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GEOLOGIC AND TOPOGRAPHIC ATLAS OF UNITED STATES

The Geological Survey iz making a geologic map |
of the United States, which is being issued in parts,
called folics. Each folio includes a topographic
map and geologic maps of a small area of country,
together with explanatory and deseriptive texts.

THE TOPOGRAPHIC MAP.

The features represented on the topographic map
are of three distinet kinds: (1) inequalities of sur- |
face, called relicf, as plains, plateans, valleys, hills,
and mountains; (2) distribution of water, called
cf.:'ﬂfnayﬂ, as streams, lakes, and swamps; (3) the
works of man, called ewliure, as roads, railroads,
boundaries, villages, and cities.

Relief.—All elevations are measured from mean
sea level. The heights of many points are accu-
rately determined, and those which are most |
Loportant are given on the map in figures. It is
desirable, however, to give the elevation of all parts
of the area mapped, to delineate the outline or form
of all slopes, and to indicate their grade or steep- |
ness. This is done by lines each of which is drawn |
through points of equal elevation above mean sea |
level, the altitudinal interval represented by the
space between lines being the same throughout |
each map. These linés are called contours, and the
uniform altitudinal space between each two con-
tours is called the contfour inferval. Contours and
elevations are printed in brown.

The manner in which contours express elevation,
form, and grade is shown in the following sketch
and corresponding contour map (fig. 1).

ventional signs.

Fig. 1.—Ideal view and corresponding contour map

The sketch represents a river valley between two |
hills. In the foreground is the sea, with a bay |
which is partly closed by a hooked sand bar. On |
each side of the valley is a terrace. From the |
terrace on the right a hill rises gradually, while |
from that on the left the ground ascends steeply,
forming a precipice. Contrasted with this precipice
is the gentle slope from its top toward the left. In
the map each of these features is indicated, directly
beneath its position in the sketch, by contours.
The following explanation may make clearer the
manner in which contours delineate elevation,
form, and grade:

1. A contour indicates a certain height above sea
level. In this illustration the contour interval is
50 feet; therefore the contours are drawn at 5C,
100, 150, and 200 feet, and so on, above mean sea
level. Along the contour at 250 feet lie all points
of the surface that are 250 feet above gea; along
the contour at 200 feet, all points that are 200 feet |
above gea; and =0 on. In the space between any |
two contours are found elevations above the lower |
and below the higher contour. Thus the contour
at 150 feet falls just below the edge of the terrace,
while that at 200 feet lies above the terrace; there-
fore all points on the terrace are shown to be more
than 150 but less than 200 feet above sea. The |
summit of the higher hill is stated to be 670 feet |
above sea; accordingly the contour at 650 feet sur- |
rounds it. In this illustration all the contours are |
numbered, and those for 250 and 500 feet are |
accentuated by being made heavier. Usually it
is not desirable to number all the contours, and
then the accentuating and numbering of certain
of them—say every fifth one—suffice, for the
heights of others may be ascertained by counting
up or down from a numbered contour.

| s About 4 square miles; and on the scale g5,

2. Contours define the forms of slopes. Since

| contours are continuous horizontal lines, they wind |
| smoothly about smooth surfaces, recede into all |

reentrant angles of ravines, and project in passing |
about prominences. These relations of contour
curves and angles to forms of the landscape can be
traced in the map and sketch. '
3. Contours show the approximate grade of any
slope. The altitudinal space between two contours
is the same, whether they lie along a cliff or on a ,
gentle slope; but to rise a given height on a gentle |

' slope one must go farther than on a steep slope, and |

therefore contours are far apart on gentle slopes |

' and near together on steep ones.

For a flat or gently undulating country a small
contour interval is used; for a steep or mountain- |
ous country a large interval is necessary. The
smallest interval used on the atlas sheets of the |
Geological Survey is 5 feet. This is serviceable for
regions like the Mississippi delta and the Dismal |
Swamp. In mapping great mountain masses, like |
those in Colorado, the interval may be 250 feet.
For intermediate relief contour intervals of 10, 20, |
25, 50, and 100 feet are used.

Drainage.—Watercourses are indicated by blue
lines. If a stream flows the entire year the line is

' drawn “unbroken, but if the channel is dry a part |

of the year the line is broken or dotted. Where a |
stream sinks and reappears at the surface, the sup- |
posed underground course is shown by a broken |

| blue line. Lakes, marshes, and other bodies of |
|

water are also shown in blue, by appropriate con- |
Cultire—The works of man, such as roads, rail-
roads, and towns, together with boundaries of town-
ghips, counties, and States, are printed in black.
Seales—The area of the United States (excluding
Alagka and island possessions) is about 3,025,000

| square miles. A map representing this area, drawn

to the scale of 1 mile to the inch, would cover |
3,025,000 square inches of paper, and to accom- |
modate the map the paper would need to measure
ahout 240 by 180 feet. Each square mile of ground |
surface would be represented by a square inch of |
map surfice, and one linear mile on the grmmdi
would be represented by a linear inch on the map.
This relation between distance in nature and cor-
responding distance on the map is ealled the seale
of the map. In this case it is “1 mile to an inch.”
The scule may be expressed also by a fraction,
of which the numerator is a length on the map |
and the denominator the corresponding length in |
nature expressed in the same unit. Thus, as there

| are 63,360 inches in a mile, the scale “1 mile to

an inch” is expressed by ghy.

Three scales are used on the atlas sheets of the
Geological Burvey; the smallest is 7, the inter-
mediaté ', and the largest ;1;. These corre-
spond approximately to 4 miles, 2 miles, and 1
mile on the ground to an inch on the map. On the
seale gbg 4 square inch of map surface represents

about 1 square mile of earth surface; on the seale

about 16 square miles. At the bottom of each
atlas sheet the scale is expressed in three ways— |
by a graduated line representing miles and parts |
of miles in English inches, by a similar line indi-
cating distance in the metric system, and by a
fraction.

Atlas sheets and quadrangles—The map is being
published in atlas sheets of convenient size, which
represent areas bounded by parallels and meridians.
These areas are called guadrangles. ~ Each gheet on
the scale of g5 contains one square degree—i. e,
a degree of latitude by a degree of longitude; each
sheet on the seale of &'y contains one-fourth of a
square degree; each sheet on the scale of 535 con-
tains one-sixteenth of a square degree. The areas
of the corresponding quadrangles are about 4000,
1000, and 250 square miles.

The atlas sheets, being only parts of one map
of the United States, disregard political boundary
lines, such as those of Btates, counties, and town-
ships. To each sheet, and to the quadrangle it
represents, is given the name of some well-known
town or natural feature within its limits, and at the |
sides and corners of each sheet the names of adja- |
cent sheets, if published, are printed. _

Uses of the topographic map.—On the topographie |
map are delineated the relief, drainage, and culture |

to the ohserver every characteristic feature of the
landseape. It should guide the traveler; serve
the investor or owner who desires to ascertain the
position and surroundings of property; save the
engineer preliminary surveys in loeating roads,
railways, and irrigation reservoirs and ditches;
provide educational material for schools and homes;
and be useful as a map for local reference.

THE GEOLOGIC MAPS.

The maps representing the geolugy show, by
colors and conventional signs printed on the topo-
graphic base map, the distribution of rock masses

| on the surface of the land, and the structure

sections show their underground relations, as far as

' known and in guch detail as the scale permits.

RINDE OF ROCKS.

Rocks are of many kinds. On the geologic map
they are distinguished as igneous, sedimentary, and

| metamorphie.

Lgneouws rocks—These are rocks which have
cooled and consolidated from a state of fusion.

| Through rocks of all ages molten material has

from time to time been forced upward in
fissures or channels of various shapes and sizes,
to or nearly to the surfuce. Rocks formed by
the eonsolidation of the molten mass within these
channels—that is, below the surface—are called
indrusive.  When the rock occupies a fissure with
approximately parallel walls the mass is called a

| dike; when it fills a large and irregular conduit
When the conduits for |

the mass is termed a sfock,
molten magmas traverse stratified rocks they often
send off branches parallel to the bedding planes;
the rock masses filling such fissures are called

subsides the shore lines of the ocean are changed.
As a result of the rising of the surface, marine sedi-
mentary rocks may become part of the land, and
extensive land areas are in fact occupied by such
rocks.

Rocks exposed at the surface of the land are acted
upon by air, water, ice, animals, and plants, They
are gradually broken into fragments, and the more
soluble parts are leached out, leaying the less soluble
as a residual layer. Water washes residual mate-
rial down the slopes, and it is eventually carried
by rivers to the ocean or other bodies of standing
water. Usually its journey is not continuous, but
it is temporarily built into river bars and flood
plains, where it is called alluviwm. Alluvial depos-
its, glacial deposits (collectively known as drift),
and eolian deposits belong to the surficial class,
and the residual layer is commonly included with
them. Their upper parts, occupied by the roots of
plants, constitute soils’and subsoils, the soils being
usually distinguished by a notable admixture of
organic matter. :

Metamorphic rocks—In the course of time, and
by a variety of processes, rocks may become greatly
changed in composition and in texture. When
the newly acquired characteristics are more pro-
nounced than the old ones such rocks are called
melamorphie.  In the process of metamorphism
the substances of which a rock is composed may
enter into new combinations, certain substances

'may be lost, or new substances may be added.
' There is often a complete gradation from the pri-

sills or sheets when comparatively thin, and laceo- |

liths when oceupying larger chambers pro 'uced by
the force propelling the magmas upward  Within
rock inclosures molten material cools slowly, with
the result that intrusive rocks are generally of erys-
talline texture. When the channels reach the sur-
face the molten material poured out through them
is called lava, and lavas often build up voleanic
mountainsg. Igneous rocks thus formed upon the
surface are called extrusive. Lavas cool rapidly in

the air, and acquire a glassy or, more often, a par- |

tially crystalline condition in their outer parts,
but are more fully erystalline in their inner por-
tions. The outer parts of lava flows are usually
more or less porous.
panies voleanie eruptions, causing ejections of dust,
ash, and larger fragments. These materials, when
consolidated, constitute breccias, agglomerates, and
tuffs. Voleanic ejecta may fall in bodies of water
or may be carried into lakes or seas and form
sedimentary rocks.

Nedimentary rocks—These rocks are composed
of the materials of older rocks which have been
broken up and the fragments of which have been

carried to a different place and deposited.

The chief agent of transportation of rock débris is
water in motion, including rain, streams, and the
water of lakes and of the sea. The materials arve

l':xlllﬂﬂi\'l_} action often accom- |

in large part carried as solid particles, and the |

deposits are then said to be mechanical.

Sueh I

are gravel, sand, and clay, which are later consoli- |

dated into conglomerate, sandstone, and shale.

In |

smaller portion the materials are carried in sa]u-§
tion, and the deposits are then called organic if |

formed with the aid of life, or chemical if formed
without the aid of life. The more important rocks
of chemical and organic origin are limestone, chert,

oypsum, salt, iron ore, peat, lignite, and coal. Any |
one of the deposits may be separately formed, or |

the different materials may be intermingled in
many ways, producing a great variety of rocks.
Another transporting agent is air in motion, or

wind; and a third is ice in motion, or glaciers.
The most characteristic of the wind-borne or eolian |
deposits is loess, a fine-grained earth; the most char-

acteristic of glacial deposits is till, a heterogeneous
mixture of bowlders and pebbles with clay or sand.

Sedimentary rocks are usually made up of layers

or beds which ean be easily separated. These layers
are called strata. Rocks depusited in layers are
zaid to be stratified.

The surface of the earth is not fixed, as it seems
to be; it very slowly rises or sinks, with reterence

' period are grouped together into a system.

‘may ecross the strata at any angle.

mary to the metamorphic form within a single
rock mass. Such changes transform sandstone into
quartzite, limestone into marble, and modify other
rocks in various ways.

From time to time in geologic history igneous
and sedimentary rocks have been deeply buried
and later have been raised to the surface, In this
process, through the agencies of pressure, move-
ment, and chemieal action, their original structure
may be entirely lost and new structures appear.
Often there is developed a system of division planes
along which the rocks split easily, and these planes
This structure
Sometimes crystals of mica or
other foliaceous minerals are developed with their
laminge approximately parallel; in such ecases the
structure is said to be schistose, or characterized by
sehistosily. :

As a rule, the oldest rocks are most, altered
and the younger formations haye escaped meta-
morphism, but to this rule there are important
exceptions.

is called cleavage.

FORMATIONS.

For purposes of geologic mapping rocks of all
the kinds above deseribed are divided into forma-
A sedimentary formation contains between
its upper and lower limits either rocks of uniform
character or rocks more or less uniformly varied in
character, as, for examplé, a rapid alternation of
shale and limestone. When the passage from one
kind of rocks to another is gradual it is sometimes
necessary to separate two contiguous formations by
an arbitrary line, and in some cases the distinetion
depends almost entirely on the contained fossils.
An igneous formation is constituted of one or more
bodies either containing the same kind of igneous
rock or having the same mode of occurrence. A
metamorphie formation may consist of rock of uni-
form character or of several rocks having common
characteristies.

When for scientific or economic reasons it is
desirable to recognize and map one or more
specially developed parts of a varied formation,
such parts are called members, or by some other
appropriate term, as lentils. ;

fions,

AGEE OF ROCKS.

Gleologic time.—The time during which the rocks
were made is divided into several periods. Smaller
time divisions are called epochs, and still smaller
ones sfages. The age of a rock is expressed by
naming the time interval in which it was formed,
when known.

The sedimentary formations deposited during a
The
principal divisions of a system are called series.
Any ageregate of formations less than a series is

of the quadrangle represented. It should portray | to the sea, over wide expanses; and as it rises or | called a group.

(Continued on third pgee of cover. )



DESCRIPTION OF THE PATUXENT QUADRANGLE.

INTRODUCTION.

Location and avea of the quadrangle.—The
Yatuxent quadrangle lies between parallels 38° 30/
and 39° north latitnde and meridians 76° 30 and 77°
west longitude. It includes one-fourth of a square
degree of the earth’s surface and containg 931.5
square miles. From north to south it measures
34.5 miles and from east to west the mean distance
is 27 miles, the width being 27.1 miles along the
sonthern and 26.9 miles along the northern horder,
The quadrangle includes parts of the State
of Maryland and of the District of Columbia.
In Maryland it embraces the sonthern portion of
Amne Arandel County, the northern portion of
Calvert County, the extreme northern end of St,
Marys County, the northeastern portion of Charles |
County, the outheastern portion of Prince (Georges
County, and about 1 square mile of the southeast-
ern part of Montgomery County. The District of |
Columbia is ]‘(‘:I]I'l"".-bl"'llh"’d in the northwestern part of
the quadrangle by about 24 square miles. Besides |
the land areas a small portion of Chesapeake Bay, |
with parts of the estuarvies of South, West, Patux- |

ent, and Anacostia rivers and Piseataway Creek are |
embraced within this quadrangle. It includes |
portions of two physiographic provinees— the |
Piedmont Plateau and the Atlantic Coastal Plain.

Outline of the geography and geology of the Pied-
mont Platean Provinee~This provinee is repre-
sented by small areas of granite gneiss along
tributary streams of Anacostin River in the north-
west corner of the quadrangle. The following
general description is taken from the Washington |
folio (No. 70) of the Geologie Atlas of the United
States:

The Piedmont Platean is an upland to which the term |
‘iplatean?’ iz applied because of its elevation and gen-
eral flat aspect. It constitutes a division of the great
Appalachian provinee, and
refers to its position at the foot of the Appalachian

its name, “Piedmont,™

Mounntaing, From the bhase of the Rlne Ridge in
Georgin, North Carvolina, and Virginia, and from

Catoetin Mountain in Maryland and Pennsylvania, it
slopes a8 o whole sontheastward. The summits stand
at nearly the same height over extensive areas, with
gradual ehanges from distriet to district. Sinece its for-
mation the original plain has been uplified and streams
have worn narrow channels down into the old surface.
The rugged slopes thus prodoced are closely confined to
the streams and are visible only on near approach.
Along the northwestern border of the Plateau there are
remnpants of the old plain not yet invaded, In passing
northwarid through Virginia, one finds the Platean and
the Mountains gradoally merging into each other, so
that the separation of the Piedmont and Mountain
divisiong becomes less prominent, Where the Potomac
passes out into the Piedmont region the actual platean
extends far into the Appalachian Valley. Many ouf-
liers of the Appalachian Monntaing, such as the South
Mountains in North Carolina and Southwest Mountain
in Virginia, interrapt the seaward slope of the Platean, |

The eastern border of the Piedmont Platean is much
less clearly defined than its western margin, The Pied-
mont slope graduoally deseends toward the east and
merges into the Coastal Plain, The chief topographie
difference between the two provinees lies in the conirast
presented by the narrow gorges eut in the Platean and
the wide valleys of the Coastal Plain, The crystalline
rocks of the Platean form a floor on which the sediments
of the Coastal Plain were laid down. At first these
lapped far over the Piedmont region, bui they have
been removed more and more by erosion until only
small remnants are left npon the Platean. As the
streams eut deeper and wider valleys in the loose sedi-
ments than in the hard underlying rocks, a general
difference in topography resulted, Later periods of
submergence, during which the Coastal Plain was
beneath the sea, allowed the waters to extend far
np the larger wvalleys, and in some cases the later
gravels reach across the Piedmont Platean and into the
Appalachian Monntains,

' This quadrangle has been surveyed in cooperation with
the Maryland Geological S8urvey. A faller discussion of the
Maryland portion of the quadrangle will be found in the |
connty reports of the Marviand Sorvey, which are accompa-
niad by geologic maps published on the United Btates Geo- |
logical Sarvey topographic base, on the seale of 1:62500: also |
in the volumes published by the Marviand Soarvey on the |
Eocene (1901), the Miocene (1904), and the Pliccene and Pleis- |
tocene (1904G).

| in Virginia.

Prepared under the supervision of William Bullock Clark, geologist in charge.

By George Burbank Shattock, Benjamin Lelloy Miller, and Arvihor Bibbins.

Relief.—Throughont the entive extent of the Piedmont
Platean the nplands are smooth and rounded, usually to
@ very marked degree. They represent the ancient
plain to which the land was worn down during the long
ages of decay., The streams near their heads flow
between low divides in the open, shallow valleys of the
ancient plain. In their lower cowses, however, they
have worn chanpels deep into the old valley floors and
now flow throungh narrow gorges and canyons, These
canyons widen oot on the softer rocks and towanrd the
east, and their steep walls give place to terraces and to
lower and smaller plateans. In a view across the Pied-
mont Platean from one of its summits the monotenous
level of the uplands is here and there broken by small
ridges and peaks which rise a few hondred feet above
the Platean. These are areas not worn down te the

| level of the plain and are most common near the union
{ of the Piedmont Plateau and the Appalachian Mountains,

The nniform heights of the Piedmont Platean distin-
guish it from the marked relief of the ridges and valleys
in the Appalachian Mountains. The Platean as a whole
has a gentle slope toward the east and southeast in that
portion which drains into the Atlantie, and toward the
somnth where the streams drain into the Gulf of Mexico.
In a wide belt adjoining the Coastal Plain the Platean
snmmits vary from 300 to 600 feet above sea. This belt
comprises almost all of the Platean north of James River,
in Vi Over another wide belt adjoining the Appa-
lachian Mountaing the Platean summits are 1000 to 1100
feet above the sea, while along the immediate western
borders of the Platean the summiis rise to 1500 feet,
The Platean surfgee sonth of James River and lying in
the Atlantic drainage is abont evenly divided between
the lower and higher groups of altitudes,
descent from higher to lower is relatively narrow, and
in it the Platean surface falls rather rapidly, This zone
passes from the Appalachian Mountains into the Platean
@ little north of James River, and, as its trend is more
nearly sonth than ihat of the Plateau, it slowly recedes
from the Mountains toward the Coastal Plain,

Drainage.—The system of drainage of the Piedmont
Platean is fairly simple. Most of the streams flow
sontheasterly into the Atlantic. Around the sounth-

| western end of the Appalachian Mountaing, where the

Platean swings toward the west, the streams flow south-
erly into the Gulf of Mexico. There are two principal
classes of streams—Those which vise near the inland
border of the Platean, and those which rise beyound
it, in the Appalachian Valley. Savannah River, in
Georgia, is typical of the first elass, amd James River,
in Virginia, of the second class,

while sonth of that boundary no large stream rises
far from the border of the Platean.
streams of both classes flow direetly across the Platean
at wide angles with the trend of the rock formations.
In their general freedom from the control of the rocks,

| the Piedmont streams are most unlike those of the Appa-

lachian Mountaing and Valley, The chief exceptions to
this are in Georgin and Alabama, where the main
streams follow the rock belts for long distances,
small rivers and
dependence upon  the the

natnre and stroetore of

| and mud, derived from the waste of older rocks, together |
| with the remaing of plants and animals that lived while

The zone of

the strata were being laid down.
ki i B & &

Strueture,—The structures that prevail through most |
of the ancient rocks of the Platean are very complex,
but they present mueh the same types, even, in widely
separated districts. In complexity they are strongly con-
trasted with the Juratrias rocks which ocenpy a small
part of the Platean. These strata are gently tilted and
all dip toward the west at angles of from 1° to 307, The
crystalline rocks covering most of the Platean are tilted
at high angles, broken by faults, and altered from their
original condition. Folds ave frequent, and the forces
of compression have nsnally so acted as to sqneeze the
gides of the folds together until the beds dip in the same
direction. In these cases the existence of the fold is |
detected mainly by the order in which the formations
cccur.  Portions of the Platean in North Carolina and |
South Carolina, however, contain folds of such moderate |
deformation that they are defined by the angle of the dip |
as well as by the sequence of the formations.

Fanlts are not nmecommon in the Piedmont region, and
donbtless many more might be traced iff the rocks conld
be divided into small and distinet formations, Two
types of fanlts appear: those associated with the Jura-
trias basins—normal faults—and those connected with |
the folding and metamorphism of the older rocks— |
thrust faults, The former are simple breaks divectly |
across the sedimentary layers, and their planes unsually
dip at high. angles—from 75° to 90" —corresponding
closely to the dip of the schistose planes in the under-
lying older rocks. The displacements due to these fanlts
are comparatively slight, being measured by hundreds |

| of feet, and they are noticeable only where the sirata

' as they cross the formations and the schistose planes

North of the Virginia- |
North Carolina boundary these two kinds of streams |

| drain nearly equal areas of the Piedmont Plateaun, |
| is schistosity.
Most of the larger |
| the alteration has quite obliterated the original charac-

The |
the tributary ereeks show greater |

underlying rocks, and ocenpy many valleys running |

northeast or sounthwest with the rock belts.

These |

eourses become general in some resions—for instance, |

in eentral Virginia. Most of the Piedmont streams

branch uniformly at their heads and oceupy basins |

which are about parallel.
with the smaller rivers which head in the eastern part
of the Plateau, near the Coastal Plain,
£ e b i i

Hocks —~The ancient rocks of the Platean comprise
four series, of widely different age and character.
These are the igneons and crystalline roeks, includ-
ing gneiss, schist, granite, diorite, and similar forma-
tions; the voleanic formations, embracing rhyolite,
basalt, and their alteration products; the older sedi-
mentary strata, incloding conglomerate, sandstone,
slate, limestone, and their metamorphosed equiva-
lents; and the yonnger sedimenis, the conglomerates,

This is partieularly the case |

| eompression which aeted most effectively in a northwest- |

sandstone, and shale of Juratrias age, with the eruptive |

rocks which accompany them.

of the oldest group being greatest and that of the Jura-
trias least.

The first three series have been greatly changed sinee
their formation, both in eomposition and in attitude,
the alteration being so profound in some of the older
gneisses and schists as to destroy their original nature,

| As a resunlt, a schistose character prevails in these aveas,
| The Juratrias series shows little change save the hard-

ening into compact stone and a moderate degree of tilt-
ing from its original attitnde. The materials of which

| the sediments are composed were originally gravel, sand,

The relative areas of |
| these gronps nearly correspond with their ages, the area

dip at small angles and are divided into readily recog-
nized formations. Such faults, therefore, are hard to |
trace heyond the Juratrias basin, althongh nndoubtedly |
they exist elsewhere as well. Throst fanlts among the '
highly tilted rocks are comparatively little known, and |
their place seems to have been taken by the countless |
minor dislocations of the rock particles. A few have

been discovered nnder conditions especially well adapted |
to show nnusnal struetures, In these cases the faunlts |
seem to have been produced either during or after the
later stages of the folding and metamorphism, inasmuch |

rather abropily. Unlike the usnal Appalachian thrust
famnlis; these rarely have any visible origin in anticlines,
Their planes dip at high angles, and for the most part
lie nearly parallel to the adjoining schistose planes, It
is where the two diverge that the faults become apparent. |
By far the most prominent of the Piedmont stroctures
Formations which retain their original |
condition unchanged are extremely rare, and frequently

ter of the rock. In most of the sedimentary rocks the
bedding planes have been destroyed by the metamorphic
action, and even where they are distinet they are nsnally
less prominent than the schistosity. In the igneouns
rocks planes of fracture and motion were developed, i
which, in a measure, made eazier the deformation of the |
rocks. Along these planes of localized motion the orig- |
inal texture of the rock was largely destroyed by the
fractures and the growth of the new minerals, and in
many eases thiz alteration extends through the entire
mass of the rock. The extreme development of this |
process is seen in the miea schists and miea gneisses,
the original textures of which have been entirely replaced
by the schistose strocture and parallel flakes of new min- |
erals. The planes of fracture and motion are inelined
toward the sontheast through most of the Platean, |
although in certain belts, chiefly along its eastern and
central portions, there is a prevailingly northwest dip. |
The southeasterly dips range from 45° to 90° ; the north- |
westerly dips, from 30° to 90°,

The stroctures above deseribed, except perhaps the
Juratrias tilting and faulting, are chiefly the resnlt of

southeast direction, at right angles to the general trend
of the folds and of the schistose planes. The earliest-
known period of compression and deformation ocenrred
duoring Archean time, and resulted in mueh of the meta-
morphism of the present Carolina gneiss. It is possible
that other movements took place in Archean time, pro-
dueing a portion of the metamorphism which appears in
the other Archean rocks. In the eourse of time, com-
pression became effective again, early in the Paleozoie |
era, and a series of movements took place enlminating

soon after the close of the Carboniferous period. The |
latest of this series was probably the greatest, and to it |
I

| i chiefly due the well-known Appalachian folding and |

| 80, in fact, that the original nature of gome of the oldest

metamorphism. The various deformations eombined
have greatly changed the aspects of the rocks—so much

formations can be at present only surmised,

| the surface,

i the continental shelf.

| systems.

' mark of separation is the shore line.

In addition to the foree which acted in a horizontal
direction, this region has been affected by other forces
which acted vertically, and repeatedly raised or depressed
The compressive forees were tremendouns,
but limited in eiffect to a relatively narrow zone, Less

5 intense at any point, but broader in their results, the
| vertieal movements extended throughout this and other

provinces. It is likely that these two kinds of move-
ment were combined during the same epoch of deforma-
tion, In most eases the movements have resulted in a
warping of the surface as well as in uplift. One resuolt

| of this appears in overlaps and nneonformities in sedi-

mentary formations,

Outline of the geography and geology of the
Atlantie Counstal Plain provinee—In its physio-
graphic and geologic relations, all of this quadran-
gle except a =mall area in its northwest corner
forms a part of the Atlantic Coastal Plain prov-
ince, which horders the entire eastern part of

' North America and which in essential partienlars

is distinetly separated from the provinees on either
side. Its eastern limits are marked by the well-
defined edge of the continental shelf, at the summit
of an escarpment varying in height from 5000 to
10,000 feet. This scarp edge lies at a general depth
of 450 to 500 feet below sea level, but commonly
the 100-fathom line is regarded as the boundary of
The descent from that line
to the greater ocean depths is abrupt; at Cape
Hatteras there is an increase in depth of 9000 feet
in 13 miles, a grade as steep as that found in many
places along the flanks of the greater mountain
In striking contrast to this declivity is
the comparatively flat ocean bed, which stretches
away to the east with but slight differences in ele-
vation. Seen from its base the escarpment wonld
have along the horizon the appearance of a high
mountain range with a very even sky line. Here

| and there notches, produced, perhaps, by streams
| which once flowed across the continental shelf,

would be seen, but there would be no peaks nor

| serrated ridges.

The Piedmont Plateau, already deseribed, forms

. the western boundary of the Atlantic Coastal Plain.
' Most of the larger streams and many of the smaller

ones, as they cross the western margin of the
Coastal Plain, are characterized by falls or rapids,
and the name “fall line™ is given to this boundary
on that account. Below the fall line the streams
show a marked decrease in the velocity of their
currents. In the middle Atlantic region tide-water
estuaries, the continuations of the large streams,
extend inland to the fall line, which thus marks
the head of navigation. To the south the fall line
gradually rises, so that in the Carolinas and Geor-
gia, although falls and rapids still mark its location
and furnish power for mills and factories, the lower
courses of the stream are considerably above tide.
The position of the fall line near the head of navi-

| gation or near the source of water power has been

one of the very important factors in determining

| the location of many of the towns and cities of the

Atlantie coast, New York, Trenton, Philadelphia,
Wilmington, Baltimore, Washington, Fredericks-
burg, Richmond, Petersburg, Raleigh, Camden,
Columbia, Augunsta, Macon, and Columbus being
located along it. A line drawn through these places
would approximately separate the Coastal Plain
from the Piedmont Platean.

The Atlantic Coastal Plain provinee is divided by
the present shore line into two parts—a submerged
portion, known as the continental shelf or conti-
nental platform, and a subaerial portion, commonly
called the Coastal Plain. In some places the divi-
sion line is marked by a sea ¢liff of moderate height,
but usually the two parts grade into each other
with scarcely a perceptible change, and the only
The areas of
the respective portions have changed frequently
during past geologie time owing to the shifting of
the shore line eastward or westward cansed by local
or general depressions or elevations of moderate

- extent, and even at the present time such changes

are in progress. Deep channels that are probably



old river valleys, the continuations of valleys of
existing streams, have heen fraced entirely across
the continental shelf, at the margin of which they
have eut deep gorges.

marked and has been shown to extend almost
uninterrnptedly to the edge of the shelf, over 100
miles southeast of its present mouth. A similar
channel lies opposite the mouth of {,'-hl;-ﬁ'rlpi.-ilkv Say.
The combined width of the submerged and subaerial
portions of the Coastal Plain provinee is nearly
nniform along the entire eastern border of the con-
tinent, being approximately 250 miles.
the subaerial portion is over 150 miles wide, while
the submerged portion is narrower and along the
castern shore of the peninsula of Florida iz almost

In HHH'}_{i;I

absent.
nally inereases in width and the subaerial portion
Exeept in the region of Cape
Hatteras, where the submerged belt becomes nar-
rower, with a corresponding inerease in width of
the subaerial belt, this gradual change continues as
far as the southern part of Massachusetts, heyond
which the subaerial portion disappears altogether
through the submergence of the entire Coastal Plain
Off Newfoundland the continental shelf
is about 300 miles in width.

From the fall line the Coastal Plain has a gentle
slope to the southeast, generally not exceeding 5
feet to the mile, except in the vicinity of the Pied-
mont Plateau, where the slope iz in places as great
The
submerged portion is monotonously flat, as deposi-
tion has destroyed most of the irregularities that
were produced by erosion when this portion
formed a part of the land area. The slight ele-
vation of the subaerial portion, which in few
places reaches 400 feet and is for the most part
less than half that height, has prevented the

hecomes narrower.

pro vinee,

ag 10 to 15 feet to the mile, or even more.

streams from eutting valleys of more than mod-
erate depth, and throughout the greater portion
of the area they flow in open valleys at a level
only slightly lower than that of the broad, flat
divides,
along the stream courses shows noticeable relief,

Here and there, however, the eountry

though the variations in altitnde amount to only a |

few hundred feet.

The land portion of the Coastal Plain province—
that is, the subaerial division—is marked by the
presence of many bays and estuaries representing
submerged valleys of streams, carved during a time
when the belt stood at a higher level than at present.

{'I;q».-;a'}puk:- Hn:..‘, which iz the old k'.'l”ﬁ'_‘_r' of HHHQIIE*— _

hanna River; Delaware Bay, the extended valley

of Delaware River; and the tide-water portions of |
Patuxent, Potomae, York, and James rivers are |

examples of such bays and estnaries, and there are
The streams of
this area which rise in the Piedmont Plateau or
farther west are almost invariably turned in a
divection roughly parallel to the strike of the for-
mations as they pass ont upon the Coastal Plain.
With this exception the structure of the formations
and the character of the materials have had little
effect on stream development, except locally.

The structurve of the Coastal Plain iz extremely
simple, the overlapping beds having almost univer-

many others of less importance.

sally a southeasterly dip of a few feet to the mile.

The materials which are found at the surface of
the Coastal Plain are bowlders, pebbles, sand, clay,
and marl, mostly loose or locally indurated.
the formations range trom Jurassie (7) to
Sinee the oldest formations of the |Jl‘u'|.'illc'1' Were

In age
wecent,

laid down there have been many periods of depo-
sition alternating with intervals of erosion. By
reazon of local variations in uplift and submergence,
the sea advanced and retreated to different lines in

different parts of the region, so that few of the for- |

mations can now be traced by outeropping beds
thronghout the Coastal Plain.  Different condi-
tions therefore prevailed in different areas of the
|}r{n'f|w{* dul'iug each ]‘.lm"ivr}d and great x‘:il'i:’llﬁ'“}'
in the character and thickness of the deposits has
been thus produced.

TOPOGRAPHY.
RELIEF.

The Patuxent is the most diversified of the 30-
minute quadrangles which are located mainly or
entirely within the Coastal Plain in Maryland.
_Elevations vary from tide level along the shores of

The channel opposite the |
mouth of Hudson River is particularly well

To the north the submerged portion grad- |

2

Chesapeake Bay and its estuaries to a height of 300

feet near the southeastern boundary of the Distriet
of Columbia. With the exception of a few local-
ities, everywhere throughout the arvea stream ero-
gion has destroyed the originally plane surface of
the country and has dissected it into a gently rolling
upland of low relief.
been most active in the work of erosion are those of
Patuxent River, which crosses the middle of the
quadrangle from north to south, and South and
West In addi-
tion to these a few short streams flow directly into
Chesapeake Bay along the eastern margin of the
quadrangle, and Anacostia River and Piscataway,
Mattawoman, and Lekiah creeks, tl‘ihuhl:l'j' to Poto-
The coast
line near the eastern margin of the quadrangle
exhibits two strongly contrasted types. In the
northeast corner South and West rivers form two
reentrants and dissect the coast into a multitude
of inlets. Farther south, along the Calvert Cliffs,
the coast line is much more regular.  The streams
which enter the bay in this region are short and
not of sufficient size to modify materially the pre-
vailing unbroken character of the shore,

rivers, -in the northeast corner.

mae River, drain the western portion.

As a whole the eoast line iz low, monotonous, |

and extremely irregular. The land hordering the
estuaries of Patuxent River is, in most |ﬂ:1{*{-:-:, COl=
posed either of marshes or low-lying terraces which
pass under the surrounding waters with nothing
definite to mark where one beging and the other
ends except, here and there, a low elift which the
waves have cut during seasons of storm or high
tide. On the bay shore, however, for a distance
of 12 miles south of Chesapeake Beach, the ¢har-
acter of the coast is entirely different. Here the
land descends to the water in a sharp, steep cliff,
100 feet or more in height, hroken only at intervals
|]:g.‘ small streams which have cut their \'EIH{*_TH to its
bage. This is the northern portion of the famous
Calvert Cliffs, which extend southward to a point
about 25 miles beyvond the borders of the quad-
rangle.

TOPOGRAPHIC FEATURES.

The Patuxent area as a whole exhibits five gen- |

eral topographic features, which are usually very
distinet.
face that they oceupy, but the most noticeable dis-
tinction is that they lie at different elevations.

Tide marshes.—The first of these topographic
features to be deseribed consists of the tide marshes
found in the valleys of most of the larger estuaries,

- particularly of Patuxent and Anacostia rivers and
These extend over |

Piscataway and Zekiah creeks.
a number of square miles and lie at a level so low

estuaries meander throngh these marshes, which
are rapidly encroaching on them. These swamps
are filled with a growth of sedges and other marsh
plants, which aid in filling up the depressions by
serving as obstructions to retain the mud carried
in by streams and by furnishing a perennial
accumulation of vegetable débris,

Talbot plain.—The term plain is used in this

tinnations over the interstream areas, where they
are trne plains.

The Talbot plain borders the tide marshes and
extends from sea level to an altitude of about 45
feet. This plain is present throughout the quad-
rangle along the larger streams, and also along the
bay shore. In the northeastern portion of the
quadrangle the Talbot plain is well developed

The stream systems that have |

nants. In the western portion of the quadrangle
this plain is well developed in the lower valleys of
Piscataway and Henson creeks, and occeurs in an
unbroken flat extending up the valley of Anacostia
River as far as College Park. The Talbot plain
has heen dissected by stream action less than any
of the other plains deseribed below.

Wicomico plein.—The Wicomico plain lies at a
higher level than the Talbot, from which it is in
III{”I:\' I]ll“'{'.‘"\ ."‘l.‘:'l?{il'[ltl‘“ll ]I}' it l".“l’q't]'l'ﬂl'll"]'l.' "|':|T':|'i”-f_‘:
in height from a few feet to 10 or 12 feet. At
some places this esearpment is absent, so that there
seems to be a gradual passage from the Talbot plain
to the Wicomico. It is present, however, at so many

- different places that there is little diffienlty in deter-

| above sea level.
These vary greatly in the amount of sur- |

| that the tides frequently submerge them in part. |
' The small streams that empty into many of the

mining the line of separation between the two plains,
The base of the escarpment lies at an elevation of
about 40 feet.  IFrom that height the Wicomico
plain extends upward to an elevation of about 104
feet, where it iz in turn separated from the next
higher plain by an esearpment.

The Wicomico plain is older than the Talbot and
has suffered more erosion.  The streams which cross
it have cut deeper vallevs than those in the Talbot
plain and have widened their basing to such an
extent as to destroy, in great measure, the original
Enough of this
surface remains, however, to indieate the presence
of the plain and to permit itz identification.
This plain  ocenrs along Chesapeake Bay and
alzo in the valleys of the principal estuaries. It
iz well developed in the northeastern portion of
the quadrangle in the valley of South River, and
in the central portion of the quadrangle through-
out the valley of Patuxent River. It is not well
developed along the bay shore south of Herring
Bay nor in the southwestern portion of the quad-
sangle.  In the valley of Anacostia River, in the
northwest quarter of the quadrangle, the Wicom-
ico plain is represented by scattered remnants.
Capitol Hill, Washington, on which the Capitol
building is located, just outside the quadrangle
boundary, is one of these remnants,

Sunderland plain,—The Suanderland plain lies
at a higher elevation than the Wicomico and
extends from about 100 feet to about 200 feet
It is nsually separated from the
Wicomico plain by an escarpment, and in most
places another escarpment marks its contact with
the next plain above. The escarpment separating
the Wicomico from the Sunderland plain is one of
the most striking and constant topographic fea-
tures in the Patuxent guadrangle. The Sunder-
land plain is developed extensively throughout
the eastern half of the quadrangle. It occupies
the highest portions of the divide between Chesa-
peake Bay and Patuxent River and also is well
developed along the western side of Patuxent
Valley as far north as the mouth of Western
Branch. In the valleys of Zekiah, Mattawoman,
Piscataway, and Henson erecks and Anacostia
River the Sunderland plain, though present, is
represented only by remnants.  The surface of
this plain reaches an altitude of about 180 feet
at Charlotte Hall, just beyond the southern mar-

continuity of its level surface.

Cgin of this quadrangle, and of 200 feet near Ana-
folio in a somewhat specialized sense, to include |
the terraces along the stream valleys and their con- |

| west.

T ] |
along the lower courses of South and West rivers, |
where it extends inland from the bay shore for |

several miles, with a slope harvdly sufficient to pro-
duce surfuce drainage.
of Fishing Creck the Talbot plain is almost entirely
abzent except for a few remnants sitnated about a
mile north of Parker Creek.
Patuxent River this plain is characteristically
developed. Here it extends in an almost continu-
ous belt from the sonthern margin of the quadran-
#le to Hills Bridge, growing gradually narrower as
it ascends the streams and broken only by the shal-
low valleys of small streams which eut across it in
their course to Patuxent River. North of Hills
Bridge and on the western branch of the Patuxent,
the Talbot plain is present only in scattered rem-

Along the bay shore south |

In the valley of

costia. Tt has suffered more stream erosion than
the Talbot and Wieomico ]ll.'ﬁll.-t, which lie at lower
levels,

Lafayelte plain.—The Lafayette plain s the
hi;_:;]u-:-:i of the |11;1i11;-.' :h-\'['lt:‘rr!ﬂ within the Coastal
It has a considerable extent in
this quadrangle southeast of Anacostia, forming
the divide between the valley of Patuxent River
on the east and the basin of Potomac River on the

Plain province.

Throughout this region the margin of the
Lafayette plain has been extensively removed by
stream action, but the central portions have been
practically undisturbed. East of Patuxent River
the only remnant of the Lafayette plain caps Mar-
riott Hill, in the southern part of Anne Arundel
County.
plain from the Sunderland plain below iz well
defined in the region about Anacostia, where it
attains a height of about 50 feet. Near Hughes-

The escarpment which separates this

ville, Bryantown, and Aquasco, and just beyond |

the southern border of the gquadrangle, in the
vicinity of Charlotte Hall, the escarpment 18 pres-
ent, but here it does not exceed 20 feet in height.
Throughout the rest of the quadrangle it seems
never to have existed or to have been {I{.*sir':}}'ml or
so greatly modified by erosion that its determina-

The surface of this
plain ranges in elevation from about 200 feet in
the southern portion of the guadrangle to abont
300 feet in the hills southeast of Washington.

tion iz rendered unecertain.

DRAINAGE.

The drainage of the Patuxent quadrangle is
i:mu]l:ll';ll]‘r{-l"-.' H[III]]'I‘, as a result of the :‘aimph-
structure of the Coastal Plain formations and the
contiguity of the region to Chesapeake Bay.  The
areater part of the land of the avea is naturally
draimed.
through underground drainage, as on the high
divide hetween Potomae and Patuxent rivers and
on the low land lying south of West River, locally
known as *““the Hu‘:'lll'l]l,“ The remainder of the
quadrangle is well drained by streams, inasmuch as

In some places this is effected principally

the estuaries of Chesapeake Bay extend inland
number of miles and the side tributaries ent hack
to the erestz of the divides.  Artificial drainage is
seldom employed in this region.

Stream divides—The Patuxent quadrangle, lying,
as it does, adjacent to Chesapeake Bay and penec-
trated by the estuary of Patuxent River, both of
which are at sea level, would naturally be expected
to show a symmetrical location of divides. Not-
withstanding the fact that there iz little in the
character of the materials, position of the beds, or
comparative proximity to tide water to cause the
River to 1o
apidly than those entering Chesapeake Bay, the
divide between the river and the bay is as a whole

streams  entering  [Patuxent el

considerably neaver the latter, especially in Lhae
southern portion of the quadrangle.
meiry of the divide is believed to be due to the rapid
erosion of the shore line from Herring Bay south-
ward, which has cansed the cliffs to recede inland
and thus cut off the mouthward portions of the
streams that empty into the |}:l}' I|]l'{}llgh{}ltl this
The of many of
streams have been removed so rapidly that stream

II-II‘IIIT."E ll:‘l:\'!ll-

region. lower courses these
erosion has not been able to keep pace with the
wave erosion, so that now the weaker streams cas-
cade into the bay from the cliffs above.  The divide
between the streams entering the Potomae and
those entering the Patuxent lies well over toward
the Patuxent valley, but as the tributaries of the
Patuxent are shorter and more direct than those of
the Potomac erosion is now more vigorous in the
former basin than the latter, with the result that
the divide is being pushed rapidly sonthwestwand
toward Potomac River.

Tide-waler
almost all the larger streams emptying into Chesa-
peake

throngh a submergence which has |tu=1'1'|litl£*.d tide

esfuaries.— The lower courses of

Jay have been converted into estuaries

water to pass up the former valleys of the streams.
[n the early development of the country these estu-
aries were of great value, as they are navigable for
many miles from their mouths and thus afford
means for ready transport of the produce of the
region to market.  Even the advent of railroads has
not rendered them valueless and much grain and
fruit are now shipped to market on steamers and
small sailing vessels which traverse these estuaries.
Steamboats from Baltimore pass up the Patuxent as
far as Leon, and freight sailing vessels go even
South and West rivers are
similarly navigable for several miles from the bay.

higher up the stream.

Chesapeake Bay and its tributary estuaries also
furnish good fishing grounds, and duaring certain
seasons they are frequented by wild waterfowl in
such numbers that they have long been known to
sportsmen as among the finest hunting grounds in
the country.

The channel of the portion of Patuxent River
included within this quadrangle is about 16 feet in
depth in the southern portion and shallows grad-
ually to Leon, which is the head of steamboat nav-
igation.  Anacostian River is not navigable above
the bridge between the Navy-Yard and Anacostia.
South River has a depth of about 16 feet at its
mouth, which increases to 21 feet near Ferry Point,
and then decreases gradually to the upper portion
of the estnary. The West River channel varies in
depth from 16 feet at its mouth to 11 feet near the
head of the estuary, where navigation ceases.

The estuaries of South, West, Anacostia, and
Patuxent rivers are bordered in many places by
nearly vertical bluffs, 10 to G0 feet in height, or by
slopes which rise to the height of the broad upland

within half a mile from the river. That the present



estuaries  alone have not
which border them is verv evident from the faet |
that in most places they are now doing little erosive
work themselves. The small waves which are pro-
duced at times of strong winds are the only notable
agents of erosion.  Such waves are frequently able
to remove the finer débris which accumulates as |
talus at the foot of the cliffs, especially in the early

spring, but are not strong enough to do much

undercutting. In general the present cliffs repre- |
sent the bluffs that bordered the valleys of streams

whose flood plains as well as channels are now

covered by the estuarine waters.

The water in the estuaries is fresh or very slightly |
brackish, and ebbs and flows with the tide. There
is seldom any distinet current to be noticed and
such as is seen is due to the incoming or outgoing

|1mt!m*m| the blufis |

tide and appears to be nearly as strong when moy-
ing upstream as when moving in the opposite
direction.

Minor streams.—The estuaries that form so prom-
inent a feature in the eastern half of the quadrangle
receive the waters of numerous minor streams, At
the head of each estuary there is a small stream
which in almost every case is very much shorter
than the estuary itself. Some of the smaller estu-
aries, particularly those in the vicinity of South
and West rivers and Herring Bay, continue as
such almost to the sources of the tribuary streams.
Hunting Creek is an example of this type. Parker
and Fishing ereeks, which enter Chesapeake Bay in
the southeastern portion of the quadr
occenpied by swamps in their lower por

I:'._’,']l", iare

tions and

are now cut off from free communication with the |
waters of the bay by sand bars which have formed i
across their mouths. These swamp lands indicate |
that the estuaries which formerly ozcupied the lower
courses of these streams have been obliterated by
detritus washed in from the surrounding uplands. |
The same tendency to stream filling is shown along |
the margin of the other estuaries mentioned above.

DESCRIPTIVE GEOLOGY.
STRATIGRAPHY,

GENERAL DESCRIPTION.

The geologic formations represented in the
Pataxent quadrangle range in age from Archean
to Recent. Deposition, however, has not been
continuous  and many oaps ocenr, that between
the Avchean and Jurassie (?) covering a very long
interval of time. None of the lareer geologic divi-
sions since Jurassie (?) time is entirely unrepre-
sented.  Periods when there was deposition over
part or the whole of the region were separated by
other periods of greater or less duration in which
the entire region was above water and erosion was
The deposits of all the periods except the
Archean and Pleistocene in many
respects,  With a northeast=southwest
strike and southeast dip, ench formation disap-
pears by passing under the next later one. In
eeneral also the shore line during each suecessive
submergence evidently lay a short distance south-
east of the position it occupied during the previous
submergence. There are a few exceptions to this,
however, that will be noted in the deseriptions
which follow. The traveler passing from north-
west to zoutheast erosses the onterops of' the forma-
tions in the order of their time of deposition.  The
general sequence is shown in the following table:

aetive,

are  similar

ceneral

teodogic formaelions fn the Patwreent guadrangle.

Hystem. Haries Giroup. Formation.

| Tmlsot,

Quaternary .... Pleistoeene. ... .. Columbia .. ) Wisamieo,
| Sunderlamd,
Lafayitte,

i Choptank.
LCalvert.

§ Nanjemaoy,

Fllocand (#)......ccc]cavamns annen w
]

Tartinry REE. T T Chesapeake ..

Fasmeme ... ... Tamunkey ... f
| | LT LIT
| | { Monmaath,
! Matawan
| Maguthy.
i Baritan,
U Ptapesco,
i Arumndel.
! Fatuxent.

Upper Cretaceous .| ... ..ooeis

Cratacsons, ... | {
| Lower Cretacsois .

! n
PotamaEe ..
3 ! H
Jornggho (M ool o oe s iennncansal)

Archem........ Girmniie gneaiss,

ARCHEAN ROCKS,

GRANITE GNEISS,
Granite gneiss occupies small arveas in the viein-
ity of Riggs Mills and along Sligo Branch, in the
extreme northwestern portion of the quadrangle.

Patuxent.

It has been deseribed by Arthur Keith in the
Washington folio, az followsa:

The rock is remarkably uniform in appearance and
has a prevailingly gray eolor—dark bluish gray where
fresh, and yellowish or greenish gray where weathered,
The rock has a rather fine amd very uniform texture.

| Tt is composed, for the most part, of guarlz, orthoclase,

With
constituents are frequently seen small amounts of garnet,
chlorite, hornblende, tonrmaline, and pyrite.  The prin-
cipal exceptions to the even texture of the granite gneiss
are the round balls and eyes of quartz and the knots and
layers of chlorite and pyrite. These can generally be
fonnd in good exposures of the rock, and the guartz is
conspienons on weathered surfaces in particolar.

The minerals of the granite gneiss have a marked

plagioclase, mnscovite, and biotite. Lhese chiel

parallel arrangement, in places more, and in places less,
bt always in some degree,  This s the resnlt of meta-
maorphism during deformation, the original rock having
been granite,  Where the recrystallization of the miner
als parallel to one another is far advanced, the rock is
a gneiss, Large areas exist, however, in which the
schistose planes are not well developed, and even in the
most sehistose masses portions retain mueh of their
original character in spite of alteration, The formation
is therefore lermed granite goneiss, as presenting both
the original and secondary charaeiers,

The metamorphosing forees which rendered the granite
gchistose were most effective along two belis which eoin-
cide with synclines east of Great Falls and of Washing-
#on. Al similar situations in sedimentary rocks ontside
of this region close crumpling and schistosity are found,
and the same phenomena appear in the mien gneiss and

mica schist near Great IFalls. The granite gneiss does

| not appear immediately along the syuelinal axis in that
| vieinity, but schistosity Decomes more pronouneed in

approeaching the axis, until even a second system appenrs,
entling throngh and obsenring the carlier planes.  The
whole rock mass eclearly shows extreme deformation,
Under the tremendons stresses the round balls of guartz
were in places mashed into eyes and lentienlar layers.
The greatest metamorphism resnlted in layers which are
now siliceons miea schists.,  In the latitude of Washing-
ton the alteration of the granite is greater than anywhere
elsge in this region, and toward both the north and the
sonth in this belt the schistosity steadily decreases and
the rock has a more and morve granitie aspect.  Towand
the sonlh the rock also becomes gradually coarser and
less micaceons,  These changes are equally clear in the
rock mass and on the smallest seale.  Under the micro-

| seope the fractures, the dislocation of minerals, and the

growth of new minerals can everywhere be traced.

From the fact that the formation was granite, its
eruptive nature ean be inferred,
detail
appear in many places near the borders of the miea
rneiss, and also in other situations through the body of
the formation.
identical in appeavance with the mies gneiss,
the inelngions show no bamding, bat resemble the fine
ranitic layvers of the mica gaeiss,  The presence of
narrow tongues of the granite gueiss in the miea gneiss
points to an eruptive nature for the granite gneiss, bul
the great metamorphism has so obsenred the contacts
that they are not conelogive, A somewhat later date
Lhan the main intrnsion is perhaps possible for some of
the granite-rneiss bodies in which the amount of schis-
tosity is small.  In several places [adjoining the Patux-
ent guadreangle], for instanee west of Annandale and
sonthwest of Bethesda, the eontacts of the massive and
sehistose granite ave sharp, suggesting that the massive
granites are intruded into the other. At Fourmile Eun,
above Arlington, also, & massive granite ents throngh
the beds of schistose granite,  These more massive bodies
may be part of the geanite gneiss of slightly later age,
or may be of the age of the biotite granite, which is
considerably younger.

The disintegration of the Franite sneiss by wealhering
is nsually eomplete at the surface, 2o that fresh rock can
be found only on the steeper glopes near the stream ents.
After the decomposition of the feldspathic materials the
rock hecomes a erombling mass,

Thiz is alze shown in

by the inclusion of foreign fragments, which

Complete decomposi-
tion resolts in a stiff’ red clay mixed with a eonsidera-
ble proportion of sand and miea. The deep road cuts
between Chevy Chase and Washington exhibit  this
process finely. Soils of the granite are light and well
drained ; on moderate slopes they are fertile, unless
exposed to dronght, but on the higher Platean surlfices
they are leached and poor.
JURAsSIC (7) SYSTEM.

FOTON AC & BOLTF,

The Potomae group of the Coastal Plain consists
of highly colored gravels, sands, and eclays which
outerop along a sinuous line from New York to
Richmond, passing near the cities of Philadelphia,
Wilmington, Baltimore, and Washington. The
Potomae deposits are of great value becansze of the
excellent brick clays which they contain.  All four
of the formations which have been recognized as
l_'.[”]]l:lllﬁ‘l‘”l‘,_."' “]i# ?_f]‘”'l_'l.]) dare I'l‘]lr'ﬂ'ﬁ(‘lltl‘ll “'iil[lill ”1["
atnxent Iluildl'illlgh-. As stated in the deseriptions
which follow, the two lower formations are here
h‘ll’[.’lﬁ\'{‘]:‘.' assioned to the Jurassic system; the

o
(]

I*;tl;t]n.-:rn and Baritan are considered Lower Creta- |

NS,
PFATUXERNT FORMATION,

Aveal distribution.—The Patuxent formation has
a very inconsiderable development at the surface in
the Patuxent quadrangle, although it presumably
underlies the entire region. Itz outerops are con-
fined entirely to the northwestern portion of the
quadrangle, where they occur about Washington
and north and west of Anacostin River. In its
wider distribution the formation has been recog-
nized in dizeontinuous onterops extending from
Indian Head, on Potomae River, to Anacostia and
Washington and thence northeastward through
Laurel, Relay, Baltimore, Havre de Grace, North-
cast, and l':”-:lﬂn, to the Delaware |1ﬂ|.11'u].'!1"1.‘, Cer-
tain deposits in Virginia are also referable to this
formation,

Lithologie charvacter.
the Patuxent formation are extremely wvariable,
although prevailingly arenaceous.  Buff and light-
coloved sands, both fine and coarse, predominate,
while beds and lenses of clays and gravels oceur
less commonly.  The sandy strata, which nsunally
contain considerable amounts of kaolinized feldspar

r

I'he materials composing

and are therefore an arkose, were called by Rogers |

“feldspathic sandstone.,” The sands are in many
places cross-bedded, and with the gravels are here
and there indurated by oxide of iron to form fer-
ruginous sandstones.  The sands contain small and
large lenses of clay, which are commonly light in
E'H].H!', 1h[!l|:L"']l !Ul"il”:f I]H'}' e I]i;_[lll_‘p' l'!ll”l'{"ll .ll_"n'
iron compounds.  The drab elays arve lignitic in
|1l:u-:-:~', and have ‘ﬁi-hlml many ilnp|‘|~;-a-:im1:~' of fossil
leaves.

The following section exposed in the northwest-
ern part of Washington, just beyond the borders of
this {|11:11h1l11;_{|r, i5 characteristic of the formation :

Seelion in northwestern port af Washington, I

SUNDERLAND:

Feot,
Bod Ioam. oo e eae oo, g b e o P
Stratified grave o

[t
PATUXENT:

Coarse white arkosic pebbly sand, some lignitic:

amall pellets of white elay, and a lens of light

creenish-dirab sandy elay 5 feet in thickness.

The strata show both horizontal and cross

DBeddimg.

Amount exposed_____ Ty |

Paleontologie eharacler.—~"The organic remains of

[ the Patuxent formation arve neither ]llz-ut[ﬁll nor
These inelnsions are nsaally banded and |

Some of | : : v 1= it
| found in deposits of this age within the

No animal remains have thus far been
tuxent
quadrangle, but a teleost fish has been reported
from beds of apparently the same age on James
River in Virginia. Plant remains are much more
numerous and include thallophytes, equiseta, coni-
fers, monocotyledons, and a few primitive types of
dicotvledonz.  Of these remains the more generally
observed ave the lignitized and silicified trunks of
During the excavating for
the new reservoir in Washington a silicified conifer
trunk 50 feet in ]t-]]gth and several feet in diameter
was found in beds belonging to the Patuxent for-
mation.  Another similar trunk about 4 feet in
diameter was found in the 'u."u*illfl"l.' of the ';\Iur"luml
Agricultural College.

Neme and eorvelation.—The Patuxent formation
received its name from Patuxent River, in the basin
of which the deposits of this horizon were first rec-
ognized ag an independent formation and aystem-
atically studied. that the
deposits formerly included in the Potomae forma-
tion were readily separable into four distinet for-
mations on the basis of unconformities and fossil
content (Clark and Bibbing, Jour. Geol., vol.
1897, pp. 479-506).

The presence of dicotyledonous plants not known
positively to exist earlier than the Cretaceous has
led paleobotanists to regard the Patuxent as Lower
Cretaceons.  Fontaine, in his study of the Patux-

vl I'Il"l!!,

conifers and eyeads.

Careful work showed

ent flora, states that there iz an “overwhelming
percentage of Jurassic types,” although he refers
the Potomac florn as a whole to the Cretaceous.
As will be shown later, the Patuxent formation
lies unconformably beneath the Arandel, in which
vertebrate remains of Jurassic types have been dis-
[t that the evidence
furnished by vertebrate paleontology and paleo-
hul_;lr::.' is mot in siriet h::rul:m_‘r, Clark and
Bibbins are ineclined to regard the evidence fur-
nished by the fossil vertebrates as being perhaps

eovered, would thus =seem

[LRENIRE I"(‘Hiihil" I.HI' {‘I”JI'I"l".Iq'I“HIl Ellll]. Loy !'E‘:-_{Ell'l]. tIIH'

primitive dicotyledons found in the Patuxent as
possibly arising in times prior to the Lower Cre-
taceous. Until more positive information can be
obtained they are inclined to refer the Patuxent
tentatively to the Jurassic. The formation prob-
ably represents a part of the Neocomian-Albian
series of the European geologists.

Thickness—The observed thickness ranges from
a few feet to 340 feet, inereasing toward the east.
On the basis of well data the estimated maximum
thickness is about S0 feet.

Ntraligraphic relalions—The Patuxent forma-
tion in this quadrangle overlies the granite gneiss,
of Archean age, and is overlain unconformably by
the Arundel formation, which also is referred ten-
tatively to the Jurassic. In many places where

the Arundel has been removed by erosion the
Patuxent iz overlain unconformably by clays,
sands, and gravels belonging to the Columbia

gronp. The general strike of the Patuxent for-
mation in this guadrangle 15 from northeast to
southwest. Toward the north, however, the strike
has a progressively more and more pronounced east-
ward trend, ranging from north-northeast south of
Washington to east-northeast at the head of
Chesapeake Bay. A well-defined change in
strike i= shown at the head of the bay and
another at or near Washington.

The dip of the Patuxent, az well az of the overly-
ing beds of the Potomae group in Maryland, ranges
in direetion from east-zoutheast in its more sonth-
erly exposures to south-southeast farther north.
The normal dip of the basal heds of the formation

reaches about GO feet to the mile.  In the vicinity

| of the fall line, which is toward the landward mar-
| zin of the Patuxent outcrop, the dip of the basal

beds is considerably greater than this. Southeast
of Washington it ranges from 50 to 75 feet, but
near the fall line it amounts to about 90 feet to the
mile.

ARUNDEL FORMATION.

Aveal distribution.—The outerops of the Arundel
formation within the Patuxent quadrangle are con-
fined entirely to its northwestern portion, in and
abont Washington, but it is believed to underlie
the greater portion of the quadrangle south and
east of Anacostin River. In its wider distribution
the formation .m':*llpiﬂa a comparatively narrow,
irregular, and much interrupted belt extending
from Washington to Bush River, near the head
of Chesapeake Bay. There are also outliers of
less importance to the north and south of the gen-
eral outerop. At Capitol Hill, Washington, a well
horing, after passing through about 50 feet of
Recent and Pleistocene materials, penetrated 131
feet of exceedingly tough drab and highly colored
lignitic clays which apparently belong to the Arun-
del formation. seneath these clays the boring
passed into the Patuxent sands and gravels. Clays
probably belonging to the Arundel formation were
encountered in an excavation for a deep sewer in
the vicinity of Anacostia bridge.

Lithologie eharvacter. — The materials compos-
ing the Arundel formation are diverse in litho-
logic character. The deposit is composed, in great
meazure, of large and small lenses of drab and iron-
stained clays which in many places contain conere-
tions, flakes, or ledges of earthy iron earbonate and
cellular limonite.  Iron pyrite and gypsum oceor
less commonly. The elays may be either lami-
nated, carrying more or less sand, or massive,
with surfaces exhibiting slickenszides.  Logs of
coniferous lignite, usually deposited in a hori-
zontal position and greatly compressed, are found
embedded within the formation. These logs are
in places massed in well-defined beds of such
thickness and extent as to be of local use to the
miners for fuel. Oeccasionally large stumps are
discovered standing buried in the position in
which they grew, with the roots and trunks fos-
silized by iron earbonate and iron sulphate.  Seeds
of plants are found near some of these beds.
Locally the eclay is charged with comminuted
lignite, when it is termed “charcoal elay™ or
“chareoal ore.” Here and there this *charcoal
clay™ bears osseonsg remains.  Near Muirkirk, a
short distance north of the Patuxent quadrangle,
Hatcher obtained from it dinosaurian and other
organic remaing.  Where the Arundel formation has
been exposed to the atmosphere the earbonate ores
have at some |l]:t{'L'H L’Ililll;_‘;t'll to the |l_\.‘:il'l:rll.‘= oxides



1 .

of iron to a considerable depth. Where this has
oceurred, clays which were originally drab coloved |
have hecome red or variegated. Along the western |
margin of the formation the material becomes are- '
naceous and locally- consists of lenses of sand.

The section exposed at the Muirkirk iron mine,
where the best dinosaurian remains thus far obtained |
from this formation were found, is as follows:

Seclion al sron swine, Wuwirkirk, M,

RECENT: : Feel.
Hurface wash, consisting of loam and gravel__ (1]
PATAPSCO:

Hands and gravel, indurated in places by iron
oxide and containing silieified trunks of con-
ifersand eveBds . e oo mm o 3 10
Magsive and stratified, motiled and variegri-
ted elays and sandy clayvs with redeposited
nodules of iron earbonate and some lhnon-
ite, pebbly at base, lanking the subjacent
member .. Bt e, 4 E 5 to 15
ARUNDEL:
Maszive blue clay with flakes and nodales of
iron earbonate and eontaining bones andd

teeth of dinosanrs atbase______________ I T 11
Highly lignitie lens of clay (- elureoal ore ) 2
Tongh blue clay containing iron earbonate 13
PATUXERT:
White zand ; amonnt ex posed X 1]

Paleontologic eharacter—"The fossil flora of the
Arundel formation includes thallophytes (?7), ferns,
eyeads, conifers, monoeotyledons, and dicotyledons.
By far the most common of these are the conifers, |
with whose lignitized trunks the clays are, in places,
densely packed, forming local beds of lignite. That
these are largely sequoian trunks is suggested by |
the common association with them of the casts of
sequoian cones preserved in iron carbonate. Leaf
impressions are also present in the iron ores.

The animal remains, while nowhere abundant, |
represent a wide variety of forms. They include
worm or insect borings, pelecypods, gasteropods,
dinosaurs, turtles, and erocodiles.  The Dinosauria,
of which a number of species have been recognized,
ereatly predominate. One of them was about 40
feet in length. The occurrence of these animals |
points to the probable Jurassic age of the Arundel |
formation.

Name and corvelation.—The Arandel formation
received its name from Anne Arundel County,
where the deposits of this horizon are typically |
developed and well exposed.

Although dicotyledonous plants have been found
in the Arundel deposits, yet the presence of sanrian
remaing that seem to belong to undoubted Jurassic |
types has caused Clark and Bibbins to refer this |
formation, together with the Patuxent, which under- |
lies it, tentatively to the .Jurassic, as stated in a
preceding section.

Thickness.—The maximum thickness of the |
Arundel iz 125 feet or more and the formation |
thins out and disappears in some areas, At Wash- |
ington, as shown in the well boring at Capitol Hill,
if the reference of thiz material to the Arandel for-
mation is correct, the thickness iz about 130 feet.

Stratigraphic velations.—The Arundel formation
of this quadrangle overlies the Patuxent and is
overlain by the Patapsco, with both of which it is
unconformable.  Where the Patapsco has been
removed by erosion the Arundel is overlain uncon-
formably by clay, sands, and gravels belonging to
the Lafayette and Columbia deposits. The strike
and dip of the Arundel formation are approxi-
mately the same as those of the Patuxent. The

- usnal dip is 40 to 50 feet to the mile, but there isa

well-marked inerease near the fall line, where the
average is about 72 feet to the mile. At Washing-

tom it is 66 feet to the mile.

CRETACEOUS SYSTEM.
LOWER CRETACEORLUS SsERIE=.
POTOMAC FRONTP = Oon tinmed,

PATAPECO FORMATION.

Aveal distribution.~The DPatapsco has a more
extended development within this quadrangle than
either of the two preceding formations.  Its outerop
is confined to the northwestern portion of the
quadrangle, extending from Anacostia northeast-
ward to the boundary and occurring in narrow
hands near the headwaters of a few of the streams
south of Anacostia. o the southeast of this out-
crop it is supposed to extend over the entire guad-
rangle, underlying all the formations of later age.
In its wider distribution the Patapseo formation has
been recognized in discontinuous outerops from the
valley of Schuylkill River, near Philadelphia, to
the valley of the Potomae, in Virginia.

4

Litholoyic character.—The Patapsco formation is

composed chiefly of highly colored and variegated |
clays, interbedded with sandy clays, sands, and |

gravels, the materials of different kinds grading
into each other both horizontally and vertically.
In many places the arenaceous material in the vicin-
ity of clay beds is indurated to a conglomerate or

clays are not so highly colored.  White and buft
sands; stratified sandy clays, light chocolate in
color, in places containing leaf’ impressions; light-
colored argillaceons sands and sandy elays (“fuller's
earth”); and white, yellow, drab, blnish drab, and

| variegated elays all occur in deposits of this age.

rough, irregular, pipelike coneretionary mass called |

n

“pipe ore.”  The variegated clays exhibit a great
variety of rich and delicate tints in irregular pat-
terns.  In places they grade downward or horizon-
tally into massive clays of chocolate, drab, and
black tones, locally carrying lignite and pyrite and
in some places containing iron ore and leaf impres-
sions. The sands, which are very commonly cross-
bedded, here and there earry decomposed grains of
feldspar and pellets of white clay. A red ocher
that iz locally known as “paint rock™ or * paint
stone” iz not uncommon, and limonite with botry-
oidal surfaces is found at various horizons.

Paleondologie eharacter.—The Patapseo formation
containg a rich flora of ferns, eyeads, conifers,
monocotyledons, and dicotyledons.  The dicotyle-
donous plants still constitute a minor element as
{‘t!lllt!ﬂl'l_‘fl with the other 1:,'11:'3-: of \'ngﬂtzlfiml repre-
sented.  The range of genera and species is limited,
the grade of organization low, and the number of
individuals searcely greater than in the preceding
formation. The fauna of the Patapsco consists of
a few molluscan shells and a single dinosaurian
limb bone. This latter fossil, which was found at
the surface of the formation, was much worn and
may have been redeposited from the Arandel.

Name and corvelation.—The Patapsco formation
received its name from Patapsco River, in whose
valley it is typieally exposed.

The presence of primitive dicotyledonouns types
together with other plant remains early led the
paleobotanists to refer the Potomae beds as a whole
to the lower Cretaceons. Later, work by Clark
and Bibbins showed that the deposits which had

two formations. This led to the separation of the
two lower formations, the Patuxent and the Arun-
del, from the two upper, the Patapsco and the Rari-
tan. The former have heen referred tentatively to
the Jurassic; the latter are still rveferred to the
Lower Cretaceous,

Thickness.—The thickness of the Patapsco is

The drab elays are here and there lignitic and pyr-
itiferous, and in places exhibit partings of sand
indurated with mammillary limonite. Ledges of
sandstone, indurated by iron oxide or siliea, are
common. The light-colored sands show in many
localities large blotehes of ved ocher, locally desig-
nated as “paint pots.” The Raritan deposits can
not everywhere be separated with ease from the
underlying Patapsco strata, but there is much less
difficulty in separating them from those of the over-
lying Magothy formation, which are much more
uniform in character and less highly colored.
Paleontologic character.—DBoth animal and plant
remainsg have been found in the Raritan formation,
but as in the ease of other formations of the Poto-
mac group, the known fiuna is very seanty both
in individuals and species, the flora being much
Logs of lignitized conifers exhil-
iting teredo borings have oceasionally been found,
and in New Jersey the formation has yvielded some
No dinosaurian remains

e al H.HH'FI nt.

bones of a plesiosanr.
have thus far been found in Raritan strata.
The flora of the formation includes ferns, fronds

of {*}'1-;!:!5-:, conifers, monocotyledons, and dicoty-

ledons, the last-named forms being particalarly
conspicuous and relatively modern in aspect. The
Raritan has vielded no silicified trunks of eveads,
so far as is definitely known, and in this respect
its flora is :-_:]!:irlj-l_\' contrasted with that of the
Patapsco formation.

Name and eorvelation.—The formation receives
its name from Raritan River, New Jersey, in the
hasin of which it s typieally developed. It

| ineludes  the deposits long called the Plastic
'clays by the New Jersey Geological Survey.
been included under the name Potomae consisted
in reality of four distinet formations, The lower |
two earry a Jurassie fauna and types of dicotyledons |

e " : J |
' still more archaic than those found in the upper

somewhat variable, gradually increasing to the |
 appears beneath later deposits.
ping thickness is about 100 feet, In some places, |

southeast. Within this quadrangle the outerop-
east of its onterop, the formation is estimated to have
a thickness of about 200 feet.

Stratigraphie velations—The Patapsco formation

On the basis of the plant fossils, which show a
marked resemblance to forms of Lower Cretaceous
age in Eorope, the formation has been regarded as
representing in part the Neocomian-Albian series.

Tlickness—Within this area of outerop in the

Patuxent quadrangle the Raritan formation is |

relatively thin in comparison with its thickness
farther northeast.  The estimated maximum thick-

ness toward the extreme eastern margin of the belt |
of outerop in this guadrangle is about 100 feet. |
The thickness of the formation seems to increase |
toward the southeast bevond the line where it dis- |

Stratigraphic velations,—The Raritan  uncon-

| formably overlies the Patapsco formation, and

elsewhere overlies the Patuxent or the Arundel |
formation of the Potomae group, and in this region ;
it probably occupies similar relations, althongh the |

few deep-well sections are not complete enough to
determine certainly the character of the contact
with the underlying beds. It is overlain uncon-
formably by the Raritan formation for the most
part, although here and there in the region of its

outerop it is covered by Pleistocene deposits belong-

ing to the Talbot and Wicomico formations. The
general strike of the Patapsco corresponds practi-
cally to that of the formations which lie beneath it.
The normal dip of the basal beds is southeastward
at the rate of 35 to 40 feet to the mile, but the dip,
like that of the preceding formations, inereases
toward the fall line.

RARITAN FORMATION.

Aveal distribution.—In its wider distribution the
Raritan formation has been recognized from Raritan
Bay, New Jersey, to the basin of Potomae River,
having a more extensive distribution than any

is separated from the overlying Magothy by
another marked unconformity. In the region
of its ounterop, Pleistocene deposits of the Tal-
hot, Wicomico, and Sunderland formations over-
lie the edges of the Raritan and generally conceal
the deposits from view except where erosion has

removed these later beds. The strike and dip of |

the Raritan formation correspond closely with those

toward the fall line.
U'PFPER CRETACEDDsS SERIES,

AMAGOTHY FOIRMATION,

Aveal distribution.—"The Magothy formation out- |

| erops in digeontinuonus aresg in the Patuxent r|11:11]-

|is in some places sufficient to bring that formation

rangle, extending from the Patuxent River valley
in the vieinity of Priest Bridge southwestward to
the Potomac River valley just bevond Congress
Heights.
belt because of an overlap of the Matawan, which

| in immediate contact with the Raritan. An oceur-

other member of the Potomac group. In the north- |

western portion of the Patuxent quadrangle it is
represented by a narrow outerop which erosses the
area in a sinuous line from northeast to sonthwest
and is also present near the headwaters of some of

rence of this kind ecan be geen about three-fourths
of a mile west of Hri;_{]tlst_-nl_ The best eXposures
lie from half a mile to 3 miles west of Priest Bridge
and along the west slope of Good Hope Hill from

' Bt. Elizabeth’s to the junction of Benning and

the creeks along the western margin of the quad- "

rangle. It dips under the overlying strata and is
believed to extend over the entire area of the quad-
rangle beneath the younger formations,

Lithologie charvacler.—The Raritan consists of
variable materials similar to those composing the

Bowen roads on the Distriet line.

Lithologie eharacter.—The Magothy formation is
composed of extremely varied materials and may
change abruptly in character both horizontally and
vertically.  Loose sands of light eolor are the most
prominent constituents. These sands usually show
fine laminations and locally considerable cross-

Patapseo formation except that, in general, the 'bedding. The sand consists of coarse, rounded to

It does not outerop in a continnous

subangular quartz grains which range in color from
pure white to a dark ferruginous brown. At many
places lenses or bands of hrown sand oceur within
the lighter colored sands.  Normally the deposits
of sand are loose, yet locally the iron derived from
this and adjacent formations has firmly cemented
the grains together to form an indurated iron sand-
stone or conglomerate. A thin ledge of such a
sandstone near the Catholiec Church west of Priest
Bridge forms a small waterfall in a tributary of
Patuxent River. Just helow Overlook Inn, on
Fast Washington Heights, there is a ledge of
massive brown sandstone of this character. Less
commonly the Magothy quartz sands are cemented
together with silica to form very hard siliceons
sandstones, which from their lithology ean searcely
he distinguished from siliceons sandstones of Pale-
ozoic age that are quite unlike the usnal Coastal
Plain materials. The very hard white sandstone
rocks well exposed on either side of the publie road
about 11 miles north of Collington vepresent this
]I}III.‘H".

The arvgillaceons character of the Magothy is
very prominent in some localities, although it is
usually subsidiary to the arenaceons phase. The
clay commonly oceurs as fine lamine alternating
with the sand layers. Drab is the characteristic
color of the Magothy clay, but here and there the
presence of considerable vegetable remains renders
it black. The vegetable material may he finely
divided or may ocenr in the form of large pieces
of lignite. Thus far no bright-colored clays have
heen recognized in the Magothy deposits.

The Magothy ean usually be differentiated from
the underlying Raritan formation by its lack of
masgsive beds of brightly colored varviegated elay,
and by the greater variability in the character of
its materials. It can he more easily distinguished
from the overlying Matawan by the almost com-
plete abgence of glanconite (although small pockets
of green sand have been found in the Magothy at
a few loealities), by its lack of homogeneity, and by
its variations in eolor. Moreover, the Matawan in
Maryland usually contains considerable amounnts
of mica in small flakes, whereas the Magothy con-
tains little mica.

Paleontologic character.—In this quadrangle the
only organic remains thus far recognized in the
Magothy are leaf impressions in the drab clays
that occur in thin laminge alternating with layers
of sand.  Although most of these are fragmentary,
many identifiable forms are present. At Cliffwood
Point, on the south shore of Raritan Bay, New
Jersey, beds of this formation have yielded a con-
giderable flora and a marine fauna, The fHora
studied by Berry (Bull. New York Bot. Gard., vol.
3, No. 9, 1903, pp. 45-103; Bull. Torr. Bot. Club,
vol. 31, 1904, pp. 67=82; vol. 32, pp. 43-48; Ann.
Rept. State Geol. New Jersey for 1905, pp. 135-
172) is notably varied, over 100 species having
been deseribed. The florn presents many points
of similarity to that of the Raritan, vet it contains
49 species that are peculiar to the Magothy in this

| country, one or two of the number |Iz|".'Illg hieen
of the Patapseo. The normal dip of the basal beds |
iz about 30 feet to the mile, but this increases |

found in Europe. The most common fossil plants
of that locality are the imperfectly petrified cones
of Sequain gracillima.  Other common species are
Cunninglhamites  squamosus, Dammara eliffwood-
ensis, and Sequoia Reichenbachi.  Berry and Hol-
lick state that the flora of the “Cliffwood heds”
shows Cenomanian characteristies.

The animal remains deseribed by Weller (Ann.
Rept. State Geol. New Jersey for 1904, pp. 135-
144) from the Magothy at Cliffwood Point were
found in smooth coneretionary nodules in a clay
bed or lying loose on the beach, where they were
left by the erosion of the elay beds that originally
contained them. The fauna is characterized by the
presence of great numbers of crustacean remains.
Some portion of a erab seems to have been the
nucleus about which the nodules were formed in
almost every instance. Pelecypods, gasteropods,
and cephalopods also oceur.  The most abundant
forms are the following pelecypods: Trigonarea sp.,
Plevia petrosa, Nueulana proteita (2), Yoldia evansi,
Lsocardin eliffwoodensts, Veleda lintea, Corbula sp.,
and among the Crustacea Telracareinus subguad-
rafus. These are of considerable importance, for,
with the exception of a few forms from the Raritan
in the same area, they are the earliest marine fossils
found in the deposits of the Atlantic Coastal Plain.
Weller states that the assemblage of forms consti-



tutes a distinet faunule which more nearly resem- |
bles the fannule of the Matawan formation than |
any other.

Name and correlation.—In 1893 Darton (Am.
Jour. Sei., 3d ser., vol. 45, pp. 407-419) described
certain deposits in northeastern Maryland for which
he proposed the name Magothy, because of the
excellent exposures of the beds along Magothy
River. Later work in Maryland seemed to indi-
cate that these deposits represented merely phases
of deposition within the Raritan. On this suppo-
sition the beds were mainly included in the Rari-
tan, the fossil plants deseribed from them were
called Raritan forms, and the stratigraphic break
between these and the underlying beds was attrib-
uted to contemporaneous erosion.  In New Jersey
the Magothy deposits in the vicinity of Philadel-
phia were placed in the Raritan, while those in the
rezion of Raritan Bay, under the name Cliffwood
beds, were by some geologists included in the
Matawan on account of the presence of glauconite
and the great percentage of post-Raritan plants and
marine invertebrates, and by others were placed in
the Raritan. Recent studies of the fossils and
careful stratigraphic work in the field, however, have
shown that the Magothy should be regarded as a |
distinet formation, on both stratigraphic and pale- |
ontologie grounds, and these transitional beds from
New Jersey sonthward have been referred by Clark
{Am. Jour. Sei., 4th ser., vol. 18, 1904, pp. 435-
440) to the Magothy formation as defined by Darton
for the Maryland area. Uhler, in several articles
(Trans. Maryland Acad. Sei., vol. 1, 1888-1802),
named a group of beds the Alternate sand series.
Most of these are now placed in the Magothy. On
the basis of the flora found in the beds at Cliffwood |
the formation iz provisionally correlated with the |
Cenomanian of Europe.

Thiekness.— Within  the Patuxent quadrangle
the maximum thickness of the Magothy formation
is about 40 feet, but in its wider extent the thick-
ness is extremely variable, reaching a maximum of
about 100 feet. This variability is due to greater
deposition in some regions than in others and also
to the removal of considerable Magothy material
in certain areas.

Stratigraphic velations.—The Magothy formation
lies between the Raritan and Matawan formations |

and is separated from each by an unconformity.
The line of contact between the Magothy and the
Raritan is very irvegular, indicating a considerable
erosion interval between the times of their deposi- |
tion. In many places the Magothy deposits fill |
pockets and old channels in the Raritan. The |
unconformity between the Magothy and the Mata- |
wan is not so plainly marked; at many places these
beds seem to be conformable.  Indications of an
erosion interval may be seen in some good expo- |
sures, however, and in the area of the Patuxent
quadrangle between Patuxent and Potomac rivers
there is a marked unconformity of overlap. A
short distance northeast of the District of Columbia
line the Magothy is entirely lacking, its absence
being due to an overlap of the Matawan, which
rests upon the Raritan. Farther south it again
makes its appearance. In the region of its outcerop
the formation is in many places overlain by Pleis-
tocene deposits.

The strike of the Magothy formation is roughly
parallel to that of the other Coastal Plain forma-
tions—from northeast to sonthwest. The dip is |

southeastward, at about 30 to 35 feet to the mile. |

MATAWAN FORMATION. |

Aveal distribution.—In this quadrangle the Mat-
awan formation is found in a sinuous line extending
from the head of South River southwestward to
Henson Creek. Throughout this area it is exposed
along the margins of the streams, but is covered up
by vounger material as it passes under the divides. |
The Matawan resembles the other Cretaceous for- |
mations in having a dip to the southeast which |
carries it beneath later deposits. It undoubtedly |
underlies the entire quadrangle to the southeast of |
the line of outerop. In its broader distribution
through the Coastal Plain, the Matawan formation
extends as a continuous series of outcropping
deposits from Raritan Bay to Potomac River.

Lithologic eharacter.— The Matawan consists
chiefly of glanconitic sand intimately mixed with
dark-colored eclay, while all through the material
gmall flakes of mica are commonly found. In

Patuxent.

| SBouth River.

some places the deposits consist almost entirely of
black clay; in others, particularly where the upper
beds are exposed, the arenaceous phase is predomi-
nant and the beds may consist entirely of sands
varying in color from white to dark-greenish black.

' Where the glauconite decomposes, the iron oxidizes

and the materials are stuined reddish brewn, and
may even become firmly indurated by the iron
oxide. Iron pyrite is also a common constituent
and in places a small layer of gravel lies at the
base of the formation. Althongh the Matawan
containg varied materials it is much less variable
than formations of the Potomae group or the
Magothy formation, and throughout its extent in

D

Maryland can generally’ be readily recognized by |

the prevailing dark-colored micaceous glauconitic
sand of which it is chiefly composed.

Paleontologic character—Although the Matawan
formation as a whole can not be regarded as
extremely fossiliferons, yet it contains bands in
which organic remains are crowded together in
great abundance. Such a band oceurs in the
cutting where the Chesapeake Beach Railway
erosses Central avenue just east of the District
line. In New Jersey as well as in Maryland

the formation has yielded a varied fauna of fora- |

minifers, pelecypods, gasteropods, scaphopods, and
ammonites (Bull, Geol. Soe. Ameriea, vol. 8, 1897,
pp. B380-351).

Name and formation
received its name from Matawan Creek, a trib-
utary of Raritan Bay, in the vicinity of which
the deposits of this horizon are extensively and
typically developed. It was proposed by W. B.
Clark in 1894 (Jour. Geol,, vol. 2, pp. 161-177),
and replaced the term Clay marls, previously used
by the New Jersey geologists. The fossils of the

eorrelation. —The has

| Matawan formation furnish evidence of its Upper

Cretaceons age and Ell}p:lt‘ﬂ‘llﬂ:,' indicate that the |

beds represent a part of the Senonian of Europe.

Thickness—The maximum thickness of the
Matawan oceurs along North Run and is about
45 to 50 feet.
nally thins toward the southwest until it is not
more than 30 feet thick in the exposures along
Henson Creek. Like many other Coastal Plain
formations, the beds thicken as they dip beneath
later deposits, but the records of wells which
have penetrated these formations in the eastern
part of the quadrangle are too general to permit
the determination of the amount of thickening.

Stratigraphic velations—In places a marked |

unconformity separates the Matawan from the
underlying Magothy formation, but it is conform-
ably overlain by the Monmouth. The separation

From this run the formation grad- |

The Monmouth beds of New Jersey, which are |
continuous with those of this region, have been dif-
ferentiated into three members. Thesedivisions have
not been recognized in the Patuxent quadrangle.

Paleontologic character—The Monmouth forma-
tion is generally very fossiliferous and the forms
are usually well preserved. They consist of fora-
minifers, pelecypods, gasteropods, and cephalopods.
Among the most abundant arve Freogyra cesltala
Bay, Gryphea vesicularis Lamarck, Idonearea vul-

garis Morton, Cardium perelongatum Whitney, and

Belemnitelln americana Morton.  They are typical
Upper Cretaceous species.

Name and corrvelation.—The name of the forma-
tion was first proposed in 1897 by W. B. Clark
(Bull. Geol. Soe. America, vol. 8, pp. 315-358),
when it was decided to combine in a single forma-
tion the deposits formerly included in the Nave-
sink and Redbank formations. This name was
suggested by Monmouth County, N. J., where the
deposits of this horizon are characteristically devel-
oped. It was employed for the term Lower Marl
bed of the earlier workers in New Jersey. On |
the basis of its marine fauna it is correlated with |
the Upper Senonian of Europe.

Thickness.—The

maximum thickness of the

| Monmouth formation along its outerop in the

area of the Patuxent quadrangle is from 40 to
50 feet. In northern New Jersey it is about 200
feet thick, but it steadily decreases in thickness
along the strike southwestward, until it finally
disappears as an outeropping formation in the
north-central part of this quadrangle.

Stratigraphic relations—"The Monmouth is con- |
formable with the underlying Matawan and with |
the Rancocas, which overlies it on the Eastern
Shore of Maryland and in Delaware and New
Jersey. Within the Patuxent quadrangle it is
overlain unconformably by Eocene and Pleisto-
cene deposits.  The Monmonth is readily dis-
tinguished from the Matawan, as it lacks the
darker colored micaceons sands and marls of that
formation. IFrom the Rancoeas it is distingnished
by the great predominance of reddish-brown sand. |
The Aquia contains much more marl. The strike

| of the Monmouth formation is from northeast to |

between the Matawan and Monmouth is made |
chiefly on the hasis of change in lithologic char- |
acter, but in part on that of the fossil {‘nntents.l
Although some organic forms range through both |

the Matawan and Monmouth, yet each formation
has a few characteristic forms, the assemblage in
each being on the whole fairly distinctive. The
formation strikes from northeast to southwest and
dips southeastward at about 25 feet to the mile.

MONMOUTH FORMATION.

Avreal distribution—Within this quadrangle the
Monmouth formation has only a slight develop-
ment.

southwest, and the dip is toward the southeast at |
the rate of about 25 feet to the mile.

TERTIARY SYSTEM.
EOCENE SERIES,
PAMUNEEY GROUP.

AQUIA FORMATION.

Avreal distribution.—Within this quadrangle the |
Focene is represented by both the Aquia and
Nanjemoy formations. The Aquia is exposed
throughout a broad belt, 10 miles or more in width,
extending from the northeast corner of the quad-
rangle southwestward as far as Western Branch of
Patuxent River. Beyond the latter point the for-
mation is buried beneath later deposits and outerops
only in a thin band near the headwaters of the
creeks along the western margin of the quadrangle.

' The Aquia formation dips to the southeast and is |
- supposed to underlie the younger Eocene and Mio- |

It outerops in the vicinity of Collington |

and eastward from that place to Patuxent River |
and thence southward along the banks of the

stream to the vicinity of Governor Bridge. It
also occurs in the valleys of the headwaters of
The Monmonth dips to the south-
east and is believed to underlie the Eocene and

- been exposed to weathering for a considerable time

Miocene deposits to the southeast of its outerop. |

In its wider distribution the formation has been
recognized by outerops in a zone extending from
the northeastern portion of this quadrangle to

' Raritan Bay in New Jersey.

| The beds

Lithologic character.—The formation is prevail- |
ingly arenaceous in character and unconzolidated

except where locally indurated by the segregation
of ferruginons material derived from the glauconite.
The sands composing the Monmouth deposits vary
in color from reddish brown to dark green or nearly
black. The fresh material always contains con-
siderable glauconite and this gives to the deposits
their dark color.
tions the sands generally range in color from rich
brown to reddish brown, but at some places they

| are dark gray.

In their more weathered por-|
| tops of divides, the iron present in the glauconite |

cene beds throughout the southern portion of flll:;
area. In its wider distribution it extends from Vir- |
ginia northeastward across Maryland to Delaware. |
Lithologic character.—This formation consists
usually of loose sand in which there is a consider-
able admixture of glauconite, the latter in places
making up the body of the formation. Where the
material is fresh it ranges in color from a light blue
to a very dark green, but in regions where it has

it has assumed a reddish-brown to light-gray color.
are in most places unconsolidated,
although locally some have become very firmly |
indurated by oxide of iron. Small, well-rounded |
pebbles coated with iron oxide occur in a few places
near the base of the formation. These gravels are
typically exposed about a mile northwest of West-
phalia and in numerous places about Collington.
About half a mile sonthwest of Collington this
pebble layer, which is about 2 feet in thickness, has
been cemented by ferruginous material into a hard,
compact rock that has been used for building
purposes. Where the Aquia deposits have been
exposed to the action of the atmosphere, as on the

' has been segregated to form bands of iron ore. |

These iron bands are very numerous and in places

attain a thickness of 1 to 2 feet. Several exposures
of the Aquia formation, showing these iron segre-
oations, are to be seen in the region of Rutland
and Riverview. Near Upper Marlboro there are a
few ledges of indurated marl from which numerous
species of fossils have been obtained. This is one
of the earliest and best known localities for fossils
in the Eocene of the Atlantic slope. The follow-
ing section is exposed:

Seetion exst of bridge af Upper Marlboro, M.

NANIEMOY: Fest,
Rlanconitie tlAF .. ccecemcccmcemccmen e ncm—. B
Pink elay, withont glaneonite or fossils .. ______ 23

Aquia (Paspotansa substage):

Coarse glaneonitic sand .o ________. 32

Bhell marl with Gébbule glondule, Fisswridea
marthoroensis, Lucine agquicona, Mplodonla
mariboreensiz, Venericaordio planicosta var.
regia, Pleria limule, Cucullea gigantea, Leda
parilis, Nuculoovule ..

Indurated ledge with Pueritelle mortond, 1.
huwmerose, Meselia obrute, Colyptraphoris
Jackzoni, Ponopea elongale, Merelriz ovala
var. pyge, Dosinfopsis lenticularis, Venerd-
ecardie planicosie var. regia, Crosselelliles
alaformis, Astarte marylandica, Glyeimeris
idoneus, Cucwlloa gigantea, Ledo parilis,
Nucuig ovmie e

Glauconitic sand (known as Bryozoan sand)
full of fine fragments of shells accompanied
by Bryozoa, echinoid spines, and Foraminif-
era; and with Osiree compressivosira, Gry-
phaostrea vomer, and Platidic moerylamndice

(=]

5

83

Paleontologic charaeler—A great many fossils
are to be seen . in the outerops of the Aquia along
South and Patuxent rivers and in the valleys of
Piscataway, Monmouth, and Nanjemoy creeks in
Maryland, and of Potomaec and Aquia creeks in
Virginia. An idea of the variety of fossils that
oceur in these localities may be gained by consult-
ing the section above. The fossils of this forma-
tion have been described and illustrated in the
report on the Kocene issued by the Maryland
Geological Survey.

Name and corvelation.—The formation receives
its name from Aquia Creek, a tributary of Potomac
River in Virginia, where deposits belonging to this
horizon are characteristically developed. This
name was proposed by W. B. Clark in 1595 (Johns
Hopking Univ. Cire., p. 3).

Thée formation is correlated with the lower
division of the Wilcox (“Lignitic”) of the Gulf
region. Aeccording to Dall (Eighteenth Ann. Rept.
U. 8. Geol. Survey, pt. 2, 1898, pp. 327-348) it
represents a part of the Suessonian of Furope.

Thickness,—The Aquia formation is about 100

| feet thick in this quadrangle and gradually thick-

ens toward the east, beneath the later formations.

Stratigraphie velations.—The Aquia formation
overlies the Monmouth unconformably and is
overlain conformably by the Nanjemoy forma-
tion. Where the Nanjemoy has been removed
by erosion it is covered by Miocene, Lafayette, or
Pleistocene beds. The formation has a northeast-
sonthwest strike and dips to the southeast at the
rate of about 124 feet to the mile.

Subdivisions—The Aquia formation has been
gubdivided into two members or substages known as
Pizcataway and Paspotansa, which are distinguished
from each other by their contained fossils.

The Piscataway member was named from Pis-
cataway Creek, Maryland, where it is typically
developed. The member is characterized by two
well-marked and rather persistent layers of indu-
rated marls. Ite thickness somewhat exceeds 50
feet. It is further characterized by a fossil fauna
among which are the following forms:

Thecachampsa gericodon (7)) Cope.

Synechodus clarkii Eastman.

Odontaspis elegans (Agassiz).

Otodus obliguus (Agassiz).

Pholadomya marylandica Conrad,

Gryphmea vesicularis Lomarek,

Terebratula harlani Morton.

Textularia subangulata D'Orbigny.

The Paspotansa member was named from Pas-

K e . " - ol 1
potansa Creek, Virginia. It consists of a bed of
oreenzsand and greensand marl somewhat less than
50 feet thick. Among the characteristic fossils of
this member are the following:

Bythoeypris submeqguata Ulrich.
Plenrotoma harreisi Clark.
Cancellaria graciloides Aldrich var.
Trophon sublevis Harris.
Chrysodomus engonatus (Heilprin).
Calyptraphorns jacksoni Clark.
Disecosparsa varians Ulrich.
Membranipora angusta Ulrich.
Textularia gramen IV Orbigny.
Anomalina ammonoides {Benss).



NANJEMOY FORMATION.

Aveal distribution.—The Nanjemoy formation is
much less extensively exposed in this quadrangle
than the Aquia. Tt is well developed in the head-
waters of the streams south of South River and
extends thenee across the quadrangle toward the
southwest in a very cireuitous and broken outerop.
In its larger relations it extends from Virginia
northwestward through Maryland as far as Chesa-
peake Bay. On the Eastern Shore it does not out-
crop and is so deeply buried by later deposits that
it has not yet been recognized with certainty in
well borings.

Lithologic eharacter—The Nanjemoy formation
consists primarily of greensand, which is in most
places highly argillaceous and locally calcareous,
with certain layers carrying abundant erystals and
crystalline masses of gypsum. The formation con-
tains considerable clay, especially at its base, as
shown in the section at Upper Marlbore alrveady
given. The following section is fairly typical and
characteristic of the glauconitic phase:

Seefion in ravine I mile south of Theift, Md.

MIOCENE: Ft. In.
Lead-colored clay with Miocene fossils.__. 40 0
EoeEXRE (Nanjemoy-Potapoco substage):
Dark argillaceons greensand ... ... T 0
Argillaceons greensand, packed with Vener-

z’nm:!impa!-::pfmocmfs--__-_--_.-_.._.... 1 (1
Dark glaneonitic elay__._____. e T 0
Layer of Vener n_mr!!m. potapacoensis_ _____ ] 8
Gireensand with many scattered specimens

of Venaricardia pampf.-,mums e e B )
Line of coneretions o - ce e mmem e ¥ i
Glanconitic elay with Vemnericardie polae-

LG TR s e e s 1]
Dark greemsand _____________________. 3 1]
Laver packed with shells of Vener wmlrfm |

PP GOOPNEEY o e eee e eemecmeemcmmnmamae L fi |
Argillnceons greensand____________________ 1 0 |
Line of coneretions ..o oo oo 0 i |
Argillaceous greensand. o oo.... Tl Ll
Greensand with Venerdcardia patap:tweu

e e 1 P
Ihark gluumnltm L]ﬂ.'\' e e et [ ]
Layer of shells of Fenerivardia potapaco- i

T A e e e e e o o e e S W 4 |
Dark elay with mueh glaneonite. |

|
"8 |
|

Paleontologic character.—~A great many fossils
are to be seen in the outerops of the szljumﬁ:,-':
formation along South and Patuxent rivers, along
Piscataway, Mattawoman, and Nanjemoy creeks in
Maryland, and along Potomae and Aquia creeks
in Virginia. An idea of the abundance of these
fossils may be obtained by examining the forego-
ing section. The fossils of the Nanjemoy forma-
tion have been described and illustrated in the
report on the Eocene issued by the Maryland Geo-
logical Survey.

Name and correlation—The formation receives
its name from Nanjemoy Creek, one of the tribu-
taries of Potomac River in Maryland, in whose
valley deposits belonging to this horizon are char- |
acteristically developed. This name was proposed
by Clark and Martin in 1901 (Eocene, Maryland
Geol. Burvey, p. 64). In correlating the Nanje-
moy formation these authors remark as follows
(op. cit., p. 89):

The only conclusion that can be dreawn is that the |
Nanjemoy of Maryland represenis such portion of the |
Chickasawan ( Wilcox or ¢ Lignitie®) as lies above that
represented by the Agquia, while the ocenrrence of the |
highly characteristic species, Ostrea selleformis, in the
Nanjemoy stage in Maryland, although not 8o numer-
ously or typically represented as in the still higher
strala in central and southern Virginia, points to the |
possible Lower Claibornian age of the highest beds of
the Maryland Eveene,

According to Dall the Nanjemoy represents a
part of the Suessonian of ]*‘nrup{,

T'hickness—The Nanjemoy is about 100 feet
thick in the Patuxent guadrangle and thickens
gradually toward the east.

Stratigraphic relations.—The Nanjemoy overlies
the Aquia conformably, but is overlain unconform-
ably by the Miocene, and in some places along
the line of outcrop by deposits belonging to the
Lafayette and the Pleistocene. The formation has
a northeast-southwest strike and dips toward the
southeast at an average rate of about 12} feet to
the mile.

Subdivisions.—This formation, like the Aquia,
is subdivided into two members or substages, known
as the Potapaco and Woodstock. '

The Potapaco member is so called from the early
name of Port Tobacco (a corruption of the word
Potapaco) Creek, one of the Maryland tributaries |

- mentioned report on the Maryland Focene, which

| of the northern half,

| of argillaceous matter,
| deposit with little or no clay grades over into a
| deposit of clay in which the presence of sand can
| not be
' of materials a certain sequence of deposits is com-

to Potomac River. [t is characteristically clayey, |
especially in its lower portions. It is about GO to

65 feet thick and carries the following characteristic !
fossils: |

Cyprea smithi Aldrich.

Holen lisbonensis Aldrich. ¥
(1) Lueina astartiformis Aldrich.
Periploma sp.

Ceiropora micropora Goldfnss,

This member is further subdivided into six zones
which, together with their characteristic fossils, are
fully discussed by Clark and Martin in the report
already cited (Focene, Maryland Geol. Survey,
1901, pp. 65-66).

The Woodstock member has been named from
Woodstock, an old estate situated a short distance
from Mathias Point on the Virginia side of the
This member is characterized l}:.' fine
homogenous greensands and greensand marls which
are less !Il'gillm-muq than the underlying Potapaco |
beds. It ranges in thickness from {:(} to 65 feet and |
contains certain characteristic fossils, a few of which
are the following:

Potomae.

Pyrala penita Conrad var.
Meretrix lenis (Conrad).

Leda parva (Bogers).

Bpiroplecta clarki Bagg.
Nonionina affinis Reuss,
Carpolithus marylandicns Hollick.

The Woodstoek member iz further subdivided
into two zomes distinguished by characteristic
fossils.  These zones are deseribed in the above-

also contains a full list of the fossils which charae- |
terize the member.

MIOUENE SEILLES,

CHESAPEAKE GROUP,

CALVERT FORMATION.

Areal distribution.—The Calvert is by far the |
most extensive formation in the Patuxent quad-
rangle. covered with
Lafayette and Columbia gravels, yet stream erosion
has cut down to it in so many places that its dis-
tribution very well known. It outerops in
nearly every stream-cutting thronghout the south-
ern half’ of the quadrangle and is represented by
outliers well up on the divides over a large portion
In itz larger distribution it
extends from Virginia northeastward across Mary-
land and Delaware into New Jersey. It has by
far the most extensive development of all of the
Cretaceous and Tertiary formations in this region.
This statement might perhaps be extended to
apply to the entive Middle Atlantic Coastal Plain,
althongh not enough detailed work has been done
sonth of Potomae River to show which Miocene
members are best developed in Virginia.

Lithologic character.—The materials constituting |
the Calvert formation consist of blue, drab, and
vellow eclay, yellow to gray sand, gray to white |
diatomaceous earth, and caleareous marl. Between
these all gradations exist. The diatomaceous earth |
gradually passes into fine sand by the inerease of
arenaceous material, or into a clay by the addition
In a similar way a sand

Although it is largely

is

detected. Notwithstanding this variety
monly observed; the basal portions of the forma-
tion consist largely of diatomaceous earth, while
the upper portions are composed chiefly of sand,
clays, and marls. This difference in materials has
led to a subdivision of the formation into two
members, which are deseribed below,

Extensive and excellent exposures ean be seen |

| along the bay shore from Herring Bay southward
| and also at Hollins Cliff, Lyons Creek, and other

localities on Patuxent River and its tributaries.
The following section was measured on the bay
shore 1 mile north of Plum Point:

Section I mile north of Plhum Point, Md.

PLEISTOCENE: Ft. In,
Yellowizsh eandy loam ... _..._.... T ]
MrocENRE (Calvert):
Yellowish sandy clay ... —o==o B ]
Yellowish =and carrying Ismmdm f.« -

e ) S b Sl e e ST S S R SR | 0
Bluish and brownish sandy elay. .. __._. 20 0
Brownish sand ... s B 4 1]
Bluaish elay grading downward mtu Iyrml. n

L e e e ] [ L]

Yellowish-brown sandy elay bearing the

| ness of Miocene strata.

Focene heds.

Ft. In.
following fossils: Siphonalic  depeaa,
Hephore fricostete, Tureitelie plebeia,

T veriabilis,. T varicbilis var. cum-
berlandie, Polynices heros, Corbule
inagualiz, Phecofdes anodonte, Cros-
satellites melinus, Astarte cuneiformis,
Pecten madisonins, Venus rileyi, Chione
latilirata, Cytheree stominea, Meline
maxiliate, Atrine harrisii, Adrec sub-
rogtrate, Glyeymeris perilis, ete________ 9

Bluish-green elayey sand earrying Corbuie
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Bluish-green clayey sand tu.:rl‘-il][:; ||:11:e1
foct casts of Corbulo elevowbe (¥ __

Bluish-green elayvey sand containing large
numbers of Corbulde elepata_ ___________ 8

Bluish-green clayey sand containing foesil
casts of Corbula elevalt o oeeeeaeeeean 8
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exposure to the atmosphere.

thick, is greenish blue when fresh, but weathers
to a brown or a light-buff’ to white color on long

In the extensgive pitg

Cat Lyons Creek, where the material is worked com-

Paleontologic character—The diatomaceous earth |
and the dark-colored clays represented in the Cal- |

vert of this quﬁdnmgh: contain abundant easts of

marine mollusks, almost invariably of small size,

The fossils are allied to forms now living in lower |

latitudes, thus indieating that the elimate in this
region during the deposition of the Calvert mate-
rials was somewhat warmer than that of to-day.
The fossils of this formation have been fully
described and illustrated in two volumes on the

' Miocene issued by the Maryland Geological Sur-
| vey in 1904, .

Name and correlation.—The formation receives
its name from Calvert County, Md., where,
well-known
Bay, its typical characters are well shown.
formation seems to correspond approximately with
the horizon at Petersburg, Va.

Thickness—The full thickness of the Calvert
formation has been nowhere actually observed
along the line of outerop. The .formation has

in t|u‘

the region of Davidsonville it shows a
The Choptank
and younger formations lie above it unconform-
ably. Fortunately, a reliable well record at Cris-
field, Somerset County, exhibits the entire thick-
In this well the Calvert
formation is apparently about 300 feet thick. As |
this well is loeated in the extreme southern pnrtiml
of the State and far down the dip, the data prob-
ably indicate a rapid thickening of this formation
as it passes to the southeast toward the ocean. At
Chesapeake Beach, on the bay shore in Calvert

in

‘alvert Cliffs bordering {?lw.t;etpmukui
The |

| been diagonally truneated by the Choptank, so |
| that
| thickness of only about 50 feet.

nwnmll\r the transition from greenish blue to bufl’
is very conspicuous.

The low eliffs which border Chesapeake Bay
' south of the pier at Fairhaven are composed of
| diatomaceons earth with a capping of Columbia
eravel. From Fairhaven the diatomaceous beds
cross southern Maryland in a northeast-southwest
direction, following the line of strike, and are
worked at Lyons Creek on the Patuxent, and at
Pope Creek on the Potomae, a short distance south
of this quadrangle. They may also be found at
numerous places between these points, in eunts
made by waterways. Southeast of this diagonal
line they gradually disappear below tide. The
Fairhaven diatomaceous earth subdi-
vided into three zones that are recognized by the
materials and fossils which they contain.

The Plum Point marls constitute the remainder
of the Calvert formation above the Fairhaven dia-
tomaceous earth. At Plam Point, Calvert County,
the beds are typically developed, and this fact has
suggested the name of this member. Tt consists of
a series of sandy clays and marls in which are

is further

embedded large numbers of organic remains,
including diatoms. The color of the material is

bluish green to grayish brown and buff. Fossil
remaing, although abundant through the entire
member, ave particularly numerons in two prom-
inent beds, from 30 to 35 feet apart, in the Calvert
Cliffs. These marls vary in thickness from 4} to
13 feet. They may be easily traced along the Cal-
vert Cliffs from Chesapeake Beach to a point 2
miles below Governor Run. At Chesapeake Beach
they lie high up in the cliffs and toward the south

' they pass gradually downward beneath the surface

County, a well which begins in the Calvert forma- |

tion a little above tide passes ont of it and into the
Eocene at a depth of 60 feet; at Centerville it is
found at a depth of 81 feet and is 65 feet thick;
at Crisfield the formation lies 465 feet below the
surface.

Stratigraphic relations—Near the Maryland-
Delaware border the Calvert rests unconformably
upon one of the Cretaceous formations (Rancocas).
Farther southwest it overlies the Aquia forma-
tion, and in southern Maryland it lies uncon-
formably upon the Nanjemoy, a relationship which

' shows the gradual transgression of the Miocene

deposits southwestward. In this quadrangle it
lies unconformably upon the Nanjemoy, Aquia,
and Matawan formations and is overlain uncon-
formably by deposits belonging to the Lafayette
and Pleistocene. The strike of the Calvert for-
mation is from northeast to southwest, and it dips
toward the southeast at the rate of about 11 feet to
the mile.

Subdivisions.—"The Calvert fmnmtmn has been

divided into two members, known as the Fairhaven
diatomaceous earth and the Plum Point marls.
These are more fully described in the above-
mentioned report on the Miocene of Maryland.
The Fairhaven diatomaceous earth lies at the
bage of the formation and is characterized by the
presence of a large proportion of diatoms embedded
in a very finely divided quartz matrix. Calecareous

| material i pregent in thiz bed in only very small

amounts. Besides diatoms, there are other Mio-
cene fossils, usually in the form of casts, and
organic remains reworked from the 1111{|L|l:,1||g,,
The for this member
derived from Fairhaven, Anne Arundel County,
where the beds are well developed.

The contact of the diatomaceous earth with the

THTIE:

Eocene beds lies about 2 feet beneath a band of

gandstone from 4 to 8 inches thick, which carries

sils.

Thiz bed, which i

'at but few places.

of the water. Along 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, in Calvert County. On the west
bank of the river they may be seen here and there
from a point opposite Lower Marlboro downstream
to a point 14 miles below Forest Wharf, in the
Nomini quadrangle.

West of the Patuxent quadrangle, along Potomac
River, the banks are usually very low and com-
posed of Columbia sand and gravel. In conse-
quence of this the Plum Point marls are exposed
On the Maryland side of the
river they may be seen in the low cliffs at the
mouth of Chaptico Bay, and on the Virginia side a
congiderable thickness of the marls is exposed along
the entire length of the Nomini Cliffs.  When fresh,

| the Plum Point marls and the Fairhaven diatoma-

is:

ceous earth do not differ much in appearance. The
thickness of the marls inereases constantly down
This member is subdivided into 12 zones,
which are distinguished by the lithologic character
of the materials and by characteristic fossils,

the 1]ij:.

CHOPTANK FORMATION.

Aveal distribution.—The Choptank formation is
confined to the southern portion of the Patuxent
quadrangle. It is exposed along the bay shore
south of Plum Point, in the valley of Patuxent
River and its tributaries south of Mill Creek, and
in the headwaters of Zekiah Swamp. In Calvert
County it may be found in a long line of outerops
extending from the hilltops just west of Herring
Bay to Patuxent River, but west of the Patuxent
it is almost completely obscured by younger depos-
its. The boundaries of the Choptank formation
in Calvert County are better known than in any
other portion of southern Maryland, but west of
the Patuxent have been determined more by cal-
culation than by obgervation. They are believed,
however, to be approximately correct and are fixed
| as accurately as present knowledge warrants. In
its broader relations the formation extends from
Virginia northwestward across Maryland and Del-

' aware into New Jersey, where it has an extensive
| development.

| casts of Peclen humphreysit and other Miocene fos- |
Above this sandstone is the {llllﬂ]]]:!u‘ﬂll‘u places, ledges of indurated rock.
| earth proper.

Lithologie character.—The materials composing
the Choptank formation are extremely variable.
They consist of fine yellow quartz sand, bluish-
Cgreen sandy clay, slate-colored clay, and, at some
In addition to

s about 20 feet | these materials, abundant fossil remains are dis-



seminated thronghout the formation. The sandy |
 strike appears to change locally.

phase is well shown in the Calvert Cliffs from |
Parker Creek southward to Point of Boeks, a |
short distance beyond the borders of the Patuxent |
quadrangle. The sandy clay and clayey members |
may be seen in the same cliffs near Point of Rocks |
and farther south. The formation is best exposed |
along the bhay shore south of Parker Creek. The |
following section is typieal:

Kection one-half mile gouth of Pavicer Creel, Marypland.

PLEISTOCENE:
Reddish sandy loam .
MIOCKNE:
Choptank—
Reddish sand.___. - 2 0
Reddish sandy clay containing Balaonas
coneaeus, Corbule ddonea, Astarie
Heisphile, Peclen madisoniuz, Venus
campechiensis var., cunealda, Dosinia
ceeetabn fwm, Card fvon fagueatem, Area
SIOTRINeE Bto. - e 14 L]
Yellowish sandy clay containing fossil
custs_ . b s LR el MR i
Yellow samd contaming Eeplore guod-
ricostata, Turritelle plebeia, Panopea
americane, Corbula idonea, U, cine-
afe, Metis biplicata, Macrocalflista
morylandice, Venus mercenaria, V.
campechiensiz var cuneata, Doginio
acelabulum, Iyocardia froaferna, Car
ditem loguedatum, Crossoleflites tergi-
duluy, dstarie thisphila, Pecten cocey-
melig, I omodisonins, Melina morcil
lata, Area staminea, ete. el || 1]
Calvert—
Blnish clay ... . R g O {1
Brownish sandy elay containing fsvcer-
dig fralerag oo e & 0
Bluish sandy clay . : 10 13
Brownish sandy elay earrying Eophere
guadricostata var. wmbilicata, Venus
mereenario, Cytheren stomine. . el ]
Bluish 0l&¥ - o em oo 4 0

0

-IQ_‘E

Paleondologic eharacter.—Although the Choptank
formation is abundantly supplied with fossils, these
are for the most part concentrated in two well-
defined beds which seem to be distributed very
extensively through the areas of the deposit. These
zones, together with many of their characteristic
fossils, are shown in the foregoing section. The
fossils are allied to forms now living in lower lati-

‘tudes, thus indicating that a somewhat warmer cli-

mate than exists to-day in this region prevailed
during the deposition of the Choptank formation;
it was, however, probably a little cooler than during
the deposition of the Calvert. The fossils of this

formation have recently been fully deseribed and |
illustrated in the two volumes on the Miocene pub- |
lished by the Maryland Geological Survey.

Nuine and corvelation.—The formation receives |
its name from Choptank River, }lﬂr;.'lﬂml, hecause
of its great development on the northern bank of
that estuary a short distance below Dover Bridge.
The formation seems to lie approximately at the |
horizon of the James River series of Virginia.

Thickness—The thickness of the Choptank for-
mation is variable. In the Nomini Cliffs, Virginia,
it is present as a S0-foot bed between the Calvert
formation below and the St. Marys formation above.
This exposure shows a greater thickness than any
other known. In the well section at Crisfield,
mentioned in econnection with the description of
the Calvert formation, the Choptank is more than
100 feet thick, so that, like the Calvert, it thickens
as it passes down the dip.

Stratigraphic velations.—The Choptank forma- |
tion lies unconformably upon the Calvert formation.
The unconformity is in the nature of an overlap,
but is not easily discernible even where the contact
is visible. The best place to observe the uncon-
formity is in the portion of the Calvert Cliffs just |
below the mouth of Parker Creek. FEven here it
can not be seen from the beach, but is visible from
a boat a short distance from the shore. This
uneonformity is also proved by the fact that at the f
above-mentioned loeality the fossiliferous hed which
lies lowest in the Choptank formation rests upon
the Calvert, while at Mount Harmony and farther
north the upper fossiliferous bed of the Choptank
rests upon the Calvert formation. How far this |
unconformity continues down the dip after the beds
disappear from view is not known, ag the data from
well records are too meager to permit any conelu-
sion to be drawn from them. Above the Choptank |
ie the St. Marys formation, which is not represented |
in this quadrangle. '

The strike of the Choptank formation is in gen- |
eral from northeast to southwest; but as a result of
erosion, particularly on the Western Shore of Ches-

Patuxent.

[f

apeake Bay, the outcrop is very sinuous and the

The dip does not seem to be constant throughout
the extent of the formation. In Calvert County,
where the Choptank is best exposed, the northern
portion of the outerop, down to Parker Creek,

| seems to lie almost horizontal; but farther south

the formation at its base dips southward at the
rate of about 10 feet to the mile, s0 that toward the
gouth it ocenrs at 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 this formation is
along the  Calvert Cliffs between Parker Creek
and Point of Rocks. Here an almost unbroken
exposure of the Choptank may be seen dipping
aradually toward the southeast.

Subdivisions.—The Choptank formation is sub-
divided into five zones, which are distingunished
from one another by the character of material and
the fossils they contain. These zones, together
with their fossil contents, have been fully desceribed
in the State report on the Miocene of Maryland.

PLIOCEXNE ({) SERIE=S.

LAFAYETTE FORMATION,

Aveal distribution.—The latest Tertiary formation

thickness or extent. The sand unsually serves as
the matrix for the gravels or else is intimately
mixed with the loam.

Throughout the quadrangle the Lafayette is |

capped by a depogit of loam varying in thickness
from a few inches to 10 feet or more, with an
average of about 5 feet. Near Washington this
loam econtaing consgiderable iron and has here and

| there a decided orange color. To the east and
if'ﬁlf}l.ltll this color becomes much less pronounced.
| In many places the loam resembles the loess of the

upper Mississippi Valley in color and also in texture.

' On the broad Lafayette plain in the southwestern
| part of the quadrangle the loam shows a very pro-

| nonneed mutﬂing of deab and briek-red. This is

 particularly noticeable when the material is wet.

It is seen in numerous road cuts, especially west

| of Brandywine. The Lafayette loam is in some

of this portion of the Atlantic Coastal Plain is |

known as the Lafayette, and is probably of Plio-
cene age. It forms the surface cover over the
southwestern portion of the Patuxent quadrangle.
At one time, however, it probably formed a mantle
over the entire area, for outliers are found north of
Washington and on Marriott Hill east of Patuxent

River. If such was the case, the Lafayette must
originally have ‘rested upon the exposed edges of |

all the earlier formations represented in this region,
but erosion has so reduced its avea that it is now in
contact principally with the Miocene, althongh in

small areas it rests upon the Patuxent formation |

and the ancient erystalline rocks. The Lafayette
plain is in reality the oldest and highest of a series
of five plains which were developed at successively
lower levels during various epochs ranging in time
from Pliocence (?) to Recent. It extends almost

places  highly argillaceons, in others decidedly
arenaceous. As a general rule, it is of very fine
texture. Although the loam eapping is relatively
free from bands of gravel, they are not entirely
absent. Single pebbles are not uncommon in the
loam and locally there are well-defined beds of
gravel and sand. The following section, taken 1}
miles southeast of Piscataway, makes these relations
clearer:

Neetion 14 miles gontheast of Piscaboway, Md,

Feit,
Fine gravish-yvellow loam____ ]
Medinm-coarse gravel in a matrix of gray sand____ 1
Yellow eross-bedded sand .. oo oo ki
Unassorted gravel mixed with gray sand ]

Physiograplic expression—As deseribed under
“Topographic features” (p. 2), the deposits of
this formation form a plain of deposition which
is well-developed in many places on the Constal
Plain and slopes gradually toward the sea. In the
vicinity of Anacostia the base of the Lafayette
plain is at a height of 280 feet and its surface at
300 feet. At Charlotte Hall, 30 miles to the south,
the base iz not visible, but the surface lies at an
altitude of about 200 feet. This shows, therefore,

| a difference of 100 feet in 30 miles, or a surface
slope toward the sea of about 3 feet to the mile.

uninterruptedly from the District of Columbia line |
So slight and gm-llml a decline in elevation 111igi1t

to the southern boundary of the quadrangle and
forms one of the most striking topographic features
in this area. It covers the divide between the
two great river systems and thus becomes the
most conspicuons formation of the region. A

be attributed to the original attitude of the material
when it was deposited were it not for the fact that
the Sunderland terrace, which wraps about the

| feet. The maximum thickness of the Lafayette in
this quadrangle probably does not much exceed 40
| feet.

Stratigraphic relations,—A very marked uncon-
formity separates the Lafayette from all underlying
formations. In one place or another within the
Coastal Plain provinee it overlies almost every older
formation represented in the region, and thin rem-
nants are present in many places on the eastern
' borders of the Piedmont Plateau. In the Patuxent

quadrangle it rests mostly upon the Calvert and
Choptank formations and is, in the main, a surface
deposit, although locally it in all probability dips
beneath beds of Pleistocene age.

QUATERNARY SYSTEM.
PLEISTOUCENE SERIES,
COLUMRIA GROTE,

GENERAL STATEMENT.

The Pleistocene formations of the Atlantic
Coastal Plain are united under the name Columbia
group. They have many characteristics in com-
mon, owing to their similar origin. They consist
of gravel, sands, and loam which are stratigraphi-
cally younger than the Lafayette formation. The
Columbia group comprises three formations, the
Sunderland, Wicomico, and Talbot, all of which
are represented in this region. They appear as the
facings of different plains or terraces, possessing
very definite physiographic relations (see fig. 2),
as described under the heading “Topographic
features™ (p. 2).

On purely lithologie grounds it is impossible to
separate the three formations composing the Colum-
bia group. The materials of all have been derived
mainly from the older formations which occur in
the immediate vicinity, but inclnde more or less
foreign material brought in by streams from the

' Piedmont Plateau or from the Appalachian region

beyond. The deposits of each of these formations
are extremely varied, their general character chang-
ing with that of the underlying formations. Thus

- deposits belonging to the same formation may, in

' different regions, differ far more lithologically than

| deposits of two different formations lying in close

proximity to each other and to the common souree

| of most of their material. Cartographic distine-

' base of the Lafayette, has suffered a deformation
of 20 feet, or about 8 inches to the mile, through- |

gravel capping on Marviott Hill is the only known |

outlier of the Lafayette east of Patuxent River in
this quadrangle.

Lithologie character.—The Lafayette formation
is composed of gravel, sand, and loam. These
materials were so imperfectly sorted by the waves

| of the Lafayette sea that they are now found inter-

mingled in varying proportions. Although there
is a rough bipartite division in the deposit as a
whole, the gravel oceurring in greater abundance

' at the base and the sand and loam at the top of the

formation, vet these elements are mixed together in
a confusing manner. No partieular kind of mate-
rial is confined to any definite stratum, but all
kinds may oceur anywhere thronghout the section.
Irregular beds or lenses of loam, sand, or oravel

| also oceur and are exposed in many places through-

out this quadrangle. The gravels are considerably
decayed and are usually rather small, but in the
vicinity of Washington they become very coarse
and are embedded in a coarse, compact sand or
very stiff, clayey loam. The appearance of the

out the same region, and the Wicomico appears

also to have been affected by a slight tilting. Tt is |

probable, therefore, that the present slope of the;
Lafayette formation is due both to its original |

attitude and to subsequent tilting,
Paleontologic character.—Fossils are practically

tions based on lithologie differences could not fail to
result in hopeless confusion. At some places the
older Pleistocene deposits are more indurated and
their pebbles more decomposed than those of the
younger formationg, but these differences can not
be used as criteria for separating the formations,
inasmuch as loose and indurated, fresh and decom-
posed materials oceur in each of them.

The fossils found in the Pleistocene are far too
meager to be of much service in separating the

| deposits into distinet formations, even though essen-

lacking in the Lafayette deposits of the Atlantic |

coast region, none being found in the Patuxent

area, Pebbles containing Paleozoic fossils are

present in the formation at many places through-
ont the distriet, but are of importance only becanse
they show the source of the materials. In regions

far to the zouth some fossil plants and animals of
| Lafayette age have been reported by Mc(ee, but

oravels also changes from place to place; near |

Washington they are almost invariably covered
with a dark-brown ferruginous coating, but farther
south the amount of iron decreases considerably
and the coating of iron oxide is practically absent.
The heterogeneous character of the material fur-
nishes evidence of the varied sources from which
it has been obtained. Pebbles of quartz and erys-
talline rocks indicate the Piedmont as the source;

broken iron erusts were derived from the Paleozoic |
formations farther west; and finally, decayed blocks

of Newark sandstone are occasionally observed.

While all of these various materials are present,

the gravels are composed principally of quartz.
Sand forms a rather unimportant part of the

| Lafayette deposits. Such as is present seems to

have been derived mainly from the Potomae beds.
Lenses of sand oceur at many places in the gravel
deposits, but do not commonly form beds of great

| very little is known concerning them.

Name and correlation.—The name Lafayette was

proposed by Hilgard in 1891 (Am. Geologist,
vol. 8, pp. 129-131) to replace the term Orange

sand, used in Tennessee and Mississippi, and the
term Appomattox, which has been applied to the
deposits of the Atlantic coast. The name is derived
from Lafayette County, Miss., a region where the
formation is well developed. The exact correlation
of the formation has not been definitely settled, as
its meager fauna and flora have furnished little

formably and in turn is overlain by Pleistocene
materials. Its general character, firmly indurated
layers, and occasional greatly decomposed pebbles
sugeest a formation much older than any known
Pleistocence deposit of the province, and hence fur-
nish evidence for a provisional reference to the
Pliocene.

Thickness—The thickness of the Lafayette is |
In its northwesternmost expo-

somewhat variable.
| sures the formation shows a thickness of 3 to 10
feet, the amount increasing somewhat toward the
southeast. Over the broad plain in the vicinity of

Brandywine the Calvert, which is the next subja- |

clue to its age. It overlies Miocene deposits uncon- |

tial differences between some of them may exist.
It is the exceptional and not the normal develop-
ment of the formations that has rendered the
preservation of fossils possible. These consist
principally of fossil plants that were preserved in
bogs, but in a few places about Chesapeake Bay
local Pleistocene deposits contain great numbers of
marine and estuarine mollusks.

The Columbia group, as may be readily seen, is
not a physiographic unit. The formations oceupy
wave-built terraces or plains separated by wave-cui
escarpments, their mode of occurrence indicating
different periods of deposition. At the bases of
many of the escarpments the underlying Cretaceous
and Tertiary formations are exposed. The highest
terrace is occupied by the oldest deposit, the Sun-
derland; while the lowest is covered with Talbot
materials.

At almost every place where good sections of
Pleistocene materials ave exposed the deposit from
base to top seems to be a unit. At some places,
however, certain layers or beds are sharply sepa-
rated from the underlying beds by irregular lines
of unconformity. Some of these breaks disappear
within short distances, showing clearly that they
are only loeal phenomena in the same formation,
the result of contemporaneous erosion by shifting
shallow-water currents.  Whether all these breaks
would thus disappear if sufficient exposures oceurred
to permit the determination of their true nature is
not known. An additional fact which indicates
the contemporaneons erosive origin of these uncon-
formities is that in closely adjoining regions they

cent formation, is reached at a depth of about 28 | seemn to have no relation to one another. Inasmuch



as the Pleistocene formations lie in a nearly hori-
zontal plane it would be possible to connect these
separation lines if they were subaerial unconformi-
ties due to an interval of erosion. In the absence
of any definite evidence that these lines are strati-
araphie breaks separating two formations, they have
been disregarded.  Yet it is not improbable that in
some places the waves of the advancing sea in Sun-
derland, Wicomico, and Talbot time did not entirely
remove the beds of each preceding period of depo-
sition over the area covered by the sea in its next
transgression.  Ispecially would materials laid
down in depressions be likely to persist as isolated
remnants which later were covered by the next
mantle of Pleistocene deposits. It this is the case
each formation from the Lafayette to the Wicomico
is probably represented by fragmentary deposits
beneath the later Pleistocene formations. Thus in
certain sections the lower portions may represent
an earlier period of deposition than that of the
overlying beds.  In regions where pre-Quaternary
materials are not exposed at the bases of the escarp-
ments each Pleistocene formation near its inner
margin probably rests upon the attenuated edge of
the next younger formation. Inasmuch as litho-
logie differences afford insufficient eriteria for sepa-
rating these late deposits, and as sections are not
numerons enough to furnish distinetions between
local interformational
spread unconformities resulting from an erosion
interval, the whole mantle of Pleistocene materials
oceurring at any one locality is referred to the
same formation. The Sunderland is deseribed as
overlying the Jurassic (?), Cretaceous, and Ter-
tiary deposits and as extending from the base of
the Lafayette-Sunderland esearpment to the base
of the Sunderland-Wicomico escarpment. The few
deposits of Lafayette materials which may possibly
underlie the Sunderland ave disregarded because
they are unrecognizable, Similarly the Wicomico
is deseribed as including all the gravels, sands,

unconformities and

wide- |

and clays overlving the pre-Lafayette deposits

and extending from the base of the Sunderland-
Wicomico escarpment to the base of the Wicomico-
Talbot escarpment. Perhaps, however, materials
of Lafayette and of Sunderland age may underlie
the Wicomico in places. In like manner the Tal-
hot may here and there vest upon deposits of the
Lafayette, Sunderland, and Wicomico.

SUNDERLANT FORMATION.

Aveal distribulion.—The Sunderland formation
is developed as a terrace or plain which occupies

the top of the divide separating Chesapeake Bay |

from Patuxent River and the sides of the divide,
below the Lafayette formation, between Patuxent
and Potomae rivers.

suffered more erosion two

than either of the

Since its deposition it has |

vounger formations, but enough of it still remains |
| approximately with the Earlier Columbia of McGee |

within the area to make its mapping possible and
to establish its relations to the other deposits.
surfiace of the Sunderland plain varies in altitnde
from 200 feet in the northern portion of the
quadrangle to 180 feet in the southern portion.

Throughont this tract the original surface of the |

The |

formation was nearly level, but the streams which |

now flow across it have locally produced a gently
rolling =urface.

Lithologic character.—The materials which com-
pose the Sunderland formation consist of clay,
sand, gravel, and ice-horne bowlders,  As explained
above, these materials as a rule do not lie in well-
defined beds, but grade into each other both verti-
cally and horizontally.  The coarser materials, with
the exception of the ice-borne bowlders, have in
the main a cross-hedded structure, but the clays and
finer material are either developed in lenses or hor-
izontally stratified. The erratic ice-borne blocks
are scattered through the formation and may oceur
in the gravel, sand, or loam. The coarser material
thronghout the formation tends to occupy the lower
portions and the finer the upper portions, but the
transition from-one to the other is not marked by
an abrupt change, and at many places the coarse
materials are present in the surface loam and the
finer materials are below, in the gravel. As a
whole the material is coarser on the western side
of the r_]u:u'lr:lllg_;]ﬂ, in the Potomac h;lﬂ-iu, than
elsewhere. In the vieinity of Congress Heights,
the gravels of the Bunderland are rather commonly
cemented by ferruginous material. The ferrugi-
nous conglomerate used in the wall about the

8

grounds of St. Elizabeth’s Asylum was obtained |
from beds of consolidated Sunderland deposits. |
Many of the pebbles of the Sunderland are much |
decayed, but in general they show less decomposi-

tion than the Lafavette gravels.
Physiographic expression.—The Sunderland de- |
posits occupy and form the SBunderland plain |
I

mentioned in the diseussion of topography (p. 2).

This plain is separated from the Lafayette terrace |
I]"ﬁ' il “'E'II-I]("E‘I!]I"(; H['E!I'IL II-I1IIEL'1 HUE!I']'I‘ IlHH Hl]m‘r!'{]%
considerable maodification since its formation, and |
where it was not prominent it has been transformed
to a gently rolling surface or has been lost alto-

gether. At Charlotte Hall, just bevond the south- |
ern margin of the quadrangle, this searp is |
preserved in nearly its original sharpness. It is

also visible south of Bryantown and north of
Aquasco.  In all these localities the original searp

was low, not exceeding 20 feet in height, but :tt:
Congress Heights, south of Anacostia River, the

searp separating the Lafayette and Sunderland sur- |
faces is over 60 feet high and is the finest and best

defined of all the ancient escarpments of this por- |
tion of the Coastal Plain, At Congress Heights |
the surface of the L:If‘:l}-‘f*ttv |}]:1in lies at an altitude
of about 260 feet. From this height a steep slope |
descends, cutting through the Lafayette and under-

lying Miocene beds, to the 200-foot contour, where |
the broad Sunderland plain abuts against the scarp
and slopes gently and imperfectly away from it.
;,].‘]ll:’ H'I'Il“lf‘l'l'r“l!l 'Ib]'IIIFItT'UTI [ﬂ H.!H“ L]E}ll?l”}' Eﬂl}ltnlt{:‘d
from the Wicomico formation by a well-pronounced |
searp; this is disenssed in the section following,

which is devoted to the Wicomico.

As already stated, the Sunderland plain stands
at a height of 200 feet near Anacostia and of 180
feet at Charlotte Hall, 30 miles to the southeast.
The surface of this plain thus slopes sontheastward
at the rate of 8 inches to the mile. Tt also slopes
zently toward the larger estuaries.

Paleontologie eharacter.—The only locality within
this quadrangle at which fossils have been discov-
eredd in the Sunderland formation is along the
Chesapeake Beach Railroad, in a deep cut between
Wilson and Owings stations. At this place a
plant bed occurs at the hase of the deposit. lt:
consists of a stratum of black clay about 3 feet in |
thickness, in which are numerous small lignitized |
stems. No good plant remains have been found, |
vet the presence of vegetable matter through the
entire thickness of eclay is indieated by the
black color of the material, due to carbonaceous
matter.

Name and corrvelation.—The formation has been
named from the little village of Sunderland, Cal-
vert County, near which it is typieally developed.
The name was first applied to the formation h_!,';
G. B. Bhattack in May, 1901 (Johns Hopkins |
Univ. Cire. No. 152). The Sunderland corresponds |

and with parts of the Bridgeton and Pensauken of |
Salisbury. Its Pleistocene age is indicated by the |
maodern appearance of its plant remains and by |
its relation to the next younger formation, the
Wicomico, in which bowlders bearing glacial strie |
have been found.

Thickness.—Although the materials of the Sun- |
derland lie at varying elevations above sea level in |
the Patuxent quadrangle, the thickness of the for-
mation is not great at any point. That the depos-
its were laid down on a sloping and dissected plain
is proved by many well records and observations

which show that the surface of the underlying for- |
mations rises in passing from the stream valleys to |
the divides. Consequently, the thickness of the
Sunderland ean not be determined by the elevation
of the deposits, but the evidence furnished by
excavations and well records on the stream divides
shows that the formation probably has an average |
thickness of about 35 feet.

Stratigraphic velations,—Throughout the Coastal
Plain the Sunderland overlies unconformably vari-
ons formations of Jurassic (7), Cretaceous, and
Tertiary age. In the Patuxent quadrangle it lies
unconformably upon the Aquia, Nanjemoy, Cal-
vert, and Choptank formations. It is not improb- |
able that the edges of the Lafayette formation
extend beneath part of the Sunderland deposits,
although this can not be determined because of the
absence of any definite line denoting a stratigraphie
breal and because of the similarity of the materials
of the two formations,

| Wicomico formation.

WICOMICO FORMATION.

Aveal distribution.—The next younger formation
of the Pleistocene division is the Wicomico. Like
the Sunderland, it was deposited on a terrace or
plain. It lies topographically lower than the Sun-

derland, wraps around it like a border, and extends |

up the prineipal stream estuaries which penetrate it.

In the Patuxent guadrangle the Wicomico forma- |

tion is distributed in the stream vallevs through the
entire area, and is especially well developed in the
hasin of Patuxent River.

Lithologic character.—The materials which con-
stitnte the Wicomico formation are similar to those
found in the Sunderland—in fact, many of them
been derived from that formation. They
l."ﬁ"HiRt ﬁfl {‘IHI\', ]'H:Jﬁt, !ﬁ'rl]'lllI| ;_'{']'-'l‘f{"‘l, 1'I'|'HI i{'!l:_'-l'lf_ll'lll,‘
bowlders, The distribution of these materials is

have

gimilar to that of these in the Sunderland in that |
they grade one into another hoth vertically and |
horizontally, the coarser materials preponderating |
at the base of the formation and the finer materials |
[n the northeast corner of the |
quadrangle, in the vicinity of Aunapolis, large |
quantities of Focene materials have been reworked |

toward the top.

in the Wicomico formation. At some places the

materials are very much decayed, as in the Sun- |

derland.

In the Potomace Valley near Washington bowl-
ders carrying glacial strise have been found in the
The ereat size of these
bowlders, however, and their occurrence with much
finer materials furnish evidence of their transpor-
tation by floating ice.

The amount of loam present in the Wicomico is
exceedingly variable.  Wherever the loam cap is
well developed the roads are very firm and the land

is suitable for the production of grass and grain; |

but where the loam is present in small quantities
or absent :1]tﬂg{=t!|i~l‘ the roads are apt to he sandy.

Phlysiographic expression.—The Wicomico forma-
tion is developed in a terrace which is deseribed in

the section headed “Topographic features™ (p. 2) |

as the Wicomico plain. This plain is separated
from the Sunderland terrace, which lies above it,
by a scarp, usnally above 20 feet in height, that is
one of the most constant and striking topographic
features in the guadrangle. The Wicomico plain
is in turn in most places separated by an esearp-
ment from the Talbot terrace, which wraps around
it at a lower elevation. From the Sunderland-
Wicomico scarp line the surface of the Wicomico
formation slopes away gently toward the surround-
ing waters in the manner of a wave-built terrace.

| In the extreme northern portion of the qundniu;;l(:
the surface of the Wicomico, at the base of this |

ezcarpment, lies at an elevation of about 100 feet,

while in the southern portion of the quadrangle |
the elevation of the corresponding surface is about |

90 or 95 feet, indicating a very gentle slope toward
the southeast. Since the Wicomico was deposited
it has been subjected to considerable erosion and its
originally level surfaice has been transformed, at
least :i]mlg the w;ltcrl'wal:.':-:, into _gcnt]:r t'::lling Omne,

FPaleantologic characler—Abont 1 mile southeast
of Queen Anne (Hardesty) there is a plant bed

- within and just at the base of the Wicomico forma- |

tion. Here, at an elevation of 30 feet above the
stream, there is a deposit of carbonaceous material
about 20 feet thick. About 1} feet of this is com-
posed principally of peat. The leaf impressions
are mainly of grasses and stems, but some insect

| remains and beetle-wing covers are also present.

Neame and correfation—"This formation receives
its name from Wicomico River, in southern Mary-
land.

152). The Wicomico represents the upper part of
the Later Columbia of MeGee and Darton and a
part of the Pensauken of Salishury. The presence
of ice-borne bowlders furnishes evidence for its
contemporaneity with the ice invasion, although
the particular drift sheet with which the formation

| should be correlated has not vet been determined.

Tlickness,—The thickness of the Wicomico for-
mation is not at all uniform, owing to the uneven
surface upon which it was deposited. It ranges
from a few feet to 50 feet or more. The formation
dips down into the valleys and rises on the divides,
so that its thickness is not so great as might be
supposed from the fact that the base is in many
places as low as 40 feet while the surface rises
loeally to 100 feet above sea level. Notwithstand-

_ The name was proposed by G. B. Shattuck |
Lin May, 1901 (Johns Hopking Univ. Cire. No. |

ing these irregularities the formation as a whole
oceupies an approximately horizontal position, with
a slight southeasterly dip. The average thickness of
the formation in this quadrangle iz about 20 feet.

Stratigraphic relations.~In thiz quadrangle the
Wicomieo overlies unconformably the granite-gneiss
Cand the vavions formations of Jurassic (?), Creta-
ceous, and Tertiary age. It is in many places in
contact with the Sunderland on the one hand and
with the Talbot on the other. It is probable that
' the Sunderland formation extends locally somewhat
' below the Sunderland-Wicomico scarp and may
' run out beneath and underlie the edge of the
Wicomico formation where the two are in contact.
In such places this contact between the Wicomico
| and Sunderland wonld be an unconformity.

TALRBOT FORMATION,

Aveal distribution.—The Talbot formation is
extensively developed within the Patuxent quad-
rangle. It oceurs as a terrace of varying width
extending from the Wicomico-Talbot searp out to
the edge of the surrounding waters. Tt iz well
distributed throughout the quadrangle, bordering
| the various estuaries and streams.  Its most contin-
unons and unbroken areas are situated in the north-
eastern portion of the quadrangle between South
| River and Herring Bay, in the valley of Patuxent
! River from Hollins Cliff southward to the quad-
inmgle- boundary, and in the valley of Anacostia
| River.

Lithologie eharacter.—The materials which com-
pose the Talbot formation consist of {"I"."'r peat,
sand, gravel, and ice-borne howlders. As in the
Sunderland and Wicomico deposits, these mate-
'rials grade into each other hoth vertically and
horizontally, and the formation exhibits the same
tendency toward a bipartite division, with the
coarser materials beneath and the finer materials
‘above. There is, on the whole, much less decayed
material in the Talbot than in the two preceding
tormations and as a result the formation has a
much younger appearance than the other Pleisto-
' cene deposits.

In the western portion of the quadrangle, in the
vicinity of Washington and Anacostia, the Talbot
heds contain many large bowlders which have heen
carried by icebergs and dropped in deposits of much
finer material. Some of these bowlders show their
glacial origin in that they have been planed by the
wearing action of the ice and bear glacial strice.
Cross stratification is very common in the Talbot
deposits.  One of the best exposures of this strue-
ture can be seen in a shallow eut along the Chesa-
peake Beach Railroad about one-fourth mile from
| Patuxent River.  Another good exposure of cross
stratification in the Talbot oceurs just north of
Lyong Creek, in Anne Arandel County. The fol-
lowing section was taken on the banks of Anacostia
River, near “’urﬁhiuglnu:

Section on wwest side of Anacostia Kiver sowth off Pennsyl-
pernifer avenne, Washington, 1. (.

Fe,

sandy loam, light vellow to brown in color. i
Fine vellow sand with here and there igolated
pebibles or thin lenses of gravel 4 to 6 inches

thick ; gravel up to 6 inches in diameter _ _ i
Mass of gravel of all sizes, unstratified, soue
several feet in diameter; yellow sandy ma
trix; strie on gravels; materials generally
fresh in appearance; a few small lenses of
yvellow sand free from gravel. In places
iron crosts have formed in the sand amd
gravel, cementing them together, Amonnt

ex posed 11 i

o= .
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Physiographic expression.—The Talbot forma-
tion is developed as a terrace capping, forming
the Talbot plain described under the heading
“Topographic features™ (p. 2). It wraps around
the lower margin of the Wicomico terrace, from
which it is separated in most places by a low
escarpment.  From the Wicomico-
Talbot searp, which is at an elevation of 40 to 45
feet, the surface of the Talbot formation slopes
gently toward the surrounding waters. This sur-
face has chiefly, if not entirely, the initial ‘slope
' which was imparted to it during its period of
deposition.  Usnally this terrace is terminated hy
a low searp cut by the waves of Chesapeake Bay
or its estuaries, but locally it slopes gently to the
water's edge. The Talbot formation has suffered
less erosion than either the Sunderland or the
Wicomico. It has been elevated above the water
for so short a time that such streams as have found

the bhase of



their way across its surface have not been able to | the granite gneiss, the only crystalline rock of the | a much more extensive development in the regions | of the Potomac group. This formation, on the
change materially its original level character. quadrangle, yielding to deformation took place | heyond its borders. If study were confined to the | evidence furnished by fossil plants and by its

Faleontologic character.—In the Maryland por- | along numerous planes cutting the rock. Along | area of the quadrangle alone many of the conclu- | position beneath the Arundel, which contains
tion of the Coastal Plain there are a number of | these there was motion of one part past another sions drawn from such investigations might be | vertebrate fossils of doubtful Jurassic age, is
localities at which fossil remains of either plants  attended by the growth of new minerals ont of the | unsatisfactory and erroneous. The geologic history | questionably rveferred to that period. It indi-
or animals or both occur in the Talbot deposits. | broken materials of the old. The new minerals : of the quadrangle, which is here outlined, has been  cates a submergence of the Coastal Plain in
In this quadrangle the most conspicuous of these | erystallized nearly parallel to one another and to the | based on work done not only in this area but also | this region of sufficient extent to cover the
is near Fairhaven, Anne Arundel County, where | planes of motion and produced the schistosity which | throughout the North Atlantic Coastal Plain from ' whole area with shallow water. The cross-bed-
the formation contains a lens of drab-colored elay | characterizes the granite gneiss of this region. The  Raritan Bay to Potomae River and in certain locali- | ded sands and gravels furnish evidence of shift-
bearing plant remains. Near Cornfield Harbor, | granite gneiss occurring in the extreme northwest | ties in Virginia and the Carolinas. ing currents, as do also the abrupt changes in the
at the mouth of Potomac River, the formation ' corner of the Patuxent quadrangle forms the east- A study of the geologic history of the Patuxent character of the materials, both horizontally and
has yielded a great number of molluscan shells ' ern part of an anticline whose axis passes through | quadrangle shows that it has been long and com- | vertically. The presence of numerouns land plants
representing a varied fauna of marine and hrackish- | Washington; the axis of the accompanying syneline | plicated. This is indicated by the many different | in the laminated clays shows the proximity of the
wiater origin, . to the east is covered by the Coastal Plain deposits. | kinds of strata represented and by the relations  land.

Name and  correlation.—Talbot County, Md., | The dip of the planes of schistosity is from 60° to | which they bear to one another. There are deposits | The deposition of the Patuxent formation was
where the formation occupies a broad terrace bor- | 90° NW. A fuller statement of the structure of | that were formed in fresh or brackish water; others | ended by an uplift which brought the region
dering numerous estuaries, has furnished the name | the Piedmont rocks is given in the Washington | that show evidence of their deposition in marine | above the water and inaugurated a period of

for this formation. It was first given by G. B. | folio (No. 70). waters, some in water of shallow depth, others in | erosion which persisted long enough to permit
Shattuck in 1901 (Johns Hopkins Univ. Cire. No. | In striking contrast with the complex strueture | deep water; while breaks in the conformity of the | the removal of a vast amount of material. This

152). The Talbot represents the lower part of the | of the Piedmont rocks iz the extremely simple different strata indicate that from the time of the | was followed by a subsidence in which many of the
Later Columbia described by MeGee and Darton | structure of the Coastal Plain strata,  Although | formation of the earliest beds down to the present | stream valleys, but lately eroded, were oceupied
and corresponds approximately to the Cape May | many unconformities separate the various forma- | day the region has undergone many elevations and | for a portion of their courses by bogs and swamps

formation of Salishury. Its Pleistocene age is | tions of the Coastal Plain, these are comparatively | subsidences. of the Arundel formation. In these marshes there
W fw] ‘} wl p i
proved by the fossils found at Cornfield Harbor | minor unconformities of erosion. Folding of the |  Pre-Pofomac history.—In this quadrangle rocks | was an extensive development of plant life and in

and by its contemporaneity with a part of the ice | strata is almost, if not entirely, lacking, and fanlt- | older than the Jurassic (?) are present only in the | them also were deposited iron ores that are now of
invasion of the northern portion of the country, | ing has not been observed in this quadrangle. The | Piedmont Platean. It is exceedingly diffienlt to | considerable value.  After another uplift and inter-
as shown by the numerous ice-borne howlders | numerous uplifts and depressions which the region | interpret the past history of the Piedmont region | val of erosion the land was again depressed heneath
found in its deposits. has experienced have been so uniform over wide | for the reason that the whole area has been sub- | sea level. Physical conditions similar to those

Thickness.—The thickness of the Talbot forma- | areas that the only existing evidence of these erustal | jected to many great changes which have essen- | which had prevailed during Patuxent time existed
tation is extremely variable, ranging from a few | movements consists of traces of successive periods | tially modified the original materials; yet the | during this period of submergence, in which the
feet to 40 feet or more. The unevenness of the | of erosion and deposition that must have been studies of Williams, Keith, Mathews, Bascom, Patapsco formation was laid down. Dieotyledo-
surface upon which it was deposited has in part | produced by alternate uplift and submergence. As and others have revealed many facts concern- | nous plants, which are very rare and primitive in
caused this variability. The proximity of certain | explained elsewhere, these vertical movements were ing the original condition of the rocks now |structure in the Patuxent deposits, are abundant
regions to the mouths of streams during the Talbot | sometimes accompanied by tilting, with but slight occupying this region. Nearly all the rocks |in the Patapsco and belong to higher types. This
submergence also accounts for the inereazed thick- | deformation. of the Piedmont are metamorphic in character. | seems to indicate that a long time intervened
ness of the formation in such areas. The formations all have a general northeast- Many of these rocks were originally sedimen- | between the two periods of deposition, during

Stratigraphic relations.—The Talbot rests uncon- | southwest strike and a dip to the southeast. This tary deposits, but in the processes of metamor- | which the land flora of the region materially
formably, in different portions of the region, upon | dip, though variable in amount in the different for- = phism have how lost nearly all traces of their | changed. After the deposition of the Patapsco
various older formations belonging to the Juras- mations, agrees in direction with the slope of the | original character. Consequently it is scarcely | formation the region again became land through
sic (7), Cretaceous, or Tertiary systems. It may | erystalline floor upon which the Coastal Plain sedi-  possible to explain the conditions under which | an upward movement which drained all the pre-
in places rest upon deposits of Lafayette, Sunder- | ments rest. At some places, particularly in the | they were originally deposited. Yet it may be | viously existing estuaries and marshes, Erosion
land, or Wicomico age, although no positive evi- | Pleistocene formations, the dip is very slight—not  said that a large portion of the area which the | at once became active and the Patapsco surface
dence has yet been found to indicate such relations | more than a few feet to the mile—but in the for- | Piedmont metamorphic rocks now occupy was | was dissected. A downward land movement again
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Fra. 1.—Seetion from Washington to Patuxent River along line A-A on areal geology map.
Qe, Columbia gronp; TI, Lafayvette formation: Tev, Calvert formation: T, Nanjemoy formation; Ta, Aquin formation; Kmw, Matawan formation; Kma, Magothy formation; Kr, Raritan formation; Kpt, Patapsco formation; Ja, Arandel formation ;

Jp, Patuxent formation; MRpg. granite gneiss.
Horizontal seale, approximately 1 ineh = 2 miles, Vertical scale, 10 times horizontal scale,

to the older Pleistocene formations. The deposits = mations of the Potomae group it is as great as 50 | under water at one time, or perhaps many times, | submerged the greater portion of the region, leay-

occupy a nearly horizontal position, having only a | to 75 feet to the mile, and received in some places deposits of sand and | ing only a very narrow strip of Patapsco deposits
slight slope toward Chesapeake Bay and its estnaries. The pre-Pleistocene formations of the Patuxent mud ecarried in by streams, while in other places above water. The Raritan formation was next

quadrangle constitute a series of overlapping beds = beds of limestone were formed. It is not known | deposited, nnder conditions very similar to those
with lines of outcrop roughly parallel to the strike.  how long this sedimentation continued or how which had existed during the previous submer-

In addition to the four terraces already discussed, With few exceptions, already deseribed in detail, many breaks took place between successive periods gence. Raritan deposition was terminated by an
i ﬁﬁll iS now hl‘.'i]lg ﬂ;'ll't't'l(‘!{]_ h;} HIE} wiaters of the -e:'l('rll r(}rlllé'lﬁﬂll dipﬂ to tllﬂ F;{}lllllq}n:‘gl, at an :li’]glﬁ: Uf l].{:p{}ﬁitiﬂll. 1t |111£:.‘ hﬁEll Lllﬂllgh'. l,}- most recent lll)].iﬁ 1,\']|{(-]'] gg-nin CU]I‘I.'(‘,'I'tL‘f.I. ﬂ": E]ltil’t l'l}giﬂll mto
rivers and the waves of the estuaries. This ter- greater than the slope of the country and disappears | workers in the Piedmont region that the rocks there | land. A long period elapsed before a resubmer-
race is everywhere present along the water’s edge, =beneath the next younger formation (see fig. 1). | include not only representatives of the Archean, to | gence, so that the streams were able to effect
extending from a few feet above tide to a few feet | Thus successively younger beds are encountered | which most of the earlier geologists referred them, , extensive erosion of the recently formed deposits.

RNECENT DEPOSITS,

below. It is the youngest and topographically the | by one who passes from the northwestern to the | but of the Cambrian and Ordovician as well. | The widespread development of shallow-water
lowest of the series. Normally it lies heneath  southeastern portion of the quadrangle over the | These old rocks have been broken through in | deposits, everywhere eross-bedded and extremely
and wraps about the margin of the Talbot terrace, | upturned edges of the deposits. "many different places by sheets and dikes of | variable in lithologic character, and the presence

from which it is separated by a low searp that as The accompanying sketch (fig. 2) shows dingram- igneous material. Thus the Piedmont metamor- thronghout these deposits of land plants furnish
a rule does not exceed 15 to 20 feet in height. matically the structural and topographic relations | phics comprise representatives of both igneous and | some evidence that the Potomac sedimentation took
Where the Talbot formation is absent, the Recent  of the five terrace formations, namely, the Lafay- sedimentary rocks. The structure of these rocks | place not in open ocean waters but in brackish- or
terrace may be found at the base of either of the ' ette, Sunderland, Wicomico, Talbot, and Recent. | when first formed was undoubtedly much more fresh-water estuaries and marshes that were indi-
other three terraces. In such places, however, the | Tt will be noticed that the four older ones are rep- | simple than at present, but they have been repeat- rectly connected with the ocean, which may have
searp which separates them is higher in proportion at times locally broken into the area. Some land
ag the upper terrace is older. Peat, clay, sand, Seoramrmrn, LI T i barrier to the east of the present shore line prob-
and gravel make up the formation and these mate- = _ *ﬁﬁu&m&u&mwrammm&gﬂbwmw_ ably existed and produced these conditions, but its
rials are deposited in deltas, flood plains, beaches, : e " position and extent can not be determined.
hﬂgﬁ, i!llnEH, hzll‘s, spitﬂ, and wave-built terraces, Fra. 2.—Ideal section showing stroeture and topographic relations of the several terrace formations. ﬂﬁiga{fgy ﬂfsﬂm'ﬁ,r.——']"ilﬂ periml durIng which the
].‘\uﬁ"ﬂ’ if the I'E:{’(‘.ﬂllj!-' huried m'gunie remains ean Qr, Recent; Qt, Talbot; Qw, Wiscomico; Qs, Sunderland; T, Lafayette; Tc. Chesapeake group. M:lgﬂl]l}' dt‘pﬂsi!’ﬁ were formed was one of transition
be so ecalled, are very common, but consist almost | resented as bipartite in charaeter. The landward edly subjected to various processes of metamor- from the estuarine or fresh-water conditions of
exclusively of vegetable débris covered by swamp  edge of each formation is represented as lapping up | phism by which the beds have been folded and Patapseco and Raritan time to the marine condi-
deposits, and of brackish-water animals of living ' over the seaward edge of the one preceding. This | crumpled and the original mineral compozition  tions under which the Matawan, Monmouth, and
species entombed in the muds of Chesapeake Bay ' sketch indieates the conditions as they would appear | has been greatly ehanged. Rancocas were laid down. The great variability
and its estnaries. if typically developed, but here and there the| Thereis no evidence to show a submergence of in the lithologic character of the materials, the
lower portions of the scarps are occupied by Mio- | this area during the latter part of the Paleozoic coarseness of the sands and gravels, and the cross-
| cene or older beds, leaving the Pleistocene materials | era nor during the Triassic period. It probably | bedding all suggest conditions similar to those of
The geologic structure of this quadrangle, with | confined only to the upper portions of the escarp- | remained as a land mass during most of this time, = the preceding periods. On the other hand, the
the exception of the small area of crystalline rocks | ments. In such places the next younger terrace | furnishing terrigenons materials to the Paleozoic local pockets of glauconitic sand and the presence
in its northwest corner, is extremely simple. The ' deposit does not lap up on the base of the gravels | sea to the west and to the Atlantic Ocean far to of marine invertebrates suggest the marine condi-
structure of the crystalline rocks of the Piedmont = of the terrace just preceding, but rests unconform- | the east. It is of course possible that it may have | tions of the late Cretaceons. The probability is
Plateau, on the other hand, is very complex. These | ably upon the older materials which occupy the | been depressed beneath the ocean waters and cov-  that over most of the avea where Magothy deposits

T
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rocks are tilted at high angles, dislocated by faults, | base of the escarpments. cered with sediments many times, but, if so, later are now present Potomac conditions prevailed dur-
imd greatly chang : ition in which | - ' e vy i : redl such deposits 1 rys-  ing the greater par iod i g
and greatly changed ‘fmm the position in which HISTORICAL GEOLOGY. | erosion has removed such deposits from the crys- ing the greater part of the period ,”.HI in some
they were formed. Folds are abundant, and the ' talline surface, Maces perhaps during the whole of it, but that

forces of compression have usually so acted as to R AL QORI DPotomae history—The earliest of the known occasionally, through the breaking down of the

L " " " | - - " * "
squeeze the sides of the folds together until the — General stalement—Almost all the formations | unconsolidated deposits lying upon the floor of land barriers which had kept out the ocean, there
beds on each side dip in the same direction. In | which ocenr within the Patuxent quadrangle have | erystalline rocks belong to the Patuxent formation were incursions of sen water, bringing in marine
Patonxent.



forms of life. Thus far there iz no evidence that
such incursions took place anywhere except in New
Jersey.

At the close of Magothy time the region was

uplifted and a period of erosion was inangurated. |
Protozoa as well as Mollusca lived in the same

During this erosion interval comparatively small
amonnts of material were removed. In some places
it is impossible to establish definitely any strati-
graphic break between the Magothy and the Mata-
wan. This may be because the erosion interval
was comparatively short or because the elevation of
the land above the water was so slight that it did
not permit the streams to cut channels in the
recently formed deposits.

Later Cretaceons history.—Not until late Creta-
ceous time did a downward movement occur of
sufficient extent to permit the ocean waters to
transgress widely over this region. During the

Matawan, Monmouth, and Rancocas epochs prob- |
' third Miocene formation, the St. Marys, was depos-

ably all of the quadrangle was depressed beneath
the ocean waters. The streams from the low-lying
land evidently carried into the ocean at this time
only small amounts of fine sand and mud, which
afforded conditions favorable to the production of
olauconite and permitted the acenmulation of the
ereensand beds that are so characteristic of the
Upper Cretaceous deposits along the Atlantic coast.
Daring this time very slight changes took place
along the continental horder, although elevation
was probably proceeding slowly, as the Matawan,
Monmouth, and Rancocas formations arve found
onteropping farther and farther to the southeast.

After the deposition of the Rancocas formation
upward land movements again caused the shore
line to retreat eastward, but to what point is not
definitely known. Farther north, in New Jersey,
deposition still continued in some places, for the
Rancocas is there overlain by another and later
deposit of Cretaceous age, the Manasquan forma-
tion. If the Rancoeas and Manasquan were ever
formed within the limits of the Patuxent guad-
rangle they have either been removed or are con-
cealed from view by later formations which have
overlapped them. '

Focene history—At the close of the Cretaceous
period the recently deposited sediments were up-
lifted to form a land mass and sedimentation was
succeeded by erosion. In early Tertiary time a
depression carried most of the region again beneath
the waters of the ocean and the Eocene deposits
were formed. The great amount of glauconite pres-
ent in these formations indieates that the adjacent
land mass must have been low and flat, so that the
streams carried in only small amounts of terrige-
nous material. The water in which this was
dropped was doubtless only a few hundred fathoms
deep, as glauconite is not produced at great depths.
The land-derived materials at the beginning of the
Eocene consisted of small, well-rounded pebbles
which were deposited in several places in the
region; but later the materials carried consisted
of fine sand or clay. Many forms of animal life
existed in these waters and their remains now
compose layers of marl several feet in thickness.

Studies of the fossils found in the Eocene depos-
its indicate that there were many changes in the
fauna during this time. These changes were prob-
ably influenced to a greater or less extent by varia-
tions in physical environment, yet the character
of the deposits themselves gives little evidence of
such changes,  Instead it seems that the conditions
under which the Eocene deposits were produced
were remarkably uniform, considering the great
length of time which elapsed from the beginning
to the close of the period.

Mioecene  history.— Eocene sedimentation
brought to a close by an uplift by which the shore
line was carried far to the east and probably all of
the present State of Maryland hecame land.  This
was followed by a resubmergence and another cycle
was commenced.  The deposits of the Miocene were
laid down upon the land surface which had just
been depressed beneath the water. Sluggish streams
brought in fine sand and mud, which the waves and
ocean currents spread over the sea bottom. Oecea-
sionally leaves from land plants were also earried
ont to sea and later dropped to the bottom as they
became saturated with water.

Near the beginning of Miocene submergence,
certain portions of the sea bottom received little or
no materials from the land, and the water in those
places was well snited as a habitat for diatoms.

Wig
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These must have lived in the waters in countless
millions, and as they died their siliceons shells fell
to the bottom and produced the beds of diatoma-
ceong or infusorial earth which are g0 common in
the lower part of the Calvert formation. Many

waters and their remains are plentifully distrib-
uted thronghout the deposits.  During the Miocene
epoch the conditions seem to have been favorable
for animal life, as may be inferred from the great
deposits of shell marl which were then formed.
After the deposition of the Calvert formation
the region was again raised and subjected to erosion
for a short period, and then sank once more beneath
the sea. The Choptank formation was laid down
contemporaneonsly with the advancing ocean.
This formation lies unconformably upon the Cal-
vert, and farther north transgresses it. In neigh-
boring regions to the sonth of this quadrangle a

ited conformably upon the Choptank at a later
Fl_'!]'iﬂf].

Plioeene (2) history—At the close of the Mio-
cene the entire region was uplifted to form land.
Streams at once hvg:m to carve T':Iul'}'a-j on the fea-
tureless surface. These conditions continued until
the country was reduced approximately to a hase-
level, so that the weathered produets of the Pied-
mont were not carried off by the slugzish streams.
Then a subsidence oceurred which again brought
the region under water. Coincident with the sub-
sidence there seems to have been a slight elevation
and tilting of the region west of the shore line.
The heads of the streams were given renewed foree,
enabling them to carry down and spread over this
region large quantities of gravel and sand, derived
from the Piedmont deposits and the Paleozoic for-
mations to the west.

The evidence for the source of the material is
found in many different pebbles whose origin can
be traced by their lithologic character or the fossils
they contain. In the vicinity of Washington many
of the gravel deposits contain fossils of Devonian
and Carboniferous age brought from regions beyond
the Blue Ridge. These fossils show that Potomae
River had extended its drainage basin westward to
those regions. During the submergence beneath
the Lafayette sea, conditions were not uniform over
the entire area, as gravel deposits were forming in
some places af the same time that the clay beds
were being deposited in others adjoining.  Yet on
the whole sedimentation was remarkably uniform
throughout the area, considering the circumstances
under which it took place. Over the former land
surface a fairly persistent capping of gravel was
deposited.  But land movements were again taking
place slowly.* The velocity of the streams was
checked so that gravel could no longer be carried
down except in occasional freshets. Fine sand and
loam were laid down over the gravel which had
been previously deposited. This loam, which is so
extensively developed over a large portion of Prince
Georges County, marks the last period of Lafayette
sedimentation. It marks also the last time that the
entire region waz submerged beneath the ocean
waters,

Pleistocene history.—At the close of the Pliocene
epoch the region was raised again and extensively
eroded, and was then lowered and received the
deposits which constitute the first member of the
Columbia group. The Sunderland, Wicomico,
and Talbot formations, which make up this group,
are exposed over a series of terraces lying one
above another throughout the North Atlantic
Coastal Plain from Raritan Bay to Potomae
River, as well as in Virginia and probably still
farther sonth. The key to the solution of the
relations existing between the surficial deposits of
Maryland lies almost exclusively in a correct cor-
relation of these terraces. Much light may be
thrown on this problem by a careful study of the
Recent terrace now forming along the shores of
the Atlantic Ocean and Chesapeake Bay and its
tributaries. A discussion of this terrace is given
helow.

After the close of the post-Lafayette erosion
period the Coastal Plain was gradually lowered
and the Sunderland sea advanced over the sinking
region. The waves of this sea cut a scarp against
the existing headlands of Lafayette and older rocks.
This scarp was prominent in some places and
obscure in others, but may be readily recognized

in certain localities. As fast as the waves supplied
the material, the shore and bottom currents swept
it out to deeper water and deposited it so that the
hasal member of the Sunderland formation, a mix-
ture of clay, sand, and gravel, represents the work
of shore currents along the advancing margin of

the Sunderland sea; whereas the upper member, |

consisting of clay and loam, was deposited by
quieter currents in deeper water after the shore
line had advanced some distance westward and only
the finer material found its way very far out.
borne bowlders are also scattered through the for-
mation at all horizons.

After the deposition of the Sunderland forma-
tion, the country was again elevated above ocean
level and erosion began to tear away the Sunder-
land terrace. This elevation, however, was not of
long duration and the country eventually sank
At this time the Wicom-
ico sea repeated the work which had been done by
the Sunderland sea except that it deposited its
materialg at a lower level and eut its scarp in the
Sunderland formation. At this time also there
was a contribution of ice-horne bowlders which
were deposited promiscuonsly over the bottom
of the Wicomico sea.
many places embedded in the finer material of
the Wicomico formation.

At the close of Wicomico time the country was
again elevated and eroded, and then lowered to
receive the deposits of the Talbot sea. The geo-
logic activities of Talbot time were a repetition of
those carried on during Sunderland and Wicomico
time. The Talbot sea cut its scarp in the Wicom-
ico formation, or in some places removed the
Wicomico eompletely and cut into the Sunderland
or still older deposits. Deposits were made on its
terrace, a flat beneh at the base of this escarpment.
Iee-borne bowlders are also extremely common in
the Talbot formation, showing that blocks of ice
charged with detritus from the land drifted out and
deposited their load over the hottom of the Talbot

Tee-

below the waves again.

These are now found at

Sl

Embedded in the Talbot formation at Fairhaven
there is a lens of drab-colored clay bearing plant
remains. The stratigraphic relations of this and
similar lenses of clay oceurring elsewhere in the
Coastal Plain show that they are invariably
unconformable with the underlying formation and
apparently so with the overlying sand and loams
belonging to the Talbot. This relationship was
very puzzling until it appeared that the apparent
unconformity with the Talbot, although in a sense
real, does mnot, however, represent an appreciable
lapse of time and that, consequently, the elay lenses
are actually a part of that formation. In brief, the
clays carrying plant remains are regarded as lagoon
deposits made in ponded stream channels and grad-
ually buried beneath the advancing beach of the
Talbot sea. The clays earrying marine and brack-
ish-water organisms are believed to have been at
first off-shore deposits made in moderately deep
water, and later brackish-water deposits, formed
behind a barrier beach and gradually buried by
the advance of that beach toward the land. As
a fuller discussion of this question has been given
in the St. Marys folio (No. 136) it will not he
repeated here. :

Recent history—The last event in the geologic
history of the region was a downward movement,
which is still in progress. It is this which has
produced the estuaries and tide-water marshes
that form conspienous features of the existing
topography. At the present time the waves of
the Atlantic Ocean and Chesapenke Bay are at
work tearing away the land along their margins
and depositing it on a subaqueous platform or ter-
race. This terrace is everywhere present in a more
or less perfect state of development, and may be
observed not only along the exposed shores, but
also on passing up the estnaries to their heads.
The materials which compose it are varied, depend-
ing both on the detritus directly surrendered by
the land to the sea and on the eurrents which
sweep along the shore.  On an unbroken coast the
material has a loeal character, while in the vieinity
of a river mouth the terraces are composed of débris
contributed from the entire river basin.

Besides building a terrace, the waves of the
ocean and bay are cutting a sea cliff’ along their
coast line, the height of the clift depending not so
much on the foree of the breakers as-on the relief

of the land against which the waves beat. A low
coast line vields a low sea eliftf and a high coast
line the reverse, and the one passes into the other
as often and as abruptly as the topography changes,
¢o that along the shore of Chesapeake Bay, high
¢liffs and low depressions oceur in suceession.

In addition to these features, bars, spits, and
other shore formations of this character are being
produced. If the present coast line were elevated
slightly, the subaqueons platform which is now in
process of building would appear as a well-defined
terrace of variable width, with a surface either flat
or gently sloping toward the water. This surface
would everywhere fringe the shores of the ocean
and bay, as well as those of the estuaries. The sea
clift would at first be sharp and easily distingnished,
but with the lapse of time the less conspicuous por-
tions would gradually yield to the leveling influences
of erosion and might finally disappear altogether.
Erosion would also destroy, in large measure, the
continuity of the terrace, but as long asz portions of
it remained intact, the old surface conld he recon-
strneted and the history of its origin determined.

PHYSIOGRAPHIC RECORD.

The history of the development of the topog-
raphy as it exists to-day is not complicated. The
topographic features were formed at several differ-
ent periods, during all of which the conditions
must have been very similar, The physiographic
record is merely the history of the development of
the fonr plains already deseribed as occupying dif-
ferent levels, and of the present drainage channels.
The plaing of the Patuxent quadrangle are pri-
marily plains of deposition which, since their for-
mation, have been more or less modified by the
agencies of erosion. Their deposition and subse-
quent elevation to the heights at which they are
now found indicate merely successive periods of
depression and uplift. The drainage channels
have throughout most of their courses undergone
many changes; periods of entting have been fol-
lowed by periods of filling, and the present valleys
and basins are the results of these opposing forees.

Lafayette stage.— Within the borders of the
Patuxent quadrangle there are evidences of fre-
qu(-.ut L'll?lt'lf_{‘t‘.":‘u :illl‘illg Cretaceons and EEII'I}' Ter-
tiary time which resulted in the deposition of a
suceession of formations composed of heterogeneous
materialz,
a very slight extent influential in producing the
present topography, so that in beginning the dis-
cussion of the physiographic history of the region
they may be omitted. Toward the close of the
Tertiary, however, a change in conditions occurred
which is clearly shown in the existing topography.
A layer of gravels, sands, and clays was spread
over the entire Coastal Plain and along the borders
of the Piedmont Platean during the Lafayette sub-
mergence. These deposits, which, as already stated,
must have been laid down on a rather irregular sur-
face, formed a thin mantle of materials, ranging
from 25 to 50 feet in thickness. When the uplifi
which terminated Lafayette deposition occurred, a
very even, gently sloping plain extending from the
Piedmont Plateau to the ocean, bordered the eonti-
nent. Across this plain, which was composed of
coarse, uneonsolidated materials, streams rising in
the Piedmont gradually extended their courses,
ones confined to the Coastal Plain
were also developed. At this time the shore line
seems to have been farther east than now, and
the present submerged (hannels of the continental
shelf were probably then eroded. The Coastal
Plain portions of Delaware River, with its exten-
sion Delaware Bay; Chesapeake Bay, which is the
continuation of Susquehanna River; and Potomac,
Patuxent, Rappahannock, James, and other rivers
date from this post-Lafayette uplift.  The attitude
of the subsequent deposits makes this evident, for
the Sunderland, Wicomico, Talbot, and Reecent
terrace formations all slope toward these various
The Lafayette formation was cut
throngh by the streams, and valleys were opened
in the older deposits. Several of these valleys
became many miles wide before the corrasive power
of the streams was checked by the Sunderland sub-
mergence.

Sunderland stage—As the Coastal Plain was
depressed, in early Pleistocene time, the ocean
waters gradually extended up the river valleys and
over the lower lving portions of the stream divides.

These chanees, however, were to only
S5, 1 .

while new
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The waves worked on the Lafayette-covered divides
and removed the mantle of loose materials, which
were either deposited farther out-in the oceanior
dropped in the estuaries formed by the drowning
of the lower courses of the streams. Sea eliffs
produced on points exposed to wave action wems
gradually pushed back as long as the sea continued |
to advance. These cliffs are now represented by
the escarpment separating the Sunderland from the |
Lafayette, The materials which the waves gath- |
ered from the shore, together with other materials |
brought in by the streams, were spread out in the
estuaries and constitute the Sunderland formation.
The tendency of the work done was to destroy all
irregularities produced during the post-Lafavette
erosion interval.  In many places old stream conrses
were undoubtedly obliterated, but the channels of
the larger streams, although probably in some
places entively filled, were in the main left lower
than the surrounding regions. Thus in the uplift
following Sunderland deposition the larger streams |
reoccupied practically the same channels they had |
carved out in the preceding erosion period. They |
at onee began to clear their channels and to widen
their valleys, so that when the next submergence
ocenrred the streams were eroding, as before, in
Tertiary and Cretaceons materials.  On the divides
also the Sunderland was gradually undermined and
worn back. .
Wicomico stage.—When the Coastal Plain had |
been above water for a considerable time after the
close of Sunderland deposition a gradual submer-

wEnee ugﬂiu accurred, so that the ocean waters once
more encroached on the land.  This submergence
seems to have been about equal in amount through-
out a large portion of the district, showing that the
downward was  without deformation.
The sea did not advance upon the land as far as it
did during the previous submergence. At many
places along the shore the waves cut eliffs into the
deposits that had been laid down during the pre-
ceding epoch of deposition. Throughout many |
portions of the Coastal Plain at the present time |
these old sea cliffs are still preserved as escarpments, |
ranging from 10 to 15 feet in height. Where the |
waves were not sufficiently strong to enable them |
to cut cliffs it is somewhat difficult to locate the old I
shore line. During this time a large portion of |
the Patuxent quadrangle was submerged. The
Sunderland deposits were largely destroyed by the
advancing waves and redeposited over the floor of |
the Wicomico sea, although those portions which
lay above 90 to 100 feet were for the most part |
preserved. Deposition of materials brought down |
by streams from the adjoining land also took place. |
Although the Wicomico submergence permitted
the silting up of the submerged stream channels,
vet the deposits were not thick enongh to fill them
entirely,  Accordingly, in the uplift following
Wicomico deposition the large streams reoccupied
their former channels, with perhaps only slight
changes.

movement

New streams were also developed and
the Wicomico plain was move or less dissected along
the water courses; the divides being at the same
time gradually narrowed. This erosion period was |
interrupted by the Talbot submergence, which ear- |
ried part of the land beneath the sea and again
drowned the lower courses of the streams.

Talbot stage.—The Talbot deposition did not take
place over =0 extensive an area as was covered by
that of the Wicomico. It was confined to the old
valleys and to the low stream divides, where the
advaneing waves destroyved the.Wicomico deposits.
The sea cliffs were pushed back as long as the |
waves advanced, and now stand as an escarpment
that marks the boundaries of the Talbot sea and
This is the Talbot-Wicomico escarp-
ment, previously deseribed. At some places in
the old stream channels the deposits were so thick
that the streams in the succeeding period of eleva-
tion and erosion-found it easier to excavate new
courses than to follow the old ones. Generally,
however, the streams reoceupied their former chan- |
nels and renewed the corrasive work which had |
been interrupted by the Talbot submergence. As |
2 result of this erosion the Talbot plain is now in
many places rather uneven, yet it is more regular
than the remnants of the Lafayette, Sunderland,
and Wicomico plains, which have been subjected |
to denudation for a much longer period.

Recent stage—The land probably did not long |
remain stationary with respect to sea level before |

Patuxent.

estuaries.

| earth, and iron ore.
tribute much to the value of the region, which is
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another downward movement began. This last
subsidence is probably still in progress. Before
it began South, West, Patuxent, and Potomac
rivers, instead of being estuaries, were undoubt-
edly streams of varying importance lying above
tide and emptying into a diminished Chesapeake
Bay. Whether this movement will continne much
longer can not, of course, be determined, but with
respect to Delaware River there is sufficient evidence
to show that it has been in progress within very
recent time and undoubtedly still continues.  Many
square miles that had been land before this subsi-
dence commenced are now beneath the waters of
Chesapeake Bay and its estuaries, and are receiv-
ing depositz of mud and sand from the adjoining
land.

ECONOMIC GEOLOGY.

MINERAL RESOURCES,

The mineral resources of this region are neither
extensive nor especially valuable, but the Patuxent
quadrangle containg some deposits that are of con-

' giderable economic importance, although they have

not hitherto been very largely worked. Among
the most important are clays, sands, gravels, build-
ing stone, glanconitie and shell marls, diatomaceous
In addition the soils con-

primarily an agricultural one, and abundant sup-
plies of water, readily obtainable in almost every
portion of the quadrangle, form a further part of
its mineral wealth.

CLAYS.

Next to the soils the ul':l}'::‘- consatitute the most

valuable economic deposits of the Patuxent quad- |

rangle. As already stated in the discussion of
the stratigraphy of the region (p. 3), several of
the formations contain considerable quantities of
clay. These argillaceous beds are rather generally
distributed throughout the quadrangle, but, so far
as known, have in recent years been worked only
in the vicinity of Washington. In colonial days
bricks were made at a number of points through-
out the region. The elays are found in each series
of deposits represented in the region. For con-
venience they may be discussed under the head-
ings Potomac, Eocene and Miocene, and Lafavette
and Pleistocene clays.

Potomae elnys.—The clays of the Potomae group

| . . .
Care the most valuable within the region under con-

sideration. Iach formation of the group contains

| deposits of clay that are suitable for a variety of

uses. Some clays from the Patuxent have been
employed for the manufacture of common brick,
fire brick, and terra cotta; the Arundel contains
clays adapted to the manufacture of common
brick, terra cotta, sewer pipes, and pottery; the
“atapsco with its great variety of clays furnishes
material suitable for the manufacture of common
brick, fire brick, and other refractory ware, sewer
pipes, and pottery; and the somewhat less argilla-
ceons Raritan formation contains clays adapted to

' the manunfacture of commaon brick, terra cotta, and

fire brick.

Eocene and Mioeene eclays.—Althongh argilla- |

ceous beds ocenr very commonly in the Eocene and
Miocene strata of the quadrangle, in general they
are too sandy to be of much economic importance.
Considerable lime, derived from the numerous fos-
sil shells which are either generally distributed
thronghout the sandy elay or concentrated in defi-
nite shell beds within the formations, also renders
these clays of less value. They are, however, very
accessible, being exposed in the cliffs along Chesa-
peake Bay and Patuxent River and in the valleys
of tributary streams, and if a way of utilizing them
should be discovered, they could be obtained in
areat quantities at little expense. The pink clay
at the base of the Nanjemoy formation, known as
the Marlboro elay, is the most valuable deposit of
this group. It is about 25 feet thick and is exposed
at many places in the stream valleys between South
River and Upper Marlboro, and at a few places
still farther southwest. The clay is fairly plastie
and no doubt could be used for making pressed
brick, but is not plastic enough and is, besides,
rather too sandy for pottery.

Lafayette and Pleistocene clays.— As already
stated, the Lafayette, Sunderland, Wicomico, and

Talbot formations are generally composed of coarse |

materials at the base of the deposits, with a rather
persistent loam cap which marks the last stage of
deposition during each particular submergence.
This surficial loam, which is very similar in all
four formations, has been extensively used for the
manufacture of brick at many places in Virginia,

ern Pennsylvania. It is generally not more than 3

worked with profit. The loam is widely distrib-
uted throughout the Patuxent quadrangle and,
though not quite coextensive with the formations

of which it forms a part, it is present in almost

every locality where the Lafayette and Pleistocene

| formations ocenpy flat divides that have not suf-

In

ifiam-:l much erosion since their deposition.

| general the surface loam is adapted only to the

manufacture of the common varieties of brick and
tile, but in some places it is suitable for making
a fair quality of paving brick. In the Patuxent
quadrangle the surface loam from the Talbot and
Wicomico formations has been utilized at several
different times for the manufacture of brick in the
eastern part of Washington, near Anacostia River,

SANDS,

Inasmuch as the arenaceous phase predominates
in almost every Coastal Plain formation represented
in the region, the Patuxent quadrangle contains an
unlimited supply of sand. The sand of the Pleis-

tocene and Lafayette formations is used locally for

| building purposes, but as it is o readily obtainable
lin all parts of the region no large pits have been
| opened.

| In some places the quartz sands of the Miocene
|

seem to be pure enough for glass making, suggest-
ing the Miocene glass sands so extensively exploited
in southern New Jersey, althongh they have never
been used in that way in this region. Careful
chemiecal analyses and physical tests, which have
not been made, would be required to determine
their usefulness in this industry.

The Magothy sands in the vicinity of Anacostia
have long been worked and at present the most
extensive sand pits of the quadrangle are opened
in deposits of this age a short distance south of
Anacostin., The sand iz used for building and
filtering purposes. In certain places the Potomae

has not been used to any great extent.

Loeally the Lafayette and Pleistocene sands are
rich in ferrnginous matter, which in some places
cements the graing together, forming a ferruginous
sandstone.  Sands of this charaecter possess a dis-
tinct value for road-making purposes, as they pack
readily and make a firm road bed., Where the
material can be easily obtained in large quantities,
good roads can be very economically constructed
with it.

GRAVELS.

The Pleistocene, Lafayette, and Potomae forma-
tions contain numerous beds of gravel widely dis-

| tributed throughout the region.

Those of the
Pleistocene and Lafayette deposits are generally
rich in iron, which aects as a cementing agent, thus
rendering them of considerable value as ballast for
roads. There are numerous gravel pits in the
eastern part of the Distriet of Columbia in deposits
' belonging to the Sunderland and Lafayette forma-
tions, and elsewhere in the vicinity of Washington
there are smaller pits in deposits of Wicomico and
Talbot age.

BUILDING STONE.

The Patuxent quadrangle contains few beds of
building stone of much importance, yet in places
materials oceurring within the region have been
used locally. The granite gneiss is the best build-
ing stone of the quadrangle and furnishes good
material for foundations and other rough work. It
is schistose and consequently can not be obtained
in large masses, but for that reason can be very
eagily quarried. Some of the more massive beds
furnish stones suitable for building, and in places,
where the beds are thinner and more micaceous,
flagstones can be obtained.

region are composed almost entirely of unconsoli-
dated materials, vet locally indurated beds are not

uncommon. In the absence of any better stone

the Distriet of Columbia, Maryland, and southeast- |

or 4 feet in thickness, yet, becanse of its position, |
many heds no more than 1 or 2 feet thick ean be |

deposits contain molding sand of fair grade, but it |
| lizing properties for soils deficient in lime.
| some places the shells are mixed with so mueh sand

Although the Coastal Plain formations of the |

these indurated ledges furnish considerable mate-
rial for the construetion of foundations and walls.
The best stone of this class iz the firmly cemented
white sandstone occurring in the Magothy forma-
tion about 1 mile north of Collington. The shell
beds of the Aquia in the vicinity of Upper Marl-
boro are so firmly consolidated that they furnish
building stone, which though of poor grade is
nevertheless suitable for rough work. The gravel
bands of the Lafayette and Pleistocene are, in many
places, so firmly cemented by iron oxide as to form
pebble conglomerates of considerable strength. A

| portion of the wall about St. Elizabeth’s Asylum

iz constructed of a ferruginous conglomerate of this
character.

MARILS.

Glavconite marls—The Eocene and Upper Cre-
taceous formations of the Patuxent quadrangle are
rich in deposits of glauconitic marls, which are of
value as fertilizers. From New Jersey to North
Carolina such deposits have been worked spasmod-
ically since the early part of the last century, when
their value was first determined, yet their impor-
tance in enriching the soil has never been gen-
erally recognized. They consist of quartz sand
with an admixture of many grains of glauconite,
a s0ft green mineral which is essentially a hydrous
silicate of iron and potassinm. On aceount of the
glauconite, the marls are green in color and are
commonly known as “greensand marls.” They
are rich carbonate derived from the
shells which are abundant in the deposits, and
chemical analyses usnally show the presence of
amall amounts of mineral phosphates. The marls
thus contain three important plant foods—potash,
lime, and phosphates.  Altogether these constitute
only a small percentage of the entire content of the
deposits, yet wherever the marls ean be obtained at
low cost, they furnish economical means for increas-
ing soil fertility. "Where the glauconite marls have
been used it is claimed that their beneficial effect is
much more lasting than that obtained by means of
artificial fertilizers. Within the quadrangle many
Cocene and Upper Cretaceous beds rich in glanco-
nite outerop along the sides of the stream valleys,
extending in a belt diagonally across the guadrangle
from South River to Mattawoman Creek.

Shell marls—The shell marls of the Miocene
and Eocene formations also possess valuable ferti-

In

in caleinum

that the lime forms only a small part of the deposit,
but in others the amount of lime exceeds 90 per
cent. Experiments show that better results have
been obtained by the use of shell marl than by
that of burned stone lime. The marl acts both
chemically and physically and has a beneficial
effect on both clayey and sandy soils. So far as
known, the shell marls of this region have not
been utilized, although they are extensively devel-
oped in many localities in the southeastern part of
the quadrangle.

DIATOMACEOUS EARTH.

The principal diggings for diatomaceous earth
are at Liyons Creek, although a bed of the material
occurring at the base of the Calvert formation
extends from Fairhaven, on the bay shore, to Pope
Creek, on Potomae River, beyond the quadrangle
boundary. Diatomaceous earth, on account of its
porosity and compactness, is used in water filters
and ag an absorbent in the mannfacture of dyna-
mite. It is reduced readily to a fine powder and
makes an excellent base for polishing componnds,
while its nonconduectivity of heat makes it a valu-
able ingredient in packing for steam boilers and
pipes and in the manufacture of safes, the latter
being the principal use to which it is put. It has
been thought that this earth might be of use in
certain branches of pottery manufacture which
require refractory materials that have no color
Heinrich Ries tested a sample of
diatomaceous earth from Lyons Creek at cone 27
in the Deville furnace and found that the material
fused to a drop of brownish glass. Its nonrefrac-
tory character is thus clearly demonstrated.

when burned.

IRON ORE.

The Arundel formation, in the Potomae belt, is a
famous source of iron ore. It yields iron carbonate,
limonite, hematite, Venetian-red ocher, ete. Simi-
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lar ores are found at other horizons in the Potomae,

and although no valuable deposits are known at |
the present time within this quadrangle, yet in
contiguous regions the iron ores have been mined
to a greater or less extent ever since colonial times.
They are obtained by open cats and by shafts.
From these ores a very high grade of pig iron is
made and the iron, which is noted for its toughness,
is in demand at the United States Government
arsenals and navy-yards and to some extent in |
Europe. The only furnace now smelting the ore |
is located at Muirkirk, not far from the northern

border of this quadrangle. This is at present the |
most important iron district of the entire Arundel
belt and mining has been carried on here for over
fifty years. The slag has been utilized to a consid- |
erable extent as road metal.

SOLLE.

The soils which the various formations of the |
Patuxent quadrangle yield have heen carefully |
mapped by J. A. Bounsteel, and his results, with a |
full disenssion, have been published by the United
States Department of Agriculture for those portions
of the quadrangle which lie within Prince Georges,
Calvert, and St. Marys counties. Those desiring
information on this subject are referred to the
publications of that Department (Field Operations
of Division of Soils, 1900 and 1901) as well as to
forthcoming reports by the Maryland Geological
Survey on these counties.

PETROLEUM AXD NATURAL GAS.

Rumors have been cireulated at various times of
the discovery of petrolenm and natural gas at sev-
eral different places within the Patuxent quadran-
gle. Although many of these rumors have been |
without foundation, small amounts of oil and gas |
have been observed in some places during the sink-
ing of wells and in the vicinity of streams where
there is seepage from porous beds. The gases gen-
erated by decaying vegetation have been mistaken |
in certain cases for natural gas, and the iridescent
film of limonite that sometimes appears on the sur-
face of stagnant water in swamps and bogs has
heen supposed to be petrolenm.

Borings have been made about 2 miles west of
Annapolis and about 1 mile south of Meadows in
the search for oil and gas, but only traces were
found. The Meadows well was sunk to a depth of
1511 feet, in all probability nearly to the erystalline
rocks, thus practieally proving the absence in that
place of any considerable amounts of either of
these materials. It is not probable that either
petrolenm or natural gas in paying quantities will
be found within the limits of the quadrangle.

WATER RESOURCES,

The water supply of the Patuxent quadrangle is
found in the streams and wells of the district.
Many of the streams have been used at various
times to furnish power for small mills, but little
use has been made of them as sources of water
supply. Washington, the only city within the
quadrangle, obtains its water supply at a point
some distance beyond the boundary. Annapolis,
the main portion of which lies just east of the |
quadrangle, is the only city that draws its supply
of water from this region, the source being Broad
Creek, a tributary of South River. With the
exception of the residents of these two cities, the |
inhabitants of the guadrangle derive their water
supply from springs and wells. The wells are
divided into two classes—shallow dug wells and
deeper bored wells, the deeper usually furnishing |
artesian water.

APRINGS.

The gently sloping strata, the alternation of |
porous and impervious beds, and the great amount |
of dissection by streams which the region has |
undergone, all contribute to the formation of springs |
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along the valley slopes. From these springs many |
of the inhabitants obtain their entire supply of |
water, which is usnally of excellent character. The
spring water, as also that in wells, is in places
highly charged with mineral matter, particularly
iron, sulphur, and salt, and some such waters have

water rising under artesian pressure above the
point where it enters the well, but not overflow-
ing. The somewhat meager data obtained in this
and adjoining regions indicate the occeurrence of
water at the horizons described in the following
paragraphs.  Depths to these water-bearing strata

been placed on the market. The most important | in the quadrangle are given on the artesian-water

mineral springs of the quadrangle from which
waters have been sold are the Bladensburg Spa at
Bladensburg and the Algongquin Springs at Oxon.

SHALLOW WELLS.

Nearly all the water supply of the Patuxent

quadrangle is derived from shallow wells, varying |
in depth from 15 to 35 feet. The water is con- |
tained in the rather coarse sand or gravel bed so |
commonly forming the basal stratum of the Pleis-

tocene and Lafayette deposits.  So generally is this

| the case that the depth of the shallow wells is

usually a very good indication of the thickness of

the surficial deposits. The surface water very
' readily penetrates the rather coarse surface mate- |
| rials until it reaches the less permeable underlying

sedimentary or crystalline rocks. While some of
it continues its downward course into these harder

rocks a great deal flows along on their upper sur- |
| face until it finds its way gradually into the streams,
Hence wells sunk to this level are practically |

assured of a supply of water which, while seldom
large in flow, is in seasons of average rainfall

capable of furnishing sufficient water for ordinary |
purposes, Such shallow wells are necessarily |

dependent almost entirely on the amount of water
which percolates through the Columbia and Lafay-
ette deposits after rain storms, and are thus apt to
be affected by droughts. After periods of heavy

rainfall the water may rise in the wells within a|

few feet of the surface and then is very roily. At
other times the wells may become dry, yet this does
not often oceur because of the fairly equable distri-
bution of rainfall during the year. The supply is

less variable over the broad divides or on level |

ground, where water is always nearer the surface,
than in the regions of narrow stream divides, where
the water finds an easy exit to the streams. In
some places on the narrow divides in proximity to
the major streams, it is necessary to =ink wells to
the depth of 100 feet or more in order to obtain a
permanent supply of water,

Most of the water of the shallow wells is obtained
at the base of the Lafayette or Sunderland deposits,
as each of these formations covers large areas in
which the streams have not vet eut through to the
underlying deposits. There are also a number of
shallow wells in the Patuxent River valley that

| derive their water supply from the base of the |

Talbot formation.

The water of the shallow wells usually contains
g0 little mineral matter in solution that it is known
as soft water. In many wells, no doubt, it does

contain organic matter, yet there is little evidence |
to show that the water on this account is unfit for

drinking purposes. In many places, particularly

in the low-lying region bordering Chesapeake Bay |
between West River and Herring Bay, the old-
fashioned well sweep iz used to bring the water to |

the surface.

ARTHESIAN WELLS.

Since water is so readily procured at shallow
depths in almost all sections of this quadrangle

and few establishments in the region require a large

supply, there have not been many attempts to obtain

Cartesian water except on the low-lying land adjoin-

ing Chesapeake Bay, where flowing wells can be
had at small expense. The area in which wells

'may be driven with the expectation of discovering
' a pressure sufficient to force the water to the sur- |

face is restricted to land lying 20 feet or less above
tide. In areas above this altitude pump wells can
probably be had from the water-bearing strata
enumerated in the succeeding paragraphs, the

map.

h"m‘m's of the erystalline rocks—The waters con-
| tained in the crystalline rocks of the Piedmont
| Platean are not of especial importance in this
| quadrangle, since these rocks occur at or near the
| surface in a very small area. In the vieinity of
Washington some wells obtain water from these
rocks, but to the northwest of this quadrangle they
vield an important water supply. In general water
occurs at less definite horizons in the crystalline
rocks than in the Coastal Plain deposits, and it is
consequently mueh more difficult to predict the
depth to which wells must be sunk to obtain a good
supply.

Crystalline floor horizen.—Beneath the unconsoli-
dated sedimentary deposits of the Patuxent quadran-
ele erystalline rocks similar to those exposed at the
surface in the northwestern portion of the quad-
rangle undoubtedly occur, This underlying con-
solidated rock mass is frequently spoken of as
“hed rock.” In general the erystalline rocks are
less permeable than the overlying deposits and
consequently check the downward passage of the
percolating soil water, which tends to flow along
on their surface or to collect in depressions. The
surface of these old rocks dips rather uniformly to

the southeast at an average rate of more than 100 |

feet to the mile. Along this erystalline floor much

i - ]
| water flows to lower levels, and it therefore marks

a good water horizon. Several artesian wells in
the Coastal Plain derive an unfailing supply of
pure water from this level. In Washington and
the near vicinity water is obtained at this horizon

in several wells, of which those at St. Eii:{:iheth’s-:.f
Asylum are the largest. Five of the six artesian |
wells that supply the water system of Hyattsville

probably obtain water at this horizon, which is
reached at a depth of 250 feet. Though the
water will overflow, the yield is inereased by pump-
ing. These five wells, together with another less

than half as deep, are all pumped together and |

yield 130 gallons a minute.

Throughout the greater portion of the quadran-
ole this erystalline floor can never be very impor-
tant as a water horizon becaunse of its great depth.
It was not reached in a 1511-foot boring about 1
mile south of Meadows, and it is probable that it
lies as much as 2000 feet below tide over a large
portion of the quadrangle.
| Water horizons in the Poltomae strata.—The
' Potomae deposits contain many beds of coarse
| material that constitute good water-bearing strata.
' Bome of these sand and gravel beds lie between
impervious clay deposits and thus furnish the
requisite conditions for flowing artesian wells.
' Within the Distriet of Columbia the beds belong-
ing to the Potomae group arve the prineipal water-
bearing formations. The water does not seem to
come from any one horizon of wide distribution,
as is shown by the varying depths at which it is
reached and by the failure to obtain any water in
these beds at certain places. Wellz that were
unsuccessful in finding a satisfactory supply of
water were the 360-foot well at the ice works and
the 135-foot well at the Mount Vernon apartment
house. On the other hand, at Hyattsville and in
the vicinity there are several wells with small flow
that derive their supply of water from Potomae
strata at depths between 100 and 112 feet. At
Bladensburg flowing wells with capacities ranging
from 1 to 15 gallons a minute have been obtained
(at depths between 73 and 100 feet; at the plant

of the National Capital Brewing Company there
ig a 103-foot well that vields from 100 to 130
gallons a minute; at Langdon a flow of 40 gal-

lons a minute was obtained at a depth of 140
feet; at the Reform Sehool water was encoun-
tered at a depth of 270 feet; and near Chesapeake
Junetion a well which formerly flowed but now has
to be pumped obtains its supply of water at a depth
of 350 feet. At Annapolis, on the grounds of the
United States Naval Academy, a well sunk to the
depth of 601 feet penetrated eight water-bearing
strata  within the Potomac beds, from three of
which water flowed ont at the surface, 8 feet above
tide. At the lowest horizon, between 587 and GO1
feet, a flow of water of 75 gallons a minute is
obtained. The water contains iron, but is of excel-
lent quality when filtered.

Water hovizons in the Upper Cretaceous.—The
sandy strata of the Magothy formation are in many
places water bearing. The water is apt to be
strongly impregnated with iron, and locally with
sulphur; consequently it is less desirable than that
obtained from the Potomac deposits. At Upper
Marlboro several flowing wells with an average
depth of about 225 feet obtain a good supply of
water from the Magothy. In some of the wells
the amount of mineral matter in solution renders
the water somewhat undesirable for drinking pur-
poses, while in others the mineral matter seems to
be present only in very small amounts. The Naval
Academy well at Annapolis obtained flowing water

| from the Magothy at a depth between 180 and 220
| feet, but as the supply was not sufficient the well
| was sunk deeper.

In New Jersey considerable artesian water has
| been obtained from the greensand deposits of the
Upper Cretaceons. In this region no artesian wells
| are known in which the supply of water is obtained
from the Matawan or Monmouth deposits. These
| are in general more porous than those of the Mago-
thy or Potomac formations and contain fewer clay
bands, g0 that the water passes more I'("J_](]il_‘!.-' to
lower levels,

Waler horizons in the Focene—The character of
the Eocene beds is in the main similar to that of the
Upper Cretaceous.  More clay members are pres-
ent, however, and consequently conditions for flow-
ing wells are more favorable. The water is almost
everywhere heavily charged with iron, and sulphur
is also present in places. Nevertheless, more flow-
ing wells in the Patuxent gquadrangle obtain their
supply of water from the Eocene than from any
(other horizon. At Galesville there are several
flowing wells ranging in depth from 110 to 150
| feet; on the low-lying land to the east of Sudley,
locally known as “The Swamp,” there are from

twenty-five to thirty flowing wells, ranging in depth
from 120 to 140 feet; and at Leitch Wharf a flow
of water is obtained at 140 feet. Most of the wells
have a flow of 8 to 12 gallons a minute, but a few
yield only 1 to 2 gallons.

At Chesapeake Beach water has been obtained at
a depth of 295 feet from a lower horizon in the
Eocene, probably near the base of the Aquia. Tt
containg less mineral matter than the water from
the above-mentioned wells, which is derived proba-
bly from near the base of the Nanjemoy.

Waler horizons in the Miocene.—In the southern
half of the quadrangle artesian water is obtainable
from the Calvert formation. The Miocene deposits
in the Coastal Plain contain, intercalated between
impervious argillaceous strata, numerous sandy beds
which furnish good supplies of water, nsunally of
excellent quality. At North Chesapeake Beach a
good flow of water iz obtained from the Miocene
at a depth of 85 feet. At Governor Runm, just
beyond the southeast corner of this quadrangle,
there is a well a little more than 100 feet in depth
that derives a good supply of excellent water from
Miocene strata. This well discharges about 10 feet
above tide and when it was first sunk had a flow of
about 25 gallons a minute, but at present the flow
is considerably less.

April, 1907.
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COLUMNAR SECTION

SCALE: 1 INCH =20 FEET.

GEMERALIZED SECTION FOR THE PATUXENT QUADRANGLE.

CUHARACTER OF TOPOGRAPHY AND SOILS.

Very flat to gently rolling low lands, 0 to 45 feet above sen.
Sandy to loamy soil adapted for troek farming.

Flat to gently rolling lands, 40 to 100 feet above sea.
Sandy or loamy soil suitable for truck farming and grain.

| Flat to undnlating nplands, 90 to 200 feot above sew
Loamy or sandy soil suitable for grain and froit.

Hizh rolling lamds, 150 to 300 feet above seq,
Clayey loam to gravelly soil, ‘not very fertile.

Stecp slopes along streams.  Sandy 2oil.

Hlopes along streams.
Light goil of medinm fertility.

Level land with broad, open vallevs,
Moderately heavy, fertile soil.

Level land with broad, open valleyvs.
Maoderately heavy. fertile soil.

Gientle slopes along streamz. Rieh brown soil.

Slopes along streams.  Rich soil containing wany small flakes of miea.

Grentle to steep slopes along streams,  Sandy soil,

Irregular topograply. .
sunily to argilloecons =oil of low fertility. —

Irregular topography. o
Sandy to argillaeeons soil of low fertility.

| Irregular topography.
| Bandy to argillaceons zoil of low fertility.

-' .
u ] 4 )
E = a A COLUMXAR THICKRESS . i .
E E ForMATION NAME. Gt HECTION, 1% FEET, CHARACTER OF ROCKS.
! S i it
- % § ' Talbot forimalioemn. Ot 40 Laoam, #and, and geavel, with elay lenses and iee-borne bhowlders.
= |
; 5 E [~ UNCONFORMITY QCCUR ONLY O | I o
= E z Wicomioo formation. Qw r»"w“‘ TERRACEE &) Lawain, sand, and gravel, with iee-borne bowlders,
= w3 N OLDER FOR: .
- w 3 UMNCONFORMITY MATIONS, -
g- E', ‘E_ - Sunderland format ion. Qs 1 | Loam, sand, and gravel,
= UMCONFORMITY -I — e
5% Lafayette formation. T | Loum, coarse sand, and gravel.
= UNCONFORMITY
w Choptank formation. Te Fine sand, sandy clay, and shell marl.
- E =iy UNCONFORMITY
r (o :-, E .
o 228 Calvert formation. Ty Blue elay, sanddy elay, shell marl, and dintomaesons earth,
=
= UMCONFORMITY
: 1
o E Nanjemoy forimation, Tn Glaneonitie sand, pink clay, and shell marl.
w 2o
’.._ E: Lt
i | = -
E 5| . T Light- and dark-colored sand, largely glanconitic, oceasionally firmly indurated by iron oxide,
5 | Aquin formation, a and ghell niarl.
' URCONFORMITY - - - -
2 | Mommonth formation. Km Reddizsh-brown and greenish-black sand with many irregular iron erosts.
m tﬂ - .
= §:’§ Matawan formation. K Giray and black mieaceous sandy elay carrying glweonite.
s :'lm_ [ UNCONFOGRMITY - - — -
= Magothy formation. Kmaz Thinly laminated sand and clay with muoch lignite and oceasional ferroginons sandstone,
e o UNCONFORMITY
(& 2
< E Raritan formation, Kr Variegated elay, sand. and gravel, with seme lignite.
- | <
=
Ll o - UNCONFORMITY 17 v e el e PP R il e TR e - el
[y
[ E : Patapseo formation, Kpt Highly eolored varviegated elay interbedded with sand and gravel.
3 =
. UMCONFORMITY P
U Arnmdel formmiion. Ja o 0-125 Dieal, ved, and black elay earryving lignite and iron ore,
o < =
x
o E UNMCONFORMITY — -
o s
—_ &
o =
w
<
1n satuzent forntion. Ip B0 Light-eolored arkosie sands with clay lenses and gravel bands.
=]
o
== PUNCONFORMITY e —_ "
=z
o
. VEY ErAnite gneiss
= Granite gneiss, Ay Gray granite gneis
Q
[ |
I

| Irregular topograpliyv.
| Samdy to argillaceous soil of low fertility.

| Steap slopes along streams.
Lizht to heavy clay soil containing sand and wies lukes




As sedimentary deposits or strata accumulate the
yvounger rest on those that are older, and the rela-
tive ages of the deposits may be determined by
observing their positions. This relationship holds
except in regions of intense disturbance; in such
regions sometimes the beds have been reversed, and
it is often difficult to determine their relative ages
from their positions; then fossils, or the remains
and imprints of plants and animals, indicate which
of two or more formations is the oldest.

Stratified rocks often contain the remains or
il]ll‘.ll‘inls of Irl:ulls and animals \\'Iliuh, at the time
the strata were deposited, lived in the sea or were

wiashed from the land into lakes or seas, or were |

buried in surficial deposits on the land. Such
rocks are called fossiliferons. By studying fossils
it has been found that the life of each period of the
earth’s history was to a great extent different from
that of other periods. Only the simpler kinds of
marine life existed when the oldest fossiliferous
rocks were deposited. From time to time more
complex kinds developed, and as the simpler ones
lived on in modified forms life became more varied.
But during each period there lived peculiar forms,
which did not exist in earlier times and have not
existed since; these are characleristie types, and
they define the age of any bed of rock in which
they are found.
period to period, and thus linked the systems
together, forming a chain of life from the time of
the oldest fossiliferous rocks to the present. When
two sedimentary formations are remote from each

Other types passed on from |

other and it is impossible to observe their relative
positions, the characteristic fossil types found in |
them may determine which was deposited first.
~ Fossil remains found in the strata of different areas,
provinees, and continents afford the most important |
means for combining local histories into a general |
earth history.

It is often difficult or impossible to determine the |
age of an igneous formation, but the relative age
of such a formation can sometimes be ascertained
by observing whether an associated sedimentary |
formation of known age is cut by the igneous
mass or is deposited upon it.

Similarly, the time at which metamorphic rocks
were formed from the original masses is sometimes
shown by their relations to adjacent formations
of known age; but the age recorded on the map is
that of the original masses and not of their meta-
morphism.

Colors and patterns.—Each formation is shown
on the map by a distinctive combination of color

and pattern, and is labeled by a special letter |
| record of the former relation of the tract to sea level.

symbol.
Symbols and colors assigned to the rock systemas.
rs
Byatam. Berled. E' Color ln:mn:fimnnuiw
| L
=2 | Quaternary... -} ﬁﬁiﬁ?ﬁfﬂme E | @ | Brownish - vellow.
E }&I_[weuc. ceaeen
£ | Tortiary.....{{ Shocenecro-+-- 4 7| Yallow ocher.
Eocene -...av-a
Crotaceots. . o o|rovnsrenares K | Olive-green.
=
B
E 4 Jurassie ...... wwenss| J | Bloe-green.
=
Trinseie. .. .. fecerirncsnanneennnss| B | Peacock-blue,
Permian. ...... 1
Carboniferous,| 4 Pennsylvanian - C | Blue.
1 Mississippian. . ﬁ- |
| Devoninm. v oo | D | Bloe-gray.
g |
§ { BilOrian. .o oefersrsrnsensinersnas| § | Blue-purple.
&
ORAOTECIOIL - o e nin e o 5 om0 0 | Red-purple.
Saratogan.....
Cambrian. ....|+ Aeadian....... i € | Brick-red.
L ‘ll_(ium"giuu...... JI |
Algonkian ... ceveneiiinninn ] A ] Brownish-red.
[
ﬁrﬂ-‘"em TR I EE I R R R R ml Gl‘n}’-hmwn.

Patterns- composed of parallel straight lines are
used to represent sedimentary formations deposited
in the sea or in lakes. Patterns of dots and ecircles
represent alluvial, glacial, and eolian formations.
Patterns of triangles and rhombs are used for igne-
ous formations. Metamorphic rocks of unknown
origin are represented by short dashes irregularly
placed; if the rock is schist the dashes may be

| of the associated material.
| illustration; it may be carved from any rock.

arranged in wavy lines parallel to the structure

planes.  Suitable combination patterns are used
for metamorphie formations known to be of sedi-
mentary or of igneous origin.

The patterns of each elass are printed in various
colors. With the patterns of parallel lines, colors
are used to indicate age, a particular color being
assigned to each system. The symbols by which
formations are labeled consist each of two or more
letters. If the age of a formation is known the
symbol includes the system symbol, which is a
capital letter or monogram; otherwise the symbols
are composed of small letters. The names of the
systems and recognized series, in proper order (from
new to old), with the color and symbol assigned to
each system, are given in the preceding table,

SURFACE FORMS.

Hills and valleys and all other surface forms have
been produced by geologic processes. For example,
most valleys are the result of erosion by the streams
that flow through them (see fig. 1), and the alluvial
plains bordering many streams were built up by
the streams; sea ecliffs are made by the eroding
action of waves, and sand spits are built up by
waves, Topographic forms thus constitute purt
of the record of the history of the earth.

Some forms are produced in the making of depos-
its and are illSL‘.lf]Gll':ihl_}’ connected with them. The
hooked spit, shown in fig. 1, iz an illustration. To

”.liﬂ- {".I':Il'jﬁ I_'I‘E_f]ﬂ}“;{ h(_.‘:lﬁ_."l]l;ﬁ, -':I].]ll\'{:ii I}l-’_ii“&. I“.Tu-.
| streams, drumlins (smooth oval hills composed |

of till), and moraines (ridges of drift made at the
edges of glaciers). Other forms are produced by
erosion, and these are, in origin, independent
The sea cliff is an

To this class belong abandoned river channels,
olacial furrows, and peneplains. In the making
of a stream terrace an alluvial plain is first built
and afterwards partly eroded away. The shap-
ing of a marine or lacustrine plain is usually a
double process, hills being worn away (degraded)

and valleys being filled up (aggraded).

All parts of the land surface are subject to the

action of air, water, and ice, which slowly wear |
them down, and streams carry the waste material |

to the sea. As the process depends on the flow
of water to the sea, it ean not be carried below sea
level, and the sea is therefore called the base-level
of erosion.

nearly to base-level, and the even surface thus
produced is called a peneplain. If the tract is
afterwards uplifted the peneplain at the top is a

THE VARIOUS GEOLOGIC SHEETS.

Areal geology map.—This map shows the areas
occupied by the various formations. On the mar-
gin is a legend, which is the key to the map. To
ascertain the meaning of any colored pattern and
its letter symbol the reader should look for that
color, pattern, and symbol in the legend, where he
will find the name and description of the for-
mation. If it is desired to find any given forma-

tion, its name should be sought in the legend and |

its color and pattern noted, when the areas on the
map corresponding in color and pattern may be
traced out.

The legend isalso a partial statement of the |

geologic history. In it the formations are arranged

in columnar form, grouped primarily according to |

origin—sedimentary, igneous, and crystalline
of unknown origin—and within each group they
are placed in the order of age, so far as known, the
youngest at the top.

Feonomie geology map.—This map represents the
distribution of useful minerals and rocks, showing
their relations to the topographic features and to
the geologic formations. The formations which
appear on the areal geology map are usually shown
on this map by fainter color patterns. The areal
geology, thus printed, affords a subdued back-
ground upon which the areas of productive forma-
tions may be emphasized by strong colors. A mine
gymbol is printed at each mine or quarry, accom-

panied by the name of the principal mineral
For regions -where there |
are important mining industries or where artesian |
bagips exist special maps are prepared, to show |

mined or stone quarried.

these additional economic features.

When a large tract is for a long time |
' undisturbed by uplift or subsidence it is degraded |

| Structure-section sheet.—This sheet exhibits the |

| relations of the formations beneath the surface. In
cliffs, canyons, shafts, and other natural and artifi-
| cial cuttingg, the relations of different beds to one
another may be seen.  Any eutting which exhibits

those relations is called a seefion, and the same

tions.

arrangement is called a structure section.

'natural and artificial enttings for his information
concerning the earth’s structure. Knowing the
| marner of formation of rocks, and having traced
out the relations among the beds on the surface, he
can infer their relative positions after they piss
beneath the surface, and can draw sections repre-
senting the structure of the earth to a considerable
depth. Such a section exhibits what would be
seen in the side of a cutting many miles long and
geveral thousand feet deep.
the following figure:

P

Fig, 3. —8ketch showing a vertical section at the front and a
landscape beyond.

off sharply in the foreground on a vertical plane,
so as to show the underground relations of the
rocks. The kinds of rock are indicated by appro-
priate symbols of lines, dots, and dashes. These

symbols admit of much variation, but the following |

are generally used in sections to represent the
commoner kinds of rock:

Limestones.

Bandstones and con-
Elomerates,

Shaly sandstones. Calcaresus sandstones.

Behists,

Mmssive mnd bedded ignecus rocks.

Fig. 8.—8ymbals used in sections to represent different kKinds
of rocks.

The P]abeau in fig. 2 presents toward the lower
land an escarpment, or front, which is made up
of sandstones, forming the cliffs, and shales, consti-
tuting the slopes, as shown at the extreme left of
the section. The broad belt of lower land is trav-
ersed by several ridges, which are seen in_ the sec-
| tion to correspond to the outerops of a bed of sand-
| stone that rises to the surface. The upturned edges
of this bed form the ridges, and the intermediate
\'al]é}'a follow the outerops of limestone and calea-
repus sghale.

Where the edges of the strata appear at the
| surface their thickness can be measured and the

angles at which they dip below the surface can be

observed. Thus their positions underground ean
| be inferred. The direction that the intersection of
' a bed with a horizontal plane will take is called
the strike. The inelination of the bed to the hori-
zontal plane, measured at right angles to the strike,
is called the dip.

Strata are frequently curved in troughs and
arches, such as are seen in fig. 2. The arches are
called anticlines and the troughs synclines. But
the sandstones, shales, and limestones were depos-
| ited beneath the sea in nearly flat sheets; that they
| are now bent and folded is proof that forces have
' from time. to time caused the earth’s surface to
wrinkle along certain zones. In places the strata
are broken across and the parts have slipped past
each other. Such breaks are termed faults. Two
kinds of faults are shown in fig. 4. 2

term is applied to a diagram representing the rela- |
The arrangement of rocks in the earth is |
the earth’s sfructure, and a section exhibiting this |

The geologist is not limited, however, to the |

This is illustrated in |

The figure represents a landscape which is ent |

On the right of the sketch, fig. 2, the section is
composed of schists which are traversed by musses
of igneous rock. The schists are much contorted
and their arrangement undergrou~d ean not be

| Fig. &.—Ideal sections of strata, showing (a) normal fanlts
and (b) a threst fanlt.

inferred. Hence that portion of the section delin-
eates what is probably true but is not known by
observation or well-founded inference.

The section in fig. 2 shows three sets of forma-
| tions, distinguished by their underground relations.
The uppermost of these, seen at the left of the
section, is a set of sandstones and shales, which lie
in a horizontal position. These sedimentary strata
are now high above the sea, forming a plateau, and
their change of elevation shows that a portion
of the earth’s mass has been raised from a lower
to a higher level. The strata of this set are
parallel, a relation which is called con formable.

The second set of formations consists of strata
| which form arches and troughs. These strata were
once continuous, but the crests of the arches have
been removed by degradation. The beds, like
those of the first set, are conformable.
. The horizontal strata of the platean rest xpon
| the upturned, eroded edges of the beds of the
second set at the left of the section. The overlying
deposits are, from their positions, evidently younger
| than the underlying formations, and the bending
and degradation of the older strata must have
oceurred between the deposition of the older beds
and the accumulation of the younger. When
younger rocks thus rest upon an eroded surface
| of older rocks the relation between the two is
i an unconformable one, and their surface of contact
18 an wuncon formity.
‘ The third set of formations consists of crystalline
| schists and igneous rocks. At some period of their
history the schists were plicated by pressure and
traversed by eruptions of molten rock. DBut the
pressure and intrusion of igneous rocks have not
affected the overlying strata of the second set.
' Thus it is evident that a considerable interval
' elapsed between the formation of the schistz and
the beginning of deposition of the strata of the
| second set. During this interval the schists suf-
fered metamorphism; they were the scene of erup-
tive activity; and they were deeply eroded. The

| contact between the second and third sets is another

unconformity; it marks a time interval between
two periods of rock formation.

The section and landscape in fig. 2 are ideal, but
they illustrate relations which actually occur. The
gections on the structure-section sheet are related to
the maps as the section in the figure is related to
the landscape. The profile of the surface in the
gection corresponds to the actual slopes of the
ground along the section line, and the depth from
the surface of any mineral-producing or water-
bearing stratum which appears in the section may
be measured by using the scale of the map.

Columnar section sheel.—This sheet contains a
concise description of the sedimentary formations
which occur in the quadrangle. It presents a
summary of the facts relating to the character
of the rocks, the thickness ofs the formations, and
the order of acecumulation of successive deposits.

The rocks are briefly described, and their char-
acters are indicated in the columnar diagram.
The thicknesses of formations are given in figures
which state the least and greatest measurements,
and the average thickness of each is shown in the
column, which is drawn to a scale—usually 1000
feet to 1 inch. The order of accumulation of the
sediments is shown in the columnar arrangement—
the oldest formation at the bottom, the youngest at
the top.

The intervals of time which correspond to events
of uplift and degradation and constitute interrup-
tions of deposition are indicated graphically and by
the word “unconformity.”

CHARLES D. WALCOTT,
Director,

BRevised January, 1904,
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(| No.* Name of folic. State. | Price.7 || I Mo ¥ MName of folio I State. Price.T
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; Gents, [ | Gents.
1 Livingston, . . . . ... .... Montana « . 0 o 28 [ : i Ralalih et e West Virginia. . . ... ... 25
12 Ringgold . . ... .. .. Caat. Georgia-Tennesses . . . . . . o256 i| 78 R O B et e T W Ceorgia-Alabama . . . . ... 25
W& | Elaceryillers g tee BalHeTia s e e R e 215 [Tl Atokabe dnae "t . 5 e Indian Territory. . . . .. .. 25
t4 A 014 o A S et . ol S RennaBEan: 5 % St ot 28 | l 820 IMorfalloh: Shabowmrry B =0 | WVirginia-North Carolina . . . 25
6| Sacramento .. ........ Ealtfornia s 270 8 L e B o5 | B8] Ghleaga “00. s e E s Dlinoke=Tndiama -, = ke 50
16| Chattanooga......... TENTEEEES 5. o s os oie s o5 | 82 Masontown-Uniontown . . . Pennsylvania . ........ 25
17| PikesPeak . ... ...... Eolorado- & f e T IR 25 BB | Mew YorkGity . ....... Mew Yerk-New Jersey . . . 50
B. | * Sewanees i W8S L ocive L enTeaaoa - i b, e E 25 B4 I Iime e v s e Trachlarnaa o e S o 2" e % i S ek 25
] Anthracite-Crested Butte . . Eoloradae L. XS Lans 50 a8 Delrioks, o, e R TR South Dakota-Nebraska . . . 25
10 Harpers Ferry . .. ... .. Ve —Ma =W e L a8 BE Ellenshurg . . . . ... .. .. Washington .. ........ 25
11 JRalemom ¥ el ST e e Calfornin « vkt oo s . 25 BT Camp Glarke. . . .. . ..... Mebrasks . ..., ... .. 28
i of D] =L i 5 S G SR i S Ky-Va-Tenn ........ 25 88 | ScottsBluff . . . ....... I abragitad S8y e L5 26
15 Frederickshurg . .. .. ... | WVirginia-Maryland . .. ... o5 A9« ForkOrfornd v s, N s A Gl re oy s e e 25
Ll St ton e e e e, Virginia-West Virginia . . . . [ 25 | SR BrAnharmy e e s MNorth Carolina-Tennesses . . 25
15 Lagsen Peak .. ... .... Galifortly ' E T o L sl 25 | 70 R N - 1 PR S et O o DT A o e o i 25
16 Emiocmyrllay stees e e et o Tennessee-North Carolina . . 25 | 92 | Gaines . .. .. T o b - Pennsylvania-New York. . . 25
| Marysville . . ... ... ... DA ] 15 i S 26 | 9% | Elkland-Tioga . ........ Pennsylvania . ... .. .. : 28
18 | Smarteville . . ... L L. Galifornia ekt e e i N a5 | 94 | Brownsville-Gonnellsville . . | Pennsylvania . ........ 25
12 | Stevenson . . ......... Ala.-Ga.-Tenn. ........ 25 95 | Columbia........ el rannaesasiaee s SR LU 26
20 | Cleveland . .......70 .. Tennesses . . . . ... . . . . a5 o5 Olivet . . . . 14 o S South Dakota . . . .. .. . . 28
21 Bikewille . 5t s Tennessee . . .. ....... : 95 | Pl B = LT R e B South Dakota . . . . ... 2 25
22 | McMinnville . . .. : ..., .| Teonnessea . .. i . o i Tt | 98 | Tishomingo . ... .. .... | Indian Territory . . . . . e 25
25 Momainb - L0 . Maryland-Virginia . . . . . . [ =2 : Qg Ifikahell . . s A T South Dakota . . . .. 1 25
24 | Three Forks. . ... .. ... 1% F e E e R P A | 100 Alexandria. . .. ....:.. South Dakota i o5
25 K [0 1 s it e R M S o Tenmesses . . . . « . . . . . . 25 | 101 San gt el et T e ] Galifornia. . . . . el 25
26 Pocahontas ... ... .... Virginia-West Virginia. . . . | 25 102 [T - e s S i Pennsylvania . . . b X 25
L Morristown .. . .. - . . s TENNESSEE & « « v v v v o 0 o s e | 108 Iarnpetd el = e T Idaho-Oregon . . . . . _ i,
28 Pisdmonty e il West Virginia-Maryland . . . | 25 | 10k 21 o PLET | T A s R W [t dt e T ot Bt e 28
25 Mevada City Special . . . . . Galiformia . rn e 50 | 105 Eafol t el forh ot ke ity Indiana-Illincis ... ... .. 25
50 | Yellowstone National Park . AR e s e v h b E0 | 108 Mount Stoart . ... ... .. Washington . .. ....... 25
&1 PyramidPeak . . . ... ... Baliformia L L i it 0 oy 25 | | 107 | Mewcastla . . .. ....... Wyoming-South-Dakota . . . 25
52 Franklin ... .... L e West Virginia-Virginia . . . . Q5 | 108 Edgemont . ... .....:. South Dakota-MNebraska . . . 25
55 Bricevilla ... .. e Tennessea . . . . .. 98 | 109 Cottonwood Falls . . . . . . . fangas . . . .. ..., D a5
54 Buckbannon . . . ... .... YWest Virginia . . . .. ... Q8 110 Latroba . ... .... - Permsylvania . . . ... ... 25
15] PRASIERI i s i e R Y, T g 215 ' 8l 1 BOH o (7 11 gt e s S e DTS OTRA ol i TR Ty S a5
5151 s (5] F e O S B g g0 Colorado . .. ... .. 2 215 | 112 Bigbae |, .. 0. L e o | Y e R ab
&7 Downieville . . ........ ClalIFormia s o, o N e 215 115 BITIGOT: e L P South Daketa . . ... ... .. 20
a8 Butte Special . . . .. 0 40 O AT R e B o, a5 11 | By eoy il A e AR S South Dakota . . .°. . 0. .. 25
a8 {170 £ 1] 2 ) i et it LR [0 0 i) 1 e R P S S a5 1156 FrEtanming G e a0 Pennsylvania . ... ... .. 25
40 1 1 e £ R AR Tennessee . . . . . . ..... 26 [ 116 Aghaville .. . ... ... .k, 5 Morth Carolina-Tennessas . . 25
41 SOOI LA, e e e 0o o e SR € e RN U a5 117 Casselton-Farge . . ... .. Morth Dakota-Minnesota . . 25
42 it [T 10T e i 8 S Y17 2 L s S e S g R a5 118 Greeneville . . ... .. . Tennessee-MNorth Carolina . . 20
43 BidwellBar . . .. ...... g ] - e R S 25 119 Fayetteville . . . . ... ... Arkansas-Missouri . . ... .| 28 v
44 Ry 0rsh = L e S N R R Yirginia-West Virginia . . . . a5 120 ST bon T T L e Goloradoft b . oo B e e

45 DRSS, et G S s i Fo i et b Rl R L 25 | 121 Waynesburg . .. ... ... . Pennsylvania . ... ... .. | 2B [ f’
48 Richmmond" « = % I T Brentielog . i S s e e ok Az | 122 Tahlaguah . . . ... .5 . ¢ Indian Territory-Arkansas. . | 285
Bl T LT [ ] - Lo Rt e S ot N |7 T g e R e 25 123 Elders Ridge . ........ Peponeylvania . ........| 2B

48 | Tenmils District Special . . . | Colorado . . . . ... ... .. a5 5 124 Mount Mitchell . . . . . o Morth Carolina-Tennesses. . | 285
49 1 Toseburg " .o L s RO, s AR ¥, 25 | 125 Rural Valley . ... .. i Pennsylvania . . ....... | 26
S0 tHalrake T S e e A Massachusetts-Connecticut . 25 | 126 Bradshaw Mountains. . . . . Arizona. . . .. it o8

51 Bl Erean s, ol kSt i Al R i e e e e R 127 Sundance . . . o e Wyoming-South Dakota . . . | 25
B8, Ahesrolal o SR T 7 | R e O S 25 | 128 Aladdin:, -, 2ot cads e . Wyo-5. Dak.-Mont. .....| 26
53 Standingstone . . . ... ... Tennessea . . . ... ... .. [ 26 | 129 O TROnEE . i fF ot Y BT OTIAN. N R 25
a7 T F e - R S R Washington . ......... 25 ! | 180 |G [T iR R S A R Eolarad o e NS, e 25
&6 FortBenton . . . . ... ... PO ERTAR . By i e T L 26 I. | 181 Meedle Mountains . . . . . . T Lt e e R R -
5131 Little Belt Mountains . . . . B LA o P e P e e e 26 I 132 Musaogees . . . . . .. ... . | Indian Territory . .- .. .. .o 26"
514 Talldde s, o S s e Coloradaie = et a2, o L1 | 1565 Ebensburg . & . . .o o, Pennsylvania . . ....... | 26
51=] Flmanoy: k) sotn g d o Craloradn e e e ] 25 || 154 | 2T T e B M R Pennsylvania . ........ | @25
59 BEIE o]l it - ottt Y v WVirginia-Tennessee . . . . . . 28 | 188 | Nepesta . ....... Pt o Golorados. S 5, S e 25
o o B = e e T BoloradOps & o st A 25 . Bl Ee e St Manra. i i Maryland-Virginia . . . . . . A7)
811 Monterey .. ... ...... Virginia-West Virginia . . . . 25 | L] B e R s, R SRR Dal.-Md-M.J.......... 25 |
G2 Menominee Special . . . . . . MERIEAT o e s Fie e 28 | SISl Radtilip i oaie s e = L0 Crlfarmdal il o ait it s = 25
68 | Mother Lods District . . . . LT ] o e e e S S 850 fl 159 | Snoqualmie . . .. ... ... Washington: -+« «+ . . .o o8
B4 Wraldak. ol 5 0 e T L M g SRS B AP TTR E Nnt 25 || 140 | Milwaukee Special . . . . . . wiseonshny . . h L n e « 25
68 | Tintic Special . . . . . v u « 3T e e il e o a5 | 141 Bald Mountain-Dayton . . . L T v e e I ST et a5
66 ] i o S R e S R R VLT T ) a0 R 0 25 || 142 Cloud Peak-Fort MceKinney . U e T R Q8
=74 [ anill e e e [Ningis-Indiana . ....... 28 LA M artaliala s ors, oo s s s o . Morth Carolina-Tennessee . . 25
62| Walsenburg . ... .. ... . Coloradn’ (o e g A a5 e o [ Rl by, s e L Gt | Pendeylvania . ........ . as |
69 | Huntingtom .......... West Virginia-Ohio . . . . . . 25 | 145 | Lancaster-Mineral Point . . Wisconsin-lowa-lilinois . . . 25 |
0 Washingtom . . . ¢ oo e s | R RN ) L, SN g0 | | 146 | Rogersville ... ..'...... Pennsylvania . . ., . o o5
71 | Spanish Peaks ........ ) v R R L a5 | e Bl A T e M AL FEOESC R B 25
Tl Oharlaston < . s s s rL . West Virginia . . . ...... o8 | 148 Joplin Dastrict ... .. ... Missouri-Kansas . . . . .. . 50
g5 | Goos Bay . ... .00 CICEEOM ol i i a e 28 | 149 Penobscot Bay . . ... ... PRI, % o i R e o R
T4 LETE [ i - R RSty U e R | Indian Territory. .. .. ... o8 | 160 Devils Tower . ... ... .. MFOMIMNE .« v viain s nin waa {51
] I Maynardvilla ......... Tennessee . . . ... ... o8 161 Foan Mountain . . . . ... . Tennessee-MNorth Garclina . 26
] B AR R (L0 e A N S e R B | 25 ; 162 Patuxent ... ... oo T L B o 25

* Order by number.

1t Payment must be made by money order or in ¢ash.

f These folios are out of stock.
Girgulars showing the location of the area govered by any of the above folics, as well as information concerning topographic maps and other publications of the Geological Survey, may be had
on application to the Director, United States Geological Survey, Washington, D. C.
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