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GEOLOGIC AND TOPOGRAPHIC ATLAS OF UNITED: STATES

R i -

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

THE TOPOGRAFPHIC MAP.

The features represented on the topographic map
are of three distinet kinds: (1) inequalities of sur-
face, called relief, as plains, plateaus, valleys, hills,
and mountaing; (2) distribution of water, called
drainage, as streams, lakes, and swamps; (3) the
works of man, called eulfure, as roads, railroads,

- boundaries, villages, and cities.

Relief—All elevations are measured from mean
sea level. The heights of many points are accu-
ately  determined, and those which are most
important 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
thf‘Ollin I]i_l'il'IL"E- '[I'EF !_‘[]ll!:l] {".I:{ETFHI‘U]'I E:Ibll}'l.'{! e S0
11‘*.1.1;1j the altitudinal interval l‘vp'l*z':-mllti'i] h}' the
space between lines being the same throughout each
map. These lines are called confowrs, and the
uniform altitudinal space between each two con-
tours is called the confour interval.: Contours and
elevations are printed in brown.

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

-
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Fra. 1.—Ldeal view and eorresponding contour map.

The sketch represents a river valley between two
hills. In the foreground is the &ea, with a bay
which is partly closed by a hooked sand bar. On
each side of the wvalley iz a terrace. From the
terrace on the right a hill rises gradually, while
from that ow the left the ground ascends steeply,
torming a precipice. Contrasted with this precipice

1= the g{-}llﬂ(a .-'ull[}pe' 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 certdin height above sea
level. In this illustration the contour interval is
o0 feet; therefore the contours are drawn at 50,
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 |
In the space between any |

above sea; and so on.
two contours are found elevations above the lower
and below the higher contour.

while that at 200 feet lies above the terrace; there-
tore all points on the terrace are shown to be more

than 150 but less than 200 feet above zea. The |

summit of the higher hill is stated to be 670 feet

above sea; accordingly the contour at G50 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—guffice, for the
heights of others may be ascertained by counting
up or down from a numbered contour.

Thus the contour |
at 150 feet falls just below the edee of the terrace, |

| 2. Contours define the forms of slopes.

=ince |

| contours are continuous horizontal lines, they wind |

| emoothly about emooth surfaces, recede into all
reentrant angles of ravines, and project in passing
about. prominences. Tlese 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.
“is the S, whether l]lt‘j' lie :ﬂong a eliff or on a
zentle slope; but to rise a given height on a gentle
slope one must go farther than on a steep slope, and

to the observer every characteristic feature of the
landseape.
the investor or owner who desires to aseertain the

| subgsides the shore lines of the ocean are changed.

It should guide the traveler; serve |

As a result s rising of the surface, marine sedi-
s a result of the rising of the surface, ma !

| mentary rocks may hecome part of the land, and
position and surroundings of property; save the

engineer preliminary surveys in locating roads, |

railways, and irrigation reservoirs and ditches;

| provide educational material for schools and homes;

The altitudinal space between two contonrs |

therefore contours are far apart on ;_{01111{% ﬁ]l!i}[-rs_

Land 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

o

-TIII'.‘ |

[ amallest 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
| Bwamp. 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.
Drrainage—Watercourses are indieated by blue
lines. 1If a stream flows the entire year the line is
drawn unbroken, but if the channel is dry a part
of the yvear the line is broken or dotted.
stream sinks and reappears at the surface, the sup-

| posed underground course iz shown by a broken

| blue line. Lakes, marshes, and other bodies of
water are alzo shown in blue, by appropriate con-
| ventional signs.
. Cultwre.—The works of man, such as roads, rail-
| roads, and towns, together with boundaries of town-
ships, 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

3,025,000 square inches of paper, and to accom-
modate the map the paper would need to measure

| surface would be represented by a square inch of

map surface, and one linear mile on the ground
| would be represented by a linear inch on the map.
i"l"his relation between distanee in nature and cor-
| responding distance on the map is called the seale
| of the map. In this ease it is “1 mile to an inch.”
' The scale may be expressed also by a fraction, of

which the numerator iz a length on the map and

expressed in the same unit. Thus, as there are
63.360 inches in a mile, the seale “1 mile to an
| inch™ iz expressed by D

' Three seales are used on the atlas sheets of the
Geological Survey; the smallest is 55, the inter-
mediate gy, and the largest 5y, These corre-
sponil :![1I}I'ﬂxilll':l1|;']}’ to 4 miles, 2 miles, and 1
mile on the ground to an inch on the map. On the
seale gy 8 square inch of map surface represents
about 1 square mile of earth surface; on the scale
s about 4 square miles; and on the scale g,
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 sheels and guadrangles,—The map iz being
published in atlas sheets of convenient size, which
| represent areas hounded by parallels and meridians.
These arveas arve called guadrangles.  Each sheet on
the scale of 5,5 containg one square degree—i. e,

.
| . |
| a degree of latitude by a degree of longitude; each
| sheet on the scale of ' contains one-fourth of a
! square degree; each sheet on the scale of 1
tainsg 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 States, counties, and town-
' ships. To each sheet, and to the quadrangle it
| represents, iz 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 lopographic map.—On the topographic

COn-

of the quadrangle represented. It should portray

Where a |

and be useful as a map for local reference.
THE GEOLOGIC MAPS.

The maps representing the geology show, by
colors and conventional signs printed on the topo-
graphie base map, the distribution of rock masses
on the surfaice of the land, and the stracture
sections show their underground relations, as far as
known and in such detail as the seale permits.

KIND}E OF ROCKS.

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

Iyneous 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 surface. Rocks formed by
the consolidation of the molten mass within these
channels—that is, below the surface—are ealled
wndrusive.  When the rock oceupies a fissure with
approximately parallel walls the mass is called a
dile; when it fills a large and irregular conduit
the mass is termed a sfock. When the conduits for
molten magmas traverse stratified rocks they often

' send off branches parallel to the bedding planes;

|
to the scale of 1 mile to the inch, would cover |

about 240 by 180 feet. Each square mile of ground

the denominator the corresponding length in nature |

the rock masses filling such fissures arve called
sifls or sheets when comparatively thin, and Jeceo-
liths when oceupying larger chambers produced by
Within

rock inclosures molten material cools slowly, with

t]ll_: [tﬂ‘{‘i}. }\t'(!l}[‘l][]]f_‘: 1.]!III! IIIq'l‘E_:':III.q'LH I.l]l'l."-':li"{l..

talline texture. When the channels reach the sur-
face the molten material poured out thru them

mountains.  Igneous rocks thus formed upon the
surface are called exfrusive.  Lavas cool rapidly in
the air, and acquire a glassy or, more often, a par-
tially crystalline condition in their outer parts,

extensive land areas are in fact oceupied by such
rocks.

Rocks exposed at the surface of the land are acted
upon by air, water, ice, animals, and ];Eunt:-_:. They
are gradually broken into fragments, and the more
soluble parts are leached ont, leaving 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. Usnally its journey is not continuous, but
it is temporarily built into river bars and flood
plains, where it is called alffuvivm.  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 vocks—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
metamorphic.  In the process of metamorphism
the substances of which a rock is composed may
enter into new combinations, ecertain substances
may be lost, or new substances may be added.
There is often a complete gradation from the pri-
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 chemical action, their original structure
the result that intrusive rocks are generally of erys- |

may be entirely lost and new structures appear.
Often there is developed a system of division planes

| along which the rocks split essily, and these planes
ig called fava, and lavas often build up voleanic |

nay cross the strata at anv :mg[{a,
ig called efen e,

This structure
Sometimes crystals of mica or

| other foliaceons minerals are developed with their
laminge approximately parallel; in such eases the

but are more fully erystalline in their inner por- |

tions. The outer parts of lava flows are usually
more or less pm'uu..-",. Explosive action often aceom-
panies voleanie :lrupti:}m_ﬂ, causing ejections of dust,
ash, and larger fragments. These materials, when
consolidated, constitute breccias, agelomerates, and

tuffs.  Voleanie i.*j{*.ut:l may fall in bodies of water |

:
structure is said to be schistose, or characterized by
schistosily. :

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

| exceptions.

or may be carried into lakes or seas and form |

sedimentary rocks.
Sedimentary rocks—These rocks are composed
of the materials of older rocks which have been

' broken up and the fragments of which have been

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

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.

FORMATIONS.

For purposes of geologic mapping rocks of all
the kinds above described are divided into forma-

fions, A sedimentary formation containg between

its upper and lower limits either rocks of uniform

character or rocks more or less uniforml y varied in
| character, as, for example, a rapid alternation of

| shale and limestone.

; ; ; p ]
in large part carried as solid particles, and the |

{lf;]msit:-z are then szaid to be mechanical. Sueh

| dated into conglomerate, sandstone, and shale. In
smaller portion the materials are carried in solu- |
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 organie origin are limestone, chert,

map are delineated the relief, drainage, and culture |

aypsum, salt, iron ore, peat, lignite, and coal. Any

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 characteristie of the wind-borne or eolian
deposits is loess, a fine-grained earth; the most char-
acteristic of glacial deposits 1z till, a heterogeneous
mixture of bowlders and pebbles with clay or sand.

Sedimentary rocks are usually made up of layers
or beds which can be easily separated. These layers
are called strata. Rocks deposited in layers are
gaid to be stratified,

The surface of the earth is not fixed, as it seems
to be; it very slowly rises or sinks, with reference
to the sea, over wide expanses; and as it rises or

When the passage from one

| kind of rocks to another iz gradual it is sometimes
The materials are |

necessary to separate two contiguons 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
metamorphic formation may consist of rock of uni-
form character or of several rocks having common
characteristics.

When for scientific or economic reasons it is

| desirable to recognize and map one or more
Cone of the deposits may be separately formed, or |

specially developed parts of a varied formation,

(such parts ave ealled members, or by some other

appropriate term, as lenfils.
AGER OF ROCKS.

Geolagie time~—The time during which the rocks
were made is divided into several periods. Smaller
time divisions are called epochs, and still smaller
ones stages.  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
period are grouped together into a system. The
principal divisions of a system are called series.

| Any aggregate of formations less than a series is

called a group.

{Continned on tiivd page of cover, )



DESCRIPTION OF THE ACCIDENT AND GRANTSVILLE
QUADRANGLES.

Prepared under the supervision of William Bullock Clark, cooperating geologist,

INTRODUCTION.

LOCATION AND AREA.

The Aceident and Grantsville quadrangles are
adjacent and arve sitnated for the most part in the
northwest corner of Maryland. They are bounded
by parallels of latitude 39° 30" and 39° 45" and by
meridians of longitnde 79°, 79° 15, and 79° 30/,
Each quadrangle covers one-sixteenth of a square
degree, or about 230 square miles.

The greater part of these quadrangles lies in
Garrett County, Md. A strip about 2 miles wide
extending across the northern edge of both quad-
rangles is in Fayette and Somerset counties, Pa.,

and another strip two-thirds of a mile wide on the |
western edge of the Accident quadrangle is in dis-

pute between Garrett County, Md., and Preston

County, W. Va.

Aceident, Md., in the Accident quadrangle, and
Elklick, Pa., Grantsville, Md., and Barton, Md.,
in the Grantsville quadrangle.

RELATION T SURROUNDING REGION.

These quadrangles are but a small portion of a
large region—the Appalachian Province—with
part of which it has much in common. It is con-
sequently necessary to note these broader features
in order to grasp the full significance of the more
detailed local deseriptions which follow.

- APPALACHIAN PROVINCE.

The Appalachian Provinee consists of three well-
marked physiographic and geologic subdivisions,
which form parallel helts, each being more or less
continuous from north to south throughout the

ereater part of the provinee. These divisions are

a moderately high plateau region on the west,

which includes the Allegheny Plateans in the
northern part of the provinee; a ridge-and-valley
-region (the * Appalachian valley”) in the center;
and a region of much dissected mountaing and low
plateans on the east. Only the first distriet is
represented in these quadrangles.

The rocks of the Appalachian Provinee are in
large part of Paleozoic age, of sedimentary origin,
are fully consolidated, and include both metamor-
phosed and unmetamorphosed types.  All therocks
of the Allegheny Plateaus are of Paleozoic age,
chiefly Devonian and Carboniferons, and are
unaltered. The structure is comparatively simple.
The strata lie in the main nearly flat and are
disturbed by only small faults and by low, broad
folds which, compared with the larger folds firther
east, usually have but slight effect on the general
geologic features and topography. East of the
Allegheny Plateaus, throughont much of the
provinee, ave arveas of alternating ridges and val-
leys, where the rocks are nonmetamorphosed sedi-
ments entirely of Paleozoie age, which are steeply
folded and faulted, and oceur in parallel belts in
which the same rdicks are repeated in their outerop
many times from west to east. The eastern part
of the provinee contains rocks which are greatly
disturbed by folds and faults and which arve in
]}1:115{:5 80 |||{:t;uu(_u'|3|mqu_-d that their original char-
acters can be determined with difficulty. Some of
these rocks are of pre-Paleozoic age, some are of

aPThese guadrangles have been surveved in eooperation
with the Maryland Geologieal Survey. the field work having
been completed by . ©C. Martin when o member of that
Burvey.
geologie map, will be found in the Maryland Survey * Report

on the physical featnres of Garreit County,” by Mr. Martin, |

also in other reports issued by the Maryland Survey.

This folie is one of several describing the guadrangles that :

lie between, the Allegheny Platean and the sea along the
northern border of Maryland, to be published in cooperation
with the Maryland Geological Survev., These folios will form
an aducational series to illnstrate the geology of the middle
Atlantic slope

The southeast corner of the |
Girantsville quadrangle lies in Allegany County, |
Md. The largest towns are Friendsville, Md., and |

A faller diseussion of the area, accompanied by a |

By G. C, Martin,

igneous origin, and at places they include areas
of Mesozoic sedimentary and igneous rocks, which

rest unconformably on the much older erystallines.

ALLEGHENY IPLATEAUS.

Position and boundaries.—The Allegheny Pla-
teaus extend from an indefinite western boundary
in the Mississippi and Ohio valleys to a much
more distinet eastern boundary on the Allegheny
Front and its southern extension. The Allegheny
Front, which constitutes a distinct escarpment with
| a steep eastern face, holds a fairly constant linear
position throughout central Pennsylvania. It
does not, however, continue southward on this line
until Maryland is reached, but may be considered as
swinging eastward in southeastern Somerset County
cand taking a new position farther east. This line
Crosses M;Il'ylalul a few miles east of the Grantsville
quadrangle, thus placing the entire area here under
discussion within the Allegheny Plateans.
 The geologie structure, surface features, and
_1]1‘:[5"'.!;_;(! arrangement of the i‘;]lughmly Plateaus
have been deseribed by Camphell (Latrobe folio,
No. 110) substantially as follows:

Geologic structure.—The structure of the Allegheny
Plateans is comparatively simple. The sirata lie nearly
flat, and their regularity is brolken only by small faunlis
and low, broad folds which usually have little effect
upon the general features of geology and topography.

The most pronounced fold is a low, broad arch known
as the Cincinnati anticline. The main axis of this fold
enters the Allerheny Plateans from the direction of

Chicago, and a minor fold from the western end of Lake
| Erie joins the major axis near the type locality, Cincin-
nati. From Cincinnati the anticline passes doe south
to Lexington, Ky., and there enrves to the southwest,
parallel with the Appalachian Valley, as far as Nash-
ville, Tenn. Its maximum development is in the vicinity
of Lexington, where the Trenton limestone is exposed al
the surface at an altitude of 1000 feet above sea level ;
but in Tennessee it again swells into a domelike strne-
| ture which is representied topographically by the central

basin of Tennessee. -

This anticlinve separates the Allesheny Plateaus into
two structural basing, which ave best known by the ecoal
regions that they contain.  The western basin extends

far beyond the limit of the province and eontaing the |

Fastern Interior coal region of Illinois, Indiana, and
Kentneky. The eastern basin lies entirely within the

limits of the Allegheny Plateans and is generally known-|

a8 the Appalachian coal region., * * *

Since the Appalachian coal region is a stroctural basin
or trough, the strata around its margin generally dip
toward the.center of the field. This is partieularly
noticeable on the two sides, the rocks on the northwest-
ern side dipping gently but regnlarly to the southeast
and those of the southeastern side dipping more strongly
to the northwest. In Penosylvania and West Virginia
the regularity of the dip on the southeastern limb of the

drainage lines were established along the present conrses
of the sireams.

In the southern half of the provinee the westward-
flowing streams have their sources on the summit of the
Blue Ridge and flow across the Appalachian Valley as
well a8 the Comberland Platean.

Surface relief.—The surface of this division of the |

provinee is composed, as its name implies, of a number |

of plateans of different altitude and extent. The most

pronounced of these oceupies the sontheastern portion of |
the division and extends nearly the whole length of the |

provineeg, This platean is very old, and its sorface is so
greatly dissected that its platean character is not always
apparent.

[t emerges from beneath the Cretaceons cover |

in central Alabama at a height of 500 feet above sea |

level. From this altitude it aseends to 1700 feet at
Chattanooga, 2400 feet at Cumberland Gap, 3500 feet at
New River, and probably 4000 feet at its enlminating
point in eentral West Virginia. From this point it
ideseends to about 2600 feet on the southern line of
Pennsylvania and to 2100 or 2200 feet in the eentral
part of the State., Farther north the platean increases

in width, including most of the northern counties of |

Pennaylvania and the sonthern counties of New York,
and ranges in altitude feom 2000 to 2400 feet.

The character and altitude of this platean vary greatly
in different parts of the province, depending upon the
character of the nnderlying rocks, the general drainage
conditions, and the crostal movements which have
affected this region, In its southern part conditions
have been very favorable to the preservation of the
platean, and large arveas of its even surlace are still visible
in Lookout and Sand meountains and in the Comberland
Plateau. North of Tennessee the cap of hard sandstone
which protects the Comberland Plateau is lacking and
the snrface is completely dissected, showing only ronnded
hilltops as the possible representatives of its once even
surface, In northern West Virginia o few remnants of
the original platean are preserved where conditions are

especially favorable, bnt generally the surface is so |

deeply eroded that it is diffieult to realize that it was
once approximately flat and extended over most of the
Appalachian region. In the northern part of Pennsyl-
vania conditions are similar to those prevailing in Ten-
nessee, and areas of copsiderable size are still [lmﬁurrnﬂ

intact where they are protected by the massive sand- |

stones of the Pottaville formation.

of the higher platean. In Kenineky and Tennessee it
is preserved over large areas as a nearly featureless
plain, but in other States it was less perfectly developed,
and it has soffered greatly from dissection since it was
uplifted to its present position.

West of this intermediate zone there is a third plain,
which is developed only in the great central basin of
Tennessee and in the western parts of Kentucky and
Indiana.

INDUBTRIES AND COMMERCE.

The two quadrangles deseribed in this folio are
in an essentially agricultural region, although the
Georges Creek Valley, which has very important
coal mining interests, forms a small part of the
goutheast corner of the Grantsville quadrangle.
The industries of the remainder of both quad-
angles are restricted to farming and lumbering;
the latter was formerly of considerable importance,
but has become a minor industry by reason of the
exhaustion of the most valuable timber.

The best soils are situated on the ancient low-
land surfaces, especially on that now existing as an
upland on the areas of Devonian rocks.

The greater part of the region is lacking in good

facilities for transportation. The main line of the

I Baltimore and Ohio Railroad, extends for a short

distance along the southern margin of the Grants-
ville quadrangle, and the Cumberland and Penn-
sylvania Railroad crosses its southeast corner.
Branches of the Baltimore and Ohio Railroad
reach points in the lower parts of the valleys
of Castleman and Youghiogheny rivers. The
National Road crosses the northern part of both
quadrangles and was formerly an important high-
way between the Atlantic coast and the Ohio Val-

'ley, but since the construction of railways it has
; J

Thronghont most of the provinee knobs and ridges |
rise to a greater height than the old surface of this

platean. Usually these may be distinguished by the
fact that they stand above the general level of the sor-
rounding hills.

The platean slopes westward, but it is generally sepa-
ated from the next lower platean by a4 more or less
vegular westward-facing escarpment. This feature is
most pronounced in Tennesseq, where it has a height of
1000 feet and separates the Comberland Platean on the
east from the Highland Platean on the west.,  Tis height

| diminishes toward the north, falling to 500 feet in central

trough is interrupted by parallel folds which, where |

hard rocks are involved, give rise to antielinal ridges .

and synclinal valleys.
the great folds east of the Allegheny Front, except that
they are developed on a very much smaller seale and
have not been broken by faults, as have many of the
folds farther east. Across the northern extremity of
the basin, where the rocks are nearly flat, there are a
great many of these minor folds, which extend south-
westward at least halfway across Pennsylvania from its
northern boundary. In the sonthern part of the State
']tllem are only six propounced anticlines, and two of

these disappear near the West Virginia line. Farther
gouth the number is redoeed, until on Kanawha River
the regular westward dip is interrapted by only one or
two small folds.

Drainage.—Most of the surface water of the Allegheny

These nndulations are similar to |

Kentueky ; and north of Ohio River it is so indistinetly

developed that it is doubtful whether it has been recog-
In southern Pennsylvania it becomes more pro- |

nized.
nounced where the hard rocks of Chestnnt Ridge rise
abruptly above the plain formed on the soft rocks of the
Monongahela Valley, but the surface of the upper pla-
tean is so greatly dissected that it can be recognized with
diffieulty.
platean surfaces that usually are separated by this
escarpment approach each other, and the escarpment is
merged in a mass of irvegular hills which seem to rep-
resent all that is left of the higher platean.

The lower platean surface is best developed as a
distinet feature in Tennessee and Kentucky.

in the latter as the Lexington Plain, Its surface slopes

- R : In the | Bear Creek, and White Creek ; Piney Run in the
former State it is known as the Highland Platean, and | E

Toward the central part of the State the |

fallen into disuse and iz now only one of the poorer
of the local highways,

TOPOGRAPHY.
DRAINAGE.

The divide between the Ohio and the Potomae
drainages passes through -the Grantsville quad-
rangle. The waters of the Accident quadrangle
all ultimately flow north and west in Youghio-
gheny and Castleman rivers, which join the Ohijo.
The drainage of the Grantsville quadrangle is

| equally divided between the Youghiogheny and

Castleman tributaries of the Ohio drainage, and

| Bavage River and Georges Creek, which flow into

the Potomae.

There is in general a close relationship between
the position of the larger streams and the character
and attitude of the underlying rocks. Georges
Creek, Castleman River, and a large part of the
course of Youghiogheny River flow down the axes
of synclines which are ocenpied by the soft rocks
of the coal-bearing formations.  Many other smaller
streams have longitudinal courses on the long,

| narrow outerops of the easily eroded Greenbrier

gently to the west, but along its eastern margin through- |

ont these States it holds a constant altitude of about 1000
feet above sea level. North of Ohio River it is less per-
fectly developed, but presumably it constitutes most of

| the surface of Ohio, eastern Indiana, western Pennsyl-

Flateans finds its way into the Mississippi, but that |

| which drains the northeastern end flows either north- |
| westward into the Great Lakes or southeagtward through

| Potomae, Susquehanna, Delaware, and Hudson rivers
i into the Atlantic Ocean.

The arrangement of the drainage lines in the northern
| part of the provinee is largely due to the advanee of the
ice sheet duving the glacial epoch.  Before that time, it

vania, and southern New York. Thronghont most of
this territory the platean was developed on harder rocks
than in Kentueky and Tennessee, and the result is that

| the surface is less regular and the position of the base-

| level of that epoch is difficult to determine.
rise eastward from an altitude of 700 or 800 feet in |

is supposed, all the streams north of central Kentueky |

flowed northward and discharged their waters through
the 8t. Lawrence system., The encroachment of the
;gmat ice sheet closed this northern ountlet, and new

It seems to
[ndiana to 1000 feet in central Ohio, 1200 to 1300 feet in

feet at its cnlminating point in the northern part of the
State.

The surface features of this platean are variable, but
there is not 80 much diversity as is shown in the surface

' valley is broad, with gentle slopes.

limestone. There are, however, other streams,
such as Youghiogheny River in part of its course
and its tributaries Muddy Creek, Deep Creek,

Castleman drainage; and Savage River, which
have courses that are independent of the present
surface distribution of the rocks.

None of the streams of this region are navigable,
and ‘none are used for waterpower, except on a
small scale, although the best power which is on
Youghiogheny River, is not utilized.

Youghiogheny — River basin. — Youghiogheny
River crosses the Accident quadrangle from south
to north, receiving tributaries which drain the
greater part of this quadrangle. To the south of

: ' this quadrangle the Youghiogheny Valley is situ-
[ southwestern Pennsylvania, and probably reaches 2200 | ;

ated for the most part on the weak rocks of the
Allegheny and Conemaungh formations in synclinal
attitude, where the river has a low grade and the
Where it

R RN O



enters the quadrangle, however, it has left these
rocks and is ﬂuwing thl'mlgll the more resistant
Pottsville sandstone. For this reason the river
has a steep and irregular grade, often with cascades,

and 18 1 a d.cvp and |'|,ng1~1| 1':I|l{-:_;, The Potts-

ville is entirely cut through and the Mauch Chunk |

shale and Greenbrier limestone oceupy the bottom |

The
river then leaves these weak rocks, cuts again
through a ridge of Pottsville, and enters another
syneline oceupied by the weak rocks of the Alle-
It then flows
down the axis of this syneline, the stream grade

of the x':l]]v}' in the k‘it'il!il}' of Sang Run.

glli‘l]_‘}' 'rl“d {_:lil'ltlll'lilllg]l Ehl'!tl:lli[!l].‘i.

lessening and the valley widening as the river
An
alluvial flat extends along the river course from
Friendsville to the northern edge of the quad-

passes from the .-".||t'}_{'llt'||}' (1] the {l‘ﬂlwlmnlgll.

angle.  The eause of this flat may be found in the
fuct that the river is here flowing in the soft shales
overlying the Mahoning sandstone, while the sand-
stone itself rises above the river banks at the north
end of the flat, forming a resistant
which the river is widening its valley and spread-
ing sediments over its floor.

The Youghiogheny receives as tributaries in the
southern part of the quadrangle, Deep Creek,
Muddy Creek, and Saltblock Run, which, after
draining flat areas in the easily eroded Greenbrier
and Mauch Chunk formations, eross the ridges of
resistant Pottsville sandstone in deep gorges. Of
these Deep Creek has a tributary (Cherry Creck)
which riges on the soft shales of the Allegheny and
Pottsville formations, near the
Castleman River, flows up the axis of the syncline,
across the Pottsville Ridge on the nose of the fold,
and, falling steeply, joins Deep Creek on its
flat Greenbrier belt. Youghiogheny River also
receives, in the northeastern part of the quadrangle,
Bear Creek, Mill Run, and Whites Creek, which
have their sources on soft Catskill shales and cross
transversely over both the Mauch Chunk and Green-
brier weak rocks and the Pocono and Pottsville
ridges, joining the Youghiogheny in its lower
synelinal valley, It also receives in the northwest-
ern part of the quadrangle, many streams having

il?l 111 ahove

i

headwaters

their sources within the synelinal basin, flowing in
IIEIt'I.'I.l"i'l] COLT3ES t!ﬂ"l'ﬁ'll 1I:I{! EL'I:I]ICH II[I t]ll" ﬂ.}hl_. EHHI
joining the main stream near the axis of the fold.

Castleman River basin—"The Castleman drainage
basin is situated in the northwest half of the Grants-
ville quadrangle and the southeast quarter of the
Acecident quadrangle. It oceupies in general a
rocks.
axis of this :-s:.'lw]ima and drains the entive area except
a few square miles at the south end, which Cherry
Creek drains out across the ridge of Pottsville sand-
stone into the valley of Deep Creek. It has the
course which the original drainage of this basin
would naturally take and is thus an apparent
trough-consequent or a resequent stream. The
tributaries of Castleman River OCECUpyY  apparent
lateral consequent courses down the flanks of the
syneline, and all head within the rim of Pottsville
except |"im=}' Run, which crosses the Pottsville
and Pocono ridges on the east rim of the basin,
near the Pennsylvania=Maryland line, having its
gources on the softer areas of Devonian and lower
Carboniferous rocks.  Piney Creek is the only one
of the Castleman tributaries of this area which has
been able to break the Pottsville and Pocono ridges
and establish tributaries on  the weaker rocks
heyond. Itz downstream position doubtless aided
in enabling it to do this, which the higher tribu-
taries of the Castleman have failed to do.

Savage Iiver basin.—Savage River drains an
area about 17 miles long from northeast to south-
west and 6 miles broad, extending through the
south-central praart of the Grantsville |]llm|1'u11g|i'.
This arvea is bounded on the northwest and south-
east respectively by Meadow Mountain and Big
Hawsigv Mﬂuut:iill, two Pottsville 1'11]151!1‘1-;, between
which is an anticlinal region occupied by Devonian
and lower Carboniferous rocks. SBavage River rises
on the eastern edge of this arvea, just beyond the
limits of the quadrangle, and flows southwestward
:Llimg the eastern Jarl of the belt in a tim'ph' iIli'iHEnl,
somewhat meandering valley until it approaches
the south-central edge of the quadrangle, where it

turng abruptly east through the Potisville ridge |

of

2

of remarkably straight streams flowing along belts |

of Greenbrier limestone. Those on the eastern
Greenbrier belt, after rather long, straight, low-
grade courses, drop steeply into the Savage. Those
on the western belt have shorter coursez on the
limestone and then turn east through deep valleys
which eross the Pocono and Devonian rocks, join-

iﬂfj“ the H:I'l.';l;_!:v near the eastern 1=tigi? of the latter,

' Two small tributaries, having their courses on the

upper Carboniferous rocks east of Big Savage
Mountain, join Savage River near the southern
margin of the quadrangle. :
Gleorges Creele basin—Georges Creek, which has |
both its mouth and its sources and the greater part
of its ]l*]]gth anil Ill‘.Limlgir:n'm east of the ri:g_{[m]
here deseribed, erosses the southeast corner of the |

Girantsville quadrangle and drains all of the area

east of Big SBavage Mountain except the two small

' River.

valleys already deseribed as tributary to Savage |
Georges Creek flows from northeast fo |

southwest along the axis of a syneline in upper

1

made by Big Savage Mountain and joins Potomae |

River.

Its most interesting tributaries are a series |

Carboniferons rocks. It has its source near the
lowest point on the axis of the syneline and flows

{up the axiz until it joins Potomae River, which,

coming down the same syncline from the south,

crosses the fold from northwest to southeast, in

line with the lower course of Savage River. The

tributaries of Georges Creek all rise on upper Car-

boniferous rocks within the syneline and flow from |
either side toward the axis.

RELIEF.

The most striking features of the relief of this |
region are a series of high, approximately parallel, |
even-topped ridges, sustained by monoclinal beds |
of Pottaville sandstone: a series of lower, even. |
topped ridges, marking the outerop of the Pocono |
sandstone, which are parallel to the Pottsville |
ridges and are separated from them by valleys
situated on the outerops of the Mauch Chunk shale
and the Greenbrier limestone: broad areas of lower
country on which rather flat areas of accordant ele- |
vation are well developed ; and deeply incised \'}ll—?
leys which cut across both topography of diverse
types and rocks and structures of various kinds.

Pottsville ridges—Wherever in this region the
Pottsville sandstone has for a considerable distance |
uniform strike and lithologie character and steep
dip, it outerops as a long, high, :-;trziight ridge with
fairly uniform though gently undulating erest, not
gashed by deep gaps save where large streams cross |

| it, and usually overtopping the surrounding coun- |
northward-pitching syncline of upper Carboniferous |
Castleman River flows along and down the |

try. Such ridges are Big Savage, Meadow, and |
Negro mountains,  Where the strike or character |
of the rock is less uniform and the dip lower the
ridge is less regular in course and summit. It
becomes sinuous, its higher tops still rise to the
same general elevation as the crests of the more
regular ridges, but fewer attain that height and
deeper gashes cut the crest line. Winding Ridge
and the irregular group of high summits to the |
south of it, including Dog Ridge, Whites Knob,
Lewis Knob, Snagey Mountain, and Marsh Hill,
represent this condition. The crest of the Potts-
ville ridge is usually very close to the base of the
formation, and is always nearer the base than the |
top. The elevation of the Pottsville ridges may be
seen in the following table:

|
| conglomerate.
:“']li[']l EXI’.{"IH_]:-] !]{_J-I"I.I!I‘r\'ﬂi'il rl'!']lll IIU}'(’H |_'l'|"'[l.|f.l=l|!!_‘!.’

stone and conglomerate, the Pocono ridges are in
The ele-
vation of the Pocono ridges is shown in the

general lower than the Pottsville ridges.

following table.

The table shows that the Pocono ridges have
almost or quite as great a regularity in crest line as
the Potteville ridges, though the general elevation
is from 100 to 200 feet lower.
its extension to the southwest is much higher than
the other Pocono ridges and is even higher than
the neighboring Pottsville belt on Winding Ridge.

Keyser Ridge and

[ This is due to the fact that the Pocono in this part

of the region is composed largely of very massive
The Pocono ridge west of this,

owes its lower elevation to recent active gt'nniﬂn
which has not yet reached the headwater drainage
on Keyser Ridge.

| excellent example of a synelinal valley of this kind.
There iz here, however, a basin within basin,
The rim of the inner basin is held up by the
Mahoning sandstone, which outerops on the crest
of Chestnut Ridge and Salt Block Mountain, at
the east end of Maynardier Ridge, and along a
series of less prominent and unnamed hills and
ridges which may be traced in the same relative
im:-:itiun t.|||'uu;ﬂm|,|,1, the greater part of the ".'tlllt"-}'.

|

The same feature is present, though less clearly
shown, in Georges Creek valley, and suggestions ot
it may be found at places in the lower Youghio-
gheny Valley. There is of course a line of saddles
and short valleys between these Mahoning ridges
and the Pottsville ridges. The same relation of
rock outerop to topography holds in these valleys
as in the Greenbrier valleys described below.  The
upper resistant bed (in this case the Mahoning

Semmary of elevations on the Pocono ridges.

Highest

fas .
Fourmile Ridge____________.__. i S T T 2110
EF2 L T i B e e gl sl 2870
1L o8 e e SR Y S N S Syt a004
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The crests of the Pocono ridges, like those of the
Pottsville, are nearer the base than the top of the
formation and are usually not far from the base.

Devonian uplands, — A vegion of low relief |
extends across the northeast corner of the Grants- |

ville quadrangle from Red Ridge to Fourmile
Ridge, which is extended beyond the eastern edge
of the quadrangle in Little Savage Mountain.
This is an area of Devonian rocks which rise in an
anticlinal arch between the Pocono ridges. It is a
region of unevenly distributed, low, rounded hills,
most of which have their summits at elevations of
2600 to 2700 feet and their bases at 2400 to 2500
feet. The elevation and position of these hills
bear no relation to the structure of the underlying
rocks and little relation to their lithologie character.
Their linear direction, where they have one, is

usually across the strike of the rocks. A similar |

Devonian upland may be seen in the southwest
corner of the same quadrangle, whence it extends
southwestward for many miles and is better devel-
oped than in these illl'rlt|l'alllg1t~:'-:.. Within the
deeply dissected valley of Savage River are flat-
topped hills and ridges, such as Pea Ridge, Turkey

Lodge Hill, Jenkins Hill, Peapatch Ridge, Solo-

mans Ridge, and Tom Ridge, which retain upon

their summits surfaces of the same character and
of the same altitudes as the broader uplands already
described.  They are separated by deep valleys
whose slopes have a different profile and a different
significance from the gentler upland surfaces.
There is thus an upland existing on the Devonian
rocks and extending at the same general elevation
throughout the length of this anticline, save where
Savage River and its tributaries are eating out a
more rugged topography below it.

Another area of Devonian rocks is exposed in
the vicinity of Accident, where it is encircled by
Pocono sandstone ridges, the structure being that
of a steeply domed anticline.

Summary of elevations on the Pottsoille ridges.

Higlwest
Lope

Dans Mowntain.______ T 5 it 1
Big Savage Mountain . E 5 a0z
Great Backbone Mountain - 2400
Meadow Mountain _.____ B0
Negro Mountein. . J082
Winding Ridge__ 3078
Snaggy Mountain .. 3110

Pocono ridges.—The Pocono outerops follow the
general law of topographic expression stated above
for the Pottsville. The Pocono ridges are conse-
quently long and straight, with evenly undulating
crests, where the strike and lithologic character ave
uniform and the dip is steep.
in trend and in the altitude of their lower peaks
and of their gaps and saddles where the dip and
rock character are less regular and the dip is gentler.
They differ from the Pottsville ridges only as the
character of the rock composing them differs from
that of the Pottsville. Since the Pocono sandstone |
is in general less resistant than the Pottsville sand- |

'l‘lu-}-‘ are IE_';iH r'[';_;u I:l I

Mesun of Lavwest Maean of Highest Mean of Lowest |
Lo Lo orest, sadbidle. sl les, saddle,
2017 S0 2458 2800 2488 1820
2005 2770 | 2803 2010 2519 050
2129 2530 | 3080 800 H042 2800
2045 2730 2898 2070 2843 2650
23 2830 2808 2030 24T | 2780
RER3 2610 2967 2850 2650 2470

2083 2700 2E03 2030 RS | 2770 |

2400 to 2700 feet and which are characterized by a
a much gentler and more regular topography than

either the Pocono ridges above them or the gorges |

of Bear and Whites creeks below.
Synelinal valleys—lt has already been shown
that much of the valley of Youghiogheny River

and all of the valleys of Castleman River and |

Georges Creek oceupy structural basins in which
the main, stream flows near the axis, the divide is
o the |]uu|1{|'ln;_1 rim of Pottsville I'id;,:l"ﬁ, and
the tributaries flow down the dip at right angles to
the axias from either side.

The Castleman syncline and river basin is an

Here again are |
upland areas whose general surfice has altitudes of |

Menan Loyt Mean Highest Meiin aof Lavwriat

of taop. top. of orest, waalidles, sl liss, sl e,
2801 2710 2769 2850 2788 2610 |
718 2680 200 2780 2662 290 |
2853 7 2700 23970 2725 o560 |
20640 2430 2603 2710 2046 2350 |

| sandstone) has its base near the crest of the ridge,

the underlying weak rocks (here the Allegheny
| formation) occupies the steep slope of the valley on
the side in the direction of the down dip, and the
contact of the soft rock with the underlving resist-
ant rocks (Pottsville) is near the bottom of the
valley.  Another phase of the relationship has
been stated by the writer (Maryland Geol. Survey,
Garrett County, 1902, p. 101) as follows:

It may be stated as o law that where the Potisville
outerops as a mountain ridge, the basal contaet will lie
not far from the erest of the mountains and on the side
opposite to the direction of dip, while the upper contact
will be marked by a line of headwater strenms which
come together in pairs at a series of points which
nsually mark the places of greatest width of the Pouis-

ville. On Big Savage Mountain the contacis follow this

law very closely.

The elevation of the Mahoning ridges is variable,
but appears to be in general about the same as the
higher summits of the Devonian upland. The
higher saddles in these ridges and the higher val-
ley zones between the Mahoning and the Pottsville

| ridges agree fairly well in altitude with the lower
glopes of the Devonian upland.

Within the inner synclinal valleys the relief
has a variety of form which does not admit of
much broad generalization. The higher hills are
irregularly distributed and uwsually have their long-
est dimension in the direction of dip rather than
of strike. Their summits are in general higher
toward the edge of the basin, and have as limits of
altitude the upper and lower limits of the Devon-
ian upland.  The erestz of these hills are usnally
capped by sandstone, and the hills are plateau
topped or linear according as the dip is flat
or steep. The hills become lower as the axis of
the syncline and the line of main drainage is
approached, and are in this posgition frequently
terraced, the terraces being local but agreeing in
position and in slope with the more resistant sand-
stones,

Lamestone valleys.—The Pottsville and Pocono
ridges are separated by a valley occupied by the
outcrops of the Mauch Chunk shale and the
Greenbrier limestone.  The Mauch Chunk usually
extends from near the crest of the Pottsville ridge
| to the base of the steeper slope of the valley. The
Greenbrier ocenpies the lower part of the wvalley,
extending from the base of the steeper slope on the
' Pottsville side usually to the bottom of the valley
or a little beyond, but never above the base of the
steeper slope on the Pocono side. These valleys
follow the strike of the rocks and the trend of the
Pocono and Pottsville ridges. They maintain in
general a fairly uniform altitude, and where they
depart from it the higher limits are nearly constant.
| The Greenbrier limestone does not oceur within
these quadrangles, either at or below the surface,
at a greater altitude than 2700 feet, and the greater

part of its outerop is above 2500 feet. This means
that a base-level at or above the present 2500-foot
level was maintained until it reduced the entire
| outerop of the Greenbrier below the 2700-foot
! level and most of it to a series of flat valleys with




almost no grade. The greater part of the present
Greenbrier areas still remain near the position of
this old surface. It is in general only where the
country is deeply trenched by youthful streams
which cut the Pottsville ridges that this old surface
on the Greenbrier has been destroyed and the
limestone exposed at lower levels.

Transverse valleys—It has already been stated
in the chapter on drainage that Youghiogheny
River with several of its branches, Savage River,
and Potomac River cut across the Pottsville ridges
in deep gorges.

The Youghiogheny gorge leads from one syn-
clinal basin of upper Carboniferous rocks into
another. Savage River and the eastern tributaries
of the Youghiogheny flow from anticlinal areas of
Devonian rocks across the Pottsville ridges into the
upper Carboniferous synclinal basins, Potomac
River turns from its course along and down the
axis of a syneline oceupied by the upper Carboni-
ferous formations, and cuts directly through a
Pottsville ridge and flows thereafter over older
rocks. These valleys, including both the narrow
gaps through the Pottsville ridges and the valleys
in the Devonian rocks above the gaps, are deep
and rugged. Their courses are not determined by
any distinet structural lines, They cross all the
rocks of the quadrangles and consequently bear no
constant relationship to the lithology. They con-
stitute a feature of the drainage and relief which
is entirely independent of the features already dis-
cussed, and l|u-:.‘ bear -no Bimp]u l*t*]:ifiml:'ehi]‘: to the
existing general outline of the topography; they
must therefore be regarded either as an inheritance
from topographic conditions which are past or
as the product of a chance succession of headwater
captures and diversions. They are, in short, youth-
full valleys which have cut below a topography
that formerly extended over the region and which
are destroying that topography and bringing into
existence a new and different series of features of
drainage and relief. The top of the searp which
separates these young valleys from the Devonian
upland is at a very well-marked elevation of 2400
to 2600 feet on Savage River and 2300 to 2600
feet on the eastern tributaries of the Youghiogheny.
A similar searp having an elevation of 2400 to
2500 feet divides the gorge of Youghiogheny
River from the more even-topped Pottsville areas
on either side.

Summary.—"The following features of the relief
of these quadrangles have been discussed in detail
and may mnow be summarized, compared, and
interpreted:

Pottsville ridges; having summits at elevations
of 26004 to 3100 feet, average crests at 2767 to
2899 feet, and saddles at 24604 to 2060+ feet.

Pocono ridges; having summits at 24204 to
3004 feet, average crests at 2602 to 2796 feet, and
saddles at 2340+ to 2860+ feet.

Devonian uplands; having a general elevation
where not sharply dissected of 2400 to 2770 feet.

Synclinal valleys in the upper Carboniferous
rocks; containing higher summits which range in
elevation from 2500 to 2800 feet and lower well-
marked elevations near the axes of the basins, the
best developed of which are at 1900 and 2100 feet
and all of which are influenced in position and in
degree of development by resistant sandstones with
low dips.

Limestone valleys; having remarkably uniform
elevations of 2400 to 2700 feet, most of the area
being between 2500 and 2600 feet, and lower out-
crops present only in areas of youthful drainage.

Transverse valleys; which cross the Pottsville
ridges as deep gorges and drain steep-sided val-
leys cut in all kinds of rock with no regard to
structure or lithologic character. These valleys
are sharply incised helow mature upland platean
and ridge topography and separated from it in a
well-marked searp having an altitude of 2400 to
2600 feet.

The most sharply drawn boundary line in the
physiographic features and in the physiographic
history of this region is the top of the scarp which
separates the rugged and youthful gorges of Savage
River from the old, even-featured upland which
extends over the Devonian rocks of the anticline
between Big Savage and Meadow mountains, A
similar searp exists at almost the same elevation
between the gorges of Bear Creek and Whites
Creek and the Devonian upland, and another is

Accident and Grantsville,

found at about the same altitude between the
Youghiogheny gorge and the mature slopes on the
adjacent Pottsville areas.

The topographic features above this scarp could
not have been produced under the conditions which
are now producing the features below the top of
the scarp. The conditions that are causing the
latter are destroying the former. The Devonian
upland was produced in at least its present degree
of maturity before the gorges of Savage and
Youghiogheny rivers and Bear and Whites creeks
were cut.

The Greenbrier limestone valleys, the high sum-
mits in the synelinal valleys, most of the saddles
in the Pocono ridges, and a few of the Pottsville sad-
dles agree in elevation with the Devenian uplands.
We may therefore conclude that the same condi-
tions which reduced the Devonian uplands reduced
the synclinal and the limestone valleys and cut
notehes in the Poeono and Pottsville ridges at the
same general level.

This restored upland would have had upon it
lines of Pocono hills with elevations of 120 to 700
feet above its present general lower portions, or O
to 300 feet above its present summits, and Polts-
ville ridges with elevations of 300 to 800 feet, or
0 to 400 feet above the same datum planes, The
average Pocono erests would be 300 to 500 feet
above the lower, or 0 to 100 feet above the higher
datum, while the average Pottsville erests would
he 460 to 600 feet above the former and GO to 200
feet above the latter.

The question arises as to whether these higher
elevations on the Pocono and Pottsville rocks can
be considered as contemporaneous in origin with
the Devonian upland. The writer believes that in
the formation of such a surface as the latter, the
uneroded Pocono and Pottsville residuals could
have assumed such forms as these, and that conse-
quently the assumption of a still earlier trunecation
with the land Htﬂlnlitl;_{ at a different level is
unnecessary and unwarranted.
the 2500- to 2700-foot mature upland as represent-
ing the highest and oldest record of conditions of
erosion of which we have |u'+;_mfnr signifieant indi-

He would consider

cation in this region.

The 2100- and 1900-foot levels in the synelinal
valleys will now be considered.  These levels show
most clearly in the Youghiogheny Valley where
the top of the searp along both sides of the river is
at the 1900-foot elevation. Back of the searp are
broad areas not exceeding 100 feet in relief, while
farther back is a second less distinet scarp with
2100-foot flats above it.  Where best developed
these levels and scarps n=ually coineide in position
with beds of weak and resistant rock. For example,
the Connellsville sandstone outerops on the edge
of the searp opposite Friendsville and opposite
Guard, while the Hat areas, back of it are occupied
by the easily eroded shales and limestones of the
upper {100 feet of the Conemangh formation.
Similar relations hold at many other points, but
the essential character of these features is that the
altitude, not the relation to the rock, is persistent—
that the character of the rock determines the degree
of perfection and not the position of the bench.
Castleman River, where it leaves the Grantsville
quadrangle, is flowing in a broad alluvial valley at
an elevation of 2000 feet. Benches at elevations
of 2100 and 1900 feet are well developed in the
Georges Creek valley.
surface slightly below 2100 feet in elevation is
well developed just west of the northwest corner
of the Accident {]u:uh'nl]:_r'li,', where it iz probably
on the M:tlmning sandstone. A surface at the
same elevation is well developed and has been
described by Campbell in the adjacent Union-
town {]lliill]'ﬂl!gl{_‘:, \\']Il‘l'ﬂ' ]l{’! I"l"}_'"ﬂl'l](‘.l]. it HE] rf’!t!”ri]-
ing a halt of problematical age, in the eleva-
tion of the land, “long enough to broaden the
valleys and reduce much territory nearly to
drainage level.” The same level or a slightly
lower one may be seen in the crests of some of
the ridges in the Potomac Valley east of the
Grantsville quadrangle.

It seems well establigshed that there was through-
out this region a clearly defined base-level corre-
sponding to the present 1900- or 2100-foot surface,
and that large areas were reduced to it.  The rugged
transverse valleys contain no indication of this sur-
face. If it was ever developed there it has been

_ril. Il Eil}}l!'UKi Ili:'l'{f:]j' ]l.":'h'ij]

|
1

| cut away.

]

Lower erosion levels have been recognized in the

surrounding aveas, but the land of these quadran- |

gles stands too high to contain them.

DESCRIPTIVE GEOLOGY.
STRATIGRAPHY.

The rocks of the Aceident and Grantsville quad-
rangles consist of fully indurated but otherwise
unaltered shales, sandstones, conglomerates, lime-
stones, and coal beds. They represent material
derived from the destruction of older rocks and
laid down in water. Metamorphic and igneous
rocks are entirely absent.

The rocks which outerop at the surface in these
quadrangles have been named and grouped as
shown below and also on the columnar section sheet.

qll]lt Broary

Atream deposits and residoal soil.
Carboniferons:

Permian (¥)—
Dunkard formation,
Pennsylvanian—
Monongahela formation.
Conemangh formation.
Allegheny formation.
Pottsville formation.
Mississippian—
Manelh Chunk formation.
(Freenbrier limestone.
Pocono sandstone,

Devonian:

Catskill formation,
Jennings formation.

No rocks as old as the baze of the Jennings
formation have been exposed in these guadrangles,
and there is no record of the underlying rocks in
deep wells or shafts. There is, however, little
doubt that most of the Paleozoic formations which
outerop east of the Allegheny Front extend under
this area as continnous beds retaining much of
their lithologic and faunal character. The con-
cealed rocks of this region may consequently be
expected to consist of a totally unknown complex
of erystalline rocks at the base, overlain by Cam-
brian sandstones, shales, and limestones of prob-
lematical thickness, followed by Ordovician lime-
stones and shales, Silurian sandstones, shales, and
limestones, and Lower and Middle Devonian shale,
sandstone, and limestone. On these rest the Upper
Devonian and Carboniferous rocks deseribed in the
following pages.

DEVONTAN SYETEM.

The Devonian rocks exposed in these quadrangles
consist of the Caiskill and Jennings formations.

JENNINGS FOHRMATION,

Areal distribution.—The Jennings formation,
named from its typical development at Jennings
Gap, Va., outcrops in one area in the Accident
and one in the Grantsville quadrangle and under-
lies all of the remainder of the region at various
depths. The largest of these areas is along the
crest of the Deer Park anticline in a belt about
20 miles long and from 1} to 2} miles wide, the
gl‘ﬂklt[’]' ]HII'I’- H'F ‘I.\"I]i(‘.h is il] 'Ill} '||'-i-'|.|.].l_'!_"|r' ﬂf B'rl\'q'-]gﬂ
River. [t extends in a general longitudinal direc-
tion of about N. 40° K. Both the southeastern
and the northwestern boundaries of this belt are
too irregular for verbal deseription, depending on
variations in topography and in strike and dip.
The other area is in the center of the Accident
anticline, and occupies an irregular oval, about a
mile long and three-fourths of a mile wide, the
center of which is about 2 miles west of Accident.

Lithologie character.—This formation consists
predominantly of a succession of beds of shales
and sandstones of yellowish gray, drab, olive, and
brown color. Only the upper part of the forma-
tion iz exposed in these quadrangles, no beds older
than the Chemung having been definitely recog-
nized.

The beds earrying a Chemung fauna, which prob-
ably include all of this formation exposed at the
surface in these quadrangles, consist of olive-green
and brownish-red shales and sandstones with at
least two prominent beds of conglomerate. Of
these the upper oceurs about 50 feet below the top
of the formation and is in places strongly developed.
A second conglomerate oceurs approximately 500 to
GO0 feet below the top of the formation and appears
to be more persistent. The thickness of the latter
bed has not been observed in these quadrangles,
but the size and abundance of the derived bowlders
indicate at least 10 feet and probably much more,

About 1% miles above Corrigansville, Allegany
{_.'mtnt:_u', Md., a similar conglomerate having a
thickness of 35 feet has been observed. This
conglomerate consists of a mass ot pebbles of white
vitreous quartz with a few pebbles of jasper, in a
dark gritty ferruginous cement. The pebbles are
characteristically flat and lenticular in shape. The
joints which cut through the pebbles are frequently
coated with drusy quartz. The rock breaks straight
across the pebbles in a direction at right angles to
the bedding. Bowlders of this conglomerate are
found along a more or less distinet line of hills
parallel to and about halt' a mile from the outer
and upper contact of the formation. They are
especially abundant where the National Road
crogses the Jennings belt, and have alzo been
observed near the center of the Jennings area to
the west of Accident. The thickness of the Che-
mung in this area is not known, its base not hav-
ing been observed. About 1400 feet of strata are
exposed in the section of this formation on Middle
Fork.

Correlation.—~The beds in the upper part of the
formation are correlated with the Chemung of the
type region in New York on the identity of faunas
and similarity of stratigraphic succession. The
lower conglomerat® noted above elosely resembles

Lin lithologic character the Lackawaxen conglom-

erate of Pennsylvania. A conglomerate also oceurs
at approximately the same position for many miles
east and south.

CATSEILL FORMATION.

Areal distribution. — The Catskill formation,
which derives its name from the Catskill Moun-
tains, resting as it does upon the Jennings forma-
tion with apparent conformity, flanks the eastern
area of that formation on either side and surrounds
the western area. There are thus three large areas
of Catskill in this region, and three small detached
ones,

The more easterly of these areas extend the entire
length of the county along either side of the belt of
Jennings already described.  The outer boundaries
of these belts follow parallel and very close to the
crest of two ridges or lines of hills which are upheld
by the more resistant rocks of the Pocono forma-
tion. These belts vary in width from half a mile
to 2 miles.

The third area of Catskill entirely surrounds the
small arvea of Jennings already described as lying
to the west of Accident. The outer boundary of
this area is likewise defined by an encireling line of
hills which are capped by the overlying Pocono
sandstone. This area has a length of about 9 miles
and a width from the Jennings to the Pocono of
about 2§ miles on the eastern side and about one-
half mile on the western.
the area from the eastern to the western Pocono
boundary is a little more than 3 miles.

North of this area are the three small detached
OIes,

L-fi.f;r;-{uy;ﬂ eharacter.—The Catskill formation
consigts of a series of shales and sandstones which
are red or green in color. The soil derived from
this formation iz brick-red in color and contrasts
sharply with the yellow soils of *the underlying
Jenningz and the overlying Pocono.  Various
shades of red predominate. The basal beds are
argillaceous shale with a few thin interbedded
gandstones. The middle beds consist of alternat-
ing argillaceous shale, sandy shale, and flaggy
sandstone. The upper beds contain more mass-
ive sandstone with some conglomeratic sandstone
and beds of argillaceous shale. The sandstones of
this formation are characteristically micaceous and®
in many places cross-bedded. The thickness of
the formation varies from 1800 to 2200 feet in the
eastern part of the country, and deereases toward
the west. In the western area the thickness is
abont 1200 to 1400 feet. The thickness ean not
anywhere be accurately measured because there is
no place where a direct vertical measurement can
be made, and the uncertainty of the dip (because
of cross-bedding) makes any estimate liable to an
error of several hundred feet.

Clorrelation.—This formation, which was deseribed
under the name Hampshire formation in the Pied-
mont folio (No. 28) and the State report on Garrett
County, oceupies a position in this region between
the highest beds earrying the marine Chemung
fauna and the lowest Carboniferous beds. It is

The average width of



the equivalent of a part at least of the Catskill beds
of New York and Pennsylvania. The Catskill of
the type region is a lithologic unit which is syn-
chronous wholly or in part with the Chemung and
with the lowest Carboniferous. The formation in
this avea is younger than the highest Chemung and
older than the lowest Carboniferous of this region.
Whether it may be synchronous with any beds of
Chemung or of Pocono age of other regions and
how much of the typical Catskill it may represent
can not be determined until more work has been
done in the intermediate region in Pennsylvania.

No fossils except possibly a few poorly preserved
fish plates have been authentically recorded from
the Catskill of these quadrangles.

CARBONIFEROUS SYSTEM.

The Carboniferous rocks of these quadrangles
consist of the following formations:

Carboniferous rocks of Aecidemt-Grantspille region.

Permian (1) series; Tf::"ﬂ??
Dunkard formation. ... .. _____ 180
Penneylvanian series:
Monongahela formation. . ... .eeeeeee e . H0-270
Conemangh formation . cmmmmmsnececa— STG-0BS
Allegheny formation ______________________ 260-850
Pottaville formation_. _____. Afal 25875
Missigsippinn series: -
Mauch Chunk formation ______________.__. G50
Greenbrier limestone ... «oceeeccccaaoe .o HoLls
Pocono sandstone oo __________ 450

These formations can all be recognized in the
adjoining region, except where they have heen
removed by erosion. They hold their general
lithologic characters for considerable distances, the
most marked changes being the thickening of the
Pocono to the east, the thickening of the Green-
brier to the southwest and thinning to the north
and west, and the thickening of the Pottsville to
the south and southwest. The several members of
the formations cﬁimtituting the Pennsylvanian and
Permian (?) series, together with their correlatives,
are discussed at length by Clark and- Martin in
an article on “Correlation of the Coal Measures of
Maryland.” «

POCOND BANDSTONE.

Distribution.— The Pocono sandstone, named
from the Pocono Mountaing, Pennsylvania, out-
crops in four areas in these quadrangles. The
most easterly extends across the Grantsville quad-
rangle from northeast to southwest, outeropping on
the crest and eastern slope of the ridge which is
parallel to and about two-thirds of a mile west of
Savage and Backbone mountains and which is
known in its various parts as Little Savage Moun-
tain, Fourmile Ridge, Elbow Mountain, and
Little Mountain. The next area is on the western
flank of the same anticline. It extends in a long
narrow belt parallel to the last and about 4} miles
northwest of it, outcropping along the crest and
western slope of the ridge known in various parts
as Red Ridge and Hoop Pole Ridge. The third
area encircles the dome of Devonian rocks at
Accident. The inner edge of this belt is very
irregular because of the small angle of dip and the
irregularity of the topography. The fourth area
extends along the West Virginia line for about 6
miles south from Cranesville.

Lithologie character.
of sandstone and conglomerate with some shale.
The shaly beds are predominant toward the base.
Exposures of the formation in place are very infre-
quent, and no complete local section has been ob-
tained. The following section, which was obtained
in the Baltimore and Ohio railroad cut at Altamont,
a short distance south of the southern boundary of
“the gquadrangle, shows in detail the character of the
lower beds in that region:

This formation econsists

Seetion af lower part of Pocono formation af Alfemont,

Garrett Counly, M, -

Feet.

L. Gray sandabong. oo meeeeea. 20

2. Gray, vellow, and dark shales _____________.____ 12

R T T s e e s S |

4. Yellow, gray, and white, fine-grained shales____ 5

i, Dark shales with marine invertebrates _ 12

. Gray sandstone with interstratified shale. ______ 33

7. Greensandyshales ... . . ________ a3

8. Massive vellow sandstone_._____________________ 15
9. Yellowish- and greenizh-gray sandstone with
enboidal fracture and with interstratified thin
brown shales and yellow sandy shales, which

predominate at the base ... e e ALY

10. Light-bloeshales . _____ __________ [

11. Yellow gandy shales_ ___ e s i1
12. Brown micaceons sandstone (Catskill formation),

172
o Bull. Geol, Soe. Ameriea, vol, 18, 1902, pp. 27=40,

4

Massive sandstone and conglomerate seem to
mike up the middle part of the formation, and are
especially prominent in the western part of the
area, The thickness of the conglomerate beds
is not known. In the area around Accident they
are very prominent and appear to constitute the
greater part of the formation. In the more east-
erly areas conglomerate is almost lacking and fine-
grained gray sandstone is the prevailing rock.

Above the coarse sandstone and conglomerate of
the middle part of the formation are beds of green-
ish, somewhat shaly sandstone, which resembles
certain rocks in the Catskill and Mauch Chunk
formations. The rocks are well exposed in the
valley of Bear Creek.

Section 24 miles cast of Friendsville, Garrett Cownty, MWd,

1. Greenbrier limestone, Feet
2. Thin-bedded green sandstone and eonecaled . 120
8. Massive conglomerate and sandstone _ 15
T Lo [ N e e S o L 10
3. Thin-bedded green sandstone ... . oo uen.. 35

150

The thickness of the formation is apparently
about 450 feet.

Correlalion.—"The Pocono formation, which was
named from its typical development in northeast
Pennsylvania, is the eastern representative of part
at least of the Waverly group of Ohio. Like the
Waverly, it carries a marine fauna. The fossils
have not been studied carefully enough to deter-
mine whether or not the faunas ave identical, It
is the lithologic equivalent and the stratigraphic

continuation of the “Montgomery sandstone™ of

Virginia.
GREENBERIER LIMESTONE.

Distribution.—The Greenbrier limestone, named
from Greenbrier River, West Virginia, occurs at
the surface in four areas. The most easterly
of these areas is situated parallel to and about
one-half mile west of the crest of Savage Mountain.
It oceupies a valley between the Pottsville (Savage
Mountain) and the Pocono (Little Savage Moun-
tain) ridges. The second area extends along the
eastern side of Meadow Mountain, in the valleys
of Red Run and Meadow Mountain Bun, as far as
the confluence of the latter with Deep Creek near
Thayerville. Thence it extends northwest through
the valleys of Deep Creek and Marsh Run, to
MeHenry, where it bifureates. One prong extends
in a north-northeasterly direction, in the valley
parallel to and about one-half mile west of Negro
Mountain, as far as and across the Pennsylvania
line. The other extends in a northwesterly direc-
tion to Sang Run. From here it extends up and
down the valley of the Youghiogheny River to
points 14 miles north and 2} miles south of Sang
Run where it dips under the overlying formation.
Another prong, leaving this about a mile east of
Sang Run, extends north and northeast until it
crosses the Pennsylvania line at Oakton. It oecu-
pies a sinuous line of valleys parallel to and about
one-half mile east of the crest of Winding Ridge.
A small outlier caps a hill one-half mile southeast
of Wasa Mill. The fourth area extends along the
West Virginia line near Cranesville and south
along the valley oceupied by Pine Swamp and
Muddy Creek.

Lithologic character—The Greenbrier limestone
consists of limestone, red and green shale, and cal-
careons sandstone. The following sections show
in detail the character of the formation:

Section of Greenbricr imegtone af Crabiree, Garyett
County, Md.

Ft. im. Fit. in,
1. Green micaceous sandstona{Maneh
O )] 4 R S e e s
2. Argillaceous limestone._ eeme 4- B
8. Massive sandy limestone. 13
4, Red sandy limestone .. ._____ 2
4. Gray limestone _____. H] Logs 4
6. Red calcareousshale_ __..._..____. & @
7. Red sandy limestone, e 8
8. Gray sandy limestone with red
LT % T [ A R 21
9. Gray limestone ___________________ 10 J
10, Hed shale interstratified with thin 1
bands of gray sandstone . B0 j 88
11. Pure white sandstone_____._.____.. 8
12, Gray limestone ___________________ a5 a7
1850 2

In the western part of Allegany County, Md.,
the formation is somewhat thicker, as may be seen

by the very complete section at Stony Run, given |

in the next eolumn.
From these sections it will be seen that the

Greenbrier consists of an upper caleareons mem-
ber, 65 to 85 feet thick; a middle sandy and shaly
member, 88 to 95 feet thick; and a lower caleare-
ous member, 27 to 46 feet thick. This division
into members appears to be constant in the region
here studied.

Seotdon of Greenbrier mestons af Stony Run, Allegany
Connty, M.

Ft. in. Ft. @n.
1. Heavy, dark blaish gray fossilifer- b
ouns Hmestone ceeeee oo aeeaeoo. 4 B
2, Argillaceonsshale; fossiliferons, es-
pecially in the upper part; drab
colored on fresh surface, but
inclined to show as a dull red
shale on account of its promi-
nent ferruginous surface coating 8
3. Massive, blnish fossiliferons lime-
gtome......... ot ol KR SO T
4 Comeeaded___________ - ____________ 10
5. Massive, bluish fossiliferous lime-
[ 5 i S TP s L S RS
6. Massive, bluish, highly fossilifer-
ous limestone, weathers very .
N 8% 3
g1 FiL R R SR R
7. Thinly bedded fossiliferous lime-
stone with thin bands of olive-
green fossiliferous shale___-_____ 100 10
8. Concealed .. oo o S o i
9. Reddish brown, muoch disinte-
erated sandstone________. 9
10. Concealed_______________.__________ 20
11. Heavy, pinkish green, mottled,
slightly fossiliferous limestone . 2 0
12 Concealad.. ... .cccceececcnracnenns 11
13. Red sandy shale with thin green
layers near top and bottom_ ____ i
14. Greenish  red, shaly arenaceous
limestone ... ____________ 1
15. Coneealed. . ... B N e i |
16. Hed sandy shale with a few thin, !
poorly defined, greon argillace
ousbands____ . _____._____ &
17. Comcealed. . oo 3
18, Red shaly sandstone. ... 1 &
19, Massive sandstone in streaks or
layers of pink, green, and white 6 08 6
20, Red arenacesnus shale e 10
21. Red shaly gandstone . __ ... s
22, Caleareous pinkish-gray sandstone 2 &
28 Concealed ______ . .____. 7
24 Ehaly sandstone __________________ 1 @
26, Mostly coneealed, some shaly sand-
stone showing ..o cococcaoo... 2
26, Very arenaceous pinkish-green
limestone ... ... ... T e e A
M omicealedt S NERN . S L b S |11
25, Bluish arenaceous limestone ______ 7
29, Concealed . o ea... e
a0

The lower limestone member rests with apparent
conformity upon the Pocono formation. There
are a few feet of transition beds from the upper
beds of the Pocono into the ealeareons sandstone
and siliceous limestone of the basal Greenbrier, and
it is very difficult to draw an exact line between the
formations. The lower member is well exposed in
the valley of Bear Creek about 2L miles east of
Friendsville.

Seclion on Bear Creek 24 mvifes east of FFriendsville, Garreft
Clowaety, Md.
Ft. im,
Red shale ________
. Bloe limestone. ... - e T
. Red limestome, becoming more siliceous

toward the bottom .
4. Pocono sandstone.

RS e

The middle shaly member is nowhere very well
exposed because it does not form good natural out-
crops and is not of suflicient economic value for
good artificial exposures to be made in it.  Litho-
logically it is very much like the Mauch Chunk
formation, except that it contains some caleareous
beds.  The Stony Run section containg the most
complete representation of the beds of this member
known in this region. :

The upper limestone member consists more
largely of limestone and contains the purest and
most valuable limestone in the entire formation.
Most of the limestone quarried in Garrett County
is from this member, For this reason, and because
it has a larger number of natural exposures this
member is better known than either of the others.
It is also far more fossiliferous than the underlying
members.

Section on Baltimore and Ohdo Rodlroad east of Crabfree,
trarrett Cotendy, Md.

Feiet.,
1. Gray sandstone (Mauch Chunk)
oL L B T e s e e D
3. Red shale and limestone ..o v oo ceeccceeceea. 16
4. Red limestone with corals _________._______.._._. &
R, T R R S S e S et ||
6. Gray shaly and sandy limestone with oceasional

o001 ISR el S L R LT 0 A P Rt i Sl - 2L | 1]

. Massive reddish limestone EE N Sl " ol 15

G

Neither the top nor the bottom of this member

is represented in the following section. In the

Snagey Mountain section the top is concealed,
perhaps the bottom also. This contains an unusual
amount of shale for this member.

Seetion 2 miles sortheast of Friendsville, Garret! Cotnty, Med.

Ft. in.
1. Massivelimestone ________________.._.__. =l en
3. Bhaly limestone. . . e et S o )
8, Massive limestone ___________________________ &
R < T R N B ]
B, IAmeabom o e e e e ]
i1 Ty T R 1 | A e i
7. Massive blue limestons ___________________ 12

24

Section on western stope of Snaggy Mountain, Garrett
Carinty, Md,

Ft. io
1. Decomposed Hmestone. ... . __________ 4
2. Massive fossiliferous limestone___________ &0
8. Concealed . o L i well g SR T e o5 T
4. Broken limestone. ____________________.____. ]
B, JGrean) ahRlBaen 1 wiet iensde SR T g
6. Green and red shale | 1 PN e el BT 3 6
7. Impure blaish-white limestone____________ T
8. - Radebala. .. .2 0 e e b 5 6
0. Bluish-white impure limestone _____________ 1 9
10."Red pandy ehales ... __.______________...._. B &
11. Bluish-white limestone, sparingly fossilifer-
vy 7 [T e O s e~ L Sy
B8 11

Correlation.—The Greenbrier limestone carries
the fauna of the Ste, Genevieve limestone of the Mis-
gissippi Valley. It is the equivalent of the Maxville
limestone of Ohio and of part of the Greenbrier
and Newman limestones of the southern Appa-
Toward the southwest it thickens at the
expense of the overlying Mauch Chunk, or its
representative the Pennington shale, until it attains
a thickness many times as great as that which it
possesses in Maryland.  Toward the north in Penn-
sylvania it thins rapidly. This change consists in
an increase in the thicknezs and amount of shale
in the middle member, a deerease in the thickness
of the upper or pure limestone member, and an
increase in the amount of sandy material in the
lower member. ‘The result is that the formation
changes along the bedding and along “the strike
into a series of red and green shales and sandstones
which in central and northeastern Pennsylvania
constitute part of the Mauch Chunk formation.
The basal bed of the Greenbrier limestone as here
mapped is the Loyalhanna limestone of southwest-
ern Pennsylvania, which in the folios relating to
that region has been included in the Pocono as its
uppermost member, inasmuch as it is there impos-
sible to separate the Loyalhanna from the Pocono.

lachians.

MAUCH CHUNK FORMATION,

Areal distribution—The Mauch Chunk forma-
tion, so called from Mauch Chunk, Pa., outerops in
five areas in these quadrangles.  The most easterly
area is along the western slope of Big Savage
Mountain.  The second area extends along the
western flank of the anticline of which the first avea
is on the eastern side. It occupies a position on the
eastern slope of Meadow Mountain for its entire
length. At the southern end it swings around to
the west and joing a similar belt which extends
along the western slope of Negro Mountain. The
third area flanks the Accident anticline on the
south and west. About 1 mile north of Sang
Run it erosses Youghiogheny River and oceupies
the valley of that river to a point about a mile
below Swallow Falls.  Two other areas are situated
in the southwest corner of the Acecident quadrangle.

Lithologie ehavacter—The Mauch Chunk forma-
tion consists of thinly bedded green sangstones at
the base, overlain by a considerable thickness of
irregularly alternating red and green shales and
green sandstones. These beds apparently contain
no characteristic strata upon which any subdivision
of the formation can be based. The sandstones are
either green or dark red, and are micaceous, thinly
bedded and eross-bedded. The shales are of vari-
ous shades of red and green, and are arenaceous
and argillaceous. -

The thickness of the formation is about 650 feet.

Correlation,—The Mauch Chunk formation of
Maryland is the equivalent of the upper part of
the Mauch Chunk shale of the typical loeality in
the anthracite field of northeastern Pennsylvania.
The change which takes place in the formation in
passing southwestward across Pennsylvania has
been discussed above under the heading “Green-
brier limestone.” The formation is represented in
the southern Appalachian region by the Penning-
ton shale, which agrees with it in general lithologic
character, although the Pennington is somewhat



caleareous. The upper part of the Bangor and
Newman limestones of the southern Appalachian
region may be partly synchronous with the lower
part of the Mauch Chunk of Maryland.

POTTSYVILLE FORMATIOQN.

Aveal  digtribution.—The Pottsville formation,
named from Pottsville, Pa., outcrops in three
important areas in this region. The most easterly
of these extends along the erest of Savage Moun-
tain. The western border of this area lies a short

distance (possibly 100 yards) west of the crest of

the mountain: the eastern border lies at a distance
varying from one-fourth to one-half mile east of it.

A second belt extends in a zouthwesterly direction |

along the crest and western flank of Meadow Moun-

tain from the northern limit of the quadrangle to .
the s;uul]lcrn end of the |‘|'|{J|111H.‘:|in"r|‘r the '-.‘:l]h‘_'f {}ff

Deep Creek, where it joins a similar belt which
extends thence in a northerly direction along the
crest and eastern flank of Negro Mountain to the
Pennsylvania line. A third belt extends along
the erest and western slope of Winding Ridge
from the north edge of the Accident quadrangle
to Youghiogheny River between Krug and Sang
Run. Here it joins a large area of very irregular
outline which covers considerable territory in the
southwest corner of the Aceident quadrangle.  Four
outliers oceur along the margin of this belt.
Lithologie chavacter—The Pottgville formation
congists of a series of coarse and massive conglom-
erate, sandstone, shale, fire clay, and coal. The

gi00.

character of the formation is well shown in the |

following section, which was measured in
Youghiogheny gorge at and below Swallow Falls,
a ghort distance south of the margin of the Accident
quadrangle.

Section of Poltsville formalion neer Swallow Foalls, Gorrett
Clowndy, Md.
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BN T e e e Ll e L e i
12, Coneealed et e e e 8
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L g L e i3
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16, Coal, Sharon.o—o.....+ Shale__________ 6" { ik 4
|! Coal____.. 5 )
I el el e A e e e R ]
18. Sandstone . O 2L LR ]
327 B

The following members of the Pottsville forma-
tion have been recognized in this region :

Homewood sandstone,

Mount Savage or [Tpper Mercer eoal.
Mount Savage fire clay.,

Liovwer Mereer coal, -
Connoguenessing sandstone (upper part).

Guakertown coal.

Connoguenessing sandstone (lower part).

Sharon coal groap.

Sharon (%) sandstone.

Mercer conl group I!

An exposure of the contact between the Mauch
Chunk and Pottsville one-half mile east of West-
ernport, Allecany County, Md., shows the basal
bed of the Pottsville as a fnw—trl ined sandstone
which rests upon greenish Mauch Chunk shale
with (local at least) discordance of bedding. This
exposure fully establishes the fact that the Potts-
ville rests upon the Mauch Chunk, locally at least,
with unconformity. This unconformity may ex-
plain the slight development or absence of the low-
est Pottsville beds (the Sharon conglomerate, ete.)
in this region.

the |

hase of the Bwallow Falls section and the four feet
at the base of the Westernport section.

The Sharon coal group is here represented by a
series of shale beds with one or two thin coal seams.
These beds are about 60 feet thick at Westernport
and of a doubtful thickness which does not exceed
60 feet at Swallow Falls.  The correlation is based
upon the stratigraphic position of the beds with
reference to those above and below, and upon the
flora contained in the shale, which according to
David White is that of the Sharon coal.

Above the coal and shale of the Sharon coal
group ig a great thickness of sandstones and con-
glomerates which represent the Connogquenessing
sandstone, of which the type loeality is in Lawrence
County, Pa. It iz clearly shown in the Swallow
Falls that here, Pennsylvania, the
Connoquenessing is capable of a threefold subdivi-
Immediately overlying the Sharon is the
lower part of the Connoguenessing sandstone,
which is hard, white, and conglomeratie, and has a
thickness of about 75 feet. Above this is a small
thickness of shale with a thin coal which iz the
equivalent of the Quakertown coal of eastern Ohio
and western Pennsylvania.  In Allegany County,
M., this coal has split into two seams separated
4 feet of shale.

corge a8 in

by The shale associated with the

(uakertown coal is overlain by another bed of

very hard and massive white conglomeratic sand-
stone which has a thickness of about 75 feet.
This is the t of the Connogquenessing
gandstone,

Resting with apparent conformity upon the
upper part of the Connoquenessing sandstone is a

11]1'!'_‘!]‘ |1u'll

| seriez of shale beds with some fire clay and coal,

' from the Henry bore hole.

which are both stratigraphically and paleontolog-
ieally the equivalent of the Mercer coal group of
The lithologie character of this
group is well shown in the following section, which
was measured a short distance east of this region.

Pennsylvania.

Section af Sovege Mowntein fire-clay mine,

Fi. i
[ Bandstone 28"
Handstone, Homewoodd .;! Boft shale __ 17 Ir 9T 0
'Lti:mdshuw. -8 uJ
Rhinlaes: ot X T iR S Bt e e Sl i 1
[ Coal S
Conl, Mount Savage_______ | i Bhale. ... 11" L 4 1
LCU:II________:I' j
(] T SR iy O RN e ol . 8
Fire-clay, Mount H.n L R s e e 10
it

Thiz section shows the relationships of the
divisions of the Mercer coal group to one another
and to the underlying and overlying strata. The
Lower Mercer coal ig usually absent in Maryland,
having been reported only from Swallow Falls and
The Mount Savage coal,
which is identical with the Upper Mercer (where

there are two Mercers) of Pennsylvania, is always
|

| present.

The Mount Savage fire clay lies immedi-
ately or a very short distance under it. At Swallow
Falls eomditions are abnormal, for there is no clay
under the coal, while a fire clay of exactly the same
charaeter as the Mount f"'?:l";':lgt‘ l.'hl.j.' overlies it. This
state of affuirs has not been recognized elsewhere.

The Mount Savage five clay iz apparently one of

| the most constant members of the “ Coal Measures,”

Thronghout the northern Appa- |

lachian region the base of the Pottsville is formed |

here by one bed and there by another.
heen shown that the earlier Carboniferous sea bot-
tom was raised and eroded over this entire region
hefore the coal measures were deposited, and that
the subsequent subsidence was so slow and the dif-
ferential movements so large that great thicknesses
of Potteville were accumulated in other regions
while this was yet land.

It has |
[ 80 to almost 100 feet,

even where its outerop is concealed its presence
being revealed by the occurrence of flint bowlders
in the soil.

The Mercer limestones, which are very character-
istic at this horizon in Pennsylvania, have not been
recognized in Maryland.

Resting eonformably upon the shale at the top
of the Mercer is a very quartzose and massive
sandstone, which is the equivalent of the Home-
wood sandstone of Pennsylvania. It was formerly
called the “Piedmont sandstone,” but its identity
with the Homewood sandstone is now satisfactorily
established. It differs from the Connoguenessing
sandstone in being less conglomeratie, and from the
overlying Allegheny sandstones in being more mass-
The thickness varies from about
and is usnally over GO feet.

Correlation.—The Pottsville formation of this
region represents the upper part of the formation
in its type locality in northeastern Pennsylvania,
Two hypotheses have been suggested by David
White (Twentieth Ann. Rept. U. 5. Geol. Burvey,
pt. 2, p. 821) to account for the thinning of the

ive and quartzitic.

If the Sharon mng‘lunumu- is represented in l"ﬂits\ ille and the abgence of its lower n-.mttln'm in
this region it is by the 25 feet of sandstone at the | the bituminous coal fields of western Pennsylvania,

Accident and Grantsville.

B!

Maryland, and West Virginia.
the problem as still an open one, Mr. White is
inclined to believe that the oldest Pottsville in the
very thick sections rests upon the underlying
Maunch Chunk conformably, and is contemporane-
ous with the highest Mauch Chunk of those regions
where the Pottsville is thin; and that the Potts-
ville of the latter regions was deposited in an
encroaching sea, and is hence unconformable upon
the Mauch Chunk by overlap. 1t is probable that
the Pottsville and Mauch Chunk of Maryland are
separated by an unconformity. Whether
unconformity represents the whole of lower Potts-
ville (i. e,, pre-Sharon) time, or whether part of
that period is represented by the highest Mauch
Chunk of this region, is a problem on which the
rocks of this region have shed no light.

this

The uppermost beds of the Pottsville in this

region (i. e, the Mount Savage coal and fire clay
and the overlying sandstone) are to be most defi-
nitely correlated with the Mercer coal group and the
Homewood sandstone, which are found at the top
of the Pottzville throughout the entire coal fields
of Pennsylvania, eastern Ohio, and northern West
Virginia. This means that Pottsville sedimenta-
tion ended almost simultaneonsly in all parts of
So far as is known
the same is approximately true toward the south.

the northern .-\}n|]:1|;la;1||i:llm.

ALLEGHENY FORMATION,

Aveal distribution.—The Allegheny formation,
which was named from Allegheny River, Pennsyl-
vania outcrops in five large and important arveas
and many small outliers and inliers. The first of
these extends in an almost straight line *llnng the
eastern slope of Savage Mountain from the I
sylvania line to the valley of Savage River at a
point about 2§ miles east of Crabtree. The second
area extends along the western slope of Meadow
Mountain from the Pennsylvania line to the junc-
tion of Meadow and Negro mountains, thenee along
the eastern slope of Negro Mountain to the I‘(*.n.n-
sylvania line. It completely encircles the Castle-
man Valley. The third area extends along the
western slope of Winding Ridge from the Penn-
sylvania line to Elder. About 1} miles below
Krug it erosses Youghiogheny River, and extends
along its western bank, and thence westward up the
valley of White Rock Run to the West Virginia
line. The fourth area covers the greater part of
the region drained by Youghiogheny River above
Swallow Falls, lying between Snagey Mountain on
the west and the Roman Nose-Halls Hill ridge on
the east.  Two prongs of this area extend into the
Accident gquadrangle from the south. The fifth
area lies in the northwest corner of the Acecident
quadrangle and is very irregular in. outline. It
oceupies the entire valley of Feik Run and sends
a long irregular prong across into the valley of the
north branch of Buffalo Bun. There are smaller
areas near Marklesburg, in the valley of the south
fork of Buffalo Run about 3 miles west of Friends-
ville, on three hills east of Youghiogheny River
between Krug and Sang Run, and at various other
places.

Lithologie character.—The Allegheny formation,
which consists of a conformable suceession of sand-
stone, shale, coal, and limestone beds, overlies the
Potisville with apparent conformity. The follow-
ing section which extends from a depth of 193 feet
to 451 feet, shows the character of the formation:

enmn=-

Section af Allegheny formation in bare hole ot Jennings
Mtk Garrett Cownty, Md.
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| ville eoal of Pennsylvania,
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Section of Allegheny formation in bore hole No. 1, Henry,
(feerrett Conty, Md.
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Subdivisions.—The individual beds making up
the Allegheny formation in this region have been
classified as follows:

Upper Freeport soml.

Upper Freeport limestone (absent).
Bolivar fire elay.

Middle Freeport eoal (absent?).
Lower Fresport coal.

Lower Freeport limestone {(absentf),
Lower Freeport sandstome.

Ireeport coal
gronp

Upper Kittanning coal.
| Middle Kittanning eo: il
Lower Kittanning coal.
| Bplit-six coal

Kittanning eoal
Zroup

——

|' Vanport (** Ferriferous ") limestone,
| Clarion sandstone,

I Clarion soal,

| Brookville coal.

Clarion eoal
g]‘(}ll"

As far as is known the shale which forms the
base of the Allegheny formation lies conformably
upon the underlying Pottsville. A few feet above
the top of the Pottsville there is sometimes found
a coal seam which is the equivalent of the Brook-
Here, as in other
regions, this coal is very irregular and uncertain
in its occurrence,

The Clarion coal is one of the most lwrf-;iqtpnt
and characteristic members of the “Coal Measures™
in this region. [Its position varies from 15 to 45
feet above the top of the Pottsville. It usually
containg about 2§ feet of coal. A mass of sandy
shale about 10 feet thick which contains very
abundant nodules of siderite overlies the Clarion



coal.
suggest the possibility of profitable mining.

This shale is usually overlain by a thick and
massive sandstone which resembles the underlying
Homewood sandstone and is known as the Clarion
sandstone. It can be readily distinguished, how-
ever, by the presence of siderite coneretions instead
of flint nodules in the underlying shale.

The Vanport (““Ferriferous™) limestone belongs
a few feet above the Clarion sandstone and is sepa-
rated from it by shales. This limestone has not
been seen within these quadrangles, but is exposed
hoth to the north and to the south of it. The Van-
port limestone in southwestern Pennsylvania and
in Ohio carries a marine invertebrate fauna. This
fauna is absent to the south and southeast of this
region, in West Virginia and Maryland, and is in
some cases replaced by a fresh-water fauna, indi-
cating a change in character of deposition from
the north and west to the south and east. These
gquadrangles ave in this transition zone, and if the
limestone is discovered here it may be of either
character or of both,

The Split-six coal occurs at an interval vagy-
ing from 65 to 115 feet above the Clarion coal,
and a short distance above the Vanport limestone.
In its normal position with reference to the next
higher coal it has been seen at only two loealities in
this area, one of which iz on the south bank of
White Rock Run. Here it is 24 feet below the
Lower Kittanning. In the vicinity of Franklin,
Allegany Co., Md., this interval is somewhat
greater (28 feet).

The Middle and Lower Kittanning coals in the
southern part of the Georges Creek basin are
separated by less than a foot of shale and constitute
one workable seam. In the upper Youghiogheny
basin the intervening shale is usually about 3 feet
in thickness. In the lower Youghiogheny basin
it varies from 1 to 10 feet. In the Castleman
basin the Kittanning (and in fact the entive Alleg-
heny formation) is known in continuous section
only from the bore hole at Jennings Mill. Here
the Kittanning coals are all thin and oceur within
a total thickness of about 15 feet. In the Georges
Creek basin this coal is locally known as the Six-
foot, Five-foot, or Davis coal. It was called by the
last name in the report on the Geology of Allegany
County, but is now known to be the equivalent of
either the Lower or the Lower and Middle Kittan-
ning. In the Castleman basin it is known at only
three points, In the lower Youghiogheny basin
it is locally known as the White Rock seam,
and sometimes as the Four-foot. A massive
cross-bedded sandstone about 25 feet in thickness
is separated from the top of this coal by an inter-
val of usually only a few inches of shale. This
sandstone is characterized by the presence of abun-
dant brownish mica flakes.

The Upper Kittanning eoal oceurs at an interval
varying from 35 to G5 feet above the top of the
Middle Kittanning coal. The intervening strata
are sandstones and shales, the former predominat-
ing, and of them the massive micaceous eross-hedded
sandstone above described is the most conspicuous.
This coal is far less persistent than the Middle and
Lower Kittanning. Frequently it is absent or
represented by black shale or a few coaly streaks.
No good exposure of it has been seen within these
quadrangles.  The best development of it in this
region is at Harrison, W. Va., where it has a
thickness of 43 inches.

The strata between the Upper Kittanning coal
and the top of the Allegheny formation constitute
the Freeport coal group.  The lithologie character-

istics of the members are well shown in the
following section:
Section af Pledmont, W, Vi o
Feat,
Coad. o .
1. Coal, Upper Freeport..___ < Shale and bone 1' - 5
]! CloalSa i dn 2 }
S T W T R e L e R, |1
8. Bhale, bluish________________ gt e e o O I T
4. Coal, Lower Freeport. e e cccece oo B
g T [y el R o S R SO (T 2
B.oComeealed - oo iR 10
7. SBandstone, hard _____ S sl e s L L R T
B Bamdstone, sbalyr. oo o coooain s 8
9. Shales, sandstones, aud coneenled ]

Coal, Upper Kittanning,

The individual beds of this group are not usually
very well exposed in this region. The Lower

*White, 1. C., Bull. U. 8. Geol. Survey No. 63, 1891, p. 126,

At places these are abundant enough to |

(

Freeport sandstone is apparently present, but isl
less conspicuous than another sandstone which is
immediately under the Upper Kittanning coal. |
The Lower Freeport limestone has not heen seen |
at the surface. :

The Lower Freeport coal is often represented by
a thin bed, but it iz not at all persistent.

The Middle Freeport coal has not been seen in
this region. .

The Upper Freeport coal is practically always
present at the very top of the Allegheny formation.
The areas which it is entirely absent are
extremely local and infrequent. In the Georges
Creek basin this bed is known as the Four-foot
and sometimes as the Three-foot.
Youghiogheny basin it is sometimes called the
Sandrock vein, but that name has als® heen ap-
plied to other beds in the region. In the Castle-
man bagin it is not well known and has no loeal
name, It will be deseribed more fully under the
heading “ Mineral resources.”

Corvelation.— The Allegheny formation was
named and deseribed from its typieal development
along Allegheny River in Pennsylvania. Under
this name, and as the “ Lower Productive Coal
Measures,” it was studied and mapped in great
detail by the Second Geological Survey of Pennsyl-
vania. The several areas in this region are the
continnation of the areas mapped by the Pennsyl-
The correlation is based not only
on this lithologic continuity but on the similarity
of local sections and the identity of sequence of the
members,

The formation has been traced westward into
Ohig, by the Ohio Geological Survey, and south-
ward into West Virginia. In these States it has
been ealled the “ Lower Productive Measures,” It
constitutes the Savage formation and the lower
part of the Bayard formation of Darton and Taff,
and was thus mapped by them in the Piedmont

folio (No. 28).
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In the lower

vania su rveys.

CONEMAUGH FORMATION.

Aveal distribution.—The Conemaugh formation,
named from Conemaugh River, in Pennsylvania,
outcrops within the limits of the Accident and
Grantsville quadrangles in four large and impor-
tant areas, neighboring which are a number of
small outliers, The first is situated in the Georges
Creek valley, dind extends from the eastern edge of
the Grantsville quadrangle to a line which is, in
its general position, approximately pavallel to the
crest of Savage Mountain and about a mile east of
it. In part of this area the Conemangh is buried
under younger formations whose arveal extent will
be described later. One small outlier adjoins this
area. The second area is in the Castleman Valley,
and is a single oblong area 18 miles long and from
2% to 5% miles wide. There is one neighboring
ontlier. The third area is in the lower part of the
Youghiogheny Valley. It covers the greater part
of the area north of the valley of White Rock Run
and west of Youghiogheny River and extends east
of the Youghiogheny from a point two-thirds of a
mile above IFriendsville to the northern edge of the
Accident quadrangle. The eastern and southern
houndaries of this area are roughly parallel to and
about 14 miles west and north of the crests of
Winding and Dog ridges. Eight outliers adjoin
this area. The fourth area is on the southern
edge of the Accident quadrangle just east of
Youghiogheny River, and is part of the margin of
a larger area to the south.

Lathologic eharacter —The Conemaugh formation
consists of a varied but conformable suceession of
sandstone, shale, limestone, and coal beds, whose
total thickness varies from 575 to 635 feet. The
usual thickness is about 600 feet. The following
sections are each typical of the formation, in the
respective basins.

Section of Conematigh formation al Barton, Alteghany
Conunty, Md.o
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1. Coal, Pittsburg.
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8 Grayshale..ceee . Bl - B
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7. Coneealed, with sandstone near base_ ______ 29
8. Arenacecus shale and thin-bedded sandstone 8
9, Concealed _________ . ..... ) [

ANog 1 to 20 of this section were measured at Swanton
plane, and Nos. 21 to 20 were obtained from the American
Coal Company’s bore hole at Barton.
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Section of Conematugh formation in Costleman Velley,
Farrelt Cowndy, M.
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28, Limestone ., 1 -
LU Ve TR e P S e e 11
80. Limestone ... . ) 8
81, Black shale ) e e e R R,
82. Coal, Bakerstown ___________________ ———- 3 4
B3, Gray shale. . i i g T
2 T e e Hit)
35, Green shale. Tk . B &
#6. Red shale . i BT M N R
o1, Greenchale ... 4 4
38, Red shale. i SRR L ) L
3. Green shale _ S P 1 2
40. Red shala . ... __. . 2 B
41. Gray shale e ok S |
42, Gray shaly sandstone_____________ ... 8
43, Gray sandstone. .. R TR i (1 e
di Darkabinde . | __ . ____ .. . B
45, Gray sandstone. ..o e 4
46. Black shale _____________ Sl i 4
47, Fossiliferous limestone, Lower Canbridge.. 3
48, Black shale oo e e R B
E 3 Fick. | vanle jllnrl..l ______ 1 iy
49, Coal, Brush Creek T 5 1 7
50, Black shale ... 1
O1l. Gray shale. ... cce e 3. AT 20 &
53, Green shale _______________ 5 4
58, Gray shale. e e e
hd, Green shale___ Bl e R T . 4 10
55. Gray shale_ x Sas LR
&6, Fine-grained greeniszh gray sandstone _____ 24
L = T L 2
68, Fined-grained shaly sandstone. . 17
59, Coarse gandstone ___________ .9
G0, Grreenish and grayish shale . _ & 1
BTL 10

dection of Conematgh formation one-hall” mile nortlwest of
Friendsoille, Garrett Cowndy, M.

Ft, in.
1. Probable position of Pittsburg coal,
2. Btrata removed by erosion______________._ 10+
& Concealed____________ 0 4.5 G Y

f CGoal._______

B
4 Coal, Little Pites. | Shole--—o. 87 |
g E . F,tm.l. SN L R 8
i Shale.______ 1" |
Conl_ ... 1' &)
B Limesbons .o oooofeeeee . . =
B Coneendad o fi
7. Flaggy sandstone. T e Uy L 1)
8 Concealed, and massive conglomeratic
BT AL O SE ol SU s 0 S e e T el
9. Fine-grained sandstone . __._____________. 8
10. Shals _________.... iy 2k 2
1. Limestone, ) :;’]':Il:ﬁ?lu'm"' ":, v | .
Clarkeburg |! Limestone__. 3 67 i
kel L PR s S5 DS e B L © e

18, Conesaled
14. Shale _.

“ Nos I to 23, measured on north end of Ridgleys Hill, :!!-
to 833, in railroad eut a mile sonth of the National Road: 84 to
G, from a bore hole at Jennings Mill,

FL im,
15. Coneealed_________________________. 18
16. Sandstone and shale _______ S BRERE 1)
17. Fine-bedded sandstone e e Rt | |
18. Massive conglomerate ___________.._...... %
19. Shaly cross-badded sandstone . _____ 18
2. Coal, Elklick...._._______________. E i3
21, Gray ealeareons shale. - e Al
22 Massive sandstone __ s L e 20
28, Bhaly limestone and fossililerous shale,
Ames llinestone_ S A L 0 S~ 10
24. Coal, Harlem ______________ i Pl e ] 3
25, Yellowshale ____________.. . I3
26, Fine-grained cross-bedded sandstone_ _____ 3
2T -Gray shala .- o . 1
28, Coneealed, ____ e e i AT
20, Bandy fossiliferous shale__________ 4
0. Yellow shale and coneealed ___ 15
31, Black shale _______. e R 1Y
32. Coal, Bakerstown_______________ 1 i
43, Bhale and sandstone _ EI
34 Red shale. ... sl bt el SRR 2
B85 Limestone _________________. e
36. Bed and greenshales .. ___________ T
87. Bondy shale®. 10
38, Limestone ______.____... % e e R T
39, Bandyshale o ois 27
40. Black fossiliferous shale . __ £
41. Limestone, Lower Cambridge . _______ i
42. Black shale _________________ £ I &
43. Coal, Bruosh OCreek _______ . oooeoeeeo... 1 ]
44, Concenled .. . oo . _____ 80
45. Black shale with coal smnt on top_ [
Bonppe s TR ;|'
46, Coal, Mahoning - Shale ___._____. ' r 1 10
TSR g )
47, Black shale ______. Eo B OS]
48. Bandstone ... ________________._. L +
49, Bhale ____________.. ot it it
B0. Congembed. .o RS
Gl Approximate position of Upper Preeport
coal. —_
g 4

Subdivisions,—The charvacteristic members of the
Conemaugh formation are as follows:

Little Pittsburg coal.

Pittsbmrg limestone,

Connellsville sandstonea,

Little Clarksburg or Franklin coal,
Clarksburg limestone,
Morgantown sandstone.

Elklick eoal.

Ames limestone,

Harlem eoal

Saltabarg sandstone,

Bakerstown coal,

Upper Cambrides limestone.
BuaiTale sandstone.

Lower Cambridge (“Brosh Creek’) limestone.
Brush Creek eoal.

Mahoning sandgtone (upper part).
Mahoning eoal.

Mahoning limestone.

Mahoning sandstone (lower part).

The Mahoning sandstone does not show as prom-
inently in sections in this region as it has been
reported to show elsewhere. But even here it is
a very important rock because of the influence that
it has upon the topography. It has been the divect
means of preserving large areas of the Upper Free-
port coal from erosion and is of great value in locat-
ing the position of that coal.

This rock has exerted the most striking influence
upon the topography in the Castleman basin, where
there is an inner vim of Mahoning sandstone within
outer rim of Pottsville conglomerate. This
inner rim is best shown on the eastern side of the
basin, where it includes Chestnut Ridge, Salt Block
Mountain, and Maynardier Ridge. In the Lower
Youghiogheny basin it forms the spurs of Winding
Ridge which come down to Friendsville on either
side of Bear Creek. The rock is well exposed in
the bed of Bear Creek immediately above the
covered bridge at Friendsville and on the road
from Friendsville to Elder. In the northwest
corner of the county it holds up a very prominent
ridge, of which Sickle Hill and Division Ridge are
parts, and outerops in the beds of Buffalo Run and
Laurel Run. It holds up also a number of prom-
inent knobs in the southern end of the basin, From
a short distance above Friendsville to the Pennsyl-
vania line Youghiogheny River is flowing =1|nhn:__-;
the upper surface of this rock, and to this fact is
due the flatness of the valley bottom. In the
upper Youghiogheny basin this is the surface
over wide areas. In the Potomac and Georges
Creek basins the rock is less prominent but never-
theless holds up a number of hills along its western
outerop and forms numerous bluffs in the valley of

Hn

| the Potomae.

The Mahoning sandstone is usually complex,
consisting of two prominent sandstones with shale
between them. This shale usually contains a thin
coal and sometimes a limestone, Of the two divi-
sions of the sandstone the lower is the more promi-
nent and is practically always present, while the
upper is absent or replaced by shale in many places.

There is no record of the ocenrrence of the
Mahoning limestone in this region, but the Johns-



town iron ore, which frequently replaces it in
Pennsylvania, has been observed in the Castleman
Y:i“fj}'.

The Mahoning coal is present in many places in
the Potomaec In the lower Youghiogheny
basin it is thicker and more persistent than else-
where in this region and has been mined for local
use.

The strata immediately overlying the Mahoning
sandstone, or the beds which l'(-.plru.u the upper
part of the Mahoning, consist of 15 to 25 feet of
very argillaceouns shale.

The Brush Creek coal, which overlies this shale,
is one of the most persistent and characteristie
strata in the entire coal measures. It has been
observed at various localities in each coal basin
except in the upper Youghiogheny basin, where it
has been almost entirely removed by erosion.

Overlying the Brush Creek coal is a bed of
fiszile black shale from 5 to 8 feet thick, which is
in turn overlain by the Lower Cambridge lime-
stone. This limestone is of distinetly marine
::-ri;.*;in and is filled with marine fossils, It varies
in thickness from 6 inches to 3 feet.  Considering
the extreme thinness of this stratum, its persistence
is remarkable. In not a single known instance
has the position of this bed and of the underlying
Brush Creek coal been exposed without both the
limestone and the coal being present.  Above the
limestome is a series of black shales which carry
the same marine fauna. These become more
sandy above and finally grade into a fairly persist-
ent and massive sandstone which is the equivalent
of the Buffalo sandstone deseribed by 1. C. White,
from Butler County, Pa. (Second Geol. Survey

Pennsylvania, Rept. Q, p. 33).

basin.

Above the Buffulo sandstone is a succession of | ently is always either present or is represented by

strata which have as yet been seen only in the
river bluff north of Friendsville, which are recorded
as Nos. 34 to 38 of that section, and which are
described in somewhat greater detail below :

Section of roeks above Buffalo sandstone in river Wl north
af” .Ef‘.r'fa:nd:rvmc. M,

Bed shale. . _____
Limestone, hard and black w hcm I'resh. but weather-
ing deeply but irregularly to a yellow ocherous
mags; earries marine fosgils. ... ... B
Shale, argillaceous, green at the base but hkuun E
rad toward the top. o= T
Bhale, BAnAY. .. cccecccaaa- 10
Limestone, hard and with marine f{:s.alls e St

These two limestones with the 17 feet of shales
probably represent the Upper Cambridge lime-
stone. In the bore hole at
interval is represented by a series of alternating |
red and green shales.

These beds are succeeded by about 35 feet n::-f
shales and sandstones, the latter predominating. |

Jennings Mill th|=;_

exposed.

'

complete Conemangh section given above. The
coal bed 40 feet above the Bakerstown and the
limestones underlying it have not been recognized
in Maryland outside of thig bagin, but the coal at
least appears to be very constant within the basin.
The name Maynardier coal was given it from its
development at the west end of Maynardier Ridge.
Neither the coal nor the limestone can be correlated
with any members of the Conemaugh hitherto
deseribed from other regions. In other basing this
interval is generally concealed or only poorly

In the river bluff northwest of Friendsville there

Lare good exposures of a fine-grained eross-hedded |
' sandstone about 30 feet thick which occupies the
|interval of 50 to 80 feet above the Bakerstown coal.

Then comes a coal bed of great persistence and |

considerable value. This is the Bakerstown coal
of Pennsylvania, or, as it was called in the Geology

of Allegany County, the Barton coal (not the Bar- |
ton coal of Stevenson deseribed in Rept. KIK of |

Pennsylvania Geol. Survey, pp. 67, 68).
In the Georges Creek Valley the Bakerstown

| This thin coal is probably the equivalent of the

| Elklick

coal is locally known as the Four-foot and some- |

times as the Three-foot. In the Castleman basin

it- is locally known as the Honeycomb. There
is another bed in the Castleman basin which
is locally known as the Beachey bhed or

Four-foot ;
the Honeycomb or Bakerstown, may belong
ag much as 60 feet below that bed. It is, how-
ever, more than 80 feet above the Brush Creek
coal.

Or

| stone of West Virginia.
this may be a local development of |

The various possibilities in regard to the |

actual loeal position of this coal will be discussed |

under the heading “ Mineral resources.” In regard
to its correlation, it may be said that if it is not a
local phase of the Bakerstown it has no equivalent
in the other coal basins of Maryvland. In the Salis-

bury basin of Pennsylvania, of which the Castle-

man basin ig the f-..r:rulhmu continuation, there are |

three

coal beds between the Bakerstown and the |

Brush Creek which have no recognized equivalent |

elsewhere.  The Beachey bed iz probably one
of these, but there is no positive evidence as to
which it is. It has been named the Grantsville
coal, from its typical development near the town
of that name,

The strata immediately overlying the Bakers-
town coal are well exposed in the Castleman Valley

| except ostracods and fish.

in the railroad cut a mile gouth of the National |

Road.

Aecident and Geantsville.

This section iz part (Nos. 24 to 34) of the |

‘Georges Creek valley.

This is apparently the equivalent of the Saltsburg I
sandstone, deseribed by Stevenson,” from Salts-
burg, Indiana County, Pa.

The Saltsburg sandstone is overlain by a bed of
shale, never more than 10 feet thick, above which
is the thin but very characteristic and persistent
Harlem coal.

The Harlem coal, is the equivalent of the
Crinoidal coal of the Pennsylvania reports and
of Coal 8b or the Crinoidal coal of the Ohio
reports. This bed is well developed in the vicin- |
ity of Friendsville, where it is exposed in the bank !
of Youghiogheny River one-half mile north of the |
town, at an elevation of 250 feet above the river, |
and is opened at several small mines west and
southwest of the town. It has been mined at
many places in the Castleman Valley, where it is |
locally known as the Fossil coal.

The Ames (“Crinoidal”) limestone immediately
overlies' the Harlem coal. This limestone appar-

toth the limestone and
The rela-

a bed of caleareons shale.
the shale earry abundant marine fossils.
tions of the coal and limestone are well shown in |
the following sections:

Section af David Horring's mine, I mile southwest of
Friendsoille, Grarrett Cownty, Md.

Foat,
Black and grayehales. ... ________. @ |
Fossiliferons caleareons ghale. .. o oovveen.. TS |
Fossiliferous limestone (Ames)_____________._. - 32

Cloal I s e ) s o e e R 1%

Seation one-halfl mile northwest of Gronteeille, Garreft
Corenidy, M.

Feet,
Massive sandstone_ _________ o eemiiaiaaaa 15
Coneealed __._-.._... . oty | et |
Blook ghsde. - - e eemcama- 10 [
Foeziliferons limestone (Ames). ... _____ 1
Coal (Harlemy o eeecaana 14
T A O T e e 4
Hhale __. R A R e e e e e 3 1

The limestone below the coal is present in many

places. It is No. 21 of the Castleman Valley
section, given above. The interval above the

Ames limestone is not well exposed. In the bluft' |
northwest of Friendsville there is a thin coal about |
40 feet above the Ames limestone, and the beds |
between them consist principally of sandstone.

coal.  In Garrett County it seems to be
irregular in occeurrence and always very thin.
Immediately overlying the Elklick coal is a very |
massive, persistent, and characteristic sandstone, |
which is the equivalent of the Morgantown sand- |
It iz well exposed in an
old quarry in the western outskirts of Grantsville,
on numerous hills to the southwest along the axis |
of this syneline, in the blufis of the Youghiogheny |
below Friendsville, on the higher hilltops in the
Potomae Valley, and at numerous places in the
The thickness varies from |
Toward the base it is usually con- |

25 to H0 feet.
clomeratie, but it becomes finer toward the top and
finally grades into shale.

An important limestone, which is the equivalent
of the Clarksburg limestone of West Virginia,
oceurs about 40 feet above the top of the Morgan- |
town sandstone. It is well exposed in Mr. Rum- |
baugh's quarry a mile northwest of Friendsville;
and is probably the limestone (No. 15) in the
Castleman Valley section which is exposed one-half
mile northeast of Bevansville. This limestone,
which usually has a thickness of about 7 feet,
differs from the Cambridge and Ames limestones
in lacking the marine faunas, having no fossils
It fauna and its litho-

o Hoeond Geol. Barvey Pennsylvania, Rept. KKK, p. 22,

| group of rocks of slight resistance,

logic character give it a very
characteristic appearance.

A coal bed, which is known in the Georges
Creek basin as the Franklin or Dirty Nine-foot,
and

overlies the Clarksburg limestone. This coal is

distinetive and | This dividing plane is everywhere present and

- everywhere easily recognized.

in West Virginia as the Little €larksburg, |

very variable in thickness and quality, especially

in Garrett County, and is absent in places.

The very massive conglomeratic Connellsville

sandstone oceurs a short distance above the Frank-
lin coul. No sections have been observed which

' give the full thickness of the sandstone, but the

marked influence upon the topography and the
amount and character of the talus derived from it
indicate a thickness of probably 50 feet.
sandstone that holds up the bench which is always
below the Pittsburg coal. This bench and the

It is this |

immense amount of talus which surrounds it are |

very strikingly developed in the Georges Creek
basin. The broad, flat plateau between Crab Run
and Niverton is held up by this sandstone, and the
summit of Ridgley Hill is probably capped by it.
In the Youghiogheny basin the great flat ]Jltltl.“ill
which overlooks the valley on the western side of
the river from Friendsville to Watsondale iz deter-
mined by the presence of this sandstone, which
outerops along the top of the bluff and whose talus
conceals much of the underlying beds.

The Connellsville sandstone is overlain by a

quently yield few good sections.

which conse- |
The predomi- |

nating rock is shale, and accompanying it are at |

least one bed of coal and one of limestone.
some regions there are two of each. The relations
of the strata are shown in the following section:

Section one-hall mile northwest of Gise, Garrett
Cotnty, M.

Ft. i,
Bandyshale .. ________ . . ... 10
2] T R TR e B e i T H
Coal .. 127
Coal, Little Pittsburg _____ .---% Shale. 3" } 2 3
Coal .. 13"
Bhade . e L s o et B ] 8
Limestone, 1‘|ttsb11rg_____.____ L T AP T
Concealed, mostly shale_______________________ 20+
Sandstone, Connellsvilla. m

The strata from the upper Little Pittsburg coal
to the top of the formation consist of shale and
have a thickness varying from 35 to 90 feet.

Corvelation.—The Conemaugh formation is the

Coal Measures”
Pf-nm:, Ivania Geological Surveys.

is based upon the continuity ‘of the belts in the | basin,

In |

by the | erosion,
The correlation | limited almost exclusively to the Georges Creek

Section of Moenongahela formation in pumping shalt 2 miles
sotth of Frostburg, Allegany County, Md.

FtL in.
1. Ooal, Waynesborg.____._____ . ... 1 10
L P T e R e S T TN e g R N a0
¢ Limestone, Waypesburg ___________...__..... & T
4 Biliceonsfrealy «oeeeeoeeeee .- 8 11
b Bandebome o e 10
e e B B L ot o % 10
- Bandebome e ke e i 1B
oI P A SN OB P W e s |
9. Coal, Unfontown - oo ccceooo oo o i
10; Hhala oo et R R SR e N e R R
11. Sandstona, Hemuhlev S S R Tt |
DS ale R e e Sk e s o SR
El..-ml.l L 10"
18. Coal, Upper Sewickley . < S8hale . & } b 6
{Coal .. 1 &
14. Bhale .ceeeeeeaaan NS el Dl e F i G 1
15. Bandsbome ___ . &
I A e e 205
17. Bandstone _ SRS AR i 1
18. Coal, l.-uwu:srHnumklet________.____._____.__ 2 6
LT e e R T e Do IR B i 8 T
|1 1T 7 1 U 11
a1, Bhale _________ BN e A O i T e | TR
23, Limestone, l'Jl-hlr::rt-h_._.._....... EESdtaivih g O
2%, Shale . by TR Ny TSR L e 8
24, Coal and shale, Radamna SRk e WX T 4
e | N1 i, £ bk by R S T e
B Handsbomy o e nmemeemcee— e em—a= 1 2
7. Coal, Pittatmrg_-::ﬁ;t‘fi’_*{'f_"}*_’_’j :’ z% 13 1
252 9

Section af Monongahele formation af Koontz, Allegany
Cloweaity, M.

Ft. in,
Coanl... 8 4"
Bhale.. il 1
Coal. .. 6"
1. Coal, Waynesburg. ... B A $ 3
8hale_. 1" 8"
| Coal... &
B oConeealed ..o e L 106
8. Coal, Upper Sewlekley ____ . ceeeoaea B 8
4, Coneaaled. e eee et s e e mmee . 10T
B BhadA o o e R TR SRR 2 2
Coal, wild_____ 11"
Bhale eeecunnn. 107
Coal, top______ 1' 8&"
I, by P
8. Coal, Pittaburg .. 4 ggiie Vi i TR
Coal cioociola. ar
Bhale ____..... 1"
Coal, bottom__. 2
240
The Pittsburg (or Elkgarden, Big vein, or

'F ourteen-foot, as it has been loeally called in
this region) is the thickest, most constant, and best
known coal not only in this region but in the
entire northern Appalachian field. Because of the

| same as the formation mapped by that name and | shallowness of the other basins and the amount of
' ag the “Lower Barren

its . occurrence in these quadrangles is

In thiz and in the Potomae basin south of

northern part of Garrett County with those mapped | | it there is a geographic variation in the character

in the adjacent part of Pﬂﬂllﬁjlhill]-i, on the | of the bed.

In the northern end of the basin

similarity of sequence of the individual beds with | both the coal and the shale partings are thin, but
those of the type region on Conemaugh River, and | toward the south the coal thickens, while the shales

on the presence of identical faunas in the Ames
and Cambridge limestones. The formation is
clearly defined here, as in Pennsylvania, between |
the Upper Freeport coal below and the Pittsburg
coal above.

The formation is identieal with that mapped in |
| Ohio and West Virginia as the “Lower Barren |
as in the |

Measures.” In both of these States,

western part of Pennsylvania, the faunas of the |

Ames and Cambridge limestones have been

| followed as horizon markers of the greatest value in

correlation.

The Fairfax formation and the upper part of the |
' Bayard formation of Darton and Taff are identical
| with this formation.

MONONGAHELA FORMATION.

Avreal distribution.—The Monongahela formation,

' named from Monongahela River, in Pennsylvania,

occupies eighteen small areas in the Grantsville

quadrangle, fourteen being in the (Georges Creek |
valley, in Maryland, and four in the Castleman | Castleman Valley, but has not been recognized in

Valley in Pennsylvania.

| the Georges Creek basin.

remain constant or decrease somewhat in thickness,
until the maximum thickness of the coal is obtained
in the central part of the Potomac basin. South
of here the tendency was evidently for the shales

| to thicken enormously while the coal remained

almost constant. In the Castleman Valley (Salis-
bury basin of Pennsylvania) the Pittsburg coal
varies in thickness from 8 to 11 feet, exclusive of
the roof or rider coals.

The strata overlying the Pittsburg
typically shown in the following section :

coal are

Sectton one-hall mile south of Niverton, Somerset
Cownty, Fa.

Fest,

IR [ e R R S R S i el PR L0 R |
Y e R S i S A O, D O -
. Coal, Hx.:lht{nu..__.__.____________________________ &
% R ol e, St W st o i o i (i
6. Limestone, i.ia(lsmne _______________________ LA 10
B BRle aF et SRR e N i )
N Coal Tiabarg. - i ]
T3

The Redstone limestone iz well developed in the

The overlying Red-

Lithologie eharacter—The Monongahela forma- ' stone coal appears to be geperally present in both

tion consists of a series of sandstones, shales, lime- | basins,

A short distance above the Redstone coal

stones, and coal beds having a total thickness of | is a thin limestone (the Fishpot limestone), which

about 260 feet.

Sections of this formation are so | is the only representative of the great thickness of

poor and incomplete that it will be necessary to | | limestone in about this position in southwestern

q note the following sections from the region ‘ulmm- Pennsylvania.

This and all higher beds have

ing this on the east, in order to dﬁfmﬂlm the | been rt.-lm::w.d by ercsion except in the (ieorges

formation in detail.
The Monongahela formation
upon the underlvingj Conemaugh.

iz conformable

| the formation is the floor of tlw Pittsburg coal. |

Creek wvalley. In western Allegany County there
is o bed of coal about 30 feet above this lime-

The base of | stone, which represents the Lower ‘ieui{Lley coul.

This bed has not been exposed in the Garrett



County part of the Grantsville quadrangle, but
may be confidently expected there. About 45 feet
above the Lower Sewickley coal, and separated
from it by shales and sandstones, is the Upper
Sewickley eoal, or Tyson bed, as it has been
called in Allegany County. A sandstone about
40 feet still higher is the representative of the
Sewickley sandstone. A short distance above this
there is found in western Allegany County the
very thin representative of the Uniontown ecoal,
but this has not been seen in Garrett County.
Abount 30 feet higher is the Wayneshurg lime-
stone, which oceupies a position abont 30 feet
below the upper member of the formation, or
the Waynesburg coal. The Waynesburg coal is
a very constant stratum, but its area in Garreti
County is small and exposures of it are infre-
quent. It was called the Koontz eoal in the
report on the geology of Allegany County. The
roof of this coal marks the top of the Monongahela
formation.

Corvelafion.—The strata here mapped and called
the Monongahela formation are correlated with the
restricted formation which was long ago given that
name and mapped by the Pennsylvania Geological
Survey. They have also been called, in Pennsyl-
vania, West Virginia, and Ohio, the “Upper Pro-
!Ill{'i;‘f{ﬁ (_:ﬂ'rll JII{"HH'I'II'!".‘_‘-,”

The correlation with the rocks of the type section
of the Monongahela formation is based upon the
general similarity of stratigraphie succession, on
the presence of the large coal at the base, which
corresponds in general section with the Pittshurg
coal, and on the presence of the underlying beds,
which, not only in their stratigraphic sequence but
in their faunas, are proved to be the equivalent of
the Conemaungh formation.

The quu_':-;tiun has been raised (West Virginiﬂ
Geol. Burvey, vol. 2, 1903, pp. 145-146) whether
the writer has (’UI'I'I_‘{_‘“}' correlated the coal which
is here and has been previously (Geology of Garrett
County, Maryland Geol. Survey, 1902, pp. 140-
144) referred to the Waynesburg. 1. C. White
suggests that this coal may be the Uniontown,
while the Waynesburg is the coal here called the
Washington. The possibility of this interpretation
is admitted, but the correct correlation can he
proved only by paleontologic evidence, which is
not now at hand.

The “Elkgarden formation™ of Darton and Taff
was named and mapped in the folio (No. 28) that
describes the Piedmont quadrangle, which adjoins
these quadrangles on the south, and is the exact
equivalent of the beds here referred to the Monon-
eahela formation.

DUNKARD FORMATION.

Aveal  distribution. — The Dunkard formation
occupies four small areas in the Grantsville quad-
rangle. These aré all in the Georges Creek basin,
close to the Allegany—Garrett County line; three
are on the summit of Detmold Hill, and the fourth
is on Swanton Hill west of Barton.

Lithologic character—The Dunkard formation
lies with an apparent conformity upon the Monon-
gahela. The areas are all so small and so near
to the summits of gently rounded hills above
the drainage lines that there are no good exposures.
Consequently it is impossible to say anything defi-
nite about the strata, except that they are appar-
ently shales or limestones which do not show
I.]ll‘mlf_-;h the soil.

The following section gives the best known
sequence of the strata composing the Dunkard
ILIJI'IIH“ i.[lll ill I]l;H ]'l‘_f_"'i{:l“.

Section of Dunlard formation on ill eagt of Pumping Shaft
station, Allegany Cotrnty.
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The Waynesburg sandstone, which is almost
always seen a short distance above the base of the

»

formation in other regions, haz not been recognized
in Maryland. The thickness of the part of the
formation exposed in the Grantsville quadrangle
nowhere exceeds 180 feet, which thickness iz on
Swanton Hill. The strata as exposed in this quad-
rangle are not at all distinct from the upper heds
of the Monongahela formation, and the only reason
for showing the Dunkard on the map is that these
hills are high enough above the base of the Monon-
gahela to include more than the normal thickness
of that formation as shown immediately to the east.
In Allegany County, east of this area, the thickness
of the Dunkard formation is about 400 feet, and
in southwestern Pennsylvania it is more than 1000
feet but in this region all but the lowest beds have
been removed by erosion.

Correlation.—The correlation of these rocks with
the Dunkard formation of southwestern Pennsyl-
vania rests upon the supposed identity of the coal
232 feet above the Pittsburg coal at Koontz with
the Waynesburg coal. The doubt as to the cor-
rectness of this identification has already been
mentioned.  The rocks above the bed here referred

to the Washington coal are, in any case, part of |

the Dunkard. These strata are a small part of the
ereat thickness of Dunkard which remains in south-
western Pennsylvania, and all are the equiva lent of
beds belonging in its lower division, the Washing-
ton formation. These rocks, together with the 210
feet which overlie them in the region adjoining this
on the east, were formerly called the “Frostburg
formation,” but this name has been abandoned as
4 BYNONYI.

The equivalents of these beds in Pennsylvania
and West Virginia have, from a study of their
floras and fannas been referred to the Permian
series of the Carboniferous. Some doubt still
exists as to their age, but in all probability they
are, in part at least, Permian.

QUATERNARY SYSTEM.

The Paleozoie rocks of these quadrangles, excepi
where they are constantly being swept elean, are
covered by a mantle of unconsolidated material of
diverse character. The age of this mantle extends
from the immediate present back through a some-
what indefinite but not very long period in
geologie history.

On the basis of origin the surface deposits of
this region may be classified as follows:

Untransported produets of agencies still at work==the soil.

Sediments (Muviatile) still being formed=—river bottoms.

Bediments produced by past sonditions—river terraces

Untransported material prodoced nnder past eonditions-——
the regidual soil of the glades.

The glades—The oldest and most constant and
characteristic of the nunconsolidated deposits of this
region consist of a thick mantle of residual clay
and sand which is best developed in the regions of
flat, open marsh and meadow lands known as
“olades.” The thickness and exaet lithologie
charvacter of these deposits are not well known as
there are no good sections, either natural or arti-
ficial. The glades are a series of local plains which
were in general both caused and preserved from
subsequent destruction by the resistance of the
Pottsville and Pocono ridges.

River lerraces—Terraces are very prominent
along some of the streams in these quadrangles,
but for the most part the streams are without any
distinet and extensive system of terraces. There
are benches on the sides of most of the valleys, but
these arve formed by ledges of resistant rock, are
not horizontal, and are not of constructive origin.
However, there are some terraces which are hori-
zontal and constant in position and are composed of
sedimentary material younger than the valley itself.

These terraces arve best developed in the Castle-
man Valley a few miles south of Grantsville.
Here is at least one terrace which is distinetly of
constructive origin. It lies at an elevation of about
22000 feet above tide, or about 30 feet above the
bottom of the valley. It is composed of well-
stratified sand and sticky blue clay, with a surface
of loam. In the sand and clay are rounded quartz
pebbles and rolled erusts of limonite. The thick-
ness of the deposits exceeds 20 feet in places.  This
terrace extends along both sides of the valley from
the mouth of Shade Run to and somewhat above
the mouth of the North Fork. A similar terrace
exists, but is not quite as well developed, in the
Youghiogheny Valley from Friendsville to the
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northern edge of the quadrangle. This is at an
elevation of about 1500 feet, and shows most dis-
tinctly at the mouths of the side valleys,

The origin of these terraces can not at present be

| explained.

Liver bottoms.—Most of the rivers, especially |

those which are not actively lowering their beds,
have built flood plains of varying width and char-
acter.  Most of them are narrow and consist only
of belts of coarse detritus extending from the edge
of the channel to the base of the steep hillside.
Castleman River meanders for much of its course
through a broad, swampy flood plain which is still
Ii] ITmﬁ‘l'ﬁH ”'F l_"ﬂl”"-']'l_”"li””.
from near Friendsville to and beyond the northern
edge of the quadrangle is flowing through a broad
flood plain whose surface is of fine loam and which
is almost high enough above the river to be
regarded as a terrace.  Many of the smaller streams
are bordered by narrow flood plains which are still
in process of construction and change. The hest
developed of these are along Savage River.
Soil.—The most extensive and
the Quaternary deposits is the soil.

Youghiogheny River

STRUCTURE.
GENERAL FEATURES.

The rocks of this region are unaltered sediments
which have been thrown into a series of open,
nearly symmetrical folds with axes trending toward
the northeast and southwest. The region presents
a structure which is similar to that of the adjacent
regions on the northeast and southwest, but differ-
ent from that of the regions on the sontheast and
northwest, although with each of the latter it
has certain points in common, being transitional
between While on the it has a
marked individuality, yet it has within itself cer-
tain divergent types which render it capable of

them. whaole

division into structural subprovinees.

There are seven major folds which enter these
quadrangles, including four synclines and three
In the southeast corner of the Grants-
ville quadrangle is the Georges Creek syncline,
This is succeeded on the west by the Deer Park
anticline, which extends from near the northeast
corner to near the southwest corner of the same
quadrangle. West of this are two synelines (the
Castleman :synrlim- at the north and the Uppu‘r
Youghiogheny syneline at the south) which are
disconnected by a low uplift and are neither quite
The axis of the latter

anticlines.

in line nor 'i“““ I}."ll':L”{'].
is situated farther to the northwest, and its direc-
tion iz more nearly north and south, than the axis
of the former.  West of these two synelines ave two
anticlines, the Accident anticline at the north and

most recent of |

the Cranesville anticline at the sonth, whieh like the |

synelines last described arve also disconnected, and |

whose axes are both ont of line and divergent.
The diserepaney in the position and direction of
the axes is similar to that of the axes of the above-
mentioned syneclines, but is even greater in amount.
Northwest of these anticlines is the Lower Yough-
iogheny syneline.  The Upper Youghiogheny syn-
cline, from its position flanking the Deer Park
anticline on the west, wonld secem to be more
closely related to the Castleman than to the Lower
Youghiogheny syncline; but it is strocturally
more closely related to the latter, as it is joined
with it at a point on the axis 200 feet lower than
with the former, and is a fold of the same broad
unsymmetrical type.

Faults are small, infrequent, and inconspicuous.
They do not affect the areal distribution of the for-
mations or the gutl{!l';l] character of the strocture.

The folds are in general unsymmetrical, the
steepest dips being on the eastern limbs of the
H:r’iu']irli‘s and “the western limbs of the anticlines.
In other words, the northwestward dips are steeper
than the southeastward. This is in general true
throughout the entire Appalachian Provinee. The
amount and the regularity of the dip decrease from
the southeastern to the northwestern part of the
quadrangle.
same direction.
and pitch from the southeast to the northwest
entirely changes the general character of' the strue-
ture. The continuation of the change beyond the
limits of the quadrangles in either direction makes
thiz arvea a transition zone between two radieally
different structural distriets. To the southeast and

The amount of pitch inereases in the
r”liH |'l";_’"|||i|]' l']l:t]]gl! il] I-]H.’. {Iiir

which has  been designated the Appalachian
Valley, while in this area and northwest of it are
the Allegheny Plateaus.
ized by the canoe-shaped syneline and the eigar-
s-_ﬂm]lwl anticline, The latter ave characterized h_";.'
the spoon-shaped syneline and the domed anticline.
The eastern edge of the Georges Creek syneline
forms the western boundary of the former region.
The eastern edges of the Accident anticline and the
Upper Youghiogheny syneline form the eastern
houndary of the more typical portion, structurally,
of the latter region. The intervening area, com-
prising here the Georges Creek syneline, the Deer
Yark anticline, and the Castleman syneline, is stroe-
turally transitional between them.

The details of the structure are shown by the
structure sections and contours on the geologic
structure sheet.  The former show, in natural seale,
the rocks as they would appear on the side of a
trench cut down to sea level.

The former is character-

The latter represent
the position of imaginary horizontal lines, 100 feet
apart vertically, drawn on the upper surface of the
They show the height of the
top of the Pottsville above sea level, and in connec-
tion with the surface contours show the depth of
the top of the Pottsville below the surface of the
ground.

Pottsville formation.

GEORGES CREEK SYNCLINE.

Locativn.—The easternmost structural feature is
a broad, rather deep synelinorinm, only part of the
western limb of which lies within the limits of these
quadrangles. It is named from the stream which
flows along the axis. The southern part of this
fold Darton and Taff (Piedmont
folio, No. 28) the North Potomae syneline, while
the northern part was ealled by O’Harra the
Georges Creek syncline.  The further continuation
of this fold into Pennsylvania has been called

Wils l'q'l].]l‘ﬂ.l I}:-

| the Wellersburg syneline.

The western edge of this syneline may be con-
sidered as located along the line of steepest dip,
where the beds change from an upward to a down-
ward coneavity. This line coineides approximately
with the onterop of the base of the Pottsville, with
the 3200-foot contour drawn on the top of the Potts-
ville, and with the crest of the Great Backbone-
Big Savage ridge.  The course of the western edge
of the fold is remarkably uniform, being about N.
307 1., except for about 4 miles in a region east of
Altamont, where it is about N. 50° E. The syn-
l']i[ll! ;H I'illeI;"lH"ﬁ] I.l}"l'h'!“'!]. llil" I‘Ic""tlll,‘:lﬁt iH:IEI ]]l_‘llll-
sylvania and southwestward into West Virginia,

The axis of the fold lies within the area under
consideration for only a short distance, in the sonth-
east corner of the Grantaville quadrangle.  Beyond
the borders of the quadrangle it extends through
the towns of Mount Savage, Frostburg, Borden

| Bhatt, Lonaconing, and Westernport, in Maryland.

Thenee it passes into West Virginia and lies some-
what east of Potomac River from Piedmont to
Elkgarden.

(Feneral fealures~—The most striking features of
this fold are the very uniform strike and dip along
the western flank and the flattening of the center
of the fold and steepening of the western flank in
the valley of Savage River.

The strata outeropping within this syncline are
those of the Mauch Chunk, Pottsville, Allegheny,
':-_,:Hl'l'l;"t'l'lllll;l'll, 1'."lI'flI!lrllI:‘_'fi|.]'|l.".|.=l.|, E“Il] ]:'Ilrl:]{::ll'i! ﬂl”]]ﬂ—
tions.

Attitude of the strata—The strike averages about
N. 35° E. along the western edge of the fold.
Toward the axis it becomes less regular.  The dip
varies from 207 to 45° along the edge of the fold,
averaging about 307, Toward the center of the
gyneline it becomes steadily smaller and less regular,
Along Potomae River it is small but quite irregular
in amount and direction. The pitch on the part of
the axis lying in the Grantsville quadrangle is very
glight but apparently is continuously northeastward
at the rate of about 15 feet per mile.

DEER PARK ANTICLINE.

Location.—The Deer Park anticline bounds the
Georges Creek syneline on the west throughout its
length. Its
arbitrarily placed at the outerop of the base of the
Pottsville formation along the crest of Meadow
Mountain. This coincides approximately with the
3200-foot contour drawn on top of the Pottsville

western  border iy he Hl!ll'lU'l."-'JlIlt

east is the division of the Appalachian Provinee | formation.



The axis extends 8. 35° W. from the Pennsyl-

vania line, halfway between Big Savage and
Meadow mountains, through Avilton to Tom
Ridge.

General features.—Thisis a long, approximately

straight, simple anticline, with few if any subordi-
nate folds. The antieline is most elevated and most
steeply arched at the southern end, which is beyond
At the central
depressed point the top of the arch is very flat.
This depression is bounded on the west by a zone
of steeply dipping rocks. This abruptly terminates
the depression on the west, so it does not effect the
adjacent syncline. The steepest dips in the region
are at this I;]:—lcv, where the rocks stand vertieal.

The rocks involved in this fold which outerop
at the surface are those of the Jennings, Catskill,
Pocono, Greenbrier, and Manch Chunk formations.
The axis is in the outerop of the Jennings forma-
tion throughout the entire length of the fold.

Attitude of the strata.—The strike is very uni-
form throughout the entire fold. Except at a few
points near the center of the fold it remains parallel
to the axis. The dip varies from 0° to 90°. A
noticeable feature in this anticline is the
OCCNTrEnCS E:IF \'l_,‘l'_‘}." HtL!UII l,“PH at no gl'l_"ﬂt- fliﬁt}l]ll_"{’.
from the axis. The steepest dips are in general on
the west side of the axis. The average dip in the
zone of greatest inclination is about 35°.  The dip
in general is greater toward the southern end of
the fold. The piteh from the southern edge of the
quadrangle to Middle Ridge is ahout 130 feet per
mile northeastward. From this point north it is
about 160 feet per mile southwestward.

In the center of the fold there has been some
faulting, but the displacement is apparently slight.
In the fissures and fault planes are veins of calcite
which eontain small amounts of galena, sphalerite,
and pyrite.

the limiiz of these :|uudnmglm.
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CASTLEMAN SYNCLINE,

Location—The Castleman syncline adjoins the
nprth end of the Deer Park syneline on the west
side of the latter. It occupies the area between
the erests of Meadow and Negro mountains, the
boundaries being approximately the outerop of
the base of the Pottsville formation on the
crests of those mountains, or the position of the
3200-foot contour drawn on the top of the Potts-
ville formation. The southern end of the synecline
may be placed at Deep Creek, which flows along
a small low anticline that cuts off this syneline
from the Upper Youghiogheny synelines outhwest
of it.

The axis of this fold extends from Niverton,
Pa., through the eastern end of Grantsville and on
to Castleman River at a point a mile south of
{_ii'ill]tﬁ\'[]ll.‘.. ,l‘]l.{"[l{‘.{,‘ ;t ;i{‘H 'rllﬂtlg 1_]!",] GO rse ﬁf‘tl"}
Castleman as far as the forks of that stream. From
here it extends to Bittinger, and thence in a course
about 8. 45° W. to the southern end of Meadow
Mountain.

General features—This is, so far as the portion
in this region iz concerned, a typical canoe-shaped
synecline.  Subordinate folds and undulations of
the axis are apparently lacking. It is a more
simple fold than the Georges Creek syncline or the
synelines farther west.

The strata involved in this fold and outeropping
in it are those of the Maunch Chuni, Pottsville,
Allegheny, Conemaungh, and Monongahela forma-
tiongs.

Attitude of the strala—The strike on the flanks
of that part of the syncline southwest of Bevans-
ville is in general parallel to the axis. Northeast
of Bevansville it gradually diverges from the direc-
tion of the axis toward the east on the eastern limb
-of the fold and toward the north on the western
limb. The dip iz gentle and regular.
about 12° or 15° on the crests of Meadow and
Negro' mountains and decreases rapidly and regu-
larly toward the axis. The axis pitches to the
northeast at a rate of about 55 feet per mile from
Niverton, Pa., to a point about 2% miles southwest
of Bittinger. From that point to the southern end
of the syncline it pitches to the northeast at a rate
of 200 feet per mile.

There is a fault in the sandstones and shales of
the Conemaugh formation in the west bank of
Castleman River ‘just east of Grantsville. For a
distance of about 100 feet along the roadside there
can be seen a massive sandstone resting horizontally

It averages

Accident aud Grantsville,
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upon the upturned edges of steeply dipping shales.

The dip of the shales is unusual for this region, | fold which lies within the quadrangle are those of

the normal dip at this point being that of the
almost horizontal sandstone. The disturbance is
all the more remarkable for occurring in the center
[lr il ‘l.'{_‘.'r:r’ U"!,Il_'!]]_ S:f' I]f_‘lilll_." "I'ﬁ"lll_"]‘[’: 1_hﬁ! HLI'HE!!. anre '|,'|.l‘]|.|:4':'|].|.:rII
very slightly disturbed. The amount of displace-
ment eould not be measured, but appearances at
this locality indicate that it may be considerable.
There are, however, no indications of it in any
other exposures.

ACCIDENT ANTICLINE.

Loecation.—The Accident anticline lies west of
the Castleman syncline and north of the Upper
Youghiogheny syncline. Its western boundary is
the crest of Winding Ridge. This fold forks at the
southern end; one prong, extending southeastward
through the valley of Deep Creek, connects with
the Deer Park anticline ; the other, extending south-
westward, connects with the Cranesville anticline.

The axis extends in an almost straight line from
a point on the Pennsylvania line 5. 37° W. to a
point a mile west of Aceident. Thence it extends
S, 26° W. for almost 4 miles, where it becomes
obscured toward the rim of the fold. A bifurea-
tion takes place, however, one axis puassing south-
eastward through McHenry and the valley of Deep
Creek, and the other southwestward through the
high hill sonth of Sang Run toward the center of
Pine Swamp.

General featums—This fold is the southern end
of a very long, narrow arch which extends for
many miles into Pennsylvania and is there known
as the Negro Mountain anticline. Its most strik-
ing feature is the development of a great dome
near the southern end, beyond which it pitches
apidly downward into the end of a syneline. It
is an-anticline of a type different from that of the
anticlines toward the east, and is the counterpart
of the Youghiogheny synelines, with which it char-
acterizes the structure of this topographic and
structural subprovinee.

The strata involved at the surface are those of
the Jennings, Catskill, Pocono, Greenbrier, and
Maneh Chunk formations.

Attitude of the strala.—The strike is rather
recular, being ronghly parallel to the rim of the
fold, especially at points not far removed from
the rim. The most marked exception to this is in
the interior of the fold for a distance of about
5 miles northeast of Accident. Here the strike
diverges from the direction of the axis south-
westerly on the western limb of the fold and
southeasterly on the eastern limb. The dip is
quaguaversal except in the vieinity of the Pennsyl-
vania line. The steepest dip iz on the western
limb of the fold about 2} miles west of Accident,
where a maximum of 25° was observed in one
exposure. It seldom exceeds 10 or 12° and is
irregular. The axis pitches northeastward at a
rate of about 160 feet per mile from the Pennsyl-
vania line to a point about a mile west of Accident.
From here south it pitches southwestward at a rate
of 200 feet per mile for about 5 miles and -then
inereases to a2 maximum of about 500 feet per mile
toward the rim of the adjacent syneline.

It is possible that there has been faulting on the
western limb of the fold in the region of steepest
dip. The oceurrence of abundant blocks of slicken-
sided sandstone on the surface and an apparently
abnormal thinness of the Catskill formation sug-
west the presence of a fault west of Aceident.
Its actual however, could not be
established.

OCCUrrendce,

CRANESYVILLE ANTICLINE.

Loeation. — This anticline adjoins the Upper
Youghiogheny syncline on the west flank of
the latter. It is bounded on the north by Feik
Hill and Dog Ridge, beyond which is the Lower
Youghiogheny syncline. The western and sonth-
ern limits of this fold, as well as the greater part of
itz area, are in West Virginia.

The axis extends through the valley east of
Nettle Ridge and the town of Cranesville in a
southwesterly direction.

General fealures.—The end of this fold which
enters this region resembles the southern end of
the Accident anticline, and the similarity appears

to continue southwestward into Preston 'f.Jvl.‘ul.lnl:gf,'r

W. Va. J

-

The surface rocks involved in the part of the

the Pocono, Greenbrier, Mauch Chunk, and Potts-
ville formations. Along the axis in West Virginia
the Jennings and Catskill formations are exposed.

Attitude of the strata.—The strike is fairly regu-
lar in direction, keeping parallel to the edge of the
fold on the contour lines shown on the economie
geology and stroeture maps.  The dip, so far as the
Maryland end of this fold is concerned, seems to
be quaquaversal. It is fairly regular, although of
small amount, seldom exceeding 3° or 10° in the
northern end of the fold, but increasing to a
maximum of about 20° northwest of Corinth. The
pitch along that part of the axis which lies in this
area is about 500 feet per mile northeastward.

LOWER YOUGHIOGHENY SYNCLINE.

Location.—This syncline adjoins the Accident
anticline on the west, the Upper Youghiogheny
syncline on the northwest, and the Cranesville
anticline on the northeast. It extends northward
into Pennsylvania and westward into West Vir-
It is connected with the Upper Youghio-
gheny syncline across the low anticline connecting
the Accident and Cranesville domes.

The axis follows a somewhat sinuous course near
the eastern border of the syneline. It crosses the
Pennsylvania line about 14 miles east of Youghio-
cheny River and extends in a south-southwesterly
direction. Crossing Youghiogheny River about a
mile below Selbysport, it continues west of that
stream and about one-half mile from it as far as
the mouth of Trap Run. - Here it takes a south-
erly direction, the river winding back and forth
across it as far ag Sang Run,  From this point it
extends southward into the high hill south and
west of the river, and joins the western fork of the
Upper Youghiogheny syneline.

General features. — This fold differs from the
Georges Creek and Castleman synclines in being
very markedly unsymmetrical. Tts most striking
feature is the very strong regular dip on the eastern
limb as compared with the weak irregular dip of
the western limb. It should be noted that the
pitch iz greater than in any of the syneclines
deseribed above. This is due to the abrupt termi-
nation of the syncline at the sonth against the end
of a steeply pitching anticline. This deflects the
strike at almost a right angle, and the piteh practi-
cally passes into the dip of the southern limb.

The strata exposed are those of the Greenbrier,
Mauch Chunk, Pottsville, Allegheny, and Cone-
mangh formations.

Attitude of the strata.—The strike on the eastern
limb of the fold is very uniformly N. 35° L. as
far south as a point 2 miles north of Sang Run.
Between here and Sang Run there is great irregu-
lavity of strike. On the western limb of the fold
the strike is in general north and south, except in
the southern end of the fold, where it is northwest
and southeast. The dip is very regular on the
eastern limb of the fold. The maximum angle is
about 20°. On the western limb of the fold the
dip is very irregular in amount and in direction,
It seldom exceeds 5° or 8°. A low secondary anti-
cline oceurs in the northwest corner of the county,
on Sickle Hill and the ridge toward the north.
The dip on the western flank of this is very slight.
A very strong minor fold occurs at the mouth of
Laurel Run and very near the axis of the syncline.
This disturbance is evidently of slight extent. The
axis descends to the northward from the southern
end of the basin to the Pennsylvania line. It
pitches at an average rate of about 200 feet per
mile above the mouth of SBalt Bloeck Run. From
the mouth of Salt Block Run to the mouth of
White Rock Run the pitch is about 330 feet per
mile. From this point to Krug it is about 150 feet
per mile. Here it increases again and maintains
an average pitch of 260 feet per mile as far as
Friendsville. The pitch iz very slight below
Friendsville, but maintains its direction to the
northeast.

ginia,

UPPELR YOUGHIOGHE®™ SYSCLINE.

Loeation.—This gyneline lies west of the southern
end of the Deer Park anticline, and only its extreme
northern end is within these quadrangles. Its west-
ern boundary is the outerop of the base of the Potts-
ville formation along the crest of Snaggy Mountain.

On the northeast it is separated from the Castleman

syneline by the crest of a subordinate anticline,
referred to below.  On the northwest it is separated
from the Lower Youghiogheny syneline by a low
anticline in the high hill south of Sang Run. On
the north, between the two low anticlines above
mentioned, is the Accident anticline, of which they
are both prongs.

So small a part of this fold enters thiz region
that a detailed discussion is not given here. The
most noticeable structural features are its unsym-
metrical character, the shortness in proportion to
the width, the strong pitch compared with the
relatively gentle dip, the irregular strike and dip,
ths bifurcating axis (the point of bifurcation being
outzide the quadrangle), and the presence of four
subordinate spoon-shaped synelines.  This syncline
differs in type from those deseribed above. 1t is of
the class typically developed in western Pennsyl-
vania, which have short, rapidly plunging, bifur-
cating, offsetting axes, and contrast sharply with
the long, straight, regular, canoe-shaped synclines
farther east.

The strata outeropping in this fold are those
of the Mauch Chunk, Pottsville, Allezheny, and
Conemaugh formations.

HISTORICAL GEOLOGY.
EARLY PALEOZOIC SEDIMENTATION.

During the earliest known periods of geologic
history large arveas of what is now the continent
of North America were covered by the sea. Land
areas existed in what is now Canada and probably
along a belt near the present Atlantic shore. These
lands grew intermittently by uplift, and were worn
il “-'-I-I}" h;l.' ']'H.‘! I}]'E:I(_'l"‘a_%ﬁl‘_,‘ﬁ {rf El"ljsiﬂt'! “'I]i(‘.]l dare :t]_“."r'lj'S
attacking land surfaces. The shores shifted back
and forth by uplift and subsidence, in addition
to the general narrowing and shoaling of the sea
throngh its receiving the sediments of land waste:

The details of this early history are complex and
varied, The uplift of the land was sometimes rapid
and consequently large amounts of sediment were
delivered to the sea within short periods. At other
times the land surface stood near sea level for great
lapses of time, and then the sediment which reached
the sea was fine in texture and small in volume.
The land itself was at times submerged beneath the
sea, so that marine sediments were spread over the
old land surface. At still other times the sea bot-
tom was raised above water level and the recently
formed strata were eroded and redeposited.

There is no positive evidence as to what took
place in the area of these quadrangles during early
Paleozoic time. Tt is, however, highly probable
that for the most part the region was submerged
and lay at a considerable distance from shore.
Sedimentation was probably slow but continnous.

DEVONIAN SEDIMENTATION.
EARLY DEVONIAN EPOCHS.

The rocks which were laid down at the beginning
of the Devonian period are not exposed in these
quadrangles. Their character in adjacent regions
shows, however, that the entire district® was sub-
merged and was receiving sediments from a land
mass which lay to the east. This land was near
base-level, forming a low plain from which little
sediment was derived. In early Devonian time
the continent gradually rose, initiating erosion and
causing muddy sediments to reach the sea. The
continent was, however, largely a lowland until
the middle of the Devonian, when the loecal record
begins. "

JENNINGS KPOCH.

A marked uplift of the lands east of the Appa-
lachian sea began in Middle Devonian time. This
resulted in the growth of a great highland area
along the present shore of the northern Atlantic
States. In this region of uplift erosion was very
active and a vast amount of sediment. was furnished
to the sea.  This material was transported by pow-
erful rivers and deposited sz a very imperfectly
sorted mass of sand and elay npon a subsiding sea
bottom. Marine fossils are abundant in these rocks,
which shows that they were laid down, in large
part at least, in the sea. The character of the
material and the bedding suggest that the bulk of
the material was laid down in a series of deltas,

It is difficult to obtain a measure of the length
of Jennings time. The thickness of strata accum-



ulated is great, but the process was rapid; and
both the thickness of the rocks and the rapidity of

the accumulation were local phenomena. In the

southern Appalachians the same beds are repre- |

sented by only a few feet of black shale. There the |
setliments were lacking and acenmulation was slow. |

Jennings time was not marked by any legible
episodes.  There was  monotonous uniformity,
except a8 to minor details, such as the shifting of
deltas. The uplift and erosion of the highland,
the rapid transportation of poorly sorted detritus
to the ocean, and the deposition of the sediments
upon the sinking sea floor were all uninterrupted.

Toward the end of Jennings time uplift failed to
keep pace with erosion in some portions of the
continent and these regions became well worn
down.
ulate.

Other changes took place. The sea began

L3

marked. The contact surface is so sharp as never
to be mistaken. Whether or not it is accompanied
by an Ilnf'onf'{rrrnil:r is 4 {]11L~$finll which ean not at
present be decided.

MOCONG EPOCH.

The beginning of Carboniferous time appears to
have been accompanied by a slight submergence
and a tilting of the coastal plain toward the west.
The red sediments which had been supplied to the
sea during late Devonian time failed, either because
the deep oxidized residual which had furnished

| them was exhausted or because Tl‘illl.’-i-p!]l'liiti{lll to

A deep residual soil then began to aceum- |

to fill with sediment and a coastal plain formed. |

This grew westward by the filling of the sea and
eastward by the reduction of the land to an even
plain over which rivers meandered and spread the
coarser part of their burden.

CATSKILL EPOCH.

Conditions little understood, which resulted in the
formation of a great series of red and green shales
and sandstones, in which marine fossils are absent,
came into existence toward the cloge of the Devo-
nian. These beds constitute the Catzkill formation.

The Catskill epoch is not to be considered as a
fixed and definite time in geologic history, to which
the age of certain formations can a:nﬂ‘ywlwl*{: he
referred. It represents rather a migrating set of
conditions which began in eastern New York and
northeastern Pennsylvania in Middle Devonian
time and continued there until after the beginning
of the Carboniferons. In western New York and
northwestern Pennsylvania it did not begin until
the close of the Devonian. In Maryland and in
the adjacent regions it began immediately after the
close of the Chemung as here recognized and ended

before the deposition of the earliest known Carbon- |

iferous sediments.

Catskill time differed from Jennings time in this |
] " " |
region in that red and green strata were lh‘ljl_l‘ilt{_‘.'tl |

in waters which did not contain marine life. The
conditions which brought about this change are
very imperfectly understood. The known facts
geem to be limited to the Fﬂl]uwing: The waters
were unfavorable to marine life, as is indieated by
the absence of marine fossils. So far as known,
the position of the shore did not change, for there
is no evidence of an unconformity by overlap,

the open sea was prevented by the submergence.
At the same time the coarse and cleanly washed
quartzose sediments which had been accumulating
the beaches and sand flats of the Devonian
coastal plain or in the upper reaches of the rivers
were delivered rapidly to the waters of the open

in

' gen and were spread as a broad sheet of conglomer-

[ ate and sand.

These beds torm the Pocono sand-

stone. Some of the beaches and lacoons of earlier

| times were probably then entombed and preserved
- without destruction in the mass of partly trans-

| ported and redeposited material.

This made the
sediments of the Pocono very complex and discord-
ant in bedding. The great and abrupt variations
in thickness of the formation find explanation both
in previous irregularities in the sea bottom and in
loeal differences in the amount of material at hand,
and above all in the varying distance from shore.

Interbedded with the sandstone and conglomerate
are beds of fine shale, some of which carry abun-
dant marine fossile.  These are probably the most
shoreward representatives of the normal marine
sediments which form the Waverly group in Ohia
and there contain the remainz of flourizhing marine
life.

Pocono time was marked by rapid submergence
and the rapid delivery to the sea of the beach accu-
mulations of previously washed and sorted material.

| The duration of Pocono time was probably not long.

such as would result from a marine transgression; |
or of the transfer of coastal-plain accumulations |
into the sea, such as would result from a marine |

recession.  The volume of sediment was continued
in an increase in the amount of thoroughly oxidized
material and in a decrease in the amount of fresh
and unsorted material,

The conditions above eited might have come
about as the result of the following causes: The
region botdering the coast having been reduced by
subaerial erosion to a low-lying plain, over which
all coarser river sediments were spread, only the
finer sediments reached the sea. At the same time
there was increased activity of erosion at a distance

GEEENBRIER EPOCH.

The beginning of Greenbrier time was marked
by a sudden decrease in the amount of sedimenta-
tion. The waters of the Appalachian sea became
deeper and clearer and little or no arenaceous sedi-
ment was deposited.  These waters teemed with
marine life, and by the agency of these organisms,
aided- perhaps by chemical pl'{n_*ip-it:it.iml, beds of
limestone were laid down. The argillaceous char-
acter of’ most of the limestone and the presence of
interbedded strata of red shale indicate that land
was near enough to furnish some detritus. The
nature of this sediment shows that the land had a
deeply disintegrated surface, and that the shore line

- was sufliciently embayed or beach bound to prevent
while its character changed, this change consisting |

the coarser material from reaching the open sea.

- It was probable that the submergence which brought

from the shore, due either to an uplift which did |
not affect the coast or to increaszed precipitation, |

which swelled the volume of the rivers and resulted
in the transportation to the coastal plain of a large
bulk of sediment of which only the finer portions
reached the sea. The surface from which this
material originally came was deeply disintegrated
and was attacked rapidly by the strengthened
streams,
tion of coarse material on the coastal plain and a
large influx of fresh water and of fine sediment
into the sea. = As a result either of the amount of
this muddy material and fresh water which was
poured into the sea or of unknown changes in the
gen itself, the marine life of the Devonian was
destroyed. The waters which extended over the
northern Appalachian region must have been shal-
low and et off’ from the main ocean or they could
not have been so profoundly affected.

CARBONIFEROUS SEDIMENTATION.

The change from the Devonian to the Carbon-
iferous sediments in this region is very strongly

The result would be a large acenmula- |

| for a long period and over a wide area.

the deep, clear ocean waters into the region con-
verted the lower courses of the rivers into estuaries
in which the coarser part of the land waste was
held.

The Loyalhanna (“Siliceous™) limestone at the
base of the Greenbrier records that stage of the sub-
mergence when the last of the pebbly beaches dis-
appeared below the sea and clear marine waters first
extended over them. The cross-bedding in this
rock was the work of the undertow and tides on
the tops and sides of these already .submerged
beaches. They are a lithologic transition from the
Pocono to the Greenbrier, but belong most posi-
tively to the age of the latter.

The absence of fossils in these beds is to be
explained by the submergence and the accompany-
ing eastward transfer of the shore line having been
too rapid for the fauna to accompany it.

Shortly after this first invasion of marine waters
from the west, the red and green shales and thin
argillaceous limestones of the middle Greenbrier
were deposited. It is probable that these {lupusits
record a halt in the subsidence when the ponded
Pocono rivers suceeeded in elearing their mouths
of the marine waters and poured an accumulation
of muddy sediment Mto the sea.

The purer, more thickly bedded limestones which
predominate in the upper part of tue Greenbrier
are the record of a renewed and continued zub-
mergence which lasted throughout the remainder
of Greenbrier time, Marine conditions then existed
From
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time to time muddy sediment reached the sea, but
it did not interfere with life, for the limestones and
shales are both fossiliferous.

MAUCH CHUNK EMCH.

The beginning of the Mauch Chunk epoch was
marked by the invasion of that part of the sea in
which the present Mauch Chunk shales of this
area were deposited by a great volume of muddy
sediment similar to that which from time to time
reached it during the Greenbrier epoch.  The clear
marine waters and the marine fauna were probably
driven away and a great thickness of mud and sand
was rapidly deposited. This was occasioned by an
uplift of the continent sufficient to quicken erosion
and to bring the region under discussion within the
Z0ne “"II[{']'I (_."l']‘lllll rl!{'{‘:\'ﬁ ll]lltil].;l" H-{'!l].il]ll"]'l"ﬂr l|Fll|'
not enough to deliver coarse unsorted material to
the waves. The conditions of Catskill time were
l'ﬁ]‘]{'ﬂt{_’.li; T]l{t Eilr[_‘“l,l}' f!(‘!l’}}ll}' \\'l}:i!’l]l']‘ﬁ‘!l] H.Ild UH[—
dized so0il was stiipped oftf and ecarried to the sea,
but on the way the coarser material lagged behind
and was accumulated in flood-plain and coastal-
plain sediments which were not to be finally
deposited until the next epoch. ;

FOTTEVILLE REIMOCH.

The beginning of Pottsville time wag marked by
the change from the deposition of fine weathered
sands and elays to that of much coarser and fresh
sands and gravels. It was such a change as accom-
panies a submergence and seawardy tilting of an old
land surface. The coastal-plain accumulations were
rapidly swept into the sea and redeposited with little
sorting.

The lowest beds of the Pottsville in this region
are much younger than those of the regions to the
northeast and sonthwest. It is thus evident that
there was no sedimentation in Maryland during
the earliest Pottsville time, or that any such sedi- |
ments as ever existed have been eroded, or that the |
oldest Pottsville sediments of these other regions
are contemporaneous with part of the Mauch
Ullul]k, rl‘h‘lﬁ l{ll{'."}tiﬂ“ ]l:IH hl_‘l"h {HHL‘I.'I..?_{HE!{[ !]:!.'
David White (Twentieth Ann. Rept. U. 8. Geol.
Survey, part 2, pp. 749-928). The present evi-
dence is inconelusive, but the last explanation is
regarded as more probable.

In the Maryland region the beginning of Potts-
ville time was marked by the deposition of a thin
sandstone, following the cessation of the deposition
of red sediments and possibly following a still later
period of erosion.

The history of Pottsville time is complex, vary-
ing much within short intervals, not only from
time to time but from place to place. It is a record
of the intermittent deposition and migration of
coastal- and Hood-plain deposits, including coal
marshes, with no evidence of incursions of the
open sea. The predominant conditions were such
that coarse and pebbly sands were deposited.

The detailed discussion of the course of events
during this and the suceeeding Carboniferous epochs
will be found in the author’s report on the geology
of Garrett County (Maryland Geol. Survey, 1902,
pp- 171-181). There are other possible interpreta-
tions, such as that given by Stevenson. (See Bull.
Geol. Soc. America, vol. 138, 1907, pp. 142-164.)

ALLEGHENY EFOCH.

Allegheny time resembled Pottsville time in that
the area of these quadrangles was still within a
coastal plain. but differed from it in that the sedi-
ments were predominantly finer than during the
Pottsville.  Marine waters extended into part of
this area for a brief time when the Vanport lime-
slone was ll"_:!it'l;_"' IEIE‘.I ll”'ﬁ\'lh :l]]!l l]l{‘l'!" WEre 3even
episodes of the formation of coal beds.

CONEMAUGH EPMOCIL

During Conemaugh time coastal- and flood-plain
conditions still prevailed. At least seven coal
marshes extended over the entire area, and there
were several of less extent. There were short
episodes of marine transgression during the forma-
tion of the Lower Cambridge, Upper Cambridge, and
Ames limestones, all of which ocenrred during the
deposition of the lower half of the Conemaugh for-
mation. With the deposition of the Ames lime-
stone the Appalachian gulf probably ceased forever
to be marine, the higher limestones being either of

| Conemangh time in its general conditions.

fresh or brackish water or of problematieal origin.

MONONGAHELA EPOOH.

Monongahela time was like the later part of
Finer
deposits were made, however, for shales and lime-
stones predominate over sandstones. The Pitts-
burg coal, the formation of which marks the
beginning of Monongahela time, is of wide extent
and great regularity. The marsh in which it was
formed covered a large area and lasted under very
uniform eonditions for a long time.  The formation
of coal beds recurred frequently during this epoch,
10 per cent of the thickness of the formation con-
sisting of coal.

DUNKARD EPOCH.

Dunkard time began with the gentle submer-
gence during which the Waynesburg marsh was
covered. The events of this t;pmfh in these quad-
rangles are not well known because the rocks are
[t was evidently a time of gentle
and continuous submergence and of slow sedimen-
tation in fresh or hrackish water.

not well exposed.

There iz no record preserved, in the loeal rocks,
of the closing portion of the Carboniferons period.
Adjoining regions show that sedimentation prob-
ably continned in this region until the Appalachian
gulf was finally filled. This ended the Paleozoic
sedimentary record in this part of the world.

POST=-CARBONIFEROUS EROSION,

Widespread and continuous erosion presumably
began near the close of Paleozoie time and has con-
contined with no known interruption until the
present. Erosion was probably contemporaneous
with all the folding which the region has under-
gone. We do not know the date of either the
beginning or the end of the folding, or whether it
was slow or rapid, continuous or intermittent, or
whether erosion kept pace with it or lagged behind.
Consequently the topography of the late Paleozoic
or early Mesozoie lands can not be restored.

The earliest record which the physiography of
this region reveals is shown in the mature upland
topography alveady described. These features show
that the region was long ago worn down by stream
action to a condition of far less relief than it now
has. This condition represents, in at least the
broader sense of that term, a peneplain.  Whether
the streams of this peneplain had reduced their
channels nearly to oceanie base-level, or whether
the northern Appalachians consisted of a series of
local base-levels, each behind a ridge of resistant
rock, and the higher ones at a considerable vertical
distance above ocean level, is, in the mind of the
writer, an open question. There may also be a
question as to whether the crests of the higher
ridges represent an older peneplain and the 2500
to 2700-foot upland a later one, or whether the
latter represents the oldest peneplain recorded in
the region, with the higher hills-and ridges as
unreduced elevations upon it.  The writer admits
the possibility of either interpretation but denies
the probability of the former.

When this 2500-foot Iurllt_-pl:tin was well devel-
oped—the shale and limestone areas brought to an
even surface and the sandstone ridges worn low
El“ﬂ! cnt il:l' g‘:l}lﬁ—i}li" Iﬂ'{‘ﬁ{,"!‘ll lll'Eliﬂ:t:‘jrl_" Iilll,"f‘-j wenre
established.

The next step in the history of the region
!'i!ﬂll][l"‘(i [” q"“ﬂ“'ing “II_,l Iq'-lrf_’;f_'!r streams to et
quickly from 300 to 500 feet deeper. This may
have been brought about by general uplift, by
local differential uplift or warping, by climatic
changes, or by changes in stream course or grade
at a distance from this region and on the rivers
Whatever the cause, the streams
trenched their courses quickly to a depth of several

{|t'.'|il|[11:t_.'r il:1

i|1||u:i|'w| feet, then came again to base-level and
' reduced large areas at the present 1900 to 2100-foot

elevation,

This was followed by another stream guickening,
whose vertical halt is recorded in surrounding
regions by a peneplain at the present 1200-foot
elevation. This peneplain is not known to have
been cut into the region now under discussion.
At the time of its formation the streams of this
region had not eut down to its level, or if they had,
warping and subsequent erosion have destroyed the
evidence.

The subsequent history, so far as loecal evidence
is concerned, ig one of continued erosion, retarded
here and there by migrating barriers of sandstone



and conglomerate ledges across the streams. DBe-
hind these barriers loeal base-levels were formed
and local and temporary deposits of clay, sand,
and gravel accumulated. Gradually conditions
approached those now existing, and probably not
for a long time have they differed, over the region
as a whole, from those existing at present.

MINERAL RESOURCES.
INTRODUCTION,

The mineral resources of the Accident and
Grantaville quadrangles are largely confined to
those areas which are underlain by Carboniferouns
rocks.  As these rocks cover more than half of the
quadrangles, and as the Carboniferous arveas are dis-
tributed rather uniformly in the various sections, it
is certain that all parts of the region will be hene-
fitted by a development of the mineral industries.
All of these industries are as yet in a very youth-
ful stage of development. Coal is now the chief
produet, and the supply is such that it will prob-
ably continue to be the most important product
until it is exhausted. Deposits of fire clay have
been found which are extremely promising, and it
is not unlikely that this and other imporiant clay
and cement induostries will be developed in the
future. The supply of limestone is inexhaustible,
but it has as yet been drawn upon only for local
uge. The rocks of this region contain deposits of
iron ore similar to those which in neighboring
regions have been of great value in the past, and
the time may possibly come when the deposits of
this region ean be worked in a small way with
profit. Some of the sandstones and limestones can
be used as building stone and as road metal.

Between the areas of Carboniferous rocks with
their rich mineral resources are Devonian areas
which, though poorer in mineral resources, contain
rocks which by disintegration have formed a rich
soil.  These regions will be benefitted by the devel-
opment of the mining regions, because of the market
\'F}li{_‘!ll_ t]l!:}:jl.’ “"i.l:]. HITH I?"" !Ig'ril_:u]l,u I'Ei] ]:Il'l'}[]ulﬁ'ﬂ.r \\'Elill,‘
the mining regions will in turn be benefited by
being surrounded by rich and prosperous farming
resions.

The areal distribution, sequence, and structure
of the rocks have already been described in the
preceding pages. The valuable minerals contained
in these formations will now be described in the
order of pregent importance.

COAL-"

GEOGRAPHIC OCCURRENCE.

The coal of the Accident and Grantsville quad-
rangles is confined to the synelines, or “coal basins,”
as those which contain beds of coal are ecalled.
The synclines of this region are all coal basins.
There are four of these coal basins lying partly
within these quadrangles, The Georges Creek
basin lies in the southeastern part of the Grants-
ville quadrangle, east of Big Savage Mountain.
The most important part of this basin lies to the
east of the area here described. The Castleman
basin lies in the northwestern part of the Grants-
ville quadrangle and the southeastern part of the
Accident quadrangle, between Meadow and Negro
mountains, It is the continuation of the Salis-
bury basin of Pennsylvania. The lower Youghio-
gheny basin lies in the northwestern part of the
Accident quadrangle, to the west of Winding Ridge
and to the north of Dog Ridge. It is the continu-
ation of the Confluence basin of Pennsylvania.
The upper Youghiogheny basin lies in greater part
to the south of the region here described, but a very
small portion of it lies in the extreme southern end
of the Acecident quadrangle.

STRATIGRAPHIC OCCURRENCE.

The coal beds occur in the Pottsville, Allegheny,
Conemaugh, and Monongahela formations, which
collectively are called the “Coal Measures.”

POTTEVILLE COATLS.

The coal beds of the Pottsville formation are of
far less importance in this region than those of the
overlying formations, or of the Pottsville formation
itself’ farther south. At present no Pottsville coal
is mined locally, but further prospecting and dif=

*Hee Report on the coals of Marviand, by Clark, Martin,
Ruatledge, et al.: Maryland Geol. Sarvey, vol. 5, 1005, pp.
219-686; algo Marvland mineral industries, 1886-1907: Mary-
land Geol. Burvey, vol. 8§ 1908, pp. 97-223,

Aeccident and Grantsville.
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ferent conditions of the market may make some of | Section of Split-six coal at Franklin, Allegany County, Md. |

the beds of commerecial impm't;lnm in the future.

Shearon coal,—This bed, which is the representative of -

some of the important New River and Pocahontas coals
of Virginia and West Virginia, has a far greater areal
extent than any other coal in these gquadrangles, but is
known to be of workable thickness at few if any points.
[t ocenrs only a few feet above the base of the formation
and is very persistent in its pesition. It is exposed-in
the railroad emt about @ mile north of Swallow IPalls,
where its thickness is little more than a foot. A few
miles to the west, near the West Virginia line and on

the opposite flank of this basin, the same bed has been |
reported by 1. . White (Buoll. U. 8. Geol. Survey No. |

65, p. 202) as having a thickness of about 3 feet and

being quite soft and pure and of the coking type of the |

New River coals. The bed has not been exposed in the
lower Youghiogheny or Castleman basins.

Quakertown eool.—This Dbed ocenrs about 140 feet

above the Sharon coal and has been exposed at only one ?
place in these quadrangles—in the gorge below Swallow |

Falls, where it has a thickness of about 18 inches.

Jj\.he |
only other place in Maryland where it has been seen is |

in Allegany County, where it is exposed about half a |
mile below Westernport, on the gravity plane of the |

Cumberland and Westernport Coal Company .

Seclion aof Quakertown coal near Westernport, Allegany
Conty, Md.

Fert,
loaly ki A RO Ty B T R TR ST 1
Bhale _____. . b 4
Cloal | H e e e e e

It is not probable that this bed will ever prove to

have any economic value in this region,

Mount Savage coal,—This bed oceurs from 120 to 150
feet above the QuaRertown coal amd from 25 to 756 feet
below the top of the formation.

cial scale anywhere in this region. Both the thickness
and the quality of the bed vary much within short dis-
tanees, and it is donbtful if the bed can ever be profit-

It has been seen in all |
of the basing, but is not at present mined on a commer- |

ably mined except possibly in connection with the fire |

clay which is nsually associated with it.
seclion was measured at the Savage Mountain fire-clay
mine near Frostburg, Allegany County, Md.

Section of Mount Savege coal near Frostburg, Md.

Bandstone.
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In the averagpe development of this bed it containg
about 5 feet of coal with almost 1 fool of shale near the
middle. Although the quality of this coal is not good,

The following |

it i8 the most promising coal in the Pottsville of thlfs:

regsion.

ALLEGHENY COALS,

By far the greater part of the coal of these quad-
rangles is in the Allegheny formation.

Brookville coal.—<This bed oceurs only a few feet
above the base of the formation. It is very irvegular in
ocenrrence, both in this region and in other regions.

Clarion conl.—This bed ocenrs between 15 and 45 feet
above the baze of the Allegheny formation and is one of
the most persistent of the small beds. It usually con-
tains about 30 inches of eoal, with a thin shale about 10
inches above the floor. Freguently the bed thickens
locally to 4 feet or more, but is then broken up by shale.

The Clarion coal usually has a characteristic roof of
shale with earbonate of irvon nodules, which is overlain
by a massive sandstone, Tt has frequently been con-
fused with the Monot Savage coal, but can be readily
distinguished from the latter by being associated with
iron ore rather than with flint fire clay. The presence
of this bed in the Younghiogheny basin has not been
definitely established.

Section of Clarion coal on Piney Run, Somevsel County, Pa.
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Split-gie eoal.—This coal ocenrs from 60 to 120 feet
above the base of the formation and abont 50 feet above
the Clarion eoal. It i8 not well developed execept in
portions of the Georges Creek and lower Yonghiogheny
hasins.

Section of Split-gie coal 2} miles north-northwest of Sang
Kun, Garretf Cownty, Md.

Black shale.
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This coal is frequently absent, having been seen at
only a few points. DBecause of this, and of its poor
quality, it can not be considered as having any economie
value,
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Lower (and Middle?) Kittanning coal.—This bed oceurs
between 90 and 150 feet above the base of the formation,
abont 80 feet above the Clarion coal, and about 28 feet
above the Split-six when that bed is present. It
really consists of two coals separvated by a band of shale
from a few inches to 10 feet in thickness, This bed may
be considered as representing either the Lower Kittan-
ning or both the Lower and the Middle Kittanning.
When this middle shale is thin, a8 is the case in a large

| part of the Potomac Valley, this bed is of great value,

Keotion of Lower Kiftonning coal & miles west of Franklin.
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Hection af Lewer Kiltanning coal on Piney Run, Somerset
Coundy, Pu.
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Section af Lower Kittannéng coel 3% miles east off MeHenry,
arrelt Cownty, Md.
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Section of Lower Kittanndng coal 33 miles west off Friemnds- |

ville, Garretl Coundy, Md.
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Where the Split-six is present the Lower Kittan-
ning does not usually have as great a thickness as
elsewhere.
development under these cirenmstances,

Beetion of Lower Kittanning coal near Franklin, Allegany
Clownty, Md.
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Becelion of Lower Kitlanning coal ot the White Rock mine, 23
mifeg north-northwest of Seng Run, Garvetd Connty, Md.
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The Lower Kittanning is locally by far the most per-
sistent and valuable bed below the Pittsburg., There
are some areas in which it is worthless or perhaps
almost absent, but these are few and small. Where it
is valueless the trouble is not as mueh in the absence of
eoal as in the fact that the shale and bone partings have

locally thickefed so as to make the expense of mining |

too great.

Upper Kittanning coal.—This bed occors from 35 to 65
| feet above the top of the Lower Kittanning coal. In |
| most places it is represented by only a few inches of coal |

or is entirely absent.

Lower Freeport eoal.—<This bed ocenrs from 55 to 80 |

feet above the Upper Kittanning coal and from 100 to
145 feet above the Lower Kittanning coal. It is some-
what variable and uneertain in ocenrrence,

Heetion of Lower Fresport eoad on old Gorman plane,
northeeest of Franklin, Allegany County, Md.
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Upper Freeport eoal —This bed pecurs from 20 to 60
| feet above the Lower Freeport and from 165 to 210 feet
| above the Lower Kittanning., It is generally present
and workable in all of the coal basins of the region,

In the Castleman bagin thiz bed does not outerop
except along the flanks of the fold and has not been
opened, but it underlies a large area in the center of the
bagsin. In the bore hole at Jennings Mill it contains 26
| inches of clean coal.

The following sections are typical of its |

Section af Upper Freeport coal at Morrisons, Allegany
County, Md.
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Seetion af Upper Freeport coal near old Gorman plane, three-
Jowrths mile northwest of Franklin, Alegany County, Md.
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In the lower Youghiogheny basin the bed underlies
a larpe area, but has not been mueh worked becanse it
i8 8o largely shaft coal. ;

Section of Upper Freeport coal, 1 mile west of Asher Glade,
Harretl Cornty, M. -
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In the npper Yonghiogheny basin this bed nnderlies
several areas, but is of less extent than in the other
basins. At 'W. T, Bine’s mine, near Swallow Falls, the

| eoal has the following section :

Section of Upper Freeport coal near Swallow Falls, Garrett
County, Md.

=andstone roof.
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CONEMAUGH COALS.

. The rocks of the Conemaugh formation were

| formerly known as the “Lower Barren Measures”
becanse they were supposed to contain o workable
coal. Later work has shown that in this region at
least the Conemaugh containg several beds which
are either workable at present or likely to become
so in the future. But there is no reason to believe
that the coal of the Conemaugh will ever rival that
of the Allegheny in importance.

Mahowing eoal.—This bed belongs in the Mahoning
sandstone, lying from 45 to GO feet above the Upper
Freeport coal. It has not been recognized in the
Georges Creek or npper Yonghiogheny basins, Tn the
lower Youghiogheny it has been opened for local use at

two places.

Bection of Mahening coal at Selbysport (Frazee's mine),
Grarrett County, M.
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Cobert’s mine, a mile south of F1'ier::ls1.'ill(?is prob-
ably in the same seam, a8 may also be several small
mines in the Castleman basin,

Brush Creek eonl.—This bed ocenrs about 70 feet above
the Mahoning coal and from 110 to 135 leet above the
Upper Freeport coal. It is extremely constant not only
as regards its presence but also its character. It usually
containg from 20 to 24 inches of elean coal,

Seation af Brush Creek conl on Mill Run, one-fourth mile
west of Allegany-Garrell County line.

Feet,
Fossiliferonsshales .. ... ________ . __.._._.. 1
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Coal (Aoornotexposed)________________ . _____.____. 1+

A gection in the Jennings Mill bore hole shows 1 foob

4 inches of coal, underlain by 3 inches of bone; and a
| seetion 1 mile north of Selbysport shows 1 foot @ inches
of eoal,

Bakerstewn coal.—This bed oceurs from 90 to 130 feet
above the Brush Creek coal. In the Georges Creek
basin it is popularly known a8 the Three-foot, or less
commonly but more correctly as the Four-foot., In the
report on the geology of Allegany County, Md., it was
called the Barton seam, but it is not the bed to which
Stevenson applied the name Barton in the Pennsylvania
reports in 1876, In the Potomac bagin it is known as
the Four-foot. In the Castleman basin it is called the
Honeyeomb seam,

A section 1 mile sontheast of Bittinger, at Peter Lohr’s
mine, shows 10 inehes of bone above 2 feet 8 inches of
coal, and a section 1 mile west of Friendsville, at Captain
Friend’s mine, shows the same thickness of coal.



Keetion one-hall mile worth of Frantlin (Cumberiond-
Georges Creck Coal Company's mine).
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[ all of these basins this eoal is of wide extent and |

: |
areal persistence, ol has already proved to be of con- |

siileralile local value,

tfrantseille coal.—This bed ocenrs in the Castleman
basin only. Its position is apparently a short distance
below the Bakerstown coal, bot can not be exactly
determined.

Section 1 mile wezt of Grantseille (daron Beachey's mine).
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Section 1 mile northivest of Hevanseville (Midgley's mine).
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It ean be seen from these sections that the bed is of
considerable value, provided it has sufficient avea and
constancy.  Unfortunately these points are in doubt.
Three hypotheses goncerning its occurrence may be con-

1. That it is a local development of the Bakerstown.

2. That it iz a constant bed, 20 near the Bakerstown
{within 46 feet) at the point where the Jeonings Mill
bore hole was pat down that no record was obtained by
the drill, and so far below it (over 60 feet) 1 mile east
of Bittinger that it was missed in a seetion at that point.

3. That it was absent at one or both of the places
where the above-mentioned seetions were obtained.

The problem must be left at present as an nodetermined
one.  There is no doubt that the bed belongs above the
Brosh Creek coal, but whether it is a local development
of the Bakerstown or belongs a8 mueh as 100 feet below
it 18 a guestion which ean not be decided.

This coal was named from the town of Grantsville,
near which it is mined.

Maynardier eoal —This bed, which is locally known as |

|
|
|
|
gidered ; |
|
|

about 15 or 18 inches thick, separated by 20 feet or more |
of shale.:

Section 1 mile northwest of Fraonkiin, Allegony Couwnty, M.
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Litlle Pitisburg eoal,—Between the Franklin and Pitts-
burg coals there are one or two small beds of coal which
are variable in position, One of them seems to be every-
where present, and in some places both are. Where
only one iz present its usual position is 60 to S0 feel
below the Pittsburg bed. Where both are present one
is about 40 feet and the other about 90 feet below the

Pittisburg. The thickness is variable.

Beetion of Little Pittsburg coal 1 mile east of Barton,
Altegany County, Md.
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Section 1 mile northewest of Friendsville (Rumbough's mine).
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In the Castleman basin the thickness seems {0 be less |
than 20 inches. In the Georges Creek basin measure-

| ments made in Allegany County show a thickness of

the Slate vein, is apparently confined to the Castle. |

man basin and oceurs about 40 feet above the Bakers-
town coal,

Section af west end of Maynardier Ridge one hall mile east
of Jennings Mill, Garrelt Cownty, Md.
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Seclion 2} miles northeast of Bitltnger, Garretl County, Md. |
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Wherever this bed has been opened it has proved too
impure to mine even for loeal use, and must be consid-
ered as having no eommereial valuoe,

This eoal was named from its ocenrrence along the

western end of Maynardier Ridge.

Harlem eoal.—This bed ocenrs from 90 to 160 feet
above the Bakerstown coal. The interval is about 100
feet in the Georges Creek basin, 160 feet in the Castle-
man  basin, and 90 feet in the lower Youghiogheny |
bagin. This coal has not been expozed in that part of
the Georges Creek basin which lies in the Grantsville
gquadrangle, although there are doubtless many sguare
miles underlain by it. In the northern end of the
Georges Creek basin (a mile northwest of Mount Savage,
Allegany County, Md.) it contains about 28 inches of
coal without partings. In the Castleman basin it varies
in thickness from 19 to 24 inches, and is ealled the
Fosgil vein.,  In the lower Youghiogheny basin it varies
in thickness from 16 to 20 inches,

Elidick coal.—This 'bed, which occurs about 35 feet
above the Harlem ecoal, is very irregular and thin in
this region. In most places it is entirely absent, and it
has never been seen in sufficient thickness to have any
commercial value.

Franklin or Little Olarksburg ecoal.—This bed oeeurs
from 50 to 100 feet above the Elklick coal, 80 to 140 feet |
above the Harlem eoal, and about 150 feet below the
Pittaburg coal. In the Georges Creek basin it iz known
as the Dirty Nine-foot. v

In the other basins its section iz very different from
this, it being represented by one or two beds, each |

| adjoining regions.

more than 3 feet.

| above the Upper SBewickley and 220 to 240 feet above

MONONGAHELA COALS,

The Monongahela formation contains six beds |
of coal in these quadrangles and the immediately
Five of these beds may be
considered workable, while three of them have
been mined on a commercial scale at one time or
another. However, it is due entirely to the pres-
ence of one bed that the Monongahela coals have
outranked the others of this region in importance.
This is the Pittsburg coal, from which nearly all |
the coal now being mined in Maryland is taken.

Pittshurg coal.—<This bed ocenrs at the base of the
Monongahela formation, 145 or 150 feet above the
Franklin eoal. It is wholly restricted within these
quadrangles, to the Georges Creek and Castleman basins,
and almost wholly to the former.

Kection of Pittsburyg conld of Caledoniae No. 1 mine, three-
Sourths mele weosd of Burton, Allegany Cownly, M.
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Section of Piltsburg coald at Od Potomac mine, 1 mile south-
et o) Berlon.
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Section on Franklin Hill { Excelsior mine).
Ft. in.

Wild coal._. .. SRS e T e e ]
21T e A el L TRl e M e b Sl s 11
Top conl..coaa.- . e 2 4
1Tt T T Lo T S S S eV S R | |
Bhalamete - e B B e h S o &
I o e O o e --- 2 b

Section of Pittsburg coal ol Serap mine, Franklin Hill
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The division of the coal into three members, konown
as the “top’* or “roof' coal, *Dbreast’’ coal, and
“‘hottom " eoal, is a constant and charaeteristic one,
The great variation in the thickness of the bed from
the northern to the southern end of the Georges Creek
basin is due chiefly to the thickening of the “ breast.”
The & breast™ eoal iz the purest and most valuable of
these members and fgrmerly it was the only one mined.
But now there is no great difficalty in keeping the
Htop? and ‘‘bottom’ eoals elean enough to go on the
market, and at most openings the full thickness of the |
bed is mined.

This coal iz of exeeptional guality, at many mines
being very low in ash and sulphur and high in fixed
earbon. It is, in fact, a semibituminous coal and is
regarded as one of the best steam coals known,

| & very litile eoal in the adjacent region, but.there is

| this s:g.'tn;*ﬁm} lies for the most part east of these

| west of the synelinal axis is within the area here
| under discussion.
Pittsburg bed) is in the upper part of the “Coal

| overshadowed in importance by the Pittsburg coal
that they have not been prospected to any great
| extent in this basin.
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The extent of this eoal, as ean be seen on the ACCOMm-
paning II]EI]}.H,, is not large, and it will probably soon be
exhaunsted. Many mines onee abandoned becanse of the
gupposed exhanstion of the coal are now being or will be
worked again for the coal contained in the roof, floor,
and pillars.

Redstone conl.—This bed ocenrs 20 to 30 feet above the
Pittsburg coal. The gquality and thickness of the coal |
are not very well known. The bed is 80 near to the |
Pittsburg eoal that where that coal has been mined it
will be impossible to mine this, no matter how valnable
it might otherwize be.  For this reason the bed c¢an not |
be considered to have any great value. |

Lower Sewickley coal.—This bed occurs at an interval |
of about 42 feet above the Redstone coal. It has not
been opened within these guadrangles, but is exposed at |
many points in the immediate vicinity.

Upper Sewiekley ecoal., — This bed, which is locally
known a8 the Tyson or Gas coal, ocenrs 105 to 120
feet above the Pittsburg coal and about 45 feet above the
Lower Sewickley coal. Tt is loeally restricted to the
Georges Creek basin, and its area is small,

Heetion at Caledonio mine, west of Farton, Allegany
Cloventy, Md.
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This bed, like the Pittsburg eoal, thickens from north |
to gonth and hag its maximum thickness in the lower i
enid of the Georges Creek basin.

Wapneshuwrg eoel.—This bed oceurs 90 to 120 feet

the Pittsburg eoal. Iis area in this region is small.

Seotion at Keonts, Allegany County, M.
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The roof of this bed is the top of the Monongahela
formation. The overlyving Dunkard formation contains

no evidence that there is any workable coal above the
Waynesburg in these quadrangles,

STRUCTURAL OCOCURRENCE.
GEORGES CREEK BASIN.

The Georges Creck basin is a deep, broad
gyncline containing the most complete sequence of
the “Coal Measures™ in_this region. The axis of

quadrangles, and only a small part of the area
As the most valuable coal (the

Measures,” and consequently lies in the central
portion of the basin, the larger part of its area is
outside these quadrangles. It is only toward the
southern end of the basin, whére the eastern edge
of the Grantsville quadrangle approaches the syn-
clinal axis, that the guadrangle containg any large
arveas of Pittsburg coal.

T}le {Jﬂlliflllzillgl! 'r|f1[| ,'.'I.Il(_’!;_;]ﬂ’!“:r' {'UHIS are =0

Consequently our knowledge
of them is far less in this region than it is in the
more western basing where the Pitt.‘-ihul‘g coal is
absent and the lower beds are depended upon for
local use. The coals of the Allegheny and Cone-
maugh formations underlie a large area in the part
of the basin discussed in this folio, and it is highly
probable that when the Pittsburg coal is exhaunsted
the Bakerstown, Upper Freeport, and Lower Kit-
tanning coals will support an important mining
industry.

The dip in the part of this basin here under
discussion increases from almost nothing in the
portion nearest the axis (near Westernport) to
about 107 along the western outerop of the Lower
Kittanning coal. The strike averages N. 30° E.

The Allegheny coals can be worked by drift
in the southern end of the Georges Creek val-
ley and on many of the tributaries of that
stream and of Savage River. In the region north
of Barton they can be mined only by shafts near
the center of the basin or by slopes from the west-
ern outerop. A far larger proportion of the area
of the Conemaugh coals can be reached by drift
from the Georges Creek valley. '

CASTLEMAN BASIN.

Calmost entirely shaft coal.

The Castleman basin is a simple shallow syneline

| with gentle dips and a still gentler northeastward !

pitch of its axis. The axis of the basin extends in
an almost stl'aligllt line illl‘mlgh the eastern end of
Grantsville, the forks of Castleman River, and
Bittinger.

In the small area of Monongahela ¢oal the min-
[i]g 15 i.*ttlil'(r]_\' h}' drifis.

The Conemangh coal beds ean be almost entirely
mined by drift from the Castleman Valley. The
only exception to this is that the Grantsville bed
in the very center of the basin would have to be

| reached by slopes or shallow shafis,

The coal beds of the Allegheny formatien are
They underlie a very

| large area, but their thickness and quality are very

imperfectly known. The bore hole at Jennings
Mill, which gives onr only section of them in the
center of the basin, showed that they were not
workable at this immediate point. They should
be tested at other points, where they will probably
be found to be workable under large portions of
‘the valley. The bore hole at Jennings Mill, which
was located very slightly east of the axis of the
basin, showed the Upper Freeport at a depth of
193 feet and the Lower Kittanning at a depth
of 341 feet. The detailed record of this boring is
given on pages 5 and 6 of this folio. These beds
can be reached at approximately these depths any-
where along the line of Jennings Brothers Rail-
road. The deepest part. of the basin is somewhat
west of the railroad.

UPPER YOUGHIOGHENY BASIN.

The upper Youghiogheny basin is ‘a broad,
shallow syncline, which undulates somewhat.in its
central part. The Monongahela coals and the
workable Conemangh coals arve entirely absent from
it. The Upper Freeport coal is workable in a few
areas, especially along Youghiogheny River below
the mouth of Miller Run. It is largely drift
coal. The Lower Kittanning coal underlies the
larger part of the basin and has been mined to a
small extent along the outerop. It is almost all
slope and shaft coal.

LOWER YOUGHIOGHENY !I.ﬁﬁ‘

The lower Youghiogheny basin is a broad
shallow syneline with a low anticline buried in its
western portion. The deepest part of the basin is
toward the eastern part of its aren, the axis pass-
ing not far west of Friendsville. It contains
no Monongahela coals. The Conemaugh coals,
although all present, are not workable,

The Upper Freeport coal iz workable by drift
from the valleys of Buffalo Run, Laurel Run,
Deep Creek, and Mill Run. The larger part of
the arvea of this hed is, however, shaft coal, which
can best be reached a short distance up the valley
west of Friendsville or along the railroad anywhere
between Selbysport and the Pennsylvania line.
It ean probably be reached anywhere within a
depth of 100 feet below the railroad. The quality
and thickness in this buried portion have never
been tested.

The Lower Kittanning coal is shaft coal in the
greater part of the area of the basin. There are
small areas around the outerop which can be mined
by drift, but only on a small seale, except in the
region southwest of Krug, where the entire area
can be reached by drift from the valley of the
Youghiogheny. Below Friendsville this coal lies
at a depth not exceeding 300 feet below the railroad.

AMOUNT OF COAL.

The following table contains an estimate of the
original quantity of coal which existed in these
quadrangles before mining began. The figures
were obtained by computing separately the ton-
nage of each bed from its area and the average of
all measurements of its thickness.

Area and tonnage af coal in the Adccident and Grantseille

griediangles.
Aren, [ Aok,
Sy, mwaibes. SHherrt fons,
Aecident guadrangle:
Yonghiogheny basin___ | 104231 0 1, 008, 665, ()
Castleman basin. 20, 599 103, 406, 000

Granisville guadrangle: |

Castleman basin_ 82, 784 | L 272, 828, 000
Georges Creek basin. 83, 865 | 079, 804, 000

251,470 | 8, 350, 205, 000 |



HISTORY AND CONDITION OF THE COAL INDUSTRY.

Coal has been mined in the Georges Creek basin
since 1830. Until recently only the Pittsburg
bed has been mined, but with the approaching
exhaustion of this coal, development of the thinner
beds is rapidly increasing. The Waynesburg,
Upper Sewickley, Bakerstown, Upper Freeport,
and Lower Kittanning heds are at present being
mined on a commercial scale in the Georges Creek
valley. The coal in the Castleman and Lower
Youghiogheny basing has been mined only for
local use, except in the small areas of Pittsburg
coal in the Pennsylvania portion of the Castleman
basin,

[t is probable that within a few years there will |
be very extensive developments in the Castleman |
and Youghiogheny valleys. Development has |
been retarded in the Castleman basin by lack of |
means of transportation and by the fact that the
Allegheny coals are buried in the central part of |
the basin. Now that a railroad has been con- |
structed along Castleman River, development of |
the coal may be expected.

Ownership of the smaller coal beds is prineipally
in the hands of the farmers. Few large tracts have
been acquired exeept in the Georges Creek basin.

CHARACTER OF THE COAL.

Averages of proximate analyses of the coal beds
of these quadrangles are given in the following |
table, which is compiled from the more complete
tables of analyses of these coals given in volume 5
of the reports of the Maryland Geological Survey.

These analyses show the variation in chamecter
from semibituminous coal in the Georges Creek
basin to (}]"{lill:ll':,." bituminous coal in the Castle-
man and"Youghiogheny basins.

Provimate analyses of coals in (feorges Creel,

| averaging about 10 feet.
| distance by a coal bed about 3 feet thick, above which |
| is the Homewood sandstone,
| kinds of clay, the soft or plastic and the flint or non-
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nnder the Homewood sandstone, Tis stratigraphic posi-
tion is shown in the seetions of the Pottsville formation
on page b, and in the less complete section on page 11.

This bed does not show at the surface as well as it should |

becanse its position is usually concealed by talus from
the overlying sandstone. Fragmenis of the flint clay
wan however, usnally be found in the soil. It is nsnally,
though not always, present in the normal stratigraphie
position, and conld. be developed at a great many local-
ities in varions parts of these quadrangles. The general
location of the belts where it is to be sought is along the
edge of the areas of outerop of the Pottsville formation,
not very far from the contact of the Pottsville and Alle-
gheny formations. Their location can thus be found on
the accompanying geologic map,

In the mines of the Union Mining Company and the

| Bavage Mouatain Fire Brick Works in the northeastern
| part of Garrett County, not far east of the Grantsville

gquadrangle, the clay has a thickness of 8 to 14 feet,
It is overlain within a short

There arve usnally two

plastic. Both are essential in the manufacture of the
bricks. It is necessary that both should be refractory.
There is no regularity in the ocenrrence of the two kinds
of elay in relation to each other. In most places the
plastie clay is above, but this is not everywhere the case,

Another loeality where the same clay was observed is
in the tramroad cut at Swallow Falls;, where the follow-
ing section is exposed ;

| Section of five clay near Swallow Falls, Garrett County, M.

Firt,
Sandstone (Homewood) . ___ ... 5l
A T 11 e el oo P e B et ¥ o TR (i
Flink clay - coomcmmcem e neae - 18
Plastie olay - - o cceeeceee oo ]
(o] o s e R E A B e R e P b

At no other place has the clay been observed above
the coal, as it is here. In this vicinity there is a large
area nnderlain by the elay, which ean be easily worked
by drift, and the dip is slight. Transportation can be
furnished by the narrow-gage road which extends from

Castleman, and ower Youghiogheny basins,

[W. 1. I Penniman and Arthur L, Browie, analysts. )

Busin and eonl.

-

Lr'eurge.u Creek basin
Bplit-8iX coeeeeeaen.
Lower Kittanning ... R i e e
Lower Freeport.... L P i e L T LA
Upper Fresport. .« ccccceccacmaa. Sl f A EE
Brush Creek
BakersboWn oveeccaococeamaonn
R T T e e e e e =
Little Pittsborg . __________.
P A e e e o
Upper Bewickley ______. ____________._

Castleman basin:
Clarion (1) . & ol AT s R L
Lower Freeport (7). o oo coce i
Girantsville

BRI e o e e e

Maynardier . ren s ST T e T e 1
| TLower Youghiogheny basin:

Lower Btbanniog «cmveececemecoccocccmcoooe oo

Liower Fresport. ... e R B Ry 8

Upper Freeport .. T e i s it B DL AT o

Mahoning ..

o 1f more than one,

BRICKMAKING MATERIALS.

This region contains a great abundance of valu- |
able elay of various kinds. These resources are |
entirely undeveloped within these quadrangles, but
they promise great possibilities for the future, and |
are extensively developed in the adjacent region. |
These materials include five elays of the highest |
grade, shales of various kinds, residual clays, and
sedimentary clays.

FIRE CLAYS.

Frequently any clay or shale which underlies a
bed of coal is spoken of as a fire clay. But there |
are many clays which, although they have all the
external appearance of a fire clay, will not stand a
high enough temperature to be used as fire clay. |
The only satisfactory means of telling whether a |
clay is a fire clay or not is by testing its fusibility; |
if it resists fusion it is suitable for the manufacture
of fire brick, and is therefore, no matter what its
oceurrence or appearance, a fire clay. Not all fire
clays, nor even all those of this region, underlie

coal beds.
fire clays now known in this region.

There are at least two very valuable |

Muunt Sovage fire cloy.—The Mount Savage fire clay |

ocenrs at a very constant horizon in the Mercer coal group, | cretionary forms, as the Mount Savage clay frequently | that is suitable for agricultural purposes.

Number of anal-

g : B
E - 2
= e = = o -
% ; '_E ;-": = E:- g E‘E
LA o £ P 7 5 &
gl 1.84) 16,78 | o004 | 1104 BOB | | .
4 7| 1887 | 7000 | 12,67 | 1.88 | 7,000 | 18,590
i 07| 1858 | 67.18 | 1257 | 5.20 i ol s el el
5 L0 1708 | w037 11,85 | L.92 ) 7,707 | 18,802
71 Lar | 1a% o 1] L L 1T (R NGRS (i
ga | .98 | 16,87 | TL%A 8.67 | 218 | 7,788 | 14,000
7| .83 | 18,56 | OT.90 | 185.24 | .76 | T, 499 | 18,487
a | B30 | 2167 8588 [Ty ] B (L e B SR
7 JT0 | 1873 | 730 . G4 LO9 | 7,087 | 14,270
7 L6380 20,13 | 68,90 | 10.2 .64 | 7.77 18, 916
1| .61| 26.04 | 5T.24| 1401 460! 7088 | 12,767 |
al 70! 24.05| @6.77| 848 1.48 | 7,750 | 13,060 |
1| a2 21.%1 | 6887 12,78 | 2.85 , 7,195 | 12,051 |
5| 2.08| 21.07T| 6%.15 8,80 | 2,97 T.706 | 13,871 |
1 T8 31,04 | 60,76 17.57 | 2.20 | 6,000 | 12,420 |
71 1.94| 28.8% | ¢0.47 {1427 | 3.88 | -7,826 | 18, 187
1| 282 | 2%.80 | 56,13 | 18.16 | 6.064 | 6,752 | 12, 184
8| 2.80| 2550 | 62.88 T.84 | 1.06 | 7,858 | 18,776
81 181 2306 | 62.74 | 15.9%; 4.00 i 7.858 | 18,944

average is given.

here to the terminns of the Confluence and Oakland
branch of the Baltimore and Ohio Railroad. Power for
the plant can be got from Youghiogheny River, and
coal for the kilos can be obtaived near by, Testzs by
Heinrich Ries (Maryland Geol. Survey, vol. 4, pp. 449,
450 show that this ¢lay, both plastic and flint, is folly
equal in its fire-resisting qualities to that from Savage
Monntain, .

There are doubtless many other loealities in the same
stratigraphie position where elay of satisfactory quality
eonld be found by eareful prospecting.

Bolivar fire clay.— A deposit of fire elay which is prob-
ably the equivalent of the Bolivar fire clay of Pennsyl-
vania outerops in the north bank of the North Fork of
Castleman River about nine-tenths of a mile above the
mounth of Tarkill Run. The section is as follows:

Section near Darkill Kun, Garrett County, M.

Feat,
Flint elay -.. e e
Concealed ___________.______ B N e T e
Massive cross-bedded sandstone T
TR B e L e e e e e e O B
Grayshale_____________ fotho g W00k RFERE S S R
Conl, shale, and bone. ..o emeeeeee T
B L o e Y
Handstone . eea. . 5
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The flint elay is in appearance much like that from |

the Moant H:u'ugu bed. It oecn rs, nof in ronnded con-

| ledge the flint showed a thickness of 31 feet, with both
| top and bottom concealed. The character of the out-
| erop was not snch as to show whether or not a plastic
I clay is present in association with the flint,
| A sample of this clay was tested by Ries, who says in
| regard to it { Maryland Geol. Survey, vol. 4, pp. 503-505) :
The waterial is a flint clay which in general appearanee is
not unlike clays of that character, being hard and dense, and

having conchoidal fracture. The chemical analysis of the
material is ag follows:

Analysiz of find cloy from Costleman River, Garrett
Cownty, M.

21k R [t e el S N S S o ol 51, 851
b o BT e IR e R o 36, 401
i o o o b by o oo e B S L el e © L L 101
TE T et o RS L TR T .08
ageala e s s R e -
L | T e e ik o o e Trace

100, 942

Being a flint clay it naturally has practically no plasticity
when ground and mixed with water, and consequently its
| tensile strength is also exceedingly low, showing that it would
| have to be mixed with a plastic fire elay in making it into fire
| bricks. The refractoriness of the clay is, however, the most
important item, and it was found on testing it that the fusion
point of the elay is very nearly that of eone 35 of the Seger
series, whose fusion point is abont 8326° F.  This makes the
elay from Castleman River, therefure, one of the most refrac-
tory elays found in the United States.

There is a large area in the vicinity in which this clay
could be mined, either by drifts or in open pits. The
locality conld be easily reached by a short spur, having
almozt no grade, from Jennings Brothers Railroad.
Abundant eoal, and excellent sites for manufacturing
plants are at hand. This clay is worthy of immediate
| development. It eould probably be found at other local-
i ities in the Castleman Valley.

SHALE AND BRICK CLAY.

The shales of this region which are snitable for
brickmaking have wide geographic and geologic
distribution. Lack of facilities for transportation
and of local markets has, however, made it unprof-
itable to work them.

There are probably large areas in the “glade”
regions which are underlain by thick and extensive
deposits of residual clay, but these too must await
more favorable conditions for development.

LIMESTOXE.

This region containg extensive deposits of lime-
stone suitable for burning for agricultural and
building purposes or for use as a flux. It is also
probable that part at least of this limestone is suit-
able for the manufacture of cement, although it has
not yet been tested for this purpose,

The Greenbrier limestone, whose oceurrence has
| been described in the preceding pages, is composed
largely of limestone, the most valuable deposits of
which oceur in the upper member of the formation.
This member is about 65 feet thick and consists
predominantly of limestone with a few shale part-
ings. Almost the whole thickness can be quarried.
This rock has already been opened for agricultural
purposes at numerous points, and is of such per-
| sistence that it can be worked anywhere except
' where the covering of soil and rock débris is too
thick to be profitably removed. The middle mem-
ber of the Greenbrier containg a few thin beds of
limestone, but they should always be neglected for
the overlying beds, which are much thicker and
purer. The lower member contains a considerable
thickness of limestone which can be quarried and
burned, but it is very impure and is far less valu-
able than the upper member.

The following analyses of samples of Greenbrier
limestone from Garrett County, collected by the
Maryland “Geological Survey, were made by T.
Maleolm Price for the Maryland Agricultural
Experiment Station and were published in Bulletin
No. 66 of that institution :

Analyses of Greenbrier Hmestone from Garrelt Conndy, MW,

1 2 3, | i & ik
Insoluble| 15,60 | 18.46 | 8.57 | 20.95 | 17.00 | 4.47 |
| Fe,0,+ i

ALLO, | B.44 (1248 288| 4110 274 =270
CaCO, | 79.16 | T2.92 | 83.73 | 37.85 (6212 | 98.00 |
Mg(CO,_ .| 1.21 1.15 . | L1 15,75 i, a3

Total_| 99.46 | 09.01 | 100,54 | 100,35 | 90,61 | 100,28
, .

. Gerringer & Inglehart’s quarey.
. OfMatt’s quarry.

Crabires,

. Bouth of Negro Mountain,

. Offutt's guarry.

. Findley's quarry, Piney Eun.

S S i B3 B =

Probably any of the rock will furnish a lime
But

near the top of the Pottsville formation and immediately | does at its outerop, but in a solid massive ledge, Tn this | when a lime suitable for general and constructive

Aceident and Grantsville. i

uses is desired care should he taken to select the
purer beds in quarrying. The average of the anal-
yses given above indicates a rock far less pure than
that generally used for commercial purposes. But
some of the analyses show that there are purer
bands in the formation, and there is no doubt that
it proper care were taken in locating the quarries
and in keeping impurities out of the kilns a product
could be obtained which would successfully compete
with that now shipped from other regions.

The only limestone of this region which can be
considered of possible value as a building stone is
that of the Greenbrier formation.

The Loyalhanna (*Siliceous”) limestone, at the
base of the (ireenbrier, would possibly make a
valuable building stone. It is of a desirable color
(light gray or buff), is very durable, and is easily
worked. In some parts of the bed are bands of
sandy material which would stand out on weather-
ing, but these are not distributed all through the
bed.  The portions of the bed which do not contain
these bands are very uniform in color and texture.

The upper part of the formation contains some
layers of massive limestone which would make an
attractive and durable building stone. These layers
ange in color from very light gray to a dark red-
dish buff. There would be no difficulty in obtain-
ing blocks of considerable size. Some of these
layers are well shown in the quarry at Crabtree.

Some of the beds of the Greenbrier limestone will
make valuable road metal because they combine
high cementing quality with good wearing power.
Probably the Loyvalhanna (“Siliceous”) limestone
at the base of the formation will be folind the most
valuable for this purpose, because of its high
wearing power. It has the additional qualification
of not being sought for burning to lime.

The limestones of the “Coal Measures™ are too
much broken up by joints and bedding planes to be
considered as building stones, and are too scanty in
quantity to be of value for any purpose except for
local agricultural lime.

SANDSTONE,

All the building stone that has been quarried in
this region has come from the sandstones of the
Carboniferous formations and has been used only
for rough work, such as foundations, embankments,
and bridges.  While it is possible that some of the
sandstones could be used for a better class of work,
it is not likely that such a demand will be made
upon it in the immediate future.

[RON ORE.

No iron ore is now mined in this region, and this
industry has never been of any great importance.
The only place where iron has ever been smelted
within the limits of these quadrangles is at Friends-
ville, where the ruins of a small blast furnace which
was built many years ago and has long been out of
use still exist. The ore for this furnace was dug
from a number of small pits on the western slolm-
of Winding Ridge. It probably consisted of both
siderite nodules from the shales of the ““Coal Meas-
ures,” and limonite concretions from the residual
soil. The location of the pits is not known. Char-
coal was used as a fuel, and Greenbrier limestone
as a flux. Probably no attempt was made to sup-
ply more than the demands of the local forges.

Small pockets of limonite exist in the Jennings,
Catskill, and Maneh Chunk shales, but these could
not have been considered workable deposits in any
condition of the iron industry.

In the shales between the Clarion coal and the
overlying Clarion sandstone there are abundant
nodules of siderite, or carbonate of iron, which in
some places form a locally continnous stratum that
occasionally becomes thick enough to possess pos-
sibly some commercial value. Some ore may always
be expected at this horizon, and the bed may prove
thick enough in places to mine, but it is doubtful
if such mining can be done profitabiy in the present
condition of the industry.

There are also small bands of siderite higher in
the “Coal Measures,” especially in the middle of
the Conemaugh and in the Monongahela and
Dunkard formations.

WATER RESOURCES.

STREAM SUPPLIES,
Youghiogheny River.—The Youghiogheny and
its tributaries drain almost the entire area of the
Accident quadrangle. It is a large stream whose



capacity is far in excess of any probable demand.

The only contamination of the main stream comes |

trom the villages of Oakland, Sang Run, Kruog,
Friendsville, and Selbysport, and from a few saw-
mills.

Castleman River.—This stream drains the north- |
It is a |
large, uncontaminated stream, but there is no |
demand for its waters in the agriculiural region |

west halt of the Grantsville quadrangle.

through which it flows in this guadrangle.

Savage River—This stream drains the central |

part of the Grantsville quadrangle. It is a large,
relatively pure stream and furnishes the water
supply for the towns of Piedmont, W. Va., and
Westernport, Md.

Georges Creel.—This stream drains the south-

east corner of the Grantsville quadrangle. The
main stream and the lower conrses of its tributaries
are so polluted by sewage and mine water as to be
unfit for ordinary uses. The headwaters of the
tributaries would furnish good supplies for the
many mining villages in the Georges Creck valley.

SPRING WATER.
There are a great many large, pure springs along

the belts of outerop of the Greenbrier limestone.

of Meadow Mountain; (3) along the western fromt

of Negro Mountain; (4) along the eastern front of |

Winding Ridge; (5) through the valleys of Deep

Creek and Marsh Run from Thayerville to Me- '

These belts extend (1) along the western foot of |
| Big Savage Mountain; (2) along the eastern front |
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' Henry, thence westward to Sang Run and along
Youghiogheny River for a distance of 2 miles novth
and south of Sang Run; and (6) along the north-
ern and eastern edges of the Cranesville Valley.

These springs are similar, both in geologic rela-
tions and in the properties of their water, to the
| group of springs from which the eelebrated Deer
| Park spring water is obtained. . The Deer Park
springs are about 6 miles south of the southern
limit of these quadrangles, and are situated. along

wesztern foot of Hig Savage Mountain.
ARTESIAN WATER.

The possibility of obtaining artesian water has
never heen properly tested in this region.

the direct continuation of the line of springs at the |

It is, '

' however, probable that the synelines that underlie
| the valleys of Georges Creek, Castleman River, and

\rﬂﬂglljﬂglll']]}‘ ]{-i\'l"l' are El!'i{'ﬁ]:ill I}:IH]IIH EI!I[I “.'0“11,'
| yield plenty of good artesian water from various
| horizons.

H[’."fl"]'q'll I]nt'(‘. ]lﬁlt"&l ill'rllfli_l I!] t}]ﬁ {ﬁ[ll-lK‘El]'I]lg PUI'—*
tions of the synclines have yielded flows of water.
This water came from the “Coal Measures,” and
was therefore strongly impregnated with sulphur
and iron. It is probable that deeper holes would
yield better water from the purer porous sandstones
which underlie the “Coal Measures.” There is,
however, no present demand in the region for
artesian wells, for the numerous pure streams and
springs yield sufficient water for all needs.

September, 1907.
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ACCIDENT AMD GRANTSVILLE QUADRANGLES.

DETAILED SECTION OF THE COAL-BEARING ROCKS OF THE ACCIDENT AND GRAMTSYILLE QUADRANGLES.

SCALE: 1 INCH = 500 FEET. | BCALE: 1 INCH = 100 FEET.
| =
| E L
THICKNESS L ;i 2 | s TOLUMNAR THICE ¥ES8
RERE Chianaerelr oF Rocks ; E | Nawgs oF MEMBERS. BECTION. 1% FEET. CunanacTer oF RocEs.
- Il 2
=
120 Shale with thin sandstones, local fresh-water limestones,
and zeveral small eonl beds. |
= |
O | |
| 1
agn-2z0 | Shale with a few sandstone beds, several fresh-water lime- | & | |
stones, aml six eoal beds, | | & |
lg= Washington coal. Aty Usunlly not opened or axposed.
it E -t | %
S
Shale and sandstone, the latter in places conglomeratic | o S 4 Thin and not well kiiowi,

FT0-085 soveral limestones (fresh-water in the upper part of the | |
formation and marine in the lower part) and many thin | | |
coal beds, |

Wiy nealaig col. o] Teralstent nul Important.
Waynesburg limestone. e Fresh-water (i, |
- e — -—T* —_— —_— I
. Limbomtasw m ool 1 fEr 1y khi
- " N ety .
260-350%= | Shale and sandstone with several eonl beds, o | Sewickley sandstone, 1% ’ ;
-
Ll
: : s - T
: - | E.'IJ Upper SBewickley coal. 5§ (ina eoal : important.
395975 Sandstone and conglomerate with some shale, coal, and
i R e =
re clay. o
=
B R T L N L e Rnef o Lower Sewickley conl. g Bpamatinees mined,
=
Fishpsot limestone, Slg Fraah-water fnunm,
Redstone coal, 37 Persistent, but variable and nod mined,
Gl Red and green shale with some sandstone,  IBERE : "3
tEshurg conl, 915 Very persistent; most important conl of reglon
= — e —
|
. Massive limestone at top: red and green shales with thin Litle Pittsburg eoal. 24 | Thinand variable.
Ll limestones in middle ; ealeareous eross-bedded sandstone Pittsburg limestone (lower). g |
{ Lovalbhanno or ** Siliceons " limestone) at base, |
= .= P | | Connellsville samdatone. 5 | Massive and persistont.
450 Hm;{lﬁmn& nn';l eonglomerate, with some gray shale, espe- |
Clally near Dase,
Franklin conl, A-1 : Parsistent but varialle, Not often mined,
Clarksburg limestone. 614 | Fresh-water fauna ;) very persistent.
i, s e . i L, i |
|
1 !
T | Morgantown sandstone 20-50 Massive ; loeally conglomeratic.
| g Elklick caoal. -2 Thin and varintle |
Ames lmestone, 2 Marine fanna ;. very clurncteristic
< [ Harlem conl. 8 Thin bt nm'u:ﬂ.r.r.'II -
| =
| 1]
: = Magnardier conl, =5 i Restricted to Castlemnn Valley,
1200-2:4) ] . | |
0 | Red and green shale and sandstone o ] Baltaburg SuRARtos. 5 | Massve aod ragular.
|
Q| |
{
| Bakerstown coal, 24 | Variable in thickness but persistent ; mined at many places.
I | Grantsville conl. 25 | Restricted to Castleman Valley,
| 1 It =hnle,
| |
| Upper Cambridge limestomne, | Marine faumn,
Bullale aandstoms, 10=80 Mussive, |
Laower Cambridge limestons, 1-3 Marine fannm.
Brush Creek coal. 2 Thin but regular and persistent.
ol ST e N TS Mahoning samdataons (uppeer part b, =0 Massive but varinbla in thickness,
1
| |
' |
i Mahoning conl. 2 i Usually thin amd variable,
)
Mnhoning sandstone (lower part). 255 Massive amil persistent.
L-}'}[H'r FroEport el BT — &5 | Vary regular oud persistent, WA
Balivir flre clay, 4 Flint clay. Limestone oecupies this posltion at some places,
Olive-green to brownizsh-red shale and sandstone, with two Hoaring C 2080 -
= : A g Creek smmlsione, : - - . 5
thin eonglomerates; approximately equivalent to the ey oLy oWl
Chemung formation. Lawer Freeport conl, 1-3 Variable : absent in some places,
Lower Freeport sandstone. 25 Massive but variable,
|-
i - '
i | . ld . Upper Kittanning coal. 1-3 . Variable and of loeal oecurmenee,
i I T|
. | @ |
| I | w |
| | | 5
| Lower and Mididle Klitanning coals. 4-5 Fefruistent and regular.
< Bplit-six conl, =5 Varinhle,
B Vanport limestone, H Murine fauna in places; fresh-water elsewhere,
00 =
Clarion sandstone. 570 Very massive ) conglomerntio in many places,
;.;::rl;m_:_;ml. i 2l Persistent bat nol valomlbles,
g L . rrkville coml, 1-1 Irregular and of local oceurrence,
Olive-green to gray 2hale alternating with thin fine-grained —_— sl L
mieaceous sandstones,  Probably not exposed at the sar- - R
faee in these quadrangles. l e =100 Massive and persistent,
Mount Savage coal. | Prrsistent but irregalar
Mount Savage fire clay. e Flint and plastic clays
|
|
w Conngquenessing sandstone (upper part). i | Massive and conglomeratic.
I
I —a |
= | Quakertown coal, 1 Thin and irregular, I
=
w
[
" 3
— Connoquenessing sandstone (lower part). ik Massive nml conglomeratie.
[ ] U [ |
1 1
Bl
Black fissile shale. representative of the Genesee shale. | |
Not exposed in these guadrangles.
Sharon coal. 1= Thin mna irregulne,
\
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As sedimentary deposits or strata accumulate the |

younger rest on those that are older, and the rela-

tive ages of the deposits may bhe determined h_vf
This relationship holds |

observing their positions.
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 jfossils, or the remains
and imprints of plants and animals, indicate which
of two or more formations is the cldest.

Stratified rocks often contain the remains or
imprints of plants and animals which, at the time
the strata were deposited, lived in the sea or were

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

buried in surficial deposits on the land. Such
rocks are called fossiliferous.
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.

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 characteristic {ypes, and
they define the age of any bed of rock in which
they are found, Other types passed on from 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 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 loeal 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
gshown 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 paiterns—Each formation is shown
on the map by a distinetive combination of color
and pattern, and is labeled by a special letter
symbol.

Spmbols and colors aasigned fo the rock systems,

Color for sedimentary

Byslam. Hariea. Foeka,

2 i QJuaternary. .. j ﬁ;:;:;]{:l:'ﬂlw : ; Q | Brownish - yellow,
§ ] Pliocene. . ..... I
= Mioeene....... | T P
g [ Tertiary...... I'Q“Wf«‘”l‘-w- i J . T Yellow ocher.
| Foeane . ....... |
Crabbeaomn |- ot t e s e L | K | Olive-rreaen.
o | |
= | |
§ Tocasnlo. e e e e e b s J | Blue-green.
7 |
= I - (e
| Trlaggie. ... | coceeivasanenan..| B| Pencock-blue.
[ | Pormian....... ] i
Carboniferons.| 4 Pennaylvanian | C | Bloe.
| l! Mississippion. . )
Devonian. .. .. | .................... 0 | Blue-gray.
=)
= I
% <4 Silurian. ...... (et e o o 5 | Blue-purple.
= i |
L) |
Ordovieian. . ..|.. ot o o L & S A 0 Red-purple.
| { Saratogan..... || '
Cambrian..... |= Aeadian....... ;| €| Briek-red.
|| Georginm...... )| |
Algonkian ... I .................... A | Brownish-red.
Aol ol Pt A TR IR e A Gray-brown.

’atterns composed of parallel straight lines are |
uszed to represent sedimentary formations deposited |
Patterns of dots and circles |
represent alluvial, glacial, and eolian formations, |
Patterns of triangles and rhombs are used for igne-

in the sea or in lakes.

ous formations. Metamorphie rocks of unknown

origin are represented by short dashes irregularly |

placed; if the rock is schist the dashes may be
arranged in wavy lines parallel to the structure

L2

by studying fossils

Only the simpler kinds of |
marine life existed when the oldest fossiliferous

planes.  Suitable combination patterns are used

for metamorphic formations known to be of sedi- |

mentary or of igneous origin. .
The patterns of each class are printed in various
' colors.  With the patterns of parallel lines, colors
p ] :

| . . A . |
| are used to indicate age, a particular color being |
The symbols by which |

assigned to each system.

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.

| BURFACE FORMS.

Hills and \'4':“:&3-‘:-; and all other surtace forms have
been produced by geologic processes.  For example,

that flow thru them (see fig. 1), and the alluvial

action of waves, and sand spits are built up by
waves, LTopographic forms thus constitute part
of the record of the history of the earth.

Some forms are produced in the making of depos-
its and are inseparably connected with them. The
hooked spit, shown in fig. 1, is an illustration. To
‘this class belong beaches, alluvial plains, lava
streams, drumlins (smooth oval hills composed
of till), and moraines (ridges of drift made at the
edges of glaciers). Other forms are produced by

of the associated material. The sea cliff’ is an
illustration; it may be carved from any rock.
To this class belong abandoned river channels,
| glacial 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. When a large tract is for a long time
undisturbed by nplift or subsidence it is degraded
nearly to base-level, and the even surtace thus
produced is called a peneplain. If the tract is
afterwards uplifted the peneplain at the top is a
record of the former relation of the tract to sea level.

i
|
|
‘L‘I'ﬁﬁ[ﬂll, and these are, in origin, independent
|

|
! THE VARIOUS GEOLOGIC BHEETS.
[

oceupied by the various formations.

| color, pattern, and symbol in the legend, where he

' will find the name and description of the for- |
If it is desired to find any given forma- |

 mation.
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 is also a partial statement of the
geologie history. In it the formations are arranged
in colomnar 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.

Leonomie 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.
geology, thus printed, affords a subdued back-
ground upon which the areas of productive forma-
tions may be emphasized by strong colors. A mine
symbol ig printed at each mine or quarry, accom-
panied by the name of the principal mineral
' mined or stone quarried. For regions where there
are important mining industries or where artesian
basins exist special maps are prepared, to show
 these additional economic features.

. e, LY T !amM‘.sﬂ;.ﬂﬁfv.\k:-*-mh'*l-@ﬁii.w.‘xt'.ﬂ.‘ﬁ" o / i S 5, e

most valleys are the result of erosion by the streams |

plaing bordering many streams were built up by |
the streams; sea cliffs are made by the eroding |

Aveal geology map—This map shows the areas
OUn the mar- |
gin is a legend, which is the key to the map. To |
ascertain the meaning of any colored pattern and |
Lits letter symbol the reader should look for that |

The areal |

Structure-secfion sheef.—This slieet exhibits the
relations of the formations beneath the surface. In
cliffs, eanyons, shafts, and other natural and artili-
cial cuttings, the relations of different beds to one
- another may be seen.
those relations is called a seefion, and the same
term is applied to a diagram representing the rela-
tions. The arrangement of rocks in the earth is

.-‘Ln:r' t‘l.l[.l;l'lf_.{_' which exhibits

the earth’s strucfure, and a section exhibiting this |

arrangement is called a structure section.

The geologist is not limited, however, to the
natural and artificial cuttings for his information
concerning the earth’s structure, Knowing the
manner of formation of rocks, and having traced
out the relations among the beds on the surfice, he
can infer their relative positions after they pass
beneath the surfice, 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
| several thousand feet deep. This is illustrated in
the following figure:

Fig. 3.—8keteh showing a vertieal section at the front and o
landzscape beyond. r

The figure I'L‘lli'UHUIITS a landseape which is cut
oft’ sharply in the foreground on a vertical plane,
20 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:

Limestomnas,

e E 3
Lm b e s

Caleareous sandstoness.

Hamdstones and con-
plomerntes,

Shaly sandstomes.

f Hehista,

Masaive and bedaded igpmeows rocks,

Fig. 8. —8ymbola nsed in sections to represent different Kinds
of rocks,

The plateau in fig. 2 presents toward the lower
land an escarpment, or front, which is made up
- of sandstones, forming the eliffs, 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 ou terops of a bed of sand- |

stone that rises to the surface. The upturned edges

of this bed form the ridges, and the intermediate |

valleys follow the outerops of limestone and calea-
reous shale.

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 strite. The inelination of the bed to the hori-
zontal plane, measured at right angles to the strike,
is called the dip. '
| Btrata are frequently curved in troughs and
arches, such as are seen in fig. 2. The arches are
Ccalled 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 eertain zones. In places the strata
are broken across and the parts have slipped past
 each other.

| kinds of faults are shown in fig. 4.
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l On the right of the sketch, fig. 2, the section is
- composed of schists which are traversed by masses
of igneous rock. The schists are much contorted
and their arrangement underground can not be

Fig. 4.—~Ideal sections of strata, slmwlng (2) mormal faults
and (k) o st faalt.

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 undergronnd relations.
The uppermost of these, seen at the left of the
! gection, 15 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 conformable.

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 plateau rest upon

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
L occurred between the deposition of the older beds
and the accumulation of the younger. When
younger rocks thus rest upon an eroded surfice
of older rocks the relation between the two is
an uncon formable one, and their surface of contact
18 an uneon 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 schists 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
|11m.'u11ff.1rn:|il;;;'; 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 oceur. The
' sections 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
section 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.

. Colwmnar scelion sheel.—This sheet contains a
concise description of the sedimentary fornmtions
which oceur in the quadrangle. It presents a
summary of the facts relating to the character
of the rocks, the thickness of the formations, and
the order of accumulation 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
teet 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.”

GEORGE OTIS SMITH,
Diyector,

Such breaks are termed faulls. Two |

i May, 1908.
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