DESCRIPTION OF THE BEAVER QUADRANGLE.

INTRODUCTION.
GEOGRAPHIC RELATIONS.

The Beaver quadrangle is located in western
Pennsylvania, its western boundary being about
1 mile from the Ohio State line. Its whole area
lies in Beaver County, except a triangular portion
in the southeast corner, which is in Allegheny
County. Ohio River flows through the middle of
the quadrangle in a general westerly direction, and
near the town of Beaver, which gives its name to
the quadrangle, receives from the north its chief
tributary, Beaver River. The quadrangle lies
between latitude 40° 30" on the south and 40> 45’
on the north, and between longitude 80° 15" on
the east and 80° 30" on the west, including one-
sixteenth of a square degree of the earth’s surface,
with an area of about 227 square miles.

PHYSIOGRAPHIC AND GEOLOGIC RELATIONS.

In its physiographic and geologic relations this
quadrangle forms a part of the Appalachian prov-
ince, which extends from the Atlantic Coastal
Plain on the east to the Mississippi lowlands on
the west, and from central Alabama to Canada.

PHYSIOGRAPHY OF THE APPALACHIAN PROVINCE.

With respect to the topography and the attitude
of the rocks, the Appalachian province may be
divided into two nearly equal parts by a line
which follows the Allegheny Front throughout
Pennsylvania, Maryland, and West Virginia (see
fig. 1) and the eastern escarpment of the Cumber-
land Plateau across Virginia, Tennessee, Georgia,
and Alabama. East of this line the rocksare greatly
disturbed by faults and folds, while west of it they
are less disturbed and lie nearly flat, the few folds
which break the regularity of the structure being
so broad that they are scarcely appreciable. Imme-

//i( N/ ,&_9\_\« NEW N ORK

FIG- 1. —Dla,gram of northern portion of the Appalachian
province, showing physiographic divisions.

diately east of the dividing line roll the alternat-

ing ridges and valleys which have been designated

the Greater Appalachian Valley, and still farther
east stretches a slightly dissected upland known as
the Piedmont Plateau. West of the line extend

broad plateaus, unbroken save by a few ridges |
but there is not so much diversity as in the higher
‘plateau.

where minor folds have affected the rocks, but
greatly dissected by streams. In contradistinction
to the lowlands of the Mississippi Valley on the
~ west and the furrowed highlands of the Appa-
~lachian Valley on the east, this part of the prov-
ince has been called by Powell the Allegheny
Plateaus. The Beaver quadrangle lies entirely
- within this plateau region, which will be described
- in detail. ‘

ALLEGHENY PLATEAUS.

The Allegheny Plateaus are characterized by
distinctive types of drainage, surface features, and
geologic structure, which are described below.

Drainage. — The Allegheny Plateaus drain
almost entirely into Mississippi River, but the

northeastern part of the region drainseither into-

. the Great Lakes or through the Susquehanna,
Delaware, and Hudson into the Atlantic Ocean.

In the northern part of the province the arrange-

ment of the drainage is largely due to former gla-
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ciation. Before the Glacial epoch all the streams
north of central Kentucky probably flowed north-
westward and discharged “their waters through the
St. Lawrence system (see fig. 2). The encroach-
ment of the great ice sheet closed this northern
outlet and new drainage lines were established
along the present courses of the streams.

‘In the southern half of the province not only do
the westward-flowing streams drain the Allegheny
Plateaus, but many of them rise on the summits of
the Blue Ridge and cross the Greater Appalach1an
Valley as well.

Relief—The surface of this division of the

- Appalachian province is composed of a number

of plateaus, the highest and most extensive of
which lies along the southeastern margin of the
division. This feature is very old and conse-
quently is so greatly dissected that its plateau
character is not always apparent. It was dis-
covered in northwestern New Jersey by Davis
and Wood, who named it the Schooley peneplain,
from its good development in the vicinity of
Schooley Mountain (Davis, W. M., and Wood,
J. W., Proc. Bost. Soc. Nat. Hist., vol. 24, 1889,
p- 377). In central Alabama its surface rises
from beneath the Cretaceous cover to a height of
500 feet above sea level. From -this altitude it
gradually ascends to probably 4000 feet at its cul-
minating point in central West Virginia. - From
this point it descends to 2000 or 2400 feet in
northern Pennsylvania and southern New York.

The surface of this topographic feature is best
preserved’ in Alabama and Tennessee, where it
constitutes the Cumberland Plateau. North of
Tennessee it is difficult to identify, and in north-
ern West Virginia and northern Pennsylvania only
a few remnants of high-level land in the hilltops
appear to be parts of its original surface.

The surface of this plateau is generally sepa-
rated from the next lower plateau on the west by
a more or less regular westward-facing escarpment.
This escarpment is most pronounced in Tennessee,

-but to the north it diminishes until in the central

part of Pennsylvania it merges into a mass of
irregular hills and the upper and lower plateaus
seem to approach each other.

The lower and younger Pplateau surface, ‘which is
dlstmctly developed in Tennesseé and. Kentucky,
is known in these States as the Highland Plateau
or Lexington Plain. Farther north the relief is
less regular and the exact position of the plateaun
is more difficult to determine. This surface, which
has been described by Campbell (Bull. Geol. Soc.
America, vol. 14, 1903, pp. 277-296), was named

by him the Harrisburg peneplain, because of its

excellent development near Harrisburg, Pa., where
it is 500 feet above tide. This peneplain appears
dome shaped, with.an apex in Potter and McKean

counties, 2200 feet above sea levél, from which its

surface slopes in all directions.
The surface features of this plateau are varied,

The higher divides and ridges along
the Ohio and its tributaries in Pennsylvania,
including the surface of the Beaver quadrangle,
probably approximate the surface of this pene-
plain. In the same general region the early stages
of a lower, younger, and less extensive plain have
been traced. This plain is well developed between
Worthington and Allegheny River in Armstrong
County and has, therefore, been named by Charles

‘Butts (Geologic Atlas U. 8., folio 115) the Worth-

ington peneplain.

Structure—The stfucture of the Allegheny Pla-
teau is comparatively s1mp1e The strata lie nearly
flat and their regularity is broken only by small
faults and low, broad folds which usually have
little effect on the general structural features of
the region.

The most pronounced fold is a low, broad arch,
known as the Cincinnati anticline. The main
axis of the fold enters the Allegheny Plateaus

from the direction of Chicago, but a minor fold
from the western end of Lake Erie joins the major
axis near the type locality. From Cincinnati the
axis of the anticline passes southward into Ken-
tucky and Tennessee.

This anticline separates the Allegheny Plateaus
into two structural basins, which are best known
from the coal fields which they contain. - The
western basin extends far beyond the limit of the
province, and contains the Eastern Interior coal
field of Illinois, Indiana, and Kentucky. The
eastern basin lies entirely within the limits of the
Allegheny Plateaus, and is generally known as
the Appalachian coal field. The Beaver quad-
rangle is situated well within the boundaries of
the latter field, hence a somewhat detailed descrip-
tion is necessary in order to present a clear idea of
the geologic features of the quadrangle.

The Appalachian coal field lies in a broad, flat,
canoe-shaped trough. The deepest part of this
trough follows a line extending southwestward
from Pittsburg across West Virginia to Hunting-
ton, on OQhio River. Toward this line the rocks
dip from both sides of the trough, and about the
canoe-shaped northern end the rocks outcrop in
a rudely semicircular line and at all points dip
toward the lowest part of the trough. '
 In Pennsylvania the deepest part of the trough
is situated in the southwest corner of the State, and
the inclination of the rocks is generally toward that
point.

Although the general structure of the region is
of this simple character, the eastern limb of the
trough is crumpled into a number of parallel
wrinkles or folds that make the detailed structure
somewhat complicated and break up the regular
westward dip of the rocks, so that at first sight it is
not apparent. These undulations are similar to
the great folds east of the Allegheny Front, except
that they are much smaller and have not been
broken by faults, as have many of the great folds
farther east. These minor folds are a constant fea-
ture along the southeastern margin of the basin
from central West Virginia to southern New York:
Across the northern extremity of the basin the
minor folds are developed in large mumbers,
extending at least halfway across Pennsylvania
near its northern boundary. In the southern part
of the State there are only six pronounced anti-
clines, two of these disappearing near the West
Virginia line. Farther south the number is less,
until on Kanawha River the regular westward dip
is interrupted by only one fold of small propor-
tions.
vania, along Ohio River, these folds waste away to
faint rolls which can hardly be detected.

ROCKS OF THE APPALACHIAN PROVINCE.

The rocks of the Appalachian province belong
to two general classes—crystalline rocks, such as

granite and gneiss, and sedimentary rocks, chiefly
sandstone, limestone, and shale, and occasionally -

unconsolidated deposits. The crystalline rocks,

' which outcrop along the northern and eastern

borders of the province, probably underlie the
sedimentary rocks and are, therefore, presumably
the oldest rocks in the region. The great mass of
younger sedimentary rocks which covers the rest
of the province is many thousand feet thick and
comprises several systems. The lower systems are
exposed in the greatly folded and disturbed region
east of the Allegheny Front, within the border of
erystalhne rocks, but toward the interior of the
provmee the most promment part is the upper
portion, which belongs to the Carboniferous system.

CARBONIFEROUS SYSTEM.

The Carboniferous system is d1v1ded into two
series, the Mississippian below and the Pennsyl-
vanian above. The former is best developed in
the Mississippi Valley. In general it is not coal
bearing, but in certain parts of the Appalachian

In the extreme western part of Pennsyl-

region it includes not only limited beds of work-
able coal, especially in its upper portion, but also
strata  bearing petroleum and natural gas. The
Pennsylvanian series, on the other hand, includes
the coal-bearing rocks, or Coal Measures, of the
Appalachian coal fields, and is typically developed
in Pennsylvania. Both series, therefore, are of emi-
nent importance in western Pennsylvania, and in.
the Beaver quadrangle both afford valuable eco-
nomic resources. For purposes of economic as well
as scientific study, the geologists of earlier Penn-
sylvania surveys divided both series into a num-
ber of separate formations. Of the Pennsylvanian
series the Monongahela, Conemaugh, and Alle-
gheny formations, and a portion of the Pottsville
are exposed in the Beaver quadrangle, while the
lower part of the Pottsville and beds of the Missis-
sippian series, supposed to represent the Pocono
and Mauch Chunk formations, are found in deep
wells.

MISSISSIPPIAN SERTES.

Pocono formation.—This name is derived from
the Pocono Mountains in eastern Pennsylvania,
where the formation is well exposed, resting con-
formably upon the. Catskill red beds (uppermost
Devonian). It contains thin coals and fossil plants,
and was, therefore, early assigned to the Carbonif-
erous system. In the type region it measures over
1000 feet in thickness and consists largely of gray
sandstones. The Catskill at this point is composed
chiefly of red and greenish rocks, so that the two
formations are easily distinguished by lithologic
character. To the west, however, distinction is'
less certain for the reason that red shales of Cats-
kill character interbed with rocks of' Pocono type.
The Catskill also seems either to thin to a feather-
edge or to dovetail with Chemung rocks. While
the exact base of the Pocono thus becoms indeter-
minate to the west, in lithologic character, the top
is well marked in most of Pennsylvania by a sandy
calcareous member, commonly designated the “sili- -
ceous limestone.” 'Where this is absent, the upper -
limit of the formation also is not well defined. In
the Beaver region its limits are indefinite, but it
seems to approximate 800 feet in thickness and
to lose something of its predominating sandstone
character. :

Mauch Chunk formation.—This formation over-
lies the “siliceous limestone” of the Pocono. At
Mauch Chunk, from which it is named, it is 2000
feet thick and composed largely of red shale; but
west of the ‘type locality both its thickness and
character change, for on the Allegheny Front it
is composed of 80 feet of heavy sandstones, over-
lain by 100 feet of red shale. On Chestnut Ridge
it resumes its general shaly character. Apparently
the thickness of the formation continues to decréase
to the west; it is thinly developed in some deep
wells of Westmoreland County and north of that
area it has been found only sporadically. It has
not been identified in the deep wells of the Beaver
region and probably is largely or entirely absent
beneath the Beaver quadrangle.

N e .
PENNSYLVANIAN SERIES. CA

Pottsville format@on —Since the Mauch Chunk
is probably absent in the Beaver quadrangle the
Pottsville formation here lies unconformably upon
the supposed Pocono. It is named from a town in
the anthracite coal field, near which it is 1200 feet
thick. In the bituminous coal field its thickness is
in places less than 300 feet. In both the anthracite
and bituminous fields it generally carries some work-
able coal, clay, or limestone. In eastern Pennsyl-
vania these beds lie between two heavy conglomer-
atic members, which there form the top and bottom
of the formation; in western Pennsylvania coals
occur not only between these members, but between
the lower one and a third sandstone bed at the base
of the formation. The upper group of coal, clay,
and limestone is well developed in Mercer County




and has been named the Mercer group; the lower
coal is designated Sharon coal because of its good
development at Sharon, Mercer County.

The three sandstone members have been named
by the Second Geological Survey of Pennsylvania
the Homewood, Connoquenessing, and Sharon,
respectively. In the Beaver quadrangle the for-
mation, averaging about 250 feet in thickness,
seems to include usually two, but sometimes three
sandstones, with intermediate coals or shales com-
parable to the above-mentioned horizons.

Allegheny formation.—The Allegheny overlies
the Pottsville conformably. From the fact that
most of the workable coal beds in the lower part of
the Pennsylvanian series occur within this forma-

tion, it was formerly called the Lower Productive

measures. More recently it has been referred. to
as the Allegheny River series, but in this folio it
will be spoken of as the Allegheny formation. The
name is taken from the river along which it out-
crops typically.

In addition to coal seams it contains valuable
beds of fire clay and some limestone. It was for the
purpose of including the beds of economic impor-
tance in one group of rocks, in contradistinction
to a barren group above, that the boundary of this
formation was early set as the top of the Upper
Freeport coal. These economic beds usually occur
in groups which are separated by shales and len-
ticular sandstones of greatly varying character.
The Allegheny formation has nearly the same
thickness on the Allegheny Front as in the Beaver
quadrangle, namely, about 300 feet.

Conemaugh formation.—This formation conform-
ably overlies the Allegheny group, and was named
by Rogers from Conemaugh River, along which it
is exposed in typical form. This name has been
recently revived and applied to this formation in
the same sense in which it was used by Rogers.
I. C. White called it the Elk River series, from a
locality in southern West Virginia; and as it is
generally destitute of workable coals it wag for-
merly known as the Lower Barren measures in
contradistinetion to the Lower Productive meas-
ures. In some parts of Pennsylvania, however,
it contains coals of a workable thickness. The
formation is composed almost wholly of shales
and lenticular sandstones, and in order to include
only such barren beds, the boundaries of the for-
mation have been arbitrarily set as the top of the
Upper Freeport coal and the base of the Pittsburg
coal. Between it and the Allegheny formation
below or the Monongahela formation above there
is no lithologic, fossil, or other stratigraphic break.
In the Beaver quadrangle it averages about 520
feet in thickness and is composed chiefly of shale,
with two well-marked sandstones, a few worthless
coals, and thin limestones.

Monongahela formation.—The Monongahela for-
mation overlies the Conemaugh conformably in the
southwestern part of the State. It derives its name
from Monongahela River, along which it is well
exposed and contains several workable coal beds,
the Pittsburg seam being the most valuable and
best known. Because of this coal and its other
economic beds, this formation is the counterpart of
the Lower Productive measures and was therefore
formerly called the Upper Productive measures.
For. this reason only has it been retained as a sep-

. arate formation, with the Pittsburg coal as the

basal member and the top of the Waynesburg
coal as the upper limit. Unlike the other Car-
boniferous formations of this part of the State, it
containg a large proportion, over two-thirds, of
limestone, while the remainder of the formation
is sandy and shaly. The northernmost limit of
these rocks near the State line is in the southern
portion of Beaver County; consequently only a
few outlying patches, including the basal coal
and some overlying rocks, are found within the
Beaver quadrangle.

QUATERNARY SYSTEM.

The unconsolidated rocks of the Appalachian
province belong to two series, the Pleistocene and
Recent. The Pleistocene series includes all depos-
its of the Glacial epoch, whether due to stream or
glacial action; the Recent series embraces only
those deposits which have been laid down since
the end of Glacial time, including present-day

flood plains.

These series bave not received sufficient general
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study to make possible the correlation and tracing
in detail of formations throughout the province.
No general descriptions of formations can therefore
be given for the entire province. At many local-
ities, however, the Quaternary deposits have been
investigated and local subdivisions of the series
made. Those made in the Beaver region are
described under the head of “Geology.”

PHYSIOGRAPHY.

DRAINAGE.

Present drainage—The entire quadrangle drains
into Ohio River, which cuts it into northern and
southern portions. The drainage of the northern
portion is mainly through Beaver and Little Beaver
rivers. The former, entering the Ohio near Beaver,
drains the larger area through Brady and -Block-
house runs. Little Beaver River, lying mostly in
Ohio, controls the drainage of the smaller portion
through Brush, Bieler, and Island runs. Besides
these streams several small runs, such as Upper
Dry, Wolf, Sixmile, Fourmile, Twomile, and Crow
runs, enter the Ohio and drain a narrow belt along
its northern bank.

The drainage of the southern portion is carried by
Logtown, Elkhorn, and Moon runs into the Ohio
above Monaca. = Between Monaca and Georgetown
enter the other streams which drain this region—
Rag Run, Poorhouse Run, Raccoon Creek and its
laterals, Squirrel Run, Haden Run, Peggs Run,
and Mill Creek, named in order from east to west.
Of these Raccoon Creek is the largest, draining
alone two-thirds of that part of the quadrangle
south of Ohio River. E

Past drainage—A discussion of this subject can
not be limited to the boundaries of a single quad-
rangle. Beaver River, the main tributary of the
Ohio within the Beaver quadrangle, has its source
on the northern slope of a region which would
naturally drain into Lake Erie. Its headwaters, in
fact, are only a score of miles distant from the lake,
yet they lead directly away from it and take little

part in the drainage of the Erie basin. The same

is in general true of Allegheny River. It may be
further noticed from a map that the valleys of
Beaver River and Ohio River above Beaver form
a nearly straight line, and that from this line the
Ohio below Beaver takes an almost perpendicular
course to the west. This unusual relation of main

to lateral stream was recognized many years ago, |

and more detailed work along the Beaver Valley
revealed the fact that the rock floor of the high ter-
races slopes northward. In view of these facts
Carll, Leverett, and others concluded that the Ohio
once flowed northward into Lake Erie, through the
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Fia. 2.—Sketch map showing probable pre-Glacial drainage
) of western Pennsylvania.
The terminal moraine is shown by broken crossed line.
(After Frank Leverett ; with addition of termiinal moraine.)

Beaver Valley (see fig. 2). For this former stream
flowing from the locality of Pittsburg to Lake
Erie the name Anabeaver has been suggested, as
expressing the idea that it occupied the valley of
the Beaver in the reverse direction. Further inves-
tigation developed the fact that another stream
nearly coincident with the present course of the

Ohio between Wheeling and Beaver flowed north-
easterly into the Anabeaver. The divide at the
head of this stream was then in the vicinity of
New Martinsville. These general lines of pre-
Glacial drainage of Ohio and Beaver rivers, as
well as of the Allegheny, are represented in fig. 2.
Recent work in the Beaver quadrangle has dis-
closed similar changes in the courses of smaller
streams. Of these, Raccoon Creek, which is the
most interesting, proves to have taken, in pre-
Glacial time, an easterly course from the present
site of New Sheffield, and to have entered the Ohio
10 miles above its present mouth.

The size and arrangement of the streams which
drain a region are prominent factors in both its
topographic development and its usefulness to
man. The important part which streams have
played in shaping the surface features of this
quadrangle and the effect which these features
have on human affairs will be discussed below.

RELIEF.

The streams of this region have carved the hills
and valleys, whose local difference in elevation
constitutes the relief of the country. In the
following description relief is, for the sake of
comparison, reckoned from water level of Ohio
River. North of the Ohio the highest land, or
main divide, rises about 600 feet above the river,
lying in general near the Lisbon road and extend-
ing northwestward from Beaver through Fairview
and Blackhawk. Spurs from this divide form
minor divides between small streams; the most
notable of these is the spur lying between North
and South branches of Brady Run. The relief of
that portion lying between Beaver River and Crow
Run is about 550 feet above Ohio River.

The tributaries south of the Ohio inclose an
arborescent divide, rising at most 650 feet above
the river and extending in general from Ken-
dall northeastward through MecCleary, with spurs
between laterals of Raccoon Creek and Ohio
River. The uncommon length of the branches
makes the relief of most of the country west of
Raccoon Creek and southwest of the divide about
550 feet, and north of the divide, in the vicinity
of Hookstown, 450 feet. The area within the
quadrangle east of Raccoon Creek is divided into
northern and southern portions by the abandoned
valley of Raccoon Creek, in which New Sheffield
is situated. The northern section has an extreme
relief of 550 feet, but, being deeply dissected, there
is very little flat land left. Similar conditions
exist south of New Sheffield, at Scottsville, Gringo,
and farther south, where the relief is about the
same.

HARRISBURG PENEPLAIN.

The high country in this quadrangle, as viewed
from the summit of Big Knob, in New Sewickley
Township, appears as a nearly featureless plain.
Though slight irregularities in detail may be
noted, the summits of the hills exhibit a remark-
able uniformity of elevation. .In such a view

the valleys are lost from sight and the surface

has the appearance that it had before they were
cut. When examined in detail, however, the
surface is found to be far from regular, being
in almost all parts of the area decidedly hilly.

| From the topographic map it will be observed that

the altitude of these hills ranges, as a rule, from
1200 to 1300 feet above sea level. Along the
major streams the summits rise but little over 1200
feet above tide, while throughout the quadrangle
they ‘are in general much higher in the western
half than in the eastern. The structure also is as a
whole possibly more pronounced in the western
half than in the eastern. But this seeming rela-
tion between relief and structure can not, from the
stady of so small an. area, be stated as a rule.
Moreover, in the southern part of the quadrangle
the Morgantown sandstone no doubt has a decided
effect on the relief. The regularity of the highest
upland surface in this quadrangle is not so remark-
able as in the Brownsville and Connellsville region.
In most of the Beaver area but little land lies above
1200 feet, though in the western part of the quad-
rangle there are considerable patches whose altitude
is higher and regular, cutting across dome and basin
alike.

This upland may be regarded as a peneplain,
the surface of which at present ranges in alti-

tude from 1180 to 1300 feet and seems to coincide
with the Harrisburg peneplain, which has been
traced over a large part of the Appalachian region.

Its geologic age has not been definitely determined,

but observations made in other parts of the prov-
ince indicate that it was produced in early Tertiary
time, probably during the Eocene epoch.

WORTHINGTON PENEPLAIN.

In the Beaver quadrangle a substage of erosion
is strongly marked at an altitude of a little over
1100 feet. This is indicated by flat areas in the
vicinity of Hookstown and Holt and on many
spurs of the upland. These agree so closely in
altitude that they seem to mark approximately

‘another base-level of erosion. This is especially

evident in the flat spurs along Raccoon Creek and
in the areas south of Bellowsville and north of
Beaver. The divides between- Poorhouse Run
and Moon Run and between Twomile Run and
Brady Run also stand at altitudes between 1100
and 1120 feet. In the northwest corner of this
quadrangle this substage is not marked, because of
the Fredericktown anticline, and in the southwest
corner its development was prevented by the cap
of Morgantown sandstone. This substage has also
been recognized in the Kittanning region and has
been named in the Kittanning folio the Worthing-
ton Peneplain, from the town of that name in
Armstrong County.

From the extended development of the pene-
plain above described it seems highly probable
that after the general reduction of the surface of

this region to about 1100 feet in early Tertiary

time the land was elevated about 150 feet and
again remained stationary, allowing the streams to

reach a very low grade and to reduce many of the

divides at their headwaters nearly to the altitude
of the principal valleys. Under favorable condi-
tions the valleys of the principal streams were
reduced to comparatively flat surfaces, bordered
by gentle slopes leading up by easy stages to the
residual uplands farther back. Below the 1100-
foot level just described streams have cut steep
banks 150 to 200 feet high. Though these banks
are steep compared with those above 1100 feet,
they are sometimes not so steep as those bordering
the modern streams, which are precipitous in many

places. In the smaller valleys, near the heads of

streams, the bottom of the intermediate slope. is
not clearly defined, but in the vicinity of the sub-
stage development the line is generally apparent.

TERRACES.

The streams of this quadrangle, as will “be seen
from the topographic map, have in general rather
narrow, precipitous valleys, displaying’ but a small
expanse of flood plain. But ancient flood plains,
a unique feature of the surface relief, are still pre-
served as terraces along the larger streams. Among
these, Raccoon Creek is the only one which shows
both terraces and an abandoned channel.

I. C. White has recognized in the Beaver quad-
rangle five different terraces, which may be genetic-
ally grouped into two classes—cut and built terraces.
To the former belong those described below under
Parker strath.

Parker strath.—The term strath, adopted from
Geikie’s Scenery of Scotland, was used in the Kit-
tanning folio to designate the broad floor of an
ancient valley. The name is taken from Parker,
on Allegheny River, where such a physiographic
feature is well preserved at an elevation of 1020 to
1040 feet, or about 200 feet above the present river
level. From this point the old valley can be traced
by remnants of rock shelves along Allegheny and
Ohio rivers to the Beaver quadrangle.

WORTHINGTON PENEPLAIN

F1e. 8.—Generalized section across Ohio River, showing
terraces.

In the Beaver region the Parker strath is repre-

sented at several points on both sides of Beaver
and Ohio rivers and on Raccoon Creek, by rock
shelves covered with silts and gravels (see fig. 3).
These are remnants of a former broad valley floor
on which the present streams flowed during pre-
Glacial time. On the rivers such shelves are best
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shown at Monaca and Beaver and along the east
bank of Beaver River. Between Beaver and
Georgetown they are less conspicuous though
terrace remnants may be seen at intervals. Just
west of Georgetown, however, in the Wellsville
quadrangle, there is a rather prominent terrace

. between Mill and Little Mill creeks. These

shelves lie between 900 and 1000 feet above tide.
The difference in elevation may be due to short
substages of erosion, but it is more probably the
result of local inequalities of the old valley bottom.
Between Rochester and McDonaldtown a small rock
terrace was observed at 840 feet above sea. From
this single shelf not much can be deduced; it rep-
resents perhaps a valley floor that had been eroded
below the level of the Parker strath, and probably
indicates a halt or substage in the erosion of the
present valley subsequent to the formation of the
strath.

On Raccoon Creek similar terrace remnants
occur, with a rock floor at an elevation of about
900 feet. The full width of the ancient valley is
best shown at New Sheffield, where for a short dis-
tance the whole floor is still preserved, free from
incisions of modern streams. Remnants of this
abandoned valley, which may be traced eastward to
the Ohio, mark the former course of Raccoon Creek.
This old outlet is fully a mile across at New Shef-
field, a width approached at only one other point,
north of Independence, where the ancient creek
probably flowed alternately on either side of a
small rock island, but finally cut down its present
course on the east side.

Along the rivers of the quadrangle the width of
the Parker strath also varies greatly. From nearly
2 miles at Monaca, 14 miles at Beaver, and 1 mile
on Beaver River, it narrows to a uniform width of
one-half mile elsewhere on the Ohio.

Bualt terraces—The remaining terraces of this
region belong to the class of built terraces. They
are distinguished from the cut terraces of the Parker
strath by the fact that they lie upon the rock bot-
tom of the present streams, instead of upon a rock
shelf whose floor is above water level. The built
terraces consist of 90 to 150 feet of unconsolidated,
waterworn gravels. Most of them have an' eleva-
tion approximating 780 feet, and this height no
doubt defines the main stage of the river at that
time. At two localities, however—Monaca and
New Brighton—there are terraces at the 740-foot
contour. At the latter place the 780-foot stage,
too, is distinetly marked by a corresponding terrace.
This leads to the conclusion that the built terraces,
perhaps like those of the Parker strath, have under-
gone a substage of erosion. Small remnants of built

. terraces also occur in the lower stretch of Raccoon

Valley, and still smaller representatives in Brady
Run. Along the Ohio the old. valley in which
these terraces lie included at most places the pres-
ent river channel, and must have averaged about
three-fourths of a mile wide, while along the Beaver
it is, within the quadrangle, somewhat narrower.

EFFECT ON HUMAN AFFAIRS.

Topographic features control, in a large measure,
man’s activities. Level or moderately sloping
arable lands invite farming; large streams like
the Beaver and Ohio, by cutting strata containing
valuable mineral deposits, such as clay and coal,
offer facilities for mining operations; broad terraces
provide admirable sites for large plants and towns;
the even grade of river valleys influences their
selection for lines of railway; narrow, swift streams
furnish cheap water power for various industries.
Al these natural advantages are illustrated and util-
ized in the Beaver quadrangle to a degree so evi-
dent from the map that description is unnecessary.

DESCRIPTIVE GEOLOGY.*
STRATIGRAPHY.

All the rocks known in the Beaver quadrangle
were deposited by water. The materials of which

they are composed were mud, sand, and pebbles,

derived from older rocks, or the remains of plants
and animals that lived while the strata were being
laid-down. The oldest of these materials became
consolidated into hard and more or less compact

#* A large amount of detailed geologic data collected in the
region can not be published in this folio, but will be presented
in Bulletin No. 286 of the Survey, now in press, entitled
‘“Economic Geology of the Beaver Quadrangle, Pennsyl-
vania.”
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{ masses, usually denoted by the term “rocks;” but

the more recent materials, such as river gravels,
which are as yet unconsolidated, are also termed
“rocks” by geologists. Some limestones were
formed, largely from shells of various marine
animals, and the beds of coal are the remains of
luxuriant vegetation which covered low, swampy
shores.

The consolidated rocks exposed at the surface in
the quadrangle are entirely of Carboniferous age.
There are, however, certain unconsolidated rocks,
such as glacial deposits and river gravels, which
belong to the Quaternary age. As noted above,
the Carboniferous rocks are divided into the Mis-
sissippian and Pennsylvanian series. For conven-
ience of economic and scientific study geologists
early divided these series into separate formations,
based on fossil and lithologic characteristics. In
this quadrangle the Mississippian series is repre-
sented by rocks supposed to belong to the Pocono
formation, and the Pennsylvanian is represented
by the Pottsville, Allegheny, Conemaugh, and
Monongahela formations. The general character-
istics of these formations have already been out-
lined, and here special attention will be given to
various members of local importance. The data
concerning Devonian rocks and certain of the Car-
boniferous not exposed within the quadrangle are
derived from records of deep wells and these rocks
will be discussed in order from the surface down-
ward.

Rocks Not Exposed.

POTTSVILLE FORMATION.

In the counties north of Beaver, where the
entire section of the Pottsville formation is
exposed, I. C. White has found its total thick-
ness to be 250 to 275 feet. In the Beaver quad-
rangle not much of the formation is exposed,
and information regarding its character and thick-
ness as a whole is gathered from logs of deep wells.
Complete well records, carefully kept, are excep-
tional. Mr. F. G. Clapp and the writer have
collected about 700 records in Beaver County, of
which nearly 800 are of wells within the Beaver
quadrangle. Six of this number, together with
four complete records from wells outside but near
the quadrangle boundaries, have been selected
for study and illustration. (See detailed section
sheet.) These sections show types of variation in
thickness and kinds of rocks encountered at the
same horizon. Such apparent variability is due
in part to the difficulty of recognizing the kind
of. rock by the action of the drill while passing
through it, and also to the careless manner in
which records are kept.

Nevertheless, the Pottsville and its members may
be recognized in a more or less general way. With
the assumption that its thickness here is nearly the
same as farther north—that is, about 250 feet—it
seems usually to include two sandstones, between
which occur coals and shales. In some places,
however, a third lower sandstone appears also to
belong to this formation. The shales separating
the beds may be overlooked in drilling, and the
logs may consequently show different numbers of
sandstones. Naming the sandstones Homewood,
Connoquenessing, and Sharon, from the top down-
ward, may therefore quite as often be wrong as
right. For convenience of description, however,
the name Homewood is applied to the topmost
bed, Connoquenessing to the one next below, and
Sharon to the third, when present.

Well logs from Hanover Township, in the
southern part-of the quadrangle, show two rather
distinet beds of sandstone which may perhaps be
correlated with the Homewood and Connoquenes-
sing members of the Pottsville. In the Nelson
well, for example, the upper bed has a thickness
of 80 feet and the lower one a thickness of 50
feet. Another well shows two beds at this hori-
zon, but they are nearly twice the thickness of
those just described, and it is a question whether
both belong to the Pottsville. The lower bed,
however, seems from stratigraphic relations cer-
tainly to belong to the Pottsville, and may indeed
represent both Homewood and Connoquenessing,
the separating shale being either absent or disre-
garded in the record. Normal conditions recur
in the records of Moon, Independence, and Hope-
well townships. For instance, the Vandergrift
well indicates two sandstones separated by a

black slate or coal member, which perhaps repre-
sents the Mercer coal horizon. No coal, however,
was noticed in the Johnston well, though the
record carefully details three sandstone members.

Records from wells near Georgetown, in the
west-central part of the quadrangle—the Poe
well, for example—do not distinguish clearly
between the members of the Pottsville formation,
though this horizon is marked by a sandy mem-
ber (probably two in the Poe well) 25 to 75 feet
thick. Near the mouth of Raccoon Creek, how-
ever, the Charles Deens well reveals in this posi-
tion several distinct sandstone beds separated by
dark shale. The upper two, and perhaps three,
probably belong to the Pottsville formation, while
the dark slates may represent the Pottsville coals.
In this well the sandstone members, from the top
downward, have a thickness of 50, 75, and 30 feet.

In the northern portion of the quadrangle a line
of wells extending from Ohioville through Beaver
Falls into New Sewickley Township show the
Pottsville formation more or less distinctly. Of
these sections, those of wells between Ohioville
and Beaver Falls represent the Pottsville, with
no additional details, merely as a single or double
bed of saridstone about 75 feet thick. But the
records from Beaver Falls and farther east show
two distinct and well-marked sandstone members.
A coal above the upper is probably the Brookville.
Between the two sandstones is an interval of about
100 feet, filled in the upper part sometimes with
coal or black slate, toward the middle with iron
ore or limestone, and elsewhere with shale. The
thickness of the sandstone varies from 20 to 50
feet in the case of the Homewood bed, and from
25 to 100 feet in the case of the Connoquenessing.

Nearly all the sections throughout the quadran-
gle record a shale bed of variable thickness at the
base of the formation. Whether this belongs to
the Pottsville or to the Pocono can not, without
fossil and other stratigraphic evidence, be stated
with certainty. '

MAUCH CHUNK FORMATION.

Below the Pottsville in' some parts of western
Pennsylvania occurs the Mauch Chunk forma-
tion, containing 150 to 250 feet of red and green
shale, with a green, flaggy sandstone and a blue
fossiliferous limestone near the base. Where this
formation is present it is usually shown in well
records, because its red color makes it easily
recognized by drillers. But in this quadrangle,
as will be seen from the sections here published,
no such red beds seem to occur immediately below

the Pottsville formation. This seems good evi-|.

dence, therefore, that the Mauch Chunk is absent.
It has also been shown to be absent or patchy
farther north, in the Kittanning and Rural Valley
quadrangles; and from all the evidence now avail-
able it seems to be rather well established that
there is an unconformity at the base of the Potts-
ville formation, at least in this portian of Penn-
sylvania. "

POCONO-CATSKILL ROCKS.

General statement—The Mauch Chunk being
absent, the Pocono and Catskill rocks lie uncon-
formably beneath the Pottsville. In eastern Penn-
sylvania these rocks are distinguished by lithologic
characters, but in the Beaver quadrangle thin red
beds are distributed through a considerable thick-
ness of sandstones without a sharp dividing plane
between the two. Since the only means-of identi-
fying the Catskill formation from well records alone
is by the presence of red rocks, it is manifestly
impossible to draw a definite boundary between

the Catskill and Pocono. For this reason no such

line has been attempted and the rocks of both for-
mations are discussed together. In general, how-
ever, the Pocono possibly includes all rocks between
the top of the Burgoon sandstone and the bottom
of the Hundred-foot sand, approximating 800 feet
in thickness and containing in all five or six sand-
stone beds, separated usually by gray or black
shales, which at one horizon near the bottom
become red. Certain of the beds—the Burgoon,
Berea, and Hundred-foot sandstones, and Red
shale—can be easily traced and are important
enough both stratigraphically and economically
to deserve separate discussion. Besides these eco-
nomic beds, the Pocono in parts of the Appa-
lachian field contains workable seams of coal, but

in Pennsylvania they are not of great value and in
the deep wells of the Beaver region are not recog-
nized at all.

The top of the Pocono is well marked through-
out much of Pennsylvania by the “siliceous” or
Loyalhanna limestone. In no case do the well
records of the Beaver region, with the possible
exception of the Vandergrift well in Indepen-
dence Township, show this limestone, but the
driller might easily fail to recognize it. If part
of the shale member referred to above as possibly
belonging to the lower shales of the Pottsville
formation is not a part of the Pocono, the latter
formation in the Beaver quadrangle, as shown in
the well sections, has a heavy sandstone as its top-
most member. This sandstone will be called in
this folio the Burgoon sandstone, the term being
used in the same sense as in the Kittanning folio.

Burgoon sandstone.—This member is named
from Burgoon Run in the Kittanning region.
North of Kittanning, on Allegheny River, it was
found to contain fossils regarded as.indicating
Pocono age. It is known among drillers of this
region as the ‘“Mountain” or “Big Injun” sand,
and in a few instances has been called “Glass
Rock” or “Murdockville” sand. It is at an
average distance of 525 to 600 feet below the
Upper Freeport coal. Among drillers it is usually
thought to consist of one bed, but a lower accom-
panying bed may be considered as belonging to it.
The thickness of the upper bed, according to the
well records is extremely variable, apparently rang-
ing from a knife-edge to 150 feet. Some well logs
from the southern part of the quadrangle (for
example, that of the Clutter well) give a thickness
of even 200 to 300 feet; but other sections and
many skeleton records at hand show the usual
thickness to be about 75 feet. It is probable,
therefore, that in instances of extreme thickness
either the records are faulty or this rock is sepa-
rated from a Pottsville sandstone by an interval
too small for the driller to recognize. .The lower
bed is a thin layer of sandstone accompanying the
Burgoon sandstone proper. It is usually about 25
feet thick, rarely increasing to 100 feet, and is sep-
arated from the upper bed by 30 to 50 feet of shale.
The Burgoon sandstone is characterized by drillers

-as being gray or white and varying from a fine,

close-grained, hard rock to a soft rock of medium

grain. It is generally persistent throughout the oil

and gas regions of this territory, so far as partial

records show, and seems to approach the Potts-’
ville toward the north, perhaps because of the

unconformity between the two. Y
~ Underlying the Burgoon sandstone and extend-
ing about 300 to 350 feet below its top is a series

of beds usually composed of shales and shaly sand-

stones, with here and there a sandstone lens. This

series rests upon the Berea sand, and seems to thin

somewhat toward the north, bringing the Burgoon

and Berea closer together..

Berea sandstone.—The Berea sandstone takes its
name from Berea, Ohio. From this locality it has
been traced in deep wells across the State into
Beaver County, Pa., and the stratum there called
Berea is presumably the same as that outcropping
at the type locality. The Berea of Ohio has been
referred by Newberry and many others to the
Carboniferous system, and likewise the supposed
equivalent of the Berea in Pennsylvania—the
“Corry” sandstone—is pronounced basal Car-
boniferous by G. H. Girty. The Berea in
Beaver County, therefore, is presumably of Car-
boniferous age and part of the Pocono formation.

It is a white or gray sandstone, varying from a
hard, fine-grained rock to one coarse and loose.
One section, that of the Kconomy No. 2 well,
records it as a pebbly sandstone. Though some-
what variable in character, it is particularly per-

sistent throughout the drilled portions of the-

quadrangle, and its position in the formation
lies between 825 and 900 feet below the Upper
Freeport coal, the mrost reliable data averaging
880 feet. By a careful study of accurate skele-
ton records, it appears that the “Smiths Ferry”
sand, in Hanover, Greene, and Ohio townships,
has been ‘correlated with the Berea sandstone.
These records also show a coal at 700 to 750 feet
above this sandstone, which is, with little doubt,
the Lower or Middle Kittanning. ’

The Berea sand has a thickness varying from 25
to 50 feet.  In some instances, however, the records

e
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show 150 feet, though the majority of the best
records show the usual thickness. Exceptional
thicknesses, as in the Cookson, Beaver Falls, and
Calhoun wells, may be due to merging with a lower
sandstone. A lower bed indeed occurs, according
to good records, at 15 to 30 feet below the Berea
proper, and is from 15 to 75 feet thick. It
scarcely deserves separate mention and is dis-
cussed with the Berea, but its position is rela-
tively that of the Butler gas sand of northern
fields.

Below the lower sandstone lentil shales or shaly
sandstones, sometimes developing into distinet beds,
extend to a well-marked red stratum 100 to 150
feet below the top of the Berea sand. In the
McElhaney well this distance seems increased to
200 feet. Conditions are not very clear here,
which may be due to wrong identification of
the top of the Berea sandstone by drillers. But
this interval, as the detailed section sheet shows,
certainly increases northward.

Red shale—The red shale, as shown in well
records, occurs in Greene, Hopewell, Hanover,
and Moon townships, but the writer has no record
of it north of Ohio River, except in the Cookson
well, in New Sewickley Township. It has a thick-
ness of 25 to 75 feet and is usually shaly, but in
some records it is given as somewhat sandy. It is
a transition member of the Pocono—Catskill group,
and is probably one of the Waverly shales described
by the Ohio Geological Survey, but exactly which
oneitis difficult tosay. On the basis of its red color
it might be identified with the Bedford shale above
the Cleveland shale, but in view of its distance
beneath the Berea it apparently belongs under the
Cleveland shale. The Bedford shale in the early
Ohio reports was placed in the Carboniferous sys-
tem, but G. H. Girty, while not certain of its iden-
tification, is inclined to believe it Catskill. The
red shale, therefore, whether a part of the Bedford
shale or below it, may be Catskill. Consequently
the division line between the Catskill and Pocono
in this region may lie between this red shale and
the Berea, but as shown below there is reason for
putting it even lower. This member is not the
Patton shale of the Kittanning region of northern
Butler County, for that bed lies immediately under
the Burgoon sandstone, as has been established by
carefully correlating a series of well sections extend-
ing from the Kittanning region to the Beaver quad-
- rangle. These sections show the red bed absent in
northern Butler County, though present in the
vicinity of Cove Hollow and Muddy Creek, where
wells reported by Carll show the stratum with the
same thickness and in the same position as in
Beaver County. '

A series of shales or shaly sandstones 25 to 70
feet thick separate the bottom of the red shale from
the top of the “Hundred-foot sand.”"

“Hundred-foot sand.”—To this member, which
is equivalent to the “TFirst Oil sand” of more
northern oil regions, the name “Shannopin sand”
is locally applied. It is also designated ‘“ Hundred-

_foot,” which is a misnomer in this region, since the
sand rarely attains a thickness greater than 25 feet:
In two cases, however (Johnston well, for example),
it is much thicker and begins just under the first
red shale. This may also be true in a few other
wells whose records give the full thickness of 100
feet. This sandstone, like the others, varies from
fine grained to pebbly, and in the southeast corner
of the quadrangle seems to be composed of two
parts, a hard, siliceous, impervious cap a few inches
thick and a lower portion consisting of an open
mealy sandstone which contains many white, pink,
and yellow pebbles. It is generally present
wherever drilling has been carried sufficiently
deep.

The Hundred-foot sand is perhaps another tran-
sition member, for its base has, by some writers,
been considered the top of the Catskill formation.
After careful correlation of a measured section on
the Allegheny Front with logs of wells extending
westward to Allegheny River, Charles Butts has
provisionally fixed the base of the Pocono on litho-
logic grounds, and in the Kittanning region has
tentatively considered the top of the first red bed
below the Hundred-foot sand as the upper limit of
the Catskill formation. This relation is best shown
in the Garver and Poe records, but even in these
the red bed in question varies 200 feet in its posi-
tion. An extreme variation of 400 feet is seen in
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the Cookson well, while other wells show no red
beds at all. It is likely that these sections do not
represent the same bed, but rather different lenses
of the Catskill formation, and this shows the diffi-
culty of drawing adequate boundaries.

So few records at hand show the other Venango
sands besides the Hundred-foot that little can be
said of them except that they seem generally thin
when present, and perhaps some of them are absent.
The Deens, Poe, Cookson, Garver, Economy, and
other wells show what drillers have recognized
as the “Blue Monday,” “Gordon,” “Boulder,”
“Third,” “Fourth,” and “Fifth” sands. The
Economy No. 2 well was sunk 700 to 800 feet
deeper than the section given, but the record is of
no value because poorly kept.

Rocks Exposed.
CARBONIFEROUS SYSTEM.
PENNSYLVANIAN SERIES.
POTTSVILLE FORMATION.

The Pottsville formation lies at the base of the
Pennsylvanian series, or true coal-bearing rocks.
It is also the lowest formation exposed in the
quadrangle, being seen near water level in Beaver
and Ohio rivers. Only the topmost bed of the
formation, called the Homewood sandstone, comes
to the surface in this quadrangle. The exposures,
however, are limited, but, though fossil evidence is
wanting, it can be distinguished from the succeed-
ing formation by its lithologic character. It is, in
general, a gray, hard, massive sandstone, usually
coarse to conglomeratic, and often cross-bedded.
It is, therefore, evidently a shore deposit. It is
visible in the river bed at low water immediately
below the lower dam opposite New Brighton.
The sandstone here is hard and massive. A
short distance below the New Brighton-Beaver

-Falls toll bridge it rises to 10 feet below the

tracks of the Pittsburg and Lake Erie Railroad,
and here its contact with the gray sandy shales
of the Allegheny formation above is clearly seen.
No fossils were observed, but the lithologic break
between the two formations is very sharp. At
the same level on the opposite river bank, appar-
ently forming the floor of the New Brighton ter-
race, the same sandstone is traceable to the
Pittsburg, Fort Wayne and Chicago Railroad
bridge. The rock here has assumed a flaggy,
cross-bedded appearance, while retaining its usual
hard, coarse character. For some distance below
the next dam it is visible at low water in the
river bed, as a hard, massive sandstone, containing
numerous potholes of various sizes. The unex-
posed interval between this and the last occurrence
may mark the position of the pre-Glacial channel
of Beaver River, as previously determined by
I. C. White (Second Geol. Survey Pennsylvania,
Report Q, p. 15). Above the dam the Homewood
sandstone is covered by the pool and is not seen
again until it rises above the tracks of the Penn-
sylvania Railroad near Fetterman. Its contact
here with thin shales above is well marked,
On Ohio River the Pottsville is first seen in the
bed of the river at low water half a mile above
Smiths Ferry. The next occurrence is just out-
side the quadrangle boundary, in the bed of Lit-
tle Beaver River at the road bridge near its mouth.
From this point it rises rapidly above the creek to
the north, but it is not again seen in the quad-
rangle. At both localities named the rock main-
tains its massive character and on Little Beaver
River huge dislodged blocks of the hard white
sandstone lie in the stream bed. ' ‘
To judge from its customary persistence else-
where in western Pennsylvania and from records
of deep wells within the Beaver quadrangle, there

is reason to believe that the Pottsville formation is

present beneath the surface throughout this region.
Further discussion of its underground extent and
character has been given under “Rocks not
exposed.” .

ALLEGHENY FORMATION.

General character and relations.—Resting con-
formably upon the Pottsville sandstone and reach-
ing to the top of the Upper Freeport coal, the
Allegheny formation shows in outcrop as a narrow
belt, with its base in most places just below river
level, bordering the river hills and extending up
the lateral streams until it disappears under cover
of the Conemaugh formation. It underlies the

whole of the Beaver quadrangle. This is by far
the richest group of rocks along upper Ohio River,
containing, as it does, most of the workable coals,
clays, limestones, and sandstones of central western
Pennsylvania. The formation has an average
thickness of about 310 feet, but ranges from 280
to 345 feet. The full thickness may be studied in
detail ;along. the rivers south of Beaver Falls and
east of Smiths Ferry.

The individual beds vary so greatly in character
and thickness throughout the quadrangle, as will
be seen on the detailed section sheet, that no one
section can be regarded as typical of the region. A
generalized section, therefore, compiled from vari-
ous detailed sections which embody many of the
variations that occur in the stratigraphy of this
formation, is presented on the columnar section
sheet in the natural order, from the top downward.
This section is of value chiefly as showing the
interrelation of the different coals and their under-
lying clays and as giving the general characteristics
of the Allegheny formation. As a whole, it is com-
posed of repeated groups of coal, clay, and lime-
stone, between which occur variable shales and
sandstones. The economic members warrant sepa-
rate descriptions, which are given below.

Brookville coal—The base of the Allegheny for-
mation is best exposed on Beaver River at the
mouth of Brady Run, and above, where section
A was measured. This section shows at least 10
feet of gray shale (with 3 feet of fire clay at the top)
intervening between the top of the Pottsville and
the first coal which is 6 inches thick. Another
coal of similar thickness occurs about 5 feet higher
up. One or both of these seem to be in the hori-
zon of the Brookville coal, and may represent one
seam split by an enlarged parting. At another
locality, a short distance above the railroad bridge
over Brady Run, the coal is about 5 feet above the
Pottsville, which lies near by in the bed of the run.
The coal, here about 3 feet thick, dips under Beaver
River just below the mouth of Brady Run and rises
gently up the Beaver Valley; but in most places,
except at section A and on the railroad above New
Brighton, it it covered by river deposits.

In general a variable bed of 50 to 60 feet of
shale and sandstone separates the Brookville coal
from the Clarion coal and clay above (section A).
Above New Brighton, however, a stray -coal
appears, only 20 to 30 feet below the Clarion
coal. It is possible that this may represent the
Brookville coal, but no decisive evidence on this
point was secured. Near the mouth of Island Run,
too, a 6-inch coal occurring about 180 feet below
the Upper Kittanning coal seems to be in the right
position for the Brookville. :

Clarion coal—This bed is exposed within the
quadrangle for only a short distance on Beaver
River and Brady Run. It dips under the former
stream about one-half mile below Bolesville.

From this point northward it rises in the same

manner as the Brookville coal, being visible east
of New Brighton on Blockhouse Run, above the

Sherwood pottery; on the railroad above New |

Brighton; and, according to Hopkins, in Paved
Run. Tt is exposed in the ravine along the rail-
road south of Beaver Falls (section A), and thence
runs under Beaver Falls terrace.

An excellent bed of fire clay in some instances
underlies the Clarion coal. On Brady Run, oppo-
site Fallston, the clay has been, opened, but the
coal above was reported absent. The average
thickness of this coal is about 9 inches, when
present, but it may be cut out locally by an over-

lying sandstone, as shown above New Brighton and

as is probably the case on Brady Run. Between
15 and 35 feet of clay and dark shales, often bear-
ing iron nodules, intervene between the Clarion

coal and the Vanport limestone.

Vanport limestone.—This was formerly called
the “Ferriferous limestone,” from the fact that in
western Pennsylvania and Ohio it is generally
overlain by “buhrstone” iron ore, which in the
early days was largely used as a source of iron.
The name “Ferriferous” has clung to it for over
half a century, but in this folio it will be spoken
of as the Vanport limestone, the name being taken
from a town on Ohio River, on the Cleveland and
Pittsburg division of the Pennsylvania Railroad,
where it outcrops in typical form. Here it has a
face of 19 feet, the extreme thickness known in
this quadrangle. It is shown in detail as follows:

Section of Vanport limestone at Vanport.

Feet. Inches.

Blue limestone. ......cooivvivuiiiinennnn 4 0
Shale ..ooiiiniii i 0 4
Blue limestone. ..., 8 0
Shale ......c..ooviiviiiiiiii i, 6 6
Limestone ........ccoee veiiiiiiiieennn 0 6
Shale....oooiviiiiiiiiii i 2 2
Hard ferruginous limestone............. 1 0
Shale ...ooviriiiiiiiiii e 0 6
Fossiliferous limestone.................. 2 0

19 0

The limestone in general is characterized by its
wealth of fossils—including chiefly brachiopods,
gasteropods, lamellibranchs, and ecrinoid stems,

with a few cephalopods—and its wavy, shriveled -

appearance on weathering, called “cone-in-cone”
structure. It is very brittle, fractures irregularly,
and often has a reddish tinge to its prevailing gray
or blue color.

The limestone in this area is extremely variable
in thickness, owing to its occurrences in irregular
lenses. It is therefore absent in many places, but
in others has been observed to range from a few
inches to 19 feet. 'When thick it is usually com-
posed of two or more layers a few feet thick, sepa-
rated by thinner beds of calcareous shale.

The “buhrstone” iron ore immediately over the
limestone is even more fragmental in occurrence.
It is but a few inches thick where present, and so
far as observed within the quadrangle does not

occur in quantities sufficient for economic purposes.
Kittanning sandstone.— Between the Vanport

limestone and the first coal above is an interval
of 36 to 80 feet, containing at the bottom dark
sandy shale and at the top, underneath the Lower
Kittanning clay, shaly to heavy sandstone (see
detailed section sheet). In some cases, notably on
Fourmile and Sixmile runs (section E), the lower
sandstone, which may be called the Kittanning
sandstone, fills the entire interval. Elsewhere the
sandstone gives way, at least in part, to nodular
shale, as south of Phillis Island and at West
Bridgewater (sections H and C).

Lower Kittanning coal and clay.—The town of
Kittanning on Allegheny River, is the type locality
of the Kittanning group of three coals. These
were named Lower, Middle, and Upper Kittan-

ning by the Second Geological Survey of Penn-:
The Lower Kittanning coal in the type

sylvania.
locality is characterized by stratigraphic associa-
tions which were recognized by the Second Survey
in the Beaver region and which, therefore, led to
the identification and naming of this coal in .the
Beaver quadrangle. It is popularly known as
the “Sulphur vein” or “Blacksmith vein,” and is
usually 1} to 2§ feet thick and very persistent.
The fire clay beneath shows an equal persistence
throughout the quadrangle, and varies in thick-
ness from 2 to 11 feet. As a whole the clay is
everywhere of a drab-gray color when fresh and
creamy white on long exposure. Locally the
lower part seems to grade insensibly into a sandy
clay below, which may acquire a hard shaly
character. B

This coal and the accompanying clay are found

above and on both sides of Ohio and Beaver rivers.
Its elevation varies from about 180 feet above low
water at New Brighton to water level at Freedom,
just below which town it disappears under the
river; and from about 150 feet above the river at
the State line it undulates gently eastward, being
60 feet above at Phillis Island, 50 feet at Industry,
100 feet at Vanport, and 80 feet at Beaver. It is
not, however, actually exposed throughout this
distance, but is covered by broad, flat gravel ter-
races at Rochester, northeast of New Brighton, at
Beaver, at Monaca, west of Bellowsville, east of
Industry, at Shippingport, north of Phillis Island,
and at Georgetown. Elsewhere it is exposed along

.| the more precipitous banks of the rivers and on

some of their tributaries. Of the latter Brady
Run, though not the largest tributary, uncovers
the greatest extent—about 4 miles along the South
Branch. North Branch of Brady Run exposes
this coal for an almost equal distance.

Blockhouse Run exposes the Lower Kittanning
for only a mile east of New Brighton. On Rac-
coon Creek, however, this horizon, though covered
at several points by stream gravels, remains above
water level to the mouth of Fishpot Run, about 24
miles from the Ohio. For a distance of a mile
and a half a broad synclinal trough lies with its
axis tangential to the eastern bends of Raccoon
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Creek. Owing to this condition, strata which are
not exposed in the eastern bends may be exposed
on the western bank, and therefore a lower coal,
tentatively mapped as Lower Kittanning, is found
in outcrop for a greater distance on the west side
of the Creek than on the east side. If this coal is
truly identified as the Lower Kittanning, then the
Darlington coal appears to be absent, possibly
being cut out by the Freeport sandstone. The
conclusion to refer the exposures under consider-
ation to the Lower Kittanning horizon is based on
the fact that there is an unusually large interval
between this coal and the Upper Freeport coal,
as shown in section G. On the other hand, the
sandstone closely overlying the coal suggests
from stratigraphic associations that this may be
the Darlington coal, and on that supposition the
interval between the Lower Kittanning and Upper
Freeport is still greater, agreeing with the interval
found opposite Phillis Island (section H). Excava-
tions beneath these coals to determine the presence
or absence of the characteristic Lower Kittanning
clay bed would prove their identity. Near George-
town the same horizon is exposed for about a mile
from the river on both Mill and Little Mill creeks.
On the opposite side of the Ohio the Lower Kit-
tanning coal extends several miles up Little Beaver
River; on Island Run, a tributary, it disappears
just outside the western boundary of the quad-
rangle. This interpretation of the coal on Island
Run differs from that of the Second Geological
Survey of Pennsylvania, whose map shows it as
* disappearing under Island Run at the State line.
- The map of the Second Survey also shows the
Lower Kittanning horizon as disappearing at the
Lisbon road on Twomile Run, but to the present
writer it seems on this stream to seek the cover
of the Beaver terrace, about half a mile above Van-
port.

Between the Lower Kittanning and the next
higher coal are dark shales carrying iron nodules.
The shales range from 20 to 45 feet in thickness,
averaging 35 feet, and seem to thin out to the west,
for the smallest measurement, 20 feet, was obtained
on Mill and Little Mill creeks. They form one of
the best defined stratigraphic landmarks in this
region, for they always occur, at least to some
extent, between these two coals. (See detailed
section sheet.) In a few cases, however (section
D, opposite Beaver), the upper part of the shales
agsumes a sandy character, appearing as sandy,
gnarly clay or shaly sandstone. The first coal
above this characteristic shale bed has been a
source of much confusion to geologists, who have
described it under the various names, Upper Kit-
tanning, Darlington, and Middle Kittanning.

Middle Kittanning (Darlington?) coal.—This
coal was recognized by the First Survey of Penn-
sylvania, but was considered too insignificant to
name. Therefore I. C. White, finding it well
developed in Beaver County and the first seam
above the Lower Kittanning, naturally termed it
Upper Kittanning. He also correlated it with a
cannel bed associated with plant remains at Dar-
lington, which name he used in local descriptions.
Later, when the Second Survey covered the Kit-
tanning region, Platt recognized the Kittanning
group of three coals, Upper, Middle, and Lower,
and thereupon White lowered the Darlington seam
of Beaver County to the rank of Middle Kittanning
(White, I. C., Stratig. of bit. coal fields, ete.: Bull.
U. 8. Geol. Survey No. 65, 1891, p. 166). The
name Middle Kittanning will therefore be retained
in this folio. The third coal, however, described
by White under the name “local coal,” will now
naturally become equivalent to the Upper Kittan-
ning of the type region, and will here be treated
under that name.

The Middle Kittanning horizon, being but a
short distance above the Lower Kittanning, has
practically the same geographic distribution in
the quadrangle as the latter; and the coal, which
is generally known at Smiths Ferry as the “block
vein,” together with the clay underneath, is very
persistent throughout the quadrangle. . The fire
clay has an average thickness of about 4 feet,
but rarely reaches 10 or 15 feet. It isin general
impure, becoming clouded on the weathered sur-
face by iron oxides and in places containing more
or less sand. The coal varies in thickness from 4
to 26 inches. In two instances, however—at Dam

No. 5 and Industry (section (t)—the coal bed has

Beaver.
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been cut out by an overlying sandstone, in a man-
ner similar to the instance cited under Clarion
coal. In section (3, at the proper position in the
sandstone for the Middle Kittanning coal, bitu-
minous layers are interbedded with sand. This
condition seems to indicate a contemporaneous
deposition of coal and sandstone. At Dam No. 5,
however, the coal-making material either was not
deposited or was deposited and subsequently
eroded by a stream whose channel was later
filled with sand.

Back of Freedom, in the run which enters the
Ohio just above town, is exposed an unconformity
between the Darlington coal and the Freeport
sandstone above. The coal here is very thin and
interbedded with laminated sandstone; below is
the characteristic nodular shale, the whole dip-
ping about 20° SE., while a heavy sandstone in
horizontal strata lies above.

On Brush Run the identification of the Middle
Kittanning coal is doubtful. The lowest seam
there opened was apparently taken by I. C.
White for the Lower Freeport and the bed 30
feet above it for the Upper Freeport. That the
latter identification was probably incorrect is
shown under “Upper Kittanning coal,” and it
follows for the same reasons that the former is
also to be doubted. Though the coal in question
can hardly be the Lower Freeport, but is doubtless
some lower coal, it can not be definitely stated that
it is the Middle Kittanning. It is at least 135
feet and at most 150 feet below the Upper Free-
port, as identified by the present survey. It
would seem, therefore, to correspond to the Mid-
dle Kittanning but for the fact that the Lower
Kittanning has not been found in this valley
within the quadrangle. It may possibly, there-
fore, belong to the Lower Kittanning horizon, but
if so its distance below the Upper Freeport is less
than it is anywhere else in the quadrangle.

Upper Kittanning coal.—The Upper Kittanning
coal—the “local coal” described by I. C. White—
is the first coal above the Darlington and is sepa-
rated from it by an interval of 13 to 30 feet. In a
few cases, however, the interval may reach 45 feet,
but 27 feet may be taken as an average. In gen-
eral this interval seems to vary inversely as the
thickness of the Freeport sandstone, for where the
sandstone is well developed its base seems lower
than usual, in some instances possibly replac-
ing the coal, in others filling swamps in which
coal has been formed. It seems, then, that if the
coal occurring at this varying distance above the
Darlington belongs to the same horizon, it must
have been deposited on a very uneven surface.
The interval between this coal and the Darlington
in every case where exposed, except in Dry Run,
where a sandstone fills the upper part of the inter-
val, is occupied by ghales, occasionally nodular.
(See detailed section sheet.) The coal as seen from
the rest of the sections is in the majority of cases
absent; when present it varies from 2 to 18 inches
in thickness, and is peculiar in that it seldom car-
ries an underclay. '

- On Brush Run there is some confusion regard-
ing the position of this coal. A coal 4 feet thick,
locally called the ‘““dirt vein,” has been opened on
several properties and seems to be the one taken
by I. C. White for the Upper Freeport (Second
Geol. Survey Pennsylvania, Rept. Q, p. 242).
White’s identification seems incorrect, for adjoin-
ing this locality and having all the stratigraphic
relations of the Upper Freeport is a coal bed which
White himself called Upper Freeport and which
corresponds to a coal lying about 110 feet above
the “dirt vein.” Indeed this coal bed lies not
over 160 feet above the true Lower Kittanning on
Brush Creek just beyond the margin of the quad-
rangle, so that it seems, considering the average
interval between Upper Freeport and Lower Kit-
tanning to be 177 feet, that this coal could not be
lower than the Upper. Freeport. Moreover, 50
feet above the ‘“dirt vein” is another coal with all
the stratigraphic relations of the Lower Freeport
coal. The “dirt vein,” therefore, would seem to
correspond to the Upper Kittanning coal, or, as
has been shown under “Middle Kittanning coal,”
possibly to the latter.

Frreeport sandstone.—At about the horizon of
the Upper Kittanning coal the prominent sandy
part of the Allegheny formation, as found in this
region, first makes its appearance as lenticular

bodies of heavy sandstone. The lowest member,
which has been named the Freeport sandstone,
when massive is usually a moderately coarse, mica-
ceous, gray rock, often exhibiting false bedding.
In places, as on and near Elkhorn Run, at Smiths
Ferry, and on Island Run, it lies immediately
above or near the Darlington coal. It has, indeed,
been observed to begin below the Darlington coal
in a few places, as at Dam No. 5 and Industry
(section G3), and even to lie unconformably upon
upturned strata at one point back of Freedom.
At other localities, however, it rests conformably
upon or is separated by shales from the Upper
Kittanning coal, notably in the vicinity of Mer-
rill and Cooks Ferry (sections E, I). If the sand-
stone at all these points of observation is the same
bed, which is open to doubt, the evidence indicates
local irregularities at the base of the Freeport
sandstone, which should not be unexpected, from
the manner of its deposition. A study of the
sections will, on the other hand, show that the
sandstone is often absent altogether, being replaced
by shales. The edge of the lenticular bodies thus
formed is exposed somewhat as follows: South
and east of a line drawn from the forks of Block-
house Run through New Brighton to Fallston,
thence making a loop about Rochester and Monaca
through Dam No. 5, and crossing the river oppo-
site Beaver on a westward course through Vanport.
From Vanport westward along the river the lens
thickens, attaining just below Industry a maxi-
mum of 140 feet of unbroken sandstone (section
G). Thence it thins westward to the edge of the
quadrangle, where it has a thickness of about 50
or 75 feet (section I), while on the north toward
Island Run it has thinned still more (section J).
South of Vanport it becomes attenuated between
Bellowsville and Raccoon Creek. It soon thickens,
however, as the creek is followed southward, and
disappears beneath water level not far above Gums
Run. The spur of another lens coming in from
the west exposes its edge 24 miles above Fallston

on Brady Run, and then. taking a southeasterly

course toward Fallston turns sharply to the south
about half a mile west of the village. As seen in
the sections, especially those near Vanport, the
lower part of the Freeport sandstone is irregularly
interbedded with shale, often for as much as 50
feet (section ).

Lower Freeport coal.—This horizon is properly
above the Freeport sandstone, when the latter is
present. 'When the sandstone is absent the Lower
Freeport is separated from the Darlington coal by
a shaly interval averaging 82 feet. This interval
varies from 60 to 85 feet, as shown on Brady Run
and west of Monaca (sections B and D), and perhaps
in two or three cases reaches 105 feet. The shales
sometimes become sandy (section E), and infre-
quently carry iron nodules, as at West Bridge-
water (section C). The Lower Freeport coal is
not at all persistent throughout the quadrangle,
and so far as observed seems to be lacking in
about half of the exposures. Where the Freeport
sandstone attains its greatest thickness, as at Indus-
try, this coal is reciprocally absent. This causa-
tive relation may be explained by the supposition
that the thick sandstone formed, in the surround-
ing Carboniferous swamp where coal-making plants

grew, an island whereon very little or no carbo-.

naceous material was deposited. Where the Lower
Freeport coal is absent in other cases the cause is
not so evident, though in some instances its
absence may possibly be due to erosion of. the
coal-producing vegetation by heavy currents which
deposited sand instead. The sand so laid down
may correspond to the Butler sandstone described
later. For these reasons the horizon was in
places difficult to determine closely and in one
locality it was still more complicated, as shown in
the following section measured on North Branch
of Brady Run:

Section of Lower Freeport coal and associated rocks on North
Branch of Brady Run.

Feet. Inches.

Coalandshale............................ 1 0
Conecealed .......ovvie v, 8 0
Sandstone .....coviiiiiiii e 8 0
Bituminous shale.............. e, 0 4

It is a question whether the highest or lowest
bed in this section represents the Lower Freeport
coal. Indeed, by supposing the intervening rocks
to be a lenticular delta in the Carboniferous marsh,
such as sometimes occurred in the Upper Freeport

period, both beds may be assigned to the same
horizon.

Both the Lower Freeport coal and the fire clay
beneath are locally of paper thinness; the coal
ranges up to nearly 3 feet (averaging 12 inches),
and the clay to 5 feet. The latter on- weathered
exposure is usually light colored and plastic, but
in certain localities it contains iron, which gives it
a streaked, brownish appearance. In places a lime-
stone underlies the fire clay, as will be seen in the
sections. The limestone is very impure, being
usually a hard, fine-grained, nonfossiliferous rock
of buff color. Locally it is ferruginous. A thick-
ness of 1 to 9 feet was observed, but the average is
about 4 feet. Like the coals, its occurrence is len-
ticular and therefore it can not be regarded as a
key rock for purposes of identifying the associated
coal. Though in places somewhat stratified, it is
practically a solid bed.

The horizon of this coal, being much above the
Lower Kittanning, has therefore a somewhat more
extended and sinuous line of outcrop, but practi-
cally the same distribution. In addition, however
should be mentioned the valleys heading in the
northwest corner of the quadrangle, such as Brush
and Bieler runs, which, though not uncovering the
Lower Kittanning coal within this area, do expose
the Lower Freeport coal. Here, indeed, this coal
and limestone show the best development.

An interval averaging 60 feet separates the
Lower Freeport coal from the Upper' Freeport
coal, which forms the top of the Allegheny for-
mation. This interval, whose extreme variation is
from 38 to 85 feet, seems to be usually occupied in
the upper part by shale and in the lower part by
sandstone.

Butler sandstone.—The basal bed of the interval
just mentioned, called the Butler sandstone, is like
the Freeport sandstone, lenticular in form, varying
in thickness from a knife-edge to about 40 feet.
(See detailed section sheet.) In character it is a
very compact, coarse, yellowish-white rock, which
attains its most typical development along Beaver
River and lower Brady Run. On thinning it gives
way to shales which take up the whole lower part
of the interval.

Above the sandstone, when present, or in any
case toward the middle of the interval, usually
occur about 20 feet of dark shales. bearing iron
nodules, and above these lie generally. drab caky
shales. Either of these two kinds of shales may
be absent or replaced by sandy beds (section F).

Upper Freeport coal—This horizon averages
about 177 feet above the Lower Kittanning coal,
and has, therefore, a line of outcrop which lies near
the top of the irregular river bluffs, and in general
follows the undulations of the coal last mentioned.
For example, from an elevation of 350 feet above
Beaver River at Beaver Falls, it dips southward to
260 feet 'above the Ohio at Rochester, 190 feet at
Crow Run, and thence gradually lower toward Pitts-
burg. From 240 feet above river level at Beaver it
undulates westward, being 270 feet at Vanport, 250
feet at Merrill, 295 feet 1 mile below Merrill, 235
feet at Industry and Phillis Island, rising to 290
feet at the State line. Occurring at a greater ele-
vation than the Lower Kittanning, the Upper Free-
port horizon has a correspondingly greater exposure
on all the lateral streams. It dips under Raccoon
Creek near Independence, under Mill Creek near
Hookstown, under Upper Dry and Island runs
near Ohioville, and under South Branch of Brady
‘Run about a mile east of Blackhawk. (See struc-
ture and economic geology map.)

This coal with its underlying fire clay and lime-
stone is, along Allegheny River, a most valuable
horizon, but within this quadrangle the group
shows extreme variability (see detailed section
sheet), the coal being absent in about one-third
of the exposures and the limestone absent in
about one-half. The coal, with a maximum thick-
ness of 4 or 5 feet and an average of about 2 feet,
reaches its best development, as the geologic map
shows, .in Greene and Raccoon and- portions of
Industry, Ohio, and South Beaver townships; else-
where, so far as observed, it thins in general to pro-
portions at present not profitably minable. This
is due to three causes—irregularities in the roof
of the coal, unevenness of the floor, and unusually
thick partings. The first of these generally occurs
wherever the Mahoning sandstone is well developed
and rests upon the coal. It seems that the coal-
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making material was more or less eroded by cur-
rents carrying the coarse sand of the Mahoning,
and the sand may have been deposited in the ero-
sional hollows. Fragments of bituminous matter
and pebbles of clay perhaps derived from the clay
beneath the coal are sometimes seen mingled with
sand and pebbles at the base of the Mahoning mem-
ber. Thus the Upper Freeport coal may change
in thickness in surprisingly short distances. One
instance was observed where it thinned from 5 feet
to 8 inches within a distance of 200 feet.

Unevenness of the surface on which coal-making
material was deposited may have caused shoals
or islands, on which little or no such material
gathered. This condition, however, is not so
easily demonstrated with this coal as with the
Lower Freeport.

Partings are in places unusually well developed
and apparently split the benches of coal several
feet apart. The following sections are examples:

Sections of Upper Freeport coal and accompanying rocks on
Raccoon Creek.

SPUR OPPOSITE MOUTH OF FRAMES RUN.

Feet. Inches.

Coal .ot e .0 6
Darkelay....cooooiviiiiiiii it 0 3
Darkshale..........c...oivievenenn... 10 0
Coal. .o e e 1 0

Coal... o e 3 0
Sandstone ......cccvveiviiiiiinennnn.. 4 0
1077 0 6

SQUIRREL RuxN.

Shale and coal seams.................. 1 0
Clay. «oovviii 3 0
Shale ....ccoiiviiiiiii i i, 8 0
Coal. o e 1 8
Shale ... e 1 8
Coal.. o 1 7

On Island Run also this horizon is marked by a
series of interbedded coal and sandstone layers,
each only a few inches thick, but the whole aggre-
gating 10 feet. v

It seems, therefore, that the formation of the
Upper Freeport coal seam was in places inter-
rupted by the deposition of clay, shale, or sand-
stone. Such occurrences possibly represent delta
deposits which were formed in the luxuriant
swamps of Carboniferous time and which after-
wards became covered with vegetation. Thus a
single coal-making period, as that of the Upper
Freeport, may now be represented by two separate
beds both really belonging to the same horizon.

While the coal is many times absent and often
represented by papery layers of bituminous matter,
the underlying clay is much more persistent. It
is generally present in thicknesses of 3 to 5 feet,
and frequently is of pale-bluish color and excellent
appearance. In many places, however, it is preg-
nant with nodules of iron which stain it and ren-
der it of little value. The limestone is usually
impure, being buff colored and ferruginous, often
brecciated, and generally nonfossiliferous. Occa-
sionally, however, the bed occurs as a bluish rock
of pure quality. Owing to its lenticular mode of
occurrence, which is common with the limestones of
this region, it may or may not be present. Wher-
ever found it averages 4 feet in thickness, with
extremes of 6 to 7 feet observed on branches of
Brush Creek and Upper Dry Run, and, though at
times somewhat stratified and rather nodular, it is
practically a solid bed.

The stratigraphic succession about the Upper
Freeport coal is in most places sufficient for its
identification, but in portions of South Beaver and
Ohio townships exposures are poor and the asso-
ciations are abnormal. In South Beaver Town-
ship the horizon is difficult to determine, owing
to the presence of two limestones, one above and
one below a lenticular coal, which is probably the
Upper Freeport. In addition the Mahoning sand-
stone, which forms the basal member of the over-
lying formation, has a variable development. Tt
is evident, then, that in a section where the
Mahoning sandstone is shaly and the coal absent
an accompanying limestone does not much aid in

identifying the position of the Upper Freeport

horizon. This is the case on portions of Brady
Run in this township. One ravine in particular
exposes 1 foot of limestone, 25 feet above a
cannel-like slate which might ordinarily be
taken for the Upper Freeport coal, and a few
feet above the limestone a coarse sandstone resem-
bling the Mahoning. The Upper Freeport hori-
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zon probably belongs above this limestone, for ]
the reason that here the sandstone, probably the
Mahoning, cuts out the Upper Freeport coal,
which is reported present beneath the same
sandstone a few hundred feet distant. In Ohio
Township the same difficulty in identifying this
horizon is encountered on the Lisbon road, where
a blue brecciated limestone a foot or more thick
outcrops at several points. The Mahoning sand-
stone here has a thin development and no coal
was seen, hence the horizon in question may, so
far as other stratigraphic evidence goes, lie either
above or below the limestone described. From
the fact, however, that the yellow and red caky
shale which persists above the Mahoning sand-
stone is well represented on the highway 30 or 40
feet above this limestone, there is little doubt that
the horizon is at least very near the latter. The
presence, moreover, of Ames limestone on the
knob at the road forks farther east, together
with records of wells on the Turner and Moore
farms near this road, confirms this conclusion.
But since no coal was observed and other strati-
graphic evidence here is wanting, the position of
the Upper Freeport horizon can not be definitely
determined.

The Second Geological Survey of Pennsylvania
mapped the Upper Freeport coal on Island Run as

| erossing the Ohioville-Blackhawk road, but the

present survey shows that it goes under Island
Run a considerable distance west of the road.
The Second Survey also mapped this coal as out-
cropping on Bieler Run almost in the town of
Blackhawk, but this exposure has been found to
lie about 1 mile west of Blackhawk.

CONEMAUGH FORMATION.

General character and relations.—The Cone-
maugh formation, lying conformably upon the
Allegheny, varies somewhat in thickness, but its
range is not great and 520 feet may be regarded as
the average. It is composed largely of shale, but
carries two beds of sandstone, the Mahoning near
the base and the Morgantown somewhat above the
middle of the formation. These in places are
massive and have had some influence in shaping
the topography of the region. The shales are
somewhat variegated, but the prevailing tint is
green or gray. The formation has infrequent
limestones, three insignificant beds being known
in this territory. The most important of these is
the green fossiliferous limestone, known as the
Ames limestone, that usually occurs about 30 feet
below the Morgantown sandstone. Of coal there
is here and there a small seam which attains work-
able proportions over limited areas.

The base of the formation, which rests upon the
Upper Freeport coal, follows the undulations of
that bed, as described above., In brief, from 350
feet above Beaver River, at the northern margin of
the quadrangle, it dips southward toward Pitts-
burg, being 190 feet above the Ohio near Hog
Island; westward on the Ohio it undulates between
240 feet above water at Beaver and 290 feet at the
State line. The river bluffs do not rise much
above this line, and therefore catch only the lower
portion of the Conemaugh formation; but not-
withstanding the fact that the rocks in general
rise to the northwest, this formation covers practi-
cally all of the high country within this quad-
rangle, except the few isolated spots of Pittsburg
coal in the southeast corner.

Owing to a lack of good exposures but few
detailed measured sections of any length were
obtained for this formation. By very carefully
compiling fragmental sections throughout the
formation, and checking by level the whole
thickness of the formation, the generalized sec-
tion on the columnar section sheet has been
obtained. This section is believed to show, as
nearly as practicable, the interrelation and thick-
nesses of the most important members, which are
described in detail below.

Mahoning sandstone.—This sandstone forms the
basal member of the formation and overlies the
Upper Freeport coal of the Allegheny. It is
usually yellowish to brown in color and coarse
grained. In fact, it often assumes a conglomer-
atic character, generally marked by the presence

of white quartz pebbles (section E). This char-

acter seems rather persistent on the north side of
Ohio River, from Phillis Island westward, in the

vicinity of Dam No 6, and east and north of the
town of Freedom. At Dam No. 6 and near Free-
dom the pebbly sandstone contains at its base
rounded nodules of clay, and papery bituminous
fragments representing the Upper Freeport coal.

The sandstone and coal are usuvally in direct
contact, but occasionally they are separated by a
few feet, rarely as much as 15 feet, of shale.
These general relations may be more specifically
studied on the detailed section sheet.

‘When the Mahoning sandstone lies immediately
over the Upper Freeport coal the contact, as noted
above, is often very irregular and in places, as on
Island Run, the sandstone and coal are inter-
bedded. In many other cases, as shown in a
number of the sections, the Mahoning sandstone
rests directly upon the clay beneath the Upper
Freeport coal, which then is absent. In such
instances fragments of bituminous matter and
pebbles of clay, as noted above, are mingled with
the coarse sand at the base of the Mahoning.
These irregularities at the base of the Mahoning
sandstone include cases where not only the coal
but the clay also is absent. A wnotable instance
occurs on the north branch of Blockhouse Run,
where owing to a 20-foot irregularity in the base
of the sandstone, nothing of the Upper Freeport
group was observed except perhaps a thin lime-
stone. A similar phenomenon was observed on
Raccoon Creek, near Independence, where the
Mahoning sandstone first appears above water
level. At this point the massive sandstone rises
abruptly to 20 feet above water, cutting across
green shales and finally grading into shaly sand-
stone. This is not only underlain by clay and
limestone nodules, probably remnants of either
the Upper Freeport horizon or a local limestone
above (section C), but overlain by the yellow and
red clay shale presently to be described.

Within the Mahoning sandstone member, about
30 feet above the Upper Freeport coal, are found
not infrequently from 1 to 8 feet of limestone, as
shown in section C. This limestone is extremely
variable in occurrence, its habit being that of small
lenses. It is locally developed east of Rochester,
west of Monaca, perhaps on the Lisbon road 2
miles east of Blackhawk, and on the Smiths Ferry
road just south of Obhioville. It has also been
found, though somewhat thinner, on the north
side of Brady Run, in South Beaver Township.
The limestone at Monaca and along the Lisbon
road is of light-blue color, but at Rochester it has
buff, ferruginous phases. In most occurrences it
seems to be more or less brecciated.

In general the Mahoning sandstone caps the
river bluffs and walls many of the lateral streams;
thus it follows up the course of Raccoon Creek,
disappearing at Independence in the manner
described above, and forms the bluffs of Mill
Creek, underlying the village of Hookstown as a
heavy sandstone. The sandstone is not, however,
everywhere persistent, being frequently replaced
wholly or in part by softer material, as south of
Phillis Island, on Brady Run, at' Bellowsville,
below Independence, and at West Bridgewater
(section C). On the north side of the river, how-
ever, it changes from a massive rock near Smiths

‘Ferry to a shaly sandstone, becoming heavy toward

the base, south of Ohioville; but it becomes thicker
and more massive north of Ohioville, on Island and
Bieler runs. On Brady Run it is not typically
exposed, but where observed it varies from a thin,
shaly, insignificant member to a coarse massive
sandstone. On Blockhouse Run and the east bank
of Beaver River it is a thin but coarse, heavy bed.
Not only the character but the thickness also shows
extreme variability, ranging from a feather-edge to
50 feet. The Mahoning sandstone grades at the
top into shales which continue upward about 55
feet to the Brush Creek coal.

Brush Creek coal—The Brush Creek horizon
varies in its distance above the Upper Freeport
from 75 feet on Brady Run to 110 feet at Hooks-
town, averaging 95 feet (section (&). The lower
part of this interval-—indeed, often the whole of
it—is occupied by yellow and red caky shale,
which is a very strong stratigraphic key rock in
this quadrangle, for it seems to be almost every-
where present at 50 to 60 feet above the Upper
Freeport coal. The Brush Creek coal, usually
observed merely as a small blossom, is of little
importance. At only one place, on Brady Run,

does it attain any considerable thickness. Here it
reaches a maximum of 20 inches of coal, separated
into two benches by a seam of slate. '

The horizon of the Brush Creek coal is most

| conspicuously marked by 20 feet of dark shale,

which is almost always present and very often
carries at the top a black-blue limestone about a
foot thick. This has been called the Brush Creek
limestone, and, according to the Second Survey
reports, is usually fossiliferous, but in this region
it carries few if any distinct species. This lime-

stone is well exposed on the Beaver road just

north of Twomile Run and in Ohio and Greene
townships. ‘

Between the Brush Creek limestone and the
Bakerstown coal an interval averaging 75 feet is
occupied by sandy shales and laminated sand-
stones. This sandy member is the attenuated
southern edge of a heavy conglomeratic sandstone
of Butler County which bears the name Buffalo
sandstone. In the reports of the First Survey this
stratum was included in the Mahoning sandstone,
but since the two strata are usually distinct and
seldom merge into the same mass, the term Mahon-
ing, as applied to the upper member, was properly
considered by the Second Survey to be a misnomer.

Bakerstown coal.—This horizon lies about 190
to 200 feet above the Upper Freeport coal, and
derives its name from Bakerstown, Allegheny
County, Pa., where it has been considerably
mined. In the Beaver quadrangle, however, its
occurrence is very irregular. It is best developed
in a 2- to 7-foot bed of cannel and bituminous
coal on the river bank one mile east of George-
town, where it was mined about 1875. Here “the
upper half is an impure cannel, while the lower
half approaches more nearly to semicannel” (Sec-
ond Geol. Survey Pennsylvania, Rept. K, p. 348),
and it is reported that oil was distilled from this
coal before the discovery of petroleum. When
visited by the writer the opening was caved in
and no observations could be made. There are
other openings near this horizon on coals which
may be confused with the Bakerstown seam. On
the lower part of Little Service Run, for example,
an old opening was observed on a coal about 60
feet below the Ames limestone, but no idea of its
thickness could be obtained. This coal apparently
is not in the proper position for the Bakerstown
seam. Near the head of Frames Run a similar
cannel-like coal has been opened about 40 feet
below the Ames limestone and 20 feet below a
ferruginous, nonfossiliferous limestone. - This, too,
not being low enough in the series, is very prob-
ably not an occurrence of the Bakerstown coal.
Aside from these localities the writer does not
know that any coal which might be taken for
the Bakerstown seam has been opened in the
Beaver quadrangle, and the only other evidences
of its presence are infrequent ‘coal »blossoms at
this horizon on the country roads.

Variegated red and green shales of an argilla-
ceous and occasionally nodular character extend
for about 70 feet above the Bakerstown coal.
The red band of outcrop is a conspicuous feature
on farms and along roads where it occurs, and for
long distances in the southern part of the quad-
rangle may be seen just below the outcrop of the
Ames limestone.

Above the shales and close below the Ames
limestone a thin coal bed is infrequently seen. It
has been observed at only two or three places in
the quadrangle, being best exposed along the hill
road a mile and a half north of Hookstown.
When present it seems generally to be quite
pure, but unfortunately has a thickness of about
1 foot and can not be worked. It seems, more-
over, to be frequently absent, and on the whole is

never of any importance. I. C. White has tenta--

tively correlated this coal with the Platt coal of
Somerset County and has, therefore, provisionally
called it by that name in Beaver County. The
name was taken by the Second Survey from a
mine operated by a Mr. Platt, near Berlin, Som-
erset County, where the bed was 7 feet thick and
was locally known as the “Platt vein.”

Ames limestone—This limestone was named
from Ames Township, Athens County, Ohio, by
Andrews, who first described it at this locality in
1873 (Ohio Geol. Survey, vol. 1, pt. 1, p. 235).
In previous reports of Pennsylvania it has been
called the “Green Crinoidal” or “Berlin” lime-
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stone. This stratum may be taken as the approx-]i

imate middle of the Conemaugh formation, for in
this district it averages 290 feet above the Upper
Freeport coal and 230 feet below the Pittsburg

seam. These intervals in reality vary from 20 to-

25 feet in either direction. It is the most persist-
ent ‘member of the formation and is present not

only throughout the southern half of the quadran-

gle, but throughout several counties in Pennsyl-
vania and Ohio. In not more than six localities
where it has been diligently sought has it proved
to be absent. It seems to retain its peculiar litho-
logic character wherever known, and can therefore
always be readily recognized. Stevenson, in his
report on the Greene and Washington district
(Second Geol. Survey Pennsylvania, Rept. K, p.

| 80), describes it as “dark bluish or greenish gray,

tough,” and breaking with a “granular surface,
much resembling that of a coarse sandstone.”
The weathered rock has a peculiarly rough aspect,
due to small protuberances of crinoid stems, with
which it is crowded. The general effect, in fact, is
very far from the usual appearance of a limestone.
Besides the multitude of crinoidal fragments, the
other fossils are chiefly brdchlopods and gasteropods.

North of Ohio River in the Beaver quadrangle
this limestone is scarcely seen, occurring only as
the cap of a small knob on the Lisbon road 3%
miles east of Blackhawk, and as eight small patches
oni the summits of the river hills west of Industry.
South of the Ohio the patches become larger and
more numerous, as at McCleary, Green Garden,

- and Bunker Hill, until finally as it dips lower, it

makes one continuous though irregular blanket
over the southern third of the quadrangle. Its
ordinary occurrence is that of a single bed, but in
a few instances there seem to be two separate beds
of this limestone. This is notably so on the west-
ern edge of the quadrangle, opposite Hookstown,
where the interval between the two beds is 31 to
35 feet.

The persistent bed has a thickness varying from
1% to 6 feet, but averaging about 3 feet. Typical
exposures may be seen at Harshaville, south of
Green Garden, on Bunker Hill, and north . of
Hookstown.

Because of its easily recognized character and its
marked persistence it has been chosen, like the
Upper Freeport coal, as a key rock on which to
base observations in determining the structure of
the southern part of this quadrangle.

Variegated shale or shaly limestone, overlain by
a thin coal seam, occupies a 40-foot interval between
the Ames limestone and the base of the Morgan-
town sandstone above. The coal is probably the
Elk Lick coal, definitely located by Franklin Platt
at 30 or 40 feet above the Ames limestone. The
name Elk Lick was first used by Lesley in 1840, for
a coal in this stratigraphic position which was then
opened on Elk Lick Creek, Somerset County, Pa.
(Second Geol. Survey Pennsylvania, Rept. H3, pp.
xxxiii, 60). This coal, like others of the Cone-
maugh formation, is not persistent and generally is
of no importance. It is reported, however, to have
been mined years ago at two localities in the Beaver
quadrangle, namely, in the northwestern part of
Independence Township, about half a mile south
of Service Creek, and in Greene Township on the
Georgetown—Shippingport road. At the former
place it is said to have been 1 to 3 feet thick and
of excellent quality for smiths’ use, but of such
varied dimensions that mining was unprofitable.
At the latter locality the coal, being only 2 feet
thick, was not long exploited. Along this same

road, however, due north of Hookstown, it may

now be seen as a 1-foot coal 20 feet above the
Ames limestone. This interval expands to 32 feet
on Trampmill Run, where the bed is a cannel, a
foot or more thick. Elsewhere in the quadrangle
it has occasionally been observed as a mere blos-
som under the Morgantown sandstone. In some
instances the Morgantown sandstone seems to lie
very close to the Ames sandstone; if not in direct
contact with it. In that case the coal and shale
just described are absent, but in the far south-
ern part of the quadrangle, sandstone débris

slumps down and covers everything, so that the

exact succession of beds is difficult to ascertain.
Morgantown sandstone.—This member was named
by Stevenson some years since from Morgantown,
W. Va., where it has a marked development and
is extensively exploited for building purposes. It
Beaver.
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is probably the most permstent sandstone in the

Tegion, being generally found throughout the

southwestern part of the State wherever its hori-
zon is exposed. In this quadrangle the Morgan-

_town sandstone is practically unknown in the
northern half and is best developed in the ‘south-

ern third. It varies in character from a coarse,
massive sandstone, which is, however, rather soft,
to a thin-bedded. rock, and sometimes appears to be
replaced by sandy shale; but it is generally repre-
sented by a heavy sandstone which has a decided
effect on the topography of the region. It is
responsible especially for many of the high, flat-
topped hills at Green Garden, Scottsville, - and
within or near the boundaries of Hanover Town-
ship. The bed is perhaps of sufficient importance
here to deserve mapping, but because of its prox-
imity to the outerop of the Ames limestone, it has
not been shown on the geologic map. It has an

average thickness of 65 feet within the quadrangle,

and its top is about 125 feet below the Pittsburg
coal. Southeast of Mechanicsburg, in the vicinity
of Harshaville, and toward the western edge of the
quadrangle it often attains a thickness of 100 feet.
Whether this is all Morgantown sandstone, or
whether a sandy member exists above it in this

locality and covers by its dibris an interval of

shale between the two, can not be determined.
Though farther north it thins to 65 feet or less,
on the east side of Raccoon Creek it maintains a

thickness of about 80 feet. To the south across |

the line in Allegheny County it again thins so con-
siderably that in some cases it is nearly replaced
by a shaly or very thin-bedded sandstone.

The rocks for 90 feet above the Morgantown

'sandstone can not be definitely described because

of their variability and poor exposures. In gen-
eral, however, red shales overlie the sandstone, and
are followed by shaly sandstones and shales. White
and Stevenson, who covered a much larger area than
the Beaver quadrangle, were able to give this series in
greater detail. - For instance, the limestone reported
by White as occurring 87 feet beneath the Pittsburg
coal (Second Geol. Survey Pennsylvania, Rept. Q,
p. 26) was not observed within the quadrangle.
The lowest limestone found outerops 40 feet below

‘the coal, and the best exposures, which are on the

highways between Gringo and the southern edge
of the quadrangle, do not show a greater thickness
than 2 feet. Above this bed, and separated from
it by 15 feet of shale, is a more persistent lime-
stone. It was observed 25 feet beneath the Pitts-
burg coal wherever the latter occurs within the
quadrangle. (Good measurements of it were not
obtainable, but a thickness of 6 inches was seen,
and it is said to attain 2 feet. White has given
the name Pittsburg limestone to these beds. Above
them a shale interval of 25 feet forms the top of
the Conemaugh formation.

MONONGAHELA FORMATION.

The Monongahela formation rests conformably
upon the Conemaugh beds. It contains most of
the coal seams of the upper part of the: Pennsyl-
vanian series, and certainly a large proportion of
the limestone. Only a few hilltops in the south-
east corner of the quadrangle are high enough to

include the Pittsburg coal and sonie of the over-

lying sediments at the base of this formation.

Pittsburg coal.—Though this coal has but small
extent in this quadrangle, it has been opened in all
the knobs that contain it from Gringo south to the
quadrangle line. At the time of visit, however,
none of the openings were available for coal meas-
urements. Reports show the coal to be between 5
and 6 feet thick, including shale partings, but its
quality is said to be inferior because of the leach-
ing action of surface waters.

The overlying rocks have an area still more re-
stricted than the coal itself, and a thickness of not

more than 50 feet. In this distance outcrops disclose

merely remnants of the Pittsburg sandstone.  This
member is a yellowish-brown, heavy, or thin-bedded
sandstone, grading downward perhaps into a shaly
base. The best exposures may be found along road-
si‘c_les in the far southeast corner of the quadrangle.

QUATERNARY SYSTEM.

Introduction.—After the deposition of the high-
est rocks of Carboniferous age this region was ele-
vated .above sea level, and since that time it has
been continuously a land area. Throughout this

long period rock material has been removed from

the surface, and, exéept during the Glacial epoch,

| no deposition but the present flood plains has taken

place. The Glacial epoch marks the formation of
the high and low terraces of this region, and the
material then deposited is found to-day either occu-
pying the rock shelves, which represent parts of
the old floors of former valleys, or lying in broad
gravel terraces in present valleys. These deposits
may be divided, according to age, into three gen-
eral classes: (1) Kansan or possibly pre-Kansan,
including the Carmichaels formation and the earlier
glacial gravel; (2) Wisconsin, comprising lower ter-
race gravels and later glacial gravel, and (3) Recent,
embracing the present-day flood plains. The first
two are each composed genetically of two kinds of

| material—that of local derivation and that of gla-

cial origin, all belonging to the Pleistocene series;
the third is composed of both and falls within the
Recent series.

PLEISTOCENE SERIES.
CARMICHAELS FORMATION.
The deposits composing the Carmichaels for-
mation are differentiated both by the absence of

material of glacial derivation and by their age.
As should be expected, therefore, they occur on

 remnants of ancient valley bottoms not likely to

carry glacial wash. Such ancient valleys occur
along streams heading south of Ohio River and
flowing northward into it. Of the many streams
in the quadrangle which fill these conditions Rac-
coon Creek is the only one exhibiting remnants of
an ancient valley. The filling of this valley is,
with the exception noted below, entirely of local
derivation and therefore bears the criterion of
origin which distinguishes the Carmichaels for-
mation. Deposits having a similar origin' have
been found on terraces along Monongahela River,,
where they have a typical exposure near Carmi-
chaels (Geologic Atlas U. S., folios 82 and 94).
The Carmichaels terraces have in addition been
found to merge into similar ones on Ohio River,
and were so traced to Raccoon Creek, thus estab-
lishing their contemporaneity. Being, therefore,
of the same origin and age, the ancient filling of
the old Raccoon Valley has been assigned to the
Carmichaels formation. No vertical section of the
material was open for study, and the following
description is mostly gathered from surface appear-
ances.

The deposits are composed at the top chiefly of
sand, in which are distributed waterworn pebbles
of local rocks, generally sandstones. On some of
the shelves a light-yellowish silt replaces part of
the sand. On the New Sheffield plain sand is
particularly abundant and apparently deep, and
here were observed the largest native pebbles, a

| few inches in diameter. It is reported that clay

underlies the sand in this locality, and it would,
therefore, seem that the deposit is stratified, as it
should naturally be.. The thickness of the mate-
rial is at .this point estimated to average 20 or 30
feet, and probably the same depth of deposit
covers another spur 2 miles southwest of Bock-
town. Elsewhere no good exposures showing the
depth of the filling were seen.

Upon deposits having this general chardcter an
occasional pebble of ‘crystalline rock was found.
This would at first appear to throw doubt on the
characteristic local origin of the deposits, but these
pebbles, as shown later, are very fresh in appear-
ance, and are believed to have been laid down sub-
sequent to the deposition of the main filling. Their
presence, therefore, may not impair the local char-
acter of the main filling and so with the reservation
which their presence naturally requires, the main
deposit is still considered as belonging to the Car-
michaels formation. This deposit, though possibly
not exactly synchronous, belongs no doubt’in the
same period with the terraces of similar elevation
along the rivers, which will be discussed next.

EARLIER GLACIAL GRAVEL (KANSAN OR PRE-KANSAN).

The earlier glac1al gravel is characterized by
rocks of distant origin, such as granite, gneiss, etc.,
having deeply weathered surfaces. The extent of
this deposit on the uplands in Beaver County is
not well known because a covering of later drift
obliterates it. But it is believed that no old gla-
cial gravels exist in the Beaver quadrangle save in
the Parker strath.  Concerning such deposits along

' Beaver and Ohio rivers, Leverett, in his chapter on

“The Oldest Drift (Kansan or Pre-Kansan)” (Mon.
U. 8. Geol. Survey, vol. 41, 1902, pp. 250—252)
says: .

"The gravel [in the lower Beaver Valley] is capped by
a silt of pale color, 4 or b feet in depth, which may prove
to be the equivalent of the Iowan loess. Its color is
strikingly in contrast with that of the gravel below it.
The gravel is weather stained at top and seems to be
much older than the silt.

As a rule the gravel is poorly assorted and contains
much sand, and in places has a clayey matrix. The
largest Canadian rocks noted are nearly a foot'in diam-
eter. They are deeply weathered, the red granites being
usually very rotten. A few striated stones were found
in the north part of Beaver Falls, and these have been
weathered deeply since thestriation occurred. The pro-
portion of Canadian rocks here, as on the Allegheny, is
much smaller in this gravel than in the gravel of Wis-
consin age that lies in the valley below ithe level of this
rock shelf.

Below Beaver Falls . . . a clayey deposu; appears on
the rock shelf, in which stones of various sizes are
embedded.

It being uncertain whether the old drift is exposed on
the uplands Dbordering the Beaver Valley outside the
limits of the Wisconsin, the relations of the terrace to

the drift can not be clearly shown. As yeb it is not °

known whether the border of the old drift lies some dis-
tance back beneath the Wisconsin or is prae’mcally iden-
tical with it in position. There is, however, no question

| that this gravel, like the similar gravel on the. lower

Allegheny and Ohio, has been derived from the old
drift, and was deposited long before the Wisconsin stage
of glacmtlon . .

Near the mouth of the Beaver extenswe terrace rem-
nants appear. One back of Phillipsburg [noW Monaca],
south of the Ohio River, carries gravel at an altitudeabout
310 feet above the river, or <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>