal separation of sizes than in the ocean. Consc-
quently sizing is less perfect (p. 170, figs. I, F).

River sediments in addition to being poorly sized tend, as explained by
Mohr,” to show an abrupt rise of the curve on the left and a gentle fall
on the right. That is, sedimentation of streams is likely to take place
from a sudden change in velocity ; hence all of the coarsest and much of
the finer material that it has been able to carry to the point of sedimenta-
tion will suddenly drop out. This is well illustrated by the typical dia-
gram, M, p. 170.

Delta deposits show a combination of this stream effect with a certain
amount of sorting as can be scen in diagrams D and I, pl. IT, but the sort-
ing cffect of wave action appears very rapidly away from the edge of a
marine delta.’

1See further, Udden, J. A., The mechanical composition of wind deposits.
Augustana Library Publ. No. 1, 1898.

?Mohr, E. C. Jul., Ergebnisse mechanischer analysen, ete. (op. cit.), p. 35.

* See some of the analyses in Thoulet’s study of the Gulf of Lyon, cited
above.
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This general view of sedimentation diagrams affords a suffieient basis
for the speeial eonsideration of the sediments diseussed in this ehapter,
To turn then to samples 1 and 2.

No detailed field and laboratory study of delta sediments has been pub-
lished, to the writer’s knowledge; but from what little ean be learned of
such deposits it appears that the beds from whieh samples 1 and 2 are
taken show many of the charaecteristics of delta formations. In their field
relations the rapid alternation, the extremes represented, the thin partings
of sand, and the abundanee of earbonaceous miatter support this view.
And eonsideration of the eonditions of sedimentation in a delta leads to
the same conelusion, for, according to the principle laid down by Johannes
Walther, only such facies ean sueceed eaeh other as can exist side by side.
Now, in a delta there is a sharp differenee between the ehannels and the
waters lying to the side of them, so that in one there would be deposited
relatively coarse sand, while in the other fine sediments would slowly
settle. Then sudden changes of channel, sueh as would be produced by
high water in a region with the extremely low relief of a delta, would bring
two such faeies into vertieal succession, producing the type of section seen
at this locality. The sandy partings, on the other hand, would result
merely from the passing eonditions of a single flood without a change of
ehannel.

The mechanieal analyses, also, fall in with this general view. To be
sure, A, p. 169 (= sample 1) and E, p. 170 (= a lagoon sediment) show a
similarity which amounts almost to identity. But the quiet, open bodies of
water in a delta would, in their eonditions of sedimentation, be entirely
equivalent to a lagoon, like that from which E, p. 170, is derived. In B,
p. 169, the upper shaded portions of the five left-hand columns represent
the analysis rcealeulated to a basis of 100 after subtraeting the clay and
silt, and in this form the similarity of the diagram to a stream sediment
like M, p. 170, with the abrupt rise of the eurve on the left and the poor
sorting, is strikingly brought out. Both these analyses therefore fit in well
with the eonditions that would exist in a broad delta.

Formation of pyrite is another eharaeteristie of such deposits. It is
due, as noted above (Sample No. 1, Summary and Conclusions), to the H,S
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liberated by the deeay of organie matter, but requires slow eireulation of
the water in whieh the H,S is liberated, so that the gas may not be earried
off as quickly as it is formed. Thus pyrite grains are characteristie of the
deeper, stagnant water of the Black Sea, and the writer has a carbonized
fragment of wood collected from the East River at New York, enerusted
with pyrite. The pyrite grains in the coarsest sediment (sample 1)
were therefore probably carried into it from some stagnant portion of the
delta invaded by a change of current.

A peculiar feature, perhaps related to the pyrite formation, was noted
in the “light ” portion of sample No. 2. Black opaque, and brown trans-
lueent earbonaeeous matter was so abundant that a portion was ineiner-
ated to free it from these partieles. The effeet of ineineration was to give
the sample a reddish eolor, but a large part of the organic fragments
remained. Evidently then they had been impregnated or partly replaced
by some iron salt, very possibly by pyrite.

Some sueh process may also account for the abundant clay granules
noted in both samples. The flat form of many of these is against the
assumption that they are merely undecomposed clay fragments, sinee in
that ease they would more probably have been developed, in shaking, with
rounded form. The flat shape indieates rather that they were formed in
some mould with that shape, perhaps in the earbonaeeous plant fragments,
where they may well have shared in the impregnation with an iron salt
shown by the plant fragments themselves. This problem, however,
requires further study. The faets are, as far as T know, new.

Of great geologie interest, though not bearing immediately on the eon-

ditions of origin of this deposit, is the oecurrence of glauconite in both of

the samples. It shows that eonditions favorable to the formation of glau-

conite existed previously even farther inland than this region. Sinee there
1s no traee of a glaueonitic deposit, older than these beds, known in the
region, there must have been a econsiderable transgression in early
Magothy or pre-Magothy times of which the deposits have been subse-
quently entirely eroded.

It is further worth noting, though without much more extensive field
study the fact must not be given too mueh weight, that this particular
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facies of the Magothy occurs here at the head of Chesapeake Bay, there-
fore just below the mouth of the present Susquehanna. It points to the
possiblc existence of that stream in Cretaceous times.

SAMPLE NO. 3 (FIG. C, p.169)
Serial number : 13.
Fleld number : 3-7-13-1911.
Formation : Matawan.
Locality : Chesapeake and Delaware Canal.
Appearance : Typical Matawan ; black glauconitic clay with little mica.

MECHANICAL ANALYSIS

SERet s kL L BT TR 8.967 gm.
Per cent of

sample

BT 64.8

o I IR T e R L 6.3

€15 N80k o 0 go B o Bbo JHEEREEGE.. 356600 00000 G0C 00a . JB8aad . 27.0

Tl - Jgoddo o 88 - 0000 00N 480 E5 000080808000 LEEREE: 98.1

Per cent of
total sands

COATEE BABE <ot o o 5 ye s o ae oot oaaitrerartaiotasaoantosssaoes 4.8
Medfum SANA ... .ouiiiitiii i i i i e 5.3
Fine sand ....... ...ttt inrneneienonnnnnnncennnennnns 5.7
VOGYAINELFAMA S . o 0o oo e oo olifoedlenecneroasseasaoissnssanssie 59.4
Bxtrasfnelsand . C ... .. it e it e e aae s a s e e s fis 24.8
10T R B 0080 gos o HEoE Soib a8 oo B It 100.01
Per cent of
very fine sund
TE R RS c1oe oo He e amame o o sFe ol o o o oors oo o o o 0 ulnl ol AT, A B 5 e /3 L 4
1 TRy 7 B o o i o SO A - o8 o G oIt S 38 o o 3 d1 o 26.3
| R ey Y U ISR [ 97.5

MAGNETIC SEPARATION

Per cent of

heavies
Attracted at 2000 ohms (glauconite) 2.... 63.7 =16.8% of very fine
Attracted at full current.............. 28.6
Non-megnetie _.....c.... ..o, 0.5 ¢ = 8.39% of very fine
Magnaite . ......coecieiaiiniseeneans 2.9
RO S ereterts o o o < EETET e o ¢ o s o 95.7
Per cent of
2000-ohms
portion
Attracted at 2000 ohms, 8. G.>38.002...........cccuvvun.. 12.0
Attracted at 2000 ohms, 8. G.<3.002 (glauconlte) 2,........ 87.1=14.6% of very fine
4T TR & 0 adob BoadtE oo TIO0E 0o A . T T “99.1

1Total sands by summatlon of parts.

2The scparation wlth the solution of denslty 3.002 was made to facilitate study of
the rare heavy minerals. A small part of the glauconlte came down with the heavy
mincrals while much mica remained floatlng with the glauconite. 'The value for per-
centage of glauconite after the separation at denslty 3.002 ls, however, probably nearer
rlght than before thls separatlon, so that glauconite may be taken as about 15% of the
very fine sand, leaving about 119 of true heavy minerals.
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DESCRIPTION OF PRODUCTS

A. UNneEr THE IIAND LENS
I. Coarse Sand

(a) Fairly well rounded grains of quartz mostiy white opaque, almost ail, however,
much pitted and corroded as If by solution,

(b) Next in abundance are rounded concretions formed of grains of fresh-looking
giauconite, quartz, etc., cemented by limonitic matter.

(¢) Some of the quartz Is of the black granuiar concretionary type (cf. Sample No. 13)
suggesting secondary orlgin in the sediment.

II. Medium Sand

(a) Angular quartz grains predominate, though there are still some very weli rounded;
there is also more glassy, less opaque quartz.

(h) The glauconite is mostly In rounded grains; most of those that are not rounded
suggest by the irregularlty of thelr form a secondary concretlonary origin from
botryoidal grains. There are a very few normal botryoidal grains ali somewhat rounded.
The proportlon of glauconite is small.

(¢) There are limonltic sand concretions as In the coarse sand but more rough and
irregular, iess rounded.

(d) Considerabie white mica.

(e) Black carbonaceous fragments.

(f) Shell (?) fragments stalned brown.

III. Fine Sand

Its general appearance is dark greenish-black, speckled.
(a) Quartz predominantly glassy and angular.

(h) Giauconlte as In preceding hut much more abundant.
(c) Llmonitic sand concretions as In preceding.

(d) Much white mleca.

(e) Many hiack carbonaceous fragments.

1V. Very Fine Sand
General appearance much llkc the fine sand.

V. Extra Fine Sand
Dark blackish-gray. Appear much like the preceding portlon.

« B. UxnErR THE MICROSCOPE
1. Very Fine Sand
(1) Light

Quartz : feldspar=90 : 10

The feldspars appear unusually decomposed. No plagiociase was found.

There {s iittle glauconlte and mica ieft.

Both quartz and feidspar show much ocherous staining.

A grain was noted made up of indlvidual grains of quartz differently oriented in a
cloudy quartz cement of homogeneous orientation, believed to be derlved from quartzite.

(2) Heavy

(a) Attracted at 2000 ohms heavier than 3.002.

The abundant mlnerals, in the approxlmate order of thelr frequency, are:

Abundant.—Glauconite In translucent to nearly opaque olive-green gralns, chlorite,
biotite unusualiy abundant, epidote.

Rarer.—Garnet, tourmaline, muscovite, staurolite, rutile.

(h) Attracted at 2000 ohms lighter than 3.002.

Not especiaily studied. Aimost pure glauconlte with some mica.

(¢) Fuli-current prcduct.

A brownish-yeliow, micaceous sand.

Abundant.—Muscovlte, chlorite, quartz. This is doubtless separated here on account of
its heavy ocherous stain.

Rarer.—Tourmaline, epldote, hiotite, ashestos (7).
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(d) Non-magnetic.

Zircon and enstatite, about equally abundant. Kyanite very rare.

(e) Attracted by permanent magnet : Mainly magnetite but with much chlorite, some
biotite, and a little glauconite. Magnetite in very angular grains.

II. Extra Fine Sanid
Mainly quartz with some glauconite and mica.

111, Silt

Dark gray with a yeliowish tint. Many limonite flakes. Much mica. A fibrous
serpentinous mineral common.

1V. Clay

Yeliowish showing much !imonitic matter. Much fibrous matter.

Summary and Conclusions—The most striking featurc of this bed is
the evidence of reworking of the material in it. Thus, except in the
coarsest sand, there is almost no glaueonite in primary botryoidal form,
the grains being mostly rounded.

I think the ocherous stain of the grains throughout, the sand-ocher
concretions, and the weathered eondition of the feldspars may be inter-
preted in the same way, for it does not seem as though such products
could be formed in a sediment as argillaceous as this while, moreover, the
bed itself remained black and free from ocherous stain. It seems more
probable that they originated in a more open-textured glauconitie sand
exposed to atmospherie agents before its constituents were reworked and
redeposited in this bed.

The other principal feature is the evidence that scems to me to point
to something like a delta facies for this bed. The factors indicating
this are: -

1. The mechanical eomposition of the sediment as shown in C, p. 169
(¢f. D and J, p. 170). The material is seen to be unsorted, all sizes being
well represented, though the three finest largely predominate. This poor
sorting suggests a small body of water, either a lagoon or a quiet open
stretch of water in a delta, while the sharp rise of the curve from the fine
to the very fine sand with a slow drop to the right has been shown in the
general discussion of these diagrams to be characteristic of stream sedi-
ments.

2. The abundance of mica.

3. Abundance of carbonaceous matter.
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4. The high pereentage of heavy minerals, especially the rather large
proportion of magnetite.
Finally, there are to be espeeially noted the black coneretionary quartz

grains which, for the present, I shall not discuss (see p. 175, below).

SAMPLE NO. 4 (FIG. D, p.169)
Serlal number : 14.
Field number : 4-7-13-1911.
Formation : Matawan.
Locality : Chesapeake and Delaware Canal.
Appearance : A fairly light-gray, very micaccous, fine-grained, argillaceous sand; no
glauconlte apparent.

MECHANICAL ANALYSIS
580090 o o o 7.510 gm.
Per cent of

Per cent of
total sands
Coarse sand
Medium sand
Fine sand ...
Very fine sand
Extra filne sand
consdone o 990

Per cent of
very fine sand

Heavy

Totai

Magnetic
Non-magnetic
Magnctite

DESCRIPTION OF I'RODUCTS
A. UNDER THE HAND LENS
I. Coarse Sand
Consists of 13 flakes of white mica and one very lustrous black carbonaceous flake.

II. Medium Sand

Almost all mica, mostly white wlth some brown and pale green flakes. Carbonaceous
grains. No quartz could be found.

I1I. Fine Sand
Same composltion as the preceding.

IV, Very Fine Sand
See mlcroscopic study of parts.
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V. Extra Fine Sand
Dirty green micaceous sand.

B. UNDER THE MICROSCOPE
1. Very Fine Sond
(1) Llght

Quartz : feidspar=85 : 15

General appearance silvery-gray, micaceous.

The quartz grains are of two kinds:

(a) Glassy grains wilth more or iess Inciusions.

(b) Rough, pitted, granuiar fragments with a greenish tinge. The green-stained
variety is, however, rare.

Glauconite occurs in pale, oilve-green, transparent, rounded grains, very fresh iooking.

All kilnds of feidspars except plagloclases were noted, in general appearing rather
rough and weathered but not kaoiinized.

(2) Heavy
(a) Magnetic
Generai appearance ilght greenish-drab, with much muscovite and a striking absence
of glauconite and generaliy of dark minerals.
Dominant.—Muscovite, chlorite, glauconite, serpentine.
Subsidiary.—Garnet, tourmaiine, biotlte, calclte (7).
The biotite appears much decomposed, some of it full of black grains (magnetite ?).

(b) Non-magnetic
Dominont.—Zircon.
Rare.—Enstatite, garnet, caicite, kyanite.

11. Bxira Fine Sond
Appearance. Silver-gray with a greenish tinge.
(1) Much giauconite in round grains, green, seml-transparent, fresh-iooking.
(2) Round, brownish grains specked with black. They look exactly like clay but
polarize faintiy. They differ from the giauconite in that the giauconite is ciear without
the black, granular Inclusions, (Cf. Siit (III) below.) !

111. Silt
(1) Much orgilloceous material in flakes or globuies.
(2) Rounded grains of transparent, granular, elay-like material of whilch the giobular
form and aggregate polarization suggest that it may be incipient giauconlte.
(3) Pale, yeiiowish-green, transparent giauconlte.
(4) A few paie yellow, transparent, angular, granular, non-polarizing flakes, probably
of iimonite.
(5) Mineral grains are common.
(6) There are iarge flakes of mica.
(7) Black carbonaceous matter.
IV. Clay
Appearance blue-gray.
Pretty fine clay with much fibrous materiai which though dirty brown and clay-ilke In
appearance yet polarizes.
The amorphous-looking clay aiso polarizes as an aggregate, probably on account of
mlnute included mineral fragments. Individual mineral grains are, however, unusually
scarce.

Summary and Conclusions.—Two characters are particularly striking
in this sediment.

(1) The foremost is the abundance of mica apparent in the original
specimen, but supplemented in the analysis by the high percentage of the

1 Note that the ciay was also found to have aggregate poiarization though that may
have been due to Included minerai fragments.
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fine-grained portions with which it goes in sedimentation, and the low
proportion of heavy minerals, yet without a very high percentage of clay.

(2) The second important feature is the apparent sccondary character
of the glauconite. There are no botryoidal grains, all those that occur
being rounded, and occurring only in the very fine-grained and finer
portions.

Furthermore there is to be noted:

(3) The abundance of carbonaceous matter.
(4) The weathered condition of the feldspars.
(5) The abundance of biotite.

Of great general interest as bearing on the problem of the origin of
glauconite arc the rounded grains of substance having the appearance of

elay and yet polarizing, suggesting a transition form between clay and

glauconite.

I shall take these up later in a general discussion of the

glauconite below. (Sce p. 176, below).

Serial number : 11.
Field number :

SAMPLE NO. 5 (FIG. E, p. 169)

1-7-13-1911.

Iormation : Matawan.
Locality : Chesapeake and Delaware Canal.

Appearance :

Yellow, micaccous and slightly glauconitle sand.

MECHANICAL ANALYSIS

1 1) v....8.395 gm.
Per cent of
sample
Sande e g, L. L I e e 92.6
“Clay " (mainly yellow ocher) . .....ovvvttiitiennnnneennnnnn 7.7
TORANL .. .o v eiantie et e e e e v e e e e e e e e e e 100.3
Per cent of
total sands
COABITSAEA. . reve e oo v e o oioie o e o oia o s avage oioiais s 8o oo annonooseloassied 0.2
Medlum SaNd . ...cvuuiineretinnenenseeroeneaeocannseonenns 2.8
4001 L A O O 24.9
Very Amer Sand. . .t oo oo e e i e e e T s 69.0
Bxbra’ BHe BAME. ... ...l R e e e e e e e e e e el o sieks 3.1
Total ..... 5.0 5o o B 0800 000 0lo b OB EEEEHNE © 0.0 000 0o 10001
Per cent of
very find sand
LGl ok o crorn e Lo L AN 506000 8 90.4
Baavy ... it 00 58030 0B o 4 d.0.00 o gl o 0 J5 8.6
IO e 0'ooolo SORIT T GO dT0 o Ao A e . 0 T T 99.0

1Total sands by summation of parts.
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MAGNETIC SEPARATION
Per cent of
total heavies
Attracted at 2000 ohms (glauconite)......
Attracted at 1000 ohms
Attracted at 200 ohms (mica)........

Total
Magnetite and non-magnetite each ahout 1 per cent.

DESCRIPTION OF PRODUCTS
A. UxpEr THE ITAND LENS
I. Coarse Sand

Eight grains of quartz, of which two are weil rounded, the others fractured, more or
jess angular and rough. Here again it scems as if the roughness might in part be due
to soiution acting on the grains.

I11. Medium Sand

Striking for the angularity of the quartz grains, though their surface is nevertheless
glossy, again suggesting the actlon of solution. Yeliowish-green giauconite with
primary botryoidal form is present. There is some ocherous staining.

I1. Fine Sand
In g‘onerai the same as the medium sands with perhaps siightiy more glauconite.

IV. Very Fine Sond

In this size the glauconite grains are in general worn, and there are many limonitic
grains.

V. Extra Fine Sand

Very iimonitic.

I. YVery Fine Sand
1. Very Fine
(1) Light

Quartz : feldspar=90 : 10.

The grains of hoth quartz and feidspar have much glauconite adhering to their
surfaces and penetrating into their fissures. There are some rusty, round grains of
giauconite present.

(2) Heavy
(a) Attracted at 2000 Ohms

Mostly glauconitc in rounded grains, some translucent brown, others semi-opaque,
dirty, greenish-yeilow.

Aeccessory.—Chlorite, epidote, tourmaline.

(b) Attracted at 1000 Ohms

Has a goiden hrown siightiy green-tinged color, from an abundance of compieteiy
yellow glauconite.
Accesgsory.—Tourmaliine, epidote, Dbiotite.

(c) Attracted at 200 Obms
Appearance golden-brown, micaceous. Aimost aif biotite generaliy pale yellow.
Aecessory.—Serpentine, tourmaiine.
(d) Fuii Current
Mainiy mica and some enstatite,

(e) Non-magnetic

Most Common.—Enstatite.
Rorer.—Zircon, rutile.
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Summary of IHeavy Minerals
Dominant.—Gliauconite, biotite.

Rarer.—Chlorite, epidote, muscovite, magnetite, tourmaline, serpentine, enstatite,
zircon, rutile,

11. Clay

Very limonitic but also with a considerable fibrous portion.

Summary and Conclusions.—In spite of the fact that this is a rather
purc sand with little clay the proportion of the finer sizes of sand, espe-
cially of the very fine, is remarkably large. ‘

The proportion of Leavy minerals is insignificant ; for if from the small
percentage that settled at 2.7 4- is deducted the glauconite there remains
principally biotite, which in spite of its specific gravity is not properly
regarded as a heavy mineral.

The botryoidal form of the glauconite in this sample indicates that it

has been formed in place. The large proportion of glauconite is unusual.

- SAMPLE NO. 6 (FIG. F, p. 169)
Serial number : 12.
Field number : 2-7-13-1911.
Formation : Matawan.
Locality : Chesapeake and Dclaware Canai.
Appearance : Typical Matawan of Maryland. A dark-gray, friable, fine-grained, some-
what argillaceous sand, showing glauconite under the hand lens.

MECHANICAL ANALYSIS

SAMDler ooe e olee s 6000 0.0@E do o 0 0 wo0 T IEEIEEEONS ee...9.867 gm.
Per cent of
sampie
Sands ...... 220 0g0 Ao do © 0 o EEB.0 o SOICICI IO AR A ™ . 75.4
SO ™ o B N Al = 000 o'T000600 g co0aB A ook BE 0 Ope | ¥4o2)
Clay ....: 8 5 o B A do 4 FEEE 000 o 3 cl0f O R B BT DO g © o 21.2
Retall.fo e e b Sl o 00 06 6 grlo Sd OB EaaaE oo eeiels s .t SO8TE
Per cent of
total sands
Coarse sand ............cc0uivunnnn. 880000 6000D00000 G 3 157
Medium sand ...... ol 3058 oo 36 dE oo BaR B 060 0O 00000000 0 9.3
Blnessand . w. . ot bl oo e, 6o ewoddooo dbcoooo D 32.6
Very fine sand ................. o0 50 477
Extra fine sand ........... S0000 6 86 000 BBEaG . BaGas 8.4
Totat ............ bio 0 ORI 000 opp codqboo slelees oe e e o o R DOAT
Per cent of

very fine sand

1t was not at first intended to weligh the products of magnetic separation, so that a
large amount of the glauconitic portion was taken out for various purposes hefore it
was decided to weigh. IFrom the weights of the other magnetic products, however, the
welght of giauconite may be approximated :

Glauconite about 95% of heavy portion=about 25% of very fine sand.
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DESCRIPTION OF PRODUCTS
A. UnDER THE 1lIAND LENS
1. Coarse Sand

Contains one grain of fine gravel. Most of the quartz grains are milky, opague, some
of tbem stained green; doubtiess by giauconite. A few of tbe grains are perfectly
rounded and polisbed like wind-blown sand. The rest are subrounded or rougb but many
of tbem with the glossy * solution ' surface. A grain of clay witb inciuded sand grains
looks iike a comcretion (cf. Sampie No. 3). Only one grain of quartz shows limonitic
staining. There are some transparent, celluiar, icaf-like piant fragments.

11. Mcdium Sand

Differs from the coarse sand:
(1) in containing a few grains of fresh-looking, green, botryoidai glauconite,
(2) in containing a very few grains of heavy minerais inciuding a littie mica.

111. Fine Sand

This portion has a “pepper and sait " appearance due to the abundance of glauconite
mixed with the quartz. While most of the quartz is very angular there are, as in the
preeeding portions, still a number of very well rounded grains. Most of the glauconite is
very fresh iooking, but a good deal of it nevertheless shows rounding hy wear.

I1V. Very Fine Sand
Contains more giauconite than the preceding, but is othcrwige very similar.

V. Eatra Fine Sand
Dark greenisb-gray, micaceous.

' V1. silt

Light greenish-gray, micaceous.

B. UNDER THE MICROSCOPE
1. Very Fine Sand
(1) Light
Quartz : feldspar=90 : 10.

The striking features are:
(a) The absence of iimonitic staining.
(b) The smali amount of glauconite along cleavage eracks and fissures.

(2) Ileavy

(a) Attracted at 10,000 Obms

As indicated ahove this is principaliy glaueonite. The minerals identified are: garnet,
tourmaline, deep Dblue chlorite, staurolite, epidote, muscovite, blotite, rutile.

(b) Attracted at Fuil Current
Dominant.—Muscovite, serpentine.
Common.~—Tourmaline, rutile.
Rare.—Blotite, epidote, enstatite, quartz with rutile inclusions.

(¢) Non-magnetic

Enstatite most ecommon with much zireon.

11. Extra Fine Sand
The glaueonite in this portion is in rounded grains.
111. Sit

Here the glaueonite is in irregular flakes. The product therefore has a distinct
quaiitative though not a quantitative significance.
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I1V. Clay
A normal, pure-looking, blue-gray clay showing under the microscope few mineral

grains. but also few of the polarizing fibrous particles which appear to be characteristic
of most of the clays; it s mainly amorphous brown matter.

Summary and Conclusions.—This is a typical, normal sample of the
Matawan of this region and as such offers little requiring special com-
ment here. The condition of the glauconite in it seems to prove that the
glauconite is primary, so that this sediment represents lithologic condi-
tions under which glauconite may be formed. There has been very little
secondary action of any kind as is proved by the abscnce of limonitic and
of glauconitic staining, while the sharpness with which the separation of
clay and sand could be made confirms this conclusion.

The secming argillaccous concretions (see coarse and medium-grained
sand) should be noted. Noteworthy, also, is the small amount of carbon-
aceous matter.

SAMPLES NOS. 3, 4, 5, AND 6
General Summary and Conclusions.—These four samples are from one

locality and section and were taken in order to find what the analyscs
might show to supplement their field relations. The results are inter-
esting enough to justify a special discussion here.

Following is the field section, beginuing at the top:

(5) A capping of post-Cretaceous gravel and diagonally (current) g
bedded sand.
(4) Very glauconitic, yellow, somewhat argillaceous sand............ 2-3
Sharp contact with
(3) Very glauconitic, gray, argillaceous sand (Sample 6)............ 6

Bed 3 seems to grade into bed 2 although an appearance of a
sharp contact is given by a thin line of limonitic staining separat-
ing the two beds.

(2) A light yellow, glauconitic sand containing little clay in the upper
part but growing more argillaceous and gray towards the bot-
(oo (S 02000 (D)) B S oot SRR o it S o 25000 Aot Ho b Eh oo 0o o o 12

About 2 feet at the top are filled with tubes 1 inch in diameter,
running through the sand in all directions and containing very
glauconitic sand.

Sharp contact with

(1) A dark gray, micaceous, glauconitic, argillaceous sand, growing
less micaceous and more glauconitic towards the lower part. Ex-

posed to base of section........... ..ottt b

(Sample 4 = upper micaceous part.)
(Sample 3 = lower glauconitic part.)

10
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Considering the ficld section and the analyses together we find that they
fall very naturally into two distinct types.

A. That represented by samples 3 and 4 = bed 1; micaceous material,
with reworked glauconite and much carbonaceous material.

" B. That represented by samples 5 and 6 = beds 2 and 3; typical
Matawan beds, with glauconite evidently formed in place.

The resemblance of type A to the Magothy as at Betterton (see
samples 1 and ?) is apparent, with the marked difference, however,
that there is here no rapid alternation vertically in the character of the
beds. Without paleontological evidence it is moreover not certain that
bed 1 here is not Magothy, though just as there was evidently glauconite
formed before the formation of the similar beds of the Magothy at Better-
ton, so there is no apparent reason why in the midst of the glauconite
formation of the Matawan there should not be a facics similar to the
Magothy.

While the present state of our knowledge of sediments does not allow
a definite classification of these beds, I think it is evident that bed 1 repre-
sents more of the river delta type of deposit while beds 2, 3 and 4 repre-
sent the more quiet conditions under which glauconite is formed.

Considering these two groups we find at first glance a remarkable lack
of difference in the relative proportion of sand and clay and in the per-
centage of very fine sand, but the striking difference is in the distribution
of the other sizes. Thus in what are tentatively called the delta type there
is very little material coarser than the very fine, this portion forming the
maximum and appearing in the diagrams (figs. C, D, p. 169) with the
abruptness characteristic of delta and stream sediments (cf. figs. D, I, J,
p- 170) ; at the same time the abundant extra fine gives a transition to the
clay—a featurc which from these same diagrams on p. 170 is seen to belong
niore to this type of sediments.

Samples 5 and 6 (E, F, p. 169) on the other hand, while they show some
marked differences from each other, have in common a clear antithesis to
samples 3 and 4 in the two features just cnumerated, that is, there is a
more gradual gradation through the coarser sizes to the maximum in the
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very fine, and a more sudden drop to the finc, features which from the
diagrams on p. 170 are seen to differentiate open-water sediments from
those of deltas or streams (compare figs. A, C, E, with D, I, J, p. 170).

TFurthermore, while at first sight the proportion of heavy minerals
shows no consistent difference in the two groups, it is found when glau-
conite is deducted that the pereentage of heavy minerals in the glauconitic
type is only 2%-3%, while in the “ delta ” type it is about 8%. Besides,
the deduction of glauconite is much more significant in the glauconitic
type, sinee here it is not an imported mineral. But while in its fresh con-
dition glauconite has generally a specific gravity considerably less than
2.7, it is questionable whether the material in bed 1 had not already
become partly decomposed, and thus aetually a heavy mineral, before it
was transported into bed 1. In sample 3, which is the portion of bed 1 in
which glauconite is particularly amundant, both the glauconite itself and
the ocherous staining of other minerals support this belief, as I have indi-
eated in the discussion of that sample.

As to the history of the succession that can now be worked out for this
seetion I should first question the field determination of a sharp contact
between beds 1 and 2. On the eontrary, sinee bed 1 is very argillaceous,
and bed 2, while it grows more sandy towards the top, is also argillaceous
at its base, it seems more probable that there was here a transition, though
it may have been quite sudden.

Then we have in bed 1 the evidenee for the exposure of an older glau-
econitie bed to the atmosphere with partial deeomposition of the glauconite
and ocherous staining of the other grains. This bed was attacked by the
strcam which deposited in its delta the material of bed 1, while through
deepening of the water or reduction in grade of the supplying stream the
material gradually grew finer. Ultimately by a eontinuation of this evo-
lution the waters became quiet and clear, and favorable to the formation
of glauconite. Under these circumstanees beds 2 and 3 (samples 5 and 6)
were formed, but the conditions controlling were, at noted above, not in
all respeets similar for the two beds. A glance at E and F, p. 169, and com-
parison with the figures on p. 170 show at once the essential grouping of
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the differences. Bed 2 (sample 5, fig. E, p. 169) is of the well-sorted type
produeed by strong wave action or by wind ; bed 3 (sample 6, fig. F, p. 169)
shows a remarkable resemblance to the poorly-sorted lagoonal type repre-
sented in E, p. 170.

The facies of bed 3 (sample 6) is therefore easily recognized ; it was
formed not in the open zea but in a more enclosed body of water, a
lagoon, or perhaps an estuary or an arm of a bay like Chesapeake Bay of
to-day. Butbed 2 (sample 5) is harder to place. Mere eomparison of its
diagram (L, p. 169) with the diagrams on p. 170 shows a resemblance to
diagram J even more striking than that of I, p. 169, to E, p. 170. This
does not necessarily mean that bed 2 was wind-deposited. Its general eon-
forming to the rest of the section with transition probably at bottom as
well as at top (in any ease a more argillaceous composition in its lower
part), and the faet that no striking rounding of the quartz grains was
noted, are against this interpretation. The discrepancies can be adjusted
1f 1t be assumed that the difference between diagrams of wave-sorted mate-
rial, like C, p. 170, and wind-sorted material like J, p. 170, is more funda-
mental than mere difference between action of water and air, and repre-
sents rather the diffcrent effects of wave and current action. That is, a
current of water might produce the same sorting shown in E, p. 169, as
was produeed in J, p. 170, by a current of air.

Theoretical considerations lend support to this conclusion. For
the action of waves consists essentially in a prolonged working over of
material of a certain maximum degree of coarseness depending on the
average uniform conditions under which material is supplied to them.
Trom this they tend to eliminate all the finer material, produecing a
concentration of the coarsest. Even though their strength is econstantly
fluetuating the end result of their work is the produet essentially of their
mazimum force. But a current is an aetively depositing agent, and while
it will also tend to eliminate all material that is fine enough to be earried
by it, the sorting it produces will be rather the result of its mean strength
corresponding to a certain fineness of material whieh would be aceumu-
lated too fast to be aceessible for reworking by its maximum strength.

Hence the coarsest material brought in during periods of maximum
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strength would represent a minor admixture to a larger quantity of its
average size. In this way would result the difference between marine and
wind sediments shown by diagrams C and J, p. 170, in that iu the marine
deposits, which are essentially the products of wave action, the next largest
quantity after the maximum is in the next finest material, while in dune
sands, which are essentially current-deposits, it is in the next eoarsest,
That is to say, in wave-worked material there would be an admixture of
finer material which had escaped the maximum wave strength, while in
current-deposits the products of their greatest strength would appear as
the admixture and the finer material produced by their average strength
would survive as the maximum,

That some sorting action and not the advent of coarser material is
responsible for the presence of a smaller amount of very fine sand in bed 3
(sample 6, F, p. 169) than in bed 2 (sample 5, E, p. 169) appears from
the fact that there is actually more of coarse, medium, and fine sand
together in the argillaceous sample 6 than in the sandy sample 5. 1t may
still be, in view of our imperfeet knowledge of the mechanical composi-
tion of sediments, that in spite of the divergence of sample 5 from typical

wave-worked sediments it is nevertheless the product of deposition in
more open water, perhaps as a result of the deepening suggested above,
and that as deposition continued, or possibly uplift of the region replaced
subsidence, the area in which this seetion was deposited became cut off as
a lagoon or estuary. But the interpretation that the difference is due to a
local eurrent which passed over the area when the lower bed (bed 2) was
being deposited, hut disappeared before the deposition of the upper bed
{(bed 3), seems the more probable.

The position of the line of limonite staining between beds 2 and 3
is probably determined by distance from the surface and porosity com-
bined. Such lines are common throughout the region and by their wavy
form and lack of relation to the lithology show that they are sccondary
and formed by circulating ground waters.

Bed 4 may represent shallowing of the water, but as it is at the top of
the section its sandy yellow appearance is more probably due to alteration,
so that in the absence of an analysis nothing definite can be said about it.
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SAMPLE NO. 7 (FIG. G, p.169)
Serlal number : 15.
Fleld number : 3-9-12-1911.
Formatlon : Matawan.
Locallty : Camp Fox, Chesapeake and Delaware Canal.
Appearance : Friable, sandy, gray-whlte marl, speckled with glauconite.

MECHANICAL ANALYSIS

THE PETROGRAPHY AND (GENESIS OF SEDIMENTS

Sample .......... 30 0 0000 0000GCRE0000000 ddoooo 9P 0000 g0 o 8.404 gm.
Treated with dilute HC1 to dissolve lime.
Per cent of
sample
Llme-free residue .......... et o oeols o B0
Llme (hy dlfference) ....... o o ORI 5. 5. IS i | 213
TOtA] o ovoeernanscanssanssascans [ S s [y 2 0)
Per cent of
lime-free residue
Sands ....... 00CCCo 000000 000000000 0 000000 .. 878
L P P ¥ 11 A X
Clay (hy dlfference) ........ 000 00 000000 00080000 0 o 850 11.3
Total ................. 0 000000 00000000 .....100.0

Per cent of
total sands

Coarse sand ......... 000000400 F P 1 4
Medlum sand .................. R B 0 0 5 0 Lo
Flne sand ....... oo 0000Qd ©0000000dop0oo0OGT ceees e .. 608
Very finesand ............ B00hs o PRa Enas . e maaseee s 200
Extra fine sand ...............c.00uu.n. 5608000068 o St 2.8
TotAl .....c00.0. e Ll g ettt ... 908
Per cent of
very fine sand
Light . 000000000 e 0000000Qf - ... 573
Heavy 000000000 aa 00000000D 0000020 co 0000000000000000db 42.2
Total ogMhgoo q 00QQ000000 o8 55 S (313

MAGNETIC SEPAAATION

Per cent of
total heavics

Attracted at 2000 ohms (glauconite)..... 86.0 =36.29% of very fine
Attracted at full current............... 7.5
Non-magnetle .................. e 04L— @9 of very fine
Magnetite ................0000 6000000 3.0
ROtA s o . o o Gt T e ke - oo F Y. 0 . 96.9
Per cent of
2000-ohms
portion.
Attracted at 2000 ohms, 8. G.>3.002............... . 13.9

Attracted at 2000 ohms, 8. G.<3.002 (glauconlte)?... 86.1=74.09 of heavy=31.29 of

Total

very fine

1A minlmum value
wlth the part heavler
especlally mica In the
than that of the glauc

for glauconlte In thls portlon, since some glauconite came down
than 3.002. There are, on the other hand, some heavy minerals
part that filoated at 3.002 though thelr welght Is doubtless less
onite that settled. Good approximatlons are probably :

Glauconlte 809 of heavy=235% of very fine,
which leaves actual heavy minerals about 7% of the very finc.
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DESCRIPTION Of TiIE PRODUCTS
A. U~NDER THE HAND LENS
1. Lime-frce Residue
This separates ln water into two very distlnet parts:
(1) Very glauconitic clear sands.
(2) Dark hrown clay (prohahly with considerable 1imonite) which floats on top.

11, Coarse Sand

Eight grains of quartz with giossy, pitted surfaces; one of them is stalned green ; one
is sugary and stalned hrown. Some leaf fragments.

II1. Medium Sand

Glossy, angular quartz; some sugary grains stained hrown as in IF; almost no grains
stained green. Very fresh hotryoidal giauconite ; some rounded gralus of glauconite.

IV. Fine Sand

Much of the glauconite is rounded and more than in III is faded yeliowish ; otherwlse
the glaucoulte is as in III. There Is very littie mica.

V. Very Fine Sand

The glauconite ls almost all rounded, much of it weathcred yellowish. The grains of
quartz are all angular.

VI. Extra Fine Sand
General appearance green. The glauconite is half yellowish, half fresh, blue-green.
O B. UNDER THE MICROSCOPE

1. Very Fine Sand
(1) Light

Quartz : fcldspar=90 : 10.

The dectermination of the proportion of feldspars present is made difficult by the
presence of milnerals Iin various stages of decomposition, towards a mass with complex
aggregate polarization, which may be derived from feldspars. Dlflicuities are aiso afforded
by cloudy grains which may he quartzite. Most of the fcldspars arc much wecathered. A
grain of piagioclase was noted. There Is much irrcgular glauconltic staining of grains,
and glauconite in thick seams along cleavage cracks. Many gralns of glauconite are
present.

(2) Heavy
(a) Attracted at 2000 Ohms, S. G.>3.002
More than half glauconite. Magnetite largest part of remainder, many of thc gralns

well rounded. Red garnet a little less common than magnetite. Epidote and stauroiite
rather common. Some chiorite. Green zircon (7).

(b) Attracted at 2000 Ohms, 8. G.<3.002
Almost pure glauconite, in well rounded or botryoldal grains, opaque to slightly trans-
lucent, free from coarse-granular inclusions. The botryoldal gralns are very scarce.
There is, In addition, a very iittle muscovitc and quartz.

(c¢) Attracted at Fuil Current

Tourmaline, rutlle, augite, biotite, muscovite, green zircon, chlorite, giauconite. The
glauconite in this portion ls in rough, irregular grains, ciondy to opaque, mostiy fuli
of Dlack minecrai grains. Many of the grains that look like chlorite are found to have
undulatory to aggregate polarization Indicating that they are in a transition stage from
or to chlorite. In view of the fact that glauconite 1s itself belleved to he one of the
chiorites this may be of significance for the formation of giauconlte. Two smail, remark-
ably spherical grains of quartz are noteworthy.

(d) Non-magnetic
Mocst common enstatlte, zircon, augite, hornblende, apatilte, rutlle, andalusite (7). The
good preservation of the crystal form of the rutile is striklng.




148 THE PETROGRAPHY AND GENESIS OF SEDIMENTS

(e) Magnetite
Very angular, with a few rounded grains. Much glauconite included. Some garnet.

1I. Extra Fine Sand
Largely glauconite in irregular grains.

11 gilt
Nothing of interest. Mineral grains, much mica, glauconite. Very few llmonlte flakes,
Summary and Conclusions.—This sample, which may be considered

typical of the facies of the Matawan in this neighborhood, is interesting,
first of all for its marly character, that is for the combination in it of clay
and high lime content with glauconite. With the high lime content goes
a great richness in fossils. I can see no rcason for considering this differ-
ence other than primary, sinee there is no factor apparent that would pre-
serve the lime here morc than in other occurrences. Of course it is
assumed that foraminifera originally occurred in all the primary glau-
conitic rocks, but their shells would form merely a thin coating on the
individual glauconitic grains, not a calcareous argillaceous mass through
which the glauconite might be distributed. It is, therefore, fair to assume
that the bed was formed under conditions unusually favorable to the life
of neritic shell bearing forms.

The diagram for the sample (X, p. 169) is that of a rather normal opcnu-
water off-shore sediment, with sorting, however, less perfect than in
marine off-shore deposits.

In the mineral composition there is noteworthy the occurrence of sev-
eral minerals scarce or very rare in other samples, especially hornblende,
augite, apatite, and andalusite. The unusually good preservation of the
crystal form of rutile indicates its derivation from nearby.

The general fresh condition of the glauconite is characteristic for the
sample. In view of this fact it does not seem probable that the irrcgular
grains of glauconite with inclusions represent a decomposition product,
for in that case some intermediate stages would be expected. More prob-
ably, therefore, they are a distinet type of glauconitic product. Their
form and ocurrence suggest analogies with the limonitic flakes in many
samples, which are probably mainly small encrustations loosened fromr
the grains on which they occur. In the same way thesc would be loosened
flakes of glauconite encrustations, such as are found ou the surfacc and in
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cracks of many quartz and feldspar grains in this and other samples.
While the botryoidal grains of glaueonite were presumably formed in the
shells of foraminifera, these encrustations and stains must have been
formed unenclosed in the midst of the sediment. Though the manner of

their formation is not yet clear this difference in the eonditions under

which they developed may well aeeount for their different appearance.
Concerning the complex chloritic grains, also in the full-current

product, I have no interpretation to suggest, but merely draw attention

to them again here.

SAMPLE NO. 8 (FIG. 11, p. 169)
Serlal number : 16.
Fleld number : 5-9-12-1911.
Formation : Matawan or Monmouth.
Locality : Camp Fox, Chesapeake and Delaware Canal.
Appearance : Flne-grained, dark-green, speckled sand, considerably weathered and stained
with limonite.

MECHANICAL ANALYSIS

Per cent of
total sands
Coarse sand
Medium sand
Fine sand
Very fine sand
Extra fine sand

Per cent of
very fine saud

MAGNETIC SEPARATION Per cent of
total heavies

Attracted at 1500 ohms
Attracted at full current
Non-magnetic

Magnetite

Per cent of
1500-ohms
portion
Attracted at 1500 ohms, S. G.>>3.002 6.2
Attracted at 1500 ohms, 8. G.<3.002 (glauconlte)... 94.8=85.8% of heavy=231.3% of
very fine
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DESCRIPTION OF I'RODUCTS
A, UxpER THE IHaxD LENS

1. Coarse Sand
Quartz grains so strongiy pitted that their originai form is obscured. Many of them
are stained yeiiow. Besides the quartz there are brown, opaque, llmonitic gralns. One
of these has the characteristic form of an agglomerated giauconite grain. There are
two littie concretions of sand, one in a dark Dbiackish matrix, the other in a yellow,

iilmonitic cement ilke thc concretions in sampie 3.

11. Medium Sand

Yeliowish-green, specked with dark giauconite. The quartz is angular. Giauconite
botryoldal. Smooth reddish-brown grains of which one or two were seen in the coarse
sand are more common here. Some of them have a conchoidal fracture ilke iimestone,
and the fresh surface Is pinkish-white. Others, probabily partly decomposed, are brittie
and pale yeliow Inside. They dissoive with effervescence In coid diiute hydrochioric acid.
They are therefore probabiy either siderite, or calcite or aragonite stained by iimonite.
Their smooth rounded form and glossy surface suggest their origin in connection with
some organic process.

I111. Fine Sand

Like II except that there appears to be somewhat more glauconite and that most of the

glauconite is in rounded grains.

IV. Very Fine Sand
Like preceding but much of the glauconite turned yeilow.

B. UNDER THR MICROSCOPE
1. Light

Quartz : feldspar=290 : 10.

General appearance greenish with some grains of giauconite and some limonitic stain.
There Is much giauconite aiong the cleavage of feldspars and in irregular staining
patches on the outside of the grains. Some of the glauconite grains seem to show
aimost their originai botryoldal form.

11, Heavy
(1) Attracted at 1500 Ohms, S. G.>3.002

Dominant.—Magnetite, garnet (red and colorless), epidote, staurolite.
Rarer—Tourmaline, chlorite, chioritoid (1 grain).

(2) Attracted at 1500 Ohms, S. G.<3.002

Practically pure glauconlte. Opaque and densely clouded gralns wlth a yellowish
tinge. They do not show coarse granular Inclusions only a fine dlssemlnated powder
responsible, at least In part, for the cloudiness.

(3) Attracted at Full Current

Under the hand lens much rusted giauconlte and other rust-colored minerals. Chlorite,
muscovite, biotite, tourmaline, andalusite, augite, apatite, rutile, enstatite, zircon,
kyanite, aragonite. DParticulariy characteristic are two types of gralns to which the
brown color of the portlon is largeiy due. These are:

(a) A brown granuiar, non-poiarizing grain which looks iike what I have been calling
limonite but which dissolves completely in diiute acid, with strong effervescence,

(b) A brown, transiucent mineral occurring in irreguiar forms but also In parallel
sided (prismatic) gralns. The grains of irregular shape have imperfect, more or iess
unduiatory extinction, but that of the prismatic grains is generaily perfect and parailei.
These grains also dissoive with effervescence In dliute acid, but seemingly not always
completely, leaving a sKeleton or nucleus.
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The oniy expianation I have for (b) is that it s aragonite stained with limonite. The
form and undulatory extinctlon of some of the fragments of this type suggest that they
are parts of the shells of some animaj—(a) Is probably something simiiar, but I cannot
explain 1ts non-polarizilng. The matter requires further study. Most of the flakes of
mica and grains of decomposed mlnerais in this portion are stained green.

(4) Non-magnetic

Dominant.—Zircon, enstatite, apatite, in about equai amounts.
Rare—XKyanite, rutile.

(5) Magnetite

Almost ail In anguiar grains. Contains, besides, much slightly cloudy, yeliowish-green
glauconite. Some muscovite and garnet.

111. Extra Fine Sand

General appearance drab olive-green. Light minerals and giauconite In about equal
proportlons, with of course some rare minerals. The giauconite 1s both in rounded
gralns and In Irregular fragments. There are some iimonitic flakes.

1v. Silt

Limonitle flakes are prominent in this portion. There is less giauconite than In the
extra flne-grained.

V. Clay

General appearance faint yellowish-gray, with not as much Iimonltle material as
might be expected from the character of the rock. There is a considerable amount of the
fibrous material which has been found characteristic of the clays.

SAMPLES NOS. 7 AND 8

General Summary and Conclusions.—The significance of sample 8 is
largely in its relation to sample 7, so that it must first of all be con-
sidered in conneetion with this.

In the field the upper part of the marly glauconite sand from which
sample 7 is taken was found to be full of pyenodont shells much worn,
bored, and sometimes broken. This condition seems to indicate a period
of exposure in shallow coastal water. Together with the sharp eonfact
between this bed and the overlying, it proves a disconformity, at least
locally.

The most striking fact about their relations is the almost perfect simi-
larity in every respect except the lime content.

The sands in the upper bed (sample 7, fig. L, p. 169) arc a little
coarscr and a little less perfectly sorted, but in the proportions of sand
and clay, the general rclation of the different sizes and the mineral content
there is remarkable agreement. This extends even to the proportion of
glauconite, which is almost cxactly the same in the two beds. The only
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difference is a secondary one that might be expected from the loose texture
of the upper bed as against the compactness of the lower—namely, more
limonitic matter in the upper. But it is very interesting to note that the
glauconitie staining of mineral grains is not one of these secondary dif-
ferences; nor the apparently altercd opaque condition of the glauconite;
which would thus seem to have heen produced before the beds were
emerged. '

The two beds are thus so intimately related that if it were not for the
accumulation of oysters in the top of the lower bed one would be led to
assume continuous deposition. The essential difference is in the presence
of abundant shells in the lower bed. It may be that the somewhat less
agitated condition of the water in which the upper bed was deposited
produced enough differcnce to make the area relatively unfavorable for
the animal life which had abounded at the time the lower bed was formed.

In any case the change appears to have been a subtle one.

SAMPLE NO. 9 (FIG. I, p.169)
Seriai number : 19.
Fleld number : 17-9-28-1911,
Formation : Matawan.
Locaiity : Grove Point, mouth of Sassafras River.
Appearance : Dark blackish-gray, fine-gralned, mlcaceous, arglllaccous sand wlth some
scattered pebbles of fine-grained whilte quartz too scarce to have been caught In

analysls.
MECHANICAL ANALYSIS
B8 1) o) [ R 10.780 gm.
Per cent of

sample
SARAS ... e i e e et e s e 68.5
oLIIoR 5510 G100 ot TR, 0 5 0 5 0 0 B e e b o 241
(81704 6660000 0db 0660600060060 00060000000000c AL 0000000060804 28.2
Tatall .o M e e e, 08.8

Per centf

total sands
Coarse Sand . ... ...t it e N 000000000060 0.1
Medium 8aDNA ... ...ttt ittt ittt ettt 0.4
Finesand ............... 000000 00000000CA00000000000000000 0.5
Very fine sand .......... it e 45.1
Extra finesand ........ ... it e 53.0
€ 099.1

Per cent of

very fine sand
1 o e 50 S S R S P, SR T 91.4
D L 5.6
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DESCRIPTION OF PRODUCTS

A. UNpia THE 11AND LENS
I. Caarse Sand

Nine gralns of miiky quartz, some very rough, others rounded but strongly ecoroded.
Several black earbonaceous flakes.

II. Medium Sand
Much 1llke the coarse sand, with some glossy quartz in small angular gralns, with
more well rounded gralns than the coarse sand, some miea, and much black earbonaecous
matter mainly fragments of wood.

III. Fine Sand
Very much white miea and some ehlorite. Most of the quartz is sharply anguiar but
there are stili some rounded grains. There are a few grains of heavy minerals, zireon,
garnet, etc. Very much black carbonaceous matter as above.

IV. Very Fine Sand

Sllver-gray with much mlea and mueh fine carbonaeeous matter. It Is darker than the
extra fine sand which apparently contains iittie carbonaceous matter.

B. UNDER THE MICROSCOPE
I. Very Fine Sand
(1) Light

Quartz : feldspar=95+4 : 5.

It is hard to eount the feldspars In thls sample on aceount of the aggregate polariza-
tion of many grains which probably are deeomposing feldspars but whieh eannot be
ldentlfied. However, thls should be regarded as an essentlal eharacter of the rock and
with the low pereentage of feidspar shows that the decay of the feldspars had advanced
far in thls sample.

There is a great varlety of feldspars present including some plagloelase.

The material 1s eharacterized by a dirty yellowish staining of the grains neither
ocherous nor glauconitic hut in a very few cases looking like remnants of a glauconitic
staln. There are a few chioritie grains whleh, however, show aggregate, ineomplete, or
undulatory polarization, and some very pale greenish-yellow without noticeabie bire-
fringenee.

There Is considerable muscovite. No glaueonite was found.

(2) Heavy?!
(a) Magnetie

Dominantly muscovite with abundant chiorite and biotite. A very littie garnet and
tourmallne were found.
(b) Non-magnetic
Zireon.
II. Extra Fine Sand
Fine grayish-white sand. Quite pure, unstainc® .guartz and feidspar with some
scattered carbon and a few gralns of green chlorlte i videnee.

II1. Silt
Darker gray, more mieaceous than II. Under the microseope like the extra fine sand
with more carhonaceous matter and more mlea. There are many of the pale yellow
chloritic grains that were observed in the very fine light portion.

IV. Clay

Pure blue-gray. Unusualiy rich in the fibrous, dirty-colored, poiarizing materlal found
so characteristic of the clays.

1 This was the first sample examined for minerais so that the identificatlon is prebabiy
not complete.
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Summary and Conclusion.—The prominenee of fine-grained material
in the sample and the abundant miea and earbonaceous matter recall the
Magothy formation of this region, but it differs from the Magothy in the
field by oceurring in massive beds, while the Magothy is thin-bedded or
laminated. Moreover, there are marked differences in the composition of
the material.  Its diagram (G, p. 169) is peeuliar in that while it shows
almost only fine material the nearly equal proportion of the different sizes
is striking. The abrupt rise of the “ curve”” on the right is a character, as
already noted, of stream sediments, but the stream sediments shown in
diagram M, p. 170, do not show so large an admixture of clay to sands. In
the study of this bed in the field a peeuliar mottled effect of light and
dark-gray portions, which on close examination were found generally to
consist of cylindrical tubes of the light sand running at random in more
or less vertical direetions through a matrix of the dark sand, was noted.
They did not resemble worn tubes which are generally solid cylinders, not,
like these, hollow eylinders filled with the dark material that surrounds
them. The interpretation which suggested itself at thc time was that
the sand had been deposited in the midst of reeds whieh after their deeay
had been replaced by clay but had bleached the sand around them. I think
this cluc leads to a diagram whieh while not exaetly like G, p. 169, yet
explains some of its anomalies. On p. 170 are two diagrams, G and H, of
materials from the same general lithologie belt in the Lagoon of Thau, but
H representing sediment deposited in a portion of the lagoon overgrown
with water plants. The effect of such a tangle of plants would naturally be
to produee less perfect sorting, and this is what we see in eomparing dia-
grams G and I, p. 170, the extra fine portion having been inereased at the
expense of the clay but witheut an inerease, even with a slight decrease,
in the relative amounts of the portions eoarser than extra fine. This
low proportion of these eoarser sizes would naturally result from their
intereeption in the same way by the nearer-shorc portions of the same
plant areas. As a result of these proecesses then, a diagram like I, p. 169,
though of the general lagoonal type, eomes to resemble more speeifically
diagram H, p. 170, the extra fine sand and a part of the elay having been
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inereased by the holding action of a plant tangle so as to equalize their
amount more with that of the very fine sand.

Combining this conelusion with the stream character indicated by the
sharp rise of the “ curve ” on the left we have here a sediment deposited
where a stream discharged into or flowed through the midst of plants in
some small quiet body of water. Regarding the grains of quartz in the
coarser sizes it should be borne in mind, not only for this sample but for
all others, that there is always the possibility, espeeially in near-shore
deposits sueh as these, that they have been brought in by wind. Thoulet*
has shown the transporting power of wind, a strong gale (13 m. per sec.)
being able to earry grains over 1 min. in diameter, and, while these theo-
retical deductions are somewhat invalidated by Udden’s * observations on
wind deposits and his theoretical deduction that the effective force of the
wind is only that which survives the friction of the earth’s surface (prob-
ably never exceeding 3 miles an hour), it is yet indieated by observation ’
as well as theory that an oceasional coarse grain is brought in by winds.
This agent therefore may well be aceountable for the few grains even of
the coarsest size found in this sample; that a current which transports
material so very predominantly of the finest sizes should ever bring in

these few scattered coarse grains seems very improbable, while it is reason-
able to believe that an oceasional strong wind would be quite able to

supply them.

The rounding of these grains which, as noted above, is a marked
characteristie of many of the grains of the fine sand is a feature more
common in wind-blown than in water-transported sand, and therefore also
lends support to this conelusion.

There is another feature of the sample, however, which is perhaps of
even greater stratigraphie interest than the evidence of the eonditions of
its deposition. That is, the indications of weathering which its material
bears, and the absence of glauconite. Sinee other deposits of this type

! Thoutlet, J., Analyse d’une poussiére éqlienne de Monaco, etc. Annales de
PInst. Océanograph. Tome iii, Fase. 2, Paris, 1911, 8 pp.

*Udden, J. A., Op. cit.

’ See Thoulet’s observations, in the paper just cited, on sediments off the
Azores supposed to have been brought by wind from the Desert of Sahara.
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have been studied and the material in them not found so weathered it is
justifiable to conclude that the sands of this sample were weathered
before they entered the bed. This would presumably be the interval cor-
responding to a disconformity between the Magothy and Matawan during
which scdimentary beds from which this material was derived were
exposed to atmospherie weathering. The absence of glaueonite also tends
to confirm this belief, for while the beds contributing it to the Magothy
(in which it is all reworked) might have just become exhausted with the
closing of the Magothy, it is very improbable that the two phenomena
would so elosely agree in time, and much more probable that there had
been a considerable interval during which either the glauconitie beds were
completely eroded, or the glauconite entirely decomposed.
SAMPLE NO. 10 (F1G. J, p. 169)
Serlal number : 4.
I'leld number : 4-9-28-1911.
Formatlon : Matawan just below the contact with the Monmouth, or basal Monmouth.
Locality : Sassafras Rlver.
Appearance : A greenlsh-yellow, lumpy, crumbly sand, full of limonite spots and wlth
some tlnges of a lavender-hrown clay. TUnder the hand lens 1t shows rather angular
quartz sand wlth small, rusty gralns of glauconite ; and throughout the mass, but

seemIngly related to the glauconlte, an epidote-colored staln. On a freshly-broken
surface the lavender-brown arglllaceous matter is evldent.

MECHANICAL ANALYSIS

Sample £or gravell.. ... ..ee.eeeenneenneeaanceeenenss 203.075 gm.
Per cent of
sample
Medium gravel ..........ceciiteeneronernrocceccearnonsanss 0.4
IWine Gravel .. .....iuiieeneneerrnoenrasoosteocaacanoaaanos 1.6
8 <V 1= R R .o.. 980
L1 ) P S 100.01
Sample for sands and €lay.........ccceiiiiieiiionnn 10.236 gm.
Per cent of
sample
FS TN T £ T R R 62.1
£33 ) 3.7
[0 7,3 R S 24.1
TOtAL covveeeenonsosoennnocesscsososasasrosscnncscnnas 89.9

Per cent of
total sands

Coarse SANGA ..o vv it vttt oot aaa e 1.1
Medium Sand ... vt i ioereeoeeeortonasonasssaansaesrosss 37.6
Flne sand . ..vtiiiiiorennneeeenonnooososssaannosossssns 43.6
Very fine sand ........oivtiiitittiienienanearaoonns o Vvl 14.2
Extra fine SAnd. . oo iieerenetttrosonrosesssennnrosaanoaans 3.5
IROERIPRS crererare « o« o offe STolol o)l orelsiol/ols o oot ool ol ool ofononsl ol el ate ol el o oke 100.0*

1By summation of parts.
27otal sands by summatlon of parts.
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Per cent of
very fine sand

DESCRIPTION OF PRODUCTS

A. UNDER THE HAND LENS
1. Coarse Sand
Grains of glassy quartz and some opaque, subrounded but showlng a glossy, pitted
surface as if solution had acted on themn. The opaque gralns, which are probably a
saccharoldal quartz of quartzitic origin, are penetrated by an ocherous stain of which
there are traces on some of the other grains. There are almost no grains that look as 1f
they had been weil rounded before solution acted on them.

II. Medium Sand
Much like the coarse, but there secms to be a somewhat larger number of rounded
grains in it.
II1. Fine Sand
Like preceding.
B. UNDER THE MI1CROSCOPE

1. Yery Fine
(1) Light
Quartz : feldspar=90 : 10.
The feldspars are striking for the predomlnance of fresh gralns (probably mostly
sanidine) among them. Feldspars showing the characteristic kaolonlzatlon along

cleavage cracks are very rare. Some were observed that had small bands of glauconlte
arranged along cicavage cracks.

{2) Heavy

Among the heavy minerais giauconite generally in weathered, brown, opaque grains
is thc most common. .

Common.—Magnetltc unusuaiiy abundant ; garnet very common ; epidote.

Rarer.—Tourmaline, chiorite, stauroiite, rutiie, zircon, enstatite, kyanite. Striking
in this rock are the varieties of zircon ; besides the usual coforless to pale hyacinth there
arc grass-green and smoke-brown zircons.

II gits

The stit in this case differs markedly from the very fine sand in that much of the
limonitc prescnt has gone Into the silt, whiie the very fine sand is made up mostiy of
fresh primary mineral gralns.

111 Clay

The product calied clay is here, as In all samples in which much limonite has been
formed by weatherlng, a very impure product contalning, In addition to true primary
matter, much of this secondary llmonlte.

Summary and Conclustons.—The principal features of this sample are:
(1) The prominence of the coarser sizes of sand and the marked lack
of sorting. The diagram (I, p. 169) is distinctly of the lagoonal type (cf.
A, p. 169, and E, p. 170) and therefore requires no special comment. It

may well represent the basal deposit of a transgressing estuary of a large

bay like Chesapeake Bay, or of a lagoonal body of water.
11
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(2) The laek of rounding of the sand.

(3) 'The very small proportion of heavy minerals.

(4) The relative abundancc of magnetite and garnet in the heavy
portions, a character whieh seems to be correlated with coarseness and
poor sorting.

(5) The scarcity of mica.

(6) The reworked glauconite.

(7) The freshness of the feldspars.

This bed differs markedly from most oecurrences of Matawan mainly
in the eoarseness of its grain, and in the absenee of black clay. It oeeurs
in the following section as recorded in the field, beginning at the top:

5. Monmouth glauconite sand penetrated by limonitic crusts.

i

A marked } inch limonitie crust separating 5 from

oo

. A sandy transition zone (sample 10) to
Argillaceous Matawan with finely disseminated limonitic crusts.

— D

. Fresh argillaceous Matawan.

In the absence of analyses of the underlying and overlying beds this
sample loses much of its significance, yet the ficld relations, and general
knowledge of the two formations between which it lies, in conjunction with
its own analysis, seem to point pretty clearly to its interpretation. The
author is then inclined to regard it rather as a basal part of the Monmouth
reworked from the underlying Matawan than as upper Matawan. The
general coarseness of the material (which is of the charaeter of a basal
bed), the reworked eondition of the glauconite, and the weathcred eondi-
tion of the upper part of the Matawan, as shown by the limonite crusts in
bed 2, support this view. The distinction is rather essential. I1f the bed
belonged to the Matawan it would represent a gradual shallowing, form-
ing a transition to the coarser sediments of the Monmouth. By the other
interpretation thcre was an interval after Matawan time during which
the upper part of the Matawan was weathered, then a transgression of the
Monmouth which accumulated a basal layer of coarse material and
reworked glauconite before the typical Monmouth conditions with the

formation of primary glauconite were reached.
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SAMPLE NO. 11 (FIG. K, p. 169)

Serinl number : 18.

Field number : 5-10-28-1911.

Formation : Monmouth. o

Locality : Seat Pleasant, Prince George's County, east of D. C. Line,

Appearance : A fairly light gray-black, fine-grained, very micaceous, argiilaceous sand,
with many shells and shelf fragments. This is onc of the good fossil localities of the
Matawan,

MECHANICAL ANALYSIS
cecenese.T.185 gm.

Treated with dilute hydrochloric acid. Per cent of

sample

Lime-free residue .. .
Lime (by difference) . 5.2

. Per cent of
lime-free residue

Per cent of
total sands
Coarse sand 0 b4 oo 03
Medium sand 0000 copLA .
Fine sand 0 550 5.1
Very fine sand
Extra fine sand ....... ceeeees. 300

Per cent of
very fiue sand

ceeee.. 933

cereeiees...100.2

MAGNETIC SEPARATION
Attracted at 3000 ohms (mainly glauconite) .
Attracted at 1000 ohms (mainiy giauconite)
Attracted at full current
Non-magnetic
Magnetite ..

DESCRIPTION OF PRODUCTS
A. UNDER THE HAND LENS
I. Course Sand

(a) Three grains subangular to very well rounded, frosted.

(b) Four grains likewise rounded hut glossy and slightly pitted as though corroded by
solution.

(c) Four grains rough, pitted, aengular, corroded, with much greenish-black clay in
the irregularities of the surfaces. This shows a transition from (b), suggesting that
most of the grains were originally rounded. (a), (b) and (c) are of glassy quartz.

(d) Sugary quartz, rough, fissured, pitted and filled with green glauconitic and black
clay stain. Four grains.

r‘Glaucﬂonhe (see microscopic study below) may be taken about 37.5% of heavy=2.5%
of very fine.

2 Mainly carbonaceous matter.

3 Note the unusually high magnetite.
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(e) Three very dark grains apparentiy filied with Dlack clay and green glauconite
stain. These are like the grains in sample 13 which are believed to be secondary quartz.
Under the microscope these grains show homogeneous polarization and much of the
included matter appears to be mica.

II. Medium Sand

Mainly like the coarse with the following differences: .

(a) The smaller grains instead of being rounded, are sharp, fresh, angular, evldentiy
primarily so. Rounded gralns are, however, stiil very abundant.

(b) Dark mlnerals (mainly magnetite and mica) begin to appear.

(¢) There are more of the stained quartz grains.

IIl. Fine Sand

Characterlzed :

(a) By the appearance of rather abundant, rounded, yeilow-green glaucanite grains.

(b) By the angularity of the quartz.

(c) By the freshness of the quartz, i. e., little stained sugary quartz and no secondary
grains wlth clay inclusions were observed.

(d) By the abundance of carbonaceous fragments.

(e) By the fact that there appears to be little, if sny, increase in the proportion of
dark minerais, except glauconite,

B. UNDER THE MICROSCOPE

I. Very Fine Sand
(1) Light

Greenish-gray with much mlca.

Quartz : feldspar=95 : 5.

No distinct secondary quartz or feidspar with black clay inclusions, though black ciay
has penetrated into the fissures of a few grains, espccially of feldspar. Glauconite
staining occurs but is not abundant. 'There is no iimonitic staining. There are here,
as In sample 4, some of the rounded, ciay-iike grains showing a faint aggregate poiariza-
tion, apparently transition forms to glauconite. Glauconite in rounded grains mostly
fuli of round black granules.

(2) Heavy

The heavy minerals are:

Glauconite, chiorite, muscovite, epidote, tourmaiine, garnet, amphibole (coioriess),
staurolite, zoisite, rutile, serpentine, enstatite, zircon, kyanite,

The glauconite is full of black granules. The chlorite and muscovite are in the same
condition.

II. Extra Fine Sand

Dark-gray with many minute flakes of mica.

There is a striking variation in the size of the materials. There are many small
opaque spherical grains, showing a broken yellow surface by reflected light, sometimes
agglomerated into smali groups. They arc doubtless pyrite or marcasite.

III. Clay
Much short fibrous matter. Biack spheruics as in the extra fine-grained portion, prob-

ably Iron suiphide. Flakes of mica.

Summary and Conclusions.—The mechanical composition of this sample
calls for little speeial eomment. Its diagram shows the moderate sorting
and the abrupt rise of the curve on the left with much slower drop to the

right, which has becn shown to be characteristic of stream deposits in
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small bodies of water. This would be the eonelusion even if there were
not sueh startling, almost complete resemblance between the diagram of
this sediment (H, p. 169) and that of the delta in the Lagoon of Thau
(I, p- 170). The eonditions I think may have been exaetly those repre-
sented now by one of the submerged stream mouths forming the estuaries
of Chesapeake Bay, or perhaps by the nearer shore portions of the main
body of the bay near the point of diseharge of some stream.

The abundanee of fossils eneountered here for the first time in the
sediments analyzed eonforms to sueh an assumption. Their good preser-
vation leaves little doubt that they did live in plaee and were not trans-
ported.

The abundanee of fossils eneountered here for the first time in the
this type as in sample 4.

A peculiar feature is the low pereentage of heavy minerals (about
4.5%). But inspeetion of Thoulet’s analyses from the Gulf of Lyon shows
that this is so variable a feature that it must be largely dependent on the
original eomposition of the material supplied.

The field relations of this bed require some speeial mention. The bed
lies direetly on a white Potomae elay, with a somewhat irregular surfaee
of eontact but without any evidence of a eoarser basal portion. This seems
to confirm the above interpretation. I¥or any swiftly moving water
with strong transporting power, or any body of water with strong wave
aetion, must in its progress over a land surface leave a deposit of sorted
eoarse material, if such is available. Now, such material is available in

the Potomae bed under considerafion, so that if there had been strongly

agitated water this eoarse material must have been seleeted and deposited
while the finer material was earried into more quiet water. Then as sub-
mergenee progressed, finer material would eome to overly the eoarser with
a gradual transition. But if a relatively quiet body of water, deriving
its material laterally from some nearby stream emptying into it, trans-
gressed over a surfaee of sueh white elay, it would, it seems to me, have
only finer material to deposit and therefore put such material down as a
bottom layer. Even here, however, slight wave aetion and therefore slight
sorting might be expeeted, unless the shore were lined with water plants
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which broke up the action of the water. The lowest part of the bed might
therefore be found slightly coarser on analysis, but no such difference
was noted in the field.

It is to be noted that while this bed rests directly on Potomac there
must have been a preceding Upper Cretaceous transition over the region
(to have furnished the glauconitc which in this bed is reworked), fol-
lowed again by a period of erosion which cut down to the Potomac beds.

Minor features to be especially noted in this sample are:

(1) The well-rounded grains of quartz in the coarser sizes.

(%) The strongly marked solution surface on most of the coarser
grains.

(8) The secondary quartz grains.

(4) The grains representing a transition stage between clay and glau-
conite.

(5) The abundant black mineral granules in the glauconite and in the
micas. SAMPLE NO. 12 (I'1G. L, p. 169)

Serial number : 3.

Fleid number : 11-9-28-1911.

Formation : Monmouth.

Locality : Sassafras River.

Appearance : Loose, coarse, gravelly, dark greenish-brown sand with crumbly fumps of

sand in a matrix of graylsh-white clay. The loose sand appears to be malnly
rounded grains of yellow-stalned quartz.

MECHANICAL ANALYSIS

2D 14§55 - Y P 9.235 gm.
Per cent of
sample
Flne gravel .. ... ... ..ttt ittt 4.2
LT 4 T P 711
(105 2. P 5.2
) 100.3

Per cent of
total sands

Coarse sand . ... ... . ittt it i i et e . 25.2
Medium sABd ...........c0t ittt erecareoccsnsesrsrrenasesas 49.4
Fine sand .. ..ivtiiiiiiiiiiiite ittt ittt 16.2
Very flne 8and ...vvviiiiieeeeeenennensoesoseosanneanannns 6.0
Extra fine sand ... ... ..ttt 3.0

] 2 A 99.8

Per cent of
very fine sand

91T S 14.0
Heavy Rejected at 2000 ohmS. . oo vt it et ereeerecaoaans +.. 1.8
Y\ Attracted at 2000 ohms (glauconite)................. 745
121 A " 90.31

11t was at first not intended to welgh the products of this separation. Thus they
were not welghed tili after microscopic study when some had been lost. They are
given to show the great dominance of glauconite (the portion attracted at 2000 ohms).
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DESCRIPTION OF PRODUCTS
A. UNDER THE HAND LENS
1. Fine Gravel
Some of the 22 gralns are quite well rounded, others very anguiar, but even the

angular ones show a glossy surface that suggests solution. They are ali deepiy stained
with yellow ocher.
II. Coarse Sand

The glauconite 1s abundant In this portlon, showlng Its origlnal botryoidal form, but
almost ail but the smailest grains appear more or icss compietely ocherized. The quartz
grains are ilke those in the gravel. Of speciai significance is a graln half feldspar,
half quartz indicating origin from a nearby granitic rock. The proportion of rounded
grains is less than in the gravel.

III, Medium Saend
Differs from the preceding in that more of the glauconite is worn.

IV. Fine Sand
Contains some mica but apparently not yet any heavy mincrais.

V. Very Fine Sand
A general dark-green appearance wlth dark llmonltle grains.

V1. Extra Fine Sand
The dark-brown iimonitic coior predominates in this.
VII. Clay
Yellow, iimonitle.
B. UNDER THE MI1CROSCOPE

I. Very Fine Sand
(1) Light
Quartz : feldspar=175 : 25.
Though most of the fcidspars, ilke the quartz grains, are stained by ocher, the large
proportion of fresh, unweathered feidspars 1s striking.

(2) Heavy

(a) Attracted at 2000 Ohms

Almost all glauconite, so that the ldentlficatlon of other mlnerals ls dlfficult. The
foliowing were recognized : muscovite, epidote, serpentine, staurollte (7). Most of the
glauconite is quite opaque, at best only cloudiiy transiucent at the borders.

(b) Rejected at 2000 Ohms
Dominant.—Muscovite, enstatite, zlrcon.
Rarer.—Rutlie, garnet, biotlte, tourmaline, serpentine, apatlte (7).
I11. Extra Fine
Many flakes of brown, granular ocher.

II11. Clay
The ciay appears ali granular, the usual fibrous portlons which characterlze the ciay
not having been recognized. This probabiy mcans that it iz mostly secondary limonitic
matter, not primary clay.

Summary and Conclusions.— (1) It is especially to be borne in mind

that there is really almost no clay present, the abundant material classi-
4

fied under this head being probably almost all limonite.
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(2) The diagram offers little of special interest. It is moderately well
sorted sand, intermediate between lagoon and marine conditions, but
nearer those of a lagoon. The usual absence in the Monmouth of the black
clay peculiar to the Matawan combined with this fairly good sorting sug-
gests more open water conditions, that is, probably a more general sub-
mergence. The most striking feature of the sediment is its great coarse-
ness which, with its regular bedding and uniform lateral extension in the
field, points to near-shore conditions for its formation. This leads to the
third important feature to be noted, namely,

(3) The fact that in such shallow near-shore conditions glauconite is
present. This is so contrary to the usual assumption of quiet waters for
the formation of glauconite that one is inclined to believe that the glau-
conite is reworked from adjacent shore bluffs, but in that case evidence
of wearing of the glauconite grains would be expected. Still the author
does not believe that any modern glauconite-bearing sediment as coarse
and as free from clay as this has been found.

Another possibility which suggests itself is that the sediment was
formed in deeper water but swept by a strong current. While therc are
no data for the transporting power of currents in open water it is doubt-
ful that so much of the “coarse” sand could be transported by such
means. Moreover, the regularity of bedding in the field is against that
assumption.

It is a peculiar sediment and all the more interesting, not only for its
peculiarities, but also because in its general appearance in the field it is
so typical of the Monmouth formation of the Chesapeake Bay region.

(4) Finally, an important feature is the high percentage of feldspars
and their appearancc of freshness. Their freshness opposes the belicf
that the material is reworked from an older sediment, while their high
proportion, as well as the grain of combined quartz and feldspar noted in
the description of the coarse sand, point to origin from nearby.’

For the percentage of feldspar in different deposits see Mackie, Wm.
The sands and sandstones of E, Moray, Trans. Geol. Soc. Edinburgh, 1896, vol.
7, p. 149.
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SAMPLE NO. 13 (FIG. M, p.169)
Serial number : 1.
Fleid number : 1-9-14-1911.
Formation : Rancocas (?).
Locality : South of Middletown, Delaware.
Appearance : Coarse loose sand In a weak biack clay matrix; weathering shows It to
be fuil of marcasite.

MECHANICAL ANALYSIS
SAMIDIE ...ttt ittt it ettt st 9.257 gm.

Per cent of
sample

Per cent of
total sands

Coarse sand
Medium sand
Fine sand ....
Very fine sand
Extra fine sand .

Per cent of
very fine sand

DESCRIPTION OF PRODUCTS
A. UNDER THE HAND LENS
I. Coarse Sand

Graylsh-whlte. Aimost ail grains are coifored by black clay occurrlng I1n the
irregularitles of the surface. The solutlon effect on these grains is evidently so strong
that it aimost ohscures the origlnai form, producing a glossy but very irregular, dceply-
pitted surface. Most of the grains are of ciear quartz but a few are granuiar in appear-
ance and stained dark grayish-hiack. A very few show dirty greenish staining. In
spitc of soiution effects it is evident that the majorlty of the gralns were originaliy
rounded though there are some that as clearly indicate an original angular form.

I1. Medium Sand
Much iike the coarse sand hut with fewer rounded grains, few of the dark-gray granuiar
grains and with some heavy minerals (garnet, rutile ?, a hiack, very giossy mineral not
magnetlte), etc. A llttle marcasite in the cieavage of some grains but no marcasite
nodules were found.
III. Fine Sand

Like the medium sand but wlth more heavy mlnerals (rutiie especla]ly consplcuous)
and the gralns stili more generaily anguiar.

B. UNDER THE MICROSCOPE

1. Very Fine Sand
(1) Llght
Quartz : feldspar—=95 : 5.
Feidspar much decayed. Of special interest are the dark-gray grains of quartz, which
appear to be fuli of hiack flakes like the arglilaceous matter which forms the matrix of
the bed; these quartz grains poiarize as units. When they arc crushed the fragments

1 By summation of parts.
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are found stiil to contain the black fiakes which proves that the biack material is really
on the Inside. Grains of the same kind were picked out of the medium-grained sands
(the dark-gray gralns mentioned in the hand-lens description). Some of these were
composed of colorless quartz, others showed a humus-brown color throughout. They
aiso polarized as units and on crushing showed the same dissemination of the black
flakes throughout the originail grain. I have, therefore, conciuded that these gralns are
secondary, that is, formed after the deposition of the bed.

(2) Heavy
Aimost haif of this portion appeared to be magnetite, and red garnet 1s very common,
Rutile is also common.
Rarer.—Epidote, tourmaline, pyroxene, chiorite, enstatite, zircon, sililmanlte (?).
Some of the garnet and epidote are weii rounded.

I1. Extra Fine

A very dark, brownish-gray, fine-grained, very siightiy micaceous powder. This materiai
is finer than In most of the sampies because 1t contains much that usuaily goes into the
silt. Under the microscope it shows much argiilaceous matter in brown floccules.

Many smaii, irregular roundish to perfectly spherical nodules of marcasite. Some of
the black nodules of marcasite are fringed by a brown, transiucent, isotrople substance.
In other cases they are made up of an agglomeration of tiny spherules in a matrix of
such substance. There are some chloritic, perhaps a few giauconitic fragments; In
addition of course many quartz and feidspar grains.

III. Clay

Dirty brownish-gray. It contains much of the dirty, fibrous, polarizing materiai besides
the usuai amorphous brown floccuient matter, and some minerai grains.

Summary and Conclusions.—This is a very peculiar and distinet sedi-
ment and must be the product of special conditions which are only partly
brought out by the above study, so that no attempt will be made to do
more than indicate some of the factors in its origin. The peculiar impres-
sion it makes is probably due mainly to its coarseness, its truly black
color, its very friable condition, due perhaps to the fact that the black
“clay ” binder (it is not abundant enough to form a matrix) is not true
clay, . e., not colloidal, or else that the peculiar conditions under which
it was deposited destroyed its coherence. The abundance of sulphide
(presumably marcasite) and coarse brackish-water features of the fauna
sustain the impression of something unusual. One would say a very stag-
nant lagoon, estuary or delta, yet the diagram (M, p. 169) does not bear
this out, for it suggests good sorting, quite as good, excepting for the clay,
as in the open-water marly Monmouth (sample 11, K, p. 169). But in con-
sidering the sizes involved it is noticed that there is in all the diagrams
presented not another one (cven marine beach sand) which has the maxi-
mum in a portion so coarse as the medium sand (13 mm.) It might be
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that a swift stream could deposit in its delta a sediment with so mucl:
eoarsc material, but the type of diagram is too far from that of a delta to
make sueh a belief tenable,

Before attempting to adjust these facts some of the peculiarities
observed under the microscope should be considered. Foremost among
these are the grainus of what are called secondary quartz. Humus waters
are known to have a strong solvent action on silicates and on siliea. The
brown, hnmus coloring of some of the grains of seeondary quartz and the

envelopes of the same color surrounding some of the mareasite spherules

suggest the presence of such matter; vet no earbonaceous matter was

found in the bed. Moreover, while deeaying animal matter might have
preeipitated the mareasite, the apparently disseminated occurrenee of
these spherules and the faet that in the field they were not seen to be con-
centrated about the fossils seem to demand some other agent. The
assumption of alge would meet these conditions and be in harmony with
the general stagnant-water eharacter of the bed. If, however, the pre-
eipitation of iron disulphide is attributed to the animal matter the
secondary quartz might be aceounted for by the former existence of a
swamp overlying these beds from which descending humus waters could
have produeed the seeondary quartz, but the knowledge of these processes
is still too imperfect to permit of a very trustworthy explanation.

While the assumption of origin in plaee of the quartz grains deseribed
seems to be demanded by their internal strueture it should be noted that
this interpretation meets with a serious diffieulty, that is, the outer
form of the grains. This form is that of the normal quartz grains in the
deposit, in part rather rounded, in part angular. If they formed in the
midst of the bed it does not seem as though they could have found the
spacc to grow freely; they should rather have involved adjacent grains,
and the ends of the other grains so involved should give the sccondary
grain a rough agglomerated appearanec. On the other hand, if they
formed in some organic mold there should be more regularity and uni-
formity to their shape. Field seetions throw little light on the problems
as there are only a eouple of feet exposed both vertieally and laterally;
the only character noted is the presence of fine horizontal elay films on
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which fossils are particularly abundant, indicating fluctuations in the
eonditions of deposition.

In summing up it becomes necessary to neglect the diagram entirely
and to rely on the general physieal characters. Here the evidence of much
humus, the high sulphide eontent, and the peeuliarities of the fauna
are indieations of a very stagnant, brackish body of water, perhaps sur-
rounded by swamps or filled with disseminated algal growths. The
region was evidently near enough to some stream to be affected by fluctu-
ations in its transporting power resulting in the separation of sand layers
by elay films and layers of fossils. But the best explanation for the
peculiarities of the diagram of this sediment is in just these secondary
grains. It is their development that can account for the coarseness of the
sand, and one may even assume that they had reached a certain average
size, between 1 mm. and § mm., to account for the maximum in that size.
This interpretation is very hypothetieal, but it is the best combination
that presents itself for the various partly conflicting factors that are
involved. The questions presented requirc more detailed and extensive
study.

GENERAL SUMMARY AND CONCLUSIONS

The special features of each sediment having been discussed, it remains
to sum up the eonelusions arrived at and to give a general review of the
¢laueonite in the different samples.

CLASSIFICATION OF THE SEDIMENTS

In the discussion of the 13 sediments studied in this paper three types
have been differentiated: (1) The delta type; (2) the estuarine or
lagoonal type; (3) the open-water glauconitic type. The character of
each may be briefly summarized as follows:

The delta type has as its foremost characteristic the large proportion
of a wide range of sizes of sand which a single sample taken from it con-
tains. In the diagram this is expressed by a broad curve with no pro-
nounced maximum. This character is not very markedly affected by the
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ratio of sand and clay in the sample, a bed high in clay and low in sand
containing almost as large a proportion of coarse material in the sand as
does a distinctly sandy bed. With this wide range in the size of the sands
there probably also goes, generally, a high ratio of heavy to light minerals,
and to a certain extent an abundance of magnetite (cf. samples 1-3).

This statement concerning the magnetite is made somewhat doubtfully
because there is definite evidence for it only in sample 1; it may be
true also of sample 2), but there the mica is so dominant as to leave
the percentage of minerals, more certainly classed as heavy by their
scttling propertics, relatively small, and it may also have caused the
magnetite to be overlooked. Abundance of magnetite is, moreover, char-
acteristic of sample 11, which must be regarded as a rather typical
example of the estuarine type. In the differentiation, at least of two such
closely related types, therefore, the proportion of magnetite must not be
given much weight. A high percentage of heavy minerals in general
seems more likcly, however, to be a characteristic of the delta type.

A great abundance of carbonaceous matter is another characteristic
of this type, for which, however, the evidence given in these analyses is
only qualitative. With this goes the formation of pyrite, or more prob-
ably marcasite, which, as will be shown later in the discussion of glau-
conite, is an alternative product to glauconite, formed in the presence of
abundant organic, espccially humus matter. It should be noted, how-
ever, that as abundant humus matter is also characteristic of many

estuarine deposits, so marcasite is found also in these (samples 11 and

13). Turthermore, since the recognition of an opaque mineral of this
kind under the microscope is difficult, it is probable that it has been over-
looked in some samples in which it might be found if it were espccially
sought.

Finally, the form of occurrence in the field is very important for the
differentiation of this type, which is characterized by thin-bedding, by
extreme diffcrence in the proportion of sand and clay in adjacent beds, and
by the occurrence of thin sand partings representing, doubtless, tempo-
rary stream floods. Moreover, in the argillaceous beds the abundance of
mica is usually a conspicuous feature in the field, little streams of carbon-
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aceous matter occur, and the high percentage of magnetite is sometimes
noticeable.

Under the glauconitic-sand type only the three samples, 7 and 8
from the Matawan, and 12 from the Monmouth, will be considered.
Foremost among the characters of the glauconitic sands is their coarse-
ness and the accompanying low percentage of clay. The figures for the
clay unfortunately do not bring this out as clearly as they should, on
account of the great amount of ocherous matter present, which tends to
be separated with the clay. With these striking characters goes better
sorting of the sands, that is, a more sharply defined maximum in the
diagram, and generally a lower proportion of heavy minerals (the glau-
conite having been deducted in these samples on the assumption that it
was formed in place).

What is called the estuarine type lies between these two other types,
and therefore, naturally, shows transitions to both of them. Thus,
sample 5, the sandy yellow glauconite bed in the Matawan, would, but
for its associations, be classed unhesitatingly with the group of glau-
conite sands. Indeed, an estuary or lagoon from its very nature can
readily become an open body of water, and there is no reason why this may
not be assumed to have happened here. There is the characteristic sorting
of the sands, the only difference from the other glauconitic sands being
the greater fineness of the maximum size ; but there is no reason for believ-
ing that such a character cannot belong to a typical glauconite sand ; and
the limited number of analyses of typical glauconite sands does not justify
making a contrary generalization.

The most conspicuous feature of what is called the estuarine or Jagoonal
type is of course the characteristic black, argillaceous appearance of the
Matawan, by which it is so readily recognized in the field. The causc of
this coloring is one of the uusolved problems in the study of these deposits.
In the normal samples of this type the clay itself, when separated, is of the
ordinary blue-gray color. The black color cannot be attributed to organic
matter since that is, in the most characteristic samples, not unusually
abundant, and moreover, it may be seen from the Magothy that the pres-
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ence of carbonaceous matter does not tend to give that color but rather
the blue-gray. Perhaps the color is in some way the result of the char-
acteristic on which these beds have been differentiated, the mixture of an
abundance of fine-grained sand with a moderate amount of clay, which
results from the wide range in the size of the material forming the bed.
That is to say, these beds being predominantly fine-grained should con-
sist mainly of extra-fine sands with much clay. But as a matter of fact,
while most of them are very high in extra-fine sands and contain much
clay, they contain, in many cases, even more very fine sands, and usually
also a considerable proportion of some of the coarser sizes. The most
marked exception to this general wide range in sizes is sample 5, which,
as just stated, is really a glauconitic open-water deposit. Sample 6, which

is closely associated with sample 5, shows much less divergence from such

composition; while all the others satisfy reasonably well the description
just given. Sample 9 diverges from the normal estuarine type again
in the other direction, that is, towards the delta type; but its affinitics
with this type were already pointed out in the summary and discussion
of it. To a somewhat less extent the same is true of sample 11, as
was also explained in the summary and discussion there. These diver-
gences all serve merely to bring out the intermediate character of the
estuarine type.

In conclusion, if the distribution of the three types of sediments as
defined in the different formations is considered it is found that the
samples studied from the Magothy are distinctly of the delta type. In
the Matawan and in the Monmouth both the estuarine and the open-water
glauconitic types are found. This is not surprising. Even without the
evidence afforded by sample 10 for the Monmouth we know and might
expect that in both periods there was transgression, and this transgression

might well be estuarine in its basal portion. Thanks to the good section

afforded by the Chesapeake and Delaware Canal, the relation of samples
4 to 8 is clear, and it is in conformity with this relation that the higher
portion represented by samples 7 and 8 should be of a deeper-water type
than the lower portion (samples 3 to 6). The stratigraphic relation of -

12
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the two Monmouth samples 11 and 12 is not so clear, but it is perfectly
reasonable that sample 11 should be of the estuarine and sample 12 more
of the deeper-water type whether they are the product of different more
or less contemporaenous facies, or of successive stages in a transgression.
There is a general feature which was not taken up in the discussion
of the individual samples because the facts were not sufficiently signifi-
cant. This is the mineral content of the beds. It was thought that some
light might be thrown on the source of the material by the rarcr minerals :
but their most striking characteristics are their similarity in different
beds and their apparently ncarby origin. Moreover, their resemblances are
not only with each other but extend far beyond to such sedimentary beds
in general as have been studied from this point of view. Many of the
same minerals will be found to prevail, for instance, in the materials
studied by Cayeux and Thoulet, or in other such studies as listed by
Andrée.” Even common experience teaches the prevalence of magnetite
In stream-borne sands; and epidote while less easily recognized is prob-
ably almost as common, is in fact said by Van Hise® to be one of the
characteristie minerals of sedimentary rocks. Equally, or even more
frequent are chlorite and muscovite. Tourmaline, rutile, and zircon
survive in almost all sediments if there is any source for them. The per-
sistance of enstatite in these samples is apparently a more local char-
acter but can be accounted for by the occurrence of the mineral in the
rocks of the neighboring Piedmont region. It tends to bring out, how-
ever, the predominance of minerals that might at least be of nearby origin,
in these sediments. It is this fact which obscures other evidence and makes
it possible to say only that the Piedmont region appears to be the source
of most of this material. But in this connection two important facts
should be noted. One is that the Piedmont region is petrographically so
! Cayeux, Lucien, Contribution & 1’6tude micrographique des terrains sédi-
mentaires. Mém. de la Soc. Géol. du Nord., T. iv-2——Thoulet, J., Etude
bathylithologique des cdtes du Golfe du Lion. Annales. de I'Inst. Océanograph.
T. iv, Fasc. 6, Paris, 1912.
?Andrée, K., Sedimentbildung am Meeresboden. Geol. Rundschau. vol. 3,
1912, pp. 324-338.

*Van Hise, C. R, A treatise on metamorphism. Mon. U. S. Geol. Survey,
No. 47, 1904.
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varied that it could furnish almost any of the more usual rock-forming
minerals; the other is a fact that is, perhaps on account of its unwelcome
character, all too generally ignored in work of this kind, namely that
the older sedimentary rocks—limestones, shales, or sandstones—contain
heavy minerals just as do the rocks being studied, and that a region of
sedimentary rocks is not going to yield, at least at a distance, fragments
of limestone and shale, but rather the mineral grains that were included
in the limestone and shale. Thus the problem is scen to be a very com-
plicated one, in which only the most general results arc readily obtained.
If this side of the work is to be developed it will probably be necessary
either to find nnusual minerals and trace them, or else to differentiate by a
close mincralogic study varieties of common minerals, such as feldspars,

augites, hornblendes, or even quartz, as Mackie has done,' and then trace
down to its source the particular variety thus identificd. This requires,

however, close study not only of the sediments but also of the rocks from
which their miinerals may have been derived, and this becomes a long
and arduous problem. Without such work the study of mineral grains in
sedinientary rocks does not, in most cases, yield much of value.

It will have been noted that in all the sediments studied the coarser sizes
of sand had a glossy pitted surface which seemed plainly to indicate solu-
tion of the grains after deposition. This phenomenon appeared so gen-
eral that it cannot be connected with the particular composition of the
bed. Evidently the ordinary circulating ground water is the agent. The
chemistry of the process is not understood, though humus waters are
supposed to be particularly effective. According to the more recent
theories, which deny the existence of humus acids, this is probably due to
the carbonic acid.

More limited in its observed occurrence in these samples is the deposi-
tion within the sediment of quartz from solution. The evidence for this
appeared most convincing in sample 13, but associated with deposi-
tion of silica there is here to an unusually pronounced degree the same

solution of silica as noted on the quartz grains in most of the other

* Mackie, Wm,., The sands and sandstones of E. Moray. Trans. Geol. Soc.
Edinb. vol. 7, 1896, pp. 148-172. 4
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samples. While the eoexistenee of solution and deposition of the same
substanee in a bed seems at first inconsistent it may nevertheless be
in conformity with the recognized prineiple of chemistry that among
partieles of substanee in a medium in whieh they are partly soluble the
larger particles will tend to grow at the expense of the smaller. Or the
nuclei around which deposition took place may have been in some way
chemieally different. Whether these supposed seeondary grains have
definite nuelei and what these nuelei are was not determined, though thin
seetions might throw some light on the question. The peculiar eomplete-
ness in the form of these grains was noted and seems to be the faet most
inconsistent with the hypothesis of their secondary origin. That strong
chemical action is indicated by the abundant deposition of sulphide in the
bed should be borne in mind in this eonnection.

To eonclude the general summary it may be said that in all the samples,
no matter what the form of the coarser sizes of sand, there is never any
appreeiable amount of rounding below the fine-sand size (i. e., § mm. to
1 mm.).

TI(E GLAUCONITE

Collet’s * little manual on marine sediments eontains so eomplete and
up-to-date a summary by a speeialist on glaueonite, eontributing even
some hitherto unpublished data, that it is unnecessary to enter into a
general diseussion.

But perhaps by way of preface, since others may, like the writer, have
considered glaueonite a eomparatively rare mineral, it will be worth
while to draw attention to its distribution in marine scdiments. So
common is it, indeed, that Collet considers it necessary to explain its
absence rather than its presence. It is found more or less along the
coast of all the oceans at depths varying from 91 m. along the northern
Atlantie eoast of the United States to 3512 m. in the Indian Ocean. In
the red clays whieh eover the greater depths, it is, for some undetermined
reason, absent.

1 Collet, L. W., Les dépots marins, pp. 132-194, 303-306. Paris: Octave Doin,

1908.
2 Collet, pp. 303-306, addenda on the red clays.
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Of the three forms of glauconite differentiated by Collet, all threc are
found in these sediments. The grains which in this paper have been
described as botryoidal are those called casts by Collet, that is, they are
believed to owe their form to their origin within the shells of Foraminifera.
A very few grains were noted that had the form of other small shells, but
the shells were not further determined. The description of the products
shows that this form of glauconite occurs mainly in the medium and fine
sands, occurrences in the coarse sand having usually the appearance rather
of secondary agglomerations of smaller grains, while only few if any such
grains without signs of wear are found in the very fine sands. This dis-
tribution means a range of size pretty well within the limits of 0.3 mm.
to 0.9 mm. diameter. Collet gives an upper limit of 1 mm.

The second kind of grain defined by Collet is simply a grain showing no
trace of an original mould. To this category belong the rounded grains
which prevail in the very fine and finer portions of sediments with
primary glauconite, and which as reworked glauconite enter into other
beds. It is generally agreed that they are derived through the rounding
by attrition of the glauconite casts.

To Collet’s third type, the fragmentary glauconite, belongs what is
here called glauconite stain ; that is, the glauconite adhering like clay to
the outside or filling the fissures of mineral grains.

Concerning the origin of glauconite, Collet’s own conclusion that the
processes are still very little understood may be emphatically cited. But
the facts of observation at least give much evidence as to the conditions
under which it takes place.

It is generally believed that a certain amount of organic matter is

essential to the process, but an excess of it seems, on the other hand, to
' interfere. Collet® gives the formula, which appears to be generally
accepted, by which decomposition of organic matter precipitates FeS
(p. 171). As he explains, this FeS is believed to be capable of giving up
its iron directly to silicates to form iron silicates, but an exc<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>