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PREFACE

The present volume is the third of a series of reperts dealing with
the systematic geology and paleontology of Maryland. The first and
sccond volumes of the serics were devoted to discussions of the Eocene
and Miocene deposits while the present volume comprises a discussion
of the next younger geological formations known as the Pliocene and
Pleistocene. The publication of this report will complete the geological
history of the youngest of the major divisions of geologic time, the
Cenozoic, extending from the end of the Cretaccous to the present. Sev-
eral other reports on the systematic geology of the State are well under
way. It is not the intention to issue these volumes in geologic sequence
but according to the progress of the work. Each volume is a unit in
itsclf and represents a monographic study of a portion of the geological
column as it is developed in Maryland.

Maryland, considering its limited area, contains a remarkably com-
plete sequence of geological formations representing nearly every horizon
from the Archean to the Pleistocene although these vary greatly in thick-
ness and in the completeness of the faunas and floras which they contain.
Moreover, the situation of Maryland, extending from the low-lying
Eastern Shore to the Continental divide in Garrett county, makes any
study of its geological conditions a mecans of assistance to students in
contiguous States along the Atlantic Coast.

These reports when completed will give to the geologist and gencral
reader a comprehensive view of the geological vicissitudes through which
Maryland has passed from the earliest geological period to the present,
and to the scientific investigator in ncarby arcas a reference or classic
locality in which the general problems have been worked out.

The Pliocene and Pleistocene formations, to the elucidation of which
the volume is devoted, have had a potent influence in determining the
surface configurations and soils of Maryland. They are the youngest
formations usually considered by geologists and the physiographic and

2



18 PREFACE

paleontologic records of their history have been only slightly obscured
by succeeding events. The deposits of the earlier or Pliocene formation
re devoid of organic remains, but the same is not true of the Pleistocene.
Not many truly marine species have heretofore been found in the
Pleistocene deposits along the Atlantic Coast-and few, compared with
the abundant faunas of the Kocene and Miocene, have been found in
Maryland. The investigations of the Survey during a term of years
have brought to light several fossil-bcaring localities in which the fauna
is marine. Elsewhere within the State terrestrial animals and plants
have been found giving a diversified fauna and flora to these deposits.

The Pliocene and Pleistocene deposits of Maryland have been studied
for many years by the author of this paper although very little has been
published hitherto regarding the subject. Three folios have been pre-
pared for the U. S. Geological Survey by the author and his associates
in which the Pliocene and Pleistocene deposits have received extensive
treatment.

Dr. B. L. Miller, who has been associated with Dr. Shattuck for many
years in a study of the Pliocene and Pleistocene formations, is the author
of the Dover folio and also the associate of Dr. Shattuck in the prepara-
tion of the Patuxent and St. Mary’s folios and has more recently extended
the study of these formations into Virginia and North Carolina.

The paleontological studies have been conducted by several investi-
gators. The Mammalia have been studied by Dr. F. A. Lucas of the
Brooklyn Academy of Arts and Sciences; the Reptilia by Dr. O. . Hay
of the American Museum of Natural History; the Insceta by Dr. E. H.
Sellards of the University of Florida; the Crustacea, Mollusca, Coelen-
terata and Protozoa by Dr. William Bullock Clark, State Geologist; the
Bryozoa by Dr. E. O. Ulrich of the U. 8. Geological Survey and the
Plantae by Dr. Arthur Hollick of the New York Botanical Garden. Mr.
Paul Bartsch of the Smithsonian Institution has made a very exhaustive
study of the Pyramidellidee from the Maryland Quaternary and Tertiary
deposits in connection with his studies of this family and the results of
his work have been incorporated not only in the Miocene but in the pres-
eat report.

The State Geological Survey desires to express its thanks for the aid
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whieh has been rendered by the several experts who have eontributed to
this volume, also to the U. 8. Geologieal Survey and the U. S. National
Museum. Many important suggestions have also been received from
Dr. W. H. Dall of the latter institution. A large number of the draw-
ings with whieh the report is illustrated were prepared by the late
Dr. J. C. MeConnell, and like all of his work, are unrivalled in the field
of paleontologieal illustration.
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THE PLIOCENE AND PLEISTOCENE
DEPOSITS OF MARYLAND.

BY
GEORGE BURBANK SHATTUCK.

INTRODUCTION.

Geographers have long reeognized three physiographie regions within
the Middle Atlantic slope. They are known, beginning on the west, as
the Appalachian Mountains, the Piedmont Platecau, and the Coastal
Plain. While cach one of these regions has its own peculiar topographie
characteristics, they nevertheless, pass into each other with insensible
gradations. The Appalachian Mountain region is composel of flat-
topped ridges separatel by dcep, steep-sided and flat-hottomed valleys.
The Piedmont Plateau exhibits a rolling surface which along its eastern
margin is disseeted by deep river gorges. The Coastal Plain, although
built up of terraeces, has also developed a rolling topography along its
western margin where it blends with the Piedmont Plateau, but through-
out most of its eastern half it is as flat and featureless as the noted plain
regions of the West.

The Appalachian region has been carved from folded beds of lime-
stone, shale, and sandstone. The Piedmont Platean eonsists of metamor-
phosed sediments into whiech have bee. intercalated great areas of igneous
rocks, while the Coastal Plain is made up of unconsolidated sediments
composed of elay, marl, sand, and gravel which have been derived in a
large measure from the older land surfaces to the west. The Plioeene
and Pleistocene deposits are almost exclusively confined to this Coastal
Plain region although they lap up on the eastern margin of the Pied-
mont Plateau and are represented in the Appalachian Mountain region

by accumulations of sand and gravel along the rivers.




21 THE PLIOCENE AND PLEISTOCENE DEPOSITS OF MARYLAND

The deposits of the Appalachian Mountain and Piedmont Plateau
regions are very ancient, extending from Arehaean down through
Paleozoic to early Mesozoic and, as stated above, are all consolidated.
The deposits of the Coastal Plain, on the contrary, are much younger.
Their oldest formations do not date baek further than the Jurassic period
and their youngest beds are now in the proeess of deposition. They are
all uneonsolidated with the exception of a few ledges which are of loeal
and subordinate importance. = 'The Pliocene and Pleistoecue beds whiel
are among the latest of the Coastal Plain deposits are developed as a
scries of terraces lying one above the other and eovering the entire
Coastal Plain as a mantle, exeept along certain of the drainage lines
where the rivers have sueceeded in partially stripping them away and
revealing the older beds beneath. It is to the study of this surficial mantle
of elays, loams, sands, and gravels that this monograph is especially
devoted.

Although fossils are not wanting in the Pleistoeene deposits of Mary-
land, yet they are not uniformly distributed, but are confined to a few
localities whieh are grouped for the most part nmear the margin of
Chesapeake Bay and its estuaries. It is, therefore, impossible to rely on
fossil evidence alone for the correlation of the various formations, and
although this line of evidence has been used whenever available, it has
been found more helpful to employ the eriteria of topography than that
of paleontology. This is correlation by what McGee has called the
method of “homogeny.”

I'rom the bottom to the top of the Coastal Plain deposits of Maryland,
the formations are separated by a large number of unconformities.
Studies whicli have been prosecuted by those who have worked in this
region have shown that the eastern border of North America has been
alternately below water reeeiving deposits and above sea level undergoing
erosion. 'This uncasiness of the sea margin exhibited throughout Meso-
zoic and early Cenozoic time is still more manifest and striking through
later Cenozoic and Recent time. Among the most interesting discoveries
which have come to light in prosccuting the work on the surficial deposits
is the undoubted oscillations of the land border. These results have an

important hearing on the theory of isostasy.
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HistoricaL REvIEW.

During the summer of 1608, nearly three hundred years ago, Captain
John Smith made his memorable voyage of discovery in Chesapcake Bay.
Of the long line of adventurers, explorers, and geologists who have
traversed this region in search of information, he was the first. It is
with great interest, then, that we turn to Smith’s narrative for the earlicst
published observations on the Coastal Plain of Maryland.

“'The mountains are of divers natures: for at the head of the Bay
the rockes are of a composition like Mill stones. Some of Marble, &e.
And many pceces like Christall we found, as throwne downe by water
from those mountaines. For in Winter they are covered with much
snow, and when it dissolveth the waters fall with such violence, that it
causeth great inundations in some narro valleys, which is searce per-
ceived being once in the rivers. These waters wash from the rocks such
glitering tinctures, that the ground in some places seemeth as guilded,
where both the rocks and the earth are so splendent to behold, that betier
judgements than ours might have been perswaded, they contained more
than probabilities. The vesture of the earth in most places doth mani-
festly proue the nature of the soyle to be lusty and very rich. The eolour
of the earth we found in diverse places, resembleth bole Armoniac, terra
sigillata ad Lemnia, Fullers carth, Marle, and divers other such appear-
ances. But generally for the most part it is a blacke sandy mould, in
some plaees a fat slimy clay, in other places a very barrcn gravell. But
the best ground is knowne by the vesture it beareth, as by the greatnesse
of trees, or abundance of weedes, &e.”

With these meager notes which were not published until 1612-14,
Smith summarized practically all he had to say of the geology of the
region, but from this statement as a nucleus our knowledge has grown
year by year until, after the lapsc of nearly three centuries, we are not
only familiar with the various deposits, their origin and distribution,
hut are also able to explain the more important conditions under which
they were formed.

A far more important eontribution was the map of Chesapeake Bay
and vieinity whieh Smith exeeuted with remarkable accuraey, eonsidering
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the means and time at his disposal. This map was employed by ex-
plorers and colonists for many years, and although the carliest, was
superior to many other maps which appeared later.

Almost one hundred years elapsed after the publication of Smith’s
narrative beforc naturalists turned their attention toward the deposits of
the Coastal Plain. This long delay in studying the geology of tide-
water Maryland was doubtless due to the lack of precious metals through-
out the region as well as to the great difficulty encountered in thoroughly
exploring a country which was only partially settled. When interest
was finally aroused, it centered about the deposits of iron-bearing clays
on the one hand and the fossil-bearing marls on the other, so that the
surficial cover of gravel and sand was either erroncously interpreted or
neglected altogether. Of all the Coastal Plain deposits it has been the
last to receive minute systematie study.

After the publication of Smith’s narrative, the first paper to appear
bearing on the geology of the Coastal Plain was by Silvain Godon in
1809. When he made this contribution, none of the various Coastal
Plain formations had been recognized, but all the unconsolidated
materials lying between the castern margin of the Piedmont Plateau
on the west and the Atlantic Ocean on the cast were thought to belong
to one great deposit. This Godon called “alluvion soil,” applying his
deseription to that portion of the Coastal Plain which lies between
Baltimore and Washington. He further said that “ Washington City is
built on alluvial land.”

In the same year William Maclure published a paper which may be
considered as truly classic. Tis studies embraced a wider sphere of
observation than did those of his predceessor, for in the colored geological
map which accompanies his publication he ineludes all the eastern por-
tion of the United States. The great major divisions, such as the uncon-
solidated deposits of the Coastal Plain, the crystalline rocks of the
Picdmont Plateau, and the folded sedimentaries of the Appalachian
mountain system, arc recognized on his map, but the individual forma-
tions which make up these various physiographie regions are not
recognized in much detail. In treating of the Coastal Plain, he has not
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added materially to the observations of Godon other than to show the
distribution of the “ Alluvial.” This paper was re-printed, in substance
at least, in various periodicals in 1811, 1817, 1818, and 1826. Maeclure’s
views scem to have attracted considerable attention at the time for they
were discussed in 1820 by Hayden in his famous “ Geological Kssays,”
and again by Parker Cleaveland in his treatise on Mineralogy and
Geology in 1822. Hayden attempted to show, in his Geological Essays
just mentioned, that the “ Alluvial” was deposited by a great flood
which came down from the north and crossed North America from the
northeast to southwest.

Professor John Finch, an Inglishman who happened to be travelling
in America at about the time that Hayden and Cleaveland were
publishing their views, visited the Coastal Plain of Maryland and
collected extensively from the fossil beds in which he took great interest.
On returning to Europe he published a most entertaining account of his
geological experiences and drew some interesting conclusions based on
his ficld observations. In a publication which appeared in 1824, Finch
took cxception to the classification proposcd by his predecessors. He
believed that the deposits which they had thought to be one, and had
grouped under the term “ Alluvial ” were really more complex. He
regarded them as contemporancous with the Lower Secondary and
Tertiary of Europe, Iccland, Egypt, and Hindostan, but he went even
further than this and subdivided the “ Alluvial ” into Ferruginous Saud
and Plastic Clay. The Ferruginous Sand corresponds, at least in part,
to the Lafayette and Columbia deposits of our present classification.
Finch also obscrved the huge boulders which are so ecommon throughout
the Columbia deposits. They confirmed him in the belief that the
Ferruginous Sand was deposited during a cataclasmal upheaval by great
floods from the north and northwest. His words in this connection are
intercsting. “After the production of these regular strata of sand, clay,
limestone, ete. [Tertiary of Finch, G. B. S.], came a terrible eruption of
water from the north or northwest which in many places covered the
preceding formations with ‘diluvial’ gravel and carried along with it
those immense masses of granite and older rocks which attest to the
present day the destruction and ruin of a former world.”
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Four years later Vanuxem and Morton undertook a more detailed
division of the Coastal Plain deposits. They distinguished four horizons
which they called Secondary, Tertiary, Aneient Alluvial, and Modern
Alluvial. Their descriptions are vaguc and as few localities are given,
it is difficult to understand exactly what limits they intended to give to
their various deposits. However, it is quite certain that their Ancient
and Modern Alluvial was intended to embrace, at least in part, what is
to-day known as Lafayette, Columbia, and Recent. This conclusion is
borne out by the significant statement made by them that “ bones of the
mammoth, and other mammiferous terrenc quadrupeds found in this
region, belong to the two Alluvials.”

In 1830 Conrad began the publication of his interesting and important
series of papers on the organic remains of the Maryland Coastal Plain.
In the first onc of these he called attention to the “ diluvial ” deposit
of sand and gravel which covers the peninsulas of Maryland and excludes
from view the underlying formations cxcept where they are cxposed in
ravines. He made no attempt to sub-divide this “diluvial,” but was
attracted by the fossil horizons at Wailes Bluff ncar Cornfield Harbor,
whieh he apparently thought distinet in age from the overlying gravels.
Conrad’s account of this scction was so accurate that there is no difficulty
in recognizing the locality and little need be added to his original de-
seription. e made a sharp distinction between the fossil-bearing clays
below and the unfossiliferous cross-bedded gravel and sand above. He
also drew attention to the fact that the fossils had a very recent aspect
and many of them were identieal with' living forms inhabiting the
shore of the United States, and as they were “sub-fossilized,” they
resembled some of the more recent formations of the West Indies. Two
years later Conrad made an attempt to sub-divide the surficial deposits
which he had previously designated by the gemeral term “diluvial.”
He separated them into “ Diluvium ” which he described as coinposed of
sand, clay, and rounded fragments of rock containing remains of large
quadrupeds and deposited without order or arrangement by violent
currents. He correlated it with the Gravier coquillier or Crag. The
more modern aspects of the surficial cover lie called “ Alluvial” and
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defined it as “all deposits derived from causes now in operation,” such
as accumulations of mud along river courses, drifting sand, peat-bogs, ete.
A few years later, in 1839, he came to the conclusion that the huge
angular blocks in the “ Diluvial ” were transported and deposited there
by glaciers or icebergs.

While Conrad was still engaged in studying the Coastal Plain forma-
tions, Ducatel and Alexander began the publication of a series of State
reports which covered the period between 1834 and 1839.  Alexander was
engaged in the enginecring phases of the work, while Ducatel devoted his
time to geological investigations. As his attention was directed more to
the economic side of geology, he gave Lis efforts to the iron ore-bearing
clays of the Potomac beds and the shell and marl deposits of the Tertiary
formations, and paid little attention to the overlying surficial deposits of
loam, sand, and gravel. He, therefore, added very little to the knowledge
which was current at that time, but regarded the entire mantle as
“diluvial,” in this respect following strictly in the footsteps of his
predecessors.

Five years later 1. D. Rogers, in an address dclivered at the meeting
of the Association of Amecrican Geologists and Naturalists, referred
briefly to the fossiliferous deposits at Cornfield Harbor (Wailes Bluff).
He believed them to be either post-Pliocene or Pleistocene and drew
attention to the fact that they contained certain forms which at the
present day inhabit warmer waters. He suggested that this change
of climate might be due to a change in the course of the Gulf Stream
or to an incursion of a current of icy water from the north or to “ sonie
more inscrutable agency.”

After this discussion of Rogers, nothing more seems to have been
contributed on the question until Desor, eight years later, referred once
more to the deposits at Wailes Bluff. He gave a list of the fossils
from this locality as determined by Conrad and concluded with Rogers
that the beds were of post-Pliocene age and correlated them with the
Laurentian quaternary of the north. In regard to the boulders found
scattered over the surface, he believed them to have been floated down
the Potomac on icebergs. When Tyson referred to the surficial deposits
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in 1860, he was more guarded in his statements. He thought them,
at least in part, post-Tertiary, and eoncluded that the materials out of
which they were built must have been transported from the north and
west. Seventeen years later W. B. Rogers referred to the gravel and
cobble-stone deposits of the Middle Atlantie States and added consider-
ably to the observations of earlier geologists, in that he recognized in these
surfieial deposits about Richmond, Washington, Baltimore, and Wil-
mington materials derived from the Paleozoic formations to the west.
He concluded that these were brought down by the present streams when
the land stood lower and the rivers were flooded toward their headwaters
by the melting ice of glaciers. He thus correlated these deposits with the
glacial period.

The next year Stevenson referred to the terraces developed along the
river courses of western Maryland and suggested that they were cut at
about the time of the glacial epoch. Three years later, in 1881, Lewis,
working down into Maryland from the north, recognized his Bryn Mawr
gravels on a hill near Elkton. Many of the hills which surround Elkton
are capped with Lafayette gravel, the equivalent of the Bryn Mawr,
while some are covered with younger deposits. As no name is given
to the particular hilltop on which the supposed Bryn Mawr gravels
were found, it cannot be determined at the present time whether Lewis
actually discovered Bryn Mawr gravels or whether he confused it with
one of the later deposits of the Columbia group.

In 1884 and 1885 Chester of Dela\\"are contributed two interesting
papers on the age and origin of the surficial formations. He divided
them into a high level or Bryn Mawr gravel which he considered as
possible Cretaceous, and Delaware gravels in which he reeognized two
phases, the red sand and Philadelphia brick elay, which he considered
contemporaneous and of Quaternary age. Next he distinguished E.stuary
sands which he also placed in the Quaternary and bog clay which he
believed to be “Modern.” Most of Chester’s remarks refer to the State
of Delaware, but he spent considerable time in studying the gravel deposits
as they are developed about the head of Chesapeake Bay in Maryland.

He concluded that the region must have been depressed at least 350 feet
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and that the deposit of gravel, sand, and loam now found in Ceeil county
was brought in by the flooded waters of the Delaware and re-worked by
the waves of the Atlantic Ocean. He, therefore, makes the gravels which
cover the hilltops and rest in the valleys of Ceeil county of one age.
He also regards the deposits around Snow Hill, Maryland, as belonging
to his Estuary sand epoch. While Chester was publishing the results of
his studies, W. B. Rogers made an interesting suggcstion in that he
pointed out that there was evidence of an ancient coast line along the
contact between the Piedmont and Coastal Plain regions or approximately
in the position of what we now know as the “fall line.” Chester had
the same year, 1884, attempted to establish the shore line of the ancient
sea whieh deposited the gravels in Cecil county and had gone so far as to
construct a map showing the distribution of the gravels. As he made all
the gravels of one age, he was obliged to seek his shore line near the
western margin of the highest of the gravel series and, thercfore, was
attempting to discover the shore line of the Lafayette sea. Rogers, on the
other hand, was referring to a shore line which was of much later age,
belonging well within the Pleistocene period. These two references are
most interesting as they are the first suggestions in literature of shore
lines in the Coastal Plain deposits.

While Chester was at work on the surficial deposits along the north-
ern border of Maryland, Professor W J McGee had been studying the
same formations farther to the south. Tis ficld of observation was
much wider than that of Chester and although many of the conelusions
at which he arrived have been niodified by later study, yet it must be
remembered that McGee laid the foundation for future work and prose-
cuted his studies wholly without the aid of contour maps which are
so cssential and indispensable in unravelling the various formations of
the Lafayette and Columbia groups. McGee announced the results of
his investigations in a series of articles which appeared between the
years 1886 and 1889. As they, in a large measure, depend one on the
other, they will not be considered separately, but his general conclusions
will e disenssed as a whole. According to McGee the Lafayette formation,

which was described as a series of orange-eolored loams, sands, and
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gravels, extended up from the south and oecupied the divides and higher
portions of the Coastal Plain of Virginia as far north as Fredericksburg.
It was not recognized in Maryland. Distinet from these deposits both in
origin and age was another series of loams, sands, and gravels which
MecGee designated as the Columbia formation. These filled the valleys of
the present streams and eovered the divides between them. This forma-
tion was divided into two phases, fluvial and inter-fluvial. The fluvial
phase was eomposed of deltas whieh were deposited under water by those
streams in whose valleys they now lie, when the land stood lower than it
‘does at the present time. The inter-fluvial phase was developed on the
divides and was a littoral deposit made by the waves which beat against
the eoast at the same time the rivers were building their deltas. The two
phases were, therefore, contemporancous and graded over into onc an-
other. The fluvial phase exhibited a distinet bi-partite division. The
upper member eonsisted of a brieck-elay and loam, and the lower member
was eomposed of sand, gravel, and huge boulders. The material as a
whole was eoarser near the mouths of the gorges where the rivers leave
the Piedmont Plateau to pass into the Coastal Plain than in the more
remote portions of the deltas. The inter-fluvial phase possessed no such
regularity of bedding, but was indiseriminately composed of elay, sand,
and gravel largely of local origin. These delta deposits were identified
in all the principal rivers of the Middle Atlantie slope and were found
particularly well developed in the valleys of the Potomae, Susquehanna,
and Delaware. Due to the preseneec of these huge boulders, which
were evidently ice-borne and indieated a climate much colder than exists
to-day in the same region, as well as to the fact that the Columbia, when
traced northward, was found to pass under the terminal moraine, McGee
concluded that it was Quaternary in age and belonged to the earlier
glacial advance. These beds, since their deposition, have been raised and
tilted so that they now lie higher in the regions to the north than they do
farther south. Their present elevation was found to be about 500 feet
on the upper Susquehanna and 245 feet at its mouth; 400 feet on the
upper Delaware; 145 feet on the Potomac; 125 feet on the Rappahan-
nock; 100 feet on the James, and 75 feet on the Roanoke. MeGee also
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16, 1. —VIEW FROM BALTIMORE AND 01110 RAILROAD BRIDGE, SUSQUEIIANNA RIVER,
LOOKING EAST, SHOWING SKY-LINE OF LAFAYETTE SURFACE ON THE HIGHLANDS OF ELK
NECK, CECIL COUNTY,

FI1G6. 2—VIEW SIIOWING SECTION OF LAFAYETTE FORMATION, CATONSVILLE, BALTIMORE
COUNTY.
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noted certain well-defined terraces whieh were distributed over the entire
region, and spoke of them as follows:

“There is a practically continuous series of terraces and beach narks
along the fall line from the Roanoke to the terminal moraine—a series
of shere lines as distinetive and unmistakable as those eircumscribing the
valleys of the extinet lakes of the Great Basin, of India, of northern
Arabia, or of the partially ice-bound basins of Minnesota, Michigan,
Ohio, and New York, though they are generally more profoundly modified
by erosion and are frequently econcealed by forests. These shore lines
embody an easily interpreted record of geologie vieissitude which coin-
cides in every detail with that of the Columbia deposits. They are
sometimes carved out of the sub-terrane, but are generally built of the
loam, sand, and gravel of whieh the Columbia formation consists and
are evidently coeval therewith. Now it is evident that these terraces are
water fashioned; bnut they are not fluvial. . . . . The forces conecerned
in the formation of the Middle Atlantic slope terraces acted horizontally
over great distances and with uniform energy for a considerable period,
filling depressions, softening contours, and obliterating relief, yet so
gently that essential homogeneity of deposit in the horizontal direction
and essential uniformity in surface prevails for miles. Only the un-
dulatory and horizontally acting force of waves appears competent to
prodnce so great expanses of uniform surface and constant structure as
are exliibited in this region.”’

A summary of McGee’s views regarding the various land movements as
expressed by the present state of the Tafayette and Columbia deposits
is as follows:

Post-Chesapeake ............c0c000en elevation and erosion.

Lafayette (Pliocene?) .............. depression and deposition.

Post-Lafayette ...................... elevation and erosion of at least 500
feet; present topography defined.

Early Columbia (Pleistocene)......... depression of about 200 feet and depo-
sition.

Post-Harly Columbia ................ elevation and erosion.

Later Columbia ...........ccovvevennn depression of atout 100 feet and depo-
sition.

1 Amer. Jour. Sci., vol. xxxv, 188S, pp. 387-388.
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Post-Later Columbia elevation and erosion.
Present depression and deposition.

N. H. Darton took up the investigation of the surficial deposits at
the point where McGee left them. His publications on this subject began
in 1891 and extended down to 1901. During these few years Darton
added greatly to our knowledge of the Lafayette and Columbia deposits
although some of his conclusions have since been modified by other
workers. The general results of his investigations may be summarized

as follows:

According to Darton, the Lafayette formation does not cnd at Fred-

ericksburg, but crosses Maryland, Delaware, and Pennsylvania into New
Jersey in disconnected areas. In discussing this he said: “ The north-
ern termination of the deposits was supposed to be near Potomac creck,
a few miles north of Fredericksburg; but I have found that while there
is a break in its continuity in the region east of the Potomac river, it soon
begins again and thence continues northward probably through Maryland,
and in attenuated scattered outerops, through Delaware and into Penn-
sylvania and New Jersey. Tt is displayed in the high terraces about
Washington, and it caps nearly all the higher terrace levels of the
“ Western shore” of Maryland northward to the latitude of Baltimore.
Still farther northward it is comfined to outlicrs on the divides along
the western margin of the eoastal-plain region; but at the head of
(Chesapeake Bay it extends farther eastward and, in the high Elkridge,

caps the (retaccous and Potomac formations over a considerable area.””

The Lafayette was also deseribed as continuing down the peninsula
of the Coastal Plain. In this connection he said: “1 have found that
the formation extends eastward down the coastal plain peninsulas nearly
to Chesapeake Bay. These peninsulas consist of remnants of an clevated
plain, occupied by a sheet of Lafayette deposits, and originally con-
tinnous over the entire coastal plain. This plain is inclined gently
castward, its altitude decreasing from 500 feet in the Piedmont region,
to from 60 to 80 fect in the vicinity of Chesapeake Bay, where it is

*Bull. Geol. Soc. Amer., vol. ii, 1891, p. 445.
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terminated by an abrupt deseent to the low Pleistocene terrace bordering
the bay to a width of several miles.”*

The Columbia of MeGee was found by Darton to be divisible into an
carlier and a later member, which were developed in well-defined terraces,
the former lying normally above the latter. The land surfaces upon which
the Lafayette and Columbia terraeces were deposited were raised and tilted
at various times in such a manner that only in that part of the Coastal
Plain which lies near the Piedmont was the normal sequence present,
while in that portion bordering on Chesapeake Bay the normal sequence
was reversed. This state of things was brought about in the following
way: At the close of the Lafavette deposition, the surface on which that
formation rested was raised and tilted so as to slope castward toward the
sea, and after suffering considerable erosion, it was depressed in such
a manner that its eastern portion was submerged while its western margin
bordering the Piedmont Plateau remained above water. In the estu-
aries thus formed and along the coast, the earlier Columbia formation
was then deposited. This formation, therefore, built up a terrace below
that of the Lafayctte in the heads of the estuaries near the Piedmont,
but covered up the Lafayette surface where it was submerged to the
cast. While the deposition of the carlier Colnmbia was still in progress,
the Coastal Plain again tilted so as to bring that portion of it lying
to the northeast and against the Piedmont above water, while the south-
castern portion was still further depressed. The later Columbia was in
its turn deposited in the estuaries beneath the earlier Columbia where the
latter had been elevated, and above it where it had been depressed.
Consequently the three formations near the Piedmont were developed in
separate terraces lying one above the other, the Lafayette at the top, with
the carlier Columbia in the middle and the later Columbia at the bottom,
while in the castern submerged portion the formations were not devel-
oped in terraees, but in a continuous series, with an erosive break between

the Lafayette and the ecarlier Columbia. In this region the sequence

* Amer. Geol., vol. ix, 1891, p. 181.
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ran, beginning at the top, later Columbia, carlier Columbia, and
Lafayette. (Fig. 1.)

Darton has published a number of geologic maps from time to time
in which these relations are depicted. In an carly map of the Washing-
ton region which was published in 1891, he included only two formations
of gravel, the Lafayette and Columbia, but in the Washington folio which
appeared in 1901, three formations of gravel are portrayed, the carlier
and later Columbia and Lafayette, developed in distinet terraces, lying
onc above the other. The Nomini and Fredericksburg folios of the
Geologic Atlas of the United States convey his ideas regarding the se-
quence of gravel in portions of southern Maryland and castern Virginia.

= RS oheac] TS ] T EASTEAN SHORE REGION
LAFAVETTE s

| eanugr coLumers

= e
LATER COLUMBIA

Fic. 1.—Diagram showing structure and distribution of surficial deposits in
the Middle Atlantic slope according to N. H. Darton.

In ‘these publications he distinguishes two gravels lying in distinet ter-
races, the Lafayectte above, covering the divides and the Columbia beneath,
oceupying the valleys.

During the year 1898, while Darton’s publications were still appear-
ing, there arose an interesting discussion regarding the age and origin
of certain clay lenses found at various places near tide level under oue
of the lower terraces of the Columbia group. These lenses have been
found to contain vegetable remains such as cypress-stumps, logs, roots,
twigs, sceds, cones, leaves, ete., and animal remains including inscet and
invertcbrate fossils, the latter found especially at Wailes Bluff near the
mouth of the Potomac and at Langleys Bluff five miles south of Cedar
Point on the Bay shore. These last two localities were mentioned and
deseribed long ago by Conrad. Mr. A. Bibbins, from the examination of
onc of these clay deposits carrying cypress-stumps, near Bodkin Point
at the mouth of the Patapsco river, concluded that they were Raritan in
age. Dr. Philip R. Uhler, after examining a number of similar deposits

farther up the Patapsco river near the head of Baltimore harbor, cou-
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Fic. 1 —viEw SHOWING SUNDERLAND TERRACE WITH LAFAYETTE FORMATION IN THE
FOREGROUND, ELKTON, CECIL COUNTY.

F16. 2—VIEW SIOWING SURFACE OF LAFAYETTE FLAIN NEAR CITELTENHAM, PRINCE
GEORGE'S COUNTY.
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cluded that they were Recent and gave them the name of the McHenry
formation. Dr. William H. Dall confined his observations to the locality
at Wailes Bluft and stated that, while they have generally been referred
to the Pleistocene, it is probable that they will actually be found on
further research to be Pliocene in age. The author, who had enjoyed
greater opportunities for studying these clay lenses and had observed them
in various parts of tide-water Maryland, suggested that they all belonged
to one formation and thought it not unlikely that subsequent investiga-
tions would show that they were contemporaneous with the famous IMish
House clays near Philadelphia in New Jersey. Three years later in
1901, after further study, he concluded that all of these clay lenses be-

longed to one formation and were a part of the latest Pleistoeene form-
ation, the Talbot.

In May, 1901, while the Washington folio was still in press, the author *
published a paper in which, after reviewing the work of MeGee and
Darton on the surficial deposits of Maryland and that of Prof. R. D.
Salisbury in New Jersey, he summarized the results of several years of
investigations. As these will be brought out later in this monograph,
it need only be said here that the surficial deposits were found divisible
into five formations which are developed as terraces lying one above the
other from tide level to over 500 feet, the oldest located on the highest
elevation. The formations and terraces were called Lafayette, Sunder-
land, Wicomico, Talbot, and Recent. The author further showed that
they were formed by the continued action of river, estuarine, and occan
agencies.

While this paper was in press Professor Salisbury and the author
jointly examined the Columbia deposits of Maryland and New Jersey.
In the following autumn (1901), the report of the State Geologist of
New Jersey for 1900 was issued, to which were appended a few pages
by Professor Salisbury on “The Surface Formations of Southern New
Jersey,” in which a comparison was instituted between the New Jersey

and Maryland classifications. The views cxpressed in this paper were

* Johns Hopkins Univ. Circ. No. 152, reprinted in Amer. Geol., vol. 28, pp.
87-107, Aug., 1901.
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more in harmony with those given by the author in the artiele above
mentioned and already published, than were the carlier statements of
Professor Salisbury in the New Jersey reports. Several differenees of
moment materially affeeting the elassification were still maintained and
so far as known still exist.

A detailed diseussion of the Columbia Group around the head of the
Chesapeake Bay was given by the author in 1902 in his report on Ceeil
county.’

A comparison of the classifieations of Darton, Salisbury, and the author
is presented in the following tables:

Darton Shattuck Darton

M istric
(Washington region.) { Iarglfaggl?lrgibgftr E (Southern Maryland.)

. Talbot
Later Columbia { e } Columbia
Earlier Columbia Sunderland
Lafayctte
Lafayette Lafayette
Shattuck Salisbury

{(Maryland and District of Columbia.)

Talbot (lower portions of Later
Columbia)

Wicomico (higher portions of Later
Columbia)

Sunderland (Earlier Columbia)

(New Jersey.)
Parts of Cape May and Pensauken.

Parts of Cape May, Pensauken and
possibly Bridgeton,

Parts of Cape May, Pensauken and

Bridgeton.

A number of investigations have been made on the economie products
of the Lafayette and Columbia formations. The most important of these
have been contributed by Professors Wm. B. Clark and Milton Whitney,
Doctors E. B. Mathews, Heinrich Ries, and J. A. Bonstecl, and Messrs.
A. N. Johnson, C. W. Dorsey, and R. T. A. Burke. In 1891 Whitney
began a series of publications on the soils of Maryland in which he
described the particular soils found throughout the Lafayette and Co-
lumbia belts. These papers, however, were preliminary to a more ex-
tensive work carried on under his dircetion and in co-operation with the
Maryland Geologieal Survey by Messrs. Dorsey, Bonsteel, and Burke.

®Md. Geol. Survey, Cecil County, 1902, pp. 46-48, 169-173, 179-184.
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As a result of this work, soil maps with acecompanying deseriptive text
have been issued for Cecil, Calvert, Kent, Prince George’s, and St. Mary’s
counties. As these publieatio'ns are aceessible, they will not be diseussed
further in this place. Mathews, in 1902, deseribed at some length the
mineral resources of Ceeil county where he took into consideration the
value of eertain gravels found among the surficial deposits, and Ries in
the same year published analyses of certain of the Columbia clays. One
of the most important contributions on the economic geology of the
Lafayette and Columbia deposits is that made by Clark and Johnson who,
in 1899, published a report on the highways of Maryland in which was
shown the value of the surficial deposits in the construction of roads.
A large number of maps were published, showing the distribution of this
road material.
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Containing references to the Geology and Economic Resources of the
Pliocene and Pleistocene deposits of Maryland.

1624.

SuitH, JoEN. A Generall Historie of Virginia, New England, and

the Summer Isles, ete. London, 1624. (Several editions.)

(Repub.) The True Travels, Adventures, and Observations of Captaine
John Smith in Europe, Asia, Afrika, and America, etc. Richmond, 1819, 2
vols.—from London edition of 1629.

Pinkerton’s Voyages and Travels, vol. 13, 4to, London, 1812, pp. 1-253—
from London edition of 1624.

Eng. Scholars Library No. 16. (For bibliography of Smith’s works and
their re-publication, see pp. cxxx-cxxxii.)

Thls work contains many Interestlng notes on the physiography of Chesapeake Day
and its trlbutaries, and briefly describes the clays and gravels along their shores.

1809.

GopoxN, SILVAIN. Observations to serve for the Mineralogical Map of

the State of Maryland. (Read Nov. 6, 1809.)
Trans. Amer. Phil. Soc., o. s. vol. vi, 1809, pp. 319-323.
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of the deposits now known as Pleistocene.

1811.

MacLure, Wn. Suite des observations sur la géologie des Etats-

Unis. Journ. de phys., de chim. et d’hist. nat., vol. Ixxii. Paris, 1811.
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Macrure, Wa. Observations on the Geology of the United States
of America, with some remarks on the effeet produced on the nature
and fertility of soils by the decomposition of the different classes of
rocks. With two plates. 12mo. TPhila., 181%.

A classle work giving many references to the limits and character of the geological
formations In Maryland. The text and map (120 m. to the inch) represent the Cre-
taceous extending southwest to the Susquehanna only. All land to the southeast of
“ Primitive ” 1s “ Allavium " in Maryland. DPages 105-107 dcal especially with Maryland.
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MAcCLURE, Wat. Observations on the Geology of the United States
of Amcrica, with some remarks on the probable effect that may be
produced by the decomposition of the different classes of Rocks on

the nature and fertility of Soils. Two plates.
Republished in Trans. Amer. Phil. Soc., vol. i, n. s., 1818, pp. 1 91.
Leon. Zeit., i, 1826, pp. 124-138.
Much the same as above.

Mircniry, SAMUEL L. Cuvier’s Essay on the Theory of the Earth.

To which are now added Observations on the Geology of North Am-
crica. 8vo. 431 pp. DPlates. New York, 1818,

The book contains two figures of an clephant’s tooth from Maryland.
Contains references to Iastern Shore of Maryland.

1820.

Haypex, H. H. Geological Essays; or an Inquiry into some of the
Geological Phenomena to be found in various parts of America and
elsewhere. 8vo. pp. 412. Baltimore, 1820.

Cltes Maryland localities, especially about DBaltimore, in support of his theory.
Cites the finding of numerous mastodon teeth in Maryland.
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1822.

CLEAVELAND, PARKER. An elementary treatise on Mineralogy and
Geology. 6 plates. 24 edition in 2 vols. Boston. 1822.

The outilne of the * Aiiuvial Deposits ” of Maclure is reproduced, together with his
map. He refers briefly to the character of the material. The DPielstocene materials

seem to have attracted his attention mcre than most of the other Coastai Plain forma-
tions.

1824.

Finom, J OHN. Geological Essay on the Tertiary Formations in Am-
crica.  (Read Acad. Nat. Sci. Phila., July 15, 1823.)
Amer. Jour. Sci., vol. vii, 1824, pp. 31-43.

Objects to Maeclure's use of Aliuvium and shows that the formations so called are
mostly Tertiary.

States that “dlluvlal ” deposits cover the reglon. This *diiuvial ” is in part at
least what Is to-day known as Coiumbla,

1828.

Vaxuxem, L., and MorroxN, S. G. Geological Observations on Sec-
ondary, Tertiary, and Alluvial formations of the Atlantic coast of the

United States arranged from the notes of Lardner Vanuxem. (Read
Jan. 1828.)
Jour. Acad. Nat. Sci., Phila., vol. vi, 1829, pp. 59-71.

The Coastal Piain deposits are divided into Secondary, Tertlary, Ancient Ailuviafi
and Modern Alluviai. The last two are apparently included in what is regarded to-day
as Lafayette, ’lelstocene, and Recent.

1830.

Coxrap, T. A. On the Geology and Organic Remains of a part of
the Peninsula of Maryland.
Jour. Acad. Nat. Sci., Phila., vol. vi, pt. 2, 1830, pp. 205-230, with two plates

Cails attention to the * dlluvial” deposit of sand and gravel which covers the
surface of southern Maryiand. Describes the Cornfield arbor fossil focaiity (Waliies
biuff) and gives iist of fossiis found there.

1832.

Coxrap, T. A. Tossil Shells of the Tertiary Formations of North
America illustrated by figures drawn on Stone from Nature. Phila.
46 pp. [vol. i, pt. 1-2 (1832), 3-4 (1833)].

(Repub.) by G. D. Harris, Washington, 1893.

(Part 3 was republished with plates, March 1, 1835.)
RRefers to the Pieistocenc deposlts as ‘ diluvial ”’ deposits and deseribes them.
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1834.

Ducater, J. T., and ALEXANDER, J. H. Report on the Projected
Survey of the State of Maryland, pursuant to a resolution of the Gen-
eral Assembly. Svo. 39 pp. Annapolis, 1834. Map.

Md. House of Delegates, Dec. Sess., 1833, 8vo, 39 pp.

Another edition, Annapolis, 1834, 8vo, 58 pp., and map.

Another edition, Annapolis, 1834, &vo, 43 pp., and folded table.

Amer. Jour. Sci., vol. xxvii, 1835, pp. 1-38.

Results of a prellminary survey of the State. The area and formations of the State
are dlvided into three divisions corresponding to the present Coastal Plain, I'ledmont
Plateau, and Appalachlan areas. Bog lron ore 1s reported from Caroline, Dorchester,
Somerset, and Worcester countics. Mentions gravel and sand overlying the maris in
southern Maryland.

Harran, R. Critieal Notices of Various organic remains hitherto

discovered in North America. (Read May 21, 1834.)
Trans. Geol. Soc., Pa., vol. i, part 1, 1834, pp. 46-112.
Med. Phy. Researches, 1835 [with a few additions].

The author mentions specimens of Equus caballus ‘ found In cxcavating for the
Chesapeake and Ohio Canal near Georgetown, D. C., not far from the Potomac Rlver.”

1835.
Ducater, J. T. Geologist’s report 1834. pp. 84.

———— [Another edition.] Report of the Geologist to the Legisla-
ture of Maryland, 1834. n. d. 8vo, 50 pp. 2 maps and folded tables.

Mentions the occurrence of sand, gravel, and clay overlying older deposits.

———, and ALEXANDER, J. H. Report on the New Map of Mary-
land, 1834, [ Annapolis] n. d. 8vo, 59, i, pp. Two maps and one folded
table,

Md. House of Delegates, Dec. Sess., 1834.

Mentlons * diluvlal ” deposits of gravel, sand, and clay in Prince George’s and Charies
counties. g

1836.

Ducater, J. T. Report of the Geologist. n. d. 8vo, pp. 35-84.
Plate.

Separate publlcation (see Ducatel and Alexander.)

————— and ALEXANDER, J. H. TReport on the New Map of Mary-
land, 1835. Svo, 84,1 pp. [Annapolis, 1836.]

Md. Pub. Doc., Dec. Sess., 1835.

Another edition, 96, 1 pp. and maps and plate.

Engineer’s Report, pp. 1-34.
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Contains three maps for canals on Eastcrn Shore, one trlangulation map of bay, and
large scale contour maps of southern part of Western and Kastern Shores, with
explanations.

Report of the Geologist, pp. 35-84.

Physical geography, geology, and resources of Dorchester, Somerset, Worcester, and
St. Mary’s counties. Suggests the prescnce of old beaches in these counties.

, Report of the Engineer and Geologist in relation to the

New Map to the Exeeutive of Maryland.

Md. Pub. Doec., Dec. Sess., 1835 [Annapolis, 1836], 8vo, 84, 1 pp., 6 maps and
plates.

(Rev.) Amer. Jour. Sci., vol. xxx, 1836, pp. 393-394.

Jour. Franklin Inst., vol. xviii, n. s. 1836, pp. 172-178.

Shows the report to Le economic and preliminary. Its appearance is thc occasion
for remarks on the organization and appropriations of the other then existing surveys.

1837,

Dueoarer, J. T. Outline of the Physieal Geography of Maryland,
embraeing its prominent Geological Features.
Trans. Md. Acad. Sci. and Lit., vol. i, 1837, pp. 24-54, with mabp.

Refers in many places to the sandy, clayey, and gravelly soils of the regions. Also
mentions the deposit of comparatively recent shells near mouth of Potomac river (Corn-
field Ilarhor).

————, and ALEXANDER, J. II. Report on the New Map of Mary-
land, 1836. 8vo, 104 pp. and 5 maps. [Annapolis, 1837.]

Md. House of Delegates, Dec. Sess., 1836.

Another edition, 117 pp.

Bricf mention is made of the *‘ diluvial gravel ” which overlics the fossiliferous marls
while In a few sectlons given undoubtedly the upper'portions are Pleistocenc materials.

1838.

Dvcater, J. T. Annual Report of the Geologist of Maryland, 1837,

[Annapolis, 1838.] S8vo. 39, 1 pp. and 2 maps.
Md. Pub. Doc., Dec. Sess., 1837.
Refers briefly to the gravel, sand, and clay deposits of Kent and Cecll counties, Md.

1839.

Conrap, T. A. Notes on Ameriean Geology. Observations on char-
aeteristic Fossils, and upon a fall of Temperature in different geological
cpoehs.

Amer. Jour. Sci., vol. xxxv, 1839, pp. 237-251.

Concludes angular blocks in * diluvial”” deposits were transported by glaclers or
ice-bergs.
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Ducarer, J. T. Annual Report of the Geologist of Maryland, 1838.

[Annapolis, 1839.] Svo, map and illustrations. 33 pp.
Md. Pub. Doc., Dec. Sess., 1838.
Brief note on soils found on river neck in 1larford and Baitimore counties.

1844.

tocers, H. D. Address delivered at the Meeting of the Assoeiation
of American Geologists and Naturalists.
Amer. Jour. Sci., vol. xlvii, 1844, pp. 137-160, 247-278.

Discusses briefly the deposits at Wailes Bluff near Cornfield IHarbor. Regards them
post-Pllocene and Pieistocene.

185%.

Drsor, E. Post Plioecene of the Southern States and its relation
to the Laurentian of the North and the Deposits of the Valley of the
Mississippi.

Amer. Jour. Sci., 2d ser., vol. xiv, 1852, pp. 49-59.

Refers to deposits at Walles biuff near Cornfield Harbor. Regards them as post-
Pliocene.

1856.

Iircmecock, E. Outline of the Geology of the Globe and of the
TUnited States in partieular, with geologieal maps, etc. 8vo. Boston,
1856 (3d Edition).

Mentions remains of Eiephas primigenius which have been found in * post-pliocene ”
deposits of Maryland.

1860.

TysoN, P. T. Tirst Report of Philip T. Tyson, State Agricultural
Chemist, to the House of Delegates of Maryland, Jan. 1860. S8vo.

145 pp. Annapolis, 1860. Maps.
Md. Sen. TCoc. [E]. Md. House Doc. [C].

Discusses Post-Tertlary deposits of Worcester, Somerset, and Dorchester countles.

1869.

Lripy, J. The Extinet Mammalian Fauna of Dakota and Nebraska,

ineluding an aceount of some allied forms from other localities, [ete.].
Jour. Acad. Nat. Sci., Phila., n. s. vol. vii, 1869, pp. 255-256.
Deseribes elephants’ teeth from Taibot Co.
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1871.

SHALER, N. S. On the Causes which have led to the Production
of Cape Hatteras.

Proc. Boston Soc. Nat. Hist., vol. xiv, 1871, pp. 110-121.

He thinks that Deiaware and Chesapeake bays were excavated by streams or rlvers
of Ice and that the excavated materlal was deposlted farther southward along the
coast and prodnced the sandy coast of Hatteras.

18%7.

Rocers, Wum. B. On the Gravel and Cobble-stone Deposits of Vir-

ginia and the Middle States.
(Read May 19, 1875.) Proc. Boston Soc. Nat. Hist., vol. xviii, 1877, pp.
101-106.

The gravels and cobhles (of the Columbla and Lafayette) abont Washington, Baltl-
more, Richmond, Wllmlngton, etc., are descrlbed, and materials from the Potsdam and
other Paleozoic formatlons to the westward are recognlzed. These, he thlnks, were
brought down by the present rlvers when the land stood at ,1 iower level and thelr
flooded headwaters extended Into the reglon ihen glaclated. Thus he correlates the
deposlts with the glaclal deposlts.

1878.

StevensoN, Joun J. On the Surface Geology of Southwest Penn-

sylvania, and adjoining portions of Maryland and West Virginia.
Amer. Jour. Sci., 3d ser., vol. xv, 1878, pp. 245-250.

He dlstingulshed twenty horizontai benches and river terraces ranging in elevatlon
from 580-1100 feet ahove the sea, which he regards as ‘‘ sea beaches marklng stages of
the withdrawal of the ocean.” No speclfic localltles are given in Maryland.

1879.

FoxTaing, W. M. Notes on the Mesozoic of Virginia,
Amer. Jour. Sci.. 3d ser., vol. xvii, 1879, pp. 25-39, 151-157, 229-239.
Makes a few indefinite remarks in regard to gravels.

1881.

lLewrs, H. C. On Jurassic Sand.
Proc. Acad. Nat. Sci., Phila., vol. xxxii, 1881, p. 279.

Recognizes Bryn Mawr gravels near Elkton.

1883.

Coox, GuorGE H. The change of Relative Level of the Ocean and
the Uplands of the Eastern Coast of North America.

Proc. Amer. Assoc. Adv. Sci., vol. xxxi, 1883, pp. 400-408.

A general paper wlth reasonlng applicable to Maryland. Wrlter regards osclilatlon
connected wlth ice movements as the princlple factor.
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SMmock, J. C. The Useful Minerals of the United States.
Mineral resources U. S., 1882, ‘Washington, 1883, pp. 664, 690-693.

Notes presence of fossil wood Dbeneath Quaternary gravels ln an excavation on
Connectleut Avenue, Washlngton, D. C.

Unrer, P. R, Geology of the Surface Features of the Baltimore
Area.

Johns Hopkins Univ. Cir. No. 21, vol. ii, 1883, pp. 52-53.

(Abst.) Science, vol. i, 1883, vp. 75-76, 277.

Mentlons presence of certain, probably Plelstocens, gravels.

1884.

Curster, FREDERIOK D.  The Quaternary Gravels of Northern Dela-

ware and Eastern Maryland, with map.
Amer. Jour. Sci., 3d ser., vol. xxvii, 1884, pp. 189-199.

Separates Quaternary deposits inte “ fled graveis »

at base and * Philadelphia clay **
above.

Rogers, WirLiam Barron. A reprint of Annual Reports and other

papers, on the Geology of the Virginias. sm. Svo. Appleton, 188t
Snggests the presence of ancient coast line near the positlon of “ fali line.”

1885.

CHESTER, FREDERTCK 1. The Gravels of the Southern Delaware
Peninsula.

Amer. Jour. Sci., 34 ser., vol. xxix, 1885, pp. 36-44.

Post Glacial boulders of Snow IIil, Md., pp. 41-43.
Quaternary and modern deposlts,
area.

This deals especially wlth the
though dlscusslng the surface deposlts of the whole

1886.

McGee, W J Geological Formations underlying Washington and
Vicinity.

Rept. Health Officer of the District of Columbia for the year ending June -
30, 1885, by Dr. S. Townsend, pp. 19-21, 23-35.

(Abst.) by author in Amer. Jour. Sci., 3d ser., vol. xxxi, 1886, pp. 473-4.

Descrlbes the composition and distribution of the Columbi

a and underiying I’otomac
formations and somethilng of the Crystalilne rocks.

Geography and Topography of the head of Chesapeake Bay.
(Read to Amer. Assoe. Adv. Sei. 1886.)
(Abst.) Amer. Jour. Sci., 3d ser., vol. xxxii, 1886, p. 323.
Describes the drainage and topographic features.




48 THE PLIOCENE AND PLEISTOCENE DEFPOSITS OF MARYLAND

1887.

McGeg, WJ The Columbia Formation.

Proc. Amer. Assoc. Adv. Sci., vol. xxxvi, 1887, pp. 221-222.
Discusslon of Columbia formation about Washington, D. C.

Ovibos cavifrons from the Loess of Towa.
Amer. Jour. Sci., 3d ser., vol. xxxiv, 1887, pp. 217-220.
A Drlef dlscusslon of the conditlons along the Mlddle Atlantle slope during Qua-
ternary time. Also notes on the size of the boulders deposited In the Susquchanna,
Patapsco, and Potomac deitas In Quaternary tlme,

Wurrg, I. C. Rounded Boulders at High Altitudes along some Appa-

lachian Rivers.

Amer. Jour. Sci., 3d ser., vol. xxxiv, 1887, pp. 374-381.

Especially pp. 279 and 280 which deal with the boulders on the castern sldc of the
Alleghanics. Considers these deposits to be due to dlfferent causes; suhmergence ahout
Washington—even to Cumbcerland-—lce dams (Wright) on western slopes, and snow slides
willch dammed the mountain strcams.

1888.

(Crark, Wam. B. On threc Geological Exeursions made during the
months of October and November, 1887, into the southern ecounties of

Maryland.

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

Brief descriptlons of Plelstocene deposits occurring ln sections at several points In
southern Maryland.

McGEes, W J The Geology of the Head of Chesapeake Bay.

7th Ann. Rept. U. S. Geol. Surv., 1885-86, Washington, 1888, pp. 537-646,
plates 56-71.

(Abst.) Amer. Geol., vol. iv, 1889, pp. 113-115.

The author dlscusses the hydrography, topography, exposures, and gcologicai forma-

tions: and conciudes with a summary of the Quaternary hlstory as recorded in the
‘ Columblan formation, in 1ts local and more general applicatlon.

The Columbia Formation.
Proc. Amer. Assoc. Adv. Sci., vol. xxxvi, 1888, pp. 221-222.
Brlef paper on general relations and suhmary.

Three Formations of the Middle Atlantie Slope.
Amer. Journ. Sci., 3d ser., vol. xxxv, 1888, pp. 120-143, 328-331, 367-388, 448-
466, plate ii.
(Absts.) Nature, vol. xxxviii, 1888, pp. 91, 190.
Amer. Geol., vol. ii, 1888, pp. 129-131.
Appomattox and Columbia are descrlbed at iength.

Paleolithic man in America; his Antiquity and Environ-

ment.
Pop. Sci. Mo., vol. xxxiv, 1888-89, pp. 20-36.
Discusses the geology at the head of the Chesapeake Bay.
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UnLer, P. R. The Albirupean Formation and 1ts nearcst relatives in
Maryland.

Proc. Amer. Phil. Soc., vol. xxv, 1388, pp. 42-53.
Notes Columbia deposits overlying older formations.

1889.

Crark, WM. B. Discovery of fossil-bearing Cretaceous strata in Anne
Arundel and Prince George’s Counties, Maryland. 1

Johns Hopkins Univ. Cir. No. 69, vol. viii, 1889, pp. 20-21.

In a number of localities in the Cretaceous section of the State, sections are given
which include the PleiStocenc capping. The statement is also made that at certain
places the Cretaceous strata are entirely concealed by the Quaternary deposits.

FontalNE, W. M. Potomac or Younger Mesozoic Flora.

Mono. U. 8. Geol. Surv., No. 15, 1889, 377 pp., 180 plates.

House Misc. Doc., 50th Cong., 2d sess., vol. xvii, No. 147.

(Rev.) Amer. Jour. Sci., 3d ser., vol. xxxix, 1890, p. 520 (L. F. W.).
Amer. Geol., vol. v, 1890, p. 315.

The Quaternary deposits are frequently briefly mentioned in their relation to the
Potomac beds.

McGre, W J The Geological Antecedents of Man in the Potomac

Valley.
Amer. Anth., vol. ii, 1889, pp. 227-234.
Columbia deposits correilated with first epoch of ice advance.

Umnrer, P. R. Additions to observations on the Cretaceous and

Focene formations of Maryland.
Trans. Md. Acad. Sei., vol. i, 1889, pp. 45-72.
Refers briefly to Plelstocene deposits.

1890.

Crark, Wam. B. Third Annual Geological Expedition into Southern
Maryland and Virginia.
Johns Hopkins Univ. Cir. No. 81, vol. ix, 1890, pp. 69-71.

Many DPleistocene sections are given from the southern Maryiand region and aiso a
brief statement of Darton’s and McGee's views.

UnLER, P. R. Notes and TIllustrations to ¢ Observations on the Cre-
taceous and Focene Formations of Maryland.”
Trans. Md. Acad. Seci., vol. i, 1890, pp. 97-104.
Mentions Columbia deposits In Potomac valley.
4
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1891.

Crark, War. B.  Correlation papers—Xocene.

Bull. U. S. Geol. Surv. No. 83, 1891.

House Misc. Doc., 52d Cong., 1st sess., vol. xx, No. 25.

(Abst.) Johns Hopkins Univ. Cir. No. 103, vol. xii, 1893, p. 50.
Gives section at IFort Washington, Including Ileistocene materials.

———— Report on the Scientific Expedition into Southern Maryland.
[Geology; W. B. Clark. Agriculture; Milton Whitney. Archaeology;

W. H. Holnies. ]
Johns Hopkins Univ. Cir. No. 89, vol. x, 1891, pp. 105-109.
Glves sectlons including Plelstocene materials.

DarroN, N. H. Mesozoic and Cenozoic Formations of Eastern Vir-

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

A general discussion of the different formations and thelr type localities, accompanied
by a geologlcal map and sections.

LINDENKonL, A. Notes on the submarine channel of the IHudson
river and other evidences of postglacial subsidence of the middle Atlantic

coast region.

Amer. Jour. Sci., 3d-ser., vol. xli, 1891, pp. 489-499, 18 plates.

The arguménts are based on submarine topography and bathymetric contours, and
embraces many hltherto unpublished facts wbich point to a subsidence since glaclal tlme
of several hundred feet (ITudson), fifty feet (1Iavre de Grace), eleven feet (Georgetown).

McGEE, W J The Lafayctte IFormation.

12th Ann. Rept. U. 8. Geol. Surv., 1890-91, Washington, 1891, pp. 347-521.

A momnographic study Introducing a description of the coastal plaln and the typical
areas of the Lafayette; a dlscusslon of Its synonymy and a development of the history
recorded In the formatlon.

———— Geology of Washington and Vicinity.

In Guide to Washington and its Scientific Institutions.
Compte rendu, International Congress of Geologists, 1891.
House Misc. Doc., 53d Cong., 2d sess., vol. xiii, No. 107.

Prepared with the collaboratlon of G. 1. Willlams, N. M. Darton, and Balley WIllls.
Summary of the local geology.

WaIirNey, MIirToN. Soil Investigations.
4th Ann. Rept. Md. Agri. Exper. Sta., College Park, pp. 249-296.

Many solls of Coastal I'lain described and thelr relations to Columbla and Lafayette
deposits discussed.

Wirriams, G. H. (Editor.) Guide to Baltimore, with an account of

the Geology of its environs and three maps.

Brief reference to Coastal Plaln deposits In vicinity of Baltimore, accompanied by
two geological maps showing distribution of Lafayette and Columbla formations in the
same reglon.
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1892.

Daxron, N. H. On Fossils in the Lafayette Formation in Virginia.
Am. Geol., vol. xii, 1892, pp. 181-183.

Continues Lafayette formation along divides to Chesapeake Bay where it terminates
at an elevation of 6O to 80 feet. Columbia formation develops below thls in a terrace.

Unwieg, P. R.  Albirupean Studies.
Trans. Md. Acad. Sci., vol. i, 1890-92, pp. 185-202.
Brief mentlon of 1’leistocene deposits.

WHITNEY, MiLTON. Report of the Physieist. Soil Investigations.
4th Ann. Rept. Md. Agri. Exp. Sta., 1891. Annapolis, 1892, pp. 249-296.
Many solls deseribed and reclations to Lafayette and Columbia deposits indlcated.

’
.

Winrans, Gro. H. (Editor.) Geological Map of Baltimore and Vi-
cinity. Published by the Johns Hopkins University on the topographic
base of the U. S. Geologieal Survey. 231X 24, contour 20 feet, 18

colors. Seale 1/62,500. (J. H. T.)

The distribution of the Lafayette gravels and the deposits of the Columbla forma-
tions are indicated in the viclnity of Baltimnore.

, and CLARK, WM. B. Report on short exeursions made by
the Geologieal Department of the University during the antumn of 1891.
Johns Hopkins Univ. Cir. No. 95, vol. xi, 1892, pp. 37-39.

Descrlbes various areas about Baltimore and Wasbington, Brief mentlon of Co-
lumbla deposits.

1893.
Darrox, N. TI. Cenozoie History of Eastern Virginia and Maryland.
Bull. Geol. Soc. Amer., vol. v, 1893, p. 24.
(Abst.) Amer. Jour. Sci., 3d ser., vol. xIvi, 1893, p. 205.

Remarks by McGee and Sallsbury indicate that Darton suggested the division of the
Columbia into an upper and lower member, Darton’s paper Itself is not published.

ITarris, G. D. Republieation of Conrad’s Fossil Shells of the Ter-
tiary I'ormations of North Ameriea. 8Svo. 121 pp. 20 plates. Wash-
ington, D. C., 1893.

Contalns an hlstorical introduction by Harris, giving the dates of pubiicatiou of the
varions numbers of Conrad’s papers. Sce Conrad, 1832-1835.

Hrvr, R. T. Clay Materials of the United States.
Mineral Resources U. 8., 1831, Washington, 1893.
Mentlons Columbia deposits as furnishing fine brick clays.

WirrNey, MivtoN. The Soils of Maryland.
Md. Agri. Exper. Sta., Bull. No. 21, College Park, 1893, 58 pp., map.
Generai discussion of Maryland soli, its types, texture, and absorption propertics.
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Agriculture and Live Stock [of Maryland].
Maryland, its Resources, Industries, and Institutions. Baltimore, 1893, pp.
154-217.

Gives many interesting facts on the soiis of the State; their distribution, formation,
and crops, pp. 181-211.

——————— Soils of Maryland.
Monthly Rept. Md. State Weather Service, vol. iii, 1893, pp. 15-22, map.
Inciudes many mechanicai analyses of soil. Map shows soil distribution.

Some Physical Properties of Soils in their Relation to

Moisture and Crop Distribution.
U. S. Dept. Agri., Weather Bureau, Bull. No. 4, Washington, 1893.
Uses many Maryiand soils as iiiustrations.

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

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

Brief description of Columhia brick ciays.

———— and Crarg, W. B. Geology [of Maryland].

Lafayette and Pleistocene of State quite fuily deseribed.

1894,

Crarg, Wi, Burrock. The Climatology and Physical TFeatures of
Maryland. '

1st Biennial Rept. Md. State Weather Service, 1894.
Lafayette and Coiumbia deposits briefly described.

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

A generai geographic study of the Tertiary, Pieistocene, and post-Pleistoccne history
of the Maryland and Virginia Coastai Plain. Two maps and several sections.

Artesian Well Prospects in Eastern Virginia, Maryland,
and Delaware.

Trans. Amer. Inst. Min. Eng., vol. xxiv, 1894, pp. 372-397, plates 1 and 2.
Lithological character considered and several horings descrihed.

Fredericksburg Folio. Explanatory sheets.
U. 8. Geol. Surv. Geol. Atlas, folio No. 13, Washington, 1894.

Brief epitomized discussion of the iocal geology, structure, and geological history of
the * guadrangle ” studied.

Kerra, ARTHUR. Geology of the Catoctin Belt.

14th Ann. Rept. U. 8. Geol. Surv., 1892-93, Washington, 1894, part ii, pp.
285-395, maps and plates. .

House Exec. Doc., 53d Cong., 2d sess., vol. xvii, p. 285.

(Rev.) Science, n. s. vol. i, 1895, p. 97.

Refers to Lafayette and Columhia deposits in the vieinity of IIarpers Ferry and
discusses physiographic changes which took place during those epochs.
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Wirrney, MinToN, and KEY, SoTHORON. Further Investigations on

the Soil of Maryland.
Md. Agri. Exper. Sta., Bull. No. 29, College Park, 1894, 21 pp.
Drief reference to Lafayette and Pleistocene deposits and thelr reiation to solls.

1895.

Crark, WM. B. Description of the Geological Ixcursions made dur-
ing the spring of 1895.

Johns Hopkins Univ. Cir. No. 121, vol. xv, 1895, p. 1.

Summary statement concerning local geology.

WarD, LESTER F. The Potomac Formation.

15th Ann. Rept. U. S. Geol. Surv., 1893-94, Washington, 1895, pp. 307-397,
plates.

Columbia deposits overlylng the Potomac formations are given In some sections.

1896.

Crark, War. B. The Eocene Deposits of the Middle Atlantic Slope
in Delaware, Maryland, and Virginia.
Bull. U. S. Geol. Surv. No. 141, 1896, 167 pp., 40 plates.

House Mis. Doc., 54th Cong., 2d sess., vol. —, No. 31.
Brief account of Lafayette and Pleistocene deposits.

DarToN, N. H. Artesian Well Prospects in the Atlantic Coastal Plain

Region. _
Bull. U. S. Geol. Surv. No. 138, 1896, 228 pp., 19 plates.
House Misc. Doc., 54th Cong., 2d sess., vol. —, No. 28.
Considerable detalled local information. Md. ref. 22, 124-155.

Nomini Folio, ixplanatory sheets.
U. S. Geol. Surv., Geol. Atlas, folio 23, Washington, 1896.
Brief epitomized account of the geology of the * quadrangie” studied.

FoNTAINE, WM. M. The Potomac Formation in Virginia.
Bull. U. S. Geol. Surv., No. 145, 1896, 149 pp., plates.

House Misc. Doc., 54th Cong., 2d sess., vol. —, No. 35.
Pieistocene deposits of Fort Washington biluffs are briefly mentioned.

1898.

ABBE, CLEVELAND, Jr. An Episode during the Terrace Cutting of
the Potomac.
Johns Hopkins Univ. Cir. No. 137, vol. xv, 1898, pp. 16-17.

Describes a cave In the vicinity of Cumberland, Md., which he thinks was cut during
one of the terrace forming epochs.
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Bipins, A. A Fossil Cypress Swamp in Maryland.

The Plant World, vol. i, 1898, pp. 164-166.
Discusses fossll swamp at Bodkln I’oint and correlates 1t with the Rarltan formatlon.

SHATTUCK, G. B. Two Execursions with Geological Students into the

Coastal Plain of Maryland.

Johns Hopking Univ. Cir. No. 137, vol. xv, 1898, pp. 15-16.

Discusses deposlts at Bodkln I’olnt, Drum Polnt, Cornfield Harbor, and othcr places,
and suggests that they may all Delong to one and the same formation.

UniER, P. R. Preliminary Notice of a Recent Series of Geological
Aeeumulations, the MeHenry Formation.

Trans. Md. Acad. Sci., 1900, vol. i, new series, 1888-1900, Baltimore, 1901.
Article issued Nov. 19, 1898, pp. 395-400.

Descrlbes some recent and fossil swamp deposits whlch are called the McHenry
formatlon.

Darr, W. H. A Table of the North Ameriecan Tertiary Horizons,
correlated with one another and with those of western Europe, with An-

notations.

18th Ann. Rept. U. S. Geol. Surv., 1896-97, Washington, 1898, pp. 323-348.
Regards the Lafayette formatlon as Illocene and the clay-bearlng fosslls near
Cornfield IIarbor as I’lelstocene.

1899.

ABBE, CLEVELAND, JR. A General Report on the Physiography of
Maryland.

Md. Weather Service, vol. i, 1899, pp. 41-216, plates i-xix.
Deseribes topography of Coastal I'laln and discusses Its origln.

Crark, WiLLiaym BurLock. The Relations of Maryland Topography,

Climate, and Geology to Highway Construetion.

Md. Geol. Surv., vol. iii, 1899, pp. 47-107, plates iii-xi.

Shows how highway construction and lhinprovement has been effected by the topo-
graphy, cilmate, and dlstribntion of geologleal formatlons wlthln the State.

JornsoN, A. N.  The Present Condition of Maryland Highways.
Md. Geol. Surv., vol. iii, 1899, pp. 187-262, plates xv-xxviii.

Discusses at great length the conditlon of the hlghways wlthin the State and the
materiais at hand by which they may be lmproved.

1900.

MoGzx, W J  [The Sixteenth Sheet Section at Washington, D. C.]

Science, n. s. vol. xii, 1900, pp. 990-991.
Suggests that a portlon of this sectlon may De equivalent to the P’ensauken of New
Jersey.
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1901.

BonsTEEL, J. A.  Soil Survey of St. Mary’s eounty, Md.

Field Oper. Div. Soils for 1900, U. S. Dept. Agri. Second Rept. Div. Soils,
1901, pp. 125-145, with map.
Discusses Dlelstocene solis within the county and shows their distribution on a map.

Soil Survey of Kent eounty, Md. :
Field Oper. Div. Soils for 1900, U. S. Dept. Agri., Second Rept. Div. Soils,
1901, pp. 173-186, with map. .

Discusses soils within the county and gives their distribution on a map.

——— and Burk®, R. T. Soil Survey of Calvert county, Md.

Field Oper. Div. Soils for 1900, U. S. Dept. Agri, Second Rept. Div. Solls,
1901, pp. 147-171, with map.

Discusses Pieistocene soils within the county and shows their distribution on a map.

Dozsry, C. W., and BoxNsTEEL, J. A. Soil Survey of Ceeil county, Md.

Field Oper. Div. Soils for 1900, U. S. Dept. Agri., Second Rept. Div. Soils,
1901, pp. 103-124, with map.
Discusses Pleistocene soils within the county and shows their distribution on a map.

SaLisBURY, R. D. The Surface Formations in Southern New Jersey.
Ann. Rept. State Geol. N. J. for 1900, Trenton, 1901. (Issued in Septem-
ber, 1901.)

SuATTUCK, GEORGE BUurBANK. The Pleistocene Problem of the North

Atlantic Coastal Plain.
Johns Hopkins Univ. Cir. No. 152, May-June, 1901, pp. 69-75.
Amer. Geol., vol. xxviii, August, 1901, pp. 87-107.

1902.

BonsTEEL, J. A, Soil Survey of Prinee George’s eounty, Md.
Field Oper. Bureau Soils, 1901, U. S. Dept. Agri., Third Rept. Bureau Soils,

1902, pp. 173-210, plates xxi-xxv, with map.
Discusses Pleistocene solis within the county and shows their distribution on a map.

DorsEY, C. W., and BoxstEEL, J. A. The Soils of Cecil county.
Md. Geol. Surv., Cecil County, 1902, pp. 227-248, plates xx-xxii, with map.
Discusses soils of the county and shows their distribution on a map.

Maryland Geological Survey in co-operation with U. S. Bureau of Soils.
Map of Calvert county showing the Agricultural Soils. Published on
topographic base, prepared for Md. Geol. Surv. by U. S. Geol. Surv.

251 x 38}, contour 20 feet, 8 colors and patterns, scale 1/62,500.

MataEWS, B. B.  The Mineral Resources of Cecil county.
Md. Geol. Surv. Cecil County, 1902, pp. 195-226, plates xvii-xix.
Discusses at some length tbe various resources of the county.
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Ries, H. Report on the Clays of Maryland.
Md. Geol. Surv. for 1902, pp. 205-505, plates xix-lxix.
Discusses Lafayette and Columbia clays, gives tests and suggests uses.

SmATTUCK, G. B. Development of Knowledge concerning the Physical
Features of Cecil county, with Blbhography

lees short hlstory and bibliography.

The Geology of the Coastal Plain Formations,
Md. Geol. Surv. Cecil County, 1902, with geological map, pp. 149-194, figs.
8-11, plates xii-xvi.
Geology is discussed at some length and the distribution of formations shown on
geological map.

~——————The Physiography of Cecil county

Discusses physlographlc conditions.

The Pleistocene Problem in Maryland.
(Abst.) Science, vol. xv, No. 388, 1902, pp. 906-907.
A summary of the Pieistocene geology of Maryland.

SmirH, W. G., and MarTiN, J. O. Soil Survey of Harford county,

Md.

Field Oper. Bureau Soils for 1901, U. 8. Dept. Agri., Third Rept. Bureau
Soils, 1902, pp. 211-237, with map.

Discusses Pleistocene soils within the county and shows their distrihution on a map.

1903.

Maryland Geological Survey in co-operation with U. S. Bureau of
Soils. Map of St. Mary’s county showing the agricultural soils. Pub-
lished on topographic base, prepared for Md. Geol. Surv. by U. S. Geol.
Surv.

33% x 38%, contour 20 feet, 8 colors and patterns, scale 1/62,500,

in co-operation with U. S. Geological Survey. Map of St.
Marys county showing the geological formations. Published on topo-
graphic base, prepared for Md. Geol. Sury. by U. S. Geol. Surv.
33% x 38%, contour 20 feet, 7 colors and patterns, seale 1/62,500.

in co-operation with U. 8. Geological Survey. Map of Calv-
crt county showing the geological formations. [Revised edition.] Pub-
lished on topographic basc, prepared for Md. Geol. Surv. by U. S. Geol.
Surv.
25} x 384, contour R0 feet, 7 colors and patterns, scale 1/62,500.
Earlier edition appeared in 1902.
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FIG6. I.—VIEW SHOWING LAFAYETTE-SUNDERLAND SCARP, SUNDERLAND SURFACE IN THE
FOREGROUND, NEAR CHARLOTTE HALIL, ST. MARY’S COUNTY

F16. 2—VIEW SHOWING LAFAYETTE-SUNDERLAND SCARP, SUNDERLAND SURFACE IN TIIE
FOREGROUND, NEAR CHARLOTTE HALL, ST. M ARY’S COUNTY.
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GENERAL STRATIGRAPHIC RELATIONS.

Throughout the Coastal Plain of the Middle Atlantic slope, the Lafay-
ette and Columbia deposits rest on the eroded edges of the older forma-
tions which are buried beneath them. The materials of whieh this
younger mantle is composed have been supplied in great measure by the
destruetion of the older beds on which they rest. The appearance of
these older deposits is frequently so charaeteristic and striking that it is
not a difficult matter to recognize materials which have been derived from
them and are now re-worked in a younger formation. As so much de-
pends on a clear understanding of the older deposits of this region, they
will be bricfly described beforc proceeding farther.

PRE-CAMBRIAN AND PALEOZOIC.

The older rocks on which the surfieial deposits rest are found along
the eastern border of the Piedmont Plateau and range in age from pre-
(‘fambrian into Paleozoie. They consist of igneous rocks of various kinds,
sueh as granite, gabbro, diabase, etc., and highly crystalline metamor-
phosed sedimentaries, among whieh schists and marble are important.
When these rocks are fresh, there is no diffieulty in distinguishing them
from the overlying sands and gravel, and even when they are decayed, a
little practice suffices to differentiate the two. If we add to the mantle
which eovers the Coastal Plain the river terraces of western Maryland
which are believed to be, in part at least, of Pleistocene age, it is an easy
matter to distinguish between the shales, sandstones, and limestones of
the mountains and the unconsolidated deposits which cover them along
the river channels.

JURASSIC (?) AND CRETACEOUS.

Above the pre-Cambrian and Paleozoic rocks lie the unconsolidated
deposits of Jurassie (?) and Lower Cretaceous age. These deposits,
which econsist of arkose, elay, sand, and gravel, are divisible into four
formations which have been named, beginning with the oldest, Patuxent,
Arundel, Patapsco, and Raritan. Of these the two former are believed
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to be Jurassic while the two latter are referred to the Lower Cretaceous.
These four formations taken together constitute the Potomae group. This
group represented by cither one or more of its members extends along the
Atlantic coast nearly parallel to the present shore line almost continuously
from Gay Head to the Gulf of Mexico. Throughout the northern portion
of this arca are found certain deposits, which have been called by Ward
the Island series and which are believed by him to be younger than the
rest of the scries.  They have suffered greatly from erosion and are con-
sidered by him to be limited to Marthas Vineyard, Block, Long, and
Staten Islands. From Raritan Bay southward to Washington City the
beds of the Potomac group are typically developed in a continuous belt,
but south of the Potomac river they have not been thoroughly studied and
their distribution is not so well known.

The Patuxent period of sedimentation was ushered in by the secaward
tilting of a previously basc-leveled land surface. The proximity of this
formation to the ancient shore line is indicated in the arkosic character
of its rocks. The distribution of the arkosic materials seems to depen
on that of the felspathic rocks for it increascs in their vicinity and de-
creases rapidly, or is altogether absent, when removed from their presence.
The cross-bedded character of the strata shows that deposition was rapid.
A pronounced clevation closed the Patuxent epoch, revived the rivers and
brought about a large amount of erosion. This was followed by a subsi-
dence in which many of the stream valleys but lately eroded were occupied
for a portion of their courses by bogs and swamps. In these marshes
there was an extensive development of plant life, and in them also were
deposited those iron ores which are now considered of such great value.
The presence of Teredo-boared wood indicates that there was some con-
nection between these swamps and the ocean. After the deposition of the
Arundel formation the region was again elevated, croded and finally
depressed to reecive the sediment of the Patapsco sea. This formation
was apparently deposited in quieter and deeper waters than the one just
preceding. A period of elevation and crosion sueceeded the deposition
of the Patapsco formation and this in turn was followed by another period
of subsidence during which the Raritan formation of clay and sand was

deposited.
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The Upper Cretaccous beds lie unconformably on the deposits of the
Potomac group and consist of sand, greensand, marl, and clay. They
extend in a broad belt from Atlantic Highlands, New Jersey, to the
Potomac river in Maryland. These beds are more extensively developed
throughout the northern portion of the area than in Maryland. In this
region, not only are the beds thinner and of less areal extent than farther
north, but they also consist of fewer formations than in New Jersey.
Only the two basal formations, the Matawan and Monmouth, are present,
the Rancocas formation terminating near the Delaware border, exeept
for a doubtful locality on the Severn River in Anne Arundel eounty.

REOCENE,

Above the Cretaceons deposits and lying unconformably on them occur
two formations belonging to the ITocene. MThese are known as the
Aquia and Nanjemoy. They consist of sand, greensand, marl, and clay
and are part of a more extensive belt which extends from Delaware south-
ward through Virginia, while an older deposit of the Eocene oceurs in
the vieinity of Shark river, New Jersey. Throughout the northern por-
tion of this distribution, they are covered to a great extent by younger
formations, hut farther south in Maryland, particularly in the region
between Washington and Aunnapolis, this covering has been removed,
leaving the Kocene beds exposed on the surface.

MIOCENE.

Above the Focene deposits and unconformably resting on them occur
the formations which have been assigned to the Miocene. 'They are three
in number and have been named the Calvert, Choptank, and St. Mary’s.
These consist of sand, marl, and clay, and togethier represent the Chesa-
peake group in this State. The Miocene deposits of this region form part
of a more extensive series, extending from Massachusetts to Mexico. It
is not known whether the Miocene beds ever extended across this area in
an unbroken belt, but it is certain that erosion has destroyed much of
their former continuity and that they are now found in disconnected
areas.
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The most northerly outcrop of the Chesapeake beds is in the cliffs at
Gay Head on Marthas Vineyard, but material which has been provision-
ally referred to the Miocene has been dredged on Georges Bank and the
Banks of Newfoundland, indicating, if the reference is correct, the exten-
sion of the Chesapeake group indefinitely northward beneath the sea.

Immecdiately south of Marthas Vineyard, the Chesapcake beds dis-
appear, but come to the surface again in New Jersey where they are well-
developed in the hills south of Matawan, as well as along the coast near
Asbury Park. From here, the Chesapeake beds extend southwest aeross
New Jersey to Delaware. In this region, two well defined formations are
recognized. The lower one is a greenish-blue sandy clay abundantly sup-
plied with fossils and is seen only in the southern portion of the State,
near Shiloh and Salem. The upper formation consists of a fine quartz
sand and clay grading upward into gravel. This member covers the
greater portion of the district. In deep well borings at Atlantic City, a
third and higher formation has been discovered. In Delaware the surface
of the country is covered with sands and gravels to such an extent as to
efleetually obscure the underlying formations. The meager information
which has been secured from artesian wells and natural sections leaves
little room to doubt, however, that the central and southern portions of
the State are underlain by the Miocene.

The Chesapeake beds enter Maryland from Delawarc a few miles south
of Galena, and after crossing the State from northeast to southwest con-
tinue on into Virginia. Of all the districts of the Middle Atlantic slope,
southern Maryland is most favorably situated for the study of the
Chesapeake group. Within the borders of this district many of the
features which are wanting in other regions find their full development.
The materials composing the various formations, which are sandy or ob-
scured in other regions, here differentiate into three well defined forma-
tions, and the organic remains, so helpful to the geologist, while seldor:
seen to the north and only oecasionally met with to the south, are in
Maryland found in great beds many fect in thickness and miles in extent.
In other localities, the exploration of these deposits is greatly retarded
through lack of exposures, but in this State we have, in the famous Calvert
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Cliffs. an almost unbroken exposure for more than 30 miles. Southern
Maryland is, therefore, the type locality for the study of the Miocene beds
_of the Middle Atlantic slope.

In Virginia again, as in Delaware, the underlying formations have been
so concealed by younger gravkl and sand deposits that they are seldom
met with except along river courses. The best of these sections occurs
at the famous Nomini cliffs on the Potomac river. These cliffs, although
only two miles in extent, surpass the Calvert cliffs in height and yield the
most comprechensive Miocene section in Virginia. Other sections are to
be found along the Rappahannock, Pamunkey, York, and James rivers.
Bellfield and Yorktown on the York river and Kings Mill on the James
are classic fossiliferous localities. In North and South Carolina the state
of knowledge regarding the Miocene is very imperfect. The beds are
much obsecured by a cover of younger material and appear to occupy
isolated arecas throughout the Coastal Plain, although they may be found
to be more continuous than at first supposed. On reaching Florida the
Miocene beds again become more prominent and continue so around the
southern borders of the Gulf States, through Georgia, Alabama, Missis-
sippi, Louisiana, and Texas into Mexico.

PLIOCENE (7).

Above the Miocene and unconformable with it occurs the Lafayette
formation. This is a mantle of poorly-sorted gravel, sand, and loam
which covers the highest divides of the Coastal Plain and stretches as a
broad belt from the Delaware river southward into Mexico. By far the
most extensive area north of the Potomac river occurs between Washing-
ton and Charlotte Hall. North of this region the Lafayette is repre-
sented only in small isolated outliers, while south of the Potomac the for-
mation, although not so thoroughly known, has suffered less from erosion
and is belicved to occupy a broad belt along the inner margin of the
Coastal Plain.

On account of the lack of sufficient palcontological material, the age of
the Lafayette formation is somewhat in doubt, but it has been provision-
ally referred to the Pliocene until sufficient evidence is at hand to precisely
fix its stratigraphic position.
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‘ PLEISTOCENE.

Above and unconformable on the Lafayette beds occurs a series of
gravels, sands, clays, and peats of Pleistocene age belonging to the
Columbia group. The Pleistocene deposits of this region formn part of a
more extensive series which are developed ‘over the entire Coastal Plain
from Raritan Bay southward to Florida and around the border of the
Gulf of Mexico. With the exception of Recent sediments they are the
youngest of the Coastal Plain deposits and lie on the surface, constituting
the mantle which has just been referred to as concealing the Miocene and
older deposits from view. The Columbia deposits wherever found along
the Atlantic border are developed in more or less clearly defined terraces,
and consist of clay, sand, gravel, or ice-borne blocks, either separately
deposited or intermixed in indefinite proportions. The gravels and
coarse sands frequently are very much decomposed showing that they have
been resting for a considerable period in the position in which they are
now found. As a whole, these deposits have suffered but little from
erosion, although locally in the immediate proximity of streams, the older
members of the group have been croded more extensively than the
younger. Up to the present time the Columbia has received more atten-
tion in Maryland, Delaware, New Jersey, and the District of Columbia
than clsewhere although it is now being carefully studied in New York
State.

RECENT.

The materials which constitute the Recent deposits counsist of mud, clay,
sand, and gravel. These are deposited in deltas, flood-plains, beaches, and
dunes, in the valleys of rivers and estuaries, and along the ocean frout.
The deposition of deltas and flood-plains has been going rapidly forward,
at least since the settlement of the country by Europeans.  Men are still
living who distinetly remember when vessels moored and discharged their
cargoes in places which are now occupied by extensive marshes or meadow
lands. Such rapid deposition would doubtless not have occurred if the
forests had becen allowed to remain undisturbed, but the advent of the
white man and the consequent destruction of the forests exposed the loose
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material, which forms the Coastal Plain, to the erosive effect of rain and
rivers, with the result that rapid denudation toward the head waters of
streams has been aecompanied by rapid sedimentation along the lower
courses. Many of the larger estuaries, such as the Patuxent, Rappahan-
nock, and Pamunkey rivers, have been filled in toward their heads while
shorter estnaries have been transformed to meandering streams. The
most extensive beach and dune deposits are found along the ocean front
extending from Sandy ook southward. Here the waves have thrown up
* extensive barrier beaches, and the winds have eaught up the loose sand and
piled it into dunes. Behind this obstruction, which separates the ocean
waters from an ancient irregular shore line, lie many brackish-water
lagoons which have alrcady been considerably filled up with mud sinee
they were separated from: the ocean. Chief among these may be men-
tioned Baruegat Bay in New Jersey, Chincoteague Bay in Maryland, and
Albemarte and Pamlieo sonnds iri North Carolina.

P11ys1iograPIIY OF THE REGION.

The Atlantic Coastal Plain is the name applied to a low and partially
submerged surfaee of varying width extending from Cape Cod southward
through Florida and confined between the Piedmont Plateau on the west
and the margin of the continental shelf on the east. The line of demarca-
tion between the Coastal Plain and the Piedmont Plateau is sinuous and
ill-defined, for the one passes over into the other oftentimes with insensi-
ble topographie gradations, although the origin of the two distriets is quite
different. A eonvenient, although somewhat arbitrary, boundary between
the two regions is furnished in Maryland 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. In this region it is located about 100
miles off shore at a depth of 100 fathoms beneath the surface of the
Atlantie Ocean. It is in reality the submerged border of the North
Ameriean eontinent which extends out with a gently-sloping surface to
the 100-fathom line. At this point there is a rapid descent to a depth of
3,000 fathoms where the continental rise gives place to the oceanie abyss.
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The Coastal Plain, therefore, falls naturally into two divisions, an
emerged or subaerial division and a submerged or submarine division.
The seashore is the boundary line whieh separates them. This line of
demareation, although apparently fixed, is in reality very ehangeable, for
during the geologic ages whieh are past it has migrated back and forth
aeross the Coastal Plain, at one time oeeupying a position well over on the
Piedmont Plateau, and at another far out to sea. At the present time
there is reason to believe that the shore line is eneroaching on the land
by the slow subsidenee of the latter, but a few generations of men is too
short a period in whieh to measure this ehange.

The subaerial division is itself separable in Maryland into the Eastern
Shore and the Western Shore. These terms, although first introdueed to
designate the land masses on either side of Chesapeake Bay, are in reality
expressive of a fundamental eontrast in the topography of the Coastal
Plain. This differenee gives rise to an Eastern Shore and a Western
Shore type of topography. Chesapeake Bay and Elk river separate the
two. But fragments of the Fastern Shore type are found along 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 eounty at the northern
margin of the Eastern Shore. The Hastern Shore type of topography
eonsists of a flat, low and almost featureless plain, while the Western
Shore is a rolling upland, attaining four times the elevation of the
former and resembling the topography of the Piedmont Plateau mueh
more than that of the typiecal Eastern Shore. It will be seen later that
these two topographie types, which at onee strike the eye of the physiog-
rapher as being distinetive features, are in reality not as simple as they
first appear, but are built up of a complex system of terraees disseeted by
drainage lines.

The Coastal Plain of Maryland, with which most of the State of Dela-
ware is naturally ineluded, is separated 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
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Fic. 1.—VIEW SHOWING SECTION IN SUNDERLAND FORMATION, NEAR BATTLE CREEK,
CALVERT COUNTY.

F1G. 2.—VIEW SHOWING SECTION IN SUNDERLAND FORMATION AT RIDGE, ST. MARY’S
COUNTY.
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Plain topography, for the same types with their systems of terraces exist
as well in New Jersey and Virginia as in Maryland.

The Chesapeake Bay whieh runs the length of the Coastal Plain in
Maryland drains both shores. From the Western Shore it reeeives a
number of large tributaries among whieh may be mentioned the Susque-
hanna, Bush, Gunpowder, Patapseo, Magothy, Severn, South, Patuxent,
and Potomae rivers. On the Eastern Shore its prineipal tributaries eon-
sist of Bohemia Creek, Sassafras, Chester, Choptank, Nantieoke, Wieom-
ieo, and Poeomoke rivers. These streams, which are in the proeess of
developing a dendritie type of drainage, have eut far deeper ehannels on
the Western than on the Eastern Shore. If attention is now turned to
the eharaeter 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 omne plaee, from Herring Bay southward to Drum Point, does
it beeome 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 eoast is high and
rugged as in the famous Calvert Cliffs whieh rise to a height of 100 feet
or more above the Bay (Plate XXI, Fig. 1). The shore of the Atlantie
oeean is composed of a long line of barrier beaehes whieh have been
thrown up by the waves and enelose behind them lagoons flushed by
streams whieh drain the seaward slope of the Eastern Shore. Of these
Chineoteague Bay is the most important.

It was stated in the early part of this ehapter that the topography of
the Coastal Plain was in reality more complex than at first appeared
and that this eomplexity was due to a system of terraees out of whieh
the region is eonstructed. The subaerial division of the Coastal Plain
eontains four distinet sets of terraces and part of another, while the
submarine division is eomposed of one set only. This makes for the
Coastal Plain as a whole a group of five sets of terraees. In deseribing
these terraees the author will antieipate somewhat, material whieh will be
diseussed later in this monograph and will, for the sake of simplieity,
designate these terraees, beginning with the highest, by the names of
Lafayette, Sunderland, Wieomieo, Talbot, and Reeent. The first four

b
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and part of the fifth fall within the subaerial division and the last one
principally within the submarine division of the' Coastal Plain. All
five of the subaerial terraces are found on the Western Shore while only
three of them oceur on the Eastern Shore. These terraces wrap about
each other in concentric arrangement and are developed one above the
other in order of their age, the oldest standing topographieally highest.
(Fig. 2.)

LAFAYETTE
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Fig, 2.—Diagram showing ideal arrangement of the various terrace forma-
tions in the Maryland Coastal Plain.

THE LAFAYETTE TERRACE.—The highest of the five terraces is known
as the Lafayette. It is best developed in Maryland in the region between
the Anacostia, Potomae, and Patuxent rivers as far south as Charlotte
Hall (Plate I). In other words, it caps the divide at the northern
extension of the St. Mary’s-Prince George’s peninsula. The surface of
this terrace varies considerably in appearance according to position. In
the interior where it is removed from the influence of streams, it is as
flat snd featureless as any portion of the Eastern Shore (Plate IV,
Fig. 2), but along the margins where it has been dissected by waterways,
they have transformed it into a gently-rolling country and its true
charaeter is obseured. Besides this extensive development of the La-
fayette terrace, there are remnants of the same surface distributed along
the border of the Piedmont Plateau from the Potomac river northeast-
ward through Delaware and Pennsylvania to within a few miles of the
Delaware river. There are also a few outliers scattered about the Coastal
Plain. Most of thesc are grouped about the southern margin of the
principal arca in the vicinity of Charlotte Hall, a few more are found
in Anne Arundel county, and a very important cluster occurs on the high
hills of Elk Neck in Cecil county. Beyoud the Potomac river this
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Lafayette terrace continues on through Virginia southward to Florida
and Texas and over into Mexico. It is believed that at one time these
seattered remnants of the Lafayette terrace were united in a eontinuous
whole and that their present isolated condition had been brought about
by erosion. If we assume that they were onee eontinuous, it will be a
simple matter to establish the present attitude of this terrace, notwith-
standing the faet that its surface has been somewhat modified by erosion.
In the Piedmont region of Ceeil county the surface of the Lafayette
terrace lies at an altitude of 470 feet. This rises to about 500 feet in
the vieinity of Lochraven and Catonsville near Baltimore, to 486 feet at
Burtonsville, Montgomery county, and sinks again to 400 feet in the
District 6t Columbia. Thus we see over a distance of about 80 miles
that the surface of the Lafayette is extremely uniform. This direetion
is, however, from northeast to southwest and approximately parallel to
the trend of the modern eoast line. If, now, the altitude of the Lafayette
terrace is examined at right angles to this dircetion, namely, toward the
southeast, it is found that on the high hills of Elk Neck, in Ceeil eounty,
the surface of the Lafayette terrace lies at about 300 feet, making a
slope in Cecil county of 170 feet in a distance of about 10 miles. At
Charlotte Hall, St. Mary’s county, the surface lies at a height of about
200 feet, making a slope between the District of Columbia and Charlotte
Hall of 200 feet in a distanee of about 36 miles. It will thus be seen
that the surface of the Lafayette terrace has a slight ineline toward the
southeast or, in other words, slopes gently toward the ocean.’

¢It will be explained later that this slope represents the gradual descent of
a sub-aqueous terrace away from the shore-line out into deeper water. The
elevation at the foot of the scarp represents the altitude of the old shore-line
which, on account of oscillations in level, has been somewhat thrown out of a
horizontal position since its formation, so that it lies at slightly different alti-
tudes in various portions of the Coastal Plain. The altitudes recorded away
from the scarp-line, show the elevations of the sub-aqueous terrace at varying
distances from the ancient shore. These also have been slightly thrown out
of their original position so that their former level attitude is now somewhat
obscured. In any one locality, however, the various terraces, from the oldest
to the youngest, occupy distinct levels and are usually separated by pro-
nounced searps, but when distant localities are compared the shore-line of one
beneh may be found to correspond in altitude at the present time with the

deeper water phases of the next higher bench. This discrepancy, as has just
been said, is due to tilting, and will be fully explained below.
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THE SUNDERLAND TERRACE.—Beneath the Lafayette terrace, wrapping
around it like a border, extending up into its body in rcentrants, and
separated from it by a scarp-line is the next oldest terrace designated
above as the Sunderland terrace (Plate 1). This surface has its greatest
development in southern Maryland on the Calvert and St. Mary’s penin-

sulas. Tt covers the high divides of Calvert county and occupies a similar

position in Charles and St. Mary’s counties south of the Lafayette terrace.
Beyond this region it is represented by outlicrs many of which are several
square miles in extent. They arc principally found in the District of
Coluinbia and in the region between the Patuxent and Patapsco rivers.
There are also a number of smaller outlying areas which are distributed
along the western border of the Coastal Plain between Baltimore and
Elkton. South of the Potomac the Sunderland terrace continucs on into
Virginia, but as it has not been mapped in regions beyond Fredcricksburg,
it is not known how far it extends in this direction. Northward, beyond
Maryland, this terrace has been found in Delaware and Pennsylvania and
is extensively developed in southern New Jersey.

The same may be said of the surface of this terrace as was said in
refercnce to that of the Lafayette, viz., that, in the interior where it has
not been modified by erosion, it still retains its original plain, featureless
character, but along the borders where it has been attacked by the head
waters of streams, it has been transformed into a rolling country (Plate
1V, Fig. 1, and Plate X). The relation betwcen the surfaces of the
Sunderland and Lafayette terraces becomes manifest whenever the two
occur in juxtaposition. Then it is seen that they occupy different levels,
that of the Lafayette always being higher than that of the Sunderland.
This diffcrence in altitude is sometimes slight, at other times it forms
a prominent feature in the topography. Usually the descent from one to
the other is gentle, but occasionally it is accomplished by means of an
abrupt drop resembling in appearance a sea-cliff which has been modified
by subaerial erosion.

Throughout the region as a whole there are distinguishable two types
of descent between the Lafayette and Sunderland terraces. The one type
is confined to the Piedmont Plateau, the other to the Coastal Plain, or,
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in other words, when the Lafayette terrace lies on the Piedmont Platcau
and the Sunderland terrace rests beneath it either on the Piedmont or
close to its eastern border, the descent from one surface to the other is
usually considerable and is accomplished by a topography of low, subdued,
rolling hills which pass down from the Lafayette terrace, occupying
successively lower and lower areas until they finally blend with the surface
of the Sunderland terrace beneath. This type of descent may be secn
along the eastern border of the Piedmont Plateau between Cecil county
and the District of Columbia (Fig. 3). The other type of descent is
found wherever the Lafayette and Sunderland terraces approach each

LAFAYETTE FORMATION LAFAYETTE-SUNDERLAND SCARP
T PIEDMONT TYPE

SUNDERLAND FORMATION

R

F1g. 3.-—Diagram showing Piedmont type of Lafayette-Sunderland scarp.

other in the Coastal Plain. It may be described, as suggested above, as
being an abrupt descent resembling a wave-cut cliff which has since been
modified to a greater or less extent by subaerial erosion (Fig. 4). The
best localities for observing this type are to be found at Congress Heights
just south of the Anacostia river in the District of Columbia, near Bryan-
town and Aquasco in Charles county, and at Charlotte Hall in St. Mary’s
county (Plate V). Two only of these localities need be described. At
Congress Heights the surface of the Lafayette terrace lies at an elevation
of about 260 feet and that of the Sunderland at about 200. The descent
between the two is accomplished by a cliff which is one of the most con-
spicuous features of the region and, in fact, of the entire Coastal Plain.
There, as one stands on the unbroken Sunderland surface facing east, he
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may trace the eliff line separating him from the Lafayctte terrace as it
rises and runs off to the south until it is hidden from view by forest
growth. At Charlotte Hall and along the road running from Newmarket
west over into Charles county, the surfaces of the Lafayette and Sunder-
land terraces approach very much nearer together. At this place the
Lafayette surface lics at an clevation of about 200 feet while the Sunder-
land rests about 20 feet below it at 180 feet. The descent from one to
the other is here marked by a low cliff which does not exceed 20 fect in
altitude, but while this topographic feature is less prominent than that
at Congress Heights, it nevertheless partakes of the same character. Near

LAFAYETTE FORMATION

Fig. 4—Diagram showing Coastal Plain type of Lafayette-Sunderland scarp.

Charlotte Hall there are a number of outliers of the Lafayette terrace
which are separated from the Sunderland terrace beneath by scarps of a
similar character to the one just described, although one or two of them
blend with the surface bencath without a well pronounced scarp-line.

It secms probable that the Sunderland surface was at one time con-
tinuous and embraced all of its outliers. If such was the case, it will be
possible to establish the present attitude of the terrace. In the vicinity of
Elkton and on Elk Neck, the surface of the Sunderland terrace lies at
an clevation of about 180 feet where it abuts against higher land and
slopes .down toward the surrounding waters to about 90 feet. In the
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vicinity of Baltimore the surface slopes from about 200 or 220 feet to
about 90 feet. In the Distriet of Columbia the surface of the Sunder-
land terrace also lies at about 200 or 220 feet and slopes gently toward
the surrounding waters until it sinks to about 100 feet. In the vicinity
of Charlotte Hall about 30 miles distant the surface of the Sunderland
terraee, where it embraces the Lafayette, lies at an altitude of about 180
feet and slopes gently down to the southern point of St. Mary’s county
where near Ridge, it occupies a position of about 60 feet. In Calvert
county the surface of the Sunderland terrace lies at an altitude of 160
feet and slopes toward the surrounding waters until it sinks to an altitude
of about 95 feet. When these figures are compared, it will be seen that
the Sunderland terrace slopes away very gradually toward the water in all
directions from the cnclosed areas of higher land. Along the margin
of the Piedmont Plateau, that is to say, in a direction nearly parallel to
the present shore, the difference in elevation of this surface is inconsider-
able and in this respect resembles the attitude of the Lafayette terrace
throughout the same area. But in all directions away from the Piedmont
Plateaun and from the base of the Lafayette terrace, the Sunderland
surface slopes away gradually and regularly toward either the Atlantic
oeean, or the Chesapeake Bay and its estuaries. As the Sunderland
terrace is practically unrepresented on the Eastern Shore, no obscrvations
are to be secured in that region.

THE Wicomico TERRACE.—Beneath the Sunderland terrace oecurs the
Wicomico terrace (Plate I). It bears the samie relation to the Sunder-
land as the Sunderland docs to the Lafayette terrace in that it wraps
about it as a border, extends up into ancient stream valleys which enter
it, and is separated from it by a well defined line of low cliffs which, with
the exception of the scarp-line cut by the present sea, constitute the most
continuons topographic feature of the entire Maryland Coastal Plain.
The distribution of the Wicomico terraee is somewhat different from
that of the Sunderland and Lafayette terraces. It will be remembered
that the Lafayette and Sunderland terraces found their greatest develop-
ment on the divides of the peninsulas of southern Maryland. The
Wicomico terrace, on the eontrary, is best developed on the Eastern Shore.
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In that region it forms the flat featureless surface of the divide, extending
from Elkton southward to Salisbury and beyond, and from Chesapcake
Bay on the west, well over into Delaware toward the Atlantic ocean on the
east. From its surface, streams drain into both the Chesapeake Bay and
the Atlantic. Outliers of this terrace are also found in great abundance
along the Western Shore from Elkton down to Point Lookout. The
greatest development on this side of the Bay is found in the region south
of Baltimore bctween the Patapsco and South rivers. Beyond this terri-
tory, in the basins of the Patuxent and Potomac, the Wicomico terrace
is devcloped in a manner strikingly different from that of the Eastern
Shore. On the Eastern Shore, as was indicated above, it occupics a
wide and almost unbroken territory. On the Western Shore it is
developed as a narrow fringe around the base of the Sunderland terrace
and as a floor of the ancient drainage valleys which penetrate the body
of the Sunderland terrace as reentrants. It was stated above that the
scarp-line which separated the surface of the Sunderland from that of the
Wicomico was one of the most persistent features in the Maryland
Coastal Plain. This scarp-line has exactly the appearance of a wave-cut
cliff which has been softened by subaerial erosion and rescmbles in every
detail the similar topographic feature which was described as scparating
the Lafayette and Sunderland surfaces (Plate VIII and Plate IX,
Fig. 1). There are a large number of localities where this topographic
feature may be seen, particularly throughout Calvert and St. Mary’s
counties. Perhaps four of the best and most accessible localities are
located at Ridge in southern St. Mary’s county not far from Point
Lookout; at the turn of the road a mile and a half south of Frazier necar
the 80-foot contour in Calvert county; in the region to the north of
Maryland Point in Charles county; and along the Principio road 13
miles northeast of Perryville, Cecil county. Where the Wicomico terrace
approaches drainage ways, it loses its typical plain character and is
modified by erosion into a rolling country, but back in the interior where
streams have not yet encroached, the surface is typically a plain. In
this particular it again resembles the Lafayette and Sunderland terraces.
On the whole it has suffered less from erosion than those which lie above
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F16. 1—VIEW SHOWING SCARP CUT BY RECENT WAVES AGAMNST MIOCENE AND SUNDERLAND
DEPOSITS, COVE POINT, CALVERT COUNTY,

Fi16. 2.—vIEW SHOWING SECTION OF SUNDERLAND FORMATION, NEAR ST. MARY'S CITY,
ST. MARY’S COUNTY.
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it. If we reconstruct the Wicomico terrace by uniting its outliers, we
find that the surface of the Wicomico terrace stands at an elevation of
90 feet in Cecil county where it abuts against the Sunderland terrace,
and slopes toward the surrounding water to an elevation of 60 feet. In
the vicinity of Baltimore and Washington and in the peninsula of Calvert
county, between the Patuxent river and Chesapeake Bay the same
general relation holds; but in St. Mary’s county, between the Patuxent
and Potomae rivers, the altitude of the Wicomico terrace, where it abuts
against the Sunderland, gradually sinks until at Ridge the surface of the
Wicomico terrace stands at 45 feet and slopes away gradually to Point
Lookout until it ends at an elevation of about 15 feet. On the Eastern
Shore the surface of'the Wicomico terrace stands at an elevation of about
90 or 100 fect in the vicinity of Elkton, and at about 45 feet in its
extrcme southern development a few miles south of Salisbury. It will
thus be seen that the surface of the Wicomico terrace maintains a
remarkable uniformity throughout its entire extent along the border of
the Piedmont Plateau but slopes gently toward the surrounding waters.

Tue Tarpor TERRACE.—DBeneath the Wicomico terrace occurs the
Talbot terracc. This is the lowest of the subaerial terraces (Plate I).
Like the other members of the series, it wraps about them like a border,
penetrates them as reentrants and is separated from those above it by a
scarp-linc (Plate XII). ,This scarp-line, although usually lower and
less conspicious than that separating the Sunderland and Wicomico
terraces, is easily discerned and is very continuous throughout the region.
It may be typically seen at a large number of localities, among which the
following may be mentioned. Along the borders of Elk river in Cecil
county ; on the road between Chestertown and Rock Hall in Kent county;
in the vicinity of Brooklyn and Annapolis in Anne Arundel county;
along the lower reaches of the Patuxent river in Calvert and St. Mary’s
counties, and about the flanks of Capitol Hill in Washington City (Plate
XIIT).

This scarp has an average height of about 10 feet although it at times
disappears altogether and at other times may rise to 20 or 30 feet in
altitude. The distribution of the Talbot terrace is similar to that of the
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Wicomico in that it finds its greatest development on the Eastern Shore,
although large areas are present along the western margin of Chesapeake
Bay from Elkton southward to Point Lookout and in the valleys of all the
estuarics. It has suffered less from erosion than any of the other terraees
and maintains everywhere its original surface almost unmodified by the
present drainage. The altitude of the Talbot terrace, where it abuts
against higher land lies very constantly at an elevation of about 40 or 45
feet, except in southern St. Mary’s county where it gradually declines
southeastward to about 10 feet ncar Point Lookout. From its landward
margin the Talbot terrace slopes away toward the surrounding waters
wherc it either terminates in a wave-cut cliff (Plate XIV, and Plate XIX,
Fig. 1) or else passcs down to tide level and merges with the modern
beach (Plate XV, Fig. 1).

Tur RECENT TERRACE.—Below the Talbot terrace is situated the
Recent terrace. This is principally confined to the submarine division of
the Coastal Plain and is eo-extensive with it. It everywhere wraps
around the subaerial division as a border and also extends up the river
valleys as a terrace formed by recent streams. Within the Bay and its
estuaries it is identical with the wave-cut and wave-built terraee, while
along the Atlantic shore it forms the modern beach and extends out under
the oeean as the surface of the continental shelf. Thus it appears that
the Recent terrace is principally submarine. What is known regarding
the eontour of its surface has been determined by soundings. In this
way it has been shown that the surfaece of this terrace is a plain, sloping
gently from tide to a depth of 600 fcet at a distance of about 100 miles
off shore. The Reeent terrace is usually separated from the Talbot
terrace by a well-defined scarp, although at times the surfaces blend
without any marked interruption. (Plate XIX, Fig. 2, and Plate XXII,
Fig. 1).

Up to this point in the discussion the various terraces have been
described as wrapping around each other in coneentric borders. This
arrangement, although the typieal onc, is not always present, for fre-
quently one or more terraces may be wanting in places where they would
normally be expected to be present. At sueh times the descent from the
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surface of the highest to that of the lowest terrace present, amounts to the
vertieal distance whieh would normally be expeeted to exist between
them (Fig. 5). The best example of this is to be seen along the Bay
shore between Chesapeake Beaeh southward to Drum Point. Through-
out most of this distance the surface of the Sunderland terrace, lying at
about 100 feet above tide, is separated from that of the Recent terraee
at sea level by a eliff 100 feet in height. The Wicomico and Talbot
terraces and their aceompanying éearps are here absent and the descent
from the Sunderland to the Recent terrace is aecomplished by a precipiee
which makes the famous Calvert Cliffs (Plate VIII, Fig. 1, and Plate
XXI).

LAFAYETTE

P T P A S 0N

Fie. 5.—Diagram showing Lafayette-Talbot scarp with the Sunderland and
Wicomico terraces absent.

Oceasionally the surface of the Talbot and Wicomieo terraces is modi-
fled by the presenee of subordinate terraees separated by low searp-lines.
These seeondary terraces are irregularly developed and, as a rule, are not
extensive. They oeeur prineipally in the valleys of the important estu-
aries and along the banks of those tributaries whieh drain the surrounding
upland. The most important of these minor searps is developed ou the
Talbot terraee, facing the Atlantic ocean, and extends from near Berlin
southwestward to the vieinity of Newark. It rises from 25 to about 35
feet and is a noticeable physiographic feature throughout the region where
it is developed. (Plate XXTI, Fig. 2).
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STREAM VALLEYS.

Within the Coastal Plain of Maryland there are discernible four
generations of stream valleys. Three of these no longer contain the
streams which cut them. They have been referred to in the discussion
as reentrants penetrating the various terraces. The first is found de-
veloped as a flat-bottomed drainage way of greater or less width and
extent, running up into the Lafayette terrace. Its level bottom is an
integral part of the Sunderland terrace. The second one of these drain-
age ways penetrates the Sunderland terrace in a similar way. Its
characteristics are analogous to those entering the Lafayette terrace and
its flat bottom forms an integral part of the Wicomico terrace. The
third of these drainage ways cuts a reentrant within the body of the
Wicomico terrace and its level floor forms an integral part of the Talbot
terrace. The fourth and last of these drainage ways is now in.the
process of formation. It is the system of valleys which are being cut
by the recent streams. Toward their headwaters these valleys are narrow
and V-shaped, and if traced to their sources, are often found to start
from intermittent springs surrounded by a steep-walled amphitheatre
from 5 to 10 feet in height (Plate IX and Plate X, Fig. 2). Toward
their lower courses these valleys are broad and flat and are frequently
filled with fresh or brackish-water marshes (Plate XX). In the upper
portions of their courses the valleys are being eroded. In the lower
portions they are being filled. A glance at the map (Plate I) will serve
to confirm the opinion which has been held for a long time, namely, that
the rivers of the Coastal Plain of Maryland have been drowned along
their lower courses, or, in other words, have been transformed into
estuaries by the subsidence of the region. The filling of these valleys has
taken place toward the heads of thesc estuaries (Plate XIX, Fig. 1).
The headwaters of these Recent valleys are being extended inland toward
the divide with great rapidity.

Many of the tributary streams occupy the reentrant valleys described
above. The more energetic have succeeded in carrying out all of the
ancient floor which formerly covered these valleys and formed a portion
of the various terraces. Others have left mere remnants of these valley
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Fie. 1.—VIEW SIIOWING SUNDERLAND-WICOMICO SCARP, WICOMICO SURFACE IN FORE-
GROUND. HUNTING CREEK VALLEY, CALVERT COUNTY.

F16. 2-VIEW SHOWING SUNDERLAND-WICOMICO SCARP, WICOMICO SURFACE IN FORE-
»
GROUND, NEAR LEONARDTOWN, ST MARY’S COUNTY.
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accumulations along the margins while the less active streams lhave left
the reentrant valleys practically unmodified. In southern Maryland the
streams which drain into Chesapeake Bay from the eastern slope of
Calvert county, as well as those which drain into the Patuxent river from
St. Mary’s and Prince George’s counties, have shorter courses than those
which drain into the Patuxent from Calvert county or into the Potomac
from Prince George’s, Charles, and St. Mary’s counties. A similar con-
trast is obvious between the streams which enter the Atlantic occan from
the Iastern Shore and those which enter Chesapeake Bay from the
same region.

The cause of this shortening of streams on the northeast side of these
divides is probably due in part to a tilting toward the southcast which is
discussed later in this momnograph, but also in a great mecasure, par-
ticularly along the Bay shore, to rapid wave erosion. The strcams
draiming the eastern slope of Calvert county and the northeastern slope
of St. Mary’s and Prince George’s countics were at one time longer, but
the recession of the shore line has shortened their courses by the cutting
away of their lower valleys. This is extremely well seen along the
Calvert Cliffs where the waves have advanced so rapidly on the land that
the former heads of stream vallcys are now left as unoccupied depres-
sions along the upper cdge of the cliffs, while other streams cascade from
the top of the precipice to the shore beneath, and still others 1nore active
have been able to sink their valleys to the water’s edge by a very sharp
decline (Plate XXI, Fig. 1). Other investigations have suggested
that rotation may have had some influence in bringing the strcams
mentioned above into their prescnt position, and although the streams

are short, it is probable that they have been somewhat affccted by this
influence.

DEsCRIPTION 0F FORMATIONS.

The surficial dcposits of the Atlantic slope consist of clay, loam, peat,
sand, gravel, and ice-borne boulders. South of Fredericksburg, Virginia,
they have not been mapped in detail, but from the Potomac valley north-
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ward across Maryland, the District of Columbia, Delaware, Pennsylvania,
and New Jersey to Raritan Bay, they are divisible into four formations,
corresponding with the terraces previously described, which have becn
called, beginning with the oldest, the Lafayctte, Sunderland, Wicomico,
and Talbot. If the deposits now forming beneath the surface and along
the shores of Chesapeake and Declaware Bays and the Atlantic Occan
are taken into consideration, they will form a fifth formation which is
known as the Recent. The formations are developed one above the other
in distinct terraces as earlier deseribed, the oldest lying topographically
highest and the others respectively lower in order of their age. These
terrace-formations will now be discussed, beginning with the oldest.

THE PLIOCENE PERIOD.

The only formation which has been referred to this period within the
State of Maryland is the Lafayettc. Its age has long been in doubt and
there is not yet sufficicnt data to correlate it definitely with any period. All
that can be said is that it is younger than the Miocene which it covers
and older than the oldest Pleistocene beds found in the same vicinity.
Within this region no fossils have been found and elsewhere the fossil
plants and animals alleged to have been discovered within the Lafayette
are not of a character sufficiently definite to determine its age. It is,
however, certain that, after the deposition of the Miocene beds, there was
a long interval of erosion before deposition of the Lafayette beds began.
Likewise, at the close of Lafayctte deposition, another long period of
erosion occurred before the Columbia deposits which are of Pleistoccne
age were laid down. The Iafayette formation thus occupics a strafi-
graphic position between the youngest known Miocene and the oldest
known Pleistocene in the vicinity and is separated from each by a long
period during which erosion was in progress. Thesc facts, together with
the absence of any undoubted Pliocene deposits in this region, have led to
the reference of the Lafayette formation to the latter period. This is,
however, only a provisional correlation and more positive cvidence is
needed before the question can be regarded as settled.
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The Lafayette Formation.

The Lafayette formation was first namned in Mississippi by Hilgard in
1885. This nanie was suggested by Lafayette county in which the de-
posits were found well developed. Later, in 1888, Lewis applied the
term Bryn Mawr gravels to a portion of the same formation developed in
the hills overlooking Philadelphia, and, in 1891, MecGee gave the name
Appomattox to that portion of the same deposit whieh was developed in
the Middle Atlantie slope. It was later considered by MeGee that his
Appomattox was equivalent lo Lafayette, and thal name has come to be
universally aecepted as applicable to the entire formation.

ARrEAL DistriBUTION.—The Lafayette is one of the most widely de-
veloped formations of the Coastal Plain, extending from Pennsylvania to
Florida and thenee westward along the shores of the Gulf of Mexico
(Plate IT). Within Maryland it crosses the State from northeast to south-
west and is eonfined to the castern margin of the Piedmont Plateau and
the western border of the Coastal Plain (Plate I). Throughout this
area it is believed to have once extended as a continuous bed and it doubt-
less, when first deposited, spread westward over a considerable surface of
the Piedmont Plateau and eastward over the Coastal Plain; but at the
present time it has suffered so from erosion that in Maryland it has been
reduced to a mere fragment of its former extent. The largest area is
located on the Coastal Plain southeast of Washington where it forms
the divide between the Patuxent and Potomae rivers as far south as
Charlotte Hall. This area has been much disseeted by stream erosion
and around its borders there are many outliers whieh have been separated

from the larger mass by the removal of the material which onee conneeted

T"When it is remembered that the Lafayette formation was first named in
northern Mississippi before the other surficial deposits were recognized, and
traced northward along the Atlantic slope to Fredericksburg, Va., by McGee,
who was not supplied with adequate maps, then over into Maryland by Darton,
who failed to differentiate it from the Sunderland formation, but mapped the
two as one, may it not be possible that future investigations will show, when
the Maryland horizons are ultimately traced southward, to Mississippi, on
large scale topographic maps, that the formation which is now referred to the
Lafayette in the northern extension of the Coastal Plain may prove to be
very different from the one Hilgard named Lafayette in the Gulf Slope?
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them. Just aeross the Patuxent river at Marriott Hill, and on the highest
hills of Elk Neck at the head of the Bay, there are other seattered patches
of Lafayette gravels whieh also rest on Coastal Plain deposits. Along the
eastern slope of the Piedmont Plateau from Virginia aeross Maryland,
Delaware, and Pennsylvania, there is a long line of outliers whieh rest
either on beds of Potomac or direetly on the erystallized rocks of the
Piedmont. The most important of these are loeated in the western part
of the Distriet of Columbia, near Burtonville, at Catonsville, near Loch-
raven, near Stoekton, and on the Piedmont area of Ceeil county near
Woodlawn. There are also other smaller patches scattered throughout
the area. No deposits referable to the Lafayette formation have been
recognized on the Eastern Shore south of Elk river. It will be seen by
referring to the geologieal map (Plate I), on which the various surfi-
eial formations are represented, that the distribution of the Lafayette is
very nearly parallel to the Western Shore of Chesapeake Bay. In west-
ern Maryland five miles north of Frederick, there is a deposit of loose
gravel which cannot be correlated with any other deposit in that part of
the State. It oeccurs at an elevation of about 500 feet and probably, as
Keith has suggested, should be referred to the Lafayette.

STrRUCTURE AND THIckNEss.—The fragmentary charaeter of the La-
fayette formation makes it a little diffieult to arrive at a satisfactory
eonelusion regarding its strueture. On the Piedmont Plateau it was
deposited on an uneven surface, and erosion has now redueced the
formation to isolated areas. If the various elevations at which these
outliers rest are compared in an endeavor to determine the dip, there is
danger of drawing an erroneous eonelusion, for an area where the
Lafayette rested on an ancient prominenee may be eompared with one
where it was deposited in a hollow. Over the Coastal Plain the basal
portions of the formation are not visible throughout. They ean be
traced in the vieinity of Washington, but as the formation passes south-
ward toward Charlotte Hall, the succeeding Sunderland terrace laps up
about the lower portions of the Lafayette formation and econceal its
eontaet with the older formations. As the Lafayette formation is thin
and varies in thiekness within narrow limits, a nearer approximation to
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e, 1 VIEW  SHOWING SUBAERIAL EROSION ON SUNDFRLAND-WICOMICO SCARP, NEAR
LEONARDTOWN, ST. MARY'S COUNTY.

Fig. 2—viEw sHowiIng AMPHITHEATRE AT HEAD OF YOUNG VALLEY IN SUNDERLAND
FORMATION, NEAR MORGANZA, ST. MARY S COUNTY.
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its attitude can be seeured by eomparing the various elevations of its
surfaee rather than those of its base. Yet it must be taken into account
that the areas back on the Piedmont Plateau are not as thiek as they were
originally, but have lost perhaps five or ten feet of surface loam through
proeesses of subaerial erosion. The central portions of the divide in
southern Maryland, however, seems to have lost little or nothing through
this process. By comparing surface altitudes in various places (Plate
XXIII), it has been found that the Lafayette formation was developed
as a plain whieh showed praetieally no echange in elevation from north-
east to southwest along the Piedmont border, but had a very gentle
deeline in a southeasterly direction across the Coastal Plain toward the
Atlantic ocean. Between the outlicrs at Woodlawn and thosc near Tlk
Neck, the slope is greater than elsewhere within the Coastal Plain. The
distanee between these two areas is ten miles and the total differcnee in
surface elevation is 170 feet. The average slope then amounts to 17 feet
per mile. It must be remembered, however, in comparing this with other
observations that the distance separating the two loealities is not great
and the slope eonsequently averages more to the mile than if the same
difference in elevation was separated by a greater distanee. This is well
shown in the southern part of the area where a difference in elevation
of 200 feet occurs between the surface of the Lafayette in the District
of Columbia and at Charlotte Hall. These two loealities are separated
by a distance of 36 miles, which gives to the formation a slope of 5.5 feet
per mile. This slope should be considered as more nearly normal for the
formation than that at the head of the Bay in Ceeil county.

It will be noticed that the structure has been referred to as slope
rather than dip. There are, in faet, two elements to be eonsidered in
discussing the structure of this formation; for it must be remembered
that the Lafayettc is a deposit which has not been covered by another, but
has been raised nearly parallel to its former position from beneath the
sea. One of these elements is the original slope which the formation
possessed as it was deposited on the oeean bottom and gently deelined
from the shore out towards deeper water. This appears to be the

6
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dominant element in the structure. Combined with it is a slight tilting
as the result of the various complicated movements which the Coastal
Plain has undergone since its deposition. There is not enough data
to accurately separate thesc two elements, but it is believed that the tilt-
ing is usually of less importance than the initial slope in determining the
present attitude of the formation. As these elements have cntered into
the structure of all the other surficial formations, from the Sunderland to
the Talbot, this discussion will not be repeated in describing them. At
the hcad of the Bay the slope of 17 fcet per mile has in all probability
a larger clement of tilting than of initial slope, for the underlying
Potomac beds indicate in their structure that the region has been
relatively elevated toward the west, or depressed toward the east. The
age of the Potomac beds in this locality is very much greater than that
of the Lafayette and this deformation may have been partly imposed on
the region before the Lafayctte was deposited or it may not. The most
that can be said here is that the beds slope toward the southeast at the
rate of 17 feet per mile.

The thickness of the Lafayette formation is not great. On Black hill
near Elk Neck, Cecil county, it amounts to a little more than 100 feet.
In other localities the basal portions are not visible and the thickness
cannot be detcrmined, while in still other places the formation thins
down to nothing and disappears. Taken as a whole, the average thick-
ness probably does not reach 50 feet.

CHARACTER OF MATERIALS.—The materials composing the Lafayette
formation consist of clay, loam, sand, gravel, and iron ore which is present
in the deposit as a cement, binding the loose materials together in ledges
of local development. It does not, so far as is known, occur in quantities
sufficiently extensive for mining (Plate III, Fig. R).

Thesc materials were imperfectly sorted by the waves of the Lafayette
sea, so that they are now found intermingled in varying proportions.
Although there is a rough bipartite division in the dcposits as a whole,
whereby the gravel occurs in greater abundance at the base and the sand
and loam at the top of the formation, yet these elements are mixed
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together in a confusing manner. No one of them is eonfined to any
definite stratum, but may oecur anywhere throughout the section. Irreg-
ular beds or lenses of loam, sand, or gravel are loeally developed through-
out the formation. Taken as a whole, the gravel is considerably decayed
and rather fine grained, but in the vicinity of the Piedmont Plateau it be-
comes very eoarse and is imbedded in a compact sand or stiff reddish elay-
loam. Southeast of Washington, at a moderate distance from the Pied-
mont border, the red or orange-colored gravel and clay gradually gives
place to a buff or mottled clay-loam in which only small quantities of
fine grained gravel are present. Usually the Lafayette is capped by a
deposit of loam varying from a few incles to 10 feet or more, and with an
average thickness of about 5 feet. At times it is highly argillaeeous,
at other times decidedly arenaccous, but as a general rule, it is of very fine
texture. Along the Piedmont border this loam contains considerable
iron and has a decided orange color, but in southern Maryland changes
to a buff or yellow. In color and also in texture it in many places
suggests the locss of the upper Mississippi valley. On the broad
Lafayette plain the loam shows a very pronouneed mottling of drab and
brick red. This is espeially noticeable when the material is wet. It is
scen in numerous road cuts, especially to the west of Brandywine. The
heterogencous character of these materials furnishes evidence of the
varied source from which the gravels have been obtained. Quartz and
other erystalline pebbles indicates the Piedmont as the souree from which
they were derived; sands and broken iron crusts give evidence of the
Potomac ; fossil-bearing pebbles prove their derivation to have been from
the Paleozoic formation to the westward; and finally, decayed blocks of
Newark sandstome are oceasionally met with. In southern Maryland
much of the material has been derived from the Miocene beds.

The Lafayette and subscquent formations changed the proportion of
their constituents so rapidly from place to place that sections could be
multiplied indefinitely, each one showing something a little different
from all the others. It is, therefore, considered unnecessary to give
more than one type seetion for each formation.
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SECTION OF LAFAYETTE FORMATION ONE AND ONE-HALF MILES SOUTHEAST OF

PISCATAWAY.
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StraTIGRAPHIC RELATIONS.—The Lafayette formation is developed as
a terrace lying irregularly and unconformably on whatever older forma-
tion chances to be beneath it. These range from the pre-Cambrian and
Paleozoic crystalline and metamorphic rocks of the Picdmont Plateau
up into the later members of the Miocenc beds. About five miles north
of Frederick in western Maryland there is a small area of gravel resting
unconformably on the Newark at an clevation of 500 feet. This deposit
in some respects suggests Lafayette although its age is not and perhaps
never will be definitely determined. As a whole, the Lafayette forms the
surface cover over the region where it is developed, its surface correspond-
ing to the surface of the country. In southern Maryland, however,
where the Sunderland formation laps up around its base, it is believed
to run out for some little distance under the Sunderland. In that case,
it would be overlaid uncomformably along its margin by the latter
formation. As a whole, the Lafayette formation is developed as a terrace
and, although the oldest of the surficial deposits, lies topographically
highest and at the center of a concentric border of younger terrace
formations which wrap about it.

THE PLEISTOCENE PERIOD.

To this period have been referred the Sunderland, Wicomico, and
Talbot formations. There are several lines of evidence which indicate
that these formations are Pleistocene. In the first place, they are
separated from the Lafayette by a pronounced uncomformity which
represents a period of uplift and erosion. Again, they are separated
from the Recent shore deposits and subaqueous platform by an uncon-
formity which also represents a period of uplift and erosion, although
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Fic. 1.—vIEW snowing ROLLING SURFACE NEAR EDGE OF SUNDERLAND FORMATION,
NEAR HUNTINGTOW N, CALVERT COUNTY.

IF16. 2—VIEW suowiNg EROSION ON SUNDFERLAND SURFACE NEAR HUNTINGTOWN, CALVERT
COUNTY,
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this latter may have oeeurred in the period regarded as Recent in other
regions. The materials which enter into the formations carry a large
proportion of iee-borne boulders which eould not have been brought in
during Pliocene time and are too large to be transported by the moderate
development of river-ice now carried out by our streams. These boulders
indicate thicker ice and a much colder period than at present. The fossil
remains whieh have been discovered throughout the surficial formations
all point to the Pleistocene age of these deposits, but until these various
formations have been traced earefully through New Jersey and their
relation to the terminal moraine and other glaeial deposits determined,
it will not be possible to fix the age of the Sunderland, Wieomico, and

Talbot more definitely than to say that they are Pleistocene.
As long ago as 1888, McGec, who was the first to grasp the problem

of these surficial deposits, designated a eertain portion of them as
Columbia and separated them into fluvial and inter-fluvial phases.
Later Darton extended the work of McGee and divided these sand deposits
into Karlier and Later Columbia. The author has earried the work of
Darton still further and has separated the Columbia formation of
MeGee into the Sunderland, Wicomico, and Talbot formations. It,
therefore, seems appropriate to preserve the name which McGee first
proposed for these deposits and to unite them under the broader terin
Columbia Group. The distribution of the Columbia formations extends
from Long Island southward to Mexico and up the Mississippi embayment
to the mouth of the Ohio river. This has been represented, together
with the distribution of the Lafayette, on Plate II. These formations
will now be diseussed in the order mentioned above.

The Sunderland Formation.

The name Sunderland suggested by a little hamlet in Calvert county,
where the formation is well developed, was first proposed by the author
in May, 1901. It is equivalent to Darton’s Earlier Columbia as described
and mapped by him in the Washington folio, U. S. Geological Survey,
1901. To the north in New Jersey, no formation has been deseribed to
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which the Sunderland is equivalent. but parts of Salisbury’s Cape May,
Pensauken, and Bridgeton find a place within it.

AREAL DisTRIBUTION.-—The Sunderland formation extends from
South Amboy across southern New Jerscy, Pennsylvania, Delaware, and
Maryland into Virginia and is doubtless continued throughout the South
Atlantic and Gulf States. In Maryland it is developed almost exclusively
on the Western Shore and lies in an intermediate position between the
Lafayette and the Wicomico (Plate I).

It was developed as a continuous deposit over the margin of the West-
ern Shore and the entire Kastern Shore, but erosion has now removed it
from the latter and its distribution in the former region resembles in
many respects that of the Lafayette. It finds its greatest development in
southern Maryland where it forms the divide of Calvert county and of
Charles and St. Mary’s counties west and south of the Lafayette
area. It also veneers the floor of ancient valleys in the Lafayette
formation. North of this region it is developed, like the Lafayette, as
outliers. A few of these are found within the body of the Coastal Plain
region while many others occur either on the Piedmont Plateau or on the
margin between it and the Coastal Plain. At the head of the Bay on
Elk Neck, it is developed as a fringe about and a little lower than the
Lafayette, while just east of Elkton about the margin of Grays Hill, there
is a small outlier, the only certain representative of the formation on the
Tastern Shore.

STRUCTURE AND THICKNESS.—What was said in regard to the structure
of the Lafayette is equally true of that of the Sunderland. Tts basal
portions are frequently obscured and it was at times deposited on an
irregular surface so that a better idea of the formation as a whole may be
secured by studying its surface elevations than by making a comparison
of isolated basal exposures.

Along the eastern border of the Piedmont Plateau and the western
margin of the Coastal Plain, the Sunderland formation is distributed in
outliers in much the same manner as the Lafayette but at a lower level.
Some of the most important of these are located at Elk Neck, near Perry-
ville, at Upper Falls, at Shipley, and in the District of Columbia (Plate
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XXIV). In southern Maryland the Sunderland formation attains its
greatest development and lere wraps about the margin of the Lafayette
formation and cxtends up into ancient. valleys whieh penetrate it as
reentrants. When the various elevations of these areas are eompared, it
will be found that the formation has practically no slope along the border
of the Piedmont between Perryville and Washington, but from Washing-
ton southward to Charlotte Hall there is a difference in altitude of 40
feet throughout a distanee of 33 miles, making an average slope of 1.2 feet
per mile. Between Charlotte Hall and Ridge there is a diflerence in alti-
tude of 120 feet in a distance of 34 miles, or an average slope of 3.5 feet
per mile. It will thus be seen that the Sunderland formation has a
gentle decline toward the southeast. This structure is in part due to
initial slope and in part to tilting.

The thickness of the Sunderland formation is as variable as that of
the Lafayette. Near Elkton, Ceeil eounty, it attains a thickness of 60 to
80 feet, but in other places thins down and disappears entirely. Taken
as a whole, the average thickness of the Sunderland is about 35 feet.

CHARACTER oF MATERIALS.—The naterials whieh eompose the Sunder-
land formation consist of clay, peat, sand, gravel, and ice-borne blocks
(Plate VI, and Plate VII, Fig. 2). As explained above, these as a rule
do not lie in well-defined beds, but grade into each other both vertieally
and horizontally. The coarser materials, with the exception of the ice-
borne boulders, are usually found with a cross-bedded structure, while
the elays and finer materials are either developed in lenses or are hori-
zontally stratified. The erratie ice-borne blocks are scattered throughout
the formation and may oceur in the gravel beneath or in the loam above.
There is distinguishable throughout the formation a tendency for the
coarser materials to oceupy the lower portions and the finer the upper
portions of the formation, but the transition from one to the other is not
marked by an abrupt change; and coarser materials are frequently found
above in the loam and finer materials below in the gravel. As a whole,
the material is coarser in the Potomac and Susquehanna basins than
elsewhere. In the vicinity of Congress Heights, the gravels of the
Sunderland are frequently cemented by ferruginous material. The
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ferruginous conglomerate uscd in the wall about the grounds of St.
Elizabeth’s Asylum were obtained from this consolidated Sunderland
material. The coarser materials are frequently mueh decayed.

A fossil bed bearing carbonaceous matter containing recognizable plant
remains occurs at Point of Rocks and a similar deposit has been dis-
covered not far from Owings Station on the Chesapeake Beach Railroad.
From this latter locality no remains eapable of identification have been
sccured. It eonsists of a stratum of black clay about 3 feet in thickness,
in which numerous small lignitized stems have been imbedded.

The sourees from which the Sunderland sea derived the materials for
its deposits were prineipally eonfined to the Coastal Plain. Its waves
must have eroded large areas of the Potomac and Lafayette formations
and re-worked their materials into its own dcposits. Wherever the
Eocene sands and marls have been used in any considerable quantity,
their presence is indicated by a peculiar greenish color imparted to the
deposit. Mioeene materials cannot be so readily detected, but they were
nevertheless re-worked in large quantities. The rivers also brought in
contributions from the Piedmont Plateau and the mountains of western
Maryland. This material was pushed along the bottom, drifted in
suspension and floated along on ice-blocks.

SECTION ON BAY Smore Two MILES SOUTH oF Cove PoiNT.

Feet. Inches.
Pleistocene. Sandy IOam ..............cvvvereinrnnnnnn. 3
SENGEL andg eTavel o ik L 11 20
linorMilayenl AT o S0l Ll w2 Bl = el B 3
Fine whiteand redsand .................... 3 6
DrabRclayey Santive wo ¥ . b oo o T IR 1
RoddishNsamdl® | N oo b K e s ase 6
Drab clayey sand .........oovveeinnnnnnnn.. 1
Fine white and red sand ................... 3 6
1 D7t oJl el .7 s S A BB SO = 8
EHEEY SANAL . 1% o o g e A B . s 6
DEab¥elawss., 0 L R N0 | e s 3
Redesandy. 4L i L e T s gl 2 6
Inony TaYErPrey. . . L . ook oo i, LAl
Miocene. Fossiliferous sandy elay .................... 54
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Fia, 1—VIEW SHOWING THE ST NDERLAND FORMATION UNCONFORMABLY OVERLYING LOWER
CRETACEOUS DEPOSITS IN BELT LINE CUT, NEAR CHARLES STREET, BALTIMORE

FIG. 2—VIEW SIIOWING SEC TION IN WICOMICO FORMATION, NEAR CLEMENTS, ST. MARY'S
COUNTY.
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STRATIGRAPHIC RELATIONS.—The Sunderland formation is built as a
terraee lying irregularly and unconformably on older rocks which range
in age from pre-Cambrian down to the later members of the Miocene.
(Plate XI, Fig. 1). In certain loealities in southern Maryland it
15 believed to rest unconformably on the basal portions of the Lafayette,
and in other localities there may be remnants of the Lafayette
lying concealed beneath its base. It also lies at a distinctly lower level
than this formation, wraps about it like a border, and is separated from it
by a scarp whieh is at times abrupt and very well defined. The most
typical of these scarps can be seen near Congress Heights and amounts to
about 60 feet. Others occur at Bryantown, Aquasco, and Charlotte Hall.

A word may be added regarding the searp at Charlotte Hall as it seems
to have been overlooked by former geologists. The height of the scarp
is about 20 feet and separates the flat surfaee of the Lafayette above from
the plain surface of the Sunderland below. The Lafayette surface
stretehes away in an unbroken plain, gently rising toward the Piedmont
and the Sunderland extends southward toward the oeean. Just beyond
the main scarp-line there are in the vieinity of Charlotte Iall a number
of outliers of Lafayette whieh rise above the general level of the Sunder-
land. These bear the same relation to the main Lafayette deposit as the
outliers of the Talbot formation, which now rise above the surface of
Chesapcake Bay, bear to the nainland elose by. This topography at
Charlotte Hall might be easily overlooked by one making a hurried
reconnaissance and might be entirely misunderstood by one unaccustomed
to the geology of the Coastal Plain. The narrow flat reentrants whieh
scparate the main body of the Lafayette from the outliers might be
looked upon as a valley eut by stream erosion and the presence of opposing
searps where the outliers face the main body of the Lafayette formation
might be considered as indicative of river banks. On the southeast side
of these outliers, where they faced toward the Sunderland sea, there is
no opposing bank, but they drop away similarily to the Sunderland
surface which is unobstructed by other prominences toward the southeast.
It is evident that these outliers were once portions of the mainland and
that the narrow flats which ramify among them were formerly stream
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valleys eut in the body of the Lafayette formation, but with the advanee
of the Sunderland sea these drainage ways were submerged and filled and
the divides which separated them were either obliterated or else cut up
into a series of outlying islands. A similar topography may be seen on
the Eastern Shore of Chesapeake Bay today.

Another line of evidence is furnished by the presence of a beach
gravel on the surface of the Sunderland formation as it approaches the
base of the Sunderland-Lafayette searp. The Lafayette in this region
earries very little gravel and waves eannot produee a shingle beach unless
there is gravel at hand out of whieh to make it. At Charlotte Hall,
however, the waves of the Sunderland sea concentrated on the beach the
small amount of gravel which they seeured by the erosion of the Lafayette
searp. It may also be added that there are ice-borne blocks in the body
of the Sunderland formation beneath the searp-line, but none have yet
been diseovered in the Lafayette formation above.

An even more signifieant feature of the topography in the vieinity of
Charlotte Hall is furnished by two generations of stream valleys. One
of these, the older, is now dry and unoceupied. It penetrates the La-
fayette formation and formerly drained from it into the Sunderland sea.
The other generation of valleys is now being rapidly extended inland
from the Patuxent and Potonae rivers. These latter valleys are steep-
walled and V-shaped and at the present time have worked their way so far
baek on the divide as to drain the edge of the Sunderland formation in
the vieinity of Charlotte Hall. These two valley systems are not only

distinet in age, but they have no physical connection whatsoever.
What was said in regard to the Lafayette formation forming the

surface of the eountry is also true of the Sunderland. Wherever it is
developed, it forms the surface of the region, with the exeeption of a
short distanee around its outer margin where the Wicomieo formation,
when présent, is believed to eneroach somewhat on its basal members and
to lie on them uncomformably. In almost every plaee where good see-
tions of Pleistocene materials are exposed the deposit from base to top
scems to be a unit. In other places, however, eertain beds are sharply
separated from underlying beds by uneven lines that seem to suggest an
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unconformity. These breaks commonly disappear in short distances
showing probably that they are for the most part only loeal phenomena
within the same formation, produced by the contemporaneous removal of
material by shifting, shallow-water eurrents. They generally seem to
have no relation to each other in closely adjoining regions as far as can be
recognized. Since the Pleistocene formations oecupy so nearly a hori-
zontal position it should be possible to connect these separation lines if
they were subaerial erosional unconformities. In the absence of any
definite evidence showing these lines to be stratigraphic breaks separating
two formations, they have been disregarded in the mapping.

Yet it is not improbable that in some places the waves of the advaneing
sca in Sunderland, Wicomico, and Talbot times did not entirely remove
the beds of the preceding period of deposition over the area covered by
the sea in its nmext transgression. Especially would deposits laid down
in earlier drainage lines as the sea advaneed be likely to persist as isolated
remnants which later were eovered by the next mantle of Pleistoeene
materials. If this is the case each formation from the Tafayctte to the
Wieomieo is probably represented by fragmentary deposits bencath the
later Pleistocene formations. Thus in certain sections the lower portions
may represent an earlier period of deposition than that of the overlying
beds. In those regions where the Miocene or older materials are not
exposed in the base of the escarpments each Pleistocene formation near
its inner margin probably rests upon the attenuated edges of the next
older formation. Sinee lithologic differences furnish insufficient criteria

for separation of these late deposits, and sections are not numerous enough

to distinguish between loeal interformational breaks and widespread
uneonformities resulting from an erosion interval, the whole mantle of
Pleistocene materials oceurring at any one point is referred to the same
formation. Even if the stratigraphic relations could be determined the
areas of outerop of the subjacent materials exposed in the present stream
channels would hardly admit of cartographic represcntation. For ex-
ample, the Sunderland is deseribed as overlying the Jurassic (?), Creta-
eeous, Focene and Miocene deposits and extending from the base of the
Lafayette-Sunderland escarpment to the base of the Sunderland-Wicomieo
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escarpment. The few deposits of Lafayette materials which may possibly
underlie the Sunderland are therefore disregarded because unrecogniz-
able. Similarly the Wieomieo is deseribed as including all the gravels,
sands, and elays overlying the pre-Lafayette deposits and extending from
the base of the Sunderland-Wieomieo esearpment to the base of the
Wicomico-Talbot esearpment. It is possible of eourse that materials of
Lafayette and of Sunderland age may oceasionally lie beneath the
Wicomico formation, and the same may again be true of the Talbot for-
mation.

The Wicomico Formation.

The name Wicomico, suggested by the Wicomico river, in St. Mary’s
and Charles counties, was first proposed by the author in May, 1901. It
is equivalent to the older portions of Darton’s Later Columbia as de-
scribed and mapped by him in the Washington folio, U. S. Gceological
Survey, 1901. To the north in New Jersey there is no single formation
deseribed to which it is equivalent, but it corresponds to portions of
Salisbury’s Cape May, Pensauken, and possibly Bridgeton.

AREAL DisTRIBUTION.—The Wieomico formation extends from South
Amboy aeross southern New Jersey into Pennsylvania, Delaware, Mary-
land, and Virginia. Beyond this point it has not been studied carefully,
but from faets whieh have been gathered it appears to extend far to the
southward. In the Coastal Plain of Maryland it has a greater areal
development than either the Lafayette or Sunderland. It has been less
dissected by erosion and, therefore, shows the plain terrace character of
its surface far better than either of the other two formations. Its great-
est development is on the Eastern Shore (Plate I) where it forms the
water shed down the center of the region and extends as far south as
West in Worcester county. On the Western Shore its development is not
so eontinuous. It forms a border beneath the Sunderland on Elk Neek
as well as along the western side of Northeast river. South of here it
is developed in irregular outliers and in southern Maryland it forms a
fringe about the Sunderland deposit and veneers the bottom of ancient
stream valleys whieh formerly drained it.
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I'I6. 1.-—VIEW SHOWING TALBOT-WICOMICO SCARP, TALBOT SURFACE IN FOREGROUND, ONE
MILE EAST OF SANDY BOTTOM, KENT COUNTY.

FI16. 2.—VIEW AT THE SAME LOCALITY AS ABOVE BUT FROM THE WICOMICO SURFACE
LOOKING DOWN ON THE TALBOT PLAIN. THE TOP OF TIIE SCARP MAY BE SEEN RUNNING
ACROSS THE MIDDLE OF THE ILLUSTRATION.
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STRUCTURE AND THICKNESS.—What was said in reference to the
"strueture of the Lafayette and Sunderland is also applicable to the
Wieomico formation. Its basal portions are frequently obscured and it
was deposited on an uneven surface. A better idea of its structure can be
obtained from comparing its surface elevations than the elevations of its
basal portions.

The surface elevations of ten localities within the Wicomico formation
and the average slopes between themn are given on Plate XXV. TFrom a
comparison of these it will be seen that between Aiken and Washington
there is no slope indieated. From Washington to Ridge the surface of
the Wieomico formation has a difference in altitude of 45 feet through-
out a distanee of 63 miles, making an average slope of 0.7 of a foot per
mile. On the Eastern Shore, from Grays Hill to West, the difference in
altitude amounts to 55 feet in 95 miles, or an average slope of 0.5 of a
foot per mile. It will thus be seen that the Wicomico formation, like
the Lafayette and Sunderland, slopes gently toward the southeast. There
is only a very small element of tilting present in this structure. In
southern St. Mary’s county, however, there is probably more than in any
other portion of the region. The strueture then is mostly due to initial
slope.

The Wicomico formation nowhere attains any considerable thickness.
At Turkey Point, Ceeil county, it has a thickness of about 70 feet. This
is probably the maximum. At many other plaees it thins down and dis-
appears entirely. As a whole, its average thiekness probably docs not
exceed 25 or 30 feet.

(CnaracTEr OF MaTERIALS.—The materials which constitute the Wi-
comico formation are similar to those found in the Sunderland, and, in
fact, many of them have been derived from that formation. They consist
of clay, peat, sand, gravel, and ice-borne boulders (Plate X1, Fig. 2, and
Plate XVI, Fig. 2). The distribution of these materials is similar to
that deseribed in the Sunderland in that they grade one into the other
both vertieally and horizontally, with the preponderanee of the coarser
materials at the base of the formation while the finer deposits are largely
developed towards the top. In the vicinity of Annapolis large quantities
of Eocene materials have been re-worked in the Wicomieo formation, and
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about one mile southeast of Queen Anne (Hardesty) in Prince George’s
county, there is a dcposit of carbonaceous matter about 20 feet thick
containing plant remains. At times the materials are very much decayed
as in the Sunderland.

In the valleys of the Potomac and Susquehanna rivers the Wicomico
formation contains large quantities of ice-borne boulders. These are
very conspicuous at the head of the bay and in many of the road cuttings
on Capitol Hill, Washington. Ice-borne boulders are also abundant along
the lower course of the Potomae river and are frequently met with on
the Wicomico surface of the Eastern Shore.

The Wicomieo sea derived its material in much the same way as that
of the Sunderland. The waves eroded the borders of the Lafayette and
Sunderland formations and re-worked this material with others secured
from the older Coastal Plain formations. Wherever the Wicomico sea
advanced on nncovered areas of Mioccne, Eoeene, and Cretaceous depos-
its, these were eroded and re-deposited on the sea-floor. At the same
time the rivers which drained from the west brought in material from
the Piedmont Plateau and Appalachian Mountains.

At Turkey Point there is a sea cliff cut by the waves of Chesapeake
Bay about 75 feet in height. As the greater portion of this consists of
the Wicomico formation, it forms one of the most typical scetions to be
found anywhere in Maryland.

SECTION OF THE WICOMICO FORMATION AT TURKEY POINT.
Feet. Inches.

BRAAY -CIMY . ...... .0 i e i e e ST e 10
Coarse gravel layer, with boulder bed at base........... 15
Gravel and clay pebbles, containing black bands......... 3
Arkosic sand and coarse gravel ...........00tvinnennn. 4
Brownish clay sand .........ccititiiiiiiinirnenennnnns 1
Coarse arkosic sand and clay pebbles, containing black
bands and SPOtS . vvv vt iti ittt ittt it 1¥
AWV GEROIAT! = oottt P % LG e e e els o Bee o IE e el oo s 1
Quartz pebbles ... ittt i i i et 3
Coarse cross-bedded arkosic, reddish-brown sand......... 15
VaARIeEated Clay ... . ...l e eeeteeeneea oo anes ool sln 3
Patapsco formation (Cretaceous).........veevvvneenen.. 4
TIORGOS T R 0 SRR 73 4
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STRATIGRAPHIC RELATIONS.—The Wieomieo formation is built as a
terraee lying irregularly and unconformably on older rocks which extend
from pre-Cambrian and Paleozoie down to the latest members of the
Miocene period. It is believed to lap up about the borders of the Sun-
derland formation and to lie unconformably on its basal portions. It
lies at a distinetly lower level from that of the Sunderland and is sepa-
rated from it by a searp whieh forms a prominent feature of the topog-
raphy (Plate VIIT). The surfaee of the Wieomieo formation forms the
surface of the eountry on which it is developed with the exeeption of its
margins, which are doubtless overlaid uneonformably in their lower por-
tions by the next younger formation, the Talbot. ‘

The Talbot Formation.

The name Talbot, suggested by Talbot eounty, where the formation is
well developed, was first proposed by the author in May, 1901. It is
equivalent to the younger portions of Darton’s Later Columbia as de-
seribed and mapped by him in the Washington folio, U. S. Geologieal
Survey, 1901. In New Jersey there is no one formation deseribed whieh
is equivalent to it, but it contains parts of the Cape May and Pensauken
formations of Salisbury.

ARrEAL DIsTrRIBUTION.—The Talbot formation extends from South
Amboy aeross southern New Jersey, Pennsylvania, Delaware, and Mary-
land into Virginia, from whieh point it is evidently continued south-
ward to an unknown distance. In Maryland it occupies the area between
the margin of the older surficial deposits and the scashore (Plate T).
It wraps about the Wicomieo and other terrace deposits as a border and
extends up reentrant valleys as a vencer. Erosion has attacked this
terrace to such a slight extent that it may be considered as continuous,
although here and there small arcas have been separated from the other-
wise unbroken surface. It finds its greatest development on the Eastern
Shore and partieularly in the southern portions of this area, where it
forms broad flats whieh deeline lower and lower until they pass into
marches and blend imperceptibly with the beach. On the Western

Shore it also has an extensive development, partieularly toward the head
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of the bay. In Southern Maryland is partakes of the character assumed
by the Wicomico in that it forms a border around the margins of the
other formations and extends up their reentrant valleys, filling them in
as a valley floor.

STRUCTURE AND THICKNESS.—What was said in regard to the struc-
ture of the previous formation applies equally well to the Talbot, with the
exception that thc Talbot has apparently suffered to a very small extent
by tilting. It has becn raised practically parallel to its former position.
Comparisons made between ten localitics within the Talbot formation
(Plate XXVI) show that there is no slope in the northeast-southwest
dir.ection, but a very gentle one toward the southeast. The difference in
altitude between Perryville and Crisfield is only 40 fcet over a distance
of 109 miles, making an average slope of 0.4 of a foot per mile. It will
thus be seen that the Talbot formation, like its predeccssors, slopes toward
the southeast. There is probably little if any clement of tilting rcpre-
sented in this structure.

The thickness of the Talbot is as variable as that of the other surficial
deposits. Where the waves of Chesapeake Bay have cut well back into
this formation so as to dissect it near its contact with the Wicomico
scarp-line, it at times has a thickness of 35 or 40 feet. Usually it is
much less and may thin out and disappear altogether. As a whole, the
average thickness of the Talbot formation does not exceed 20 or 25 feet.

CHARACTER OF MATERIALS.—The materials which compose the Talbot
formation consist of clay, peat, sand, gravel, and ice-borne boulders
(Plates XIV, XVI, Fig. 1, XVII, and XVIII). As in the Sunderland
and Wicomico formations, these materials grade into cach other both
vertically and horizontally, and the same tendency toward a bipartite
division of the coarser materials below and the finer materials above is
present in the Talbot as in the others. There is, on the whole, much less
decayed material than in the three preceding formations and the absence
of this gives to the formation a younger appecarance. Cross-bedding is
very common. In the western portion of the area, throughout the Poto-
mac and Susquehanna valleys, the Talbot deposits frequently contain
large ice-borne boulders. These are also common on the surface and
within the body of the same formation on the Eastern Shore.
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16, 1.=-VIEW OF cAPITCL HILL, WASHINGTON, AS SEEN FROM THE WIIITE HHOUSE, IN 1848.

SHOWING TIEE WICOMICO-TALROT SCARP. LITHOGRAPIIED AND PUBLISIED BY N. CURRIER,
1848.

I16. 2—VIEW OF WEST SIDE OF CAPITOL SHOWING TIE WICOMICO-TALBOT SCARP. DRAWN
FROM NATURE BY A. KOLLNER, PAINTED RY CATTIER. LITHOGRAPHED BY DEROY, Ig_;g.
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The following section may be eonsidered as typieal for the Talbot
formation, although others oceur whieh show a slightly different distribu-
tion of material as explained above.

SecTtIoN ON WEST SIDE OF ANACOSTIA RIVER SOUTIH OF PENNSYLVANIA AVENUE.

Feet. Inches.

Sandy loam, light yellow to brown incolor.............. 3 6
Fine yellow sand with occasional solitary gravels or thin

lenses of gravel 4 to 6 inches thick; gravel up to 6

inches in diameter ...........ciiiiiiiiiiiiiiiiia 7
Mass of gravels of all sizes unstratified, some several feet

in diameter, yellow sandy matrix, strize found on

gravels, materials generally fresh in appearance, a

few small lenses of yellow sand free from gravel pres-

ent. In places iron crusts have formed in the sand

and gravel, cementing them together (exposed)..... 11

Along the shore of Chesapeake Bay and the lower courses of many of
its estuaries there oceur at intervals deposits of greenish-blue elay devel-
oped as lenses in the body of the Talbot formation. TUsually the base
of the clay is not visible, but its stratigraphie relations are such as to
leave no doubt that it, or a thin gravel bed on which it oecasionally rests,
is unconformable on whatever lies beneath. The upper surface of these
elay lenses is everywhere abruptly terminated by a bed of eoarse sand or
gravel whieh grades upwards into loam and at its eontaet with the elay
strongly suggests an uneonformity. These elay lenses are in some loeali-
ties devoid of fossils, but in others they eontain remains of marine and
estuarine animals and land plants. Some of the more typieal exposures
will now be described.

Along the shore, about a mile below Bodkin Point, Anne Arundel
eounty, the variegated elays of the Raritan formation are finely exposed
in a eliff some thirty feet in height. These elays oeeupy the greater portion
of the seetion and earry an abundanee of lignite more or less enerusted
with crystals of pyrite. Sand and gravels of the Talbot formation uneon-
formably overlie the elays and eonstitute the upper portion of the eliff.
Half a mile farther south the eliff still maintains its former height, but

7
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the seetion has ehanged. Some ancient stream must have established its
valley on the Raritan sand, for here the surfaee of that formation, like a
great eoneave depression, passes gradually beneath the beaeh fo appear
again in the eliff a hundred and fifty yards to the south. In this hollow,
lying uneonformably on the Raritan formation, is a bed of dark-colored
clay about fifteen feet thick. Bluish and greenish tinted bands of elay
relieve somewhat the somber aspect of this deposit, and at about its
middle portion it earries a bed of peat. But its most striking feature is
the presence of huge fossil cypress knees and stumps which are imbedded
in its lower portion. These stumps vary in diameter from two to over
ten feet, and after the removal of the surrounding clay, stand out promi-
nently in the position in whieh they must have grown. Mr. A. Bibbins,
to whom the author is indebted for notes on these deposits, has eounted
thirty-two of these stumps which were visible at one time, and also reports
finding worm-eaten beeehnuts intimately associated with eypress cones
near the base of the formation. Sands and gravels of the Talbot forma-
tion overlie the whole. Immediately south of this outcrop the dark-
colored clays are temporarily replaced by the Raritan formation, but they
appear again a little further down the shore, and afford a good and almost
unbroken exposure for about a mile. The thickness of the elay in this
locality is at first about ten or twelve feet, but it gradually becomes thin-
ner southward and finally disappears altogether. Casts of Unio shells
and not vegetable remains are its predominant fossils, while, like the
beds eontaining the eypress swamp, it overlies the Raritan formation un-
eonformably, and is itself abruptly buried beneath Talbot sands and
gravel.

Another loeality of these deposits is on the bay shore, about a ile
northeast of Drum Point (Plate XVI, Fig. 1). Here, at the base of a
cliff about thirty feet high, is a two-foot bed of dark, choeolate-colored
clay carrying gnarled and twisted sticks protruding in every direetion
from the material in which they are imbedded. Above this occurs a thin
seam of lignite one and a half feet thick, which in turn is overlain with
abont five feet of slate-colored clay. At this point the continuity of the
deposit is interrupted by a series of sands, clays, and gravels of un-
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doubted Talbot age, which extend upward to the top of the cliff. Al-
though the base of this lignitic clay scries is buried beneath beach sands,
field relations lead to the conclusion that it is very much younger than
the Miocene clays on which it rests unconformably. ;

A similar section is to be seen on the Patuxent river, about a mile below
Sollers Landing. Large stumps here protrude from a dark, basal clay
bed, some five feet in thickness, which is covered by threc fect of sand,
and this again is buried beneath ten feet of Talbot sand and gravel. The
relations of the basal clay to the underlying Mioccne is again obscure, but
indications point to an unconformity. Another section is exposed along
the shore one and one-half miles northwest of Cedar P’oint, where a thin
bed of drab clay carrying vegetable remains is overlain abruptly with
sands and gravels. Its contact with the Miocene is again unfortunately
obscured. At the loecalities just deseribed no animal remains have been
discovered, but on the north bank of the Potomac, about half way between
St. Mary’s river and Breton Bay, there is a deposit of lead-eolored elay,
exposed for a quarter of a mile along the shore. It is buried at each end
as well as above by sands and gravels and carries both lignite and
Gnathodon cuneats Conrad. Although the description given by Conrad
is somewhat vague, it is highly probable that he visited this locality and
collected specimens of the fossils. Two morc localities should be men-
tioned, Wailes Bluff, near Cornficld Harbor, and its companion deposit
exposcd at Langleys Bluff five and a half miles south of Cedar Point on
the Bay shore. Conrad was well acquainted with these deposits and 1o
the former he devoted especial attention. Each is about ten fect thick,
occurs at the base of a low eliff, is composed mostly of a dark, lead-colored
clay, and is overlain abruptly with Talbot sand and gravel, while uncon-
formity with the Miocenc is beautifully shown at the basc of the Bay
shore section. A number of fossils have been described from the Corn-
field Harbor locality, among which are Ostrea virginica Gmelin, Arca
ponderosa Say, Arca transversa Say, Venus mercenaria Linné, Mya
arenaria Linné, Barnea costata (Linné), Crepidula plana Say, Polyni-es
duplicatus (Say), IPulgur carica (Gmelin). In this exposurc the lower
four fecet of clay carries the marine forms and above this there are two
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feet of sandy clay literally packed with Ostrea virginica. Thesc same
general relations hold for the similar deposits south of Cedar Point.

There are a number of other localitics in the Talbot formation in which
animal and vegctable remains have been discovered. They are not as
important as the ones just described, but show similar relations whenever
the contacts are visible. All the fossil localities known at the present
time within the superficial deposits of Maryland have becn indicated on
the geological map, Plate I.

STRATIGRAPHIC RELATIONS.—The Talbot formation is built as a ter-
race lying irregularly and unconformably on older rocks which range in
age from pre-Cambrian down to the latest members of the Miocene period.
It laps up about the borders of the Wicomico formation and apparently
lies unconformably on its basal portions. It is at a distinetly lower level
than the Wicomico and is scparated from it by a scarp (Platec XII) which
makes a distinct feature in the topography. The surface of the Talbot
is also the surface of the country in which it is developed with the excep-
tion of its borders, which arc unconformably overlaid at times by the
Recent beaches (Plate XV, Fig. 2). The valleys which have been cut
in the Talbot formation have recently bcen drowned and on these the
Recent sca is making a deposit similar to that which has bcen made by
every terrace deposit in the reentrant valleys of its predecessor (Tlate
XV, pEiie#1 )

Therc has been considerable discussion regarding the presence of the
Talbot formation in the vicinity of Washington. Darton has failed to
map it in his Washington folio, and Salisbury says that it “ has not been
recognized in the District of Columbia, and in the immediate vicinity of
Washington, at least, it has little, if any, development.”* Notwithstand-
ing this assertion, the Talbot and Wicomico are both unquestionably
present in the District of Columbia and the two have been mapped by
the author throughout this region. The Capitol is built on Wicomico
and the descent from this surface to the surrounding lower flats is the
Talbot-Wicomico scarp. It falls in line and is in perfect harmony with

¢ Ann. Rept. State Geol,, N. J., 1901, p. xxxix.
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the geology of the surrounding regions. This searp-line is one of the
most important topographie features within the ecity of Washington,
notwithstanding the fact that it has been to a large extent built over and
has been somewhat modified by grading. In earlicr days before the city
had grown to its present dimensions, this scarp-line was such a prominent
feature in the topography that almost cvery artist represented it in sketch-
ing panoramas of the city. Two of these early prints have been repro-
duced on Plate XIII. Even a cursory examination of them will suffice
to show the Wicomico-Talbot scarp-line.

INTERPRETATION OF THE STRATIGRAPHIC QRECORD.

The interpretation of the stratigraphie record has made it necessary
to correlate the various deposits not only within the Coastal Plain of

Maryland, but also beyond the borders of this State in adjoining terri-
tory. In making this corrclation, the author has confined his conclu-
sions to those regions which have fallen under his direct obscrvation.
They consist of the Potomac valley of Virginia and the Coastal Plain of
Maryland, Delaware, Pennsylvania, and New Jersey. Broader corrcla-
tions of the Maryland surficial deposits with regions more remote rest
on paleontological evidence and have been considered by Professor W. B.
Clark and Doctors F. A. Lueas and Arthur Hollick, who have contributed
chapters ou the organic remains.

Six elasses of criteria have been employed by the author in correlating
the various deposits within the region mentioned above. These classes
are: fossil remains, similarity of materials, stage of decomposition, con-
tinuity of deposits, similarity of topographic form, and sequence in topo-
graplic position.

FOSSIL REMAINS.

When the surficial deposits of Maryland are considered as a whole, it is
evident that fossil remains are not abundant or equably distributed. Up
to the present time none whatever have been discovered in the Lafayette.
The Sunderland, Wicomico, and Talbot formations have yiclded plant
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remains while the latter formation alone eontains invertebrates. A few
mastodons’ teeth and other vertebrate remains have been found in the
Talbot formation. The plant remains have yielded important informa-
tion regarding the flora of the time and have thrown considerable light
on the age of the deposits and on the elimatie eonditions which existed
in this region during the deposition of the terrace formations, but they
have been of little value in eorrelation. This statement will be better
appreciated when it is realized that the plant beds which are local in
development and widely scattered are for the most part eonfined to the
Talbot formation There are but two localities in the Sunderland where
plants are known to oecur and only one in the Wicomico. All the ma-
terial thus far discovered has not yielded conclusive evidenee of distinet
floras in the various formations, but rather conveys the impression that
practieally the same forms of plant life existed in the region from Sun-
derland down through Talbot times. Such variations as are present are
suggestive of different plant soeieties in the same general flora rather
than of a distinction of age between the floras.

The invertebrate remains have been chiefly secured from the two loeali-
ties so well known to Conrad-—Wailes Bluff, near Cornfield Harbor, and
Langleys Bluff, on the Bay shore, five miles southeast of Cedar Point.
Federalsburg, Baltimore, and a few other places have yielded additional
material, but not in the same abundance as the localities just mentioned.
These fossils are valuable in determining the age of the Talbot in which
they all occur, but the lack of invertebrate remains in the other terraces
makes it impossible to say whether the fauna of Talbot time was different
from that of Wieomico, Sunderland, or Lafayette time. The inverte-
brates, therefore, eannot be used to distinguish between the various
surficial deposits of Maryland or adjoining regions, but they are of value
in eorrelating the Maryland series as a whole with similar series else-
where. The laek of an abundance of fossils seems in a large measure to
be due to unfavorable conditions for preserving the hard parts of ani-
mals, whieh probably inhabited the estuaries and open water of the ocean
in large numbers. The few vertebrate remains which have been discov-
ered are of even less value in correlation. They have, however, thrown
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considerable light on the distribution of Elephas and certain other forms
in eastern North America.

s SIMILARITY OF MATERIALS.

Correlations founded on evidence afforded by similarity of materials
is always open to question and unless the evidence is used with the great-
est caution, it is apt to be more harmful than helpful. This class of
criteria has been of some aid in correlating the various terraces within
the Coastal Plain, but on the whole has been found inadequate. The
deposits may be divided into two great categories, those which carry
large boulders and those which do mnot. It has been found that the
highest terrace deposits, or those which have been assigned to the Lafay-
ette formation do mot contain these boulders, while the Sunderland,
Wicomico, and Talbot formations are abundantly supplied with them.
For a number of reasons it is evident that most of these boulders are ice-
borne. If this conclusion is well founded, and if the Lafayette has been
correctly referred to the Pliocenc period, ice-borne boulders would not be
expected in that formation, for it was deposited during a time of genial
climate at least in these latitudes. The presence of ice-borne boulders in
the Lafayette of Maryland would, thercfore, immediately call into ques-
tion the Pliocene age of this formation. This means of separating the
Lafayette from the other terraces is helpful but not altogcther reliable, for
blocks of floating ice are not the only means by which boulders can be
transported for long distances and deposited in the midst of fine silt.
Tloating vegctation can also perform this function as well as ice. The
mere presence, therefore, of a few boulders in the Lafayette imbedded in
fine silt would not necessarily point to ice action. Neither would it be
sufficient evidence to correlate the deposit with one of the Columbia for-
mations. Vast areas of the Lafayette have not as yet becn dissected by
streams and are consequently not accessible to the geologist, and it would
not be surprising if here and there scattered boulders should intimately
be found within it. They have been found occasionally in the Miocene of
Maryland in the midst of fine marine silt. Why may they not bc ex-
pected in the Lafayettc formation? On the other hand, the absence of
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boulders in a deposit does not indicate that it should be corrclated with
the Lafayette rather than with the Columbia formation. For not only
is the greater mass of the Columbia deposits sealed to the geologist from
lack of erosion, but also the boulders are not equally distributed through-
out it. They are confined mostly to the greater drainage lines, while in
many other regions they are absent. If then outliers should be found,
which on examination fail to reveal boulders, it could not for that reason
alone be separated from the Columbia and correlated with the Lafayctte.

In regard to employing the kind of materials occurring in any one of
the surficial formations to separate it from another, it may be added that
this method has becn tried and found inadequate. The most that can be
said in favor of it is, that the gravels in the Lafayette formations arc
composed almost entirely of sandstone, quartz, and quartzite pebbles
while the coarser materials in the other terraces frequently contain much
gneiss, gabbro, granite, etc., although these are by no means everywhere
present. It would not be surprising, however, to find somewhere in the
Lafayette a considerable admixture of gravel having a complex mineralog-
ical composition. Among the various formations of the Columbia group
no means of separation founded on the mineralogical composition of the
deposits has been found to hold in Maryland and the same is true in
Pennsylvania and New Jersey.

STAGE OF DECOMPOSITION.

Another method of correlating the surficial deposits is by comparing
the stage of decomposition exhibited in each. The value of this method
rests on the assumption that the oldest formation or the onec first de-
posited, has been exposed longest to the chemical action of surface waters
and has consequently reached a further stage of decomposition than any
of the other terrace deposits, cach one of which should show a more ad-
vanced stage of decay than the one immediately succeeding it. In sub-
jecting this method to a practical test in the field, it appears that the
assumption on which it is founded is too sweeping. There are no doubt
certain classes of deposits where discriminations by the stage of decom-
position can be applied with confidence. In many glacial deposits for
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instanee, the grinding effect of the ice is no doubt sufficicnt at times to
pulverize all rocks which have been loosened by decay so that only the
toughest and freshest can survive. A ground moraine, therefore, when
first deposited, will be composed of hard, fresh material, while that on
which it rests will probably be considerably decayed through having been
deposited during an earlier ice advance and, therefore, exposed longer to
the chemieal action of underground waters. The conditions under which
the surficial cover of the Coastal Plain was deposited were vastly differ-
ent from those which prevailed at the same time in the adjacent glaciated
region. One was chiefly the work of glacial ice, the other of river, estu-
arine, and arine waters aided by floating ice. In thc Coastal Plain de-
posits, which have been Jaid down by the action of water in one way or
another, the stage of decomposition is not entirely a function of age, but
depends on many other factors which vary greatly in the amount of their
influence with the ever-changing conditions. The possible factors, there-
fore, which may have combined to produce a certain stage of decomposi-
tion in a deposit are so many as to make the restoration of actual condi-
tions extremely doubtful and this element of doubt is what climinates the
“stage of decomposition ”* as a reliable method of correlation. A few of
these factors will now be discussed.

Exposure to the influence of surface waters is one of the most important
factors. It was shown above that the earliest formations of the Potomac
group were probably deposited in Jurassic time. An important stratum
in the Patuxent formation is arkose. This lies low in the series and is
of great age, and yet it is not more decayed than some of the boulders
of granite and gneiss which occur in the Talbot formation deposited to-
ward the close of the Pleistocene period. Many of the gravels in the
other Potomac formations are as hard and fresh to-day as when first de-
posited, while similar gravels in the Lafayette formation are in an ad-
vanced stage of decay. This discrepancy may be due to the fact that the
surficial deposits have been exposed to the chemical action of under-
ground waters for a longer time than the Potomaec deposits, but on the
other hand it is also probablc that these gravels of the Potomae which

appear so fresh have actually been near or at the surface for long periods
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of time during the intervals of erosion whieh preeeded and followed the
deposition of the Lafayette formation.

Another important faetor is found in the charaeter of the materials.
It was pointed out in an carlier part of this ehapter that the Sunder-
land, Wieomieo, and Talbot all eontain large quantities of gneiss, granite,
and gabbro boulders, while the Lafayette had few if any boulders of eom-
plex mineralogieal eomposition, its gravel being composed largely of sand-
stone, quartz, and quartzite pebbles. This variation in eomposition has
prodneed a confusing result. For those formations whieh earry gravel
and boulders of complex mineralogical composition appear by the rapid
decay of these constituents to be in a much more advaneed stage of de-
composition than the Lafayette formation which is very mueh older.
Many of the sandstone and quartz gravels also in the younger formations
are in a more advanced stage of decomposition than those of the Lafay-
ettc. If now the Lafayette formation is eliminated from the discussion,
and comparisons arc made between the various formations of the Colum-
bia group, it is found that the boulders of eomplex mineral eomposition
in the Talbot formation are frequently as much or even more decayed
than similar boulders in some of the older terraees. This faet in itself is
suffieient to introduee no end of confusion if dependence is plaeed on
“stage of deeomposition ” alone as a valuable method of eorrelation.

The last faetor to be considered is the re-working of decaycd material
by the waves. So mueh has been written about the grinding effeet of
the waves that it is eustomary to eonelude that all material which falls
under their influenee is ground to powder unless extremely tough and
obdurate. This conclusion is no doubt correct in the main, but there arc
times when wave action is weak and unable to pulverize soft material or
to grind up moderately decomposed boulders if brought under its influ-
ence. In such cases, the material would be ultimately buried up without
suffering disintegration by wave aetion. Partially decomposcd boulders
which had begun to deeay in an older formation might then be rede-
posited in the wave-built terraee in certain sheltered loealities and eon-
tinuc unchecked their proeess of decay. Sueh has actually been found
taking place at various points along the Bay shore. The presence then of
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decayed boulders in the Recent formation is suffieient to destroy any con-
fidenee in the “stage of decomposition ” as a method of diserimination
between the age of the various formations. Yet when the various forma-
tions are considered as a whole over the entire Coastal Plain of Maryland,
there is a pereeptible difference between the stage of decomposition of
the Talbot when compared to that of all the other formations. Asa whole,
its constituent parts show less decay.

It is obvious from this diseussion that the author found little aid in
attemnpting to correlate the deposits by using “ fossil remains,” “simi-
larity of material,” or “state of decomposition.” The most that can be
said of themn is that in certain cases they were found useful in corrobo-
rating evidence derived from employing the remaining three classes of
criteria mentioned above. When taken by themselves, they were unsatis-
factory.

The classes of criteria which the author found most servieeable in dis-
eriminating between the various surficial formations were “ eontinuity
of deposits,” “similarity of topographic form,” and “sequenee in topo-
graphie position.” These three criteria are all essentially topographic in
their eharacteristics and applieation. Their value as methods of corre-
lation and diserimination rests on evidenee now being furnished by the
activities of the estuarine systems of the Chesapeake and Delaware bays
and the Atlantie oeean. In other words, the key to the eorreet interpre-
tation of the surfieial deposits of the Middle Atlantic slope is to be found,
first, in the topographie form of the Recent terraee; seeond, in its eon-
tinuous development beneath a wave-cut cliff along the shores of the
Chesapeake-Dclaware Bay systems, as well as under the Atlantic occan
to the edge of the continental shelf; and third, in the way this terrace
would appear if it were elevated and eroded for any given period of time.
Before diseussing the last three criteria of discrimination, this Recent
terrace will be briefly considered.

At the present time the waves of the Atlantie oecean and Chesapeake
Bay are engaged in tearing away the land along their margins and in de-
positing it on a subaqueous platform or terrace. This terrace is every-

where present in a more or less perfect state of development, and may be
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found not only along the exposed shore, but also passing up the estuaries
to their heads. The materials which compose it are extremecly variable,
depending not only on the detritus directly surrendered to the sea by the
land, but also on the currents which sweep along the shore. Along an
unbroken coast the material has largely a local character, while near river
mouths the terrace is composed of débris contributed from the entire river
basin. Where the waves are weak, partially decayed material is torn
from the bank and redeposited practically unharmed on the surface of
the terrace, and continues, unchecked, its process of decay.

In addition to building a terrace, the waves are cutting a sea cliff along
their coast line, the height of this cliff depending not so much on the
force of the breakers as on the relief of the land against which the waves
beat. A low coast line yields a low sea cliff and a high coast line the
reverse, and the one passes into the other as often and as suddenly as the
topography changes, so that as one sails along the shore of Chesapeake
Bay, high cliffs and low bluffs arc passed in succession. The subaqueous
terrace and the wave-cut cliff are important features and should be sought
for whenever other terrace surfaces are investigated. The terrace is ncver
absent, but with varying width wraps about the present coast line like a
contour about a hill. The wave-cut cliff is not so constant for when the
shore is low, it may sink to insignificance or may disappear altogether.
In addition to these features, bars, spits, and other formations of this
character are frequently met with. Along the Atlantic coast of Mary-
land similar features are present, although the shore line is modified by
the presence of extensive barrier beaches thrown up by the morc powerful
waves of the ocean. The subaqueous platform is here more extensive
and characteristic than within the confines of Chesapeake Bay. It
extends out with a gentle slope to the 100-fathom line at a distance of
about 100 miles from the shore. |

Were the present coast line to be elevated, the subaqueous platform
which is now building would appear as a well-defined terrace of variable
width, with a surface gently sloping toward the water. This surface
would fringe the entire Atlantic and Bay shore as well as that of the
estuaries. The sea cliff would at first be sharp and easily distinguished,
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but as ages passed the less conspicuous portions would gradually yield to
the leveling influences of erosion, such as soil creep, plant roots, culti-
vation, ete., and ight finally disappear altogether. Tilting might
change the original attitude of the surface while erosion would also de-
stroy in a large measure the continuity of the formation, but as long as
portions of it remained, the old surface eould be reconstructed and its
history determined. At the margin of this terrace the waves of the ocean
and estuaries would begin their attaek. They would quiekly fashion a
wave-eut eliff around its border and beneath this build up a subaqueous
platform whieh would grow in width in proportion as the waves en-
croached on the land. If this in turn were elevated, it would form an-
other terrace having the same characteristics as its predecessor, but would
show its individuality in age and formation by lying beneath it, by being
separated from it by a searp-line more or less eontinuous, and by having
its surfaee less dissected by erosion. At its base once more the waves
would eut another searp-line and build another terrace whieh in time
might be raised to form another member of the series. These terraees,
although subsequently disseeted and separated one from another by ero-
sion, eould still be distinguished by sequenee in topographic position.
Regional tilting, whieh might oeeur from time to time, would leave its
mark in differences in attitude among the terraeces themselves. 'The high-
est, being the oldest, would aceumulate the movements and its position
would be a composite of them all. The others would reeord sueeessively

less deformation in proportion as they were younger until in the plat-

form building beneath the waves of the estuaries, only the latest earth
movements would find expression.

If the essential features of the Recent terraece are now clearly nnder-
stood, it will be a simple matter to show how “ eontinuity of deposits,”
“gimilarity of topographie form,” and “sequenee in topographie posi-
tion ” may be applied in discriminating the relative ages of the earlier
formations. It may not be amiss, however, to say in this eonneetion that
before, and even after, the author had begun to apply these methods of
interpretation, a large number of alternative Liypotheses were eonsidered
and rejected as inadequate. As the history of an investigation is not
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usually considered pertinent to a discussion, these “ multiple hypotheses ”
will not be again referred to.

CONTINUITY OF DEPOSITS.

The “ continuity of deposits” was onc of the most helpful methods
employed in tracing out the extent of any given formation. In certain
deposits which have undergone a complicated history, the mere continua-
tion of a deposit over a large area may not in itself be a proof of its unity
in age throughout, for one part may have been deposited so much earlier
than another as to actually belong to a different age, or the formation
may contain diagonal faunas. In the problem presented in the Coastal
Plain, however, no such complications are present. There the geologist
is dealing with formations but a few feet in thickness, each one of which
is terminated upward by a level surface which forms the top of a terrace.
It is then legitimate to conelude that so long as the surface is continuous,
the formation is‘also. There is, however, an exception to this usage. It
was pointed out a little above that occasionally the present surface of the
land slopes down and merges with the modern beach without a topo-
graphie break. This has been found to be occasionally true of the Talbot
terrace, although usually it is separated from the beach by a distinct
scarp. Such conditions must have held in past time as truly as in the
present and, therefore, caution must be used in applying the method of
“ continuity of surface” in order to avoid passing from ome surface to
another of different age. This method must be constantly checked by
the legitimate use of all the others.

SIMILARITY OF TOPOGRAPIIIC FORM.

In applying the method of “similarity of topographic form ” to the
surficial deposits, the author regarded the “ plain ” as the type surface.
Any topographic feature which deviated from this “type plain” called
for an explanation. Before taking up these topographie variations, it
will be well to consider the plain itself. In a previous chapter, the author
deseribed in a general way the physiography of the region and pointed
out some of the most striking characteristies of the Coastal Plain deposits.
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It was not considered necessary to go into many particulars, but simply
to convey a broad idea of the region. The time has now arrived, how-
ever, to present in more detail the true eharacter of these various terrace
formations.

The older surficial formations, in order to harmonize with the Recent
terraee, should first possess a plain surface, gently sloping toward the
ocean or the surrounding estuaries. Seeond, this plain should be sepa-
rated by a searp-line from every other and from the higher ground along
the margin of the Piedmont Plateau. Third, the datum line, or the line
where each terrace comes in eontact with the scarp, should be praetieally
at a constant level if the deposit was raised parallel to its former position,
or should slope gradually up or down if the terrace has suffecred moder-
ate deformation. Fourth, cach terrace deposit should either be, or show
conclusive evidence, that it once was continuous about the borders of the
estuaries and along the ocean front. A comparison will now be made
between the older terrace formations in order to show that each possesses
these essential charaeteristics.

In order to show that each one of the older terrace formations possesses
these charaeteristics, a series of diagrams has bcen prepared which are
shown in Plates XXIII, XXIV, XXV, and XXVI. Iach diagram deals
with a single terrace formation and eonsists of a series of ealeulations
derived from ten distinet loealities seattered widely over the surface of
the terrace. Aceompanying cach one of these diagrams is a map on which
the various stations are indicated with an asterisk and their elevations
above sea-level are expressed in figures. By examining the illustration
devoted to the Lafayette terrace (Plate XXTIT) it will be seen, first, that
the ten stations are broadly distributed throughout the surface of the
Lafayette, ineluding not only the area of greatcst development south of
Washington, but also the more important of the outliers in the Coastal
Plain and along the margin of the Piedmont Platcau. These stations
were selected not only because they were well seattered throughout the
district, but also for the reason that they were eonsidered as being ehar-
aeteristic and rcpresentative of the various elevations of the Lafayette
surface. It will be notieed that six of them lie on the higher elevations




112 THE PLIOCENE AND PLEISTOCENE DEPOSITS OF MARYLAND

of the Piedmont Plateau while only four are platted in the Coastal Plain.
Two of these latter, at Elkton and Marriott Hill, are loeated on outliers.
Brandywine and Charlotte Hall are placed one in the eenter and the
other at the margin of the broad Lafayette surfaee of southern Maryland.
All of the stations of the Piedmont Plateau are situated on isolated rem-
nants. A word may be added in regard to the various surface elevations
of the Lafayette along the Piedmont Plateau. The old scarp-line against
whieh the Lafayette sea must have eut has not been preserved anywhere
in the region under diseussion. At one locality the surfaee clevation may
represent a position very elose to the old searp-line and, therefore, orig-
inally higher, while another one may represent a loeation at a eonsiderable
distance from shore and, therefore, lower. This is not true of the other
terraecs where the datum line at the base of the searp has been preserved
and stations located at various points along this line can be ecompared
with a preeision which it is not possible to secure in contrasting stations
on the Lafayette surface. Erosion has also modificd these Lafayette out-
liers to such an extent that it is a matter of doubt whether the station is
loeated on the original surfaee of the Lafayette formation or at a point
somewhat beneath. The last remark does not apply to the stations at
Brandywine or Charlotte Hall for here it is reasonably eertain that the
surface of the Lafayette has not been lowered appreciably by erosion.
If attention is now transferred from the map to the diagram, it will
be seen that each one of these ten stations is aecompanied by a numeral
showing its elevation above mean tide level, and is compared with every
other station. In the lower left-hand half of the diagram, the figures in
each square are arranged to express the following: on the first line the
numeral shows the difference in clevation betweer the two stations which
are compared, expressed in feet; the numeral on the next line indicates the
number of miles between two stations. These measurements were taken
on a map sealed to eight miles to the inch and are sufficiently accurate
for the problem at hand. No fractions are introduced; all the distances
are expressed in full numbers. In the third line the numerals indieate
in feet the average slope of the surface per mile between the two stations.
These average slopes are reeorded by themselves in the upper right-hand
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half of the diagram, in order to be examined more easily, and in the
lower left-hand eorner is placed the average slope of the forination eal-
culated from all the observations given in the diagram. This same
method of treatment has been followed in each one of the sueeeeding
diagrams.

From a study of this didgram it is seen, first, that the Lafayette forma-
tion was evidently developed as a plain surfaee, gently sloping toward
the surrounding waters. In order to bring out this point more elearly,
it is only neeessary to examine the average slopes when it will be ob-
served that none of them exeeed 17 feet per mile, one of them sinks to
zero and the majority fall between 1 and 8 feet. The 17-foot slope is
loeated at the head of the Bay between Woodlawn and Elk Neek. In this
region two factors combine to increase the average slope. The first is
that with one exeeption this is the shortest distanee between two stations.
Therefore, any difference in elevation will not be redueed to a low aver-
age by being divided by a large number of miles. The seeond faetor is
that in this region the older formations of the Potomae group also indi-
eate more than the average tilting toward the southeast. While the age
of this disturbanee is not known, it is probable that the Lafayette has
shared in the deformation. In eontrast to this augmented slope, it will
be interesting to eompare the elevations of Stoekton and Washington
along the border of the Piedmont Plateau. Although 52 miles apart,
these surfaces show no variation whatever, but the three stations between
them are slightly higher. In order to bring out inore elearly the plain
charaeter of the Lafayette surfaee, the average slopes have been added
together and then divided by 45, their total number. From this it is
found that the average slope of the Lafayette surfaee between all of the
ten seleeted stations amounts to only 3.7 feet per mile. It requires only
a glanee at the map to show that the prevailing slope of this plain is
toward Chesapeake Bay and the Atlantie oeean. It will be seen that all
of the stations loeated on the Coastal Plain are below those loeated along
the border of the Piedmont Plateau. The greatest slope of the plain
from the Piedmont to the Coastal Plain is 17 feet per mile, as indieated
above, at the head of the Bay. Tn the Potomae valley between Washing-

8
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ton and Charlotte Hall, the plain slopes toward the southeast at the aver-
age rate of 5.5 feet per mile, while from Woodlawn at the head of the
Bay to Charlotte Hall, it slopes at the average rate of 3.1 feet per mile.
Other intermediate averages may be easily ascertained by consulting the
diagram. Thus the plain surface and the seaward slope of the Lafay-
ette terrace are demonstrated.

The second and third requirements in establishing an analogy between
this plain and the present subaqueous terrace is the presence of a searp
and a datum line. As both of these have becn destroyed by erosion, the
fourth and last requisite will be considered. This specifies that the
Lafayette deposit should show conclusive evidence of its original con-
tinuity. There seems to be no reasonable doubt for accepting this con-
clusion.  Geologists who have worked on this deposit have been impressed
by the continuity of this formation and with the fact that the various
outliers were at one time united in a continuous deposit. McGee traced
the Lafayette up to Fredericksburg. Lewis recognized the isolated rem-
nants of Lafayette gravel lying on the hilltops near Philadelphia and pro-
posed for them the name of Bryn Mawr gravels, therchy indicating that
they were one and the same formation. Finally, Darton followed the
Lafayette northward from Fredericksburg and showed that the outliers
of Bryn Mawr in the vieinity of Philadelphia were simply uneroded rem-
nants of the same general formation. As the censensus of opinion favors
the view that the Lafayette outliers on the Piedmont Plateau were once
united with the other areas of the Coastal Plain, the fourth requisite will
be considered as fulfilled.

The same explanations which have been given above in regard to the
Lafayette plat and diagram are applicable to that of the Sunderland for-
mation on Plate XXIV. It may be said, however, that in this case there
is a scarp and, therefore, a datum line preserved. All the stations are
located along this scarp-line with the exception of the one at Olivet in
southern Maryland. This has becen included so as to introduce the ele-
ment of slope away from the searp-line and is located at the extreme edge
of the Sunderland surface. A comparison of the averages will show none
exceeding 3.5 feet per mile while many of them have no variations in
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elevation whatever. An average of these averages indicates a slope be-
tween all the stations of 1.5 feet per mile. The general incline toward
the southeast, or toward the ocean and the lower portions of the Bay, is
indicated by the difference in elevation between the stations of Olivet and
Ridge and the rest of the stations. In addition to this it may be said
that any number of stations could have becn chosen to show that the
Sunderland formation slopes away from the scarp-line toward the sur-
rounding waters.

Not only does this surface show a decline in altitude from the foot of
the Piedmont Plateau to Point Lookout, but also it slopes from thc water
sheds of the peninsulas of southern Maryland toward Chesapeake Bay
" on one hand and the estuaries of the Potomac and Patuxent rivers on
the other.

As the presence of a scarp has already been indicated, it nced not be
discussed further, but a few words may be said in regard to the datum-
linc. 1t has just been said that eight stations are located at this datum-
line. Many of these, which are separated by long distances, arc at the
same elevation, while others do not depart widely from the general aver-
age. These differences in elevation are probably in part due to the per-
sonal cquation of the various topographers who located the contours on
which the maps are platted, as well as to the differences in judgment
among field assistants in locating the separating linc between the scarp
and terrace. Subsequent deformation has also doubtless somewhat
changed these clevations.

No one will probably challenge the statement that the outliers sepa-
rated by scarps from the Lafayette formation above and the Wicomico
below, are all parts of the Sunderland and were originally connected with
the main body of the formation in southern Maryland.

An cxamination of Plate XXV brings out clearly the plain-like char-
acter of the Wicomico terrace. All the stations, with the cxception of
West, are located on the datum-line where the Wicomico terrace abuts
against the Sunderland-Wicomico scarp. No slope between stations has
a greater average than 3 feet per mile and a larger number than in the
Sunderland terrace show no variation whatsoever. The majority of the
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remainder show diffcrences amounting to a fraction of a foot. The gen-
eral average of all these shows that the average slope between all ten sta-
tions of the Wicomico formation amounts to .4 of a foot per mile toward
the southeast. What was said regarding the Sunderland formation slop-
ing from the higher elevations toward the surrounding waters is also true
in regard to the Wicomico formation. The vast development of this ter-
race on the Eastern Shore adds new weight to this statement from the
fact that it slopes toward Delaware Bay and the Atlantic on onc side and
toward Chesapeake Bay on the other. From Grays IHill at the northern
extremity of the Eastern Shore to West at the southern extremity of the
Wicomico formation in the same region, there is an average slope of .5
of a foot per mile over a distance of 95 miles. The Wicomico terrace is
separated from the Sunderland by a well-pronounced scarp which has
been described at such length as not to require repetition in this place.
The constancy in position of the datum-line is well brought out through-
out the district, the only pronounced deviation occurring in southern
Maryland, where at Ridge it sinks to 45 feet.

Throughout most of its extent the Wicomico still maintains a continu-
ous surface and there is no reasonable doubt that it was once continuons
throughout the area where isolated patches now exist.

The tendency which has been found developing through the other dia-
grams finds its consummation in that of the Talbot formation shown on
Plate XXVI. The stations arc all located on the datum-line where the
Talbot terrace abuts against the Talbot-Wicomico scarp, with the excep-
tion of the one at Crisfield, which is located at sea-level where the Talbot
merges with the surrounding beach. On this surface no average slope is
greater than 2 feet per mile while an even larger number of zeros are
present than shown in any of the other diagrams. The majority of the
remaining averages are very small fractions of a foot. The average slope
between all the stations does not exceed .28 of a foot per mile. Tt will be
seen, therefore, that the Talbot surface is in reality a level plain. What
was said in regard to the sloping of the Sunderland and Wicomico sur-
faces toward the surrounding waters also holds for that of the Talbot.
The presence of the scarp need not be further discussed. There can be
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no doubt that the formation is continuous as it is the least broken of any
of the terraces. The elevations about the datum-line show that it has
suffered no deformation except at the southern extremity of the St.
Mary’s peninsula where it has apparently been slightly tilted toward the
southeast,

1f now these various terraces are compared among themselves, it will
be found that the criteria of the “ sequence in topographie position ” can
be applied to discriminate the one from the other, for they lie above cach
other like a flight of stairs. If then the sequence is establishell in one
locality, the various terraces may be diseriminated in other places, first,
by means of “continuity in deposits,” second, by “similarity of topo-
graphic form,” and third, by “ sequence in topographic position.” This
last method of discrimination must, however, be used with caution for it
has been shown that the tilting of some of the older surfaces has actually
brought them in places to a lower altitude than certain portions of the
vounger terraces. For instance, at Charlotte Ilall the surfacc of the
Lafayette terrace lies at 200 feet while at Marriott Hill the surface of
the Sunderland lies at 220 feet. It will, therefore, be seen that the topo-

graphic method does not imply “absolute agrecment in elevation” in

order to diseriminate between the formations, but it does imply that in
any one region these formations lic one above the other in successive ter-
races and that they slope gently from one clevation to another wherever
a difference occurs.

A comparison of the averages between these various formations will
show that the Lafayctte surfacc exhibits a greater average slope than
auy of the others and that each one in turn displays successively less and
less average slope down to the Talbot where it becomes almost unappre-
ciable. This is, as pointed out above, exactly what would be expected for
it has Deen shown that the surfaces have undergone repeated deforma-
tions since they were deposited. The Lafayette, being oldest, was sub-
jeeted to them all while the Sunderland, Wicomico, and Talbot have suf-
fered successively less.

In applying this topographic method of discrimination, it necessitates
examining the region carefully from end to end in order to deteet defor-
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mations and to trace them out from point to point. It is not advisable,
after having established a sequence in one section, to make a jump of 25,
50, or 100 miles to a distant section and conclude that, because a similar
sequence of terraces is found in that locality, they must be necessarily the
same as were found in the first station. Deformation may have climi-
nated certain terraces and introduced others, and one cannot be certain
that the correlation holds until the entire region has been carefully ex-
amined with a good topographic mmap, in order to ascertain whether one
et of terraces corresponds to the other. It is, of course, understood that
where formnations are separated by such slight elevations, an accurate
topographic map, published on the scale of a mile to the inch and having
contours at intervals of not more than 20 feet, is indispensable. The
work cannot be done with any degree of confidence in a region which has
not becn contoured and accurately mapped.

Although the surfaces of these various formations are gently sloping
plains, yet there are occasionally low elevations wlich rise above and shal-
low, saucer-like depressions which sink below the general level.

When a plain surface is found abutting against a scarp, or when an
elevation rises like an island from the midst of a terrace and is bounded
by a scarp on a portion of its circumference, it is interpreted as repre-
senting an island against which the waves beat and cut the scarp. An
cxample of an isolated clevation lifting itself above the general level of
the surrounding terrace and bounded by a well-defined sea-cliff is seen
in Capitol Hill, Washington, where the prominence on which the capitol.
1s located was an island in the Talbot sea. It has a well-developed scarp
on the north, west, and east, although toward the south it slopes away
more gently.

On the surface of the Wicomico and Talbot terraces there are a number
of minor terraces developed which are separated by low, inconspicuous
scarps but a few feet in height. These are located especially toward the
heads of the larger estuarics and on the sides of the valleys of the small
tributaries. For some time these minor terraces were extremely confus-
ing in attempting to establish a method of discrimination between the
more important terraces, but it was soon discovered that they were local
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in development and not continuous, and after a large number of obser-
vations had been compared througlout the Coastal Plain, it was found
that the great continuous terrace surfaces were those which have been
now designated as the Lafayctte, Sunderland, Wicomico, and T'albot for-
mations. The minor terraces seem to be due to pauses in uplift and to
the swing of the stream as it cut first on one bank and then on another.

There are beside these abrupt rises low, gentle elevations which stand
above the general level of the plain. These may be due to a number of
causes. They may indicate bars and spits, but certain of them doubtless
represent outliers of the next older terrace which were not quite reduced
to the general level of the surface when the water retired from that
region. There are all gradations of these, from outliers which evidently
had been redueed to about the level of the water to others which were so
far eroded as to leave nothing but a gentle swale in the topography.

The depressions are usually gentle and may be described as saucer-
shaped. Many of them are undrained and are probably due to local set-
tling since the deposition of the formation, or to unequal deposition of
materials duripg its formation.

The question may have arisen in the minds of some as to whether an-
other explanation may not be suggested by the facts here deseribed. May
not these terraces have been cut by a river system on a stationary or a
gently rising land surface and may not the plain which is aseribed to
river, estuarine, and marine conditions have actually been formed as a
flood plain of the river system? The question is a fair onc and has re-
ceived no little consideration from the author during the prosecution of
his investigations. There are, however, three conditions opposed to this
conclusion which may with propriety be given in this place: First, the
lack of an opposing bank to such a river system. As to the origin of the
Lafayette surface, there seems to be but one opinion, namely, that it was
deposited under marine or estuarine conditions. If the Sunderland is
taken to represent a terrace deposited by a river beneath the Lafayette,
where is the opposing bank to such a river system? The Lafayette and
Sunderland formations are absent on the Eastern Shore. This explana-
tion, therefore, will not apply to the two oldest terraces. Will it explain

.
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the others? In dealing with the Wicomico formation, the same objection
is met with as was confronted in trying to apply this explanation to the
Sunderland. There is no opposing bank on the east to confine the river
which is supposed to have built up the Wicomico terrace. It remains
then to apply the explanation to the Talbot terrace. This formation is
deposited for the most part between higher ground. Werc these elevated
borders river banks?®

A flood plain of the dimensions of the Talbot terrace would require a
long time for its formation. As the material which composes the sur-
rounding Wicomico formation is soft, tributary streams which would
enter the main river system would have had an opportunity to completely
destroy the plain surface of this terracc before that of the Talbot could
have been developed to its present dimensions. In other words, an ad-
vanced system of dendritic drainage would have been developed on the
Wicomico surface. In the chapter on Physiography of the Region, the
author was careful to explain that these various terraces were not dis-
sected except along their margins. This is particularly well shown on
the Eastern Shore where the surface of the Wicomico formation is prac-
tically undrained over large areas although the drainage lines are more
conspicuous along the borders. The time which must have elapsed in
order to have the Talbot terrace below formed as a flood plain of a river
system would have been sufficient to completely drain and in a large
measure destroy the surface of the Wicomico formation. This has not
been accomplished. It is, therefore, believed that an estuary cxisted dur-
ing Talbot time and that the waves which beat along the shore of this
estuary kept the streams cut back at their mouths, and although a den-
dritic type of drainage started to develop, it had apparently not pro-
cecded far because of the constant shortening of the river valleys. An-
other argument against the flood plain hypothesis is that sufficient time
would have elapsed to have permitted the complete destruction of the
scarp-line by subacrial erosion. With the advance of the dendritic drain-
age systems, the scarp-line would have blended with the terrace beneath.

?Typical marine Pleistocene terraces containing marine invertebrate fossils
are extensively developed on the coast of Greenland. They are described and
illustrated by White & Schuchert, Bull. Geol. Soc. Amer., vol. ix, p. 348, 1898.
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This has not taken place. The Talbot-Wicomico searp is the most con-
spicuous topographic feature of the Eastern Shore.

Another explanation which may be offered is, that these various terraces
were cut in the underlying Tertiary formations during pauses in the
uplift of the region and then carried beneath water-level by a subsidence
to reccive the load of loam, sand, and gravel. In reply to this suggestion
it may be said that terraces cut during an uplift in the loose deposits of
the Tertiary formation would surely be destroyed during a period of
ordinary subsidence. Unless this subsidence was a remarkably rapid one,
the waves of the advaneing sea would completely obliterate these various
terraces, and leave the surface in the form of a plain to receive the sedi-
ment of the surficial formations. It may be remarked here that the
Coastal Plain has been several times elevated and depressed and wherever
the unconformable contact is seen between two formations, it is found
to be a plain and not a series of terraces. Granting, however, that the
subsidence which earried down this terrace was extremely rapid, the sub-
sequent deposition would have filled up the angles between the searp and
the subjacent plain as a snow storm fills up the irregularities on the
ground. In place of having a veneer of gravel covering the irregulari-
ties there would be produced a plain surface in which no terraces would
appear. More than this, the reentrants which penetrate the surfaces of
the various terraces would also be filled solid with material and would not
present as they do now, flat valley floors eontinuous with the surface of
the main body of the formations without. Another objection to this
theory is that the formations do not lap down over these terraces, but each
one is cut off distinetly by the scarp. Subsequent erosion has occasion-
ally filled up the slopes at the foot of this escarpment with talus derived
from the gravels above, but where this is absent, it is seen that the gravel

which eaps the top of an esearpment is distinet from that whieh oceurs
at the base.

FEOLOGICAL HISTORY.

Tf the methods of interpretation of the various formations have been
well founded, the salient features of the geological history may be estab-
lislied with some degree of confidence.
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At the close of the Mioeene period a great part of the Coastal Plain
and the adjacent borders of the Piedmont Plateau were lifted above the
occan to form land. The full extent of this uplift is not definitely
known, but it is certain that the sea retreated eastward considerably be-
yond its present shore line. Stream erosion at once began to attack this
new land area and to cut it down to base level where it remained for a
long period until the erystalline rocks of the Piedmont Platcau were
decayed to a great depth below the surface. The rocks of complex miner-
alogical composition were reduced to quartz sand and a red eclay, while
the quartz veins were broken up and scattered as angular pebbles over
the surface. When, at the beginning of the Lafayette period, this land
mass was tilted so as to elevate the Piedmont region and to depress the
Coastal Plain below ocean-level, the waters of the Lafayctte sea advanced
over the sinking surface and streams gorged with detritus from the de-
cayed, uplifted Piedmont above rushed down to the sea and poured their
contents into the ocean. Either the waves were weak or the sea advanced
rapidly or this decayed material was discharged in enormous quantities,
for the sea was unable to cope with the detritus poured into it and de-
posited it unsorted on the bottom.

The amount of this depression is not known, but it is certain that the
land was submerged to at least 500 feet below its present altitude. In
the absence of a scarp-line or of a well-defined beach deposit, it is impos-
sible to locate the position of the Lafayette shore.

In the accompanying diagram (Plate XXVII) an attempt has been
made to rcproduce in a general way the old Lafayette shore line. This
map, however, should be considered as extremely hypothetieal. The alti-
tude of 500 feet or a little more has been assumed as approximately coin-
cident with the shore line of the old Lafayette sea. This contour has
been followed around the elevations of Maryland, and all depressions be-
neath it regarded as submerged, while elevations rising above are repre-
sented as dry land areas during Lafayette time. Tt has not been practi-
cable to make allowances for possible deformations which may have taken
place since Lafayette time for the reason that these movements are not
sufficiently understood at present. The valleys in western Maryland then
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whieh fall below 500 feet are represented as if they were fjords of the
Lafayette sea. 1t will be notieed that the gravel deposits near Freder-
ick, if they belong to the Lafayette formation, are the only recognized
remnants in western Maryland. All the other materials whieh must have
been deposited in the Appalaehian valleys, if the geography was approxi-
mately as represented, appear to have since been removed by erosion. If
the shore line of the Lafayette sea stood at approximately 500 feet, it falls
into line with what we know regarding the altitude of the deposits in the
eastern part of the State and is in harmony with the gravel-eovered ter-
raees lying against Bull Mountain at the height of 500 feet in Virginia,
deseribed by Keith in his “ Geology of the Catoetin Belt.”

It has been shown elsewhere by Dr. Cleveland Abbe, Jr.,* that the rivers
of the Piedmont Platean are superimposed. It is possible that these un-
adjusted eourses s common near Baltimore were conditioned by the sur-
fieial eover of Lafayette. After the deposition of the Lafayette forma-
tion, the land was raised above ocean-level and subjected to an interval
of erosion whieh was probably of longer duration than the later ones
whieh separated the other surfieial deposits of the series. The salient
features of the Coastal Plain topography were outlined at this time
although it is doubtful if they reeeived tt-cir full strength or final touches
before the post-Talbot uplift. It is evident that the valleys of the Po-
tomae, Patnxent, and other large rivers as well as that of Chesapeake
Bay existed, sinee the Sunderland formation, whieh was deposited when
this topography was submerged, slopes toward all these depressions. But
it is not probable that these gorges were eut as deeply as they are now for
the Sunderland formation nowhere shows a tendeney to develop a thiek-
ness suffieient to fill such a valley. It rather gives the impression of a
thin deposit whieh veneered wide, shallow depressions. The anomalous
eourse pursued by the Susquehanna after leaving the Piedmont, in turn-
ing south along the western margin of the Coastal Plain instead of eon-
tinuing a direet eourse to the oeean, has arrested the attention of many
geologists who have worked in this region. MeGee thought this eurious

1 A General Report on the Physiography of Maryland. Cleveland Abbe, Jr.
Md. Weather Service, vol. i, pp. 37-216, 1899. .
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feature was to be explained by deformation along the “{all line,” but
Darton has suggested a more probable causc. e belicved that a subma-
rine bar was built by the Lafayette approximately in the position now oc-
cupied by the Eastern Shore, and that a depression existed between this
bar and the main land. When the post-Lafayette uplift took place, this
depression was changed to a slough and down this trough the Susque-
hanna found its way. A similar state of affairs now exists off the coast
of the Carolinas where a great barrier beach cuts off the rivers from
direct contact with the occan. If this coast were to be lifted, Roanoke
river would be deflected southward along the coast and follow the de-
pression of Albemarle and Croatan sounds until a convenient opening
could be found through the obstruction to the ocean beyond. It is prob-
able that the channel of Chesapeake Bay was not so pronounced during
the post-Lafayette uplift as later when the subsequeni@formations had an
opportunity to widen and lengthen this barrier first outlined by the
Lafayette sea.

This interval of crosion was brought to a close when the land sank
once more beneath sea-level and permitted the Atlantic occan to encroach
on the valleys which had just been cut and transform them into estuarics.
It will be interesting to reproduce as far as possible the appearance ot
the Coastal Plain during Sunderland time. As far as is known, no Lafay-
ette occurs on the Eastern Shore. The formation which caps the divide
is Wicomico. This does not prove, however, that there was none at the
opening of the Sunderland period for it is probable that erosion, which
had not suceeeded in carrying it all away from the Western Shore, had
been equally nnsuccessful in stripping it entirely from the Eastern Shore.
If there were remnants of it, or of the underlying Miocene, in that region,
the Sunderland sea transformed the lower valley of the Susquehanna
river into an early Chesapeake Bay. With the advance of the Sunderland
sea, the waves continued the destruction of the Lafayette until toward
the close of Sunderland time all traces of it had been carried away from
the Eastern Shore, Chesapeake Bay disappeared, and nothing remained
to mark the presence of a former land mass over this region except Gray’s
Hill and the high Lafayette-capped hilltops of Elk Neck which rose
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Fic. 1=VIEW SHOWING BARRIER BEACH AND KECENT MARSIL. PARKER CREEK, CALVE
COUNTY.

Fis. 2 VIEW LOOKING UP PARKER CREEK FROM BARRIER BEACH
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above the surrounding sea as islands. Along the Western Shore the
Sunderland advanecd steadily up the larger river valleys which had beent
cut in the Lafayette and converted them into estuaries. As the land
continued to sink, waves encroached on the divides. They removed out-
liers, cut away the lower courses of drainage ways and diminished consid-
crably the areas of Lafayette which had survived the previous epoch of
stream crosion.

The presenee of the Sunderland sea eliff which has been preserved in
many localitics renders the platting of this old shore line much wore
satisfactory than that of the Lafayctte sea. During the maximum subsi-
dence the region stood about 220 feet below its present altitude and the
Sunderland sea advanced to approximately the position represented in
Plate XXVIII. At this time the coast of Maryland had much the ap-
pearance of the present shores of Rhode Island and Connecticut. Irom
New Jersey southward to Washington, the sea broke on the rugged rocky
coast of the Piedmont Plateau. From the sitc of Washington to that of
Charlotte Hall a long peninsula ran out into the ocean scparating the
Patuxent and Potomac cstuaries. The stream guillies in this hcadland
of Lafayette were drowned and its shore line was irregular and diversified
with outliers like that of the Eastern Shore to-day. In this region the
waves apparently broke some distance from the shore and rolled in with
diminishing foree over a long flat to the base of the low scarp at Charlotte
Iall. To the northeast Marriott Hill stood out as an island while off
the mouth of the Susquehanna river, which at that time resembled the
Hudson, the highest points of Elk Neck and Gray’s ITill rescmble the
island clusters which now form so striking a feature in New York harbor.

In rcgard to the climate it may be said that the genial warmth of the
Pliocene period liad come to an end. The huge continental ice-sheet had
crept down from the north and terminated not far distant in the high-
lands of New Jersey and Pennsylvania. Ice floes drifted down the rivers,
loaded with boulders and silt from the Piedmont Plateau and the Appa-
lachian Mountains beyond, and on melting, seattered this débris along
the shore line and over the sca bottom. Of the animal life in Maryland
at this time nothing very definite is known, but fossil evidenee has shown
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that eypress, pine, beeeh, gum, loeust, alder, huekleberry, sycamore, elm,
oak, hiekory, and poplar were among the trees whiech composed the
forests.

The Sunderland epoeh was brought to a close by the elevation of the
region once more and the retreat of the Sunderland sea. The estuaries
gave place to rivers with rapid currents whieh extended their head waters
inland, sent tributaries baek on to the divides, and began to rapidly tear
away the materials whieh the Sunderland sea had but a short time before
deposited. This epoeh of uplift and erosion was not of such long dura-
tion as that which followed the Lafayette deposition. It was brought to
a close by the region sinking onee more beneath the oeean and permitting
the Wieomieo sea to advance as the Sunderland sea had done previously.
The various scenes enaeted during this period were similar to those which
took plaee during the advanee of the Sunderland sea. Chesapeake Bay,
whieh at first was separated from the ocean by an Eastern Shore barrier,
later on disappcared by the destruction and subsidence of this land mass
and the occan broke once more unimpeded on the Western Shore. In the
northern part of this region as far south as the site of Baltimore, the
Wieomico sea broke near thc base of the Piedmont, but south of this
point a great peninsula, covering the terrifory now occupied by Anne
Arundel, Calvert, Prince George’s, Charles, and St. Mary’s counties, car-
ried the Coastal Plain well out toward the southeast and about the border
and up the valleys of this peninsula, the waves of the Wicomico sea broke
and eut away the borders of the Sunderland formation and widened the
valleys. Grays Hill still stood out as an island in the Wicomieo sea, but
Elk Neck appeared as a peninsula. The climatie conditions were similar
to those which held during Sunderland time and ice floes again drifted
down the rivers and scattered their contents of boulders and silt over the
sea bottom. The appearanee of the region at this time is approximately
represented in Plate NXXTIX, where it will be seen that the depression of
the Coastal Plain did not much exceed 100 feet beneath the present stand
of the land.

The Wieomico epoeh was brought to a close by the elevation of the
region once more above water-level. The erosion which aeeompanied this
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uplift was not apparently of long duration, and when the land sank once
more and admitted the Talbot sea, the depression did not much exceed
45 or 50 feet. This subsidence was not sufficient to submerge the Eastern
Shore through its entire extent and the epoch was not of sufficient dura-
tion to permit the waves of the Talbot sea to cut away the Wicomieo
which formed the surface of that land mass, so the Fastern Shore re-
mained as a barrier throughout Talbot time and separated the waters of
Chesapeake Bay from those of the ocean beyond. The appearance of the
Coastal Plain in Talbot time is approximately represented in Plate XXX,
and resembled very mueh the appearance of the region at the present time.
Onee more the lower courses of the larger rivers were transformed into
estuarics and the ice floes cane down again from the mountain valleys
with their freight of boulders. Here mastodons roamed about the re-
gion and their bones have been entombed in its swamp deposits along
with the remains of the forest in which they lived.

These deposits which were deseribed above, whether they carry plant
or animal remains, have certain charaecteristies in common. They are all
developed as lenses in the body of the Talbot formation. Usually the
eontact of the elay with the older formations is not visible, but its strati-
graphic relations are sueh as to leave no doubt that it, or a thin gravel
bed on whieh it oeeasionally rests, is unconformable on whatever lies be-
neath. The upper surface of these elay lenses is everywhere abruptly
terminated by a bed of coarse sand or gravel which grades upwards into
loam and this cover at its contact with the clay strongly suggests an
uneonformity.

The stratigraphie relation of these lenses of clay, which are invariably
unconformable on the underlying formation and apparently so with the
overlying sand and loams belonging to the Talbot formation, is a problem
which engaged the attention of the author until it appeared that the ap-
parent unconformity with the Talbot, althouglh in a sense real, does not,
however, represent an appreeiable lapse of time and that, consequently,
the clay lenses are actually a part of that formation. 1In order to under-
stand more elearly what is believed to have taken place, these clay depos-
its will be divided into two groups, those which earry plant remains eon-
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stituting one, and those eontaining marine and brackish-water fossils
the other.

In brief, the elays carrying plant remains are regarded as lagoon de-
posits made in ponded stream echannels and gradually buried beneath
the advancing beach of the Talbot sea. The elays carrying marine and
brackish-water organisms are belicved to have been at first off-shore
deposits made in moderately deep water and later brackish-water deposits

Fic. 6.—Diagram showing pre-Talbot wvalley.

formed behind a barrier beach and gradually buried by the advanee of
that beach toward the land. Taking up the first elass of deposits in more
detail, they are interpreted in the following manner:

During the erosion interval whieh immediately preceded the deposition
of the Talbot formation, many streams cut moderately decp ehannels in
the land surface which, when the region began to sink again at the open-
ing of Talbot time, were gradually transformed into estuarics (Fig. 6).
Across the mouths of the smaller of these drowned valleys the shore cur-
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F16. 1.—VIEW SIMOWING CALVERT CLIFFS ON CHESAPEAKE BAY,

16, 2—VIEW SHOWING VALLEY TRUNCATED RY WAVE EROSION, 1145 MILES SOUTI OF POINT
OF ROCKS, CALVERT COUNTY.
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rents of the Talbot sea rapidly built bars and beaches which ponded the
waters behind and transformed them from brackish-water estuaries to
fresh-water lagoons. These lagoons were gradually changed into marches
and meadows by the deposition of detritus brought in from the surround-
ing region and on this new land surface various kinds of vegetation took
up their abode (Fig. 7). At first the beach sands advanced in the lagoon

Fie. 7.—Diagram showing advancing Talbot shore-line and ponded stream.

and filled up completely that portion of the submerged trough which lay
immedialely beneath them, but later as the lagoon was silted in more and
more with mud derived from the surrounding basin, the advancing beach
came to rest on this lagoon deposit as a foundation and arrived at length
at the point where the lagoon had been filled up to the level of wave base
or higher. When this place was rcached, another process was added to
that of the beach advanmce. Heretofore the waves and wind had been

simply pushing forward material over the advancing front, but now that
9
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the mud deposit in the lagoon had aetually reaehed the level of wave
work and had transformed the lagoon from a pond to a marsh or meadow,
the breakers attacked the upper portion of the lagoon deposit and denuded
it down to the level of wave base as rapidly as they eould reach it from
under the superfieial veneer of the beaech sands. Cypress, ferns, sedges,
and other vegetation whieh had taken up their abode in the marsh would
be overwhelmed with detritus by the advaneing beaeh and a little later
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Fig. 8 —Diagram showing later stage in advance of Talbot shore-line.

would be destroyed by the breakers. In this way all traees of life must
have been removed from the deposit exeept sueh as happened to oceupy a
position lower than wave base. One, therefore, finds preserved in the
elay water-logged trunks and leaves, nuts, ete., and roots of huge trees
like the eypress which would tend to sink by their great weight further
and further down into the soft mud as the trees inereased in size. The
areas over whieh the waves had removed the upper portions of the lagoon
deposit ean be determined not only by the presenee of truneated stumps
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but also by the character of the contact itself (Plate XVI, Fig. 1, and
Plate XVII). At this line there is a sharp division between the clay
and the overlying sand and gravel while the area over which the beach
advanced without cutting would be indicated by a partial mingling of the
beach material with lagoon mud.

A still later stage in the process is illustrated in Figure 8, which rep-
resents a stage where the waves have so far advanced as to largely destroy
the original strcam channel. A small portion of the old swamp still
exists at the head of the valley, but its lower portions have long since been
submerged and either destroyed or covered over by the advancing beach.
(Plate XXT, Fig. 2.) The transverse section illustrates what is left of

the lagoon deposits of mud ecarrying truncated stumps of eypress and

Fie. 9.—Ideal section showing advance of Talbot shore-line.

other trees which happened to be buried deep enough to escape the de-
structive powers of the breakers. The broken line indicates the border
of the elay lens. Figure 9 is a section through the same region made at
right angles to the one just described. At D the breakers are forcing
forward the beach upon the meadow. Just off from the beach the waves
have swept away the sand and are eroding on the lagoon deposit which
reached out to them under the beach veneer. At €' the waves have suc-
ceeded in cutting down the lagoon deposit to wave base and have left
behind a thin veneer of sand and gravel as the sinking land carries it
down below the reach of the waves. At B the lagoon deposit was not
thick enough to reach the zone of wave erosion and simply grades up into
a thick deposit of sand and loam which passes outward toward A.

The seeond category of clay lenses, namely, those carrying marine and
brackish-water organisms are believed to have been formed in a somewhat
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different manner (Plate XVIII). The lower portion carrying the marine
organisms points to salt-water conditions and contains remains of sea
animals which live to-day along the Atlantic coast. At the time when
this deposit was formed, then, the occan waters had free access to the
region and the blue mud in which they are now imbedded and in which
they lived was a quict-water deposit laid down some distance from the
land. Later, however, it would appear that a barrier beach was con-
structed shutting off a portion of the sca bed which had formerly been
occupied by marine animals and gradually allowing it to be transformed
from salt-water conditions to those of brackish water. In this brackish-
water lagoon the fauna changed to that found along our cstuarics to-day
and huge oysters flourished and left behind them a deposit of shell rock.
With the bar advancing landward this lagoon was gradually filled up with
sand and gravel and finally obliterated.

The upper unconformity, then, in the case of the fresh-water and the
brackish-water lagoons is real only in the sense that an unconformity in
a cross-bedded wave and delta deposit is real. There is, it is true, a lack
of harmony in the position of the beds and a sharp break is indicated,
but there is no indication of an appreciable time lapse between the clay
and the oyster bed on the one hand and the overlying sands and gravel
on the other, and the sea which eroded the clay to a fixed level imme-
diately afterward oversprcad the surface of the same with a venecr of
beach sand. There is, therefore, no time break indicated by this uncon-
formity and the lenses of swamp clay, as well as those carrying marine
and brackish-water organisms, are to be looked upon not as records of
clevation and subaerial erosion, but as entombed lagoon deposits made in
an advancing sea and contemporaneous with the other portions of the
formation in whose body they are found.

The hypothesis here advanced is based on and reinforced by many ob-
servations along the present shores of the Atlantic ocean, the Chesapeake
Bay, and its estuaries. Each step in the process described is here illus-
trated and some of them are met with again and again.

As one passes along the shores of Chesapeake Bay and of the rivers
which flow into it, stream channcls are continually met which have
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arrived at more or less advaneed stages in the above-mentioned proeess.
Some are in part eonverted into lagoons by bars built aeross their mouths,
others show partial filling by mud washed in from the surrounding eoun-
try, and still others have reached the advanced stage of swamps or
meadows in which various types of vegetation are flourishing (Plate XX).
In Virginia, in addition to the usual undergrowth whieh is found in wet
places, the eypress has taken up its abode in these bogs and has eonverted
some of them into eypress swamps. For great stretches along the shore
the advanece of the sea is indieated by well-washed cliffs, while in other
plaees the waves are found devouring beds of clay which are situated im-
mediately in front of lagoon swamps and separated therefrom by nothing
but a low superficial beach. These elay beds invariably lie at and below
water-level, are very young in age and evidently pass directly under the
beaeh to connect with the lagoon clay beyond. This interpretation is
made the more certain by the presence of roots in the wave-swept elays
which but a short time before belonged to living plants identical with
those now flourishing behind the beaeh and point to a time not far dis-
tant when they also were a part of the lagoon swamp behind a beaeh and
situated a little farther seaward. At Chesapeake Beach, in Calvert
eounty, a diteh has been cut through one of these beaches whieh shows
a eontinuous deposit of elay from a lagoon swamp out under the beach to
the Bay beyond. The waves are thus eaught in the aet of eroding the
upper portion of the lagoon deposit.

From a large body of data gained throughout a wide area, it is evident
that the erosion which oceurred during the interval between the elevation
of the Talbot terrace and the present subsidence of the coast was suffi-
eient to permit streams to eut moderately deep valleys in the former. Tt
would then appear that as the region was gradually lowered again be-
neath the prescnt ocean the upper portions of the stream ehannel in time
passed below wave base and whatever has eollected in them sinee that
period will be preserved beneath the advancing sea as a more or less fossil-
iferous elay lens apparently unconformable beneath beach débris.

The barrier beaches whieh exist at intervals along the Atlantie coast
of New Jersey, Delaware, Maryland, Virginia, and southward show us
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how portions of the occan bed, which were formerly bathed by salt water
and sustained a marine fauna, are now converted to lagoons behind bar-
rier beaches and have passed over in varying degrees to brackish-water
conditions bearing estuarine faunas.

Another elevation of the region brought the Talbot epoch to a closc.
During the erosion which followed, the Coastal Plain received its final
touches to the topography which it now exhibits. Water ways which had
been deepened through each successive uplift were now cut still deeper.
The ocean retreated across the continental shelf to a point far beyond
the present shore line and the Susquehanna river received as tributaries
the streams from both banks and flowed the length of Chesapeake Bay
out through the Capes to the Atlantic ocean beyond (Plate XXXT).
Active erosion began once more, but before it had proceeded far, the re-
gion sank to its present position, thc sea took possession of the lower
Susquchanna valley and transformed it to the Chesapeake Bay and its
estuaries, imparting to the region its present aspecct. When this down-
ward movement will cease or how extensive will be the changes which it
is destined to produce, no one can say. It is only known that this is
the latest of a long series of oscillations and that the region still appears
to be sinking.

A few words may be addcd regarding the successive uplifts and de-
pressions which have taken place in the Coastal Plain from Lafayette
down to Recent time. A much simpler explanation would doubtless be
afforded by concluding that these various terraces were dcposited during
pauses in one general uplift. Therc are certain facts, however, which
show that such a simple explanation is impossible. These have all been
presented above, but may be briefly summarized here.

First. With the exception of the Lafayette, the surface of each of the
terrace formations is found to extend up valley reentrants which pene-
trate the body of the terrace next.above. Examination has shown that
this surface is not due to sedimentation without the valley and to cut-
ting within, but to scdimentation outside and inside as well. In other
words, the building of the terraces beneath the scarp was accompanied by
the filling of valleys within the body of the formation. Had there been
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a simple uplift and pause, the terrace outside would have been formed,
but the valleys would have been cut to the level of the terraee, and rivers
swinging in these drainage ways would have widened them, opening up
a flood plain. Examination shows, however, that these valleys were
deeper before the terrace outside was formed and then filled with many
feet of sediments which are continuous with the depositing of the terrace
along the border of the formation. It is, therefore, clear that the land
must have stood at a higher elevation when these valleys were cut and
must have been depressed and the drainage ways drowned, like the pres-
ent estuaries of Chesapeake Bay, in order to receive these sediments.
Second. The deep valleys of the prineipal rivers, taken in eonneection
with the gentle sloping of each terrace towards their axes and the small
thickness which cach one of the surficial formations has developed in
these basins shows that the prineipal valleys in the Coastal Plain could
not have been cut to their present depth during the post-Lafayette uplift
alone. Otherwise the Sunderland formation would have either devel-
oped a much greater thickness in these drainage ways or else have sloped
toward their axes at a very much greater angle. It is then evident that
the post-Lafayette erosion only partially excavated the valleys now oceu-

pied by the more prominent streams of the region, and that they have
been deepened during suecessive uplifts. What is true of the Lafayette-
Sunderland relations is also true of all the others. Neither the Wicomico
nor the Talbot terraces have developed any great thickness in these main

drainage ways and each one slopes gently toward the estuaries.

Third. Each one of the terrace formations has re-worked and re-
deposited over extensive arcas great portions of the underlying Tertiary
and Cretaceous deposits, and wherever this oceurs, they are found to lie
dircetly on the eroded surfaces of these beds. This shows that the older
formations were at no time covered with a thick deposit of sand and
gravel, and that the seas which deposited these various terrace forma-
tions advaneed over a region already stripped in large measure of the
deposit laid down by the preceding incursion. Had there been but one
period of uplift and erosion during post-Lafayette time, the Sunderland
formation would have covered the surrounding country with a thick
mantle of débris and the succeeding formations would have been depos-
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ited successively on each other. There is no evidence that this has taken
place. The field relations show, on the contrary, that the surface was in
a great measure stripped of one formation before the next was deposited.
In the vicinity of Annapolis indurated portions of the Focene sub-
stratum have been found penetrating the surficial cover of Pleistocene
materials, their upper surfaces planed off level with the gemeral surface
of the terrace. In the locality here mentioned, the lithologic distinction
between the Eocene and Pleistocene materials is so marked that there is
no difficulty in distinguishing between the two and determining their
relation. Tt is probable that the same relation may exist in other places
between the underlying beds and the overlying Pleistocene deposits, but
the discrimination being less easily made, the presence of such localities
has not been distinguished.

Throughout the southern half of St. Mary’s county, especially in the
vicinity of Ridge, the inner margins of the three lower terraces do not
have the same elevations as elsewhere in Maryland. The lowest rises
from tide to a height of about 10 feet. It is here abruptly terminated
by a scarp about 10 feet high. The next terrace slopes from the top of
this scarp to a height of about 45 feet. At this point the second scarp
rises, near Ridge, to join the terrace above at a height of about 60 feet.
Although there is this difference in elevation between the three lower
terraces in the southern half of St. Mary’s county, and the same terraces
in regions to the north and west, yet the transition from one region to the
other is not abrupt but gradual, and one may trace them as they gently
rise from Point Lookout to the surrounding regions. It would appear,
then, that there has been a slight tilting of the surface in the vicinity of
Point TLookout. Future investigations may of course show, when these
various terraces have been traced southward through Virginia, that the
interpretation just given is not the correet one.

SUMMARY.

In this monograph it has been shown that the surficial deposits of
Maryland are the last of a long series of unconsolidated beds which began
to be deposited in Lower Cretaceous and possibly Jurassic time and
have continued on with interruptions down to the present. These de-
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F1G6. 1.--VIEW SHOWING RECENT SCARP CUT AGAINST TALBOT AND CRETACEOUS DEPOSITS
BY THE WAVES OF CHESAPEAKE AY, BETTERTON, KENT COUNTY.

Fra. 2—viEw smowing INTER-TALROT SCARP, NEAR SPENCE, WORCESTER COUNTY,
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posits are composed of clay, peat, sand, greensand, marl, gravel, iron ores,
and ice-borne boulders. The topography of the rcgion shows that the sur-
face of the Coastal Plain is made up of five distinct systems of terraccs,
the oldest lying at the top and the others lying successively beneath in the
order of their age. The fifth terrace is now being built by the waves of
the Atlantic ocean, the Chesapeake Bay, and estuaries. They are uncon-
solidated except where locally oxide of iron, lime, silica, cte., has ce-
mented the materials into thin ledges. The formations, beginning with
the oldest, are known as the Lafayette, Sunderland, Wicomico, Talbot,
and Recent. Each one of thesc formations corresponds to a distinct ter-
race in the topography, the surface of the formation and the physiogra-
phic feature of the terrace being one. It has heen determined that the
Lafayette lies unconformably on older deposits and that a period of ero-
sion separates each of the terrace formations.

An epitome of the oscillations of the Coastal Plain through this time
is as follows:

Subsidence and deposition of the Lafayette formation.

Elevation and erosion.

Subsidence and deposition of the Sunderland formation.

Elevation and erosion.

Subsidence and deposition of the Wicomico formation.

Elevation and erosion.

Subsidence and deposition of the Talbot formation.

Elevation and erosion.

Partial subsidence and deposition of the Recent terrace.

Comparisons show that the classification adopted by the Maryland
Geological Survey is in harmony with that employed by Darton in his
latest work on the Coastal Plain, published in the Washington folio of
the U. S. Geological Survey, although somewhat at variance with his in-
terpretation of the formations in southern Maryland. Comparisons with
the work of Salisbury in New Jersey show lack of harmony throughout.
Finally a study of the Coastal Plain deposits from the bottom to the top
shows that the Atlantic seaboard has been repcatedly elevated when loaded
and depressed when lightened. It would scem that some other theory
than that of isostasy must be proposed to account for these movements.
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