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LETTER OF TRANSMITTAL

To His Ixccllency EDwIN WARFIELD,
Governor of Maryland and President of the Geological Survey

Commission.

Sir:—1I have the honor to present herewith a report on The Physical
Features of Calvert County. This volume is the fourth of a series of re-
ports on the county resources, and is accompanied by large scale topo-
graphieal, geological, and agricultural soil maps. The information con-
tained in this voluine will prove of both economic and cducational value
to the residents of Calvert County as well as to those who may desire in-
formation regarding this section of the State. I am,

Very respectfully,
War. Burrock CLARK,
State Geologist.

JouNs HOPKINS UNIVERSITY,
BALTIMORE, January, 1907.
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PREFACE

This volume is the fourth of a series of reports dealing with the physi-
cal features of the several eounties of Maryland.

The Introduction econtains a brief statement regarding the loeation
and boundaries of Calvert County together with its ehief physieal char-
acteristies.

The Physiography of Calvert County, by George B. Shattuck, eom-
prises a discussion of the surfaee charaeteristics of the eounty, together
with a deseription both of the topographie forms and of the agencies
which have produced them. A fuller discussion of this subject lias been
presented by Dr. Shattuek in his report on the Plioeene and Pleistocene
deposits of Maryland.

The Geology of Calvert County, by George B. Shattuek, deals with
the stratigraphy and strueture of the county. An historieal sketeh is
given of the work done by others in this field to whieh is appéndcd a
eomplete bibliography. Many stratigraphical details arc presented, ac-
eompanied by local seetions. -

The Mineral Resources of Calvert County, by Benjamin L. Miller,
deals with the eeonomnie possibilities of the various geological deposits
of the eounty. Those which have been hitherto employed are fully dis-
cussed, and suggestions are made regarding the employment of others
not vet utilized.

The Sotls of Calvert County, by Jay A. Bonsteel and R. T. Avon
Burke, contains a discussion®of the leading soil types of the eounty and
their relation to the several geological formations. This investigation
was conducted under the direet supervision of Professor Milton Whit-

uey, Director of the Bureau of Soils of the U. S. Department of Agri-

eulture.
The Climate of Calvert County, by C. ¥. von Herrmann, is an impor-
tant eontribution to the study of the climatie features of the eounty.
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Mr. von Herrmann is Seetion Director in Baltimore of the U. S. Weather
Bureau and is also Meteorologist of the Maryland State Weather
Serviee.

The Hydrography of Calvert County, by N. C. Grover, gives a brief

account of the water supply of the county whiel, as in the case of the
other Coastal Plain counties, affords but little power for commereial pur-
poses. The author of this echapter is a member of the Ilydrographic Di-
vision of the U. S. Geological Survey.

The Magnetic Declination in Calvert County, by L. A. Bauer, con-
tains mueh important information for the local surveyors of the county.
Dr. Bauer has becn in charge of the magnetie investigations sinee the
organization of the Survey and has already published two important
general reports upon this subject. e is the Director of the Depart-
ment of International Research in Terrestrial Magnetism of the Car-
negie Institution.

The Forests of Calvert County, by II. M. Curran, is an important con-
tribution and should prove of value in the further development of the
forestry interests of the county. Mr. Curran is a member of the U. S.
Forest Service.

The State Geological Survey desires to extend its thanks to the several
National organizations whieh have liberally aided it in the preparation
of several of the papers eontained in this volume. The Director of the
U. S. Geological Survey, the Chief of the U. S. Weather Bureau, the
Chief of the U. 8. Forest Serviee and the Chief of the Bureau of Soils
of the U. S. Department of Agriculture have granted many facilities for
the conduct of the several investigations and the value of the report has
been much enhaneed thereby.




JIFIE

PHYSICAL FEATURES

OF

CALVERT COUNTY







THE PHYSICAL FEATURES OF
CALVERT COUNTY

INTRODUCTION

Calvert County constitutes with Anne Arundel, Drince George’s,
Charles, and St. Mary’s counties, what is called Southern Maryland. It
is located between the parallels 38° 19" and 38° 46’ north latitude and
the meridians 76° 28’ and 76° 42’ west longitude and eovers an area of
216.8 square miles. Calvert County was first established in 1654, its
confines at that time embracing portions of what arc now Anne Arundel
and Prince Georgc’s counties, although its westernmost limits were
somewhat indefinite. In 1674 its northern boundary was restricted,
although still comprising a small area in the mortheastern part of the
eounty whieh in 1823 was incorporated with Anne Arundel County,
the present limits of Calvert County dating from that time.

Calvert County is entirely surrounded by navigable waters except along
its northern boundary adjacent to Anne Arundel County. The eastern
boundary of the county is the Chesapeake Bay, while its southern and
western boundaries are marked by the waters of the Patuxent River.

Calvert County constitutes a peninsula along which from north to south
runs an clevated plain that gradually descends from an extreme eleva-
tion of somewhat over 180 feet near the northern limits of the county
to about 100 feet in the south. From this highland, the watershed of
which is not far from the Chesapeake Bay, the drainage is to the east-
ward by short courses to the Chesapcake Bay and to the westward by
longer channels to the Patuxent River. The county-town is Prince
Frederick, situated on the upland plain near the center of the county.
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The largest settlement in the County is Solomons, located on Solomons
Island near the mouth of the Patuxent River. Its eitizens are largely
engaged in the oyster trade.

Calvert County is essentially an agricultural region, although its prox-
imity to the waters of the Chesapeake Bay and the Patuxent River gives
it an advantageous position in the oyster industry, many of its citizens
being engaged in that business, whieh has meant so much to the material
prosperity of the State.

The soils of the county are well adapted to the growth of tobaceo,
eorn, wheat and rye, while small fruits, especially peaches, can be sue-
cessfully raised. Still other areas are well adapted to the raising of sheep
and cattle. The lumbering interests of the eounty have been of eonsid-
erable importanee in the past and with the introduction of modern
methods of forest management may again be revived, as there are many
large traets in the eounty where valuable wood-lands eould be advan-
tageously developed.

The mineral resources of the county are not important, although the
beds of diatomaceous earth on Lyons Creek have been extensively worked
at different times and afford a high grade silica whieh is eommonly
known in the trade as tripoli. These silica deposits underlie a eonsider-
able area in the extreme northern part of the eounty. There are also
beds of shell marl and clay, but they have not as yet been employed to
any great extent for eeconomic purposes.

The transportation facilities of Calvert County are mainly furnished
by the Baltimore, Chesapeake and Atlantic Railroad which runs frequent
boats to various landings on the Bay and river shores, the so-ealled river
being in reality a tidal estuary which with the Chesapeake Bay occupies
through reeent subsidence of the country, the ehannels of earlier streams.
Only within the last deeade has the railroad penetrated into the confiues
of the eounty, when the Chesapeake Beach Railroad was built, to develop
a resort on the shores of the Chesapeake Bay. Many attempts have been

made to eonstruet a railroad aeross the eounty from north to south with
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its terminus at Drum Point, and this plan seems now on the point of
realization. With the eompletion of this line few counties in the State
~ will enjoy such cxceptional transportation facilities, as no place in the
county wonld then be more than a few miles from a shipping point.
The present volume contains a diseussion of the physiography, geology,
agricultural soils, hydrography, elimate, terrestrial magnetism and for-
estry of the county, which together constitute the physical features. All
of these are essential to an understanding of the natural resources and
posscss an interest not only from an economie but from an eduecational
view-point. W. B. C.







DEVELOPMENT OF KNOWLEDGE CONCERN-
ING THE PHYSICAL FEATURES OF
CALVERT COUNTY, WITH
BIBLIOGRAPHY

BY
GEORGE BURBANK SHATTUCK

INTRODUCTORY.

The miscellaneous observations made by the ecarly explorers of Calvert
County pertained to subjects which have now beecome distinet fields of
investigation. Notes which relate to discoveries in geography and
geology have been gathered from various sources by the author who has
grouped together the most important of them under their respective
heads. The review of gcographical research begins with a summary of
the exploration made by Capt. John Smith in 1608 and ends with the
recent work of the State Geological Survey during the summer of 1902.
The account of the geological research begins with Wm. Maclure’s investi-
gations in 1809 and ends with the latest publications made in 1906,

HistoricAL REvinw.

Calvert County, which oceupies a narrow neck of land between Chesa-
peake Bay on the cast and the deep estuary of the Patuxent River on the
south and west, is favorably situated for exploration and colonization
and was consequently visited and settled by the Europcans at a very
carly date. As is customary in a new country, cxplorations werc at first
incomplete and the maps made by the early geographers far from cor-
rect. But as time advanced and the country became more thoroughly
explored, the rough preliminary maps were replaced by more exact and
satisfactory oncs. The history of exploration in Calvert County is,
therefore, a narrative of the gradual aceumulation of information which

at first was vaguc and general, but now has become definite and specifie.
3
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THE HISTORY OF GEOGRAPHIC RESEARCH.

The first geographie exploration® in the region which is now known
as Calvert County was carried on by Captain John Smith and a few com-

panions in the summer of 1608, although the results were not pub-
lished until 1612-14. The motive which prompted Smith to this under-
taking was the exploration of Chesapeake Bay and the adjacent country,

so that the examination of Calvert County was only a portion of the
work accomplished. His deseription of the country along the Calvert
Cliffs is as follows:

“But finding this Easterne shore, shallow broken Isles, and for the
most part without fresh water, we passed by the straits of Lwmbo
[Hooper or Kedge Straits.] for the Westerne shorc; so broad is the
bay here, we could searce percciue the great high elifts on the other side:
by them we Anchored that night and called them Riccards Cliftes [Cal-
vert Cliffs]. 30 leagues we sayled more Northwards not finding any
inhabitants, leaving all the Eastern shore, lowe Islandes, but ouergrowne
with wood, as all the Coast beyond them so farre as wee could see; the
Westerne shore by which we sayled we found all along well watered, but
very mountanous and barren, the vallies very fertill, but extreame thicke
of small wood so well as trees, and much frequented with wolues, Beares,
Deere, and other wild beasts. We passed many shallow ereekes, but the
first we found Navigable for a ship, we called Bolus [Patapsco].”

Smith did not spend in all much more than a month in his exploration
of Chesapeake Bay, but in this short time gathered material which was
afterward presented in a remarkably well proportioned map, if one con-
siders the difficulties which he encountered and the extremely rough
methods of surveying which he employed. This map remained for a
long time unsurpassed and served as a basis of exploration and settle-
ment. In examining the map which Smith compiled from notes taken
on this famous voyage of discovery, one is struck with the accuracy with
which the main features of Calvert County are recorded. The straight

!For illustrations of these early maps and the conditions under which
they were made, see Mathews, Maps and Mapmakers of Maryland, Md. Geol.
Survey, vol. ii, 1898, pp. 377-488.
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shore line of Chesapeake Bay along the Rickards Cliffes (Calvert Cliffs)
Is characteristic, but the cliffs themsclves are represented by conventional
hillocks which are employed consistently in other portions of the map
to represent areas of elevation. The Patuxent River is also defined with
surprising accuracy and the surface of the county is dotted over with
names of Indian settlements and with trees of various kinds which were
probably meant to indicate different types of forest growth.

In 1635 the Lord Baltimore map appearcd. This map included most of
tidewater Maryland, but when compared with the Smith map of the same
region, is far less accurate in detail and very much more crude in execu-
tion. Calvert County is well defined and in outlines does not differ
markedly from the same region represented by Smith. A hillock shows
roughly the position of the Calvert Clifis and the same methods which
were used by Smith are employed to represent forests.

In 1651, the Farrer map of the environs of Chesapeake Bay and the
surrounding country was published.' This map, which was drawn by
Virginia Farrer, was distorted so as to prove that “im ten dayes march
with 50 foote and 30 horsemen from the head of Icames River, ouer
those hills and through the rich adiacent Vallyes beautified with proffit-
able river which necessarily must run into yt peacefull Indian Sea ” one
might arrive in New Albion or California. In this map, the region now
occupied by Calvert County was so distorted that the map was practieally
uscless.

Fiften years later, in 1666, George Alsop published 2 map which em-
braced the environs of Chesapeake Bay from a point in Virginia a little
south of the Potomac River northward to what is now in part Delaware
and Pennsylvania. The map was issued in a small pamphlet and was
based on personal observation throughout the region represented. Al-
though many of the details which were placed on the map had been
obtained by personal exploration, still Alsop was doubtless familiar with
the early Smith map and was guided not a little by it. The map is on
a larger scale and shows more detail than represented by Smith, yet it
adds little to the real knowledge of the region, because of its diagram-
matie eha.raeter and extremely distorted proportions. It is just such a
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map as might be produeed by a rover or an untrained hunter who had
explored the region in a general way. The representation of the Pa-
tuxent River is extremely diagrammatie and eonventional. Near its head
waters, there is a sketeh of an animal whieh is probably meant to indi-
eate a fox, as its tail is represented as somewhat bushy. The shore of
Chesapeake Bay occupied by the Calvert Cliffs is not as aecurately rep-
resented as the same region in the Smith and Lord Baltimore maps, for
in plaee of being straight and devoid of inlets, Alsop has indieated it as
quite irregular. The surfaee of the region oceupied by Calvert County
is depieted as irregular and hilly and the elevations, in plaee of being
elustered along the shore line in the region of the Calvert Cliffs, as was
done in earlier maps, are here seattered over the entire surface of the
eounty. 'The eonvention is probably meant to indieate the irregular sur-
face of the region, a coneeption which a hunter travelling over the
eountry might easily gain as he worked his way up the stream valleys and

across the narrow but flat-top divides. In addition to the features just

mentioned, a drawing of a house indieates possibly a settlement, while
one or two trees are added to suggest the presenee of forests.

The map which Smith published in 1612 was not exeelled by
other explorers until 1670, when Augustin Herrman brought out a map
of the region extending from southern New Jersey to southern Virginia.
Herrman, it seems, offered to make a map of Lord Baltimore’s territory
provided Lord Baltimore in return would grant him a manor along Bo-
hemia River; this proposition was aceepted in 1660 and Herrman soon
after began to fulfil his part of the contraet. Ie was engaged in this
work for about ten years, and the map which he finally produced indi-
eatcs that he had considerable talent, not only as a surveyor, but also as
a draughtsman. 'The eartographic work of Calvert County was the
best which had appeared up to that time. The mname ° Calvert
County ” here appears on the map together with a number
of the more important settlements scattered over the area. The eoast
line bordering the Bay is represented, not straight as in some of the
previous maps, but curved, approximating the outline as it actually
exists, although the embayment is somewhat deeper than it should be.
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The precipitous character of this coast had by this time probably become
a well-known landmark to marineys, for Herrman has placed the ex-
pression “The Cliffs ” opposite the famous Calvert Cliffs to indicate
their presence. The Patuxent River is mapped more accurately than in
any of the previous maps, not exeepting the Smith map, and is far

superior to the cartographie work on either the Farrer or the Lord Balti-

more maps. :

The next general map of the Chesapeake shore to appear was published
by Walter Toxton in 1735. Hoxton was a captain in the Merchant
Marine serviee between London and Virginia. In regard to his own map,
he says:

“In this Draught all the Principal Points, and all the Shoals and
Soundings are Exactly Laid Down, but as I have not had Opportunity to
Survey all of ye Bays, Rivers and Crecks, I have distinguisht what is my
own doing by a Shading within the Line, from the outer part of the
Coast which to make this Map as complete as at present I am able, have
borrow’d from the Old Map, & are Traced by a Single Line without
Shading. N. B. The Depths of Water are set down in Fathoms as
farr up as Spes Utie Island, but above that in Feet.” The particular
point which is of interest in regard to this chart is the mapping of the
shore line from Point Lookout northward to North East in Cecil County,
and the indication of various depths of water in the Bay by means of
figures placed over the spot where they occur, after the manner still em-
ployed by the United States Coast and Geodetie Survey.

In 1776, at about the time of the outbreak of the Revolutionary War,
Anthony Smith published a chart of Chesapeake Bay on a scale of 3%
miles to the inch. This chart was intended for a guide to mnavigators,
and such information as shoals, channels, islands, and the various depths
of water were represented.

After the close of the war, in 1794, Dennis Griffith assembled all
available information and published a map of the entire State which was
not cxcelled until Alexander began the publication of his maps in the
fourth decade of the last century. In this nap, the shape of Calvert
County was quite accurately portrayed and the configuration of the Bay
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shore was an improvement on that of Herrman, but the shore line of the
Patuxent River was considerably generalized. There was additional in-
formation regarding the small streams whieh drain the surfaee of the
region and many of the loealities which occur on the most rccent maps
were indicated.

A marked advanee in the cartography of this region occurred in 1836,
when Prof. J. T. Ducatel, then State Geologist of Maryland, published
his geological rcport of Calvert County. This report was accompanied
by a map of the region prepared by John H. Alexander. This map of
Calvert County was the best that had been produced and was not ex-
celled until the present Geological Survey published the Calvert County
map. In the Alexander map, the topography was expressed by hachure
and the map executed on the scale of 1:150,000. The promincnt points
along the Bay shore and the Patuxent River were mapped and named, and
the little strcams which drain the interior of Calvert County were indi-
cated. A mnew feature in the map was here introduced in the
mapping of roads, of which the principal ones were shown. Prominent
points in the topography, such as Hollin Cliff, Flag Pond, Drum Point,
cte., werc indieated.’

During the summer of 1845, the United States Coast and Geodetie
Survey began a detailed survey of Chesapeake Bay. Work was com-
meneed first about Havre de Grace and the hcad of the Bay and by 1851
had reached as far south as Point Lookout. The Potomae and Patuxent

rivers were last to reccive attention and the latter was not mapped until
1860.

The maps, which were subsequently published, attained a very high
grade of workmanship. Besides the position of the shore line, they in-
dicated by means of numerals, the depths of water in fect and fathoms,
the character of the bottom and the topography of the coast for about
two miles baek from the shore line.

With the exception of the State map published by Martenet in 1865,
which has been revised from time to time, no other map work of im-
portance was undertaken until 1890, when the United States Geological
Survey began systematie topographic work in southern Maryland. In
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that year, the coast line and the interior of Calvert County were surveyed
and subsequently published in four sheets. Each one of these sheets,
however, included portions of territory lying outside of Calvert County.
These four sheets are, beginning with the northern, Owensville, Prince
Frederick, Leonardtown, and Drum Point. The cartographie work of
the United States Geological Survey was in advance of any which had
been previously attempted in Calvert County. The quality of the work was
no better than that published by the United States Coast and Geodetic
Survey, but while the former confined its efforts mostly to the water-
ways and mapped the adjacent land only a mile or two from the eoast,
the United States Geological Survey mapped the entire land area. The
map was printed in three eolors, blue, brown, and black. The hydrography
was represented in blue and went into great details, ineluding not only
the larger water-ways, but also the smaller streams and their minute
branches. Relief was represented by contours with a 20-foot interval
and printed in brown; while the culture, including highways, bridges,
railroads, houses, and the names of important localities, was printed in
black.

The present Maryland Geological Survey, in eo-operation with the
United States Geological Survey, revised this map in the year 1900, and
it is on this base that the geologie formations of the county have been
mapped.

THE HISTORY OF GEOLOGIC RESEARCH.”

From an early date the attention of geologists has been attracted to
Calvert County. The reason for the great interest in this region is
probably due not only to the extensive deposits of fossil beds which are
found within its borders, but also to the fine and continuous exposure
which is found in the Calvert Cliffs along the entire eastern margin of
the county, as well as in numerous places on the western side along

2 Many of the broad generalizations of the early investigators in southern
Maryland apply to the entire region although specific localities are seldom
mentioned. In preparing this historical sketch, it has been necessary to
refer to these papers although few of them mention the name of Calvert
County.
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the Patuxent River. The observations which were made led to con-
clusions whieh, in the carly days of geologic rescarch, were vaguc and
oftentimes erroneous; but as time advanced and the principles
underlying geologic history have become better understood, the papers
which have been contributed on the region have become more satisfactory
and the work more explicit and meritorious. As in the gcographic re-
scarch, so in the geologic, the evolution has been from the vague and
general to the detailed and spceific.

The first paper of importance was published by William Maclure in
1809. Although this contribution dealt in a broad way with the geology
of the United States, yet it shed considerable light on Calvert County.
He included the entire Coastal Plain of Maryland in one formation, the
“ Alluvial,” and so represented it on a geologic map. IIe also deseribed
the unconsolidated Coastal Plain deposits from Long Island southward,
indicated the boundaries of the Alluvial formation and noted the pres-
ence of fossils. This paper was reprinted in substance in various maga-
zines in 1811, 1817, 1818, and 1826. Maclure’s views secem to have
attracted considerable attention at first, for in 1820 Hayden incorpo-
rated them in his “ Geological Essays” and attempted to establish the
theory that the Alluvial was deposited by a great flood which came down
from the north and crossed North America from northeast to southwest.
The following year Thomas Nuttall referred the Coastal Plain deposits
to the Second Calearcous formation of Europe, pointed out the fact that
it occupied the country east of the primitive and tramsition formations
of the Piedmont Plateau, and fixed Annapolis as about its northern limit.

Professor John Finch, an Englishman, who was travelling in America
at about this time, visited the Coastal Plain of Maryland and was so
impressed with its interesting geology and vast deposits of fossils, that,
on his return to Europe, he published an account of his experiences in
southern Maryland, and drew some interesting conclusions regarding its
geology. Previously, in an article which appeared in 1824, he took ex-
ception to the classifications proposed by his predecessors. He believed
that the deposits included under the term “ Alluvial ” were contempora-
neous with the Lower Secondary and Tertiary of Europe, Iceland, Egypt,
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and Hindoostan. He went farther and divided Maelure’s “ Alluvial ”
up into Ferruginous Sand and Plastic Clay. He believed that the Plastic
Clay was Tertiary, and based his conelusions on the presence of amber,
which he found at Cape Sable, correlating it with the amber
of the Baltic. Tec also assigned to the Plastic Clay certain of the
Indian kitchen-middens, which are found along the shore of Chesapcake
Bay, thus opening a controversy regarding the age of these interesting
deposits of oyster shells which did not reach a final settlement until
many years later. He believed that the materials composing his Ferru-
ginous Sand and Plastic Clay were deposited by a flood from the north
or the northwest, agreeing somewhat elosely with Hayden in this particu-
lar. His correlations were based almost entirely on lithologie distine-
tions, supported by a general similarity of fossil forms. No critical
study of the fossils was undertaken, however, and few localities were

given and no geologiec boundaries whatever. It is eonsequently impos-
sible to ascertain where he intended to place the formations which we
now ascribe to the Kocene, Miocene, and Pleistoeene periods. One thing,
however, he perceived very keenly—that the deposits in southern Mary-

land would with future work be separated into many distinet formations.
This prophecy has since been fulfilled. During the same year Thomas
Say deseribed the collection of fossil shells made by Finch, and among
them appeared many forms from Calvert County. This collection is
still preserved in the British Museum.

In the year 1825 J. Van Renssellaer assigned the deposits of the Coastal
Plain to the Tertiary, and divided them into Plastic Clay, London Clay,
and Upper Marine. He further correlated the deposits of Maryland
which we now know as Mioeene with the Upper Marine of Europe and
probably in part with the London Clay. It should be noted here, how-
ever, that Finch had previously used Upper Marine in a different sense.
He had applied it to the sand dune formations of Cape Ienry and
Staten Island, while Van Renssellaer adopted it for a true fossiliferous
formation of very much greater age than the deposits which Finch had
embraced under the same name. Three ycars later, in 1828, Morton,

although aceepting Van Renssellacr’s eorrelation of the great deposits of
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fossil shells in the Maryland Coastal Plain with the Upper Marine of
Europe, apparently used the term in a mueh wider sense than its author
had employed. He also gave a list of the fossil forms occurring in the
Upper Marine, and included some whieh have sinee been shown to be
later than Mioeene. During the same year Vanuxem divided the Allu-
vial and Tertiary of the Atlantic Coast into Seeondary, Tertiary, and
Ancient and Modern Alluvial. In this classifieation the Miocene of
southern Maryland was ineluded in a part of the Tertiary. He stated
further that vast numbers of “ Littoral ” shells oecurred in the Tertiary
analogous to those of the Tertiary of the Paris and English basins.

Conrad brought out his first publications bearing on the Miocenc
geology of Maryland in 1830. He agrced with Vanuxem in placing
southern Maryland in the Tertiary and pointed out a number of locali-
ties where fossil shells were found. Two years later Conrad published
another paper in which he divided up the Coastal Plain deposits into six
formations. This was the first time that the Coastal Plain had been
classified so as to show its extreme complexity, and from this time on
it has been dealt with, not as a deposit containing a few formations but
as a series of deposits eomplex in composition and age. Conrad at this
time ascribed the Miocene of Maryland to the Upper Marine and made
it cquivalent to the Upper Tertiary of Europe.

The following ycar Morton published another paper in whieh he pro-
posed a classification of the Coastal Plain deposits. In this no distinct
reference was made to Maryland, but it is probable that he still regarded
the Miocene of this State as Upper Marine.

The next paper of importanee was published by Conrad, in 1835, in
which he assigned the Miocene deposits to the older Medial Pleioeene.
In the following year Ducatel referred the deposits of Calvert County
to older Pleiocene and distinetly stated that they were not Mioeene. He
also published a map of southern Maryland in which various deposits
were marked and the names of the formations given in red letters.

W. B. Rogers was the first to recognize the presenece of Miocene de-
posits in southern Maryland. He made the announcement in 1836 that
part of the Maryland Tertiary belonging to the Mioeene. He
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noted the great difference between the fossil and living species,
showing that the Medial Tertiary contained but 19 per cent
of living forms. Ile thought that the extermination was
due to a fall of temperature. In the same and following year he de-

scribed many fossils from the Miocene of southern Maryland, and in
1842 lie correlated his Medial Tertiary with the Crag of England and
stated it was Miocene. The boundaries which he gave the Miocene at
that time were not greatly different from the boundaries which are
aseribed to the Chesapeake Group of to-day. In 1844, Rogers assigned
the diatomaceous earth to a position near the base of the Miocene.

About this time much interest was created in the Miocene problem of
Maryland by Sir Charles Lyell. He regarded these deposits as Miocene,
and gave at some length his reasons for this opinion. IHe also stated that
the Miocene of Maryland agreed more closely with the Miocene of Lor-
raine and Bordeaux than with the Suffolk Crag. Tonsdale also con-
cluded from the corals eollected in the Miocene which were submitted
to him for examination, that the American deposits were probably
accumulated while the climate was somewhat “ superior ” to that of the
Crag and “ perhaps” equal to that of the faluns of Lorraine, but “in-
ferior ” to that of Bordeaux. In the same year Conrad described and
figured many fossils from the Calvert Cliffs.

No more papers of importance appeared on the Maryland Miocene
until 1863, when Dana brought out his first edition of the Manual of
Geology. 1In this work he took occasion to propose the term “ Yorktown
epoch ” for the period during which the Miocene of the Atlantie coast
was deposited. The next paper of significanee was published by Heilprin
in 1881, in which he discussed the Miocene at some length, and divided
it into an “Older period” and a “ Newer period.” The Older period
contained the older portion of the Miocene of Maryland ; and the Newer
period, the later portion. He subdivided the Newer period again into
the Patuxent Group and the St. Mary’s Group. The next year, the same
author revised his eclassification and divided the Miocene into three
groups as follows: the Carolinian or the Upper Atlantic Miocene, in-
cluding the Sumpter epoch of Dana; the Virginian or Middle Atlantie
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Miocene, including part of the Yorktown of Dana and the Newer group
of Maryland; and the Marylandian or the Older Atlantic Miocence, in-
cluding the rest of Dana’s Yorktown and the older period of Maryland.
He suggested that the Virginian was of the same age as the second
Mecditerrancan of Austrian geologists and the faluns of Touraine, and
that the Marylandian was, at least in part, equivalent to the first Medi-
terranean of Austrian geologists and faluns of Léognan and Saucats.
Three years later the same author published a map showing the distribu-
tion of thesc formations along the Atlantic coast. In 1888 Otto Meyer
took exception to Heilprin’s correlation and conclusions, and introduced
the term Atlantic Group to embrace the Tertiary of the Atlantic States,
and Gulf Group for that of the Gulf States.

Threc years later Darton employed the term “ Chesapeake Group ” to
cover a portion of the Miocene, and in the following ycar Dall and
Harris published their report on the Miocene deposits in the Correlation
Papers of the U. 8. Geological Survey, and used the term “ Chesapeake
Groﬁp ” to include the Miocene strata extending from Delaware to
Florida. These deposits were made during the Yorktown cpoch of
Dana and the group included a large part of Heilprin’s Marylandian,
Virginian, and Carolinian. Two years later Harris, basing his work on
a study of the organic remains found in the Miocene, subdivided the
Miocene faunas of Maryland into the Plum Point fauna, the Jones
Whart fauna, and the St. Mary’s fauna.

The following year Darton, by bringing together a large number of
well records throughout the Coastal Plain from New Jersey southward,
rendered a most important service to the study of the Miocene problem
in Maryland by suggesting the structure and cxtent of the beds through-
out the region. The following year Dana admitted Harris’s faunal
zones, but still retained the term “ Yorktown,” to part of which he as-
signed the Maryland beds. In 1896 Darton published a bulletin under
the auspices of the U. S. Geological Survey, in which he brought together
a large number of well records throughout the Coastal Plain. He also
published the Nomini folio, and thus was the first to express, on a con-
tour map, the development of the Miocene throughout a large portion
of Southern Maryland.
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In 1898 Dall published a most important summary of cxisting knowl-
edge of the Tertiary of North America, in which he suggested a classi-
fication of the Maryland Miocene deposits and correlated them with
other parts of North America and of Enrope.

In Calvert County the Eocenc is only slightly represented along the
south side of Lyons Crcek and adjacent regions of the Patuxent River.
A full acconnt of the development of the present knowledge of the

Eocene in Maryland would involve a discussion of the literature in regions

far beyond the borders of this county. Those who desire to look into
this subject are referred to the Report on the FEocene, by Clark and
Martin, Maryland Geological Survey, 1901, as well as to the reports of
the various countics which lie within the Eocene belt, particularly Anne
Arundel and Prince George’s, which are now in preparation. Many in-
vestigators have contributed to the Eocene stratigraphy of southern
Maryland, among whom may be mentioned Say, Conrad, Morton, Rogers,
Lea, Tyson, and Heilprin. Darton, in 1891, included all the Xocene of
Maryland in one general formation for which he suggested the name
Pamunkey. Five ycars later, W. B. Clark discussed the Focene deposits
of the Middle Atlantic slope both from a stratigraphical and palconto-
logieal point of view. He found the Eocene deposits as a whole divisible
into two stages, whieh were called Aquia Creck and Woodstock, and these
again werc subdivided into scventeen distinet zones. In 1901, Clark
and Martin carried this work still farther and differentiated the FEocene
of Maryland into two formations, the Aquia and Nanjemoy. Eacli one
of these formations was further separated into two sub-stages and numer-
ous zones. A gcologic map showing the distribution of the two forma-
tions throughout Maryland was published and the fossils found within
the region were figured and deseribed.

Throughout all southcrn Maryland there is a well-defined mantle of
clay, loam, sand, and gravel which occupies the divides as well as ecrtain
of the larger valleys. At first this was confused with the older deposits
on which it lies and was included with them in all geological discussions
of the region. Little by little it became apparent that these surficial
deposits were distinet in age from the more fossiliferous beds beneath,
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but the relation which existed between them was not understood and
little attention was given to the matter. To go into a full diseussion of
the history of this separation would be to repeat much that has already
been said. Those who desire to look into the early history in more detail
are referred to the Report on the Pliocene and Pleistoeene of Maryland,
Maryland Geologieal Survey, 1906. It was not until Professor W J
MeGee published his investigations of these deposits in 1887 and 1888
that their true rclation with the underlying formations was at all under-
stood. He gave the name of Columbia formation to this entire series
of deposits and divided them into fluviatile and interfluviatile phases
which he eonsidered eontemporaneous. Later, Darton, who took up the
work where McGee left it, divided the Columbia formation of McGee
into an Barlier and a Later Columbia. In 1901, Shattuck, who had
studied the region in still more detail, separated the same deposits into
three formations, the Sunderland, Wicomieo, and Talbot, which he united
under the gemeral term Columbia Group. He also showed that these
were developed in terraces lying one above the other in order of their
age, the oldest lying topographically highest. The same year, J. A.
Bonsteel and R. T. Avon Burke published a report on the soils of
Calvert County.

The next year Shattuck published a report on Cecil County in which
he referred to the lignite deposits of Calvert County and suggested an
explanation of their origin. In 1904 the Miocene deposits of Maryland
were fully deseribed by Clark, Shattuek, Dall, Glenn, Martin, and
others. TIn this report a geologic map, seetions and many photographs
were published. The same year the St. Mary’s Folio, by Shattuck and
Miller, was published by the U. S. Geological Survey. This contained a
summary of the geology of the eounty and a geologic map of its south-
crn portion. Clark and Mathews also published a summary of the physi-
cal features and geology of Maryland in which Calvert County was given
considerable attention. Before the elose of the year the report on the
Pliocene and Pleistocene deposits of Maryland appeared under the author-
ship of Clark, Shattuck, Holliek, Lucas, and others. In this report the
surficial deposits of Calvert County are diseussed at great length.
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THE PHYSIOGRAPHY OF CALVERT COUNTY

BY
GEORGE BURBANK SHATTUCK

INTRODUCTORY.

In the main, there are two methods of discussing the physical features
of a region. The first and older method is to describe in great detail
the various topographic features which the region possesses, without re-
gard to their origin, mutual relations, or significance. This method has
its place and is still used to-day, but is at best a mere catalogue of
geographic facts. The second and modern method of discussing the
topography of a region begins where the former leaves off. It assumes
a knowledge of the leading physical features and seeks to point out the
rclations which they bear to one another as well as the causes which
have brought them into existence. It will be seen that the latter is the
more scientific of the two. In discussing the physiography of Calvert
County, both methods will be employed. The topographic history of
Calvert County, although complex and extremely interesting is not as
diversified as that of many of the other counties of Maryland. The
reason for this is found in the fact that the county lies entirely within
the Coastal Plain, while many of the other counties of Maryland lie in
more than one physiographic province. It is a matter of regret that the
geologic record of Calvert County is so imperfect that many of the earlier
cpisodes in its history have been lost cntircly or can only be partially
recovercd. Other and later portions of its historical record, however,
are so much more complete that they can be read in their leading features

as easily as if they had recently occurred. In discussing the physiography
of Calvert County, the topography of the region will be first described
and then the geologic history which has brought about the principal sur-
face features will be outlined.
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ToroGRAPHIC DESCRIPTION.

Maryland may be eonsidered as divisible into three grand physio-
graphic provinces which are, beginning with the eastern, the Coastal
Plain, the Piedmont Plateau, and the Appalachian Region. The Coastal
Plain extends from the outer margin of the eontinental shelf westward to
the edge of the Piedmont Plateau, or approximately to the position oceu-
pied by the Baltimore & Ohio Railroad as it crosses the State from
Delaware to Washington. The relief throughout the Coastal Plain re-
gion is low and its western margin slowly rises to an altitude of about
300 to 400 feet as it merges with the Piedmont Plateau. The Pied-
mont Plateau extends from the western margin of the Coastal Plain to
the eastern boundary of the Appalachian region. It is eonsiderably
higher than the Coastal Plain, attaining in Carroll County an altitude
of over 800 feet, and has been deeply disseeted by the river valleys which
eross it. Its western border merges with the Appalachian region at
Catoctin Mountain. The Appalachian region oeeupies the remainder of
the State. It consists of parallel ridges of rugged mountains over 3000
feet in height, separated by broad valleys and crossed by narrow water
gaps. Many of the eounties of Maryland present a variety of topo-
graphic features resulting from the fact that they lie in more than one
of these regions. Calvert County, however, lies entirely within the
Coastal Plain and it is due to this fact that its scenery, although pictur-
esque and in a measure diversified, does not present the variety whieh
is found in some of the other counties of Maryland. In a report on
Cecil County * recently published, two types of the typographic character-
isties of the Coastal Plain were defined. They were deseribed in the
following words: “In Cecil County the Coastal Plain contains two con-
trasted types of topography. Omne type is a flat, low, featureless plain,
and the other is a rolling upland attaining four times the elevation of
the former and resembling the topography of the Piedmont Plateau
more than that typical of the Coastal Plain. Flk River is the dividing
line between these two types of topography. On the cast side of it is

! Cecil County, Maryland Geological Survey, 1902.
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the low land of the typical Coastal Plain and on the west of it are the
rolling uplands.”
Calvert County contains only onc type of Coastal Plain topography,

which is the Western Shore type. Its former level surface has
been so cxtensively dissected, however, by the streams which run east

into Chesapeake Bay and west into the Patuxent River that the country
now possesses the character of a rolling upland, such as is customary to
associate with the eastern margin of the Picdmont Plateau. The sur-
face, although resembling a dissected plain, is in reality made up of
three distinet systems of terraces, which lie above onc another like steps
in a flight of stairs. The oldest, which is topographically highest, occu-
pies the center and the other terraces are grouped about it in concentric
arrangement in order of their age.

The oldest terrace, having been subjected to erosion longer than the
others, is more dissected and its surface, which was originally level, has
now been modified so as to present a gently rolling aspcct. The next
younger terrace, although it also has suffered from crosion has not yet
reached the advanced stage of the oldest, while the terrace which is
topographically lowest and thercfore the youngest of the three has suf-
fered least of all by erosion and, in fact, has becn subjected to the work
of streams for so short a time that its surface for the most part retains
its originally level and unbroken character.

Each of these terraces is separated from the one just below by a well-
defined scarp-line similar in appearance to the sea-cliff which separates
the lowest terrace from the modern beach. In approaching the main
divide of- Calvert County from the shore of the Patuxent River, one
travels for some distance over an unbroken flat, which constitutes the
lowest and youngest terrace. The surface of this plain gradually rises
toward the interior. At its inner margin, which is about 45 feet in
height, it is terminated by an abrupt scarp of 10 to 20 feet, which lcads
up to the surface of the middle terrace. This also is a flat, lying higher
than the former and cxtensively croded by the hcadwaters of streams
which rise within it. This middle flat in its turn gently rises toward the

interior until at a height of about 75 or 80 feet it is terminated by a
b
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second scarp some 20 to 30 feet in height, which blends at its upper
edge with the rolling surface of the highest and oldest terrace. The
latter is the main divide of the county, and in the northern portion of
the region at Mount Harmony it attains its greatest elevation. Here
the surface stands at a height of about 180 feet.

This ideal arrangement of the three terrace systems surrounding each
other in concentric plains in order of their age is typical but not every-
wherc present. The threc systems can be seen in their normal develop-
ment almost anywhere in the Patuxent basin of Calvert County, but on
the eastern slope of the region the waves of Chesapeake Bay have
advanced so cxtensively on the land that one or both of the two lower
terraces have frequently been eliminated by erosion. From Cove Point
to Chesapeake Beach there is a high wave-cut scarp known as the Calvert
Cliffs which is capped by the oldest terrace. Only at intervals do rem-
nants of the two younger terraces occur to show that they formerly ex-
isted bere in much greater development.

The great diffcrence in the erosive power of the waves of the Chesa-
peake Bay and of the waves of the Patuxent River has produced onc of
the most striking topographic features in the county. Along the Pa-
tuxent River, low shores gently rising toward the interior are the rule.
The only cxccptions to this being found at Hollin Cliff and at Lyons
Creek Wharf. At Hollin Cliff the tidal current of the Patuxent River
has scoured the eastern bank removing the lower terrace and producing
a cliff 60 to 70 feet in height. At Lyons Creek Wharf the relief does
not cxceed 60 fect. On the bay shore the ineessant pounding of the
waves has produced the almost unbroken line of eliffs just mentioned,
which extend a distanee of 30 miles from Chesapeake Beach to Drum
Point and rise in many places to over 100 feet in height. In three
localities only is this feature masked by remnants of the lower terraces
which still cling to the base of the cliffs. One of these is found in the
vieinity of Dares Wharf where the shore line for a distance of four miles
is fringed with a remmnant of the lowest terrace. Another locality is
between Point of Rocks and Cove Point, where not only are the lower
terraces present, but also a change in the direction of the shore current
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has produeed an extensive sand spit, known as Cove Point. The third
and last loeality is in the vieinity of Drum Point, where the low terraees
whiclk line the Patuxent River terminate abruptly on the bay shore.

To the three terraces just deseribed, a fourth may be added, although
it does not form a eonspieuous element in the topography. This fourth
terrace is the beach and the wave-built flat which extends out along the
shores of the Patuxent River and Chesapeake Bay. It is everywhere
present, and its width depends in a large measure upon the foree of the
tidal eurrents whieh sweep over it.

Taken as a whole, the divide of the eounty is lowest in its southeastern
portion between Cove Point and Hellen Creek, where it has an elevation
of only 127 feet; from this point it rises gently until it attains its high-
est altitude in the vieinity of Mt. Harmony near the northern edge of
the county, where it reaches a height of about 180 feet.

THE DRAINAGE OF CALVERT COUNTY.

Calvert County, oceupying as it does the southern extension of one of
the largest peninsulas in southern Maryland, is entirely surrounded by
water exeept along its northern border, where it abuts against Anne
Arundel County. Its eastern margin is washed by the waves of Chesa-
peake Bay and its western and southern margins terminate with the
Patuxent River. These two bodies of water reeeive the drainage of the
entire eounty. The divide whieh separates the headwaters of the streams
whieh flow into Chesapeake Bay on the east and the Patuxent River on
the west is an extremely eircuitous line (see map). It enters Calvert
from Anne Arundel County at a point almost three miles from the bay
shore. From here it runs south and then southwest to Mt. Harmony.
From this point it extends due south to the lower Marlboro-Prinee Fred-
eriek distriet line and then runs due east along the distriet line to The
Willows. South from The Willows to Prinee Frederick the divide
deseribes the letter S, and from Prinee I'rederiek to Port Republie
follows very elosely the line of the proposed Baltimore and Drum Point
Railroad. At Port Republie it runs rapidly eastward, striking the bay
shore about a mile west of Point of Roeks. Here it advanees inland
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somewhat and then again runs out eastward to Little Cove Point and
then southward again to Drum Point. Although this divide deseribes a
most circuitous line, it is throughout its entire extent situated to the
east or the Chesapeake side of the ecntral line of the county. In only

two places does it approach this middle line and it usually lies well over

toward the shore of Chesapeake Bay, partieularly in the southern half of
the county.

As would be expected from the position of the divide, the streams
which empty into Chesapeake Bay are very much shorter than those
which find their way into the Patuxent River. The most important of
the former drainage lines are Fishing Creek and Parker Creek, while
among the streams which empty into the Patuxent River should be
mentioned Lyons, Hall, Cocktown, Hunting, Battle, Island, St. Leonard,
Hellen, and Mill crecks. Fishing Creek and Parker Creek were formerly
estuaries, but their lower eourses have now been filled and transformed
into marshes. Among the streams which empty into the Patuxent River,
Hunting, Battle, Island, St. Leonard, Hellen, and Mill ereeks are all
estuaries through their lower portions.

Another fundamental differenee is to be noted between the streams on
either side of the eentral divide. Those which empty into the Patuxent
River not only are longer and are eonverted into estuaries throughout
their lower portions as explained above, but also are bordered extensively
along their lower reaches by the two lower terraces. Their headwaters
usually flow in steep valleys, but their lower courses are tidal and are
bordered by low banks which rise gradually to higher land situated some-
what distant from their shores. On the Chesapeake side of the divide
the streams arc short, steep, rapid and flow through steepsided gorges.
Some of them, in fact, have not yet been able to sink their valleys to the
level of the Bay shore and caseade 50 feet or morc from the mouths of
their valleys to the beach below.

The reason for this striking difference between the charaeter of the
streams flowing eastward into the Chesapeake and those flowing west-
ward into the Patuxent seems to be entirely due to the greater erosive
power of the waves of the Chesapeake as compared with those of the
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Patuxent River. It will be remembered in describing the distribution
of the terraces in a previous section that the presence of the two lower
terraces along the Patuxent River and their absence on the Bay shore was
mentioned. This absence of terraces along the Chesapeake shore is doubt-
less due to their removal by erosion for the same forces which carried
away the terraces have also cut rapidly back into the soft, yiclding,
unconsolidated material which composes the cntire region and have not
only produced a straight coast line, but have also cut back so rapidly
that the mouthward portions of what used to be considerable streams
have been carried away, leaving only their headwaters as weak, short
brooks, some of which are unable to sink their valleys down to the level
of the beach as fast as the waves ean cut back toward their valleys. Others
have still enough force to maintain their mouth at sea level by descending
rapidly through narrow and steep-walled gorges. The divide at one
time probably oecupied about the center of the peninsula. Its present
position seems to be due to the greater erosive powers of Chesapeake Bay
and the rapid advance of the shore line toward this divide.

THE STRUCTURE OF TIIE COASTAL PLAIN.

The materials of which this region is built consist of clay, loam, sands,
gravel, and boulders. These deposits are loose and unconsolidated, ex-
cept where local ledges of ironstone have been developed.  Although the
materials which have built up Calvert County have been deposited at
various times and belong to a large number of geological horizons, still
they all lie either horizontal or nearly so. Those which have been tilted
most, seldom exceed a dip of 12 feet to the mile. The structure of the
region, therefore, has not materially influenced the drainage, and the
streams flow from its surface as if they were flowing from a country
composed of unconsolidated deposits of clays, sands, and gravel hori-
zontally bedded throughout.

TorograPrIc HISTORY.
A detailed study of the topographic features which have been described
above and of the materials out of which the land is composed has re-
vealed many of the incidents which have produced the present relicf.
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An outline of the topographie history will now be given under the follow-
ing four stages, beginning with the oldest :

1. The Sunderland Stage.

2. The Wicomico Stage.

3. The Talbot Stage.

4. The Recent Stage.

THE SUNDERLAND STAGE.

During the Sunderland stage, the oldest of the three terraces which
were described above was made. This terrace is known as the Sunder-
land terrace and the materials which compose it constitute the Sunderland
formation. Before the Sunderland stage was initiated, it is probable
that the entire surface of Calvert County was covered with a deposit of
reddish-brown clay, sand, and gravel, which is developed extensively
over the Coastal Plain of Maryland, Virginia, the Carolinas, and south-
ward, and described under the name of the Lafayette formation. As no
remnant of this deposit is at the present time known to exist in Calvert
County, it follows that if it ever did extend over this region, it has since
been removed by erosion. It is not necessary to discuss this question
further than to say that on the top of Marriott Hill, a short distance
beyond the northern border of Calvert County, an outlier of the Lafayette
formation oceurs, while around its flanks the Sunderland terrace, with
its characteristic deposits, is found developed. Both the topographie
and geologic relations of the Lafayette and Sunderland formations in
this place indicate that the hill existed as an island whose shores were
washed by the Sunderland sea and around whose border the Sunderland
formation was deposited. Again in St. Mary’s County fo the southeast
of Calvert County, an extensive mantle of Lafayette was eroded by the
Sunderland sca which cut a searp-line against it precisely as the waves
are now cutting a sea cliff against the present shore. The Sunderland
formation was laid down at the base of the scarp-line by the Sunderland
sea at the same time it was eutting baek the edge of the Lafayette forma-
tion and producing the scarp.’

2 This subject will be found discussed at length in the Report on the
Pliocene and Pleistocene Deposits of Maryland, Md. Geol. Surv., 1906.
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As the Sunderland terrace within Calvert County is topographically
and geologically continuous with the Sunderland, whieh in Anne Arun-
del and St. Mary’s counties surrounds the Lafayette, it is probable that
the Lafayette formnation was removed from the surface of Calvert County
in great measure by the erosion and advanee of the Sunderland sea.
At the time of which we are speaking, Calvert County was considerably
lower than it is to-day, and little by little as the Sunderland sea tore
away the edges of the Tafayette formation and gained on the land, the
surface of Calvert County disappeared beneath the water. This advance
of the sea by crosion was also probably aided by gradual subsidence. As
a result of this combined movement, Calvert County was finally inun-
dated by the sea and its surface was covered by a formation of elay, sand,
and gravel whieh is now known as the Sunderland terrace.

TI{E WICOMICO STAGE.

After the Sunderland terrace had been deposited, the surfaee of Cal-
vert County was once more elevated above the surface of the ocean and
the'new land area thus presented was immediately attacked by waves and
rivers, and the prinecipal streams within Calvert County, enumerated
above, came into existenece and eroded extensive valleys in the surfaee
of the terraee.

It is probable that the valleys of the Potomac and Patuxent rivers,
together with their larger tributaries, were cut during the post-Lafay-
ette uplift and that the trough in whieh Chesapeake Bay now lies was
also excavated by the Susquehanna River which flowed down from the
north and out to the oecean somewhere in the vieinity of the present
outlet of Chesapeake Bay. It is not probable that at the time of whieh
we are speaking these depressions were cut to their present depth. They
have apparently been deepened during each successive uplift.

After the Sunderland terrace had been exposed for some time to the
erosive work of the elements, the surface was again lowered beneath the
water, but not to the extent to which it had been during the Sunderland
stage. The waters of the Patuxent River and Chesapeake Bay advaneed
gradually up the valleys as the land was lowered and transformed many
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of them into estuaries, covering the bottom of these submerged valleys
with deposits of sand and elay derived from the adjoining mainland.
It has been possible by tracing carefully these deposits to reproduce ap-
proximately the outline of Calvert County during the Wicomico stage
when the subsidenee had reached its maximum. This is illustrated in
Fig. 2. By reference to this figure it will be seen that Hall Creck and
Lyons Creek were transformed into estuaries and a peninsula ran down
from Anne Arundel County. Toward the south the valleys of Fishing
and Hunting creeks were completely oecupied by an estuary, producing
another great tongue of land between them and Hall Creek, while be-
yond these a number of islands existed, brought about by the drowning
of a number of the streams, among which Battle and Parker creeks werec
prominent. The Patuxent River at this time was transformed into an
estuary about three times the width of the present one, appearing very
much as the Potomac River does to-day in the lower portion of its course
where it approaches Chesapeake Bay.

THE TALBOT STAGE.

After the rcgion had remained in this position for a short time, it
was raised again and once more attacked by erosion. The various streams
which had been converted into estuaries began once more to vigorously
attack the land and to remove what the waters of the Wicomico sea had
deposited in their valleys, but before this could be accomplished, the land
was onee more submerged, although not as extensively as in either the
Sunderland or Wicomico stages. The outline of Calvert County, as it
appeared then, is roughly shown in Fig. 3. 1t will be scen that there was
an approach to the conditions which had existed during the Wicomico
stage, as the same river valleys were utilized again as estuaries during
the Talbot stage, the subsidence, however, was not sufficient to cause a
complete drowning of the valleys and conscquently the islands which
existed during the Wicomico stage werc not present during the Talbot.
The outline of Calvert County was neverthcless extremely broken and
the Patuxent River again reached very nearly the dimensions which it

had during the maximum of Wicomico submergence.
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THE RECENT STAGE.

Another elevation of the region brought the Talbot stage to a close,
and the surface was once more attacked vigorously by erosion and finally
was lowered somewhat beneath the waters of the Patuxent River and
Chesapeake Bay. It is believed at the present time that this submergence
is still in progress and that the land is gradually sinking. It is impos-
sible to say how much the land was elevated at the elose of the Talbot
stage, but it is probable that it stood much higher than it does to-day
for mud and silt which have been deposited since the close of the Talbot
stage are mow found filling all the estuaries and ereeks, not excepting
the Patuxent River. This filling amounts to about 50 feet. During this
uplift the Susquehanna River flowed the length of Chesapeake Bay, re-
ceiving as tributaries all the rivers which now drain the Coastal Plain of
Maryland and Virginia and reached the oeean some miles beyond the
present shore line at Cape Henry. At the present time the waves of
Chesapeake Bay and of the Patuxent River are engaged in eutting against
the Talbot terrace exaetly as the waves during the Talbot stage did
against the Wicomico terrace, and the waves in the Wicomico stage did
against the Sunderland terrace. A new terraee is, therefore, being

formed under the waves below the Talbot and separated from it by a
well-defined searp-line.






THE GEOLOGY OF CALVERT COUNTY

BY
GEORGE BURBANK SHATTUCK

IXTRODUCTORY.

Special attention is given in the following pages to the stratigraphy,
structure, and areal distribution of the various deposits which are
found within the borders of Calvert County. These deposits

arc all unconsolidated exeept where the local conditions have pro-
duced unimportant indurations. The deposits of Calvert County arc
among the youngest deposits in Maryland. They do not date back
further than the Eocene and extend with occasional brealks down to
the present. The geologic history of Calvert County is complex, how-
ever, and was frequently interrupted by erosive intervals, so that por-
tions of the geologic history have been destroyed and lost. These breaks
are made manifest by the existing unconformities between the beds
of different materials. '

The various formations of Calvert County in their regular sequence of
superposition arc as follows:

Age. Formation. Group.

Talbot
Pleistocene Wicomico Columbia.
Sunderland

St. Mary’s
Miocene ‘ ChOPENIK 1 L8050 s amiee o ofihe Behoge oo o7 Chesapeake.
Calvert

Eocene Nanjemoy Pamunkey.

The oldest rocks of Calvert County are those of the Eocene, which be-
long to the Nanjemoy formation. They do not occupy an extensive arca, as
they arc present only in the extreme northwestern portion of the county.
Their base is nowhcre exposed in this region, but they are belicved to
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rest conformably on the Aquia formation, the basal member of the
LEocene in Maryland.

Next above the Nanjemoy are found the three formations of the Chesa-
peake Group, which are Miocene in age. They are, beginning with
the oldest, the Calvert, Choptank, and St. Mary’s formations. The Cal-
vert formation rests unconformably on the Nanjemoy; the Choptank,
in turn, rests unconformably on the Calvert, but passes into the St.
Mary’s formation without a break. The materials of the formations
which compose the Chesapeake Group consist of marls, clays, diato-
maceous earths and sands. Each formation is abundantly supplied with
fossils. Above the St. Mary’s formation rests the members of the
Columbia Group, which are Pleistocene in age. These are, beginning
with the oldest, Sunderland, Wicomico, and Talbot. They are all un-
conformable with whatever lics beneath them and they are also uncon-
formable with cach other. They are developed in terraces lying one
above the other and separated by well defined scarp-lines. (Fig. 1.)
The materials which enter into them are clay, peat, sand, gravel, and
ice-borne boulders. As a group, they record what took place in Calvert
County while the regions to the north were covered by the great ice
sheet.

e EocENE.

THeE PAMUNKEY GROUP.
THE NANJEMOY FORMATION.'

The Nanjemoy formation is the only representative of the Locenc
in Calvert County. It is extensively developed in other portions of
the Maryland (oastal Plain, where it has been carefully studied, but
in Calvert County so little of the formation is present and it dips so
rapidly beneath tide that its characteristics arc not well defined, so
that what is said in this chapter regarding it is based largely on ex-
posures which are found in neighboring regions. '

*For a full discussion of the Nanjemoy, the reader is referred to the

Eocene Report by Clark and Martin, published by the Maryland Geological
Survey, 1901.
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The name of the formation was suggested by Nanjemoy Creck, in
Charles County, where it was found to be typically devcloped. In
Calvert County the Nanjemoy formation is exposed only in the cxtreme
northwestern section, in Lyons Creek Valley, and southward along the
Patuxent River to a point about a mile below the mouth of Hall
Creek. Throughout this region it forms the basement rock of the
county, on which the Calvert formation and the terraces of the Columbia
Group rest. It is so completely buried by these over-lying deposits
and their talus slopes that it is seldom exposed except in the valleys
of strcams where erosion is sufficiently rapid to strip the banks of
debris. The base of the Nanjemoy formation is not visible within
the borders of Calvert County, but if the same relations hold here
as have been observed elsewhere, the Nanjemoy lies conformably on
the Aquia formation, which is the basal member of the Kocene in
Maryland.

The materials which make up the deposits consist of marls, sands
and greensands, which latter frequently become highly arenaccous. Gyp-
sum erystals are also found scattered throughout the deposits.

The exposure where the Nanjemoy formation can be seen in its
most typical development is in the cliff at Lyons Creck Wharf. The fol-
lowing is a section made at this locality by Dr. G. C. Martin.?

Section on bank of Patuvent River one-quarier mile below mouth of Lyons Oreek,

Calvert County,
Feet. Inches.

Pleilstoccne, Sondliand. EEAVEN. i of oo o sFiie s e ¥ o oo 0 o sle o s ot o an 6
DI tomMEEEOUS  CIRY oo c.o-vio et oo oere s tore oio e o e s et s 9
Neocene, Miocene.  Siliclous Indurated stratum with Miocene fossils.... 10
Brown gritty clay, with abundant casts of Miocene
fosligme. L el Lo o SIS i e ) e, L. 4
Arglllaceous grecnsand, with abundant casts of Nan-
Jemoy Jfoeelln ... ... T e e et e e e, 10
Line.'of CONCTEtIOMEL. .. . oo o vu ot ot e b e s e o o 2
Focene. Nanjemoy. Argillaceous greensand and talus ................. 20
0T i o161 B 0/ M. 30 0.0 Golo 00 oo = S RS | S | 50 (1}

The thickness of the Nanjemoy formation as calculated from ncigh-
boring regions is about 125 feet. The dip is 12 to 15 feet per mile
to the southeast and the strike is from northeast to southwest.

*The Eocene, Maryland Geological Survey, 1901, p. 72.
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THE MI0CENE.
Tie CHESAPEAKE GRrouP.

The Miocene deposits of the Middle Atlantic slope have been de-
scribed under the name of the Chesapeake Group. In Maryland, the
materials which compose the formations of this group ecomsist of clay,
sandy-clay, sand, marl and diatomaceous earth. The sandy-clay mem-
bers are, when freshly exposed, greenish to greenish-blne but slowly
change under the influence of the weather to a slate or drab color.
As the Miocene beds contain but little glauconite, it is not a difficult
task on the basis of lithologic criteria to separate them from the Eocene
deposits, and they are still more readily distinguished from the Columbia
loams and gravels above.

It has been found possible to separate the beds of the Chesapeake
Group into three formations, which are designated, beginning with
the oldest, the Calvert formation, the Choptank formation and the
St. Mary’s formation.

THE CALVERT FORMATION.

Calvert County has suggested the name for this formation because
of its typical development there. In the famous Calvert Cliffs along
the eastern border of this county the waves of Chesapeake Bay have
cut an almost unbroken exposure rising nearly 100 feet in height and
extending from Chesapeake Beach to Drum Point, a distance of about
30 miles.

Areal Distribution.

The Calvert formation which lies at the base of the Chesapeake Group
in Maryland crosses the state from northeast to southwest. On the
Eastern Shore it is found in the southeastern corner of Kent County,
throughout almost the entire extent of Queen Anne’s County and the
northern portions of Talbot and Caroline counties.

On the Western Shore the Calvert formation is found extensively
developed in Anne Arundel, Prince George’s, Charles, Calvert, and St.
Mary’s counties. It appears as a long line of outerop extending from
the hills near the head of South River estuary to a place on the Calvert




MARYLAND GEOLOGICAL SURVEY frall

Cliffs near Point of Roeks. With this breadth, it extends across south-
ern Maryland from Chesapeake Bay to the Potomae River, and is devel-
oped along the latter stream from the hills north of Washington to
the mouth of the Wicomico.

Notwithstanding this great development, the Calvert formation is
seldom met with on the surface of the country but must be sought in
the cliffs of the larger estuaries and in the walls of stream gorges.
As on the BEastern Shore so on the Western, the Calvert formation is
covercd by younger formations.

The distribution of the Calvert formation in this county is shown
on the geologic map which acecompanies this report. It is found
throughout the entire northern two-thirds of the region from Lyons
Creek to a point two miles below Governor Run on the Bay shore and
to the mouth of Ben Creek in the valley of the Patuxent River. Through-
out this region the Calvert formation is so extensively covered over by
the sands and gravels of the formations belonging to the Columbia
Group that it is nowhere found along the divides, but occurs in the
valley walls of every important stream. In the northwestern portion of
the county it lies uneomformably on the eroded surface of the Nanjemoy
formation. This contact occurs at an clevation of about 20 feet above
tide in the valley of Lybns Creek, but rapidly declines foward the
south until near the mouth of Hall Creek, the Nanjemoy dips below
the level of the Patuxent River, and the base of the Calvert formation
reaches tide. From this point southward to a line drawn from the
mouth of Ben Creek to the Calvert Cliffs, midway between Governor
Run and Flag Pond, the Calvert formation is found either in the sides
or the bottom of every ereek valley, which is eroded to any considerable
depth. The headwaters of St. Leonard Creek and a few of its associates
on the southern margin of the Calvert arca have not eroded quite deep
enough to rcach it. By far the best exposure of the Calvert formation
is to be seen along the Calvert Cliffs from Chesapeake Beach south-
ward to two miles below Governor Run. Here there is an exposure of
the Calvert formation broken only for a short distance near Dares
Wharf, where some of the surfieial deposits eover over and obscure it.

LIBRARY
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Strike, Dip and Thickness.

The strike of the Calvert formation is in general from northeast
to southwest, but the outcrop frequently beeomes very sinuous, because
of erosion and changes in topography. Thus in the northern portion
of the county streams have carved out deep valleys, produeing a most
irregular outcrop, which departs widely from the direction of strike.

The dip is, as a whole, about 11 feet to the mile toward the south-
east. Apart from the exposures on the Calvert Cliffs of this eounty
and the Nomini Cliffs of Virginia, there are no good localitics for
determining the dip, and as it must be caleulated as a whole over
extensive regions, many of them beyond the borders of the ecounty,
slight changes whieh may oceur are not often brought to light.

The Calvert formation occupies the higher portions of the stream
valleys throughout the northern part of the eounty and gradually
dips to lower and lower levels as it passes toward the southeast until
1t sinks beneath tide level. The line along whieh it finally disappears
in Calvert County extends, as indieated above, from the mouth of Ben
Creek to a point on Calvert Cliffs midway between Governor Run
and Flag Pond. In the northern part of the county, then, the streams
cut through the basal members of the formation, while in the southern
part the deepest stream valleys reach only the upper members of the
formation, while the shallow drainage ways do not cut low enough to
uncover it, but have only sunk their valleys into the later formations of
the Chesapeake Group.

The full thickness of the Calvert formation within the borders of
the county has nowhere been actually observed. It has been diagon-
ally truncated above by the Choptank and younger forma-
tiops, under which it lies unconformably so that in the region of
Davidsonville, in Anne Arundel County, it has a thiekness of about
50 feet. TFrom this point it thickens rapidly down the dip until at
Crisfield, in Somerset County, it shows a thiekness of about 310 feet
in an artesian well. From various caleulations it appears that the
average thickness in Calvert County is about 150 feet.
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CITARACTERISTIC TOSSILS

. CARCHARIAS EGERTONT { Agassiz).

. OLIvA LITTERATA Lamarck.

. [ECPHORA QUADRICOSTATA (Say).

. FuLgur rustrorME Conrad.

. SURCULA BISCATENARIA Conrad.

. CoLrumerLrrLa comMmuNts (Conrad).

OF TITE MIOCENE FORMATIONS OF CALVERT COUNTY.

7. TURRITELLA PLEBEIA Say. . Asapnrs CENTENARIA (Conrad).
8. MancILia parva (Conrad). . Cu1oNE ALVEATA (Conrad).
9. MacTrRA cLaTIIRODON Lea.
10.

. PECTEN MADISONIUS Say.
ARCA STAMINEA Say, . VVENERICARDIA GRANULATA Say.
11. Isocarpia ararkoil Conrad.

17. ScuTeLra ApertI Conrad (lateral view).
. Spisura suBPONDEROSA (d’Orh.), . ASTRANGIA LINEATA (Conrad).
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Character of Materials.

The materials eomposing the Calvert formation are as a whole quite
uniform. They consist of clay, marl and diatomaceous carth. Through-
out its entire extent the formation is abundantly supplied with fossils.
The diatomaceous earth is grecnish-blue when fresh, and weathers to
a light buff when cxposed to the air. It is found in the lower
portions of the formation, although diatoms are abundant at many
other horizons. The elay and marl arc also dark brown to bluish-green
when fresh and change to various tints of buff on exposure to the
weather. The fossils frequently are econcentrated in great bands whieh
are remarkably eonstant throughout the formation. (Plate II.)

Stratigraphic Relations.

The Calvert formation lies unconformably on the eroded edges of
the Nanjemoy. This unconformity is in the nature of an overlap and
is most easily seen along the east bank of the Patuxent River in the
vieinity of Lyons Creek. It may also be seen in one of the southern
tributaries of Lyons Creck, near the place where the highway leading to
Chaney is crossed by the Chesapeake Beach Railroad. In both of these
localities a thin stratum of silicious sandstone bearing fossils is elearly
discernible. This lies in the body of the Calvert formation and about
2 fect above its eontaet with the underlying Nanjemoy. In the last
locality mentioned a waterfall has developed on this hard stratum
(Plate I). Above, the Calvert formation lies unconformably bencath
the Choptank formation.

Sub-Divisions.

Within the county borders the Calvert formation falls into two divi-
sions which are known as the Fairhaven diatomaceous carth and the
Plum Point marls.

FAIRHAVEN Diatomactious IBarre.—This member lies at the base
of the Calvert formation and is charaeterized by the presence of a large
proportion of diatoms imbedded in a very finely divided quartz matrix.

Calcareous material is present in this bed only in very small amounts.
6
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Beside diatoms, there are other Miocene fossils, usually in the form of
casts, and organie remains reworked from the underlying Eocene beds.
Fairhaven, Anne Arundel County, where the beds are well developed,
has suggested the name for this division.

The eontact of the diatomaceous earth with the Eoeene beds lies
about two feet bencath a band of silicious sandstone from 4 to 8 inches
in thiekness, which earries easts of Pecten humphreysii and other Miocene
fossils. Above this sandstone is the diatomaceous earth proper, which
is about 20 feet in thickness. In the extensive pits at Lyons Creck, where
the material is being worked for commerce, the transition from the
fresh greenish-blue to weathered buff eolor may be seen in the masses
removed, progressing in coneentrie rings. In sueh specimens, the fresh
greenish material is found at the center passing gradually into the buff-
eolored material toward the periphery.

The low eliffs which border Chesapeake Bay south of the pier at
Fairhaven are composed of diatomaeeous earth with a eapping of
Columbia gravel. From Fairhaven the beds eross southern Maryland
in a northeast-southwest direction following the line of strike, and
are worked at Lyons Creck on the Patuxent and again at Popes Creek
on the Potomae. They may also be found at innumerable places be-
tween these points in cuttings made by water-ways. North of this
diagonal line, extending between Fairhaven and Popes Creek, the diato-
maceous beds gradually rise until they rest on the hilltops, while south
of the diagonal line, they gradually disappear below tide.

The Fairhaven diatomaceous earth has been subdivided into three
zones, which may be characterized as follows:

Zone 1.—At the base of the Calvert formation and lying unconform-
ably on the Eocene deposits is a bed of brownish sand earrying Phacoides
(Lucinoma) contractus. This stratum varies somewhat in thiekness
from place to place, but does not depart widely from six feet on the
average. L

Zone 2.—Lying immediately above Zone 1 is a thin stratum of white
sand of about one foot in thiekness, whieh is loeally indurated to form
sandstone. It contains a large number of fossils, of whieh the follow-
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ing arc the most important: Fephora tricostata, Panopea whitfieldi, P.
americana, Corbula elevata, Phacoides (Lucinoma) contractus, Veneri-
cardia granulata, Astarte cuneiformis, A. thomasi, Thracia conradi, Pec-
ten madisonius, P. humphreysii, Chione latilirata, Cytherea staminea.

Zone 3.—This stratum when freshly exposed consists of a greenish
colored diatomaccous earth which, on weathering, bleaches to a white
or buff-colored deposit breaking with a columnar parting and pre-
senting perpendicular surfaces. 1t is very rich in diatomnaceous matter,
the mechanical analyses of specimens yielding more than 50 per cent
of diatoms. The thickness of this bed varies from place to place, but
where it is penctrated at Chesapcake Beach by an artesian well it has
a thickness of about 55 feet. At Fairhaven, where it is well exposed,
it earries large numbers of Phacoides (Lucinoma) contractus. This
zone is best exposed at Popes Creek, Liyons Creck, Fairhaven, and in
stream gullies lying along the northern margin of the Miocene beds.

Prum Point Marrs.—The Plum Point marls occupy the remainder
of the Calvert formation above the Fairhaven® diatomaceous ecarth.
Plum Point in Calvert County, where the beds are typically developed,
has suggested the name for this member. These marls consist of a
series of sandy-clays and marls in whieh are imbedded large numbers
of organic remains including diatoms. (Plate II.) The color of the
material is bluish-green to grayish-brown and buff. Fossil remains al-
though abundant through the entire deposit are partieularly numerous in
two prominent beds from 30 to 35 fcet apart. These beds vary in thick-
ness from 4% to 13 feet. They may be easily traced along the Calvert
Cliffs from Chesapeake Beach to a point 2 miles below Governor Run.
At Chesapeake Beach they lie high up in the eliffs, and pass gradually
downward beneath the surface of the water as the formation is followed
southward. Along the Patuxent River the Plum Point marls are not
exposed so extensively as in the Calvert Cliffs but they are visible
at intervals from the cliffs below Lower Marlboro southward to Ben
Creek.

When fresh the Plum Point marls and the Fairhaven diatomaceous

earth do not differ much in appearance. The thickness of the former
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inereases constantly down the dip and it is probable that the greater
portion of the 310 feet assigned to the Calvert formation in the Crisfield
wrell is to be referred to this member. The aetual thickness of the Plum
Point marls within Calvert County is nowhere direetly visible, but one
may gain a good idea of its development within the region by eomparing
the various sections.

From a detailed study of the exposures along the Calvert Cliffs, it
has been found possible to subdivide Plum Point marls into 12 zones.
They are characterized as follows:

Zone 4.—At the base of the Plum Point marls and lying eonformably
on Zone 3, the uppermost member of the Fairhaven diatemaccous carth
is a six-inch deposit of greenish sandy eclay earrying Ostrea percrassa.
This zone first makes its appearance along the Calvert Cliffs at Chesa-
peake Beach and continues on down the shore for about 2} miles, when
it ean be no longer distinguished. Throughout this distanee, the zone
«does not dip toward, the southeast in harmony with the other zones,
which are visible above it, but actually appears to rise slightly against
the dip until it finally vanishes at the point indieated. The erratic
behavior of this zone would secem to indicate a local migration and
temporary occupation of this particular arca by Ostrea percrassa. This
zone corresponds to “ Zone a ” of Harris.”

Zone 5—This zone is developed immediately above Zone 4 and at
Chesapcake Beach has a thickness of 7 feet; as it is followed southward,
however, along the Calvert Cliffs, it is found to thin rapidly until at
a distance of about 2} miles south of Chesapeake Beach it has a thick-
ness of only 2 feet and 6 inches. At this point the base actually lies
higher than at Chesapeake Beach, although on account of the thinning
the top lies lower. From this point southward it dips away in har-
mony with the dip of the other beds of the Calvert formation. The
materials making up this zone consist of a greenish sandy clay, which
earries scattered bands of Corbula elevata.

Zone 6.—This zone eonsists of a greenish sandy clay carrying large

¢ Tertiary Geology of Calvert Cliffs, Maryland. Amer. Jour. Sci., vol. xIv,
1893, pp. 21-31.
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numbers of Corbula elevata which are distributed thiekly throughout
the stratum and not separated in scattered bands as in the zones ini-
mediately below and above it. At Chesapeake Beach, where this zone
is best developed, it attains a thickness of eight feet, hut thins rapidly
toward the soutl, like the two preceding zones, until at a point 24 miles
south of Chesapeake Beach it has diminished to a thickness of two
feet. From this place it eontinues at about the same thickness nntil
it finally disappears beneath the beach at Plum Point.

Zone 7.—Lying immediately above the last is a layer of greenish
sandy clay, resembling very much in appearance Zone 5, and carrying
scattered bands of Corbula elevata.

Zone 8.—This stratum is lithologieally like those immediately pre-

ceding, but varies from them in either being devoid of fossils or in
carrying only a few poorly preserved fossil casts of a Corbula, which is
probably Corbula clevata. It consists of a greenish sandy clay varying
from 9 to 15 feet in thickness, It may he hest scen along the Calvert
Cliffs from Chesapeake Beach to Plum Point.

Zone 9.—This zone consists of greenish and greenish blue sandy clay
carrying seattered layers of Corbula clevata and varying in thickness
from 6 feet at Chesapeake Beach to 2 feet at Plum Point.

Zone 10.—On account of its great and varied assemblage of fossils
this stratum is the most conspicuous zone in the entire Calvert forma-
tion. It comsists of a grayish green or a yellow to brown sandy elay
varying in thickness from 6 to 9 feet, and is continuously exposed
along the Calvert Cliffs from Chesapeake Beach till it dips below tide
two or three miiles south of Plum Point Wharf. The following is a
partial list of the fossils found in this zone: Turritells indentata, Pha-
cotdes anodonta, Crassatellites melinus, Astarte cuneiformis, Ostrea
sellaeformis, Pecten madisonius, Macrocallista marylandica, Atrina har-
risii, Arca subrostrata, Glycymeris parilis, ete. Tt corresponds to “ Zone
b’ of Harris.'

Zone 11.—This stratum consists of a greenish blue to a brown sandy
clay changing locally to a sand. It thiekens somewhat as it passes

‘ Loc. cit.
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down the dip from 5 feet where it is exposed in the bluffs at Chesa-
peake Beaeh to 13 feet 13 miles south of Plum Point Wharf, where it
approaches tide level. It is unfossiliferous or earries a few imperfect
fossil casts.

Zone 12 —When typieally developed, this zone consists of a brownish
sandy elay, although at times it ehanges to a bluish eolor. In many of
its exposures only imperfeet fossil easts ean be distinguished, but in
other plaees it is found to carry Ecphora quadricostata var. umbilicata,
Venus mercenaria, Cytherea staminea, etc. It varies in thickness from
two to four feet and corresponds to ““Zone e ” of Harris.’

Zone 13.—The materials of this zone consist of a bluish sandy clay
more or less clianged in sections to a yellowish or brownish color. It
carries imperfect fossil casts and varies in thickness from 32 feet at
Chesapeake Beach to 10 feet at a point one mile south of Parker Creek,
thus gradually thinning as it passes down the dip.

Zone 14.—The materials whieh make up this stratum consist of a
brownish to yellowish sandy clay abundantly supplied with Isocardia
fraterna. It varies in thiekness from 2 to 7 feet and corresponds to
“Zone d” of Harris.’ i

Zone 15.—This zone is the uppermost member of the Calvert forma-
tion and eonsequently has heen considerably eroded so that its true
thiekness is not definitely known. It eonsists of a yellowish sandy clay
grading down locally into yellowish sand in its lower portions. At a
point one mile south of Plum Point Wharf this zone shows a greater
thickness than anywhere else along the Calvert Cliffs; at that place it
measures 48] feet. Sections north and south of this point have either
been in great part replaeced by Pleistoeene sand or have suffered by the
unconformable overlapping of the Choptank formation.

THE CIHOPTANK FORMATION.

The Choptank River has suggested the name for this formation be-
cause of its great development on the northern bank of that estuary a
short distance below Dover Bridge in Talbot County. In this loeality

5 Loc. cit. ¢ Loc. eit.
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the Choptank formation is very fossiliferous, and may be seecn at the
base of a low eliff which borders the stream for some distanee.

Areal Distribution.

The Choptank formation, which constitutes the second member of
the Chesapeake Group in Maryland and lies immediately above the
Calvert formation, is found in Caroline, Talbot, and Dorcliester counties,
on the IBastern Shore, and Anne Arundcl, Calvert, Prince George’s,
Charles, and St. Mary’s counties on the Western Shore. On both the
Eastern and Western Shores it is very much obscured by younger deposits
which overlie it. In Calvert County the Choptank formation extends
from Mt. Harmony southward to a line running from Point of Rocks
to the mouth of Hellen Creek. Throughout the region it lies uncon-
formably on the Calvert formation and is itself overlaid eonformably
by the St. Mary’s formation or unconformably by the various formations
of the Columbia Group. This cover of surficial deposits is so extensive
that the Choptank formation is nowhere exposed on the divides but
is met with in nearly all the stream valleys throughout the area desig-
nated. Near Mt. Harmony the Choptank formation is found lying
on the Calvert at an elevation of about 100 feet. From here it sinks
very gradually to the vicinity of Parker Creck and then morc rapidly
till it disappears below tide in the southern part of the eounty. In
the headwaters of Fishing Creek on the cast and Cocktown and Hunting
Crecks on the west the Choptank formation lies high in the valley
walls and the Calvert formation appears beneath it. In the southern
part of the county in the headwaters of St. Leonard Creek and assoeiates
the Choptank formation occurs in the bottoms of the valleys and younger
formations lie above it. By far the best exposures are to be scen
along the Calvert Cliffs from Parker Creck southward to Point of
Rocks and along the Patuxent River in the vicinity of St. Leonard
Creek.

Strike, Dip and Thickness.

The strike of the Choptank formation is in general from northeast
to southwest; but because of erosion, partieularly on the Western Shore,
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as pointed out above, the outerop is very sinuous and the strike appears
to change locally.

The dip does not appear to be constant throughout the entire extent
of the formation. In Calvert County, where the Choptank is best
exposed, the northern portion of the formation down to Parkers Creek
seems to lie almost horizontal ; but south of this point the base of the
formation dips away at about 10 feet to the mile. Because of this
structure, the Choptank formation occupies hilltops in the northern por-
tion of its area and gradually occupies lower and lower levels, until in
the southern portion of its area it is found in river bottoms and finally
disappears beneath tide. The best place to examine the dip of the
Choptank formation is along the Calvert Cliffs between Parker Creek
and Point of Rocks. Here an almost unbroken exposure may be seen
dipping gradually toward the southeast.

The thickness is variable. In the Nomini Cliffs, Virginia, it is
present as a 50-foot bed between the Calvert formation below and the
St. Mary’s formation above. This is the thickest exposure which is
open to direct observation. In the well seetion at Crisfield, mentioned
above in connection with the Calvert formation, the Choptank forma-
tion attains a thickmess of about 1v5 feet. Tt will thus be seen that
like the Calvert, it thickens as it passes down the dip. The average
thickness in Calvert County appears to be about 100 feet.

Character of Materials.

The materials composing the Choptank formation are somewhat vari-
able. They consist of fine yellow quartz-sand, bluish-green sandy-
clay, slate-colored clay and, at times, ledges of indurated rock. In
addition to these materials, there are abundant fossil remains dissemi-
nated throughout the formation. The sandy phase is well shown in
the Calvert Cliffs from Parker Creek southward to Point of Rocks.
The sandy-elay and clayey members may be seen in the same cliffs near
Point of Rocks and southward. The indurated rock is well shown in
Drum Cliff on the Patuxent and at Point of Rocks, and the fossil re-
mains are seen typically developed at Drum Cliff and at Governor Run.
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Stratigraphic Relations.

The Choptank formation lies unconformably on the Calvert forma-
tion. This unconformity is in the nature of an over-lap but is not
easily discernible even where the contact is visible. The best plaee to
observe it is in that portion of the Calvert Cliffs just below the mouth
of Parker Creek. Even here, the unconformity cannot be secn while
standing on the beach but may be observed from a boat a short distance
from the shore. The unconformity of the Choptank on the Calvert
formation is also proved from the fact that at the above-mentioned
locality the fossil bed which lies lowest in the Choptank formation
rests on the Calvert, while at Mt. Harmony and northward the upper
fossil bed of the Choptank rests on the Calvert formation. There are
also certain differences between the fauna of the Calvert and that of
the Choptank. How far this unconformity econtinues down the dip
after the beds disappear from view is not known, as the data from well

reeords are too meager to draw any conclusion regarding this question.

Above, the Choptank formation lies conformably beneath the St. Mary’s
formation.

Sub-Divisions.

The Choptank formation has been subdivided into five zomes which
may be characterized as follows:

Zone 16.—This zone varies in composition from yellowish sand to
bluish or greenish sandy elay. It is about 10 feet thiek and may be
found exposed along the Calvert Cliffs from near Parker Creek south-
ward to a point a little north of Flag Pond, where it disappears be-
neath the beach. Where the Choptank first makes its appearanee in
the Calvert Cliffs at Parker Creck this zone is absent, and Zone 17 of
the Choptank rests immediately upon Zone 15 of the Calvert. Zone 16
is for the most part unfossiliferous, although about 3 miles south of
Governor Run a few fossils have been diseovered in it, of which the
following are among the number: Ecphora quadricostata, Venus cam-
pechiensis var. cuneala, Dosinia acetabulum, Phacoides contractus, ete.

Zone 17.—The Choptank formation earries two well-defined fossil
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zones. Of these, Zone 17 is the lower one. The material composing
this stratum is mostly ycllow sand along the Calvert Cliffs. 1t is
almost entirely composed of fossils, the yellow sand simply filling in
the spaces between the organic remains. The fauna of this zone is
extremely large, but the following will suffice to give an idea of some
of the types:

Eephora  quadricostata, Turritella plebeia, Panopea americana,
Corbula idonea, C. cuncala, Metis biplicata, Macrocallista marylandica,
Venus mercenaria, V. campechiensis var. cuneata, Dosinia acetabulum,
Isocardia fraterna, Cardium laqueatum, Crassatellites turgidulus, Astarte
thisphila, Pecten coccymelus, P. madisonius, Melina mazillata, Arca
staminea, ete. _

This zone makes its appearance along the Calvert Cliffs at Parker
Creek, where it is about 6 feet in thickness, and is continuously exposed
until it dips beneath tide a little north of Flag Pond. It may also
be seen at various points on the Patnxent River. It appears to thicken
considerably southwestward along the strike, for where best exposed
on the Patuxent River it is at least 18 feet thick near the mouth of
St. Leonard Creck and over 30 feet thick at Drum Cliff, in St. Mary’s
County. This zone corresponds to “ Zone ¢ ” of Harris.

Zone 18.—This zone is for the most part unfossiliferous, although
in places it carries some imperfect fossils and fossil casts. The mate-
rial of which it is eomposed is for the most part yellowish sand above
but grades down into bluish clay below and at times the entire stratum
is composed of bluish elay. In thickness it varies from 18 to 22
feet along the Calvert Cliffs, where it is continuously exposed from
Parker Creek to a point a few miles south of Flag Pond. Where this
zone is exposed at Drum Cliff it is thinned down to about 8 feet in
thickness.

Zone 19.—This constitutes the upper of the two great fossiliferous
zones of the Choptank formation. Like Zone 17 it is composed almost
entirely of fossils with the interstices filled with reddish and yellow
sand. It varies in thickness from 12 to 15 feet along the Calvert Cliffs

"Loc. cit,
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and is continuously exposed from Parker Creck southward to near Cove
Point, where the stratum dips beneath the beach. The following is
a partial list of fossils found in this zone: Balanus concavus, Corbula
idonea, Macrocallista marylandica, Dosinia acetabulum, Cardium laquea-
tum, Phacoides anodonta, Crassatcllites marylandicus, Astarte thisphila,
Ostrea carolinensis, Pecten madisonius, Arca staminea, cte. This zone
corresponds to “Zone f” of Harris."

Zone 20.—This zone lies at the top of the Choptank formation. It
consists of greenish sand which is frequently oxidized to a red eolor,
and at times it carries bands of clay. It scems to be devoid of fossils
and is 15 feet thick, although it has frequently suffered by crosion. It
may be best seen near Flag Pond, where it is overlaid by the St. Mary’s
formation.

THE ST. MARY’S FORMATION,

The name of this formation has been suggested by St. Mary’s County
on account of its great development within that region. The formation
is found exposed in numerous places along the St. Mary’s River in the
vieinity of St. Mary’s City. In Calvert County it is best seen along
the Calvert Cliffs from Point of Rocks southward to Drum Point.

Areal Distribution.

The St. Mary’s formation, like the Calvert and the Choptank forma-
tions, crosses the state from northeast to southwest. On the Eastern
Shore, it is present, if at all, in Caroline, Talbot, Wicomico and Dor-
chester counties.

On the Western Shore the St. Mary’s formation is found developed
in southeastern Calvert and St. Mary’s counties. In this region
it is very much obscured by a mantle of younger material be-
longing to the Columbia Group and is, therefore, seldom scen on the
surface. Good exposures, however, are found along the Bay shore and
the Patuxent River and its tributaries. The most extensive exposure
is found in Calvert County along the Bay shore from Point of Rocks

*Loc. cit.
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to Drum Point. Other exposures are found on both banks of the

Patuxent River and along St. Johns Creek and Mill Creek in St. Mary’s
County.

Strike, Dip and Thickness.
The strike of the St. Mary’s formation, like that of the two preceding

ones, is from northeast to southwest. On the Western Shore, because
of the great diversity in the topography, the outerop is extremely irregu-
lar and departs very widely from the direction of the strike. 'The
St. Mary’s formation rests conformably on the underlying Choptank
and is overlain unconformably by younger materials. The dip averages
about 10 fect to the mile toward the southcast.

The thickness of the St. Mary’s formation varies from a few to about
280 feet. 1In the hilltops south of Prince Frederick, where the dip
carries the formation up to an elevation of 100 feet or more, the

thickness thins down gradually to extinction; while in the well boring

at Crisfield it occupies a thickness of about 280 feet, although it is pos-
sible that the upper portion of this may be Pliocene. The average
thickness of the St. Mary’s formation in Calvert County appears to be
about 50 feet. :

Character of Materials.

The materials composing the St. Mary’s formation are clay, sand,
and sandy clay. As exposed in this county, it is typically a greenish-
blue sandy clay bearing large quantities of fossils and resembling very
closely the sandy clay of the Calvert formation deseribed above. Locally,
the beds have been indurated by the deposition of iron.

Stratigraphic Relations.
The St. Mary’s formation lies conformably on the Choptank forma-

tion. It is overlain unconformably by clays, loams, sands and gravels

belonging to various members of the Columbia Group.
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Sub-Divisions.

There are certain faunal differences which separate it from the Chop-
tank formation. It has been subdivided into the following zones:

Zone 21.—This zone lies at the base of the St. Mary’s formation and
conformably on the Choptank formation. It consists of a drab clay
carrying sandy bands of about the same color and appears to be devoid
of fossils. It may best be seen along the cliffs south of Flag Pond,
where it has a thickness of about 15 feet.

Zone 22.—Lying immediatcly above the last mentioned stratum is
another band of drab clay in which thin beds of fossils are devcloped.
These first made their appearance in the cliffs south of Flag Pond, and
although the continuity of this bed is interrupted along the Bay shore
by talus slopes and overgrowth of woodland, still it is believed to be
continuous with the fossil-bearing beds at the base of the cliff at

Cove Point. The following are some of the more important fossils

found in this zone: Balanus concavus, Tercbra inornata, Mangilia

parva, Nassa peralta, Columbella communis, Ecphora quadricostata, Tur-
ritella plebeia, T. variabilis, Polynices heros, Corbula inequalis, Pecten
jeffersonius, Arca idonca, ete. This stratum is about 14 fect in thick-
ness. It corresponds to “ Zone g” of Harris.’

Zone 23.—This zone is composed of drab clay and sand. It has suf-
fered considerably from erosion, but along the Calvert cliffs it carries
some fossils of which Turritella plebeia is the most important. It shows
a thickness of 30 fect, but is unconformably overlain by the Pleistoccne
sands and gravels.

Zone 24.—A break in the stratigraphic continuity of the St. Mary’s
formation occurs south of Drum Point