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GROUND WATER IN NORTHEASTERN
PENNSYLVANIA

By STANLEY W. LOHMAN

ABSTRACT

This report describes the surface features, stratigraphy, and geologic
structure and the sources and chemical character of the ground water
in an area covering 7,087 square miles in northeastern Pennsylvania,
including Carbon, Columbia, Lackawanna, Luzerne, Monroe, Montour,
Northumberland, Pike, Schuylkill, Susquehanna, Wayne, and Wyoming
Counties, the northern three-fifths of Dauphin County, and about 50
square miles of northern Lebanon County. The area is drained entirely
by the Delaware and Susquehanna Rivers and their tributaries. It in-
cludes parts of two geomorphic provinces—the Appalachian Plateaus
province and the Valley and Ridge province, both of which are subdi-
visions of the Appalachian Highlands.

The consolidated rocks of the area range from the post-Pottsville forma-
tions, of Pennsylvanian age (youngest), to the Juniata formation, of
Upper Ordovician age (oldest)’. AIll the rocks are later than the Taconic
disturbance, and the Juniata formation and the overlying Tuscarora
sandstone (Silurian) rest unconformably on the Martinsburg shale
(Ordovician), which is exposed south of the area. There are no pro-
nounced stratigraphic breaks above the unconformity at the base of the
Silurian except in Dauphin and Lebanon Counties, where all of the
Lower Devonian and late Silurian are absent, owing either to a fault or
to an unconformity. The youngest consolidated rocks, the post-Pottsville
formations, contain the valuable anthracite beds, which are extensively
mined in several large synclinal basins within the area. Anthracite is
also obtained locally from the Pottsville formation and the Pocono sand-
stone.

More than half of the area is covered with glacial drift, mostly of
Wisconsin age, although Illincian and Jerseyan drift occurs south of the
Wisconsin drift border which traverses the middle of the area. The
recent alluvium along the larger streams that drain the coal basins
contains considerable finely divided coal that is recovered by dredging
at numerous points.

Within the densely populated and industrialized coal _basins _ground
water is used only in a very few places, and municipal, industrial, and
domestic needs are supplied almost exclusively by surface water. Within
the coal basins the water level has been lowered by continual pumpage
of mine water, and most of the little water that remains in reach of
wells is unfit for ordinary use. The water thus obtained from the mines
is largely utilized for washing coal, after which it is discharged into

the streams.

Outside the coal basins the larger municipal supplies are obtained from
surface water, but the domestic, industrial, and smaller m\gmcxpal needs
are supplied chiefly by ground water. In the rural regions domestic
supplies are obtained largely from dug wells, but small springs and
drilled wells are also used extensively. Industrial and municipal sup-
plies are obtained chiefly from drilled wells and springs.

orth of the Wisconsin drift border and for somte distance south along
thymajor drainage channels, glacial drift supplies all the dug wells and
a few of the drilled wells. Large supplies of water can be obtained from
glacial outwash in some places by means of properly constructed drilled
wells using well screens, but very few attempts have been made to re-
cover large quantities of water from any of the unconsolidated deposits.

—
1The Pennsylvania Topographic and Geologic Survey 1 the Juniata as Silurian.
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Most of the drilled wells in the area obtain adequste supplies of water
from sandstone, but a few obtain water from conglomerate,. shale, or
limestone. Most of the rock formations contain numerous beds of sand-
stone that can generally be reached by wells of moderate depth. The
sandstones are in the main rather firmly cemented. and the water is
contained chiefly in fractures, joints, and bedding planes. Shale yields
small but generally reliable supplies. Limestone occurs only in a few
placos along the southern and western borders of the area and is of
importance as a source of ground water only in parts of Columbia, Mon-
tour, and Northumberland Counties, where it yields large supplies of
hard water to wells that encounter solution channels, but it may yield
very little water where solution channels are not encountered.

Artesian conditions are related to the geologic structure. In the Ap-
palachian Plateaus province, where the strata are nearly horizontal over
large areas, flowing wells are not numerous but occur locally. In the
Valley and Ridge province flowing wells are obtained in many places
on the flanks of synclines or monoclines. A few flowing wells occur in
glacial drift.

With few exceptions, the chemical character of the ground water is
entirely satisfactory for most purposes. Water from glacial drift or light-
colored sandstone or shale generally contains small amounts of dissolved
mineral matter and is generally soft. Water from dark-colored shales
or sandstone generally contains more dissolved mineral matter and in
some places is noticeably hard. Water from limestone ranges from mod-
erately hard to very hard.



INTRODUCTION
PURPOSE OF THE INVESTIGATION

The investigation that forms the basis of this report was a part of a
larger program undertaken by the Pennsylvania Topographic and Geo-
logic Survey in cooperation with the United States Geological Survey to
determine the ground-water conditions in the entire State. By far the
most important industry in northeastern Pennsylvania is the mining of
anthracite. The largest cities and the major industrial enterprises are
in the main situated within the several coal basins, where municipal and
industrial water supplies are derived almost exclusively from surface
water. In the territory surrounding the coal basins, however, municipal,
industrial, and domestic supplies are to a great extent derived from
ground water by means of wells and springs. Many of the present users
of ground water are confronted with the problem of obtaining larger
quantities of water. In some parts of the area the recent advent of
paved roads has opened up new lands for settlement, and in these parts
ground-water supplies are being developed. It was with the hope of
helping to solve these present-day problems, as well as problems that
will doubtless arise in the future development of the area, that this
investigation was undertaken.

GEOGRAPHY

LOCATION OF THE AREA
The area described in this report covers 7,087 square miles in the

northeastern part of Pennsylvania and includes Carbon, Columbia, Lacka-

50 MILES

Figure 1. Index map of Pennsylvania showing areas covered by
this series of ground-water reports

1. Bulletin W2, by George M. Hall, 1934. 2. Bulletin W1, by Arthur 1A, Piper, 1933.
3. Bulletin W3, byB.M.Lesgette 1936. 4. Bulletin W4, by S. W. Lohman, 19
&Manuscrlptsbys W. Lohman in hand.
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wanna, Luzerne, Monroe, Montour, Northumberland, Pike, Schuylkill,
Susquehanna, Wayne and Wyoming Counties; the northern three-fifths
of Dauphin County and the northern fifty square miles of Lebanon
County. The area is bordered on the north by the State of New York,
on the east by New York and New Jersey, and on the south and west
by the adjoining counties of Pennsylvania. Most of the area lies between
the meridians 75° and 77° and parallels 40°-30’ and 42°.

All the anthracite fields in Pennsylvania lie within the area described
in this report and are shown on plate 1 under the term “post-Pottsville
formations.” In 1930 there were 300 anthracite mines in this area.

POPULATION

According to the census of 1930, the 12 complete counties described
in this report (exclusive of Dauphin and.lebanon Counties), had a
population of 1,359,027 and an average density of population of 193 to
the square mile, as compared with 215 for the entire State. In these
12 counties 66)% per cent of the population was found in towns of
2,500 or more inhabitants. There are 20 cities in the area that have
more than 10,000 inhabitants, the two largest of which are Scranton,
with 143,433, and Wilkes-Barre, with 86,626. The greatest density of
population is found in the several anthracite fields, in which are located
. 18 of the 20 largest cities. The population figures of the counties and
larger towns are given in the county chapters of this report. Lacka-
wanna County has the greatest density of population, with 688 in-
habitants to the square mile, and Pike County has the smallest, with
only 13.8 inhabitants to the square mile.

AGRICULTURE

In the 12 counties in 1930 there were 21,625 farms, averaging 96.67
acres each. Susquehanna County ranked first, with 3,170 farms, and
Pike County twelfth, with 528 farms. Of the total land area in the
12 counties about 50 per cent was devoted to farming. Montour and
Susquehanna Counties ranked first and second, with 81 and 78 per cent
under cultivation, and Pike County ranked twelfth, with only 19 per
cent.

MANUFACTURING

Manufacturing is a leading industry in the coal basins and is carried
on to a small extent in other parts of the area. In 1929, according to
the Census Bureau, there were in the 12 counties 1,570 manufacturing
establishments, whose annual products were valued at $5,000 or more
each, and these establishments employed 79,487 wage earners and
turned out products valued at $374,735,341. Luzerne County ranked
first in manufacturing.
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CLIMATE
PRECIPITATION

Annual precipitation records have been kept at 30 United States
Weather Bureau stations in this area. Although the records at one
station began in 1857 and at two others in 1866, the records prior to
1885 are fragmentary, and some of the records were begun since 1920.
The average annual precipitation at stations having records of 9 years
or more is 43.67 inches. The stations having the highest and lowest
precipitation are Mauch Chunk, with an annual average of 48.94 inches,
and Scranton, with an annual average of 38.69 inches. The maximum
annual precipitation on record in this area was 72.36 inches at Blooming
Grove, Pike County, in 1889, which was the year of the famous Johns-
town flood. The minimum annual precipitation on record was 23.65
inches at Milford in 1917. However, in 1876 the precipitation was only
24.00 inches at Blooming Grove, and in 1930 the precipitation at Cata-
wissa, Lansford, Scranton, and Sunbury ranged from 2526 to 26.45
inches. Moreover, records for Milford were kept only to 1920 and those
for Blooming Grove only to 1894, and hence 1930 may have in fact
been drier than 1876 or 1917.

The prevailing winds blow toward the west, northwest, and south-
west, so that in general the heaviest precipitation occurs along the east
slope of the Pocono Mountain plateau. The Weather Bureau figures
showing monthly distribution of normal precipitation are greater each
month for stations in the Delaware Basin than they are in the Susque-
hanna Basin. Although the annual rainfall is fairly well distributed
throughout the year, the heaviest precipitation occurs in June, July, and
August, with the maximum in July, and the minimum precipitation occurs
in February and November. Thus the rainfall is greatest during the
growing season, when it is of the most benefit to crops.

The average annual snowfall is about 50 inches, and nearly all of
it occurs between November 1 and April 30, although in some years
traces of snow have been recorded in October and May.

TEMPERATURE

Records of temperature at 10 United States Weather Bureau stations
in northeastern Pennsylvania up to 1931 show that the mean annual tem-
perature ranges from 44.4° F. at Mount Pocono to 50.8° F. at Catawissa
and averages 48.2° F. July, with an average mean temperature of
70.3°, is the warmest month, and January, with an average mean tem-
perature of 26.2°, is the coldest. Temperatures as high as 104° have been
recorded at Catawissa and temperatures as low as —35° have been re-
corded at Mount Pocono. In general, however, there are only 5 to 10 days
in a year when the temperature is 90° or above, and 115 to 175 days

in a year when the temperature is 32° or below. The first killing frost



6 GROUND WATER

in the fall generally occurs late in September or early in October, but
has occurred as early as September 4 and as late as October 16. The
last killing frost in the spring generally occurs during the latter part
of April or the middle of May but has occurred as late as June 9. The
length of the growing season is usually 120 to 180 days.

SOURCES OF INFORMATION
PUBLISHED REPORTS

The Second Geological Survey of Pennsylvania published reports
from 1881 to 1883 on the geology of all the counties within this area
except Carbon, Schuylkill, Dauphin, and Lebanon, but geologic maps of
these four counties were made between 1874 and 1884 and first pub-
lished in 1885. These reports, together with a survey of the anthracite
fields, were later summarized by J. P. Lesley, State geologist, in the
summary final report of the Second Geological Survey. Most of the
geological data here presented were taken from these reports and maps,
which contain a wealth of information on the geology of the area. Later
reports, chiefly those of the Pennsylvania Topographic and Geologic
Survey and the United States Geological Survey, have also been con-
sulted and are listed in the bibliography and acknowledged by footnotes
throughout this report.

As a basis for locating wells and studying the geologic and hydrologic
features of the region, the topographic maps of the United States Ge-
ological Survey were used so far as available. In parts of Susquehanna,
Wayne, Wyoming, Columbia, Montour, and Northumberland Counties
for which no topographic maps were available, the public-road maps of
the Pennsylvania Department of Highways were used.
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FIELD WORK

The field work forming the basis of this report was begun July 1,
1930, under the immediate supervision of R. M. Leggette, who spent
3 weeks with the writer in the field. The writer spent 4 months in the
field during the summer of 1930 and about 3 weeks in the summer of
1931 and was visited in the first field season by Messrs. R. M. Leggette
and D. G. Thompson of the United States Geological Survey. The in-
vestigation was conducted under the direction of O. E. Meinzer, geologist
in charge of the division of ground water, United States Geological
Survey.

Records of wells and springs that furnish public, industrial, and
domestic supplies were collected, and well owners and drillers were in-
terviewed. Only those village, borough, and city water supplies that
utilize ground water were investigated, no study being made of those
using water from streams or lakes. The data consist of well logs, well
depths, depths to water level, artesian head, nature and age of water-
bearing material, yield, draw-down, temperature of water, use of water,
and relation to local or regional conditions. Some time was devoted to
a study of the glacial and river deposits and of the hard-rock formations.

In order to determine the chemical character of water in different
parts of the area, 106 samples were collected from wells and springs,
most of them from municipal or industrial supplies. These samples were
analyzed in the laboratories of the Geological Survey in Washington,
D. C., by Margaret D. Foster, L. A. Shinn, and K. T. Williams.
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The records of 1,161 representative wells, 82 municipal water supplies
using ground water, and 106 chemical analyses of water from wells and
springs are tabulated in the county descriptions of this report.
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SURFACE FEATURES
RELIEF

The area as a whole has a relief of more than 2,400 feet. The
highest part is in southeastern Susquehanna County, where North Knob
rises 2,684 feet above sea level. The lowest part lies along the Dela-
ware River at the Delaware Water Gap and has an altitude of only
about 280 feet. The local relief varies in the different counties, and
is described separately for each county.

DRAINAGE
The greater part of the area covered by this investigation is drained
by the Susquehanna River and its tributaries, chiefly by the North
Branch but in Northumberland County by the West Branch. The
eastern part of the area, comprising nearly all of Wayne County, all
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of Pike County, and about two-thirds of Monroe County, is drained by
the Delaware River. Nearly all of Carbon County and portions of
Monroe, Lackawanna, Luzerne, and Schuylkill Counties are drained by
the Lehigh River, a tributary of the Delaware River. The greater part
of Schuylkill County and a very small part of Carbon County are drained
by the Schuylkill River, also a tributary of the Delaware. In flowing
from Pittston, Luzerne County, to Rockville, Dauphin County, a distance
of 116 miles, the Susquehanna River drops 234 feet, having thus an
average gradient of about 2 feet to the mile.

PHYSICAL DIVISIONS
The physical divisions represented in Pennsylvania are shown in
figure 2. The area described in this report lies within the Appalachian
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Fig. 2. Map of Pennsylvania and parts of adjoining States showing the major
physical divisions. Subdivisions of the Appalachian Plateaus province: A.
Sol:!thern New York section; B. Allegheny Mountain section; C. Kanawha
section.

Plateaus province and the Valley and Ridge province, subdivisions of
the Appalachian Highlands. The northern part of the area is in the
Appalachian Plateaus province, a mature glaciated plateau of moderate
relief, in which the rock strata are nearly horizontal over large areas.
The southern and larger part of the area lies in the Valley and Ridge
province, where the rocks have been strongly folded and then planed
down by erosion.

Appalachian Plateaus province—Susquehanna, Wayne, Wyoming, and
Pike Counties and parts of Lackawanna, Luzerne, and Monroe Counties
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lie in the Appalachian Plateaus province. Here the rock strata are
nearly horizontal in most places, except for a few minor folds. The
geomorphic evidence leads to the belief that the region has been base-
leveled and, in common with the Valley and Ridge province, reduced to
a well-defined peneplain. The entire region was then elevated, and the
streams, thus given new energy, have eroded the surface of the plain
so that it now presents the appearance of a very hilly country. How-
ever, evidences of the former plain are seen in the remaining hilltops,
which stand at approximately even heights in many places. The line
between the Appalachian Plateaus and the Valley and Ridge province is
readily apparent, for there the dip of the strata changes from 0°-5° to
30°-60° and strike ridges composed of hard sandstones make their ap-
pearance.

Valley and Ridge province—The Valley and Ridge province includes
most of the counties in the area and extends as far north as Forest
City. In the northern part of the area there are innumerable ridges
and valleys trending generally northeast and curving gently toward the
north. Geologically this is a region of alternating hard and soft sedi-
mentary rocks, which have been bent by lateral compression from the
southeast into folds or waves—anticlines (arches) and synclines
(troughs). After the rocks had been folded the whole area was slowly
baseleveled by erosion, and hard and soft layers alike were finally re-
duced to a nearly uniform surface. Then a general uplift of the region
gave the streams renewed vigor and began another period of erosion,
which is still operating at the present time. During this last cycle of
erosion the softer rocks have been gradually worn down and carried
away and the more resistant rocks stand out as ridges, as shown in
plate 2-A. The effect of the pitch of the folds has had a marked in-
fluence on the present-day topography and has resulted in a series of
canoe-shaped synclinal valleys in which are located the principal anthra-
cite fields.

The southern border of the area is Kittatinney Mountain, extending
from Delaware Water Gap nearly to the Maryland line. It is also known
as Blue, North or First Mountain southwest of Wind Gap. This ridge
is also the southern border of the Valley and Ridge province. South of
this border is the Lebanon Valley, continuous with the Cumberland
Valley of Pennsylvania farther west and the Shenandoah Valley of
Virginia. The contrast between the Valley and Ridge province and the
Lebanon Valley is very striking.



15

Plate 3

A. Susquehanna River Valley looking northwest toward Shickshinny
from Council Cup, Wapwallopen, Luzerne County

Photo by G. H. Ashley

B. Unconformable contact of Tuscarora sandstone (at right) and
Martinsburg shale (at left) exposed on eastern cut on Reading Railroad
along west side of Schuylkill River below Port Clinton, Schuylkill

County
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GEOLOGY
OUTLINE OF STRATIGRAPHY

Unconsolidated deposits—Recent alluvium is found along the rivers
and streams and is described on a subsequent page.

Glacial drift of at least three of the Pleistocene glacial stages is found
over more than half of the area described in this report. The drift
borders are shown on plate 1, and the general features and ground-
water conditions of the deposits are described in a general way on pages
41-44 and for each county in the county descriptions.

Rock formations—The rock formations in the area are all of sedi-
mentary origin, are all of Paleozoic age, and belong to the Carboniferous,
Devonian, and Silurian systems, with locally one formation of the
Ordovician system. They range in age from the post-Pottsville forma-
tions of the Pennsylvanian series (youngest) down to the Juniata forma-
tion, of Upper Ordovician age ? (oldest). The areal distribution of these
formations is shown on plate 1, and regional descriptions of the forma-
tions and the occurrence of ground water in them are given on subse-
cuent pages. The thickness and character of the rocks underlying the
different counties, together with more detailed information as to their
local ground-water conditions, are given in the county descriptions. The
rock formations are described in descending order, beginning with the
youngest, as this is the order in which well drillers are accustomed to
think of them.

STRUCTURE

The geologic structure of the rock formations exposed in the area
dates back to the Appalachian revolution. In the Valley and Ridge
province the rocks are folded into numerous anticlines and synclines,
with the youngest formations in the synclines and the oldest formations
cropping out in the anticlines. The valuable anthracite beds were pre-
served from extensive erosion in the deep synclinal basins. The folds
do not continue indefinitely in both directions along their axes but
yitch downward in many places, which has resulted in a series of cance-
shaped synclines. Many of the coal basins are not simple synclines but
contain numerous minor folds and faults.

In the Appalachian Plateaus province the rocks are still horizontal in
most places, with only a few minor folds or rolls, generally of local
extent. The rocks in this province were not greatly affected by the
Appalachian revolution and were able to maintain essentially the same
position in which they were deposited, except that they were elevated
bodily above sea level.

The structure of the area differs considerably among the several

3 The Pennsylvania Topographic and Geologle Survey classes the Juniata as Silurian.
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counties, and for this reason all the structural details, including the
rames, trends, and locations of the folds, dips of the rocks, and local
cccurrences of faults are described separately for each county.

GEOLOGIC HISTORY AND GEOMORPHOLOGY

The geologic history of the area begins with the folding of the rocks
which are older than those exposed but which underlie the area at
great depth. These rocks comprise shales, limestones, sandstones, and
quartzites of the Ordovician and Cambrian systems and the underlying
pre-Cambrian rocks. In late Ordovician time these rocks were raised
and folded during a disturbance known as the “Taconic disturbance.”
After a period of erosion, during which the softer rocks in this area were
reduced to a low level, the area gradually subsided again below sea
level, and the deposition of the Silurian rocks began. The unconformity
between the basal Silurian and the underlying Ordovician rocks is well
shown at the Schuylkill Water Gap, where the coarse massive Silurian
Tuscarora sandstone overlies the Ordovician Martinsburg shale with an
angular discordance of about 90°. (See pp. 67, 68 and pl. 3-B). During
the deposition of the Silurian and Devonian strata continual changes
in climatic conditions and oscillations in sea level produced sediments of
varying composition, color, and texture, such as conglomerate, sand-
stone, shale, and limestone. Then followed the deposits of the Carbonif-
erous period, during which the land probably oscillated slightly above
and below sea level numerous times. Innumerable plant remains col-
lected in swamps, became entombed between layers of silt or sand, and
by later compaction were changed to coal.

At the end of Paleozoic deposition a great thickness of sediments had
accumulated in the subsiding shallow seas. Then a great horizontal
pressure in the earth’s crust began acting from the southeast, compress-
ing and folding the rocks and shortening a portion of the crust by many
miles. The vast accumulation of horizontal sediments was folded, much
like a pile of rugs folded by lateral pressure, into steep anticlines and
synclines, which trend northeast, at right angles to the direction of the
crustal force. In some places the compression was great enough to
overturn the folds, so that older rocks lay on top of younger rocks. This
great period of folding and mountain making, known as the “Appalachian
revolution,” did not affect the entire region equally but folded the rocks
1tensely only in the area lying southeast of the Appalachian Plateaus.
In the plateau country the strata are only gently folded or still lie
nearly horizontal. The heat and pressure involved in the severe fold-
ing and faulting of the coal beds in the Carboniferous rocks in the
anthracite field resulted in the escape 6f nearly all of the volatile constit-
uents and produced the well-known anthracite, or hard coal. The fold-
ing probably took place very slowly, so that erosion cut down the high
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iolds as they rose and kept them from reaching their possible maximum
height. Nevertheless, at the end of the Appalachian revolution the
Appalachian Mountain$ possibly rivaled the Alps in height and grandeur.

The Appalachian revolution, terminating the deposition of Paleozoic
sediments, was the last pericd of folding that noticeably affected the
area described in this report. Then followed a long period of erosion
during the Mesozoic era, when the mountains were worn down and some
of the material, largely mud and sand, was carried into depressed areas
southeast of the present mountains, forming the Triassic red beds. During
this time the rocks were broken by great faults, and while the crustal
blocks were rising and sinking in southeastern Pennsylvania considerable
igneous material was intruded into the rocks and some was extruded on
the surface as lava, but this disturbance did not noticeably affect north-
castern Pennsylvania.

Aside from the Triassic deposits just mentioned, there is little record
of events in Pennsylvania during Mesozoic and most of Tertiary time.
Erosion was active, the material going to form the Mesozoic and
Tertiary deposits of New Jersey These deposits may have overlapped
eastern Pennsylvania.® The land remained nearly stationary for a long
time, until eventually even the hills composed of the harder rocks were
worn down and the greater part of the region was reduced to a rolling
plain that stood not far above sea level and sloped gently toward the
sea. This old land surface has been called the “Schooley pene-
plain,” and remnants of it are still reflected in the even crests of
ridges such as Kittatinny or Blue Mountain, which now stands at an
altitude of about 1,600 feet.

Later the land was once more elevated, and a new period of erosion
began. Much of that part of the surface of the old plain that was
composed of softer rocks was cut away, but the harder rocks, such as
those forming the top of Kittatinny Mountain, were left in bold relief,
as shown in plate 2-A. There may have been halts in the uplift of
the land to its present position, which may have left records in the
form of benches and hilltops. A peneplain formed during one of the
longer pauses in the uplift, probably in late Tertiary time, is called
the Harrisburg peneplain, from the city of Harrisburg, where it is notice-
ably prominent. Since the Harrisburg peneplain was formed the region
has been raised to its present position by a series of uplifts and has
been carved by streams into terraces, hills, and valleys.

3 Davis, W. M., The rivers and valleys of Pennsylvania: Nat. Geog. Mag., vol. 1, pp.
184-253, 1880. Campbell, M. R., Geographic development of northern Pennsylvania and
southern New York: Geol. Soc. America Bull., vel. 11, pp. 283-284, 1908, Knopt, E. B.,
Correlation of residual erosion surfaces in the eastern Appalachian Highlands: Idem. vol.
35, pp. 633-688, 1924. Stose, G. W., Possible post-Cretaceous faulting in the Appalachians:
Idem, vol. 88, pp. 493-305, 1927. Johmson, Douglas, Stream sculpture on the Atlantic
slope, a study in the evolution of the Appalachian Tivers: 142 pp., ill., New York, Columbia
Univ. Press, 1931. Ashley, G. H., Studies in Appalachlan Mountatn sculpture: Geol. Soe.
America, Bull., vol. 46, pp. 1395-1486, pls. 119-126, 14 figs, Sept. 30, 1935.
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At the beginning of the Quaternary period the climate became cold
and moist, and an immense blanket of snow accumulated to the north
and consolidated into a great glacier that spread over much of the area.
In many places there are rock surfaces smoothed and polished by the
ice sheet as it slowly moved across the area from the north. Later,
when the climate became warmer, the ice sheet melted away and left
over most of the area a layer of gravelly clay, called “till,” and the
valleys became filled with sand, gravel, and silt brought down by the
streams that issued from the melting ice. Still later the streams cut new
and deeper channels into these deposits, leaving broad terraces such as
now border the Susquehanna and Delaware Rivers in many places (pl.
2-B). The deposits left in this manner show that there were at least
three periods of invasion by glaciers, interrupted by warmer periods,
and the last advance covered only about half of the area. Since the
last retreat of the ice the streams have altered the land into its present
form.,

GROUND WATER
SOURCE

The ground water, or underground water, is the water that issues
from springs or can be pumped from wells. It is derived from precipi-
tation in the form of rain or snow. In some parts of the United States,
the water obtained from wells has traveled many miles from the area
of intake, but in northeastern Pennsylvania the water obtained from
shallow dug wells and springs is generally derived from precipitation in
the immediate vicinity, and the water obtained from the deeper drilled
wells is derived from precipitation in the general vicinity, usually within
the same or an adjacent county.

Many of the residents of this area fallaciously attribute the source of
the water in their springs or wells to far distant lakes or rivers. For
example, between Frackville and Fountain Springs, in Schuylkill County,
some of the well owners believe that the water in their wells comes
from Lake Seneca, in the State of New York, despite the fact that the
surface of the lake is only about 440 feet above sea level, whereas
Frackville and Fountain Springs are respectively 1,500 and 1,000 feet
above sea level. Others believe that the ground water comes from
nearby lakes or rivers, but in a humid region, such as northeastern Penn-
sylvania, the lakes and rivers generally do not lose water into the
ground and almost invariably receive water from the ground, so that
the water level in nearby wells stands somewhat above the water level
of the stream or lake.

Some of the residents in the area do not believe that the amount of
water falling as rain or snow is sufficient to supply the large under-



20 GROUND WATER

ground reservoirs. However, 1 inch of water falling on 1 square mile
amounts to more than 15,000,000 gallons, and the average annual precipi-
tation in northeastern Pennsylvania is 43.67 inches, or about 660,000,000
gallons to the square mile. Part of this water is carried directly to the
sea through the surface streams, part is evaporated directly into the air,
part is transpired by plants, and the remainder sinks through the ground
to the water table and becomes available to the wells and to the springs
that supply the streams and lakes with water during dry periods.

There is a relation between the amount of water falling as rain or
snow and the level at which the water stands in wells, but the relation
is complicated by several factors. Other things being equal, the greater
the precipitation for a given period the greater the rise in the water
level. However, after a prolonged dry spell the water contained in the
soil becomes depleted, and when rain occurs, it must first replenish the
soil moisture before any of the water can percolate down to what is
called the “water table,” or the upper surface of the zone of saturation.
The temperature also has a decided influence, for rain that falls on
frozen ground is greatly hindered from reaching the water table, and
part of the water falling during the hot summer is evaporated directly
into the air. With the coming of spring the vegetation begins to make
heavy demands on the soil moisture, and in some places where tree
roots extend down to the water table the trees draw water directly from
the zone of saturation. Thus, although the rainfall is greater during
the summer, the water table generally declines, owing to the heavy con-
sumption of water by the vegetation. When the first killing frost occurs
in the fall, consumption of water by vegetation ceases, and even though
there may be no appreciable precipitation, the water level in wells on
lowlands may rise somewhat and small springs may increase in flow.
During the winter, at times when the ground is not frozen, the precipi-
tation can percolate downward with little loss from evaporation or
transpiration, and when the soil moisture has been replenished, a moderate
amount of precipitation may cause an appreciable rise in the water table.
The fluctuations of the water table are also dependent upon other fac-
tors, including the type of water-bearing material, topography, and depth
to water. There is also a relation between the height of the water table
and the low flow of the streams which is largely ground water.

In order to study the relation between water-table fluctuations and
the various factors mentioned above, the writer* selected during the fall
of 1931 thirty-six observation wells widely spaced over the entire State
of Pennsylvania. Most of these are unused shallow dug wells but a
few are drilled. The depths to water level in these wells are measured
weekly to the nearest 0.01 foot by local observers. The weekly fluctu-

¢ Lohman, S. W., Investigations of the fluctuations of the ground-water table in Penn-
sylvania: National Research Council, Am. Geophysical Union, Trans. of 13th Ann., Meeting,
Pp. 873-375, June, 1932,
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ations of the water table in eight of these wells that are lacated within
the area embraced by this report are shown in plate 4.

Plate 4 shows that individual wells react quite differently to precipi-
tation during the winter owing to differences in depth to water and
in local conditions, yet they behave rather uniformly during periods
of low water table such as the months of November 1931 and September
1932. The normal summer declines in 1932 and 1933 were arrested
sharply by heavy rains in October 1932 and September 1933, and the
water levels rose abruptly. Similar but less widespread rains in July
1934 and July 1935 produced pronounced rises of water level in some
of the wells but others, such as well 17, received much less rain and
therefore the water levels in these wells showed little or no gain on
those dates.

Wells situated in material of rather low permeability, such as well
913, show rises in water level of several feet in response to precipitation
whereas a similar amount of rain may raise the water level only slightly
in wells that are situated in fairly permeable material, such as well 1057.
Moreover, well 1057 is located close to and but slightly above the Sus-
quehanna River so that the water level in the well is governed some-
what by the height of the water in the river. Most of the other wells
are situated on slopes or hillsides and are not affected directly by the
height of the water in nearby streams.

The beginning of recharge for the winter of 1931-32 is shown by a
rapid rise in most of the wells during the first week in January.
The beginning of recharge for the following three winters was some-
what obscured by the heavy fall rains described above, but appears to
have been in December for the winters of 1932-33 and 1933-34 and
in September for the winter of 1934-35.

The direct comparison of weekly water-level fluctuations with weekly
precipitation shown on plate 4 has been shown above to bring out certain
interesting relationships. However, there are definite seasonal fluctua-
tions produced by factors other than precipitation that often
make it difficult to correlate water-level fluctuations directly with pre-
cipitation. That is, the water levels generally stand highest in April and
lowest during the fall, whereas the precipitation is greatest in July and
August and smallest in the winter. Moreover, the 8 wells are situated
from 18 to 54 miles from Wilkes-Barre, the central point for which the
precipitation is plotted on plate 4, and the precipitation varies consider-
ably over such distances. Therefore, in order to show more correctly
the relationship between fluctuations of the water level in wells and the
precipitation, the seasonal fluctuations of both the water levels and the
precipitation must be eliminated and the observation well must be situated
close to the rain gage. An attempt has been made to do this in figure 3.
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The method of correlating water-level fluctuations with precipitation
shown in figure 3 was worked out first by Wenzel.* Well 913 was
selected because it is only ¥ mile from the Weather Bureau's station
at Pine Grove. Figure 3, A, shows the water levels on the first of
each month for the 4-year period from October 1, 1931, to September
1, 1935, and D shows the monthly precipitation for the same period.
In curve B the seasonal fluctuations of water-level have been eliminated
and in curve C the seasonal fluctuations in precipitation have been
eliminated. Curve B was obtained by first determining the average
monthly water levels for each month during the 4-year period, then
determining the departures from the average monthly water levels, and
finally by the addition of the departures from average to give the ac-
cumulative departures from the average monthly water levels. An up-
ward trend on this curve indicates above-average water levels and a down-
ward trend indicates below-average water levels. Curve C was obtained
in the same manner using the monthly precipitation at Pine Grove for
the same 4-year period.

A comparison of curves B and C indicates rather conclusively that
the amount of precipitation is the dominant factor that controls the
fluctuations of water level in the observation well. However, there are
a few points on these curves which at first glance seem to show a negative
correlation, but these discrepancies are explicable. During June 1932
the precipitation rose somewhat above normal, as indicated by a slight
upward trend on curve C, yet the water level declined somewhat. This
is to be expected because the heavy withdrawals of water by evapora-
tion and transpiration during June produces such a marked downward
trend that heavy precipitation would be necessary even to keep the water
levels stationary and considerably above average precipitation would be
necessary to raise the water level. In December 1932 the water levels
rose considerably above normal yet the precipitation was below normal,
but during the winter when transpiration had ceased, conditions are so
ideal for recharge that even very slight precipitation may raise the water
level. The discrepancies between curves B and C during October 1933
and October 1934 are due to the fact that the water levels were raised
¢o abnormally high by heavy precipitation during September of those
two years that despite actual slight declines in water levels during
October the water levels still remained above average on November 1
of each year. The discrepancy during June 1935 is similar to that for
June 1932.

The flow of many springs also fluctuates with the precipitation and
other climatic conditions. The flows of several small springs in Sus-
guehanna County were measured and remeasured during wet and dry

5 Wenzel, L. K., Methods of studying water-level fluctuations (unpublished report in flles
of U. 8. Geol. Survey, 1935).
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periods and showed considerable variation in yield. The results of
these measurements are described on page 264.

OCCURRENCE ¢
GENERAL FEATURES

The rocks forming the outer crust of the earth are in general not
entirely solid but contain numerous open spaces, called “voids” or
“interstices,” which may contain either liquid or gas, such as water,
oil, natural gas, or air. There are many kinds of rocks, and they
differ in the number, size, shape, and arrangement of their interstices
and hence in the amount of water they are able to hold. The occurrence
of ground water in any region is therefore determined by the geology
of the region.

The interstices in rocks range from microscopic openings to the large
caverns found in limestone regions and may be classified, according to
their origin, into primary and secondary interstices. The primary or
original interstices were formed when the rock itself was formed, the
secondary interstices were developed by processes that affected the rock
after it had been formed. In northeastern Pennsylvania all the rocks
are of sedimentary origin, and the openings that contain water are of
three kinds— (1) the pore spaces between the grains of the rock, (2) the
joints, crevices, and open bedding planes that have resulted from frac-
turing of the rocks, and (3) solution cavities in limestone, which have
resulted from solution of the rock by water moving along the joints or
bedding planes.

POROSITY

The amount of water that can be stored in any rock depends on the
porosity of the rock, which is commonly expressed as the percentage of
the total volume of the rock that is occupied by interstices. A rock is
said to be saturated when all its interstices are filled with water, and
its content of water is equal to the porosity. As stated by Meinzer,”

The porosity of a sedimentary deposit depends chiefly on (1) the shape
and arrangement of its constituent particles, (2) the degree of assortment
of its particles, (3) the cementation and compacting to which it has been
subjected since its deposition, (4) the removal of mineral matter through

solution by percolating waters, and (5) the fracturing of the rock, result-
ing in joints and other openings.

Well-sorted deposits of uncemented gravel, sand, or silt have a high

porosity, regardless of the size of the individual particles, but in poorly
sorted material in which small particles fill the spaces between the larger

SFor a more detalled treatment of the gemeral subject of the occurrence of ground
water, seo Meinzer, O. E., The occurrence of ground water in the United States with a
discussion of principles: U. 8. Geol. Survey Water-Supply Paper 489, 1923.

7 Meingzer, O. E., op. cit., p. 8.
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ones the porosity is reduced considerably. In either sorted or unsorted
material the porosity may be greatly reduced if the interstices are partly
filled with some cementing material, such as calcium carbonate (CaCO,),
silica (SiO,), or iron oxide (Fe,O,).

Porosity alone determines only how much water a given rock can
hold, not how much it can yield to wells. For example, a well-sorted
silt may have a higher porosity than a coarse, poorly sorted gravel and
consequently may hold more water. However, not all the water in a
saturated rock is available to wells, because part of the water is held
against the force of gravity by molecular attraction. In a fine-grained
rock the molecular attraction is very great, and only a small part of the
water can be drained out by the force of gravity, whereas in a coarse
sand or gravel having the same porosity only a small part is retained by
molecular attraction and the remainder, acted on by gravity, becomes
available to wells. Thus for a given porosity and a given degree of assort-
ment, a coarse-grained rock will yield more water to wells than a fine-
grained rock.

Many rocks that have very low porosity contain considerable water in
secondary openings, such as joints, crevices, or solution cavities. Hard,
well-cemented sandstones or shales of very low porosity may yield con-
siderable water from joints or fractures. Hard, brittle rocks are frac-
tured by earth stresses, and the resulting joints commonly occur in
parallel sets, and two or more sets of joints may intersect. Joints near
the surface are in general sufficiently open to allow movement of the
water, but with increased depth the walls are closer together, and at great
depth thé joints are generally tightly closed. In sedimentary rocks one
set of joints is commonly parallel to the original bedding planes of the
rock. Plate 5-A shows water seeping from fractures along bedding
planes in.a hard well-cemented sandstone, and other types of joints are
shown in plates 7-A, and 5-B. Such openings in hard rocks are of
considerable importance as conduits of ground water in northeastern
Pennsylvania.

Limestone may have only low porosity, but, being hard and brittle, it
develops joints and fractures, and the movement of water through these
secondary openings may dissolve out parts of the rock, leaving large
solution cavities or large caverns. Such openings may yield very large
amounts of water.

PERMEABILITY

The permeability of a rock may be defined as its capacity for trans-
mitting water under pressure and is measured by the rate at which it
will transmit water through a given cross section under a given pressure
per unit of distance. As explained in a previous paragraph, a bed of
silt or clay may have as high a porosity as a deposit of coafse sand or
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A. Water seeping from bedding planes in a sandstone of the New
Milford formation, in a railroad cut at Hopbottom, Susquehanna County

B. Water seeping from bedding planes and fractures in thin-bedded
sandstone of the Portage group, one mile southeast of Danville, Montour
County
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gravel, but because of the small size of its interstices it may require the
application of a great pressure to transmit water, and hence, under the
incompetent force of gravity, it may be entirely impermeable. Thus a well
may be put down into rock which, though saturated with water, will
yield almost no water because of its low permeability. On the other
hand, a well put down into coarse gravel or sand with a high permeability
may yield a very large supply of water.

The permeable rocks that lie below a certain level in northeastern
Pennsylvania are generally saturated with water. These saturated rocks
are said to be in the zone of saturation, and the upper surface of the
zone of saturation where it is overlain by unsaturated permeable material
is called the “water table.” Where the upper surface is formed by
impermeable rock that confines the water in the zone of saturation under
pressure, there is no water table, and the imaginary surface to which
the water rises under its full head is called the “piezometric surface.”
The permeable rocks lying above the zone of saturation are referred by
Meinzer ® to the zone of aeration. The water that falls on the soil is
slowly drawn down by gravity through the zone of aeration to the zonec
of saturation, except that which is held in the zone of aeration by molec-
ular attraction. In fine-grained material the earth is always moist several
feet above the water table, owing to capillarity, and this moist belt is
called the capillary fringe. The water retained by capillarity is not avail-
able to wells, and wells must be sunk to the water table before water
enters them,

Where permeable rock is homogeneous down to a considerable depth,
there is only one zone of saturation, but in some localities the water
may be hindered in its downward course by a relatively impermeable
bed and form an upper zone of saturation. Such a body of water is
called a “perched water body” and has a perched water table that is
independent of the main water table.

In northeastern Pennsylvania the water table is an undulating surface
which generally stands higher beneath upland areas than bencath the
adjacent valley areas and slopes gradually down to the level of the
streams or lakes. As the ground water is under hydrostatic pressure,
the slope of the water table toward the streams or lakes shows that the
movement of ground water is toward the streams or lakes, so that, except
at flood stages, these bodies of water are commonly gaining water from
the zone of saturation, and not losing it into the ground.

A depression in the land surface that intersects the water table may
produce springs, known as “depression springs.” Small springs of this
kind are numerous in many parts of northeastern Pennsylvania. A bed
of clay or other in:permeable obstruction may prevent the water from

8 Meinzer, O. E., op. cit., p. 29.
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moving downward and may cause it to seep out at°the surface where the
bed crops out, as in the sides of a valley, producing “contact springs.”

RELATION TO GEOLOGIC STRUCTURE

In many of the rock formations in northeastern Pennsylvania strata
of hard sandstone that are rendered permeable by the presence of nu-
merous joints alternate with strata of impermeable or nearly impermeable
shale. In places where the strata are tilted, water falling on the outcrop
area of a permeable stratum moves down the dip between the confining
walls of impermeable shale and saturates the permeable stratum nearly
to the surface. Under these conditions wells drilled through the over-
lying shale into the water-bearing bed generally encounter water under
pressure that will raise it in the well to some point above the level at
which it was struck. If the well is on considerably lower land than the
outcrop of the water-bearing bed, the water may rise to the surface and
flow over the top of the casing. If the water level in such a well stands
higher than the local water table, the well is an artesian well, and if
the water flows at the surface it is a flowing artesian well. Areas where
the water is under artesian pressure are said to have “artesian condi-
tions” ; where it is not, “water-table conditions.”

In many places in northeastern Pennsylvania the structure of the rocks
is favorable for artesian wells, and in some places flowing wells are
obtained. Particularly favorable conditions are found on the structural
features known as “monoclines,” where the strata all dip in one direction,
and on synclines, where the strata on all sides dip toward a common
axis or center. In northeastern Pennsylvania the most favorable arte-
sian conditions are found in the large canoe-shaped synclines or elongated
basins, although flowing wells occur locally in a few places where the
strata are nearly horizontal. In Monroe County a few flowing wells
obtain water from glacial drift, in places where beds of permeable gravel
are overlain by relatively impermeable clay or “hardpan.”

Where the confining beds are fractured or otherwise rendered slightly
permeable, water may escape from the artesian reservoir and may rise
to the surface and form springs. '

The occurrence of flowing wells and the locations of areas where
flowing wells might be expected are discussed in the county descriptions.

WATER IN GLACIAL DRIFT

Till, or boulder clay, which is the unstratified material dropped directly
by the ice sheet, is unassorted and therefore generally does not yield
water very freely, but its yield varies according as it is composed chiefly
of coarse or fine material. Till and associated lenses of sand or gravel
supply nearly all the dug wells in northeastern Pennsylvania north of
the Wisconsin drift border (pl. 1). The yields of these wells are gen-
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erally small but adequate for domestic use. Dug wells generally extend
only a short depth below the water table, and therefore they are more
dependent on frequent recharge from precipitation than the deeper drilled
wells and are likely to fail during periods of dry weather. They are
also subject to contamination from nearby barnyards and privies. (See
p. 40.)

Glacial outwash has been sorted by running water, so that the fine
and coarse materials have been separated and occur in irregular lenses
of clay, sand, quicksand, and gravel. This sorting action has produced
deposits of high porosity and, in the coarser material, high permeability.
In northeastern Pennsylvania small deposits of stratified drift occur in
many places intermingled with deposits of till and supply many dug and
driven wells and a few drilled wells. The most extensive deposits of
glacial outwash, however, occur along the valleys of the Susquehanna
and Delaware Rivers and some of their large tributaries.

As shown in figure 4, the outwash generally consists of irregular
lenses of clay, sand, quicksand, and gravel. The clay and quicksand may
contain considerable water, but the clay does not yield water freely to
wells, and the water-bearing quicksand flows bodily into wells and is
therefore to be avoided as a source of ground water. The coarser sand
and the gravel yield water frecly, and very large quantities of water
are obtainable from them in many places by means of properly constructed
drilled wells employing well screens.

In northeastern Pennsylvania a few driven wells and drilled wells
obtain water from glacial outwash sand and gravel. As a rule, the
drilled wells have casings open at the bottom but not perforated or
equipped with screens. Very few drilled wells are properly constructed
to obtain large yields of water from the unconsolidated deposits. The
proper method of recovery of water from outwash gravel is described
on pages 33-35.

One of the most important facts brought out by this investigation is
that the possibilities of obtaining large supplies of water from outwash
sand and gravel have been largely ignored in northeastern Pennsylvania.
In innumerable wells from 50 to 150 feet of water-bearing sand and
gravel has been cased off, the casings have been driven tightly into the
bedrock, and the holes have been continued deep into the bedrock. In
many wells the supply from the bedrock is far less than that which could
be obtained by properly developing the water in the glacial drift. It is
true, of course, that in certain localities drift water is subject to pollution,
but in most places the drift water is of good sanitary quality.

By far the strongest wells in northeastern Pennsylvania are the three
drilled wells of the Stanton Operating Co. at Harding, Exeter Township,
Luzerne County, which obtain water from glacial outwash. (See well
294, p. 148 and fig. 11, also pp. 33-35 and fig. 5.)
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WATER IN SANDSTONE AND CONGLOMERATE

Most of the drilled wells in northeastern Pennsylvania obtain water
from sandstone, and some of them obtain water from conglomerate.
Many of the wells reported to end in shale are believed to end in sandy
shale or sandstone, but in some wells the nature of the water-bearing
material is not known, because of inadequate records.

Beds of sandstone and, to a lesser degree, of conglomerate are nu-
merous in most of the rock formations exposed in northeastern Penn-
sylvania, and one or more such beds can generally be reached by wells
of moderate depth. The size of grain, degree of assortment, amount of
cementation, and the amount of jointing are the principal factors that
determine the water-bearing properties of a sandstoneor conglomerate.
With few exceptions, all the sandstones and conglomerates appear to be
firmly cemented, so that their porosity is probably rather low. The
Oriskany sandstone appears to be rather porous, but, as pointed out in
the descriptions of the counties in which the Oriskany occurs, it is rela-
tively unimportant as a source of ground water, owing to the fact that
its outcrops are hilly, wooded, and generally devoid of habitation. Most
of the sandstones are well jointed and fractured along bedding planes, so
that although in some of them the permeability is doubtless due to the
porous texture, it is generally due to joints, or to a combination of
these two factors. Although the cementing material (chiefly silica, SiO,)
greatly reduces the porosity, it makes the rock hard and brittle, so that
numerous joints may develop, and also prevents loose sand grains from
entering the well. In this way cementation may indirectly produce better
water-bearing conditions.

The stronger wells in the arca obtain water from outwash gravel, but
the greatest aggregate amount of ground water is probably derived from
sandstones.

WATER IN SHALE

Some wells in northeastern Pennsylvania end in shale, which is locally
often called “slate” or “shell.” Although much of the shale has con-
siderable porosity, the pore spaces are so small that most of the water
is retained in the rock and does not become available to wells. In most
places, however, the shale is broken by joints and bedding planes, along
which water moves. As a rule the shales will supply enough water for
domestic purposes and in some places sufficient water is obtained for
industrial use, but here again sandy shale or thin beds of sandstones may
contribute most of the water.

WATER IN LIMESTONE

Limestone is relatively of little value as a water-bearing formation in
most of northeastern Pennsylvania, because of its slight areal extent and
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narrow outcrops and because of the uncertainty of obtaining an adequate
supply from it. Water in limestone occurs chiefly in solution channels.
If one or more solution channels containing water are encountered in
drilling, the well is likely to be fairly strong. If, however, no solution
channels are encountered, a weak well or even a dry hole may result.
There are a few strong wells ending in limestone in northeastern Penn-
sylvania, and there are some dry holes. In many places the limestone
contains balls of chert or “niggerheads,” which often cause serious
trouble in drilling. Limestone beds dipping at a low angle underlie large
areas in Northumberland County and supply hard water to numerous
domestic and industrial ground-water users. (See section on Montour
and Northumberland Counties.)

WATER IN COAL

The numerous beds of coal in the post-Pottsville Carboniferous for-
mations are generally well fractured and contain considerable water.
This water, together with the water contained in the sandstone encoun-
tered in mining, must be pumped or drained from the coal mines and is
used for washing coal. The water in the coal is in general highly
mineralized and is not known to be usable for any other purpose. The
oxidation of pyrite yields acidic waters, most of which contain tonsider-
able iron. In the few wells known to penetrate coal beds the casings
were extended some distance below the lowest coal bed, in order to insure
a potable water supply.

RECOVERY’

In northeastern Pennsylvania ground water is recovered chiefly by
means of dug and drilled wells, but driven wells are in use in a few
localities where the water table lies close to the surface. Water is also
recovered in some places from diamond-drill holes of small bore and
trom abandoned ore tunnels or infiltration tunnels. In many parts of
the area, particularly in the glaciated region, springs are utilized not only
for domestic supplies but also for industrial and municipal supplies. Al-
though the quantity of water obtained from springs is generally small,
the municipal water supply at Stroudsburg, Monroe County, obtains a
million gallons daily from one spring.

In most of the rural regions shallow dug wells are still commonly
used. In general they obtain water from rather poor water-bearing
material, but the large diameter of the wells provides a large infiltration
area and allows ample storage of water. These wells are more likely to
fail during dry seasons and are more subject to contamination ihan the
deeper drilled wells.

? See Meinzer, O. E., Outlinc of ground-water hydrology: U. 8. Geol. Survey Water-
Supply Paper 494, pp. 60-68, 19238.
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Most of the industrial and municipal ground-water supplies in this
area are obtained from drilled wells, and many drilled wells are also used
for domestic supplies. Wells drilled for domestic use are generally 6
inches in diameter. Many of those drilled for industrial or municipal
use are 10 to 12 inches in diameter, and a few are as large as 24 inches.

Most of the drilled wells obtain water from the consolidated rock
formations and are cased through the overlying unconsolidated material,
with the casing driven several feet into the bedrock. In the glaciated
region the drift is 100 to 300 feet deep in some places, so that consider-
able casing is necessary to prevent caving. The bedrock, on the contrary,
whether it is shale, sandstone, conglomerate, or limestone, is generally
self-supporting below the weathered zone, and casing in it is therefore
generally unnecessary. Therefore, the water may enter the well along
the entire length of the uncased portion of the hole wherever the rock
is water-bearing. Drilled wells that end in unconsolidated material are
generally cased to the bottom and receive water only through the open
end of the casing. In exceptional places where it may be necessary to
case off undesirable water, such as that occurring in coal, or where a
bed of very soft shale or sandstone is encountered, the casing is carried
down through the bedrock, until more favorable conditions are found.
A well of this kind may require a reduction in the diameter of the
lower portion of the hole and two casings of different diameter, one
inside the other.

The intake area and consequently the efficiency of a well drilled in
unconsolidated material may be greatly increased in several ways. The
simplest way to increase the intake area is by perforating those portions
of the casing that are opposite the water-bearing beds. In drilling such
a well samples of material should be taken every few feet, and the depth
and thickness of water-bearing beds should be carefully recorded, in
order to know where to perforate the casing and in order to select the
proper size for the perforations. A more efficient method of increasing
the intake area of a well is by the use of well screens. Well screens are
manufactured in many different sizes and types, and the grain size of
the water-bearing material determines the size of openings to be used
in the screen. Some well screens are surrounded by a layer of carefully
screened gravel of proper size. This is. commonly used in fine material,
for by increasing the diameter and intake area of the well screen with
gravel, the velocity of the incoming water is reduced sufficiently to prevent
the finer material from entering the well.

As pointed out on page 30, it is surprising that in an area containing
an abundance of water-bearing sand and gravel in many places, only a
few attempts at efficient recovery have been made. There are very few
perforated casings in use, and not more than half a dozen wells were
found in which screens had been installed. The three wells of the
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Stanton Operating Co., near Pittston, are good examples of modern well-
construction and are by far the strongest wells noted in northeastern
Pennsylvania (wells 294, p. 148 and fig. 11). These wells have an inside
diameter of 24 inches and are about 96 feet deep, ending in outwash
gravel and sand. In the lower 50 feet of each of these wells the casing
is replaced by a screen surrounded by carefully selected gravel, the details
of which are shown in figure 5. Each well was tested at 1,280 gallons
a minute, with a draw-down of only 9 to 10 feet after 8 hours’ continuous
pumping. (See also wells 295, 353, pp. 148, 153 and fig. 11.) Doubtless
many more wells of this type could be drilled in northeastern Penn-
sylvania.

When water is withdrawn from a well there is a difference in head
between the water inside the well and the water in the material outside
the well. The water table in the vicinity of a well that is discharging
water has a depression somewhat in the form of an inverted cone, the
apex of which is at the well. In areas of artesian conditions the cone
of depression in the piezometric surface (the imaginary surface indicat-
ing the height to which the unimpeded water would rise), exists only as
an imaginary cone with the apex of the cone at the point of discharge
of the well. In any given well the greater the pumping rate the greater
will be the draw-down and the greater the diameter of the cone of
depression. If the well is pumped heavily the water levels in wells
several hundred feet or even a few miles away may be lowered somewhat.

The specific capacity of a well is its rate of yield per unit of draw-
down, and is usually stated in gallons a minute per foot of draw-down.
For example, well 294 was described as yielding 1,280 gallons a minute
with a draw-down of about 10 feet. Its specific capacity is therefore
said to be 128 gallons a minute per foot of draw-down. Wells in some
of the consolidated rocks may yield less than 1 gallon a minute for each
foot of draw-down.

When a well is pumped the water level drops rapidly at first and then
more slowly but may continue to decline for several hours or days.
Therefore, in testing the specific capacity of a well, it is important to
continue pumping until the water level remains approximately stationary.
When the pump is stopped, the recovery is likewise rapid at first but
tapers off slowly and may continue long after pumping has ceased.
Figure 6 shows a recovery curve obtained on a well that was not being
pumped, after the pumps were stopped on two nearby wells. (See
pp. 95, 96.) The water level was still rising slowly 76 minutes after the
pumps were stopped, and had measurements been continued, they prob-
ably would show that the rise continued considerably longer. Figure 6
also shows that well 975 is within the cones of depression of the two
pumped wells, and that these cones undoubtedly intersect and interfere
with each other. (See wells 975, 976, 977, pp. 95, 103, and fig. 8.)
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Figure 6.—Recovery curve of well 975, near Catawissa, with a sketch
showing the location of the Catawissa Water Co.’s drilled wells.

It is obvious that as the cost of pumping water increases with the
draw-down, a material saving can be effected by increasing the specific
capacity of a well by means of the modern methods of well construction
suggested in the foregoing paragraphs.

QUALITY OF WATER

During the course of the field work 106 samples of water were col-
lected from wells and springs-and were analyzed in the laboratory of
the quality of water division of the United States Geological Survey,
by Margaret D. Foster, L. A. Shinn, and K. T. Williams. The analyses
for each county are tabulated in the county descriptions.

The mineral constituents of the natural waters here considered include
all that are found in normal waters in quantities sufficient to have any
practical effect on the value of the waters for ordinary uses. The follow-
ing statements regarding mineral constituents have been prepared by
W. D. Collins, chemist in charge of the quality of water division.

Silica (SiO,) is dissolved from practically all rocks. A few natural
waters contain as little as 3 parts per million of silica, and some contain
more than 50 parts, but most of them contain from 10 to 30 parts. Silica
has little effect on the usefulness of a water except as it contributes to
the formation of boiler scale.

Iron (Fe) is dissolved from many rock materials and may be dissolved
from water pipes in quantities so large as to be objectionable. On ex-
posure to the air, water that contains more than 1 part per million of
iron soon becomes turbid with the insoluble iron compound preduced by
oxidation; surface waters therefore rarely contain as much as 1 part
per million of dissolved iron. Many ground waters contain 2 or 3 parts
per million, and some even 10 parts or more. Excessive iron in water
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causes stains on white porcelain or enameled ware and fixtures and on
clothing or other fabrics washed in the -water.

Calcium (Ca) is dissolved from practically all rocks but particularly
from limestone, dolomite, and gypsum. Calcium and magnesium make
water hard and are the active agents in forming boiler scale. Many
waters from limestone contain from 30 to 70 parts per million of calcium;
and waters that leach deposits of gypsum may contain more than 100
parts.

Magnesium (Mg) is dissolved from many rocks but particularly from
dolomite. Its effects are largely similar to those of calcium, but waters
that contain much magnesium and chloride are likely to be corrosive,
cspecially in steam boilers. The magnesium in soft waters may amount
to only 1 or 2 parts per million, but the ground water in some areas may
contain 20 to 50 parts per million of magnesium.

Sodium and potassium (Na 4 K) are dissolved from practically all
rocks, but they make up only a small part of the dissolved mineral matter
in most waters in humid regions. The waters of many deep wells are
strong solutions of common salt (sodium chloride) and contain smaller
quantities of other soluble salts. Sodium and potassium are generally
not separated in analyses. Moderate quantities of these constituents
have little effect, but waters that carry more than 50 parts per million
of the two may require careful operation of steam boilers to prevent
foaming. Waters that contain large quantities of sodium salts injure
crops, and some waters contain so much sodium that they are unfit for
nearly all uses.

Carbonate and bicarbonate (CO,; and HCO;) occur in waters largely
through the action of carbon dioxide, which enables the water to dissolve
carbonates of calcium and magnesium. Carbonate is not present in
appreciable quantities in many natural waters. The bicarbonate in waters
that come from insoluble rocks may amount to less than 10 parts per
million ; many waters from limestone contain from 200 to 400 parts per
million; and certain waters that contain sodium bicarbonate may carry
1,000 or more parts per million of bicarbonate. The bicarbonate as such
has comparatively little effect, although a large quantity may make water
unsatisfactory for drinking and other domestic uses.

Sulphate (SO,) is dissolved in large quantities from gypsum and
from deposits of sodium sulphate. It is also formed by the oxidation
of sulphides of iron and is therefore present in considerable quantities
in waters from mines and from many beds of shale. Some alkali waters
contain more than 1,000 'parts per million of sulphate. Sulphate in
waters that contain much calcium and magnesium causes the formation
of hard scale in steam boilers and may increase the cost of softening the
water.

Chloride (Cl) is dissolved in small quantities from rock materials in
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most parts of the country. The chloride in waters has little effect on
their use unless it is present in excessive quantities, as in brines.

Nitrate (NO,) in water is considered a final oxidation product of
nitrogenous organic material. The quantitics usually present have no
cffect on the value of water for ordinary use.

Hardness is usually expressed as the quantity of calcium carbonate
(CaCO;) equivalent to the calcium and magnesium present. Water that
has less than 50 parts per million of “hardness,” as thus determined, is
usually rated as soft, and its treatment for removal of hardness is rarely
justified. Hardness between 50 and 150 parts per million does not
seriously interfere with the use of water for most purposes, but it does
slightly increase the consumption of soap, and its removal by softening
processes will be profitable for laundries or other industries that use
large quantities of soap. Hardness beyond 150 parts per million is
noticed by anyone, and in many places where natural waters have hard-
ness of 200 to 300 parts per million cisterns are used for storing rain
water for use in laundry work.

In northeastern Pennsylvania the water obtained from glacial drift
contains very small amounts of dissolved mineral constituents, as a rule
considerably less than waters from the consolidated rock formations.
The amounts of dissolved mineral matters in waters from the different
rock formations vary widely, even for a single formation, and are there-
fore not characteristic for any one member, but certain groups of forma-
tion generally show similarities. Waters from formations composed of
light-colored conglomerate or sandstone and red or green shale generally
contain less dissolved mineral matter than waters from formations com-
posed of dark-colored shales, slates, or sandstones. The first group in-
cludes the Pottsville, Pocono, Mauch Chunk, and Catskill formations
and those parts of the Cayuga group and Clinton formation which are
free from calcareous deposits. The second group includes the Chemung,
Portage, Hamilton, and Marcellus formations. However, in both groups
there are local exceptions. The waters containing the largest amounts
of dissolved mineral matter come from limestone. Limestone underlies
only a very small part of the area here described, and only six samples
of water from limestone were obtained, so that no attempt will be made
to differentiate the different limestone formations, except to point out
that waters from thin-bedded limestone of Cayuga age generally contain
much more dissolved mineral matter than waters from the Tonoloway,
Bossardville, Helderberg, or Onondaga limestone.

In many parts of Pennsylvania iron is the most objectionable mineral
constitutent in ground water. In northeastern Pennsylvania, however,
the amount of iron in solution in ground water is generally small or
negligible. Water pumped or drained from the numerous coal mines
generally contains an abundance of iron derived from the oxidation of
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pyrite in the coal, but, as will be pointed out in the county descriptions,
the post-Poitsville formations (coal measures) are not sources of potable
ground water, owing to mining conditions, except in a few localities. In
the other water-bearing formations the water generally contains con-
siderably less than 1 part per million of iron—in some only 0.01 part
per million. The few waters that contain more than 1 part per million
are widely scattered and are not characteristic of one rock type or one
region. Waters containing more than 1 part per million of iron (other
than acid mine waters) generally become turbid when exposed to air,
the iron being oxidized except for a very small amount that remains in
solution. It is evident, therefore, that most of the iron can be precipi-
‘tated out of solution by proper aeration by means of nozzles or devices
of the umbrella type. The precipitated iron can then be removed by
filtration, either with or without coagulation.'®

In northeastern Pennsylvania no ground waters are known to be
treated for the removal of iron, and indeed, this would be desirable only
in a very few places. The drilled well of the Bloomsburg Ice & Cold
Storage Co., in Bloomsburg, Columbia County (well 970, p. 102 and
fig. 8), yields relatively clear, hard water, but on exposure to the air
it becomes turbid. It was reported that when an attempt was made to
use this water for making ice, a red precipitate formed at the center of
cach ice cake, thus ruining the ice. As shown by the analysis on page
97, this water formed a precipitate containing 6.6 parts per million of
iron. With proper aeration most of this iron could be removed, so that
the ice cakes would not be discolored.

In a few places in the area deep drilled wells encounter water which
is high in sodium chloride (NaCl, or common salt). Most of these
occurrences are in regions underlain by the marine Chemung formation,
but a few occurrences of slightly salty water were noted in some of the
other formations. The occurrence of salt water is only local, however,
and the few localities where it is present are noted in the county descrip-
tions. Many of the rocks in this area were deposited in sea water, some
of which became entrapped in the sediments (connate water), and this
is probably the source of most of the deep-seated salty or brackish water.

Several industries in northeastern Pennsylvania require water for
cooling. Either surface water or ground water may be used for this
purpose, but the ground water is much more satisfactory than surface
water because of its relatively uniform temperature throughout the
year. The temperature of surface water approximates the mean monthly
temperature of the air,’* and consequently surface water is cold in winter
but warm in summer. On the contrary, the temperature of ground water

10 Por further detalls sce McNamce, R. L., The removal of iron from hard ground waters:
Am. Water Works Assoc. Jour., vol. 21, no. 6, pp. 758-767, 1920.

11 Collins, W. D., Temperature of water available for industrial use {n the United States:
U. 8. Geol. Survey Water-Supply Paper 520, pp. 07-101, 1925.
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approximates the mean annual temperature (see p. 5), which is gen-
erally less than 50° F. Water in deep wells more closely maintains the
mean annual temperature than water in shallow wells, so that water
from deep drilled wells is ideally suited for cooling. The chemical or
sanitary character of water used for cooling is unimportant, and in
several places in northeastern Pennsylvania water that would be regarded
as unfit for boiler use is used satisfactorily for cooling.

Hydrogen sulphide (H,S), a gas which has an odor similar to that
produced by the decomposition of eggs, is believed to originate generally
from the reduction of sulphates. In northeastern Pennsylvania small
quantities of hydrogen sulphide are present in some of the waters derived
from dark-colored shales or sandstones. Aside from imparting a slight
odor and taste to the water, it is entirely harmless in the quantities
present.

The analyses of water given at the end of this report show only the
amounts of dissolved mineral matter in the water and do not indicate
the sanitary quality of the water. As already mentioned, properly con-
structed drilled wells are less subject to contamination than dug wells
and springs. During the drought of 1930-31 the danger of contamination
of the dug wells and springs was increased, and drought-relief work
was begun in Pennsylvania on March 15, 1930, and carried on until
August 31, 1931, in cooperation between the Pennsylvania Department
cf Health and the United States Public Health Service. During this
time 17,665 water supplies in 23 counties, including 4 counties in the
area described in this report, were investigated as to the sanitary quality
of the water. More than 90 percent of the drilled wells that were
examined in these 4 counties were found to be free from contamination,
whereas the proportion of safe supplies from dug wells examined was
less than 50 percent, and that from springs examined was less than 40
percent. For this information, which is shown in more detail in the
following table, the writer is indebted to Mr. Bernard S. Bush, assistant
engineer of the Pennsylvania Department of Health, who was in charge
of the field operations.

Proportions of safe water supplies from wells, springs, and cisterns in
four counties in northeastern Pennsylvania, 1930-31
(Information furnished by Bernard 8. Bush, Pennsylvania Department of Health)

Type of supplies, in percent of | Safe supplies, in percent of total
total number examined number of each type
Wells Wells
County Tl
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WATER-BEARING FORMATIONS
QUATERNARY SYSTEM

RECENT ALLUVIUM

Recent deposits of silt, sand, and gravel are found along all the streams
in this area, but they are thin and unimportant as sources of ground
water. A part of this material is derived from the disintegration of the
bedrock by rain, frost, and stream erosion, and a part is derived from
the reworking of glacial drift, which fills the valleys north of the drift
borders.

Another type of material being deposited in the stream beds of north-
ecastern Pennsylvania is very fine coal, or culm, which is discharged into
the streams in enormous quantities from the numerous coal washeries.*?
Wherever it is turned into a small stream that does not carry enough
water to transport the culm, the stream bed soon becomes filled, and in
some streams no channel is left, the water running at will over the
adjoining flat lands. The Lackawanna and Schuylkill Rivers and nu-
merous smaller streams, like Shamokin Creek, deposit large amounts of
culm. This transported coal is dredged at numerous places along the
Susquehanna River as far south as Holtwood, Lancaster County.

PLEISTOCENE GLACIAL DRIFT*

More than half of the area described in this report was covered by
ice during some of the glacial stages of the Pleistocene epoch. Glacial
deposits of at least three ages—from oldest to youngest the Jerseyan,
Illinoian, and Wisconsin—are preserved in northeastern Pennsylvania.
The drift borders or southern limits of these deposits are shown on
plate 1.

As the ice advanced, the soil and decomposed rock were scraped off
and shoved along. Masses of bedrock were plucked out by the ice and,
held firmly, formed tools with which the glacier scoured the bedrock.
Many grooves and striae produced in this manner are still preserved on
smooth rock surfaces and show that the general direction of ice movement
was about S. 30° W. IExcept for a few high peaks, which were probably
“islands in the sea of ice,” the glacier covered the entire northern part
of the area, traversing mountains as well as valleys. When the ice
sheets reached their southern limits and warmer climatic conditions forced
them to retreat by melting back slowly, they left terminal moraines, con-
sisting of a heterogeneous accumulation of unstratified clay, sand, gravel,
and boulders.

12 A coal washery is a plant erected for the purpose of working over the old waste or

culm piles, to recover coal which in earlier times under cruder methods of handling passed
out as waste.

13 Seo Leverett, Frank, Glacial deposits outside the terminal moraine in Pennsylvania:
Pennsylvania Geol. Survey, 4th ser., Bull. G-7, 1238 pp. 38 figs., 2 pls. (incl. map), 1934.
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The oldest glacial drift in the area is called the “Jerseyan drift.” This
is no longer marked by a well-defined terminal moraine, and the Jerseyan
drift border shown on plate 1 simply indicates the southernmost limit
where glacial deposits have been found and includes some areas of ques-
tionable glaciation. No extensive deposits of Jerseyan drift were ob-
served, and it is unimportant as a source of ground water.

The Illinoian drift border is generally not far south of the Wisconsin
drift border, except along Lehigh River and the North and West
Branches of the Susquehanna River, where long, narrow lobes of ice
cxtended farther south. In most places the Illinoian drift border is not
marked by a well-defined terminal moraine, the absence of which is due
to subsequent erosion. The noteworthy deposits of Illinoian drift are
described in the sections on Carbon, Columbia, Montour, and Northum-
berland Counties. Illinoian drift is unimportant as a source of ground
water in northeastern Pennsylvania except in Carbon County and to
some extent in Columbia, Montour, and Northumberland Counties. It
yields large supplies of potable water in the valley of Aquashicola Creek,
in Carbon County. It probably supplies a few dug wells in Columbia,
Montour, and Northumberland Counties, but no attempts have been
made to recover large quantities of water from it.

The Wisconsin drift, resulting from the most recent glaciation, covers
the north half of the area and is marked by a well-defined terminal
moraine crossing the area as a series of low hills, hummocks, knobs, and
ridges interspersed with depressions, called “kettles,” many of which are
filled with water. These depressions are due to slumping caused when a
block of ice contained in the drift melted. This terminal moraine enters
the area in southern Monrce County, traverses it in an irregular, sinuous
line, and leaves it in northern Columbia County.!* Its course through
the area is set forth in more detail in the county descriptions. As the
Wisconsin ice cap retreated it left drift of two different types in till and
cutwash.

Till is an unstratified deposit of material that has been dropped directly
by the melting ice and has not been sorted by running water. It usually
consists of fine, impure clay containing stones of all sizes and shapes,
without sorting. Many of the pebbles show one or more facets, or flat
sides, which may be grooved or striated. The facets indicate that the
pebble was once frozen in the ice and ground flat against the bedrock.
Deposits of stratified drift, usually clay, sand, and gravel, which have
been sorted by running water are in many places associated with the till.
Many of the transported boulders, or “erratics,” dropped by the ice con-
sist of rock whose source is known to be hundreds of miles north of the
area.

14 Lewis, H. C., Report on the terminal moraine in Pennsylvania and western New York:
Pennsylvania Geol. Survey. 2d ser., Rept. Z, pp. 1-125, 1884,
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Plate 6

1o RN

A. Terraces of glacial outwash along Tunkhannock Creek !4 mile east
of Nicholson, Wyoming County (looking northeast from a point on top
of the highest terrace)

B. Morainic topography one mile east of Oakland, Susquehanna County
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Glacial drift consisting of till and stratified material covers the area
north of the Wisconsin drift border and ranges in thickness from a few
feet to several hundred feet, except in places where subsequent erosion
has removed it. Many valleys were filled up and the streams forced to
find new channels over or around the buried valleys. Many of the
streams were dammed up by thick deposits of drift, forming lakes, and
other streams were diverted from their preglacial courses by héaps of
drift, which caused them to flow over cliffs, forming waterfalls. Lakes
and waterfalls of glacial origin are numerous north of the Wisconsin
drift border. Much of the drift-covered terrane presents a hummocky
topography, with odd-shaped hills or mounds of drift and undrained
depressions (pl. 6-B). The water-bearing properties of glacial till are
described on pages 28-30.

The swollen streams that issued from the melting of the ice sheet
transported an immense quantity of material. Whenever the quantity
of material exceeded the transporting power of the streams, the material
was dropped, and when the streams carried lighter burdens they cut
through the outwash material, leaving terraces (pls. 2-B and 6-A).
Deposits of glacial outwash fill the larger valleys north of the Wisconsin
drift border (pl. 3-A) and extend as “outwash trains” beyond the
border. The outwash material consists of clay, sand, “quicksand,” and
gravel (pl. 7-B).

Many of the valleys were excavated by preglacial erosion much deeper
than they are at present, and these deep channels were later filled with
clay, sand, and gravel, so that the present streams flow over deeply
buried valleys in many places. Locally the depth of the sediments filling
these old channels is more than 300 feet, but generally the depth ranges
from 50 to 150 feet. The Wyoming Valley of the North Branch of the
Susquehanna River is one of the most notable examples of such filling,
for from Pittston to Nanticoke it is underlain by a deposit of sand,
gravel, and clay which attains a thickness of 309 feet at one locality and
is more than 100 feet thick under an area of nearly 20 square miles.’®
A cross section of the Wyoming Valley is shown in figure 4.

The occurrence of water in the glacial outwash is described on page
30. The thickness and character of the glacial drift varies in the
different counties, and the deposits are theréfore described separately for
each county.

15 Darton, N. H., 8and available for fllling mine worklngs in the Northern Anthracite
Basin of Pennsylvanla U. S. Bur. Mines Bull. 45, p. 6,
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Plate 7

A. North limb of anticline in the Montebello sandstone in the Ham-
ilton formation, Susquehanna Stone Co. quarry, 2145 miles south of Dal-
matia, Northumberland County

B. Glacial outwash exposed in highway cut south of Bushkill,
Monroe County
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CARBONIFEROUS SYSTEM
PENNSYLVANIAN SERIES
POST-POTTSVILLE FORMATIONS

General features—The post-Pottsville formations include the most
important economic deposit of northeastern Pennsylvania—anthracite.
They are preserved from erosion in four synclinal basins—(1) the
Northern or Wyoming-Lackawanna field, which is the northeasternmost
and is about 55 miles long and 6 miles wide at the center; (2) the East-
ern Middle field, lying about 10 miles southwest of the northern field
and comprising a number of small coal basins; (3) the Western Middle
or Mahanoy and Shamokin field, which joins the Eastern Middle field
on the southwest ; and (4) the Southern field, which is the largest of the
five, being about 70 miles long and having a maximum width of 8 miles
near Pottsville.

The Pennsylvania Second Geological Survey recognized but two divi-
sions in the Pennsylvanian rocks of this region—the Pottsville and post-
Pottsville formations. David White 1¢ has tentatively divided the post-
Pottsville rocks of this region into the Allegheny and Conemaugh
formations, placing the Checker coal bed of the Northern field and the
Holmes coal bed of the Western Middle and Southern fields as the
approximate upper limit of the Allegheny formation. The next higher
formation of the Pennsylvanian series, the Monongahela, has not been
definitely recognized in this area and may have been completely removed
by erosion.

Inasmuch as the Allegheny and Conemaugh formations are unimpor-
tant as sources of potable ground water in most parts of northeastern
Pennsylvania, no attempt was made to separate them in the field, and
they are here described together as the post-Pottsville formations.

The post-Pottsville formations lie conformably on the Pottsville.
Their greatest thickness is found in the deep basins of the Southern
anthracite field, where the total thickness is more than 2,500 feet. The
thickness in the Western Middle anthracite field is about 1,500 feet;
in the Northern field, about 1,800 feet. All of the Conemaugh formation
has been swept away by erosion in the Eastern Middle field so that the
deepest basin (Hazleton basin) contains only about 700 feet of the
Allegheny formation. Neither of.these formations is found in the Me-
hoopany coal basin, in Wyoming County, where the coals are obtained
entirely from the Pottsville formation.

The post-Pottsville formations consist of beds of sandstone, some
coarse and hard grading down to fine, soft and shaly; shale; fireclay;
black carbonaceous slate or shale; and beds of coal ranging from seams
a few inches thick to the great Mammoth bed, with a thickness over

18 Personal communicatfon.
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large areas of 50 to 60 feet. The prevailing color of the sandstones and
shales is brown or gray. Beds of both fine and coarse conglomerate,
which closely resemble the underlying Pottsville conglomerates, occur
between the coal beds. Beds of fireclay usually but not everywhere under-
lie the coal beds, and in many places fireclay occurs in the intervals
between seams of coal. The occurrence of limestone beds interstratified
with the shales, sandstones, and coal beds, although characteristic of all
the bituminous coal fields of the State, is rare in the anthracite region.
The only localities where clearly defined and persistent limestone beds
have been found are in the Wyoming Valley where some four thin beds
of limestone, 1 to 3 feet thick are exposed at different points in the
valley, but chiefly in the vicinity of Wilkes-Barre.! The post-Pottsville
formations are everywhere softer and less resistant to erosion than the
underlying Pottsville formation. For this reason and because they con-
stitute the cores of the synclinal basins, the post-Pottsville beds form
relatively flat valleys surrounded by protecting ridges of the Pottsville
rocks.

Ground-water conditions—The post-Pottsville formations are un-
important as sources of potable ground water in all the coal basins ex-
cept the Southern field of Schuylkill County and perhaps the Wyoming
Valley in Luzerne County. In the central part of Schuylkill County
small to large supplies of good water are obtained from post-Pottsville
sandstones and conglomerates in places sufficiently removed from mining
operations. (See p. 239.) In other parts of the Southern field, as
well as in most of the other fields, the water is generally unfit for
ordinary use, owing chiefly to the oxidation of the pyrite contained in
the coal, which results in a highly acidic water. Large quantities of
water are pumped from the mines and utilized for washing coal, which
results in a material loss in head, so that wells which might otherwise
be usable are generally dried up. These conditions vary somewhat among
the different fields and are discussed in greater detail in the county
descriptions.

POTTSVILLE FORMATION

General features—The Pottsville formation is a coarse, mainly quart-
zose mass, made up chiefly of gray conglomerate, white, gray, and
brownish sandstone, in some places red and green sandstone, a few thin
beds of carbonaceous slate, and in most places a few thin seams of
coal, The Pottsville coal beds are large and valuable in the west end of
both the Southern and the Western Middle fields but decrease in size
and number toward the east and are seldom worked in the other fields.
The greater part of the formation consists of hard, coarse conglomerate,

17 Ashburner, C. A., Report on the Wyoming Valley Oarboniferous limestono beds:

Pennsylvania Geol. Survey Ann. Rept. for 186, pp. 437-450, 1886; Wyoming Hist. & Geal.
Soc. Proc., vol. 2, pp. 254-264, 1886.
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making a solid, resistant base upon which the softer post-Pottsville
formations rest conformably. Thus the Pottsville formation has been
an important factor in preserving what little remains of the valuable
overlying coal beds, for its outcrop forms a protecting and enclosing
ridge around each of the coal basins. It overlies disconformably the
Mauch Chunk formation or the Pocono sandstone.

The outstanding feature of the Pottsville formation in this region is
its comparatively great thickness in the Southern field and its rapid
thinning toward its northernmost outcrop, in the Northern field near
Forest City, accompanied by a decrease in the coarseness of the materials
and also by a decrease in the number and thickness of workable coal
beds. Thus the 1,100 to 1,475 feet of massive, coarse conglomerate in
the Southern field diminishes to scarcely 200 feet of coarse sandstone
with only a scattering of pea-sized pebbles at Forest City. At the west
end of the Southern field there are six Lykens Valley coal beds and the
White’s coal bed in the Pottsville formation.* The Western Middle
field contains only three Lykens Valley coal beds, and the Eastern Middle
and Northern fields contain only the Alpha or A coal bed.

Grabau ** explains this gradual diminution toward the north on the
ground that the Pottsville formation is a terrestrial river deposit that
overlaps away from the source of supply, the material being derived
from the southeast. Thus the material becomes thinner and finer-grained
toward the north. The Pottsville formation of the Southern field has
been divided into lower, middle, and upper Pottsville, on the basis of
the fossil plants. Only the upper Pottsville plants are found in the
Northern field, so it appears that the diminution in thickness is due to
the fact that deposition in the Southern field began much earlier than
it did to the northeast.

The boundary between the Pottsville and the post-Pottsville formations
was arbitrarily fixed by Rogers 2 “at the bottom of the first or lowest
considerable coal seam,” but according to White™ it appears that the
conventional upper limit of the Pottsville is higher than the paleon-
tologic upper limit. The placing of the lower limit of the Pottsville is
difficult, owing to the transitional character in most places of the typical
Mauch Chunk shale into the overlying conglomerate. Both the First
and Second State Geological Surveys fixed arbitrary boundaries between
the two formations, and White 22 has “adopted the topmost bed of normal

red shale in each section as the lower boundary of the Pottsville
formation.

18 Griffith, Willlam, Approximate columpar sections showing the correlation of anthraclte
coal beds of Pennsylvania: Colllery Eng., vol. 34, no. 3, suppl., 1913,

19 Grabau, A, W., Types of sedimentary overlap: Geol. Soc. America Bull., vol. 17,
PpP. 629-634, 1908.

20 Rogers, H. D., The geology of Pennsylvania, vol. 2, pt. 1, p. 17, 1858.

31 White, David, The stratigraphic succession of the fossil floras of the Pottsville
formation in the southern anthracite coal fleld, Pennsylvania: U. S. Geol. Survey 20th
Ann. Rept., pt. 2, p. 8§30, 1899,

13 Idem, p. 832.
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Ground-water conditions.—The Pottsville formation is ah important
water-bearing formation in Luzerne and Schuylkill Counties, but in most
of the other counties it crops out only on high, rugged ridges. In
Luzerne and Schuylkill Counties it yields moderate to large supplies of
good water, and as the structural conditions are generaily favorable,
many of the wells flow. (See pp. 139, 240.)

MISSISSIPPIAN SERIES
MAUCH CHUNK SHALE

Gencral features—The outcrops of the Mauch Chunk shale probably
surround nearly all of the anthracite fields, occurring beneath the Potts-
ville formation. With respect to its rapid diminution in thickness to-
ward the northeast it is similar to the overlying Pottsville and post-
Pottsville formations, for the Mauch Chunk is 2,000 or 3,000 feet thick
on the south side of the Southern field, is only 200 or 300 feet thick on
the north side of the Northern field, is known doubtfully by a few feet
of greenish shale northwest of Pittston, while farther northwestward
the Mauch Chunk is absent and the Pottsville rests directly on the
Pocono in evident disconformity. The Mauch Chunk is characteristically
a valley-forming rock, because it is soft and lies between two exception-
ally hard rock formations, the Pottsville and the Pocono.

The outstanding characteristic of the Mauch Chunk is its prevailing
red color, and it is commonly spoken of as the “red shale” or the “red
shell.” It is not all red, however, nor it is all shale, but consists of
red, green, yellow, and brown shale with some sandstones. Toward the
south red shale and sandstone predominate, but toward the north the red
beds thin out to a knife edge and finally disappear altogether, leaving
chiefly green beds, which in turn disappear as stated above.

Opinions have differed somewhat as to the origin of the Mauch Chunk
shale. Rogers ?* ascribed to it an origin in a shallow sea, and Lesley 24
believed that the “red shale” was deposited on a broad shore-bordered
lowland near sea level, occupied by marshes, pools, and lagoons.
Grabau *® and subsequently Barrell *® reached more definite conclusions.
Barrell concluded that in the anthracite region, more surely in the
southeastern and eastern portions, the whole formation, from top to
bottom, was a subaerial delta deposit laid down under a semiarid cli-
mate. Footprints of vertebrates, plant impressions, mud cracks, water
marks and possibly rain prints have been found, all of which point to
the subaerial origin of the Mauch Chunk.

Ground-water conditions—The Mauch Chunk shale is one of the
most productive water-bearing formations in northeastern Pennsylvania.

23 Rogers, H. D., The geology of Pennsylvania, vol. 2, pt. 2, D 794, 1858.

3¢ Lesley, J. P., Pennsylvanla Geol Survey, Final Bept ., vol. 8, pt. 1, p. 1807, 1895.

28 Grabau, A. W op. cit., . 632-634.

26 Barrell, Joseph. Origin and signlﬂcanee of the Mauch Chunk shale: Geol. Soc. Amerlea
Bull., vol. 18. PP. 449478, 1907
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In Carbon, northern Dauphin, Luzerne, Northumberland, and Schuylkill
Counties and to a lesser degree in Columbia County it adequately sup-
plies numerous shallow domestic wells with water of excellent quality
and yields moderate to large supplies to deeper municipal and industrial
wells. Many of these deeper wells flow, particularly in the outcrop
areas of the Mauch Clunk closest to the synclinal coal basins. The
Mauch Chunk also crops out in Lackawanna, Susquehanna, Wayne, and
Wyoming Counties, where it is of practically no importance as a source
of ground water.
POCONO SANDSTONE

General features—The Pocono sandstone disconformably underlies the
Mauch Chunk shale or the Pottsville formation. It consists principally
of hard massive gray sandstone and conglomerate and is the most effec-
tive mountain maker of the area. High ridges of the Pocono completely
surround all of the coal fields, and form the high North Mountain of
western Luzerne and Wyoming Counties. The Pocono was formerly
thought to cover nearly the entire Pocono plateau in parts of Carbon,
Lackawanna, Luzerne, Monroe, and Pike Counties, an error that still
appears on the latest geologic map of Pennsylvania.*®

The definition, age, and distribution of the Pocono at its type locality
kave been widely discussed in recent years, and the very existence of
Mississippian Pocono on the Pocono Plateau has been questioned.*®* In
recent studies of the continental Devonian deposits of northeastern Penn-
sylvania, Willard ** has apparently solved this disputed question by dem-
onstrating that although most of the strata of the Pocono Plateau are of
Devonian age, there is Pocono of probable Mississippian age in the
Moosic Mountains forming the western border of the plateau.

Willard * recognizes in southern and central Pennsylvania a three-
fold subdivision of the Pocono as follows: a lower conglomeratic mem-
ber; a middle platy division, the Peters Mountain sandstone; and a
massive conglomeratic upper member, the Burgoon sandstone. In the
northeast the Griswold Gap conglomerate is locally present at the base.
In the southwestern part of the area the basal member is the massive,
conglomeratic “Berea” sandstone. In addition to gray or buff sandstone
and conglomerate the Pocono includes some thin beds of green sand-
stone and red or buff shale. The Pocono ranges in thickness from
about 600 feet in the northern part of the area to about 1,600 feet in

27 Geologic map of Pennsylvania: Pennsylvania Topographic and Geologic Survey, 1031.

8 Chadwick, G. H., Great Catskill Delta: Pan-American Geologist, vol. G0, pp. 91-107,
180-204, 275-286, 348-360, 1933. (Correction sheet distributed by author).

————————————, What 8 “Pocono”: Am, Jour. Sel., fth ser., vol. 29, pp. 133-
143, 1935,

‘White, David, The age of the Pocono: Am. Jour. Scl., 5th ser., vol. 27, pp. 265-272p

Ashley, G. H., and Willard, Bradford, The use of the termn Pocono: Science, ser. 5,
vol. 81, pp. 615-617, 1935.

2° Willard, Bradford, Continental Upper Devonian of northenstern Pennsylvanla: Geol.
Soe. Ameriea Bull., vol. 47, pp. 566-608, 1936.

3¢ Willard, Bradford, Idem, p. 573.
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the southern part, accompanied by a decrease in coarseness toward the
north similar to the overlying Carboniferous formations.

The Pocono sandstone in this area was formerly believed to be entirely
nonmarine, on the basis of a nonmarine type of overlap, a varied fresh
water flora, and the general absence of marine fossils. Marine fossils
have been found in the Pocono in other regions. What is thought to be
the Riddlesburg marine shale (middle Pocono) has been observed at
Peters Mountain, Dauphin County, by Willard.®* Coal beds occur in
the Pocono but they are generally thin and local. A 4-foot bed of coal 22
was recently mined from the Pocono on Peters Mountain, but the work-
ings have been abandoned (1936).

Ground-water conditions—The Pocono sandstone yields moderately
large supplies of water to deep wells, several of them flowing wells, in
Lackawanna and Luzerne Counties and supplies a few wells in Carbon,
Dauphin, and Northumberland Counties, but is unimportant in the
other counties where it is exposed chiefly because of the inaccessibility
of its outcrops. The wells in the Pocono generally yield water of very
good quality.

DEVONIAN SYSTEM*®
UPPER DEVONIAN SERIES
CATSKILL CONTINENTAL GROUP

General features—The Catskill continental group underlies discon-
formably the Pocono sandstone. As originally described in the area by
White,** the nonmarine Catskill was thought to overlie everywhere the
marine Chemung with “transition” beds between. Later work® has
shown, however, that the Catskill is really a continental phase of Devon-
ian sedimentation that began in eastern New York and northern New
Jersey in Hamilton time and whose base becomes progressively younger
when traced westward. Thus, in the eastern part of the area and at
many places in the western and southern parts the Catskill continental
group rests directly on the marine Portage group with no marine Che-
mung present, whereas in Susquehanna County and at a few places to
the south the Catskill rests on the marine Chemung or slightly younger
marine formations. Moreover, the nonmarine Catskill beds, which are
of Portage, Chemung, and post-Chemung age, can be traced westward
into their marine equivalents. Willard’s *® use of the term Catskill to

31 willard, Bradford, personal communication.

32 Stose, G. W., and others, Southern Pennsylvania and Maryland: Internat. Geol.
Cong., XVI, United States Guidebook 10, p. 17, 1932.

33 The statigraphy of the Upper and Middle Devonian series in this report is based on
recent studies by Dr. Bradford Willard of the Pennsylvania Topogruphic and Geologic
Survey.

34 White, 1. C., Pennsylvania Geol. Survey, 2d ser., Repts. G-5, 1881; G-6, 1882; G-7,
1883.

35 For an excellent summary of this later work, sec Willard, Bradford, *Catskill” sedi-
mentation in Pennsylvania: Geol. Soc. America Bull., vol. 44, no. 3, pp. 495-498, June,
1930.

3¢ Willard, Bradford, op. cit., p. 498.
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include “all the Devonian red beds of whatever chronological position”
is followed in this report.

As remapped by Willard?®" (see plate 1) the Catskill covers most of
Wayne, Pike, Monroe, and Wyoming Counties, covers large areas of
Lackawanna, Luzerne, and Carbon Counties, and is present in all of
the remaining counties. Its distribution in Susquehanna County is dis-
cussed below. The subdivisions of the Catskill recognized by Willard *®
are in descending order, as follows:

The highest formation of the Catskill in this area is the Mount Pleasant
red shale, consisting of 345 to 596 feet of red shale and sandstone which
locally contains conglomerate. It thins out and disappears to the west
and loses its identity south of the Pocono Plateau.

The underlying Elk Mountain sandstone consists of green to grayish-
green flaggy cross-bedded sandstone with a few beds of shale. It is
100 to 200 feet thick in the northeastern part of the area, but becomes
thicker west of the area in north-central Pennsylvania where Willard
believes that it passes over into the marine Oswayo formation.

The underlying Cherry Ridge red beds consist principally of red shale
and sandstone which locally contains in its upper part a red quartz con-
glomerate and in its lower part a stratum composed of fragments of
shale, fish bone, fossilized wood, and sand, all cemented with lime. The
Cherry Ridge is 275 to 500 feet thick in this area and its upper part
at least is continuous westward into the red Cattaraugus formation of
Potter and McKean Counties.

The next underlying formation, the Honesdale sandstone, consists
principally of hard greenish to gray flaggy sandstone but contains some
red beds. It is 100 to 200 feet thick in the northern part of the area
but thickens southward to 500 to 600 feet where it forms the eastern
escarpment of the Pocono Plateau. It is traceable southwest into Dau-
phin and Perry Counties as the southern summit or shoulder of the
generally double-crested Second Mountain. West of Susquehanna
County it merges with post-Chemung marine beds.

The underlying Damascus red shale is 125-160 feet thick in the
northwestern part of the acea but is at least 400 feet thick in Wayne
County, 1,500 feet in Monroe County, and forms a large part of the
Catskill in Dauphin County. Southwest of Monroe County and in
Susquehanna and Wyoming Counties the Damascus is the basal forma-
tion of the wholly nonmarine Catskill, and southwest of Monroe County
the Damascus is inseparable from the next older continental formation,
the Shohola, which rests on the marine Portage group.

In Pike, Wayne, and Monrce Counties the Damascus is underlain by
three nonmarine formations, in order, the Shohola formation, the Dela-

37 Willard, Bradford, Continental Upper Devonian of northeastern Pennsylvania: Geol.
Soc. Ameriea Bull., vol. 47, pp. 665-608, 1935.

38 Willard, Bradford, idem., pp. 574-69%.
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ware River flags, and locally the Anolomink red shale. The Shohola
consists principally of olive-green and gray shale and cross-bedded sand-
stone with some red beds. It attains a thickness of about 725 feet in
Pike County and, westward, merges with the Damascus in Monroe
County. The Delaware River flags comprise 1,500 feet of nearly un-
fossiliferous greenish flaggy sandstone without red beds, which, in south-
western Monroe County become marine and inseparable from the Trim-
mers Rock (Portage) sandstone. In Pike and Monroe Counties the
Delaware River flags are separated locally from the underlying marine
Portage by the Anolomink red shale, which is about 100 feet thick.
These three formations do not appear west of the Lackawanna syncline
as described below.

In Susquehanna County, and small parts of Wayne and Wyoming
Counties, the Damascus is underlain by the New Milford formation and
in northwestern Wyoming County by the marine Chemung or slightly
younger strata. The New Milford, whose maximum thickness is 400 to
500 feet, consists largely of greenish to grayish massive or crossbedded
flaggy . sandstone with locally a basal red member and a thin marine
coquinite or limestone near the top. It contains both marine fossils and
abundant land plants in its lower two-thirds, the upper third is largely
nonmarine, but as a whole it consists of alternating continental and
marine beds of Chemung and post-Chemung age. It is here included
with the Catskill mainly because its water-bearing properties are similar
to the wholly nonmarine portions of the Catskill but differ from the
underlying wholly marine Chemung formation.

The total thickness of the Catskill continental group (including the
New Milford) ranges from about 1,800 feet in Susquehanna County
to about 6,000 feet in Carbon County.

Ground-water conditions—The Catskill is an important water-bearer
in all the counties covered by this report and is perhaps the most im-
portant water bearer in the area. It crops out over a larger area and
hence supplies more drilled wells than any of the other formations. It
is of special importance in the counties embraced in the Appalachian
Plateaus province, as it underlies nearly all of that area. It contains
numerous beds of water bearing sandstone, such as the ones shown in
Plate 5-A, one or more of which can generally be reached by wells of
moderate depth, and the wells as a rule yield moderate to large supplies
of good water. Locally, in northwestern Lackawanna County, deep
wells may encounter brackish water. As the several formations of the
Catskill had not been mapped separately at the time the field investigation
was made, the wells are not classified according to separate formations
but are all listed as ending in the Catskill.
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CHEMUNG FORMATION

General features—The Chemung formation as used in this report in-
cludes only the wholly marine beds of Chemung age, those beds of
Chemung age which are partly or wholly continental being included in
the overlying Catskill continental group. Willard® has shown that in
northeastern Pennsylvania the marine Chemung is present only in Sus-
quehanna and Wyoming Counties, except for a few feet of Chemung
in western Luzerne County and western Dauphin County.

In Susquehanna County the exposed part of the Chemung formation
is about 380 feet thick and consists principally of fossiliferous olive-green
shale and sandstone, with some red shale, brown sandstone, and thin
beds of conglomerate.

Ground-water conditions—The Chemung formation is of sufficient
thickness to be classed as a water-bearer only in Susquehanna County
and northern Wyoming County, where it yields small to moderate sup-
plies of rather poor water. Some of the waters are hard and Some
contain hydrogen sulphide. Brackish or salty water is obtained from
some of the wells, as described on pages 263 and 291.

PORTAGE GROUP

General features—The Portage group crops out in all counties in
the area, except the four northern counties of Susquehanna, Wayne,
Wyoming, and Lackawanna, and includes all marine beds between the
underlying Hamilton formation and the overlying marine Chemung for-
mation or, where the marine Chemung is absent, the Catskill continental
group. The nonmarine beds of Portage age are included with the
Catskill.

Willard * has subdivided the Portage group in Pennsylvania into
two formations, each comprising several members. His Fort Littleton
tormation includes, in this area, from top to bottom, the Trimmers Rock,
Losh Run, Brallier, and Harrell members, and his underlying Rush
formation includes the Burket and Tully members.

The Trimmers Rock member, the dominant member of the Portage in
eastern Pennsylvania, consists principally of hard fossiliferous gray to
greenish-gray massive to flaggy sandstone which contains but little shale
and is therefore generally a ridge maker. The Trimmers Rock ranges
in thickness from about 1,500 feet in the castern part of the area to
nearly 3,000 feet in western Luzerne County.

The Losh Run member, present only in the west-central part of the
area, is a fossiliferous dark gray to brown shale, sandy in some places,
which is considered to be faunally and lithologically distinct from ad-
jacent beds. It is only about 10 feet thick.

3 Willard, Bradford, Early Chemung shore line in Pennsylvania:  Geol. S8oc. America
Bull., vol. 45, no. 5, pp. §97-908, 1 fig. Oct. 31, 1934.

42 Willard, Bradford, Portage group in Pennsylvania: Geol. 8S8oc. Amcrica Bull., vol.
46, pp. 1195-1218, pls. H™-95, 2 figs. Aug. 31, 1935.
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The underlying Brallier member, present only in Northumberland and
Dauphin Counties, consists of fine-grained green, gray-green, or gray
shale which contains fragments of vegetation but very few fossils. It
is considered by Willard #' to be the off-shore equivalent of the Trim-
mers Rock_sandstone which it completely displaces to the west along the
Allegheny Front. The Brallier is only 100 to 200 feet thick where it
is present in the area.

The underlying Harrell shale is a fossiliferous fine dark gray to
nearly black somewhat platy shale, and is likewise present only in the
west-central part of the area where it is perhaps 150 feet thick in.some
places. In the early reports the Harrell and Burket- members were
called the “Genesee shale.”

The underlying Burket member, present in Portage outcrops except
northeast of Carbon County, consists of 40 feet or more of thin black
fissile shale which is sparingly fossiliferous.

The lowermost member, the Tully limestone, which was first definitely
discovered to be present in this area by Willard,* varies from a hard,
gray limestone with a conchoidal fracture and dark shale partings to
platy limestone and calcareous shale. It is about 10 feet thick in
eastern Northumberland County but is not known to be present else-
where in the area although Willard 4 has found a Tully fauna in the
base of the Trimmers Rock sandstone in Monroe County.

The entire Portage group, dominated in this area by the Trimmers
Rock sandstone, ranges in thickness from about 1,500 to 3,100 feet, the
maximum being in western Luzerne County.

Ground-water conditions—Since the individual members of the Port-
age group have not been mapped separately in this area, no attempt was
made to classify wells according to the separate parts of the group.
The Portage yields small but generally adequate supplies of potable
water to wells of moderate depth. The water is generally of good
quality, but in some places it is hard and contains hydrogen sulphide.
A view of the sandy portion of the Portage is shown in Plate 5-B.

MIDDLE DEVONIAN SERIES
HAMILTON FORMATION AND MARCELLUS SHALE

General features—The Hamilton formation underlies the Portage
group and is in turn underlain by the Marcellus shale. Recently Wil-
lard and Cleaves * included these two formations together under the
term Hamilton group. The beds previously included in the Hamilton
formation in this area were subdivided into their New York equiva-

41 willard, Bradford, op. ¢it., p. 1199.

«1 willard, Bradford, A Tully limestone outcrop in Pennsylvania: Pennsylvania Acad.
Sel. Proc., vol. 8, pp. 5i-62, 1 fig. 1934.

43 Willard, Bradford, op. cit., p. 1212,

«¢ Willard, Bradford, and Cleaves, A. B., Hamilton group of eastern Pennsylvania:
Geol. Soc. America Bull., vol. 43, pp. 757-782, 2 figs. Aug, 31, 1933.
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lents, the Moscow, Ludlowville, and Skaneateles formations, underlain
by the Marcellus formation. Later in studying the Hamilton group to
the west, Willard *° found that the three upper formations could not be
readily distinguished in and beyond the Susquehanna valley so they
were included as facies of a new formation—the Mahantango formation,
underlain by the Marcellus. For simplicity and to avoid confusion in
the identification of well horizons, the older term Hamilton formation
is retained in this report as the equivalent of the Moscow, Ludlowville,
and Skaneateles in the east, and the Mahantango in the west. The
Hamilton and Marcellus formations crop out in the same areas as the
overlying Portage group.

In the long continuous outcrop along the southern boundary of the
area, the Hamilton formation is 1,100 to 1,600 feet thick and consists
in the eastern part of alternating beds of fossiliferous olive-gray to dark
gray sandy shale and sandstone, with local thin beds of calcareous shale,
coquinite, coral limestone, and concretions. It becomes more sandy to-
ward the west until at the Susquehanna River near Rockville it is
dominated by the Montebello sandstone, more than 1,000 feet thick,
consisting of fossiliferous coarse sandstone and dark shaly sandstone
with plant remains. In Pike and Monroe Counties the Marcellus is 700
to 880 feet thick and consists of fossiliferous gray to black shale, finely
sandy in some places. In some places the Marcellus contains pyrite
which on oxidation yields sulphurous iron waters. These waters have
deposited bog iron ore, which is mined in some places for mineral paint.
The thinning of the Marcellus at and near the Susquehanna River is
discussed below.

In Columbia, Luzerne, and Montour Counties and in northern North-
umberland County the Hamilton is about 1,100 feet thick and consists
chiefly of bluish-gray to brownish sandy shale and some sandstone, lo-
cally with thin bluish-gray impure fossiliferous limestone. In this
region the Marcellus consists of about 400 feet of fossiliferous black,
gray, and dark-blue fissile shale.

In southern Northumberiand County the Hamilton is sandy as it is
in Dauphin and Perry Counties, and at Dalmatia, where the Hamilton
is about 1,100 feet thick, the lower 400 feet consists of the hard, coarse
Montebello sandstone (see Plate 7-A). The Marcellus shale is about
500 feet thick at Dalmatia, and contains near the middle about 240 feet
of hard, massive, coarse, olive-gray sandstone and fine-grained, light
gray sandstone, which Willard ¢ has called the Turkey Ridge and Mexico
sandstones,

45 Willard, Bradford, Hamilton group of central Pepnnsylvania: Geol. Soc. Ameriea
Bull., vol. 46, PDP. 1965-24, pl. 19, 3 figs., Feb. 28, 1935.
Hamilton group along the Allegheny Front in Pennsylvania: Geol. Soc. America
Bull., vol. 406, pp. 1275-1290, 2 figs., Aug. 31, 1935.
46 Willard, Bradford, Hamllton group ot central Pennsylvania: Geol. Soe. America
Bull., vol. 46, p. 203, 1835.
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Over most of the area included in the Susquehanna Valley the Mar-
cellus rests disconformably on the underlying Onondaga formation, but
east of Dauphin the contact is transitional. Locally, in the absence of
some of the underlying formations, the Marcellus may rest disconform-
ably on the Oriskany sandstone or the Helderberg limstone, On the
north side of Kittatinny Mountain, in" Dauphin County, the Marcellus
is quite thin and rests directly on rocks of Silurian age. Thus, about
1,000 feet of beds are absent, including most of the Marcellus, all of
the Onondaga formation, Oriskany sandstone (in part), and Helderberg
limestone, and possibly part of the Cayugan series. The missing strata
are present to the east in Lebanon County and to the west in Perry
County. Two theories 4 have been postulated to account for the mis-
sing beds—either that they were never deposited, or that the intense
folding has produced a strike fault shoving the Marcellus beds directly
against the Silurian,

Ground-water conditions—The Hamilton and Marcellus do not crop
out in Lackawanna, Susquehanna, Wayne, and Wyoming Counties, and
are unimportant as sources of ground water in Dauphin County. In
the remainder of the area shallow drilled wells in these formations gen-
erally yield small but reliable supplies of good water., The Hamilton
generally yields more water than the Marcellus, because in most places
the Marcellus consists largely of shale, whereas the Hamilton contains
sandstone. In some places moderately large supplies are obtained from
deeper wells encountering sandstone. In Carbon, Monroe, Pike, and
Schuylkill Counties these formations generally yield water of good
quality, but in Columbia, Montour, Northumberland, and Luzerne Coun-
ties the water is likely to be hard and high in sulphate and may give off
hydrogen sulphide. However, the water obtained from these formations
is generally satisfactory for domestic use.

ONONDAGA FORMATION

General features—As recently defined by Willard,*® “the Onondaga
formation in Pennsylvania, includes all strata between the overlying
Marcellus shale and the underlying Oriskany sandstone,” and “because
of its faunal and stratigraphic connections with the overlying beds,
the Onondaga formation in Pennsylvania is now assigned to the position
of lowest formation of the Hamilton group of the Middle Devonian.”
Willard includes the Esopus shale with the Onondaga. It crops out
beneath the Marcellus along the southern border of the area at the tri-
state monument in Pike County, from Monroe County to Lebanon

47 See: Lesley, J. P., Pennsylvania Geo. Survey Final Rept., pt. 2, p. 1181, 1892.

Swartz, F. M., The Helderberg group from central Pennsylvania to southwestern
Virginia: Pennsylvania State Oollege, Mineral Industries Exper. 8ta., Bull. &, p 16, 1929.

Willard, Bradford, Oriskany at Susquehanna Gap, Pennsylvania: @Geol. Boc. Amer.
Bull., vol. 42, p. 706. 1081,

¢ Willard, Bradford, The Onondaga formation in Pennsylvania: Jour. Geology, vol.
XLIV, no. 6, pp. 678-608, 1636.
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County, is absent in Dauphin County (see p. 57), crops out in southern
Northumberland County, but is absent in the west-central part of the
area except in west-central Luzerne County.

In the eastern part of the area a cherty limestone member overlies the
Esopus shale member, and in the west-central part of the area a non-
cherty limestone member overlie§ a calcareous shale member.

The outcrop of the cherty limestone member (the t“Corniferous”
or so-called Upper Helderberg limestone of the Pennsylvania Second
Geological Survey reports) %2 parallels the Delaware River along the
entire New Jersey-Pike County line, entering Pennsylvania at the tri-
state marker in Pike County and at Wallpack Bend, at the junction of
Pike and Monroe Counties with New Jersey. In Monroe County the
cherty limestone is nearly 200 feet thick near Stroudsburg and 250 feet
at the New Jersey line. In this region the member is similar to that
in New York *° and consists of successive layers of fossiliferous dark-
gray limestone 1 to 10 feet thick containing considerable clay. Nu-
merous black flint or chert nodules ranging in diameter from 1 inch to
1 foot are embedded in the limestone. The cherty limestone thins
rapidly westward and is not definitely known southwest of the Lehigh
River in Carbon County where it is only 5 feet thick.

The underlying Esopus shale member is absent from Pike County
and enters Pennsylvania at Wallpack Bend in Monroe County. It is
315 feet thick at Wallpack Bend, 250 feet thick opposite the Delaware
Water Gap, but thins rapidly westward to from 4 to 10 feet in Carbon
County and is not identified beyond that point. It consists of dark
ash-gray, tough, hard sandy shale, which in some beds is slightly cal-
careous and which has pronounced slaty cleavage at right angles to the
bedding. It is very resistant and forms large areas of bare rocks. It
was formerly known as the t Cauda-galli grit but was later correlated
with the Esopus shale of New York by Kindle.** On Plate 1 the Esopus
shale member is mapped with the underlying Oriskany sandstone.

The noncherty limestone, the upper member of the Onondaga in cen-
tral Pennsylvania, appears first in Carbon County as 20 feet of “hy-
¢raulic cement rock,” beneath the thin cherty member. It is 7 feet thick
in Lebanon County. In Northumberland County it is the {Selinsgrove
lower limestone of I. C. White.®* At Selinsgrove Junction the non-
cherty limestone member is 65 feet thick and consists of a series of
hard light-gray, rather impure limestone layers separated by thin shaly
beds. It is 75 feet thick at Dalmatia, 6 miles to the south. The non-

«8s A dagger () preceding a geologic name indicates that the name has been abandoned
or rejected for use in classification In publications of the U. 8. Geological Survey. Quotation
marks, formerly used to indicate abandoned or rejected names, are now used only in the or-
dinary sense,

«® Kindle, E. M., The Onondaga fauna of the Allegheny region: U. S. Geol. Survey
Bull. 508, pp. 23-25, 1912,

80 Kindle, E. M., Op. cit,, p. 2.

61 White, I. C., Pennsylvania Geol. Survey, 2d Ser., Rept. G-7, p. 80, 1883.
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cherty member dies out east of Northumberland County, but may be
present as a few feet of beds in west-central Luzerne County.

The lower member in the west-central part of the area, the calcareous
shale member, consists of gray calcareous shale containing some lime-
stone and grading upward into the noncherty limestone member. It is
140 feet thick at the Selinsgrove anticline, where it was called {Selins-
grove shale by 1. C. White.

This is probably all Onondaga limy shale. Fossils formerly unknown,
have been found in it.

Ground-water conditions—The Onondaga formation is of very little
importance as a source of ground water in northeastern Pennsylvania.
In Monrce County the cherty limestone member yields small to moder-
ately large supplies of water, which is slightly hard but softer than
typical limestone waters. (See p. 175.) Large yields are obtainable
only when one or more water-filled solution channels are encountered.
The cherty limestone supplies several wells across the Delaware River
in New Jersey (p. 231). In the rest of the area the upper member is
thin or absent, and where it is thin nothing is known of its water-bearing
properties. Very little is known as to the water-bearing properties of
the Esopus shale member. It may supply a few domestic wells in
Monroe County, where its outcrops are large but very hilly and rugged.
In Monroe County its thick beds of sandy shale appear to be permeable
enough to yield adequate supplies of water, but no data are available to
confirm this inference. The lower calcareous shale member is thought
to supply one well in Northumberland County (p. 200).

LOWER DEVONIAN SERIES
ORISKANY SANDSTONBE

General features—The Oriskany sandstone crops out in a long nar-
row belt through Monroe, Carbon, and Schuylkill Counties and in part
of Lebanon County. It is absent from Dauphin County but is well
exposed on several anticlines in Northumberland, Montour, and Co-
lumbia Counties. The rocks that make up the Oriskany change so
radically in character and thickness in relatively short distances that
separate descriptions are necessary for most of the counties. Normally
the Oriskany is disconformable below the Onondaga formation and above
the Helderberg limestone, but exceptions to this are noted below,

In New Jersey near the eastern extremity of Pike County, Pa.,” the
Oriskany consists of about 50 feet of calcareous cherty shales, without
any sandstone or conglomerate, which is characteristic of the Oriskany
in most places. At the eastern line of Monroe County the formation
consists of a cherty sandstone Yed 8 to 10 feet thick, which thickens to-

52 White, I. C., The Geology of Pike and Monroe Countles, Pennsylvania: Geol. Sucvey,
2d Ser., Rept. G-6, pp. 122-127, 1882,
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ward the southwest, becoming about 56 feet thick at the Delaware Water
Gap and about 175 feet at the western line of the county. In the
vicinity of Stroudsburg the Oriskany consists, at the top, of thick-
bedded hard coarse-grained calcareous sandstone, somewhat fossiliferous,
followed by alternating layers of coarse sandstone or conglomerate and
dark chert. In the western part of Monroe County the Oriskany con-
sists of about 175 feet of massive coarse-grained quartz sandstone, which
dips at a steep angle and forms a steep ridge covered with fragments of
the disintegrated sandstone.

At the Lehigh River in Carbon County the Oriskany outcrop is re-
peated three times, the northern outcrop forming the north rim of an
overturned anticline, and the southern outcrops skirting a U-shaped
compressed syncline. Here the Oriskany consists mainly of massive
calcareous sandstone and conglomerate, with some sandy shale and chert.
At the outcrop the calcareous cement has been leached out, so that the
sandstone crumbles readily. According to White® the thickness of
the Oriskany in Carbon County is about 340 feet, but according to
Swartz % it is more than 268 feet and may be nearly 400 feet.

In Schuylkill County near Auburn the Oriskany (?) has thinned to
a 134-foot bed of conglomerate lying unconformably on the Bloomsburg
red beds, and farther northeast, at Rausches, the Oriskany (?) overlies
unconformably a thin tongue of the Bossardville limestone.*® Farther to
the southwest, in a quarry about half a mile east of Summit, the Oriskany
has again thickened and resembles the Oriskany on the Lehigh River.
At Swatara Gap, still farther southwest, the section is similar to that
near Auburn. The Oriskany appears to die out southwest of Swatara
Gap and is absent in Dauphin County. (See p. 57.)

At Dalmatia, in southern Northumberland County, the Oriskany con-
sists of 50 feet of massive sandstone containing considerable chert.*
Farther north, on the south side of the anticlinal axis at Selinsgrove
Junction, the Oriskany formation has changed in character and is about
55 feet thick, as measured by Reeside.®”

North-of the North Branch of Susquehanna River the Oriskany crops
out on both sides of the Montour anticline through Northumberland
and Montour Counties and as far east as Bloamsburg, Columbia County,
but appears to be absent between Bloomsburg and Berwick.®® It also
crops out around the Milton anticline, in northern Northumberland and

53 White, 1. 0. op. ¢it., pp. 80-51.

% Swartz, F. M., The Helderberg group from central Penusylvania to aouthwestem
Virginia: Pennsylvanta State Oollege, Mineral Industries Exper. 8ta., Bull. 4, D. 26, 1920.
Also Penna. . Sci. Proc. vol. III, pp. 75-89, 1929.

88 Swarts, I" M . Op. ¢t., Dp, 2627,
56 White, I. O., The geology of the Susquebanna River region: Pennsylvania Geol.
8urvey, 2d ser., Bant. G-7, pp. 310-8373, 1883,
87 Reeslde, J. B., Jr., The He!derberg limestone of central Pennsylvanla: U. 8. Geol.
Burvey Prof. Paper 108, p. 1818.
63 White, I. O., op.elt.pp 86-86.
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Montour Counties. In this northern region the Oriskany scarcely re-
sembles that of the other localities mentioned above. In some places it
is a mere mass of impure chert grading laterally into cherty, rotten dirty-
yellow sandstone. The thickness of the Oriskany in this region is 40
feet.

Ground-watér conditions—In Monroe and Carbon Counties, where the
Oriskany is well developed, it appears to be a highly permeable sand-
stone, but owing to the rugged nature of its steeply dipping outcrops, it
supplies only a very few wells, so that the maximum yields obtainable
are not known. In Montour and Northumberland Counties, where it
is thin and calcareous, it supplies a few domestic wells with hard water.
In the remainder of the area it is absent or too thin to be of importance.

HELDERBERG LIMESTONE

General features—The Helderberg limestone (}Lower Helderberg
limestone of Pennsylvania Second Geological Survey reports) is the
lowermost formation of the Devonian system and either conformably or
unconformably overlies the Cayuga group of the Silurian system. The
tLower Helderberg as described by White® and shown on plate 1
erroneously includes the Tonoloway limestone, the upper formation of
the Cayuga group to the west, and the equivalent Bossardville limestone,
the upper formation of the Cayuga group, to the east.

The classification and correlation of the Helderberg have long been a
subject of dispute. The most recent studies on the subject by Reeside
and Swartz ! correlate the old stratigraphic terms of I. C. White with
those in current use in other regions, and these new names will be used
in the following descriptions.

Like the other Lower Devonian formations, the Helderberg undergoes
great lateral changes in thickness and character and is hundreds of feet
thick in some places and absent in others. The areal distribution of the
Helderberg is essentially the same as that of the Oriskany already
described, except that the Helderberg is also present around Montour
Ridge between Bloomsburg and Berwick.

According to Swartz ® the Helderberg is 415 feet thick in Monroe
County and is divisible from top to bottom into the following members:
Stormville shale of I. C. White, New Scotland limestone, Coeymans
limestone, and Keyser limestone. The shale, which is 247 feet thick,
consists of dark-gray arenaceous shale, with some shaly sandstone and
some chert lenses, underlain by beds of dark- and light-gray shale, gray
calcareous shale, and some shaly limestone. In some of the beds the

5° White, I. O., Pennsylvania Qeol. Survey, 2d ser., Repts. G-6, 1882; G-7, 1883,
90 Recaide, J. B., Jr., op. cit., pp. 185-25.

o1 Swartz, F. M., op. dt.

°f Swartz, P. M., op. cit., pp. 23-25.
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bedding is obliterated by shaly cleavage. According to Butts®® this
shale and the underlying Stormville conglomerate of I. C. White in
Monroe County should be assigned to the Oriskany sandstone, forming
a lower division equivalent to the Shriver chert of Maryland. The New
Scotland limestone, 35 feet thick, consists of medium- to thick-bedded
dark-blue dense and shaly limestones, with some interbedded chert and
a few thin beds of gray soft shale. The Coeymans limestone, 41 feet
thick, is composed of hard blue-gray sandy, somewhat crystalline lime-
stone underlain by massive blue crystalline crinoidal limestone containing
some chert. The lower member, the Keyser limestone, 92 feet thick,
consists of alternating beds of sandy limestone and calcareous sandstone,
some conglomeratic sandstone, and a basal (?) bed of soft shaly lime-
stone. The Helderberg contains numerous fossiliferous beds throughout
its thickness.

In Carbon County the Helderberg has thinned tremendously and,
according to Swartz,* is only 207 feet thick. Farther to the southeast,
near Rausches, Schuylkill County, the Helderberg is absent and the
Oriskany (?) rests uncomfortably on a thin tongue of the Bossardville
limestone. Near Auburn and at Swatara Gap the Oriskany lies un-
conformably on the Bloomsburg red beds, both the Helderberg and the
Bossardville being absent. The Helderberg is lacking in Dauphin County.

Very detailed sections were made of the Helderberg and adjacent strata
in Northumberland and Montour Counties by Reeside,*s whose measure-

ments of the Helderberg, together with those of Swartz at Delaware
Water Gap, are as follows:

Sections of the Helderberg limestone

1 2 38 4
Feet Feet Feet Peet
New EScotland limestone member ... 21.8 67.6 1 110+ 85
Coeymans lmestone member ......-cceeeeeaen. 2.0 8.6 8.0 41
Keyger limestone member ..o —ooo........| 1890.8 202.3 122.5 92

1 “Limestone and shales of undetermined age, but probably New Scotland and Oriskany.”
1-3, Reeside; 4, Swartz.

1. 1 mile south of Dalmatia.
2. On south side of anticlinal axis at Selinsgrove Junction.
2. At Grovania, near Columbia-Montour County line,

Near Delaware Water Gap (excluding Stormville shale of I. C. White at top, 247
feet thick).

The lithologic character of the three members of the Helderberg in
this region is in general similar to that in Monroe County, but on the
north side of Montour Ridge and on both sides of the Milton anticlinal

83 Butts, Charles, personal communication,

¢4 Bwartz, F. M., op. cit., p. 26.
93 Reeside, J. B., Jr., op. cit., pp. 216-225,
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axis the thickness of the Helderberg is considerably less than it is on
the south side of Montour Ridge.

Reeside *° believes that in this part of the area a part of the Stormville
shale of I. C. White (included in the Helderberg by White) belongs to
the Oriskany.

Ground-water conditions—The Helderberg limestone is a source of
ground water only in Columbia, Monroe, Montour, and Northumberland
Counties, for it is thin, absent, or unimportant elsewhere. In Columbia
County it yields moderately large supplies of medium-hard water, and
the water from one well contained an excéss of iron, which presumably
originated in the Cayuga. In Monroe County the Helderberg is of
minor importance but may supply a few domestic wells. In Montour
and Northumberland Counties it yields small to large supplies of hard
water and feeds numerous springs. The occurrence of ground water in
the Helderberg of these two counties is discussed in some detail in the
section on those counties.

SILURIAN SYSTEM
CAYUGA GROUP

General features—The Cayuga group of central Maryland is divided
from top to bottom into the Tonoloway, Wills Creek, Bloomsburg, and
McKenzie formations. In northeastern Pennsylvania the presence of
the Tonoloway limestone has been definitely established by Reeside ®®
and Swartz®. It is known in_ the eastern part of the area as the
Bossardville limestone. The Poxono Island shales and limestones and
Bloomsburg red shale, mapped in 1883 by White,® correspond respec-
tively to the Wills Creek formation and the Bloomsburg red beds of
present nomenclature. (The Bloomsburg shale has in some previous
reports been treated as the lower member of the Wills Creek formation
of Maryland, but it is now regarded as a distinct formation.) C. K.
and F. M. Swartz ™ definitely established the presence of the McKenzie
formation in the section as far east as Danville, Montour County, but
not along Kittatinny or Blue Mountain, because of the thickening east-
ward of the Bloomsburg red beds, as described in the following
quotation : ™

The Bloomsburg red beds thicken eastward, being a continental de-
posit, representing marine formations farther west. This formation re-

places in turn the Wills Creek, Bloomsburg, upper part of the McKenzie,
possibly the entire McKenzie, and perhaps the lower part of the Tonolo-

o6 Reeside, J. B., Jr., op. eit. p. 186,

o7 Reeslde, J. B., Jr., op. cit. pp. 217-225.

&8 Swartz, I, M., op. clt. pp. 22-27.

%% White, I. O., Pennsylvania Geol. Survey, 2d ser., Rept. G-7, pp. 98-114, 1883,

70 8wartz, C. K. and F. M., Early Silurian formations of southeastern Pennsylvanla:
Geol. Soc. Ameriea Bull., vol. 42, pp. 621-662, 1031.

7t Idem, p. 659,
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way of the west. It is continuous with the Longwood of New Jersey and
the High Falls red beds of eastern New York., It is believed to be the
same as the Vernon red shales of central New York and that all of
these continental formations should bear one name,

The Cayuga group is exposed by the Milton anticline and underlies
a large area in northern Montour and Northumberland Counties but is
best exposed farther south along both sides of the Montour anticlinal
ridge. Its upper part also comes to the surface at Selinsgrove Junction
and Dalmatia. The total thickness of the Cayuga group in this part of
the area is about 1,400 feet. The Tonoloway limestone in this region
is 100-150 feet thick and consists mainly of platy, laminated limestones,
with thick beds occurring locally at the top. On plate 1 the Tonoloway
and Bossardville limestones are mapped with Helderberg limestone.

Below the Tonoloway occurs the Wills Creek formation (upper and
middle Salina group of I. C. White) consisting of 329 feet of buff and
pale-green limestone and limy shales and 407 feet of alternating red
and greenish shales and limestones.

The Wills Creek is underlain by the Bloomsburg red beds, a very
persistent and easily distinguished formation consisting of dark-red sandy
shale with a few thin layers of bright-green shale and a few beds of red
sandstone. Its thickness ranges from 404 to more than 800 feet in this
region, and in some places it forms steep bluffs and cliffs in contrast to
the valleys formed by the softer Wills Creek formation.

Between the Bloomsburg above and the Clinton formation below is
a group of rocks composed of red and greenish shale and gray calcareous
shale, with some dark blue limestone. These beds were mapped as
Clinton by I. C. White but have been definitely correlated with the
McKenzie formation by C. K. and F. M. Swartz,”® who found them to
be 156.5 feet thick near Danville.

The Cayuga group crops out in the valley just north of Kittatinny
Mountain along the southern border of the area described in this report.
In this region the Bloomsburg red beds are the predominant formation
of the Cayuga group and they thicken eastward, gradually replacing
nearly all of the other Cayuga formations.

In this part of the area the Bossardville limestone consists of dark-
blue limestone, massive in most places and laminated in some places.
The exposed part of the Bossardville is 73 feet thick at the Delaware
Water Gap and 77 feet thick on the Lehigh River. It is absent west of
Carbon County except for a thin tongue near Rausches in Schuylkill
County.

In Carbon and Monroe Counties the Poxono Island shale of 1. C.
White, consisting of about 200 feet of greenish-gray and variegated
calcareous shale represents the Wills Creek. The Wills Creek is absent
west of Carbon County.

s Swartz, O. K. and F. M., op. cit., pp. 6%, 639.
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In this part of the area the Bloomsburg consists of red shale and
sandstone with beds of brown calcareous shale, green shale, and hard
greenish-gray sandstone. Its thickness increases from 507 feet at the
Susquehanna River to 1,586 feet at Swatara Gap only 23 miles to the
east. It is 1,800 feet thick in Schuylkill County, and may be nearly 2,000
feet thick in Monroe County.

At Swatara Gap 110 feet of massive gray and greenish-gray sandstone
may belong to either the Clinton formation or the McKenzie formation.

Fossils are found in most of the Cayuga formations in the western
part of the area, particularly along Montour Ridge, but they become
scarcer toward the east.

Ground-water conditions—The Tonoloway limestone of Columbia,
Montour, and Northumberland Counties is very similar in its water-
hearing capacity to the overlying Helderberg limestone, described on
page 63. The Bossardville limestone of Monroe County is of less im-
portance as a water bearer. The Tonoloway (together with the over-
lying Helderberg) and the underlying calcareous portion of the Cayuga
group underlie a large area of northern Montour and Northumberland
Counties, where they form the only typical limestone region in the area,
as described in detail in the section on those counties. Here the thin-
bedded limestones and shales beneath the Tonoloway yield moderate to
large supplies of very hard water and supply numerous springs.

The Bloomsburg red beds are an important water-bearing formation
in Carbon, Columbia, Montour, Northumberland, and Schuylkill Coun-
ties and to some extent in Dauphin County. They yield small to large
supplies of water, which is almost invariably very soft and low in dis-
solved mineral matter. They are very similar to the Mauch Chunk shale,
and where large yields are reported, as in Carbon County, the water
probably comes from beds of sandstone. The Bloomsburg would prob-
ably yield adequate supplies of soft water in Monroe County, but data
are lacking.

CLINTGN FORMATION

General features—According to Butts,’ the Clinton formation in this
area presents two facies—what may be regarded as a normal facies, with
fossils and iron ore, occurring in Columbia, Montour, and Northumber-
land Counties, and a thicker facies, without fossils or ore but with more
sandstone, occurring along the summit and western slope of Kittatinny
Mountain. C. K. and F. M. Swartz " were successful in tracing the
Silurian sequence of Maryland as far east as the Susquehanna River
and with less certainty as far east as Swatara Gap but reported that
farther east the Clinton becomes more sandy and conglomeratic and

73 Butts, Charles, personal communication.
74 Swartz, O. K. and F. M., op. clt., pp. 654659,
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unites with the underlying Tuscarora sandstone to form the Shawangunk
conglomerate at the Delaware Gap.

The Clinton formation of Columbia, Montour, and Northumberland
Counties is continuous with that of central Pennsylvania and Maryland
where its limits are well defined by fossil evidence, and is conformable
on the Tuscarora sandstone. In this area its hard, resistant strata have
been folded into an anticlinal ridge (Montour Ridge) and have been cut
through by streams at Danville and Bloomsburg and by Susquehanna
River at Danville and Northumberland. C. K. and F. M. Swartz ™ have
split the Clinton into what they call “Rochester” and “Rose Hill” forma-
tions and classify the Keefer sandstone as a member of the Rochester.
Their Rochester is here 89.5 feet thick and consists of 44 feet of fos-
siliferous dark-blue limestone interbedded with gray calcareous shale,
terminated below by their Keefer member, consisting of 45.5 feet of
fossiliferous hard gray calcareous sandstone with some interbedded shale.
Their Rose Hill is here 867 feet thick, and the exposed part consists
chiefly of greenish shale and very fossiliferous greenish-blue limestone.
Although fossil iron ore is not mentioned in their section, it is known to
occur at other nearby localities, and two “veins” of ore 3 to 4 and 10
to 12 inches thick separated by shale crop out along Fishing Creek.

The Clinton occupies the north slope and in places the crest of Kit-
tatinny Mountain, which forms the southern boundary of the area, and
conformably overlies the Tuscarora sandstone. According to Schuchert,™
from Delaware Water Gap eastward the Clinton and Tuscarora together
form the Shawangunk conglomerate. The Clinton is well exposed in
several water gaps between those of the Susquehanna and Delaware.

Between the Susquehanna and Swatara gaps C. K. and F. M. Swartz"
divide the Clinton into Rochester formation (in which they include the
Keefer sandstone) and Rose Hill formation, but east of the Susquehanna
River these subdivisions lose their calcareous beds, become increasingly
barren of fossils, and become thicker and more sandy with the introduc-
tion of several zones of hard red iron sandstones in the lower part. At
Lehigh Gap the Clinton is 1,093 feet thick and consists predominantly
of hard greenish-gray, brown, and red sandstone, with some red and
olive-green shale and a few beds of hard iron sandstone. At the Dela-
ware Gap the Shawangunk conglomerate is about 1,823 feet thick.
Stose *® believes that of this thickness the lower 200 to 225 feet of
heavy sandstone and conglomerate represent the Tuscarora and that
the overlying beds represent the Clinton. In this region the Clinton is
somewhat thicker and coarser than it is to the west and contains some

76 Swarts, 0. K. and . M., op. cit., pp. 620-632.

ve Sehuchert Oharles, Bﬂurlan tormatlons of southeastern New York, New Jersey, and
Pennsylvania: Geol. Soc. America Bull.,, vol: 2, pp. 545-5i6, 1916.

""Swartz 0. K. and P. M., op. cit., pp. 631-638,

78 Stose, G. W., Unconformity at the base of the Silurlan in southeastern Pennsylvania:
Geol. Boc. America Bull., vol. 41, p. 654, 1930.
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beds of conglomeratic sandstone. Many of the greenish sandstones have
been cemented to quartzite and are perhaps the hardest and most resistant
rocks in northeastern Pennsylvania.

Ground-water conditions—The Clinton is a very good water-bearing
formation in Monroe County, where it yields moderate to large supplies
of good water to deep wells, many of which flow. It would doubtless
yield adequate supplies of water all along Kittatinny Mountain and along
Montour Ridge, but owing to the rugged, uninhabited character of its
outcrop areas it has not been exploited elsewhere, except possibly along
the Susquehanna River in Dauphin County.

TUSCARORA SANDSTONE

General features—The Tuscarora sandstone underlies the Clinton for-
mation and is the lowermost formation of the Silurian in northeastern
Pennsylvania. It is partly exposed by stream cuts along Montour Ridge
and fully exposed in water gaps along the south slope of Kittatinny
Mountain. Between the Delaware Water Gap and Manada Gap it rests
unconformably on the Martinsburg shale, but west of Manada Gap it
overlies the Juniata formation, which in turn rests unconformably on
the Martinsburg, through the absence of the Oswego sandstone. Along
the southern outcrop the Tuscarora was mistakenly identified with the
sandstone of Nittany Valley called by the Second Pennsylvania Survey
the “Oneida conglomerate.” This sandstone is now known to be the
Oswego sandstone, which in Nittany Valley underlies the Juniata (Red
Medina of the Second Survey). The Oswego is not present in this area,
and the Juniata is present only west of Manada Gap.

The Tuscarora sandstone is made up of a basal coarse quartz con-
glomerate, which in places contains pebbles of black shale, and beds of
hard white sandstone, quartzite, and conglomerate. The Tuscarora
ranges in thickness from 100 to more than 400 feet.

Ground-water conditions—The water-bearing properties of the Tus-
carora sandstone in this area are unknown, because no wells were ob-
served which penetrated it, and as its outcrop areas are rugged and
uninhabited, it will probably never be extensively exploited for water.

UNCONFORMITY AT THE BASE OF THE SILURIAN

The contact relations between the Silurian and Ordovician systems
have been thoroughly investigated by Stose,” who concludes that:

The unconformity at the base of the Silurian in eastern Pennsylvania,
New Jersey, and southwestern New York, which represents the Taconic
revolution of southeastern New York, extends southwestward to the Sus-
quehanna River gap but not to the southern border of Pennsylvania, nor
to the central part of the State. In Pennsylvania this unconformity con-
sists of an overlap of the basal conglomerate of the Tuscarora sandstone

79 Stose, @. W., op. clt., pp. 666-667.
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and its representative in the east, the lower part of the Shawangunk
conglomerate, on the folded and erocded Martinsburg shale, the sandstone
resting in a large part of the area on the lower member of the shale,
from which the upper sandy member had been eroded previously.

The Juniata formation, of red shale and sandstone, and the still lower

Oswego sandstone, normally succeeding the Martinsburg shale, are both
absent, leaving a hiatus of 2,500 feet at least between the Martinsburg
and Tuscarora. There is no apparent angular discordance at any of the
gaps, except at the Schuylkill Gap, where the Tuscarora sandstone is
vertical and rests against nearly horizontal Martinsburg shale. [See
pl. 3-B.]

ORDOVICIAN SYSTEM
JUNIATA FORMATION

General features—The Juniata formation, of Upper Ordovician age,®
underlies the Tuscarora sandstone at Susquehanna Gap and is uncon-
formable on the Martinsburg shale. The Juniata is not present along
Kittatinny Mountain east of the Susquehanna Gap and is not found in
Manada Gap or in any section farther east.®

At the Susquehanna Gap the strata are overturned, and the Juniata is
exposed at the south foot of Kittatinny Mountain, dipping 70° S., over-

turned, and lying on top of the younger Tuscarora sandstone. The Juniata
is here 68 feet thick and consists chiefly of red sandstone with some

conglomerate.

Ground-water conditions—The Juniata formation is exposed in this
area only in Dauphin County, where its water-bearing properties are
unknown, as no wells were observed along its outcrop.

5 80 The Juniata Is classed as Sllurian by the Pennsylvania Topographic and Geologe
urvey.

Y1 8tose, G. W., op. cit., p. 64l.



COUNTY DESCRIPTIONS

In the following pages the geology and ground-water conditions are
described by counties in alphabetic order, with tables of water-bearing
formations, .public supplies using ground water, representative drilled
wells, and chemical analyses of ground waters.

The drilled wells and a few dug wells shown on the maps of well
locations are numbered from 1 to 1161 in order of counties from north
(Susquehanna County) to south (Dauphin County). In each county
the wells are numbered consecutively from north to south and are tabu-
lated by townships. Wells located in boroughs that are separaté political
units are arbitrarily classified in the nearest township. The same numbers
are used to identify the chemical analyses of waters for each county.

The information pertaining to many of the domestic supplies and a
few of the industrial supplies listed in the accompanying well tables was
obtained from well drillers. These wells were located on topographic
maps from the descriptions given by the drillers. It was not possible
in the time available to visit each well in the field, and therefore some
of the wells may not be accurately located, although most of the locations
are believed to be correct. The altitudes shown are taken from the
nearest contour on the topographic maps unless otherwise designated.

It was not generally possible to make measurements of depths and
water levels, because most of the wells listed are drilled wells covered
with pumps. Most of the data are taken from statements of drillers or
owners, Only a few of the well drillers have kept written records, and
most of these records are incomplete, The figures on depth to water
level are probably the least accurate of all given in the tables, as most
of the drillers and well owners relied on memory in supplying this
information.

The data pertaining to the industrial and public supplies were taken
chiefly from written records and are therefore more accurate than the
figures given for domestic supplies.

Data on depth and thickness of water-bearing beds are not given. s
all the tables, as they were not available in many of the counties.

In describing the location of wells, the nearest town is given rather
than the post office address of the owner.

The tables of public supplies include only those supplies which utilize
ground water either as a sole source or as an auxiliary source.

The figures given for population are those of the census of 1930.
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CARBON COUNTY

GENERAL FEATURES
(Area 406 square miles; population 63,380)

Carbon County is in the southeast corner of the area described in this
report. In 1930 there were four towns in Carbon County having 5,000
or more inhabitants—Lansford, 9,632; Palmerton, 7,678; Lehighton, 6,490;
and Summit Hill, 5,567. Only a part of the county is adapted to agri-
culture. In 1929 there were 73 manufacturing establishments with an-
nual products valued at $5,000 or more, and in 1930 there were 5 anthra-
cite mines. Nearly all of the industrial development is along the Lehigh
River,

The high plateau called “Pocono Mountain,” in Monroe County, ex-
tends southwestward into Carbon County, where it forms Pohopoco and
Broad Mountains and several smaller ridges, such as Mauch Chunk Ridge.
Lake Mountain, more than 2,220 feet above sea level, is the highest point
in the county. Kittatinny Mountain, joining the southern boundary of
the county, has a nearly uniform altitude of about 1,500 feet. Lehigh
River at its lowest point in the Lehigh Gap is 393 feet above sea level.
The total relief is therefore about 1,800 feet.

Except for several small areas in the western part of the county, which
drain into tributaries of Schuylkill River, Carbon County is drained
entirely by Lehigh River, which flows southward through the middle of
the county in a steep-sided gorge that cuts across all the mountains and
in many places is 1,000 feet deep.

GEOLOGY AND GROUND WATER
GENERAL SECTION

The northern part of Carbon County, including two-thirds of Kidder
Township and a small part of Lehigh Township, lies north of the Wis-
consin drift border and was covered by ice during the last glaciation.
More than half of the county lies north of the Ilinoian drift border, and
the entire county lies far north of the Jerseyan drift border. (See pl 1.)
The only extensive deposits of drift that were noted south of the Wis-
consin drift border are those in the valley of Aquashicola Creek.

The rock formations exposed in Carbon County range in age from the
post-Pottsville formations, of Pennsylvanian age, down to the base of the
Tuscarora sandstone, of early Silurian age. The Martinsburg shale, of
Upper and Middle Ordovician age, is exposed at or near the county line
at the Lehigh Water Gap. The youngest rocks are exposed in a narrow
syncline, the Panther Creek coal basin, which lies between Nesquehoning
and Pisgah Mountains, and in the Beaver Meadow syncline, near the
Luzerne County line. The oldest formation, the Tuscarora, crops out
along Kittatinny Mountain at the county line,



CARBON COUNTY

71

Generalized section for Carbon County

Maximum
Geologic thickness
unit exlgosted Character ot rocks Ground-water conditions
ee
Uneven deposits of clay, sand.| North of Wisconsin border,
quicksand, and gravel. Wis-| drift ylelds small supplles
consin 150 feet thick in places, to few wells, Tlinolan
Glacial drift 150+ Ilinofan 50 feet thick in| (?) drift, In Aquashicola
places, Jerseyan drift doubt-| Creek Valley, ylelds large
{ully present. supplies of potable water.
Post-Pottsville . Coal, sandstore, and conglom-| Unimportant as source of pot:
formations 975+ érate abla water; only 1 well re-
corded.
Coarse conglomerate and hard| Unimportant in OCarbon
Pottsville sandstone. Some red shale] County; no wells recorded.
formation 1,000+ near base. BSmall, rugged
outcrops.
Chiefly red sandstone and red| Shallow wells yleld small sup-
Mauch Chunk shale, some {friable yellow| plies; wells 160 to 600 feet
shale 2,160+ sandstone near base. deep yleld large supplies;
many flowing wells. Water
. is of excellent quality,
Hard gray and red sandstone, | Yields small supplies to shal-
Pocono yellow, green, and gray| low wells; would probably
sandstone 1650+ shale, and hard coarse quartz| yield large supplies to deep
conglomerate. wells. Water of excellent
quality.
Red and green sandstone and| Yields small to moderate sup-
shales, and some conglomer-| plies to wells less than 1560
Catskill ate. feet deep; would probably
group 8,100+ yield larger supplles to deep
wells. Water of excellent
quality.
Chiefly dark shales, with thick| Yields small to moderate sup-
Portage beds of sandstone near mid-| “pijes of potahle water to
group 1,400 dle and near the base. Black| shallow domestic wells. Water
shale at base. of good quality.
Dark-gray shale, dark hard| yYields small supplles to shal
fossiliferous slate, and flaggy| low domestic wells. Deep
Hamilton sandstone. wells, particularly those en-
formation 1,400 countering sandstone, may
obtain large supplies. Watér
of good quality.
Dark and gray shale. Yields small supplies of water
Marcellus of good quality to shallow
shale 800+ wells.
5 feet of cherty limestone under-|No wells known to exist. Paint
Onondaga lain by 20 feet of “hydrau-| ore tunnels yleld water high
formation 50+ lic cement’” limestone, paint| {p jronm.
‘ore, and clay.
Oriskany Chiefly massive coarse calcare-| Unimportant, rugged unin-
sandstone 288-400? ous sandstone. habited outcrop area; only
one well observed.
Helderberg Sandy calcareous shale, sand-| Unimportant; small outerop;
limestone 55-207 stone, and impure limestone.| no well data available.
Bossardville limestone, Wills| Bloomsburg red beds yleld
Creek shale (thin-bedded cal-| large supplies of excellent
Cayuga careous shale and@ lime| water to deep wells; no data
group 12,0004 stone); Bloomsburg red beds| on other formations.
(red and olive-green shale).
Hard red, green, and white] No well data available; known
Clinton sandstone; hard white sand-| to be water-bearing In Mon-
formation 1,000 stone and conglomerate; red| roe County.
and olive-green shale.
Hard conglomerate of quartz
and black shale pebbles, over-
Tuscarora lain by hard white sandstone,| No wells.
sandstone 457 c:nlglomerate, and sandy
shale.

1 A large part of the Cayuga i3 not exposed.
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STRUCTURE ®

The geologic structure of Carbon County differs from that of adjoining
counties in that it is complicated by major faulting as well as by folding.
In the northern part of the county there are several folds which form
the northeastern extension of the folds in the Hazleton coal basin, the
southern part of which is the Beaver Meadow syncline. The northeastern
part of the county is capped by nearly horizontal strata of Catskill sand-
stone. Broad Mountain is an anticlinal ridge of the Pocono, which ex-
poses a small area of the Catskill formation at the Lehigh River. The
Mauch Chunk or Panther Creek syncline exposes the Pennsylvanian
rocks, and the Lehighton anticline exposes the Hamilton formation. The
Wire Ridge syncline exposes the Catskill formation to the northeast
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Figure 7. Map of Carbon County showing location of water wells

Mauch Chunk Township, omitted by error, occupies what is here shown as the
southern part of Packer and Penn Forest Townships

and the Hamilton formation to the southwest. Between the Wire
Ridge syncline and Kittatinny Mountain the structure is very complex,
but the structure has been worked out by tracing the three separate
outcrops of the Oriskany sandstone. The northernmost outcrop contin-
ues in a long straight line across the county, and the beds form the north
limb of an anticline overturned to the north with an average dip of
about 70° S. The anticline was not a simple fold but contained several
minor anticlines and synclines, and one of these synclines with vertical
walls was faulted down south of the anticlinal axis and now exhibits
two secondary outcrops of the Oriskany and associated formations. The

82 Bee Winslow, Acthur, Map and sections along the Lehigh River: Pennsylvania Geol.
Survey Ann. Rept. for 1883, pt. 4, sheet B, 1887.
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fault, which trends northeast, has been described by Chance®, Hill®, and
Agthe and Dynan®. A small syncline occurs just east of Germans, and
the beds at Germans are cut by a north-south fault. Kittatinny Mountain
is a steep monoclinal ridge with normal northwest dips increasing to the
northwest.

WATER-BEARING FORMATIONS
[See pp. 41-67 for further description]

Glacial drift—The presence of Wisconsin and Illinoian drift has been
established in Carbon County, and there may be slight traces of Jerseyan
drift in the southwestern part, but none of it was observed by the writer.
North of the Wisconsin drift border, in Kidder Township, the thickness
of the drift ranges from a few feet to more than 150 feet. On the north
shore of Lake Harmony many wells penetrate 100 feet of clay, “quick-
sand,” and gravel before reaching bedrock, and one well 150 feet deep
obtains water from a bed of coarse boulders overlain by “quicksand”
and gravel. On the south side of the lake the drift is only 15 to 25 feet
thick. (See wells 685 to 688.)

The Lehigh River flows through a rock gorge in most places, and no
excessive depths of outwash material were recorded in well records.
Well 736, near the middle of the narrow river valley at Weissport, pene-
trated 30 feet of coarse sand and gravel.

Aquashicola Creek meanders over a buried valley until it reaches the
town of Palmerton, where its course is obstructed by a moraine about
80 feet high which has forced the creek to erode a new channel through
Cayuga shales, leaving a round hill of red shale isolated from the main
mass of Kittatinny Mountain. This moraine is shown on pl. 1 as the
lower limit of the Illinoian drift border. The Palmer Water Co. has four
dug wells (753 to 756) of excellent construction in the drift-filled valley
about half a mile northeast of Aquashicola. The wells range in depth
from 12% to 23% feet and yield from 115 to 250 gallons a minute from
beds of gravel and boulders. A test hole drilled here went down 50
feet without reaching bedrock, but one of the dug wells encountered
bedrock at a depth of 12 to 15 feet. The temperature of the water from
well 756 was 68° F. on September 23, 1930. This high temperature,
together with the proximity of the wells to Aquashicola Creek, seems
to indicate that the water percolates into the gravel beds from the creek
near the wells or a short distance upstream. Doubtless many more strong
wells of this type could be developed along the valley of Aquashicola
Creek.

Post-Pottsville and Pottsville formations—The post-Pottsville forma-
tions, including the Allegheny formation and probably a small part of
the Conemaugh formation, crop out in the Panther Creek coal basin
and in the Beaver Meadow coal basin. The beds in the Panther Creek
coal basin have been severely folded and contorted, with numerous anti-
clines within the main syncline. The Pottsville contains workable coal
beds but consists largely of coarse conglomerate and hard sandstone, with

83 Chance, H. M., Special survey of the Lehigh Water Gap: Pennsylvania Geol. Survey,
2d ser. Rept G-6. DD 349-352, 1882.

s+ Hill, F. Report on the metallle paint ores along the Lehigh River: Pennsylvania
Geol. Survey, Ann Rept. for 1888, pt. 4, pp. 1386-1408, 1887,

85 Agthe, F. T., and Dynan, J. L., Paint-ore deposits near Lebigh Gap, Pa.: U. 8.
Geol. Snrvey Bull. 430, pp. 442-445, 1910.
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a 60-foot bed of red shale near its base. The hard Pottsville rocks form
the Nesquehoning and Pisgah Mountains, which have preserved the
Panther Creek coal basin from erosion, and crop out around the Beaver
Meadow coal basin.

In the Panther Creek coal basin the Pottsville and post-Pottsville
formations are not sources of potable ground water, because of coal-
mining operations, but they contain considerable water, which must be
pumped or drained out of the mines. The coal beds dip very steeply,
and consequently considerable surface water drains into the open strip-
ping pits and down into the underground workings. The eastern or
“spoon” end of the syncline is drained by a tunnel between the Nesque-
honing Colliery and Lehigh River, a distance of about 21,000 feet, at a
maximum depth of 1,000 feet. With the kind permission of Mr. Hold,
colliery superintendent, Mr. Sterner, colliery engineer, accompanied the
writer through the drainage tunnel in August, 1930. It was observed
that the rocks were dry between the depths of 600 and 1,000 feet and
that most of the water came from the upper levels. At a depth of 1,000
feet the post-Pottsville, Pottsville, and Mauch Chunk formations pene-
trated by the tunnel were fractured, but most of the fractures were
tightly closed, and only a few of them dripped water. In the summer
of 1930 the flow was only about 1,500 gallons a minute, the lowest flow
recorded. The maximum flow recorded took place after a very heavy
rain and was estimated at 43,000 gallons a minute. The water is unfit
for drinking and is reported to be slightly acid, but iron rails that had
been on the tunnel floor for more than 15 years were still serviceable.

A shallow drilled well in Beaver Meadow obtains a small supply of
water from post-Pottsville sandstone, but the owner reports that wells
which were formerly in use close to the coal mines have been drained
by mining operations. No well records were obtained for the Pottsville
in this Jocality, because its outcrop areas are largely uninhabited.

Mauch Chunk shale—The Mauch Chunk shale is well developed at
Mauch Chunk, the type locality, and in long, narrow valleys on both
sides of the Panther Creek coal basin. The sandstones and some of the
shales of the Mauch Chunk yield small supplies of water to drilled wells
about 60 to 100 feet deep and larger supplies to wells about 100 to 600
feet deep. The wells in Banks, Lausanne, and Lehigh Townships are all
less than 100 feet deep and yield adequate domestic supplies. In Mauch
Chunk, East Mauch Chunk and the valleys on both sides of the Panther
Creek basin a number of wells have been drilled for municipal and in-
dustrial supply. These wells range in depth from 112 to 606 feet and
are pumped at 70 to 375 gallons a minute. Most of the wells obtain
water under artesian head from beds of sandstone. Some of the wells
flow 20 to 35 gallons a minute, and one diamond-drill hole 200 feet deep
was reported to have had a flow of about 150 gallons a minute before it
was plugged. All the wells in the Mauch Chunk east of the Lehigh
River were reported to be flowing wells, and the geologic structure ap-
pears to be ideal for artesian conditions. (See wells 704 to 706.) The
wells of the Mauch Chunk Water Co. (712 to 714) near Mauch Chunk
range in depth from 406 to 606 feet and yield 70 gallons a minute by
pumping. The wells of the Summit Hill Water Co. (718 to 720) are 250
feet deep and yield 160 to 22§ gallons a minute. The water from the
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Mauch Chunk carries very little dissolved mineral matter, as shown by
the analyses of water from wells 704, 712, and 718.

Pocono sandstone.—The outcrops of the Pocono in Carbon County
form steep ridges or high mountains containing only a very sparse rural
population, so that there are only a few shallow domestic wells equipped
largely with small hand pumps. The water is reported to be of ex-
cellent quality.

Catskill group.—The Catskill group crops out over most of Kidder and
Penn Forest Townships and on several ridges in the southern part of
Carbon County.

The sandstones and shales of the Catskill yield water of a very good
quality, but in general the hard, fractured sandstones yield more than
the soft shales. All the wells recorded for the Catskill formation are
domestic wells and, with two exceptions they range in depth from 37
to 114 feet and yield 8 to 20 gallons a minute. Two 150-foot wells south
of Mauch Chunk yield 60 and 75 gallons a minute with small draw-
downs. It is probable that considerably more water could be obtained
by deeper wells.

Portage group.—The Portage group crops out along a narrow belt
about a third of a mile wide that crosses Lehigh River above Lehighton,
and forms a double outcrop around the Wire Ridge syncline, the two
outcrops uniting at two places west of the Lehigh River. The strata dip
very steeply to the north at the locality above Lehighton.

Wells in the Portage range in depth from 40 to 110 feet, are reported
to yield 5 to 25 gallons a minute and are all used for domestic supply.
The thin-bedded sandstones or flagstones are probably capable of yield-
ing much larger supplies of water, but no data are available in Carbon
County to verify this. Well 736, in Weissport, is only 100 feet deep and
is reported to yield 60 gallons a minute continuously. However, the well
is adjacent to Lehigh River, where bedrock is overlain by 30 feet
of water-bearing sand and gravel, and most of the water may percolate
down into the black shale from the river sand and gravel. The water
from the Portage is reported to be of good quality, but may contain
hydrogen sulphide.

Hamilton formation.—The Hamilton formation is partly exposed in the
northeastern part of the Lehighton anticline and is completely exposed
in a narrow belt southeast of the Wire Ridge syncline, which crosses
Lehigh River above Bowmanstown.

Records were obtained on only four wells in the Hamilton, two of
which are 72 and 127 feet deep and are reported to yield 10 and 5 gal-
lons a minute each. Well 729 is 150 feet deep and flows 3 to 4 gallons
a minute but would doubtless yield considerably more by pumping. The
strongest well reported for the Hamilton is well 730, which is 305 feet
deep and is reported to yield 150 gallons a minute continuously. Moder-
ate supplies are obtainable from the shales or slates and large supplies
similar to that of well 730 can probably be obtained from the sandstones.
The water is reported to be of good quality.

Marcellus shale—The Marcellus shale crops out in a narrow belt of
varying width, which crosses Lehigh River at Bowmanstown. It con-
sists entirely of black shale and slate, which has been mined for roofing
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slate in some places. The beds have been severely crushed by folding
and faulting so that it is very difficult to determine their exact thickness,
but it has been estimated at 800 feet. The beds dip steeply to the north
in most places but are locally vertical or overturned.

The shales and particularly the hard, brittle slates have been crushed
and fractured, so that numerous openings have been provided for the
movement of ground water. A few domestic wells were recorded in the
Marcellus, all of which were less than 50 feet deep and were reported
to yield 10 to 15 gallons a minute. The water from the Marcellus is re-
ported to be of good quality.

Onondaga formation—The Onondaga formation is composed of an
upper bed of cherty limestone 5 feet thick, underlain by a hard, fine-
grained hydraulic limestone of varying thickness which was formerly
mined and manufactured into hydraulic cement*. Beneath this lime-
stone lies a bed of clay averaging about 6 inches in thickness, a bed of
paint-ore averaging about 2 feet, and a bed of soft blue and yellow clay
2 to 8 feet thick overlying the Oriskany sandstone. The paint-ore beds
are of sedimentary origin and extend in a northeast-southwest direction
for about 20 miles. The ore resembles blue limestone when first mined
but turns red on oxidation. It consists principally of iron carbonate
containing about 35 percent of metallic iron. The ore has been mined
and used for the manufacture of paint since 1856*.

No wells are known along the outcrops of the Onondaga, but water
has been encountered in the paint-ore mines. Considerable water enters
the tunnel of the Prince Manufacturing Company’s mine at Little Gap,
at a point about 800 feet from the mouth. The water appears to contain
considerable iron and is reported to form red boiler scale. The borough
of Bowmanstown is supplied with water collected in an abandoned ore
tunnel which ends at the paint-ore horizon, and the water is reported
to contain considerable iron.

Oriskany sandstone.—The Oriskany sandstone crops out on a long,
narrow, steep ridge and is quarried for sand at several places in Carbon
County, the massive blocks of sandstone crushing readily into loose sand.

The coarse sandstone beds of the Oriskany appear to be very porous,
but the beds are vertical or overturned and form a steep barren ridge, on
which only one well is known. The Alliance Sand Co. at Palmerton
has a drilled well (761), 109 feet deep, just below its quarry, which
formerly yielded 15 to 20 gallons a minute, but it is reported that the
yield has been reduced by mining activities near the foot of the hill.

Helderberg limestone—The Helderberg limestone crops out beneath
the Oriskany along the south side of the Oriskany ridges. The measured
thickness of the Helderberg in this region is 207 feet, but of this the upper
152 feet consists of sandstone and cherty, sandy shale which may be
Oriskany or Helderberg. The lower 55 feet, which has been definitely
assigned to the Helderberg, consists of 17 feet of arenaceous, calcareous
shale, 1 foot of sandstone and 37 feet of sandy, shaly, impure limestone
resting on the Bossardville limestone.

Well data are not available for the Helderberg in Carbon County, and

8o Hill, ¥. A., op. cit., p. 1889,

87 For a eomplete history, description, ard bibliography, see Agthe, F. T., and Dynan,
J. L., op. cit., . 440-454,
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the narrowness of its outcrop makes it unimportant as a source of ground
water, but it is known to be water-bearing in Monroe County.

Cayuga group—The Cayuga group crops out along the broad valleys
of Aquashicola and Lizard Creeks north of Kittatinny Mountain. Only
the lower and upper parts of the Cayuga are exposed along Lehigh River,
for glacial drift covers aboct 2,000 feet of the middle part.

The only wells in the Cayuga on which data were obtained were the
four drilled wells of the Palmer Water Co. (757 to 760), south of Palmer-
ton. They range in depth from 300 to 304 feet and yield 115 to 130 gal-
lons a minute. All the wells obtain water of good quality from the
Bloomsburg red beds which apparently constitute a very good water-
bearing formation.

Clinton formation and Tuscarora sandstone.—The Clinton formation
and Tuscarora sandstone occupy the crest and most of the northern slope
of Kittatinny Mountain, and the outcrop areas are steep, heavily wooded,
and practically devoid of habitation. Because of their topographic posi-
tion there are no wells along their putcrops, and nothing is known as to
their water-bearing properties in Carbon County.

ARTESIAN CONDITIONS

Although the water level in most of the drilled wells in Carbon County
stands considerably above the point at which water was first encountered,
there is apparently only one locality where several flowing wells have
been obtained. This is the valley marked by the outcrop of the Mauch
Chunk formation around the Panther Creek syncline. There are two
wells now flowing and a plugged well reported to have flowed years ago
about a mile northeast of East Mauch Chunk. (See wells 704 to 7068). In
Mauch Chunk, Bloomingdale, and Hauto the wells do not flow, but the
water level is very close to the surface. (See wells 710 to 721).

The only other flowing well reported in the county is well 729, in
Lehighton, which is drilled apparently on an anticline. The Wire Ridge
syncline is not favorable for flowing wells, because the core of the syn-
cline stands at a higher altitude than the rim rocks.

It is possible that flowing wells might be obtained along the north
slope of Kittatinny Mountain, but no wells have been drilled high on the
mountain.

QUALITY OF WATER

The analyses tabulated on page 78 indicate the chemical composition
of three samples of water from drilled wells in the Mauch Chunk shale,
one from a dug well in the glacial drift near Palmerton and one from
a spring. These analyses represent waters that are noticeably low in
dissolved mineral matter. The quality of the water obtained from the
other water-bearing formations is reported to be good, but no analyses
are available to check the reports.

PUBLIC SUPPLIES

The six public waterworks using ground water are listed in the sub-
joined table. Buck Mountain also utilizes spring water for public sup-
ply, but data were not available for tabulation. Only two of the four
largest boroughs, Palmerton and Summit Hill, use ground water. The
other two, Lansford and Lehighton, are supplied with surface water.
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Other places using surface water are Weissport, Weatherly, Rockport,
Nesquehoning and Hauto.

Audenried, Tresekow and Kelayres are supplied by the Honeybrook
Water Co., which also supplies McAdoo in Schuylkill County. The com-
pany has two large reservoirs impounding 156,000,000 gallons from two
groups of springs, and two flowing wells used only for auxiliary supply.

DOMESTIC AND INDUSTRIAL SUPPLIES

Many dug wells are still in use in Carbon County, chiefly on farms,
but there are also numerous drilled wells in the rural districts. Small
springs are utilized for domestic supply in many places. )

Most of the industrial establishments are located in the larger towns
and use municipal water, but a few of them have drilled wells, includ-
ing an ice company, a packing company, a silk mill, and a sand company.
In the anthracite districts the coal mines are supplied largely with surface
water from municipal water companies owned by the coal companies.

Analyses of waters in Carbon County

(Parts per million. Numbers less than 1200 correspond to numbers on map and in the
tables of well data)

704 712 s 56 1200 2

Silica (8102) ———- 8.7 —— 9.9 J—
Iron (Fe) ... ——— .08 —t 01 ———
Calclum (Ca) .. (%) 5.2 33 17 83
Magnesium (Mg) ... ——- 1.3 ———- 3.2 ——
Sodium (Na) 1¢ 2.1 3¢ 4.9 16
Potassi (K) 2 6
Blcarbonate (HCOs) ._____.. 8.0 21 14 51 10
Sulphate (SO:) _. - (2) 1.6 (®) 14 133
Chloride (Cl) . 1.0 1.5 2.0 1.2 1.0
Mtrate (NOs) ... - .0 10 €2 .83 .10
Total dissolved solids — 11 ¢ 29 19 ¢ 8 28 ¢
Total huardness as CaCOs

(caleulnted) o oommeee 9.08 18 105 56 218
Date of collection (1930) -..| Sept. 23 Sept. 23 Sept, 28 Sept. 3 Sept. 28

1 Abandoned paint-ore tunnel in Bowmanstown, 1,000 feet long, Marcellus or Onondaga.
2 Less than 2 parts. 3By turbity. ¢ Calculated, ® Determined.
Analysts: 704, 718, K. T. Williams, 712, 758, 1200, L. A. Shinn.
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COLUMBIA COUNTY

GENERAL FEATURES
Area 479 square miles; population 48,808

Columbia County lies in the west-central part of the area described in
this report. Berwick, the largest borough, has a population of 12,660;
Bloomsburg has 9,093 and Centralia 2,446. Industrial development is
centered along the Susquehanna Valley and the Western Middle anthra-
cite field, in the southernmost part of the county. In 1929 there were
82 manufacturing establishments with annual products valued at $5,000
or more, and in 1930 there were 9 coal mines. A large part of the county
is occupied by small farms, of which, in 1930, there were 2,279,

The highest point in Columbia County is on North Mountain at the
northeast corner of the county where the altitude is 2,450 feet. Cata-
wissa Mountain attains an altitude of 1,941 feet at the easternmost corner
of Roaring Creek Township and there are numerous sharp-crested ridges
in the county ranging from 1,600 to 1,800 feet. Susquehanna River leaves
the county at Roaring Creek with an altitude of 460 feet, which is.the
lowest point in the county.

With the exception of the northwest corner of Madison Township,
which is drained by the West Branch of Susquehanna River, and the
south half of Conyngham Township, which is drained by Shamokin Creek
into the main Susquehanna, all of Columbia County is drained by the
North Branch of Susquehanna River, which flows southwestward through
the center of the county with an average gradient of about 1.14 feet
to the mile. :

GEOLOGY AND GROUND WATER
GENERAL SEOTION

Only a small part of Columbia County was covered by the last ad-
vance of the ice, but traces of one and possibly two older stages of
glaciation have been observed over the remainder of the county. (See
drift borders on pl. 1.) The Wisconsin drift border crosses Susquehanna
River near Beach Haven, enters Columbig County on the north slope
of Huntington Mountain, and follows a northwesterly course through
Fishing Creek, Benton, and Jackson Townships. Extensive drift deposits,
which exterid through the county along Susquehanna River and in the
northern part of the county, have been regarded as of Illinoian age, and
still older isolated patches of what may be Jerseyan drift have been
observed. The only pre-Wisconsin glacial material which is important
as a source of ground water is that found along Susquehanna River.

The rock formations exposed in Columbia County range in age from
the post-Pottsville Pennsylvanian formations down to the Clinton forma-
tion. The youngest rocks, the Pennsylvanian and Mississippian, are ex-
posed along the southern, eastern, and northern borders of the county,
and the oldest rocks, the Silurian and Lower Devonian, are exposed only
along Montour Ridge through the center of the county. Rocks of Middle
and Upper Devonian age crop out over the greater part of the county.
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Generalized section for Columbia County

Maximum
thickness
Geologic unit e??ogd Character of rocks Ground-water conditions
ee!
Glacial 140 Wisconsin and Illinolan drift;| Wisconsin outwash sand ana
drift sand, clay, and gravel on| gravel most important surfl-
(Wisconsin, higher zround north oi drm cial deposit; ylelds small to
{llinotan, borders. Small very large suppllies of good
Jerseyan ?) Jergeyan (1) dritt‘ thlek de- water to dug and drilled
posits of Wisconsin outwash wells. Some fallures due to
along Susquehanna River and| quicksand.
Fishing Creek.
Post- 1,200% | S8andstone, shale, slate, fire-| Unimportant; no wells re-
Pottsville clay; 12 to 156 workable coall ported. Head lowered and
Pennsylvanian . water polluted by coal min-
formations ing.
Pottsville 850+ | Coarse conglomerate, gray and| Unimportant; no wells re-
formation greenish sandstone and shale:| ported; crops out only on
a few workable beds ot coal.| high mountains.
Mauch Chunk 2,000+ | Largely red shale, with beds|Supplies a few shallow domes-
shale of red and green sandstome| i wells In Catawissa and
and green shale. Beaver Valley and two strong
wells in Roaring Creek Val-
ley. Wauter reported to be
of good quality.
Pocono sand- 600+ | Coarse gray and yellowish| Unimportant; no wells re-
stone sandstone and shale and mas ported; crops out only on
sitve graylish-white conglomer-| high mountalns.
ate.
Catskill 1,700+ | Red shale, red and gray cross-| Yields small supplies to shal-
group bedded sandstone, green and| low domestlc wells, and
white sandstone; gray gand-! moderately large supplies to
stone aod shale in lower| wells 200 to 876 feet deep.
part. Water is of good quality.
Portage 2,100+ | Alternating beds of gray and{ Yields small supplies of good
group olive-green shale and hard| water to shallow - domestie
whitish  or  greenish-gray| wells.
sandstone, black shale and
limestone at base.
Hamilton 1,00+ | Brown, gray, and blulsh-gray| Wells 50 to 250 fect deep gen-
tormation sandy shale and sandstone. erally yleld adequate domes-
tic supplies; one deep well
ylelds large industrial supply.
Marcellus 410+ | Black and dark-blue fissile] Water generally of good
shale slate and shale, gray| quality but may contain
near base. hydrogen sulphide.
Oriskany 40+ | Cherty rotten yellow sandy| Not known; no wells known to
sandstone beds; t or concealed| penetrate It; absent in most
east of Bloomsburg. places.
Helderberg 235+ | Largely blue pure and Impure| Ylelds large supplies of medium.
limestone limestone, with some Inter-| hard water to several In-
bedded shale and hard sand-| dustrial wells; iron-bearing
stone. water fromm onc well.
Cayuga 1,430+ | Tonoloway lmestone, 1054| Tonolway yields large supplies
group feet; Wills Creck shale (bufff of medium-hard water to
and pale-green limestone and| several Industrial wells,
sandy  shale), 320 feet;| Bloomsburg supplies several
Bloomsburg red beds, (red| wells with 10 to 20 gallons a
and green shale and sand:| minute of very soft water.
stone), 840+ feet; calcureous| Very few data on remainder
shale and olive-green sand-] of formation.
stone (McKenzle and Clinton),
150+ fect.
Clinton 1560- | Fossll fron ore, hard ferrifer-| Unimportant In Columbia
formation 710+ ous red sandstone, and yel-| County; forms erest of high
lowish green and olive-green ridge.

shale.

! Not entirely exposed.
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STRUCTURE

In Columbia County the rocks have been folded into-seven alternating
synclines and anticlines, which trend east or northeast. The folds inter-
finger with one another, the anticlines plunging to the east and the syn-
clines rising to the west, so that progressively older beds are exposed
on the anticlines toward the west and progressively younger beds are
exposed on the synclines toward the east. The folds from north to south
are (1) a syncline exposing the Pocono sandstone on North Mountain;
(2) the Milton anticline, exposing the Middle Devonian rocks between
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Millville and Fishing Creek; (3) the Lackawanna syncline; which rises
rapidly to the west and exposes the Mauch Chunk between Huntington
and Lees Mountains; (4) the Berwick (Montour) anticline, which ex-
poses the Clinton formation along Montour Ridge; (5) the Northumber-
land syncline, which becomes a synclinorium to the east and exposes
several small patches of the post-Pottsville formations belonging to the
Eastern Middle anthracite field; (6) the Selinsgrove anticline, which
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exposes the Portage group in Columbia County east of Elysburg; and
(7) the large Shamokin syncline, which exposes the post-Pottsville
formations of the Western Middle anthracite field.

The Berwick (Montour) anticline is the only ridge-forming anticline
in the county: the other anticlines form valleys or areas of low relief.
In the synclines the Pocono sandstone and the Pottsville formation form
high even-crested ridges, and the other rocks form valleys and areas
of low relief.

WATER-BEARING FORMATIONS
(See pp. 41-67 for further description.}

Glacial drift—Glacial drift of Wisconsin, Illinoian, and Jerseyan (?)
age has been mapped in Columbia County. The Jerseyan (?) is present
only in a few patches south of Knob Mountain and in Greenwood and
Jackson Townships and is relatively unimportant as a source of ground
water, except that it probably supplies a few dug wells. The Wisconsin
drift supplies a few dug wells in the northeastern part of the county,
but the stratified outwash sand and gravel derived from it is of much
more importance. This outwash, presumably Wisconsin, is found chiefly
in the valleys of Huntington and Fishing Creeks and along Susquehanna
River. Along the Susquehanna the valley fill is apparently composed of
Wisconsin outwash material forming terraces and small patches of II-
linoian drift, and the Illinoian drift border has been traced downstream
as far as Selinsgrove. Hummocky topography is still exhibited among
the low mounds of clay, sand, and gravel 1 mile northwest of Rupert, and
an examination of the pebbles showed that they were more deeply
weathered than typical Wisconsin pebbles and are probably Illinoian. It
is apparent that in preglacial time Susquehanna River flowed through
the abandoned valley between Bloomsburg and Danville along which
run the State highway and the Catawissa division of the Reading Railway.
The river was presumably damned by Illinocian drift near Rupert and
forced to cut the present gorge through the hard sandstones of the Port-
age-Catskill formations. Depths of valley fill of as much as 121 feet at
Bloomsburg and 116 feet at Riverside indicate the possibility of deep
scouring at these two places by the Illinoian ice lobe. The maximum
reported depth to bedrock along the abandoned valley is only 40 feet,
and in the absence of more well records along this valley it appears
that the bedrock channel is considerably higher than it is at Riverside
or Bloomsburg.

Along Fishing Creek the glacial outwash supplies numerous dug wells
and a few drilled wells with water of very good quality. Well 924, in
Benton, is 44% feet deep in gravel and yields 140 gallons a minute with
small draw-down. The Benton Water Co. has a dug well (923) only 10
feet deep near West Creek, which yields 830 gallons a minute with a
drawn-down of only 11 feet. The sand and gravel along the creek are
not everywhere water-bearing, however, for dry holes have been drilled
at Coles Creek and at Jonestown on Huntington Creek. (See wells 921
and 949.) The failure at Jonestown was due to “quicksand.” As Little
Fishing Creek lies southwest of the Wisconsin 'drift border, its valley is
not filled with outwash, and bedrock is exposed along most of its course.
At Millville, however, where the Illinoian drift border has been traced,
a deposit of drift 20 to 30 feet deep supplies the two dug wells of the
Millville Water Co. (well 937), which normally yield 60 gallons a minute.
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Along Susquehanna River the glacial drift is of variable thickness,
and in some places it contains beds of water-bearing sand and gravel,
but most of the drilled wélls along the valley obtain water from the
underlying bedrock. Well 952 in Berwick is 140 feet deep and obtains
a large supply of water from beds of sand on top of limestone. Other
wells in Berwick obtain water.from the underlying limestone but pene-
trate 40 to 80 feet of drift. The depths of glacial drift in other wells along
the Susquehanna are reported as follows: Well 953, 2% miles west of
Berwick, 35 feet; wells 954 and 955, in Lime Ridge, 55 and 40* feet;
wells 962 and 963, in Espy, 80 and 30 to 40 feet: wells 965-970 in Blooms-
burg, 36 to 121 feet. Bloomsburg is underlain to depths ranging from
36 to at least 121 feet by sand or “quicksand” and gravel, and it is re-
ported that the gravel beds contain considerable water, although all the
wells enter bedrock. The “molding sand” reported in the log of well
968 is also obtained from the surface of the ground 1 mile northwest
of Rupert and is used as molding sand. At the Rupert locality it is only
about 5 feet thick beneath a thin soil mantle and is composed of a fine
buff clayey silt that will stand in a vertical wall 5 feet high without
caving.

It is possible that with improved methods of well construction and with
the use of well screens or strainers, considerable water could be obtained
from beds of water-bearing gravel and perhaps even from the coarser
beds of sand found along Susquehanna River and along Fishing Creek.
(See pp. 33-35.)

Post-Pottsville formations.—The post-Pottsville formations (of Penn-
sylvanian age) occupy a very small area in Columbia County. They crop
out at the summit of Bucks Mountain, in Beaver Township, and over
most of Conyngham Township, in the Western Middle coal field, where
they contain 12 to 15 workable coal beds. Owing to the lowering of
artesian head and pollution of water by coal mining, no successful wells
are known to exist in the post-Pottsville beds of Columbia County.

Pottsville formation—The Pottsville formation crops out over a very
small area on Bucks Mountain adjacent to the Western Middle coal field
in Conyngham Township. Three of the Lykens Valley coal beds are
present in the Pottsville, but they reach their maximum development
farther west.

The Pottsville is a very good water-bearing formation farther to the
east and southeast, but it is unimportant in Columbia County. Its out-
crops form heavily wooded ridges devoid of habitations, and no wells
were reported anywhere along them.

Mauch Chunk shale~—The Mauch Chunk shale crops out over most of
Beaver Township and small parts of Main, Roaring Creek, Locust, and
Conyngham Townships.

In Catawissa and Beaver Valleys the Mauch Chunk supplies a few
shallow domestic wells, of which well 981 is more or less typical. No
deep wells were reported in this region, but it is probable that large
supplies could be obtained from properly constructed deep wells.

In Roaring Creek Valley between Little and Big Mountains the Roar-
ing Creeck Water Co. has two strong wells in the Mauch Chunk (wells
085-986). The wells are 299 and 302 feet deep and are reported to yield
300 gallons a minute each, with moderate draw-down. The water is re-
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ported to be of good quality, and the static water level stands close to
the ground surface.

Pocono sandstone—The Pocono sandstone crops out on North, Nesco-
peck, Huntington, Catawissa, Knob and Little Mountains. The hard sand-
stone dipping 40°-45° toward the coal basins, forms a high rocky ridge
devoid of habitations and apparently without any drilled wells. The
Pocono is known to be a very good water-bearing formation farther east,
however.

Catskill continental group.—The Catskill continental group crops out
in three large areas in the northern, central and southern parts of the
county. Although a large part of the Catskill consists of red shale, many
of the wells encounter one or more beds of red or gray sandstone con-
taining fractures, which transmit water more freely than the more com-
pact shales. Domestic wells in the Catskill range in depth from 35 to
125 feet and yield from 1 to more than 10 gallons a minute. Most of
these wells are equipped with hand pumps, however, so that the maxi-
mum Yyield is not known. The only deep wells reported in the Catskill
are those of the Catawissa Water Co. (wells 975-977). Two of these
wells are 275 and 375 feet deep and yield 70 gallons a minute each, with
small draw-down. A third well 205 feet deep located nearby is not
being used, and on September 4, 1931, a recovery test was run by measur-
ing the depth to water level in the unused well, shutting off the pumped
wells, and taking repeated measurements of the depth to water level in
the unused well for 76 minutes. The results of this test are described
on page 35 and are shown in figure 6.

Well owners report that the water obtained from the Catskill is of
good quality.

Portage group.—The Portage group crops out in four large areas in
Columbia County, exposed by the Milton, Berwick (Montour), and
Selinsgrove anticlines.

The wells observed in the Portage are all domestic wells ranging in
depth from 53 to 156 feet. Yields as low as one-third gallon a minute
were reported, but most of the wells yield adequate domestic supplies.
The water is generally of good quality, especially from beds of sandstone,
but in some places the water from the dark shales contains some hydro-
gen sulphide.

Hamilton formation and Marcellus shale—The Hamilton formation and
Marcellus shale are exposed by the Milton anticline in the northern part
of the county and crop out in two narrow strips around the Berwick
(Montour) anticline.

The Marcellus consists of dark shale and slate. The slate is well frac-
tured and yields more water than the shale. The Hamilton contains
sandy shale and sandstone, which yield adequate supplies of water, but
generally the yields obtained from the two formations do not differ
greatly. The quality of water in both formations is also similar in that
many of the wells yield hydrogen sulphide. In the vicinity of Iola the
deeper wells are reported to yield H,S but the shallow wells, yielding
less water, do not. The opposite was reported in a well near Greenwood,
in which the water containing H.S occurred only in the upper 50 feet
of slate. The limestone at the top of the Hamilton was not reported in
any of the wells for which records were obtained.
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The reported depths of domestic wells in these formrations ranges from
50 to 254 feet and the wells are reported to yield 3 to 25 gallons a minute.
Well 933 flows a few gallons a minute. The deepest well reported is
that of the Horbison Dairy, in Millville (well 936), which is 512 feet deep

and yields a large supply of water of satisfactory quality. (See analysis
936).

Onondaga formation and Oriskany sandstone—The Onondaga forma-
tion is doubtfully represented at a few localities by a few feet of hard
sandy shale with some impure limestone around the Berwick (Montour)
anticline. The Oriskany sandstone is absent or concealed by the debris
east of Bloomsburg and is represented to the west by cherty, rotten, yel-
low sandy beds which are very thin in most places but are about 40 feet
thick near the Montour County line.

No wells are known to penetrate any of these formations so that their
water-bearing properties are unknown to the writer. Their probable
absence east of Bloomsburg and thin outcrops to the west make them
unimportant as sources of ground water in Columbia County.

Helderberg limestone—The Helderberg limestone crops out in narrow
strips on both sides of the Berwick (Montour) anticline. The chief
quarry limestone is not the Helderberg, but the underlying Tonoloway
limestone, and in some places it is difficult to determine whether wells
end in the Helderberg or the Tonoloway.

In general water in limestone occurs chiefly in solution channels, but
the Helderberg contains some thin beds of limestone in which bedding
planes and fractures, enlarged by solution in some places, allow free
movement of ground water. Only three wells are recorded with cer-
tainty in the Helderberg, but some of the wells in Bloomsburg and Ber-
wick recorded in the table of drilled wells to end in the Cayuga (?) may
be drawing water, at least in part, from the Helderberg. The three wells
believed to end in the Helderberg are all industrial wells ranging in depth
from 128 to 380 feet and yielding 16, 125, and 250 gallons a minute, with
small draw-down. However, although all the wells ending in limestone
in Columbia County were reported to be successful, the possibility exists
of encountering massive limestone relatively free from fractures or solu-
tion channels, with the result that the yield may be small.

A large spring owned by the Berwick Water Co. wells up from the
bed of Susquehanna River at the foot of the cliff below Berwick, pre-
sumably from the Helderberg limestone, for the water is reported to
have a hardness of 150 parts per million. This spring, with a reported
yield of about 1,250,000 gallons a day, formerly supplied the borough of
Berwick, but it is now used only about 3 months a year to supplement
the surface water supply. An analysis of water from well 970 shows a
hardness of 164 parts per million, which is not excessive for limestone
water. The sample, however, contained 6.6 parts per million of iron
(Fe), which is enough to render the water unsuitable for making ice.
The source of this iron is probably the underlying ferriferous beds of
the Cayuga group, which crop out higher on the flank of the anticline.

Cayuga group.—The Cayuga group crops out around the Berwick
(Montour) anticline and forms the entire ridge between Light Street and
Berwick. The Cayuga includes, from top to bottom, the Tonoloway
limestone, Wills Creek shale, Bloomsburg red beds, and possibly the Mc-
Kenzie formation.
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The Tonoloway limestone has water-bearing properties very similar to
the Helderberg limestone described above and is believed to supply wells
850, 951, and 969, at Berwick and Bloomsburg, although, as stated pre-
viously, some doubt exists as to whether some of the wells end in Helder-
berg or Tonoloway. The three wells are all industrial wells 90 to 212
feet deep. One well 202 feet deep is reported to yield 185 gallons a
minute, and the others are reported to have large yields. The quality
of water is probably very similar to that from the Helderberg. (See
analysis 970.)

Very little is known about the water-bearing properties of the thin-
bedded buff and green limestone, sandy shale, and alternating red and
green shale and limestone (Wills Creek) underlying the Tonoloway
limestone in Columbia County, but they are known to yield large sup-
plies of very hard water in Northumberland County along the Milton
anticline.

The Bloomsburg red beds are very similar in lithology to the red
shales in Mauch Chunk formation and also yield water that is very low
in dissolved mineral matter. (See analysis 960.) They supply five
domestic and industrial wells ranging in depth from 69% to 145 feet
with 10 to 20 gallons a minute of soft water. Very little is known about
the water-hearing properties of the olive-green shale and sandstone
(McKenzie?) forming the lower 150 feet of the Cayuga group as here
tentatively delimited. They crop out well up on Montour Ridge and are
relatively unimportant. Where the Cayuga is cut into by Fishing Creek,
most of the wells (dug) obtain water from glacial drift.

Clinton formation.—The Clinton formation forms the crest of Montour
Ridge*west of the village of Light Street, and to its hard sandstones is
due the preservation of the ridge. Only a part of the Clinton is exposed
in Columbia County where Fishing Creek has cut through the ridge.
The Clinton fossjl iron ore was formerly mined at numerous places along
Montour Ridge.

The Clinton is relatively unimportant as a source of ground water in
Columbia County, for it crops out only along the crest of the ridge.

ARTESIAN CONDITIONS

Only two flowing wells (933, 940) were reported in Columbia County,
both of which are on the flanks of the Milton anticline and flow but a
few gallons a minute. The rocks generally appear to have been highly
fractured by folding, so that in most places water-table conditions pre-
vail. In some of the wells the water level doubtless stands somewhat
above the point at which water was first encountered, but execpt for the
two wells mentioned above the water level generally lies below the
ground surface.

The Catawissa Water Co. has three drilled wells in the Catskill forma-
tion (wells 975-977) of which two are pumped at 70 gallons a minute
each and the other one is not being used. On Septemebr 4, 1931, after
wells 976 and 977 had been pumping 6 hours and 10 minutes, the depth
to water level in well 975 was measured, the two pumps were stopped,
and measurements of the depth to water level in well 975 were made
every 2 minutes for 76 minutes. The measurements were plotted as a
recovery curve and are shown in figure 6 together with the location of
the wells. When the pumps were running the depth to water level in
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well 976 was 20.60 feet, and after the pumps had been idle for 76 minutes
it was 13.61 feet, showing a rise of 6.99 feet. As shown in figure 6, the
water was still rising at the time measurements were stopped, indicating
that it had not yet reached a static level. The recovery curve resembles
that of a water-table well more closely than that of a true artesian well,
for the recovery is gradual, whereas under true artesian conditions the
recovery is very rapid at first, then tapers off gradually. (See also p. 35.)
The water is reported to come chiefly from beds of red and gray sand-
stone near the bottom, and it is possible that the water in these beds is
under some artesian pressure but that the intervening beds of red shale
are not absolutely impermeable and allow the water to escape to higher
levels, so that pumping drains the upper rocks just as it does under
typical water-table conditions.

QUALITY OF WATER

The analyses tabulated at the end of the next page, indicate and compare
the chemical composition of four samples of water from drilled wells in
four different hard-rock formations and one sample from a well in
glacial drift. The drift sample contained only 18 parts per million of
total dissolved solids and 6 parts per million of hardness. This water
is much softer than that from any of the hard-rock formations. The
sample from the Helderberg limestone was collected from a drilled well
owned by an ice company and has a sediment which contained 6.6 parts
per million of iron (Fe). The water is used only for cooling, as it can-
not be used satisfactorily for making ice, because the iron forms a red
precipitate at the center of the ice cakes. This was the only occurrence
of excess iron reported, and it is thought that the iron comes from the
ferriferous Cayuga beds, which crop out higher on Montour Ridge.

In general the ground waters of Columbia County are satisfactory for
most purposes, but it will probably be more economical to employ soft-
eners on waters from the Helderberg or Tonoloway limestones in case
the water is to be used for boiler feed. Waters from the dark shales of
the Genesee, Hamilton, and Marcellus are likely to contain some hydrogen
sulphide, but this is present only in .small amounts and is therefore
harmless.

PUBLIC SUPPLIES

The four public water supplies using ground water in Columbia County
are listed in the subjoined table. Catawissa is supplied largely with
surface water, but the other three are supplied entirely with ground
water. Berwick, the largest borough in the county, is supplied with sur-
face water, but this supply is supplemented during the summer by a
large spring described on another page. Bloomsburg and Centralia are
supplied with surface water. Aristes is connected to the Wyoming Val-
ley Water Co.’s line and supplied with surface water. The villages, such
as Light Street, are supplied by individually owned wells and springs.

DOMESTIO AND INDUSTRIAL SUPPLIES

The chief use of ground water in Columbia County is for domestic
purposes. Villages, such as Light Street, Mordansville, Numidia, and
Jerseytown, are supplied almost entirely by dug wells, some of which
were reported to be dry during the summer of 1930. Throughout the
county there are many more dug wells than drilled wells, but the num-~
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ber of drilled wells is increasing and eventually will probably exceed the
number of dug wells.

The creameries appear to be the chief industrial users of potable
ground water, for there are four creameries using drilled wells. The
coal collieries in Conyngham Township probably use the largest amount
of ground water, but it is derived as mine drainage and used only for
washing coal. Other industries using ground water include a brick com-
pany, a heating company, and an ice and cold storage company. Most
of the industries aside from coal collieries are located in the larger
towns and use municipal water.

Public water supplies in Columbia County using ground water

FPopula- 0 ) Geologle
tion— wner S
Dorough o Source source
Benton 733 | Benton  Water |1 dug well Glacial drift
Supply Co. and 3 small
springs
Catawissa 2,023 | Catawissa Water| Stream and 2 | Catskill
Co. drilled wells
(auxiliary)
Millville 666 Ml(l)lvlllc Water 2 dug wells | Glacial drift
0.
Orangeville 415 | Knab  Mountain| 5 springs Glacinl drift or
Spring Water Catskill
Co.
5t Azel;;nge
Storage afly \ .
Borough (gallons) | consumption T'reatment Remarks
Benton 50,000 167 None 23 fire plugs supplicd.
consumers
Catawissa 230,000 50,000 None Wells 975-077: sce analysis, 9773
gallons consumption, 80 percent by in.
habitants, 20 pereent by
. manutacturers,
Millville 175,000 150 Chlorine gas { Well 9:17; also supplics a silk
consumers mill.
Orangevlille 100,000 8 None 12 fire plugs supplied.
consumers

Analyses of waters in Columbia County
[Parts per million. Numbers correspond to numbers on map and in the tables of well data]

924 936 960 970 977
Siliea (8I02) ceveeaanaaaanas ——— ccon ——— ——— 12
Iron (Fe) .._... ——— R ——- 6.6 .08
Calcium (Ca) ._..__ 21 n1 1 481 26
Muagnesium (Mg) .... — ——— R —— 6.3
Sodium (Nu) ... ] 43 73 43 3212 1 3.8
Potussi (K) . § 1 1.9
Bicarbonate (HCOs) ______.. 10 199 44 219 25
Sulphate (8O1) ... ERS 21 11 321 61
Chlorkde (Cl) ____ 1.0 53 2.0 14 2.8
Nitrate (NOa) ___..__ - K 0 4.6 2.2 5
Total dissolved solids __._.. 18 ® 257 3 483 258 2 146
Totnl hardness as CaCOs .. 6.0 72 K2 164 912
Date of collection oo Oct. 30, Oct. 30, Sept. 30, Scpt. 4, Sept. 4,

130 1030 1930 1931 1931

1 By turbidity., 2 Calculated.
Analysts: 924, 936, 060, L. A. Shinn; 070, 977, M. D, Foster.
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DAUPHIN AND LEBANON COUNTIES

GENERAL FEATURES

The area described under this heading lies in the southwest corner of
the area described in this report and includes only those parts in Dau-
phin and Lebanon Counties which lie north of the crest of Kittatinny
or Blue Mountain, the first mountain north of Harrisburg. Ground-water
conditions in the parts of the two counties lying south of Kittatinny
(Blue) Mountain have been described by Hall®.

Dauphin County has an area of 522 square miles, about 321 square
miles of which is covered by this report. Dauphin County had a popula-
tion of 165,231 in 1930, but considerably more than half of the total live
south of Kittatinny Mountain. There are no large towns north of Kitta-
tinny Mountain, and only four towns have more than 1,000 inhabitants—
Lykens with 3,033, Williamstown with 2,958, Millersburg with 2,809, and
Elizabethville with 1,341. Lykens and Williamstown are in the Wiconisco
coal basin, in which there were 11 anthracite mines in 1930. Aside from
coal mining the greatest industrial development in the county is in
Harrisburg, the State capital and largest city, which lies south of the
area described in this chapter. In the area described the northern part
and the southwestern part along Susquehanna River are largely devoted
to farming, but the southern mountainous part adjoining Schuylkill and
Lebanon Counties is practically a wilderness with very little cultivation
and only a few scattered inhabitants.

Lebanon County has an area of 360 square miles, but the part lying
within the area covered by the report covers only about 50 square miles
and consists entirely of high ridges and narrow valleys. It is largely
uninhabited except for a few dwellings at Indiantown and Swatara Gaps
and a few scattered farms along Trout Run Valley. The Schuylkill and
Susquehanna branch of the Reading Railway passes through Stony Creek
Valley, in which there are three small stations—Rausch Gap, Cold Spring,
and Yellow Springs. Large springs are located at Cold Spring and at
St. Joseph Springs; the latter is reported to flow about 50 gallons a
minute under normal conditions.

SURFACE FEATURES

Northern Dauphin and Lebanon Counties are traversed from south-
west to northeast by a series of high, narrow, even-crested ridges—from
south to north, Kittatinny (Blue, First, North) Mountain, Second Moun-
tain, Third Mountain, bifurcating toward the northeast into Sharp Moun-
tain and Stony Mountain, Peters Mountain and Berry Mountain, Big
Lick and Coal Mountains, uniting to form Short Mountain, and Mahan-
tango Mountain, at the northern border of Dauphin County. The sum-
mit of Big Lick Mountain rises to an altitude of 1,740 feet in Williams
Township and is the highest point in Dauphin County. The lowest point
in the part of Dauphin County covered by this report is in the bed of
the Susquehanna at Rockville, at an altitude of about 310 feet. The
maximum relief is therefore about 1,430 feet, and the local relief between
ridges and valleys is commonly 600 to 1,000 feet. The highest point in
Lebanon County is on Stony Mountain, which has an altitude of 1,600 feet
at several places in Cold Spring Township. The lowest point in Lebanon

88 Hall, G. M., Ground water in southeastern Pennsylvania: Pennsyivania Geol. Survey
Bull, W2, pp. 166-160, 196-199, 1934.
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County north of Kittatinny Mountain is the floor of Swatara Gap, which
is about 420 feet above sea level, giving a maximum relief of about
1,380 feet.

The portions of Dauphin and Lebanon Counties covered by this report
are drained entirely by Susquehanna River. In the northern part the
drainage is carried to the Susquehanna by several small streams flowing
toward the southwest, parallel to the strike of the rock strata. Part of
the water falling in the first valley north of Kittatinny Mountain reaches
the Susquehanna through the tributaries of Swatara Creek flowing
through Heckert, Manada, Indiantown, and Swatara Gaps. In flowing
from the Northumberland County line to the water gap at Rockville,
a distance of about 28 miles, the Susquehanna drops about 80 feet, a
gradient of about 2.88 feet to the mile.

GEOLOGY AND GROUND WATER
GENERAL SECTION

Dauphin and Lebanon Counties were not glaciated, and a study of the
ground-water conditions concerns only the Paleozoic rock formations
exposed on and north of Kittatinny Mountain. In Dauphin County these
formations range in age from the post-Pottsville, of Pennsylvanian age,
down to the Juniata, of Upper Ordovician age. The Juniata formation
apparently terminates a short distance east of Rockville, so that the
oldest formation in the part of Lebanon County treated in this report
is the overlying Tuscarora sandstone, of early Silurian age. The post-
Pottsville formations are also exposed in northern Lebanon County,
where they are of very little commercial importance. The Second Geo-
logical Survey of Pennsylvania did not publish county reports for Dauphin
and Lebanon Counties, and accurate stratigraphic data are lacking for
many of the pre-Pennsylvanian formations.

Several Lower Devonian and late Silurian formations are lacking in
Dauphin County and are probably lacking in most of Lebanon County,
including most of the Marcellus, all of the Onondaga, Oriskany, and
Helderberg, and a large part of the Cayuga group. (See p. 57.)
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Generalized section for Dauphin and Lebanon Counties north of
Kittatinny (Blue) Mountain

Maximum
thickness
Geologie unit exposed Character of rocks Ground-water conditions
(fect) )
Post-Pottsville 400-500 | Sandstone, shales, slates, 5 or
formations 6 workable coal beds.

Unimportant as souree of
ground water, ow.ag tlo
small areal c¢xtent, coal

Pottsville 1,400+ | Largely coarse quartz conglom- mining, and topographie
formation erate, with some gray and position.
green sandstone and shale
and 7 workable coal beds.
Mauch Chunk 3,000 | Largely red shale, with beds of| Most important waler-bearing
shale and green sandstone and| formation in northern Dau
green shale, phin County; yiclds adequate
supplies to sha.low domestic
wells, lurge supplies to deep
wells. Some wenk wells in
Places where rocks are tignt.
Pocono 1,600+ | Coarse gray and yellowish Relatively unimportant, owing
sandstone sandstone and massive gray-| to topographic position:
ish-white conglomerate; goine| yields small supplics to shalk
red shale; 4-foot bed of coall jow wells; one flowing well
on Peters Mountain. on summit of Berry Mountain
yields moderately large supply
of very soft water. In some
places water contains an ex-
cess of iron.
Catskill 4,500+ | Red shale, red and gray cross-| Second most fmportant water-
group bedded sandstone, green and| bearing formation in morthern
white sandstone. Dauphin County. Yields ade-
quate supplies to shallow
wells, large supplies to deep
wells. Water very soft.
Chemung forma- 1,750+ | Dark shale, black shale, and
tion and thin-bedded sandstone.
Portage group
Unimportant, Crop out
over very sinall area on
Hamilton 1,100 Dark-gray shale and  hard which there are very few
formation massive sandstone. drilled wells. Only onc
well observed.
Marcellus 0-100 Black slate.
shale
Onondaga forma-
tion, Oriskany
sandstone,
Helderberg Absent  exeept in  easternmost| Unimportant,
limestone, and Lebanon County,
upper part of
Cayuga group
Lower part of 11,7504~
Cayuga group #2,650x | Hard red, green, and white] Unimportant. Yields smal
(Bloomsburg red sandstoncs, red and olive-| supplics to a fow drilled wells
beds) and Clinton green shales, at Susquehapnna Gap.
formation
Tusecarora 1277~ Coarse quartz conglomerate,
sandstone 2300 white and gray vitreous sand-
stones.
Unimportant; no wells ob-
Juniata 370+ | Red sandstone and hard white gerved.
formation conglomerate.

t Dauphin County.

= Lebanon County.

2 Not present cast of Dauphin County.
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STRUCTURE

The northern part of Dauphin County is a large syncline with rims
of Pocono sandstone forming Mahantango and Berry Mountains. To-
ward the east the Pottsville and post-Pottsville beds are preserved in
the Wiconisco coal basin. All the beds except the Mauch Chunk seem
to be folded into a relatively simple syncline, but numerous minor folds
occur in the Mauch Chunk. South of this syncline are two anticlines,
one of which exposes the Hamilton and Marcellus north of Halifax. South
of this is another large syncline, in the center of which lies the Dauphin-
Schuylkill coal basin. The axial plane of this syncline appears to dip
toward the south, and the Pocono sandstone forming the southern rim is
overturned toward the south. From Second Mountain to Kittatinny
(First) Mountain all the strata were overturned to the south by the
intense folding that affected this region.
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Figure 9. Map of northern Dauphin County showing location of
water wells

WATER-BEARING FORMATIONS
[Bee pp. 4648 for further description].

Post-Pottsville formations.—The post-Pottsville formations are ex-
posed in Dauphin County in the Wiconisco coal basin between Big Lick
and Coal Mountains. They are also exposed in the Dauphin-Schuylkill
basin of Dauphin and Lebanon Counties at the summit of Third Moun-
tain. The two coal basins form what is sometimes called the “fishtail”
of the Southern coal field. The post-Pottsville beds contain five or six
workable coal beds in this region, but they are unimportant as sources
of potable ground water.

Pottsville formation.—The Pottsville formation crops out on a steep
ridge around the two coal basins described in the last paragraph and
forms Third Mountain and Short Mountain at the west end of the basins.
In the Wiconisco basin it includes in its lower part seven workable beds
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of coal, six of which are known as the Lykens Valley beds. Coal beds
are also preserved in the Dauphin-Schuylkill basin, on Third Mountain,
but are of less commercial importance because they have been severely
squeezed and crushed by the intense folding that formed the syncline.
The Pottsville is not important as a source of ground water in Dauphin
and Lebanon Counties because of its small areal extent and topographic
position.

Mauch Chunk shale—The Mauch Chunk formation crops out in two
large synclinal basins in Dauphin County. The northern and larger out-
crop lies between Mahantango and Berry Mountains and surrounds the
Wiconisco coal basin. The southern outcrop lies between Peters and
Second Mountains and is divided toward the east by Third Mountain.
The southern limb of this outcrop traverses the northern part of Lebanon
County. The Mauch Chunk in Dauphin and Lebanon Counties is about
3,000 feet thick®™, but this thickness may be repeated several times by
folding in some places, particularly in the wide valley drained by Wicon-
isco Creek west of Short Mountain.

The Mauch Chunk consists largely of red shale but contains numerous
beds of red, gray, and green sandstone which generally yield adequate
supplies of good water through fractures and bedding planes. Because
of its large areal extent the Mauch Chunk is probably the most important
water-bearing formation in Dauphin County north of Kittatinny
Mountain.

In the northern area of outcrop domestic wells in the Mauch Chunk
generally range in depth from 70 to 120 feet and are reported to yield
5 to 30 gallons a minute. Three industrial wells in and near Millersburg
140 to 310 feet deep yield 10 to 30 gallons a minute. The strongest wells
in the Mauch Chunk are the three drilled wells of the Millersburg Home
Water Co. (1108-1110), which are 300 to 500 feet deep and yield 80 to
150 gallons a minute. Two of the wells flow a few gallons a minute,
and the deeper well, yielding 150 gallons a minute, has a draw-down
of 60 feet.

West of Short Mountain the Mauch Chunk outcrop is broad, owing
apparently to repetition of the strata by folding, and as a consequence
of the folding the rocks are well fractured and generally yield adequate
supplies of water. In the vicinity of Loyalton, however, where the
Mauch Chunk outcrop is very narrow and apparently not complicated
by minor folding, the rocks in some places are tight and relatively im-
permeable. Wells 1124, 1126, and 1127, near Loyalton, are deep wells
that yield only 3 to 5 gallons a minute with large draw-down. Well
1126 was drilled to 619 feet and encountered a little water at 60 and
400 feet, and although the depth to water level is only 14% feet, it yields
but 5 gallons a minute. Wells 1126 and 1127 were drilled to supply a
creamery but had to be abandoned. In the southern outcrop of the
Mauch Chunk, between Peters and Second Mountains, the wells are
all used for domestic purposes and range in depth from 45 to 125 feet
and in reported yield from 3% to 12 gallons a minute, but all the wells
were reported to yield adequate supplies of good water.

The analysis of water from well 1108, in the Mauch Chunk, shows a
hardness of 148 parts per million, which indicates moderately hard
water, but in general the water is reported to be rather soft.

89 Aghley, G. H., personal communication.
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Pocono sandstone.—The Pocono sandstone forms most of the long, nar-
row even-crested ridges in Dauphin County including Mahantango,
Berry, Peters, and Second Mountains. Second Mountain also traverses
northern Lebanon County. The Pocono also crops out over a wide area
known as Broad Mountain, at the junction of Berry and Peters Moun-
tains. A 4-foot bed of coal has been mined on Peters Mountain, which
appears to be the lowest workable coal in the anthracite region.

The Pocono is relatively unimportant as a source of ground water in
Dauphin and Lebanon Counties, as it crops out only on high ridges.
However, it gives rise to small springs, and a few wells have been
drilled into it, chiefly along Berry Mountain in Dauphin County. Well
1121, south of Elizabethville, is 200 feet deep, flows 7 to 9 gallons a
minute, and yields 50 gallons a minute with a draw-down of 60 to 75
feet after 36 hours pumping, despite the fact that it is drilled in a saddle
at the summit of Berry Mountain. The analysis indicates very soft water,
which is typical of waters from the Pocono, but the sample contained
3.4 parts per million of iron (Fe). Well 1122, at the foot of the hill,
is 400 feet deep and flows only 3 gallons a minute. Tt was reported
that no additional water was encountered in this well below a depth of
25 feet. The other wells recorded in the Pocono are shallow but yield
adequate supplies for domestic use.

Catskill continental group.—The Catskill continental group has three
separate outcrops in Dauphin County, one of which extends eastward
through Lebanon County. The northern outcrop lies between Mahan-
tango Mountain and the Northumberland County line. The middle and
largest outcrop lies between Berry and Peters Mountains and extends
eastward to Broad Mountain. The southern outcrop lies on the southern
slope of Second Mountain and extends through Lebanon County into
Schuylkill County. Willard® estimates that the thickness of the Catskill
in this region cannot be more than 4,500 feet.

The Catskill is second in importance among the water-bearing forma-
tions in Dauphin County north of Kittatinny Mountain. The ground-
water conditions in the Catskill north of Mahantango Mountain are set
forth in the section of Montour and Northumberland Counties, (p. 199).
In the large area of Catskill rocks between Berry and Peters Mountains
there are a great many domestic and a few industrial and municipal
wells, which obtain water almost wholly from beds of red or gray sand-
stone. Domestic wells in this region range in depth from 43 to 226 feet
and are reported to yield from 3 to 25 gallons a minute of very good
water. Well 1144, of the Halifax Borough Water Co. is 300 feet deep
and yields 100 gallons a minute with moderate draw-down. The well
yielded only 10 or 15 gallons a minute above a depth of 275 feet, but
a bed of sandstone was encountered at this depth containing water under
sufficient pressure to rise to a point 6 feet below the surface. The
analysis of water from well 1142 shows it ¢to be exceptionally low in
dissolved mineral matter and very soft.

Chemung, Portage, Hamilton and Marcellus formations—A few . feet
of Chemung rocks are reported in the western part of Dauphin County™.
Portage, Hamilton and Marcellus are exposed in a small anticlinal area
extending from Half Falls to a point about 3 miles east of Fisherville

90 Ashley, G. H., personal communication.
°1 Willard, Bradford, personal communication.
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and in a narrow strip just north of Kittatinny Mountain extending east-
ward through Lebanon County.

No drilled wells were observed on the outcrop of these formations
except the Portage but there may be a few on the northern outcrop.

Cayuga group and Clinton formation.—The Clinton formation is ex-
posed on the north slope of Kittatinny Mountain in Dauphin and Lebanon
Counties, but only a part of the Cayuga group is present.

Wells 1159 to 1161 were the only wells observed along the Cayuga-
Clinton outcrop in Dauphin County. They are 39% to 140 feet deep
and yield about 5 gallons a minute each. As shown by the analysis, the
water from well 1160 is moderately hard and yields a sediment contain-
ing 4.7 parts per million of iron (Fe). The Clinton sandstones are re-
ported to be difficult to drill through owing to their extreme hardness.

Tuscarorae sandstone and Juniata formation.—The Tuscarora sandstone
forms the crest and southern slope of Kittatinny Mountain in Dauphin
and Lebanon Counties. The Juniata formation crops out below the
Tuscarora in Dauphin County but it does not appear in Manada Gap
nor in any section farther east. Both formations are unimportant as
sources of ground water in the area covered by this report.

ARTESIAN CONDITIONS

Very few flowing wells were reported or observed in Dauphin County
and none were observed in Lebanon County. There are two flowing
wells (1109 and 1110) in the Mauch Chunk east of Millersburg, and one
(1129) in the Mauch Chunk at Erdman. However, in many of the wells
the water level stands close to the surface—generally much above the
point at which water was encountered.

QUALITY OF WATER

Analyses of five samples of water collected from four drilled wells
and one spring in Dauphin County are tabulated at the end of the next
page. The well waters are not unusual in composition, although the hard-
ness ranges from 27 to 148 parts per million. The samples of water from
wells 1121 and 1160, from the Pocono and Clinten, contained respectively
3.4 and 4.7 parts per million of iron (Fe). This amount of iron would
be objectionable for certain industrial uses, such as laundry work, but
may be removed by proper aeration. The water from spring 1201, in the
Mauch Chunk shale south of Gratz, contained very little dissolved min-
eral matter of any kind. No samples of water were collected in Leb-
anon County.

PUBLIC SUPPLIES

The six public supplies in the northern part of Dauphin County using
ground water are listed in the subjoined table. Lykens, ‘Wiconisco,
Williamstown, and Dauphin are all supplied with surface water, and the
inhabitants of the villages are supplied by private wells and springs.
There are no public supplies in that part of Lebanon County covered
by this report.
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DOMESTIC AND INDUSTRIAL SUPPLIES

Domestic water supplies in the northern part of Dauphin County are
still obtained largely from dug wells, but springs and drilled wells are
used in many places. Two creameries and two shoe companies have
independent water supplies from drilled wells, but most of the industries
are located in villages and use public water.

That part of Lebanon County covered by this report is mountainous
and contains only a few scattered inhabitants, chiefly in Indiantown and
Manada Gaps. No drilled wells were observed. Most of the people are
supplied from small springs.

Analyses of waters in Dauphin County

(Analyst, M. D. Foster. Parts per million. Numbers less than 1200 correspond to numbers
on map and ‘in the table of well data)

1108 1121 1142 1160 1201 2

Silica (8BI02) eeommaeee 17
Iron (Fe) ..--. — 15 3.4 4.7 |ereeeeeeea.
Calcium (Ca) __. — 50 108 82 243 g3
Magnesium (Mg) . _______ 8.7
Sodium (Na ) ___. - 12 } 243 1.23 293 4.13
Potassium (K) .. 2.4
Bicarbonate (HCOs) 120 40 11 26 19
Sulphate (804) 33 22 1402 13
Chloride (Cl) - 2, 12 4.0 10 12
Nitrate (NO3) 2.1 0 18 3.8
Total dissolved soli - 218 893 413 2393 193
Total hardness as CaCOs

(calculated) . __.._____ 148 32¢ 24 122 ¢ 0.04
Date of collection (1931) ___.| Aug. 81 Aug. 31 Aug. 31 Aug. 31 Aug. 31

1 Spring 1 mile south of Gratz, in Mauch Chunk shale; temperature 30°F.
2 By turbidity.

3 Calculated,

¢ Determined.
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LACKAWANNA COUNTY

GENERAL FEATURES
[Area 451 square miles; population 310,397]

Lackawanna County is situated in the north-central part of the area
covered by this report. It ranks second in population among the counties
of this area but ranks first in density of population, with 688 inhabitants
to the square mile. Six of the 20 largest municipalities in the area are
in the Wyoming. Valley in Lackawanna County—Scranton, with 143,433
inhabitants, the largest city in northeastern Pennsylvania; Dunmore,
22,627; Carbondale, 20,061; Old Forge, 12,661; Olyphant, 10,743; and Taylor,
10,428. The population is largely concentrated in the Wyoming Valley,
which contains the rich Northern anthracite field. In 1930 there were
65 anthracite mines in Lackawanna County, and in 1929 there were 353
manufacturing establishments with annual products valued at $5,000
or more each. In 1930 there were 1,500 farms in the county, chiefly on
the northwest side of Wyoming Valley.

SURFACE FEATURES

The two highest points in Lackawanna County are Big Shiney Moun-
tain, in Spring Brook Township, and Big Pine Hill, in Lehigh Township,
each 2,320 feet above sea level. The lowest point in the county, ‘where
Lackawanna River crosses the Luzerne County line, is 620 feet above
sea level, so that the maximum relief is 1,700 feet. The northern part
of Wyoming Valley traverses the county from northeast to southwest
and is bordered on both sides by high ridges, the Lackawanna and Bald
Mountains, -to the northwest, and the Moosic Mountains, to the south-
east, uniting to form the “prow of the cance” along the Wayne-Susque-
hanna County line. Northwest of Lackawanna River the mountains rise
abruptly to a sharp ridge which in most places is somewhat higher than
the country to the northwest, so that most of the drainage in this part of
the county flows westward by way of Tunkhannock Creek. Southeast
of Lackawanna River the rise is more gradual, the crests of the high
mountains are several miles from Lackawanna River, and large streams
like Roaring Brook have cut deep canyons through the mountains. In
general the country southeast of the river is higher and more rugged
than that to the northwest. The floor of the northern part of Wyoming
Valley has not the flatness that is characteristic of it in Luzerne County
but consists of an irregular chain of low hills 200 to 300 feet high through
which the river has cut a rather narrow, rocky channel in some places
and built up a narrow flood plain in others.

With the exception of small areas along the eastern and southern
borders Lackawanna County is drained entirely by the North Branch of
Susquehanna River, chiefly through one of its larger tributaries, Lack-
awanna River, which flows through the center of the county. The
southernmost part of the county is drained by Lehigh River, and the
east slope of the Moosic Mountains, along the Wayne County border,
is drained by Lackawaxen River, a tributary of Delaware River.
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GEOLOGY AND GROUND WATER
GENERAL SECTION

Lackawanna County was completely covered with ice during the last
continental glaciation. The general direction of ice movement, as ob-
served from striae on bare rock surfaces in Abington and other town-
ships, was S. 35°-40° W. Glacial drift covers the entire county except
where subsequent erosion has removed it. In Waverly and vicinity the
drift mantle is 250 to 300 feet deep in some places. Thick deposits of
glacial outwash occur in places along Lackawanna River, and are 50

to 100 feet thick near Dickson, Scranton, and Moosic®.

The rock formations exposed in Lackawanna County range from the
post-Pottsville down to the Damascus formation of the Catskill group.

Generalized section for Lackawanna County

Ground-water conditions

Yields small ‘'supplies of pot-
able water to dug wells.

Unimportant as a source of
potable ground water owing
to mining operations.

Unimportant as a source ot
ground water owing to char-
acter and small area of out-
crop. Three flowing wells re-
ported.

Unimportant as 'a source of
ground water, owing to char-
acter and small area of out-
crop. No wells reported.

Yields moderate supplies of pot-
able water, but crops out
only in small area. Several
go;vlng wells near Carbon-

ale.

Maximum
Geologic thickness
formation exposed Character of rocks
“ (feet)
Glacial drift Cluy, sand, and gravel; till
(Wisconsin) 300 and outwash.
Post-Pottsville Hard sandstone and slate; 11
formations 950+ workable coal beds.
Pottsville Chiefly coarse white sandstone
formation 200+ and conglomerate; one coal
bed (not workable); carbona-
ceous black shale near base
containing plant remains.
Mauch Chunk Greenish shale and thin-bedded
shale 1504 sandstone.
Pocono Hard, massive grayish or yel-
sandstone 650-4- lowish-white sandstone; gray,
green, and red shales; and
massive yellowish-white, very
coarse conglomerate,
Catskill Chiefly greenish-gray crossbed-
group 1,000+ ded sandstone and red shale;
one bed of red sandstvne
near middle.

Yields moderate to large sup-
plies of potable water; sup-
Hes nearly all drilled wells
in the county. Some salty
water,

STRUCTURE

The only important structural feature in Lackawanna County is the

Lackawanna syncline, which traverses the county in a southwesterly
direction. This syncline enters the county at the northeast corner as a
narrow, shallow trough, gradually deepens and broadens toward the
southwest and reaches its maximum development in Luzerne County.
The dips of the rim rocks rarely exceed 10° to 20° within the county but
steepen considerably to the southwest. The rim rocks, the Pottsville
formation and Pocono sandstone, form a rather simple syncline, but the

°2 Darton, N. H., Sand available for filling mine workings in the northern anthracite
basin of Pennsylvania; U. 8. Bur. Mines Bull. 45, pl. 1, 1013.
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core rocks, the post-Pottsville formations, are folded into a series of
minor anticlines and synclines which trend about N. 70° E. Toward
the southwest this course is about parallel to the sides of the basin, but
the gentle curving of the basin toward the north causes the courses of
the folds to become more and more oblique, so that near the northeast
end of Lackawanna County a few scattered folds cross the basin at an
angle of about 45°.
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Figure 10. Map of Lackawanna County showing location of
water wells

The Milton anticline in Lackawanna County is a gentle fold that passes
through Waverly and Tompkinsville and gradually dies out.

The rocks in the northwestern and southeastern parts of the county
are in general nearly horizontal.

WATER-BEARING FORMATIONS
[See pp. 41-33 for further description)

Glacial drift.—The glacial drift furnishes small supplies of potable
water to numerous shallow dug wells throughout the higher regions lying
outside the Lackawanna Valley. The water table generally lies close
to the surface and gives rise to numerous small springs, many of which
are utilized. So far as is known, there are no drilled wells in the county



LACKAWANNA COUNTY 123

that obtain water from the glacial drift. A drilled well 134 miles west
of Fleetville (well 135) encountered 250 feet of drift on the top of a
rounded hill, and a drilled well in Waverly (well 157) encountered 300
feet of drift. No wells were reported to obtain water from the glacial
outwash along Lackawanna River, and the water contained in the sand
and gravel is likely to be contaminated by mine drainage and sewage.

Post-Pottsville formations—Before the advent of coal mining the post-
Pottsville formations occupying Lackawanna Valley were doubtless good
water-bearing formations, but at present nearly all the water contained
in them is pumped out as mine drainage, and the water is unfit for
ordinary use. The coal beds are generally sufficiently fractured to allow
free movement of ground water. The lower beds are spoken of as “drier”
than the upper ones, and most of the water in them comes down the
bedding planes from the outcrop. Much of the water in the upper levels
seeps down from the surface, for mining is carried on beneath the
river and streams. Several old artesian wells used in the early days were
spoiled as mining proceeded, and at the present time these formations
are not important as sources of potable ground water.

Pottsville formation.—The Pottsville formation crops out around the
Lackawanna syncline as a subordinate ridge beneath a higher ridge of
Pocono sandstone. Only three wells (141, 147, and 148) were reported
to have penetrated the Pottsville in Lackawanna County. These wells
were all reported to be flowing wells when drilled, but it is not known
whether the wells still flow or are still usable. Well 147 is cased down
through the overlying coal beds. In general the Pottsville is not an
important source of ground water in the county because of its small
area of outcrop along a rather inaccessible ridge.

Mauch Chunk shale—The red shales that characterize the Mauch
Chunk in the counties to the south thin out toward the northeast corner
of the region and disappear entirely along the north end of Lackawanna
Valley. They interfinger with and are gradually replaced by green shales
and flaggy sandstones. The Mauch Chunk is unimportant as a source of
ground water within this county, because it has a very small area of
outcrop, between two high ridges. No wells were reported in the Mauch
Chunk within the county, but it is an important source of ground water
in Luzerne County.

Pocono sandstone—The Pocono sandstone forms the crests of the
Moosic Mountains and Bald Mountain and crops out along both rims of
Lackawanna Valley.

Relatively few wells have been drilled into the Pocono in this county,
because most of its outcrops are forested ridges. On the slope of the
Moosic Mountains about 1% miles east of Carbondale there are four
deep wells in the Pocono or the Catskill (142 to 145), three of which are
reported to flow. It is probable that other strong flowing wells could be
obtained along the flanks of Lackawanna Valley, but the abundant sup-
ply of surface water from small mountain streams is adequate for the
requirements of the valley and most of the wells formerly used for
public supply have been abandoned.

Catskill continental group.—The Catskill continental group underlies
the greater part of Lackawanna County, comprising all the region north-
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west and southeast of Lackawanna Valley. The Mount Pleasant forma-
tion covers most of this area, but the Elk Mountain and Cherry Ridge
formations crop out in the southeastern and northwestern corners of
the county, and in addition the Honesdale and Damascus formations crop
out at the northwest corner.

The Catskill contains numerous beds of water-bearing sandstone, one
or more of which are usually encountered in wells of moderate depth.
Many of the thin-bedded sandstones, such as those which are quarried
for flagstones, contain numerous bedding planes, which allow movement
of ground water. In some places the permeability of the sandstone is
doubtless due to porosity, but in general the permeability is due to joints
and bedding planes. Because it underlies most of the county and sup-
plies nearly all the drilled wells, the Catskill is the most important
water-bearing formation in Lackawanna County. In most of the wells
the water stands somewhat above the level at which it was first en-
countered, but only a few flowing wells were reported. The water from
the Catskill is generally of very good quality, but a deep well in Dalton
(well 153) struck salty water and had to be plugged at a depth of 275
feet. The yield of wells in the Catskill ranges from a few gallons to
more than 300 gallons a minute and seems to increase with depth in
localities where the structural conditions are favorable.

ARTESIAN CONDITIONS

The structure of the rocks along the flanks of the Lackawanna syncline
is favorable in most places for artesian wells, and flowing wells have
been obtained locally from rocks of the Pottsville, Pocono, and Catskill.
In many of the wells, however, the water is not under sufficient artesian
head to flow, and most of the drilled wells in the higher regions have
to be pumped.

It is reported that prior to the advent of coal mining there were many
artesian wells on the floor of Lackawanna Valley, but that mining ac-
tivities gradually spoiled all these wells.

The monthly operating water-level measurements taken by the Clarks
Summit Water Company on well 168 are listed below. The heavy draw-
down during parts of 1929 is attributed to an increased pumping rate,
but a uniform rate of pumping was maintained from August 1930 to
August 1931. These measurements are of interest in showing the re-
covery in March 1931 from the drought of 1930. The measurements
were made monthly by means of a submerged air line and pressure gage,
while the pump was operating continuously.

Monthly measurements of depth to water level, in feet, in well 168,
Clarks Summit

Month 1920 | 1930 1981 Month 1929 1930 1931
1556 163 153 153 127
155 160 155 150 129
156 157 159
156 124 152 159
155 121 | November 150 160
JUDE e 156 118 D b 152 162
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QUALITY OF WATER

Analyses of the seven samples of water collected in Lackawanna County
are tabulated at the top of page 134. The six samples from wells
ending in the Catskill were not unusual in composition. Their hardness
ranged from 93 to 162 parts per million. The sample from a spring in
the glacial drift contained less dissolved mineral matter and was rather
soft. The iron content of all the samples was very low. Analyses of
water from the other rock formations are not available, but with the
exception of the mine waters in the coal basin and one other exception
noted below the ground water is reported to be of good quality.

Well 153, about 550 feet deep, in Dalton, encountered a strong flow of
salt water from the Catskill. The well was plugged at a depth of 275
feet, and a moderate flow of potable water was obtained. It is therefore
possible that salty water may be encountered in other deep wells in this
section of the county, particularly near the deep Lackawanna syncline.

PUBLIC SUPPLIES

The five communities in Lackawanna County that are supplied wholly
or largely from ground water are listed in the subjoined table. All the
large cities and boroughs in the county are in Lackawanna Valley and
are supplied with surface water by the Scranton Spring Brook Water
Co. The company owns several drilled wells, but in 1930 very little
ground water was being used. The Carbondale division of this company
has several flowing wells (142 to 145), which discharge into a reservoir
and augment the surface water supply. The people in most of the vil-
lages obtain their water from private wells and springs.

DOMESTIC SUPPLIES

In the rural parts of the county, chiefly the northwestern and south-
eastern parts, domestic supplies are still obtained largely from dug wells
and springs, although the number of drilled wells is steadily increasing.
In the vicinity of Waverly several large estates and country clubs are
supplied by deep drilled wells.

INDUSTRIAL SUPPLIES

The chief industrial use of ground water is in the Lackawanna Valley,
where water pumped from the coal mines is used for washing the coal.
Three creameries use ground water for bottle washing and boiler feed.
The Delaware, Lackawanna & Western Railroad formerly used consider-
able water from drilled wells near Nay Aug station, but these wells have
been abandoned. The railroad still utilizes drilled wells in Clarks Sum-
mit, however. (See well 170.) The Hillside Home of the Scranton
poor district has several strong drilled wells near Clarks Summit. (See
wells 174-176.) In some places the hardness of the water necessitates
softening for use in boilers.
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134 GROUND WATER

Analyses of waters in Lackawanna County

[Parts per million, Numbers less than 1200 correspond to numbers on map and
in the table of well data)

135 139 159 166 172 176 1202 2
Sllica (8i03) 12 . 1 9.8
Iron (Fe) .. 02 .04 .04
Caleium (Ca) 87 31 41 5 25
Magnesium (Mg) 5.0 8.7 5.6 9.0 8.6
S8odium (Na) ... 15 } 13 103 13 7.2
Potassium (K) ____ 2.2 2.4 3.0
108 2 140 197 126
4.5 58 93 1 9.7
2.2 3.0 7.0 7.0 1.2
15 3.0 16 2.5 05
162 101 2 163 2 199 121
) 118 93 125 162 98 103 [,
Date of collection (1950) Sept. 17 | Sept. 17 | Sept. 17 | Scpt. 17| Sept. 17 | Sept. 17 Sept. 17

1 Spring 1% miles northeast of Chinchilla, glacial drift; temperature 51°F.
3 Calculated.

3 Ry turbidity. .

Analysts: 139, 159, 175, K. T. Williams; 135, 166, 172, 1202, L. A. Shion,

Log of Delaware, Lackawanna & Western Railroad well 2, near Nay Aug

[Well 101 on p. 132 and map. Surface altitude 1,201 feet)

Feet Feet Feet
Clay and boulders 043 | Sandstone, red ...... 830-358 | Sandstone, light ..... 533-537
Fine gravel ...... 43-58 | S8andstone, gray 353-365 | Sandstone, gray - 537-546
Hardpan and bo 58-101 | Sandstone, red 365-371 | Shale, red ._..... 546-6562
Blue clay _._.. 101-112 | Shale, red _____ 471-376 | Sandy shale ___ 652565
Sticky clay .. 112-128 | Sandstone, red . 375-381 | Sandstone, gray .. 565-581
Gravel and clay - 128-185 | Sandstone, light 381-489 | Sandy shale, red - 681-687
Sticky clay 185-17¢ | Shale, red ____. 389-407 | Sandstone, red

170-174 | Sandstone, ligh
174-178 | Sandstone, red

Sandstone, gray

407410 | Sandstone,
Shale, broken .

410-426 | Sandstone,

Shale, red ... 178-205 | Conglomerate, red -.| 426130 | Sandstome, gray ....| 627-638
Sandstone, green 205-218 | Sandy shale, red __..| 430-449 | Sandstone, light ... 633-644
Sandstone, gray 218-239 | Bandstone, red - 449-452 | Sandstone, gray .____ 644-6563
S8andstone, light 230-251 | Sandstone, gray 452-461 | Sandstone, light .., 653-662

251-263 | Sandy shale, red .____| 461-472 Sandstone, gray ._.._ 662-¢71
268-287 | Sandy shale, gray .| 4i2-480 | Sandstone, green ....| 671-678
287-300 | Sandstone, gray 480499 | Sandstone, gray ....

Shale, green ... 300-804 { Shale, red ... 499-509 | Shale, red .._.________
Sandstone, gray 304-309 | Sandstone, gr 509-522 | Sandstone, red
Sandstone, green ... 309-330 |Shale, red o..___| 522-533

Sandstone, gray
Shale, red -
Bandy shale,
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LUZERNE COUNTY

GENERAL FEATURES
[Area 892 square miles, population 444,409)

Luzerne County is about in the center of the area described in this
report and is bordered by Sullivan County at the northwest corner. It
is by far the largest county in the area and has a greater population than
any other county in the area. With 498 inhabitants to the square mile
Luzerne County is second in density of population only to Lackawanna
County. Of the 20 largest municipalities in the area described in this
report 6 are in Luzerne County—Wilkes-Barre, 86,626; Hazleton, 36,765;
Nanticoke, 26,043; Kingston, 21,600; Pittston, 18,246; and Plymouth,
16,543. The centers of population and industrial development are the
anthracite fields, foremost of which are the Northern field in the Wyom-
ing Valley and the Eastern Middle field at Hazleton. In 1929 there were
in the county 411 manufacturing establishments with products valued at
$5,000 or more each, and in 1930 there were 102 anthracite mines and
2,385 farms. The farms are scattered in thé higher regions on both sides
of the Wyoming Valley.

SURFACE FEATURES

The highest point in Luzerne County is on the western border of
Fairmount Township, at the corner of Luzerne, Sullivan and Columbia
Counties where North Mountain reaches a maximum altitude of 2,450
feet. Southeast of Susquehanna River Penobscot Knob and Bald Moun-
tain are each 2,140 feet above sea level. The Susquehanna at Berwick
is 480 feet above sea level and therefore, the maximum relief in the
county is 1,970 feet. The greatest local relief is around North Mountain,
which rises 1,000 to 1,200 feet above the surrounding country.

A portion of the eastern and southeastern part of Luzerne County is
drained by the headwaters of Lehigh River. The remainder and by
far the greater part of the county is drained by the North Branch of
Susquehanna River, which flows southwestward through about the center
of the county. In flowing 42 miles from Ransom to Berwick the North
Branch drops 40 feet—a gradient of 1.05 feet to the mile.

GEOLOGY AND GROUND WATER
GENERAL SBECTION

The rock formations exposed in Luzerne County range from the post-
Pottsville formations, of Pennsylvanian age, down to the Onondaga
formation, of Middle Devonian age. Outcrops of the Helderberg lime-
stone reach the southwestern boundary of the county but do not extend
beyond it. The Wisconsin terminal moraine crosses the southern part
of the county (see pl. 1), and the greater part of the county is covered
by glacial drift. Extensive deposits of glacial outwash occur along Sus-
quehanna River and less extensive deposits along the smaller streams.
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Generalized section for Luzerne County
Maximum
Geologle thickness Oharactor of rocks Ground-water conditions
formation (feet)

Glaclal drift 800+ | Till consisting of clay and | 1l ylelds small supplies to
(Wisconsin) boulders, with sand lenses,| shallow wells, Outwash yfelds

outwash conslsting of strati.| moderate to very large sup-
fled clay, sand, and gravel.| plies. Yields water of excel-
lent quality to numerous
small springs. Outwash in
Susquchanna Valley ylelds
Kater of less desirable qual-

Y.

Post-Pottsville 1,800+ | Sandstone, conglomerate, shale, | Unimportant as water bearer;
formations (of fireclay, carbonaccous “slate’’| head lowered and water pol-
Pennsylvanian and coal, a few beds of lime-| luted by mining operations.
age) stone.

Pottsville §500:+| Chiefly hard coarse quartz con- | Yields moderate to large sup-
formation glomerate, with gray, red| plles of water of good guaiity.

brown, and green sandstones, | Many flowing wells,
“slate”, and a few thin seams
of coal.
Mauch Chunk 2,000+ | Chlefly red shale, with red and | Yiclds adequate supplies of
shale green sandstone and green | water to shallow domestic
shale. wells, and moderate to large
supplles to decp drilled wells,
especially in the Hazleton
region. Some flowing wells.
Water is of good quality.

Pocono 600+ | Coarse and in places pobbly | Yields moderate supplies of

sandstone gray and yellowish-gray sand-| water to wells of moderate
stone, flaggy sandstone, and | depth, some of which are flow-
greenish-gray sandstone; thin | ing wells. With one exception,
seams of coal may be found | water is of good quality.
locally.

Catskill 1,700+ | Red shale, red and gray | Yields moderate supplies of
group cross-bedded sandstone, gray,| water to wells of moderate

green, and white sandstone, | depth. Few flowing wells.
gray shale and sandstone in | Water is of good quality.
lower part.

Chemung forma- 3,100+ | Alternating gray and olMve- | Yields small supplics of water.
tion and Por- green shale and sandstone,| Deeper wells likely to obtain
tage group dark shale at base; fosslii-| salty or brackish water. Water

ferous; marine. generally hard and may give
off hydrogen sulphide.

Hamlilton for- 1,000+ | Brown, gray. and blulsh-gray | Yield smnall suppiles of potablo
mation sandy shales; fossilifcrous; | water. Water usually hard.

marine. likely to be high in dissolved
mineral matter. chiefly sul-
phate, and likely to give off

Marcellus shale 410 Black and dark-blue flssiie.| hydrogen sulphide.

shales; {fossiliferous; marine.

Onondaga 10- Limestone. Unimportant.

formation 15
STRUCTURE

Nearly all of Luzerne County lies in the Valley and Ridge province,
in which the rocks have been strongly folded. In going from north to
south across the county, five major folds are encountered, all of which
trend northeast. The first of these is a shallow syncline on the crest of

North Mountain, forming the Mehoopany coal basin.

The second is

the Milton anticline, which exposes the Portage group in the north-
western part of the county and gradually flattens out toward the norh-
east. The third and most pronounced is the Lackawanna syncline, which
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has preserved the post-Pottsville formations throughout the Wyoming
Valley. The maximum depth of this syncline is reached in the vicinity
of Wilkes-Barre and Plymouth. The double rim of ‘this syncline is
formed by the resistant Pottsville formation and Pocono sandstone, sep-
arated by the less resistant Mauch Chunk shale. The fourth fold is the
Berwick (Montour) anticline, which exposes a few feet of the Onon-
daga formation in the vicinity of Beach Haven. This fold reaches its
maximum development farther west, and only the eastern portion reaches
Luzerne County. The fifth major fold comprises a series of anticlines
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Figure 11. Map of Luzerne County showing location of water wells

Laurel Run Twp. name omitted (wells 362-3). South boundary of Plains Twp. runs
from L in Plains to B in Barre, Well 339 is in Union Twp.

and synclines forming the Eastern Middle anthracite field in the vicinity
of Hazleton. The synclinal basins in this region are relatively shallow,
and there are large areas from which all the coal beds have been eroded.

The general dips of the region are 0° to 40°, and the maximum dips
are found on the rims and within the synclinal coal basins. Although
these synclines are relatively simple canoe-shaped folds as viewed in a
general way, the relatively soft post-Pottsville beds in their cores are
severely folded and contorted, with numerous minor faults. The north-
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ern and the easternmost parts of the county border the Appalachian
Plateaus province and are characterized by horizontal or nearly hori-
zontal strata.

WATER-BEARING FORMATIONS

(See pp. 41-50 for further description]

Glacial drift—The terminal moraine left at the end of the Wisconsin
glaciation crosses the southern part of the county from a point west of
Beach Haven to the southeast corner on Lehigh River. North of this
line the county is covered by glacial drift except where erosion has ex-
posed the underlying bedrock.

On both sides of Susquehanna River the unsorted till and the stratified
outwash material yield small to moderate supplies of potable water to
shallow dug wells, and where lenses of gravel occur stronger supplies
are obtainable. In the smaller rural communities dug wells and springs
in the glacial drift are the chief sources of domestic water supply, and
many of these springs are used for small public supplies. The drift
waters are exceptionally low in dissolved mineral matter. (See analyses
on p. 165.)

Very few drilled wells end in the glacial drift in Luzerne County, but
many of them penetrate 20 to 200 feet of drift before reaching the under-
lying bedrock. In many of these drilled wells lenses of water-bearing
sand and gravel are cased off. In some places the glacial drift is com-
posed largely of clay or “hardpan” and may yield little or no water.

Along Susquehanna River, particularly in the Wyoming Valley, there
are thick deposits of glacial outwash consisting of irregular lenses of
stratified clay, sand, and gravel. The river flows over a buried valley in
many places, and buried channels are encountered in mining operations.
Near Beach Haven, where the terminal moraine crosses Susquehanna
River, there are at least three terraces, two of which are visible in plate
2-B. The buried valley of the Susquehanna in the Wyoming Valley
has been studied by Darton®, who found that the glacial outwash de-
posits reached a maximum depth of 309 feet near Plymouth. (See fig. 4.)

Moderate supplies of water are obtained by dug and driven wells in
the glacial outwash deposits, and exceptionally large supplies are ob-
tained in a few places by means of drilled wells equipped with well
screens or strainers. An excellent example of proper well construction
is furnished by the three gravel-walled and screened wells of the
Stanton Operating Co., of Pittston, which are by far the strongest wells
noted in northeastern Pennsylvania. (See well 294). A cross section
of well 1 is shown in figure 5, and the wells are described on pages 33-35.
Each well was tested at 1,280 gallons a minute with a draw-down of
only 9 or 10 feet after 8 hours continuous pumping. (See also wells
295, 353).. Doubtless many more wells of this type could be developed
in the county. The Horn Dairy Co., of Wilkes-Barre, obtains an ade-
quate supply of water from outwash sand by means of a driven well
only 45 feet deep (well 358). An analysis of water from this well shows
that the water is high in nitrate, and this would probably be true of
other wells obtaining water from outwash deposits within the coal basin.

Post-Pottsville formations.—The post-Pottsville formations, including
the Allegheny and part of the Conemaugh, crop out in the Wyoming

93 Darton, N. H., Sand available for filling mine v.orkings in the northern anthracite
basin of Pennsylvania U. §. Bur. Mines Bull. 45, p. 6. 1913.
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Valley, where their combined thickness is about 1,800 feet. All of the
Conemaugh formation has been swept away by erosion in the Hazleton
region, and only about 700 feet of the Allegheny formation remains in
the deepest (Hazleton) basin.

The coal and sandstone beds are well fractured and in most places
contain considerable water. However, in the coal basins mine drainage
has lowered the water level considerably, and the oxidation products
resulting from the exposure of the coal to air in the mines have rendered
the water unfit for ordinary use in most places. According to Mr. Paul
Sterling, engineer of the Lehigh Valley Coal Co., Wilkes-Barre, most
of the ground water occurs within about 450 feet of the surface, and
the lower beds are usually dry. Individual collieries in the Wyoming
Valley pump from 1,500 to 2,500 gallons a minute on a yearly average,
and those in the Hazleton basin pump from 500 to 8,000 gallons a minute.
According to Mr. Sterling, 17 to 20 tons of water is pumped for every
ton of coal mined. Mine drainage water is used only for washing coal.

Despite the drainage and pollution several wells obtain satisfactory
supplies of potable water from sandstone beds in the Wyoming Valley.

(See wells 357, 361.) Well 361 yields water containing hydrogen sul-
phide.

Pottsville formation.—The Pottsville formation crops out as a high
strike ridge surrounding the Wyoming Valley coal basin and is also ex-
posed around and between the small coal basins in the Hazleton region.
Its thickness around the Wyoming Valley averages about 220 feet and
varies between 150 and 300 feet. In the Hazleton region the Pottsville
formation is about 500 feet thick, and the conglomerate is considerably
coarser than it is in the Wyoming Valley. Thin beds of coal occur in
the Pottsville in both regions, but few of them are of workable thickness.

The six wells believed to penetrate the Pottsville around the Wyoming
Valley are reported to yield large supplies of potable water, and all the
wells for which data are available are said to be flowing wells. The
water occurs in open fractures and crevices in the hard conglomerate
and sandstone, and the artesian head is probably due to the presence of
thin shale beds above the fractured conglomerate. Most of these wells
were formerly used for municipal supply but have been abandoned in
favor of larger surface-water supplies.

In the Hazleton region numerous drilled wells (chiefly for municipal
supply) penetrate the Pottsville, though many of these wells extend
down into the underlying Mauch Chunk shale. In many wells it is not
certain whether the water comes from the Pottsville or from sandstone
beds in the Mauch Chunk, and in some the water probably comes from
beds of both formations. These wells range in depth from 150 to more
than 800 feet, and most of them yield from 50 to 150 gallons a minute,
although a few yield as little as 10 gallons a minute. The wells in the
Hazleton region show great variation in water level. Many of the wells
flow during wet seasons, and during dry seasons the water level drops far
below the surface. (See pp. 160-163.)

On the basis of three analyses the water from the Pottsville formation
appears to be of good quality. It is very soft and contains a relatively
small amount of dissolved mineral matter.

Mauch Chunk shale—The Mauch Chunk shale has two areas of out-
crop in Luzerne County. It crops out in a long, narrow valley between
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ridges of the Pottsville formation and the Pocono sandstone around the
Wyoming Valley, and in the large valley area drained by Nescopeck
Creek and Lehigh River. In the western part of the Wyoming Valley
the Mauch Chunk is about 400 feet thick, but it thins rapidly to the
nartheast, and the red beds gradually disappear, giving way to about 150
feet of greenish shale and thin-bedded sandstones. In the southern
part of the county the Mauch Chunk is about 2,000 feet thick.

The Mauch Chunk yields adequate supplies of potable water to numer-
ous shallow farm wells 50 to 250 feet deep in the southern part of the
county. Large suppplies are obtained from the Mauch Chunk in the
Hazleton region by wells that reach it after penetrating the overlying
rocks. Some of these wells that encounter sandstone beds yield more
than 100 gallons a minute, and many of them flow during the winter.
Like the water in the other non-marine formations, that in the Mauch
Chunk contains very small amounts of dissolved mineral matter and is
rather soft.

Pocono sandstone—The Pocono sandstone is the principal mountain
maker of the county. Its horizontal strata cap the high North Mountain
and its tilted strata form the outer and highest ridge surrounding the
Lackawanna syncline and the highest ridge (Nescopeck Mountain) north
of the Hazleton coal basin.

Most of the wells that obtain water from the Pocono sandstone in
Luzerne County are along the north rim of Wyoming Valley. In the
vicinity of West Nanticoke there are several shallow flowing wells in
the Pocono, some of which supply water for bottling. The highest re-
ported yield for any of these wells is 20 gallons a minute, but it is
probable that greater yields are obtainable. The water from the Pocono
is as a rule noticeably low in dissolved mineral matter, but the water
from well 334, at Hunlock Creek, contains 393 parts per million of total
dissolved solids, principally sodium chloride and sodium bicarbonate.

Catskill continental group.—The Catskill continental group underlies
most of the county north and southeast of the Wyoming Valley and
crops out in two strips about 1% miles wide around the Berwick (Mon-
tour) anticline.

Because of its great areal extent the Catskill supplies more drilled
wells than. any other formation in the county, generally with an ade-
quate supply of good water. The water is generally of good quality
but salty or brackish water such as was obtained in well 256, is likely
to be encountered by deep wells in the western part of the county north
of the river.

Chemung formation and Portage group.—In Luzerne County the
Portage group is deeply buried in most places and crops out only along
the Milton anticline and around the Berwick (Montour) anticline, and
a few feet of marine Chemung are present near Beach Haven.

The Portage is a rather poor water-bearing formation in this county.
Domestic wells in the Portage yield from 2 to 10 gallons a minute. The
water is generally hard, and some of it gives off an odor of hydrogen
sulphide. An analysis of water from well 342 showed 224 parts per
million of total dissolved solids, chiefly calcium bicarbonate and sodium
chloride, and a hardness of 110 parts per million. However, most of the
shallow drilled wells in the Portage yield water that is satisfactory for
domestic purposes.
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Hamilton formation, Marcellus shale and Onondaga formation.—The
Hamilton formation and Marcellus shale have a very small area of out-
crop in Luzerne County, being exposed only along the core of the Ber-
wick (Montour) anticline between Nescopeck and Dorrance, and the
Onondaga formation is present only near Beach Haven.

This group of formations is much like the Portage group both in litho-
logy and in water-bearing properties. Most of the wells end in shale
or “slate” and have small yields. A few wells obtain somewhat more
water from beds of fractured sandstone. No water samples were col-
lected from this group of formations within the county, but samples
taken in other counties and reports within the county indicate that the
water is likely to contain a large amount of dissolved mineral matter,
is generally high in sulphate, is generally hard, and in many places gives
off hydrogen sulphide.

ARTESIAN CONDITIONS

In many of the wells penetrating the hard-rock formations the water
stands somewhat above the level at which it was first encountered. In
some wells the artesian head is sufficient to produce a flow. The deep
synclinal coal basins are the structural features that produce nearly
all the flowing wells in Luzerne County. Several flowing wells occur
around the Wyoming Valley, but not every well adjacent to the valley
is a flowing well, for locally the confining beds may allow the water to
escape into overlying formations. The wells in the small synclinal coal
basins in the Hazleton region are noteworthy for their great seasonal
variations in artesian head. Many of the wells flow during the winter,
but during the summer the water level may drop to a point several
hundred feet below the surface of the ground. This is probably due to
the fact that all the wells are relatively close to the catchment areas of
the formations from which they draw water. Thus the wells continue
to flow only as long as the catchment areas continue to be supplied by

rainfall.
QUALITY OF WATER

Eighteen samples of water were collected from Luzerne County, 12
from drilled wells and 6 from springs, the analyses of which are tabulated
on page 165. The waters from drilled wells contain moderate or small
quantities of dissolved mineral matter and are generally soft. The
sample from a well in Hunlock Creek in the Pocono sandstone (well
334) was soft but contained 393 parts per million of total dissolved solids,
most of which was sodium chloride and sodium bicarbonate. The other
analyses of water from the Pocono sandstone show negligible amounts
of these constituents and but small amounts of dissolved mineral matter.

The samples from springs, all of which are in glacial drift, contained
very little dissolved material and were very soft.

No analyses were made of drainage waters from coal mines, but it is
reported that such waters may be very acid, presumably from the pyrite
rather than from the sulphur contained in the coal®. With the exception
of the post-Pottsville formations all the rock formations above the Port-
age yield water of good quality. The water from the Portage and older
formations is satisfactory for most purposes but is likely to contain more
dissolved mineral matter and to have greater hardness than water from

9¢ Leitch, D., Acidity of dralnage from high pyritic coal areas in Pennsylvania., U.S8.
Bur. Mines Rept Tov. 8146, p. 9, Jan, 1932
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the overlying formations. Deep wells may encounter brackish or salty
water in the region north of Wyoming Valley (see well 256), but no
brackish or salty water has been reported south of the valley. In many
places water from the Portage and underlying formations contains a
small quantity of hydrogen sulphide but nowhere in amounts large
enough to be objectionable.

A driven well in Wilkes-Barre (well 358) obtains water from the
glacial outwash that has a hardness of 198 parts per million and con-
tains considerable chloride and nitrate. This is not characteristic of water
in the glacial drift of the higher and more sparsely populated regions
and may be due to the large amounts of mine drainage and sewage
which are discharged into Susquehanna River above Wilkes-Barre, chiefly
from Lackawanna River®.

PUBLIC SUPPLIES

The larger cities in Luzerne County depend entirely on surface water,
Wilkes-Barre and surrounding towns in the Wyoming Valley being sup-
plied by the Wilkes-Barre division of the Secranton Spring Brook Water
Co. The water is obtained from numerous small streams impounded
on both sides of the valley. The Wyoming Valley Water Co. supplies
Hazleton and the nearby Hudsondale, Bear Creek, Wolffs Run, Barnes
Run, Mount Pleasant, and a small part of Harleigh. This company also
obtains its water from numerous small streams fed by springs.

The communities supplied by ground water are tabulated below. The
water from supplies for which analyses are available is low in dissolved
mineral matter, soft, and satisfactory for domestic and industrial use.
Of the 22 ground-water supplies tabulated, only one is treated for sani-
tary reasons. The water from spring supplies is noticeably low in dis-
solved mineral matter and is comparable in this respect to the surface
water used for public supply.

INDUSTRIAL SUPPLIES

Ground water is used by a variety of industries in Luzerne County.
Perhaps the largest industrial use is in coal washing, in which a large
quantity of mine drainage water is used. At times, particularly during
dry seasons, the water pumped from the mines is insufficient to supply
this need, and additional water is pumped from wells. Both surface
water and ground water are used to supply the boilers in the collieries.
A large quantity of ground water derived from glacial outwash is used
for cooling in the generation of electric power. Ground water is also
used for bottling, for swimming pools, and for washing bottles and cool-
ing in dairies.

DOMESTIC SUPPLIES

Domestic supplies in the more thickly settled parts of Luzerne County
lying outside of the coal basins are derived largely from drilled wells,
In the rural-communities the proportion of drilled wells to dug wells
is steadily increasing, because many of the dug wells are reported to be
unreliable during dry seasons and subject to contamination.

95 See Leighton, M. O., Quality of water in the Susquehanna River drainage basin;
U.8. Geol. Survey Water-Supply Paper 108, pp 23-81, 1904,
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LUZERNE COUNTY 165

Analyses of waters in Luzerne County

{Parts per milllon. Numbers less than 1200 correspond to numbers on map and in the
table of well data].

269 278 301 813 334 842 858 804 401
Sillea (8103) 8.3 16
Iron (Fe) 05 .08
Caleium (C8) —cemceeee 1212 8.6 41 101 83 53 11! 201
Magnesium (Mg) 1.4 6.8 18
Sodium (N8) ccceemee-aae 102 { : 75 S M } 23 146 85 423 43 83
Potassium (K) ceeeoeece- 10 |eacacem- 1.0
Bicarbonate (HCOs) 94 24 25 133 121 69 56 86
Sulphate (804) ——coeeee| 812 13 1t 41 61 9 ] 61 21
Chloride (O1) -. -| 8.0 2.6 2.0 () | 168 53 ] 1.0 2.0
Nitrate (NO3) ——eecmoeeee 1.5 .01 .10 *) 0 | 55 20| 11
Total dissolved solids -| 892 | 48 97 3 273 [ 3933 |24 3ns 67 3 [ 3
Total hardness as
CaCOs (calculated) ..| 64¢ P43 20 32 110 198 46 ¢ 66 ¢
Date of collection (1030) | Bept. | Sept. | Sept. | Sept. Sept. | Sept. | Sept. | Sept. | Sept.
16 16 16 16 16 16 16 15 15

Silica (8i032) R J0 TR E—

Iron (Fe . .

Calelum (08) oo 1n: 25 21 121 n ) 12 7
Magnesium (Mg) 7.0

Sodium (N8) -ccomceccue 1s 1 4 a3 43 (%) 23 43
Potassium (K) ccceeeeeee 1.9

Bicarbonate (HCOs) «---| 64 A 10 82 31 1n 4 7 2
Sulphate (804) 121 n ) 181 g1 gt () 11 21
Chloride (O1) -.. 2.0 82 ®) 3.0 3.0 1.0 1.0 1.0 4.0
Nitrate (NOs) 10| 50 .10 9.0 .10 .10 .20 4.8
Total dissolved solids .| 742 | 182 133 50 2 56 3 22 3 10 3 103 353

Total  hardness as

CaCOs (calculated) ..-| 456¢ 01 44 32¢ 104 g ae 94
Date of collection (1980) [ Sept. | Sept. | Sept. | Sept. Sept. | Sept. | Sept. | Bept. Se.pt.
16 16 16 17 16 16 15 15 15
1 By turbidity.
2 Calculated.
3 Less than 1 part.
¢ Determined.

51203, Spring 3% mile northwest of Harding; sand and gravel in stream channel; temperature
§¢* F. 1204. Spring % mile northeast of Trucksville; glacial drift; temperature 52°F.
1205. Spring % mile northeast of Wapwallopen; glaclal drift; temperature 52°F. 1206. Spring
il miles northeast of Bear Creek; sand In glacial drift; temperature 55°F. 1207. Spring
1 mile southeast of Glen Suwmmit; sand in glacial drift; temperature 40°F. 1208. Spring
% mile southwest of White 1laven; glacial drift (1); temperature 54°F.

¢ Less than 2 parts,

Analysts: 269, 278, 801, ¢42, 894, 415, 435 1208, 1207, 1208, L. A. Shinn; 313, 334, 858,
401, 461, 124, 1206, 1206, K. 'I'. Williams.
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Log of Smith well, Fairmount Springs
[Well %66, p. 146 and fig. 11}

Sandstone, hard ._
“Slate”, blue .a-._
Shale ...
Sandstope .

“Slate”,

Log of Stanton Operating Co.’s well 1, near Harding
[Well 294, p. 148, and figs. 5, 11)

Feet Feet
3oil 0-20 |Sand 651-60
Clay and boulders 20-27 | Clay sand 60-63
Clay, boulders, and gravel ...._..._| 27-40 Sand clay 63-68
Sand 40-42 | Clay, boulders, and gravel ._._______ 68-98.5
Clay and sand 42-57
Log of Stanton Operating Co.’s 10-inch well, near Harding
[Well 295, p. 148, and fig. 11}
Feet Feet
Fine sand and loam _...______.__._...| o049 Sand and gravel, little clay ... 6084
8and and gravel ____.._._ ___________| 19-2¢ |Sand and gravel ...._...___._________. 64-68
Coarse sand 2429 |Sand and fine gravel, little clay ...... 6873
Gravel 2941 |Sand and gravel (loose), no clay ... 73-83
Sand 4144 Sand and gravel (40% sand), little clay 83-89
Sand, gravel and clay ._.—.—___.._____| 4457 |Sand and some gravel .._..._________ 8998
S8and and gravel _..________________ 57-60
Log of Croup well, Hunlock Creek
[Well 834, p, 151, and fig. 11]
Feet Peet
8oil, boulders, hardpan, ete 0- 60 |Sandstone, gray ———ee__________________ 160-172
Rock, red and dark gray .. 6- 70 | 3hale, red 172-204
Rock, and light gray 70- 75 | S8andstone, blue-gray, medium hard .. 204-210
Rock, red 75- 80 | 3andstone, blue-gray, bard _.__.___. 210-224
Rock, light gray ___.__._. 80-110 | Sandstone, green, medium hard ..___. 224265
, dark gray _________ 110-115 | 8andstone and shale, soft, red ...... 295-8¢5
Shale, red 115-160 | Sandstone, gray, water-bearing ._.. 365-375
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Log of Wyoming Valley Water Co.’s well, near Derringer
[Well 394, p. 157 "and fig. 11)

3and and gravel
Conglomerate
Crevice (bit dropped) -
Conglomerate

Crevice, few (?) inches?
Conglomerate
Sandsmne. dark

[¢9]
Sandstone, fine-grained

Sandstone, green
Qandat. Ted

Sandstone, greem . -
Conglomerate
Crevice, few (?) inches -
Sandstone, green
Sandstone,
Sandstone, green . -
Conglomerate
Sandstone, Green -
Sandstope, red _.__ -
8andstone, green

Feet
0- 25.5

Sandstone, red
Conglomerate

Sandstone, green .
Sandstone, red ...
Sandstone, green 3
Conglomerate
Shale, red
Sandstone, green
Conglomerate
Sandstone, green

Sandstone,
“Slate', green -
““Slate”, red
Sandstone,
Shale, red

gray

1 Water-bearing *‘slate’.
3 Water-bearing conglomerate.
3 Water-bearing (large yield).

Log of Jeddo Highland Coal Co.’s well near Sandy

[Well 428, p.

Run

160 and fig. 11}

Surface material
Conglomerate
Sandstone, gray
Conglomerate
Sandstone,
S8andstone,
Sandstone,
Sandstone,

Qandst

Sandstone,
Sandstone,
Sandstone,
Sandstone,
Sandstone,
Sandstone,
Sandstone,

Log of Jeddo Highland Coal Co.’s well near Freeland
[Well 430, p. 162 and fig. 11]

Feet
Surface soil 0- 32.6
Conglomerate, ET8Y ocecocoeeeoeee—o 32.6- €8
Sandst.one. gray, and conglomer-

68 -165
Sandstone, BTAY —ceececcvecccmmnaaa| 166 -182
Sandstone, red and green —.——_.| 182 -215
Sondstone, light green ——eocceeeo-- 215 -234
Sandstone and shale, red and green| 23¢ -256
Sandstone, greel oeeeceeeeeom—ooeae 268 ~274
Shale, red 274 328
Sandstone, light green «ee-ee————- 328 -356

Feet

Sandstone, BTeeN —eemmeeeooocoomeee 356 -868
Shale, red 368 -38¢
Sandstone and shale, green and

396
Sandstone, green ——---co---——————- 396 —407
Shale, 407 422
Sandstone, €eN o eemmemeemmnm—— 422 438
Sandstone, light green —eeeeeeeo.. 438 —456
Sandstone, red and green oo - 456 —471
Randstone and shale, red ... 471 485

485 - -506.5
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Log of Wyoming Valley Water Co.’s well near Drifton
[Well 440, p. 162 and fig. 11}

Feet Feet
Clay, yelloW o.ooeeee —oo.._.. 0- 18 | S8andstone and shale, green and
Conglomerate, light-colored 18- 55 red 321-309
Conglomerate, yellow ...__.. §5- 78 | Sandstone, green o._.....__._...... 399411
Conglomerate, gray -.... 78- 90 | 8andstone, light gTeen 411-430
Sandstone, gray _......_ . 90-130 | 8andstone, gray ....._._._......_.
Sandstone, yellow and green ...... 130-160 | Sandstone, green -...._............
S8andstone, light-colored _.__._._.. 160-200 | 8hale, red 462-480
Sandstone, light green Sandstone, red and green ______.__ 480-509
Snadstone, greeD oeeeeo___________ Shale, red 509-523
Sandstone, light green Sandstone, light green ..__.___..__ 523-538
8andstone, S, Sandstone and shale, red and
Shale, red green 533-554
Log of Jeddo Highland Coal Co.’s well near Jeddo
[Well 444, p. 163 and fig. 11)
Peet Feet
Surtace 0- 16 |Bandstone, green .——...._._...._.__. 846~ 665
Conglomerate  ..._.............__.. 16- 140 |8hale, red 665~ 709
andatone, Breend .oceeeeeeeeee 140- 205 | Sandstore, red oeeee— ... 709- 739
, red 205~ 218 | 8hale, red 739- 860
Sandstore, green .| 18- 2 Sandstone, red 860- 886
Shale, red 281- 291 |8hals, red 886- 897
COonglomerate, grecn ... _______| 291- 352 | Sandstone, rde 897- 912
8hale, 852- 881 | 8hale, 012- 945
Sandstone, gray, hard .........___ 881- 488 | 8andstone, red 946~ 976
Shale, red 438~ 476 hale, red 9716~ 992
Sandstone, green -...._._.__._.._.| 476~ 497 Sandstone, red ... ... ___ 902-1,000
Shale, red 497- 646
Log of Jeddo Highland Coal Co.’s well near Jeddo
[Well 46, p. 163 and fig. 11}
Fect Feet
Fault gauge 0-140 | Bandstone, red ... 338-858
Sandstone, White _eceeee_.________| 140-180 8andstone, green 858-878
Conglomerate 180-21 Sandstone, gray . 878-388
Sandstone, Conglomerate ..... 886456
Bandstone, Bhale, red 456-512
Bandstone, Conglomerate ... _______ 512-678
285-288 | Sandstone, green ...... 573-578
Sandstone, Eray eeeeeoeee .| 233306 | Sandstone, red ... 578-598
Sandstone, white ....... eemmeeeaen 806-338 | Sandstone, green . ________.._._____ 693-506
Log of Jeddo Highland Coal Co.s well near Jeddo
[Well 447, p. 163 and fig. 11]
Feot
Surface 0-21 | Bandstone, gray .o o ooo.____
8andstone, yelloW aeeeee ... 21- 55 | S8andstone, green ...
blue Sandstone, dark green
Conglomerate .._____._._.__ " T~ —-
. Sandstone, gray ... _____
Sandstone, red -
andstone, dark ... | 147-168 Sandstone gray
andstone, ErAY eeeeeeeeeeeeo__ | 153-175 Not recorded ...
Conglomerate  emeeeeeeee . ___ 175-184 | Sandstone, green
Sandstone, greed ... " _| 184196 Sandstone, red
Oonglomerate  eeeoeeoeeeee | 196-239 dstone, green
Sandstone, YelOW .oeeeeeee .| 259-248 Conglomerate ...
Sandstone, Era8Y —eeeemeeeeee .| 243-202 dstone, green
8andstone, YellOW weeeeeeeeeeeo _..| 292-206 Sandstone, red ... ___________| @19-63¢
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Log of Jeddo Highland Coal Co.’s well at Ebervale
[Well 450, p. 168 and fig. 11]
Feet Feet
Olay and gravel __.....___________. 0-11 Sandstone, dark . 130-162
8andstone, gray ... - 11- 23 “Rock”, yellow 162-173
Sandstone, dark .. - 23- 81 |Conglomerate . 173-299
S8andstone, light .. - 31- 85 | Sandstone, green 200-347
Sandstone, dark .... - 86— 690 | Conglomerate . 347-881
Coal (Alpha coal?) . - 60- 60 | Sandstone, green 381-428
Sandstone, dark ... - 60- Shale, green - --| 428433
Conglomerate  —oo.eeeeoe . 72-130 Shale, red 433-450
Log of Jeddo Highland Coal Co.’s well at Harleigh
[Well 455, p. 164 and fig. 11)
Feet FPeot

Wash 0-10 | “Slate”, blue, sandy —oo_o_._____ 838-350
Sandstone 10- 80 Sandstone. reen oo .| 856407
Conglomerate .. _.___ 30- 47 | Conglomerate, fine .. -| 407470
Sandstone, dark blue __...._..___. 47- 61 | Sandstone, green .. -| 470497
Sandst dark 51- 78 | Sandstone, red .__. -] 497-602
“Slate” 73-76 | Sandstone, green .... -{  502-510
Coal 76- 77 | Conglomerate, fine -| 510-602
Sandstone, dark —oeee.eoo..o_____ 77- 82 | Sandstone, green .... -| 602628
Sandstone, gray -.... -| 82~ 9 | Sandstone, red .__ .| 626-638
Conglomerate, flne .. - 93-130 | Sandstone, green ... .| 636647
Sandstone, dark ... -| 180-189 Conglomerate, fine . -| 647698
Conglomerate, flne _. -| 189-246 | Sandstone, green ___ -l 608-157
Coal (Alpha bed ?) -| 245-248 | Bandstone, red ... .| 57-782
“Slate’”’, blue, sandy ao——- -] 248-258 Sandstone, green .| 762-800
"Slate" dark dlue, sandy -t 258-262 Sandstone, gray - -| 800-808
conzlomerate. coarse ... .l 262-83%4 Sandstone, red ... .| 808-856
Conglomerate, blue ... -| 334336 | Sandstone, green ._.._.__._.____..__| 855806
Conglomerate, coarse ... 386-338

Log of Jeddo Highland Coal Co.’s well near Ebervale
(Well 456, p. 164 and fig. 11)

Clay
8hal

e >
S8andstone, light—coloréd .........__
Conglomerate oo _oo_.__
Sandstone, light-colored
Sandstone,
Sandstone.
Sandstone,
Sandstone.
Sandstone, gr
Sandstone,

llght,-eolo;ai- - -

Sandstone,
Sandstone,
Sandstone,
Sandstone,
Sandstone
Sandstoue.
Sandstone,
Sandstone, red
S8andstone,
Shale, red
Sandstone,
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MONROE COUNTY

GENERAL FEATURES
[Area 623 square miles; population 28,286]

Monroe County borders the State of New Jersey in the east-central
part of Pennsylvania. In 1930 East Stroudsburg had 6,099 and Strouds-
burg had 5,961 inhabitants, but all the other boroughs, in the county
had less than 1,000. In the same year there were 1,370 farms in the
county, and in 1929 there were 64 manufacturing establishments with
annual products valued at $5,000 or more each. The scenic Delaware
Water Gap and the Pocono Mountains have attracted thousands of tour-
ists and vacationists to the summer resorts in this county, most of which
are scattered along the famous Lackawanna Trail.

SURFACE FEATURES

In the western part of Monroe County there is a high plateau known
as the Pocono Mountains. Its eastern rim, which is 1,800 to 2,100 feet
above sea level, towers about 1,000 feet above the country to the east
and contains Pimple Hill, and Kistler Ledge, both 2,215 feet above sea
level, and Dresser Hill, 2,220, the highest points in the county. The
nearly flat plateau has been cut into from the west by Lehigh River,
down to an altitude of 1,400 feet. East of the Pocono Mountains the
country slopes rapidly down to Delaware River in the northern part
and to Pohopoco and McMichael Creeks in the southern part. In the
region southwest of the Delaware Water Gap is a series of long high
ridges separated by narrow valleys and broken in places by wind and
water gaps. Kittatinny Mountain, the highest of these, forms the south-
ern boundary of the county and has a nearly uniform altitude of 1,500
to 1,600 feet. The lowest point in the county, where Delaware River
leaves the county through the Delaware Water Gap at an altitude of
280 feet, is also the point of greatest local relief, for precipitous walls
of the gap rise more than 1,100 feet above the river., The maximum
relief in Monrce County is 1,940 feet.

The eastern two-thirds of Monroe County, most of which lies below
the Pocono Plateau, is drained by Delaware River and its tributaries.
The western third, including most of the Pocono Plateau and a small
area below the plateau in the southeastern part of the county, is drained
by Lehigh River and its tributaries.

GEOLOGY AND GROUND WATER
GENERAL SBECTION

Monroe County was not entirely covered during the last advance of
the ice. The Wisconsin drift border traverses the northern part of
Tunkhannock Township, swings around Camelback Mountain (Pocono
Knob), passes through the towns of McMichael, Brodheadsville, and
Saylorsburg, follows the north slopes of Kittatinny (Blue) Mountain,
and crosses that mountain at Fox Gap. The earlier (Illinoian) drift
border passes through Polk, Eldred, and Ross Townships and joins the



MONROE COUNTY m

Wisconsin border just southwest of Saylorsburg. The Wisconsin terminal
moraine is clearly outlined throughout most of its course, particularly
on the Pocono Plateau, where it is marked by an irregular series of low
hills or mounds. The evidence of Illinoian glaciation is less clearly
preserved.

There are several extensive buried valleys in Monroe County. The
largest of these is a continuation of the Delaware buried valley that
begins near Bushkill, where Delaware River turns southward to cut
through Wallpack Ridge, extends through to Stroudsburg and then to
Sciota, where it bifurcates, one branch passing through Brodheadsville
and thence following Pohopoco Creek to Lehigh River in Carbon County,
and the other branch continuing southwest from Sciota along Lake Creek
and then descending the valley of Buckwha Creek for a short distance.
Cherry Creek flows over another of these buried valleys. Huge mounds
of drift are scattered along these buried valleys, particularly in the
vicinity of Snydersville.

The rock formations exposed in Monroe County range in age from the

Mount Pleasant formation of the Catskill continental group down to the
base of the Tuscarora sandstone.
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Figure 12. Map of Monroe County showing location of water wells
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Generalized section for Monroe County

Maximum
thickness
Geologiec unit e:&po:;:d Character of rocks Ground-water conditions
ee
Glacial Clay, sand, *“quicksand” and| Gravel beds yield smal sup-
drift 200+ gravel; chiefly “quicksand"| plies of water; “quicksand”
(Wisconsin and in some places. causes difficulties in drilling.
Illinoian) Supplies numerous dug wells
and springs. Water is very
soft and low in dissolved
mineral water.
Catskill 4,000+ | Red, green, and gray shales| Yields moderate to large sup-
group and sandstones and conglom-| plies of very soft water.
erate. Flowing wells locally.
Portage 1,700+ | Blue and black sandy ‘fossilifer-| S8andstones yield moderate sup-
group ous shales, olive-green and| plies, shales yield small sup-
gray micaceous sandstones. plies of potable water. Water
may contain hydrogen sul-
phide.
Hamllton 1,400+ | Limestone, 80 feet, at top;| Yields moderate supplles of
formation rest i8 bluish-gray sandstone| water of good quality.
and sandy “slate”. Some-| BSandstone yields more than
what fossiliferous, shale.
Marecellus 8004- | Bluish-gray and bluish-black| Yields small but reliable sup-
shale sandy shale; bituminous black| Dlies of potable water; 1
slate in southein part of| fowing well with large yleld.
county.
Onondaga 450 Dark-gray cherty liméstone| Solution channels in limestone
tormnt%on (200 feet) underlain by bard| ¥leld moderate to .large sup-
gray sandy shale (Esopus| Ples; golid limestone, some-
250 feet). what fractured, ylelds small
supplies. Water softer than
typical limestone waters,
No well data avallable for
lower shale. Character syg-
gests that it is probably a
fairly good water-bearing
formation.
Oriskany 171 Coarse sandstone and con- R
sandstono " | “elomerate " altemating “'af Ve, Jov woll; bign”perme
eastern part of county with largely rocky apnd unin-
beds of chert. habited. Water reported to
be of good quality.
Helderberg 415 Limestone interbedded ~With| yery few data available; would
limestone sandy shale and sandstone. probably yleld an adequate
supply of water if solution
channels were encountered.
Cayuga 1,500 to | Bossardville limestone under-| A good water-bearing forma-
group ,000 lain by Wills Creek shale| ™ tiopn. Upper calcareous part
(calcareous shales and thin| yields moderate supplies of
beds of limestone) and| hard water; water in lower
Bloomsburg red beds (red| part probably soft.
shale, red and variegated
shales and sandstone).
Clinton 1,600+ [ Variegated shales and sand-| Excellent water-bearing form-
formation stone, ferruginous sandstone,| ation; large supplies of water
hard white and green sand-| of excellent quality; many
stone or quartzite, bard| fowing wells.
quartz conglomerate.
Coarse quartz conglomerate,| No wells; unimportant because
Tuscarora 200— vitreous white sandstone or| of topographic position.
sandstone 225 quartzite; small amount of

shale.
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STRUCTURE

The structure of the northern part of Monroe County is similar to that
of Pike County, with gently dipping or horizontal beds on the Pocono
Plateau increasing rapidly in dip toward Delaware River, to the south-
east. The structure becomes increasingly complex along the strike of
the beds toward the southwest, where there are several folds with
northeasterly axes. A minor anticline traverses the Pocono Plateau, and
in the resulting syncline to the southwest lies Camelback Mountain
(Pocono Knob). The Wallpack anticline forms Wallpack Ridge and
broadens the outcrops of the Lower Devonian strata. Numerous minor
folds occur in the vicinity of East Stroudsburg at the southwest end of
the Wallpack anticline. The Kemmerville anticline elevates the Silurian
and Lower Devonian strata between the Delaware Water Gap and
Sciota. Southern Monroe County is traversed by a series of folds which,
from northwest to southeast are as follows: The northeastern tip of
the Nesquehoning anticline extends into the northern part of Polk Town-
ship; the Mauch Chunk syncline, which rises rapidly from Lehigh River
eastward, probably extends a short distance into Polk Township; the
Lehighton anticline extends northeast from Schuylkill and Carbon Coun-
ties along Pohopoco Creek nearly to Stroudsburg; south of the Lehighton
fold is the Wire Ridge syncline, extending northeastward nearly to Sciota.
The dips along the Wallpack and Kemmerville anticlines are 25° to 30°;
those along the Lehighton anticline are 30° to 40° in Monroe County
and steepen to 70° to 80° in Carbon County.

WATER-BEARING FORMATIONS
[S8ece pp. 41-67 for further description]

Glaciatl drift—Glacial drift deposits of variable thickness cover most
of the county north of the Wisconsin drift border and a good part of
the territory south of this border. A large part of the drift filling the
buried valleys just described consists of stratified fine sand, known to
the well drillers as “quicksand” because it flows into the bottom cf the
well casing. A good exposure of “quicksand” may be seen in the road
cut just south of Bushkill (pl. 7-B). In drilling through thick beds of
such material some of the drillers keep the hole filled with water, which
allows the casing to sink easily. Unless layers of water-bearing gravel
are encountered it is usually necessary to drill through the drift into
the bedrock. It is reported that in Paradise Valley, which is filled largely
with “quicksand,” drilled wells obtain small supplies of water from beds
of gravel at depths of about 55 and 165 feet (well 578). In Shoemaker,
Stroudsburg, and Brodheadsville the depth of the drift ranges from
150 to 180 feet, but on account of the quicksand nearly all the drilled
wells obtain water from the underlying bedrock.

Glacial drift supplies numerous dug and driven wells and a few
drilled wells with water of very good quality, but no large supplies of
water have been developed in the drift.

Several flowing wells obtain water from beds or lenses of gravel over-
lain by impervious beds of clay and fine sand (wells 614, 634, and 669).
A flowing well (well 625) at Pocono Lake obtains water from the Cats-
kill, but it is reported that a stronger flow was obtained in “quicksand”
at a depth of 40 feet.
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Several springs yield small to very large supplies of exceptionally
soft water from the glacial drift. The spring of the Stroudsburg Water
Supply Co., about 1% miles northwest of East Stroudsburg, is reported
to yield more than 1,000,000 gallons a day. The water issues from beds
of sand about 100 yards from Paradise Creek and probably enters the
beds at some point farther upstream. (See analysis 1209).

Catskill continental group.—The Pocono Plateau and a large area
below the plateau is entirely underlain by the Catskill continental group
including all beds from the Analomink to the lower part of the Mount
Pleasant. Deposits of glacial drift conceal the bedrock in most parts
of the plateau and well logs are not available from which to determine
in all cases the true nature of water-bearing beds. However, in most
places the water is reported to come from hard sandstone or conglom-
erate.

The Catskill yields moderate to exceptionally large supplies of very
soft water to drilled wells, many of which are less than 100 feet deep.
The 285-foot drilled well of the U. S. artillery camp near Tobyhanna
(well 551) yields 320 gallons a minute continuously and is the strongest
well reported in the county. Two other wells (620-621) are reported
to yield more than 100 gallons a minute. Most of the other wells are
used only for domestic purposes and yield adequate supplies of very
good water. Four flowing wells were recorded from the Catskill on
the Pocono Plateau, despite the simple geologic structure.

Portage group.—The Portage group crops out in a narrow northeast-
southwest belt and in two narrow belts around the Wire Ridge syncline.

It is not an important source of ground water in Monroe County be-
cause of its narrow area of outcrop. Very few records were obtained
of wells in this formation. The thin-bedded sandstones yield adequate
supplies of potable water, and the sandy shales will probably yield small
supplies of water, some of which contains hydrogen sulphide.

Hamilton formation.—The Hamilton formation in northeastern Monroe
County generally forms a belt of hills from 1 to 1% miles wide, but
between Stroudsburg and Sciota the outcrop is about 2% miles wide.
At Sciota the Hamilton outcrop bifurcates and continues to the south-
west around both sides of the Wire Ridge syncline. The Hamilton de-
creases in thickness and becomes finer in texture toward the southwest.
Records of wells indicate that yields of 5 to 15 gallons a minute can be
obtained from the shales or “slates,” and well 664 yields 20 gallons a
minute from sandstones in the lower part of the Hamilton. One analysis
of water in sandstone indicates that the water from the Hamilton is very
soft and relatively free from dissolved mineral matter. The water in
the shales is probably slightly harder than that in the sandstones and in
some wells contains hydrogen sulphide.

Marcellus shale—The Marcellus shale crops out in a long sinuous
strip a quarter of a mile to a mile wide near the southeastern border
of Monroce County. It consists entirely of shale or “slate,” which erodes
readily and forms valleys. In southern Monroe County the black slates
at the base of the Marcellus are very bituminous and resemble coal where
they have been metamorphosed by strong folding. Brown hematite iron
ore occurs locally in the black slates and has been mined at several
localities to use in the manufacture of mineral paint.
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Although shale is in general relatively impermeable, most of the Mar-
cellus shale is brittle and has been fractured enough to allow some move-
ment of ground water. Drillers report that although the yield of wells
in the Marcellus is likely to be small, rarely over 5 gallons a minute,
yet it is almost certain to be adequate for domestic purposes. The only
strong well recorded in the Marcellus flows 30 gallons a minute and
would probably yield considerably more by pumping (well 645). It is
possible, however, that a part of the water in this well is derived from
the 140 feet of “quicksand” that overlies the shale.

Water from the Marcellus in some localities is reported to be slightly
hard, and an analysis of water from well 645 shows a hardness of 110
parts per million. In the southern part of the county, where deposits
of hematite occur near the base of the Marcellus, the water is likely
to contain excess iron.

Onondaga formation.—The Onondaga formation, comprising the upper
cherty limestone member and the lower Esopus shale member, crops out
in a long narrow belt across the county. The coarse hard Esopus shale
member covers large areas with bare rocks, especially along Wallpack
Ridge. The Onondaga is 450 feet thick in the eastern part of the county
but is probably less than 100 feet thick at the Carbon County line.

Where solution channels containing water are encountered the cherty
limestone member yields 20 to 30 gallons a minute and would probably
yield more if larger pumps were used. Wells penetrating solid limestone
free from large openings usually yield at least 5 gallons a minute, as
the limestone in most places is well fractured, owing to folding. The
flint nodules contained in the limestone cause great difficulty in drilling,
especially when a large nodule is struck off center resulting in a crooked
hole. The water in the limestone is generally reported to be hard, but
an analysis of water from well 592 showed a hardness of only 148 parts
per million, which is less than the hardness of most typical limestone
waters.

Well data are not available for the Esopus shale member because its
outcrop areas are in most places steep and rugged and devoid of habita-
tion, but its coarse sandy character suggests that its water-bearing prop-
erties would be about midway between those of a shale and a sandstone.

Oriskany sandstone.—The outcrop of the Oriskany sandstone forms a
narrow ridge in the southeastern part of the county. Unlike the over-
lying Onondaga formation the Oriskany thickens toward the southwest,
increasing to 45 feet at Brodheads Creek and to about 175 feet at the
west line of Monroe County. At Brodheads Creek the Oriskany consists
of vertical or overturned beds of conglomerate and chert with a bed of
pebbly sandstone at the top, but at the western county line it consists
of a massive conglomeratic quartz sandstone. It is well fractured and
shattered and disintegrates readily.

Very few well data were collected for the Oriskany sandstone. In
general it stands nearly vertical and forms a ridge containing very little
culture of any kind. Records of a few domestic wells yielding about 5
gallons a minute do not indicate the maximum yields obtainable. The
sandstones and conglomerates, unlike most of the Paleozoic sandstones,
are porous and are well fractured, so that the rock appears to have con-
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siderable permeability. Thus if the formation cropped out at a lower
angle under a fertile farming belt it would undoubtedly be an important
source of water. A 350-foot well in Saylorsburg (653) is reported to
yield 150 gallons a minute from clay or shale which is probably dis-
integrated Oriskany. The Universal Cement Co. east of Saylorsburg
has mine workings extending down 120 to 180 feet into the disintegrated
Oriskany and pumps 25 to 30 gallons a minute for 10 hours each day.
The water in the Oriskany is reported to be of good quality.

Helderberg limestone.—The Helderberg limestone crops out below the
Oriskany throughout the southern part of the county and is well exposed
at numerous limestone quarries, but the limestone that is quarried com-
mercially is largely from the underlying Bossardsville limestone of the
Cayuga group. )

Very little is known about the water-bearing properties of the Helder-
berg in Monroe County, but it includes numerous beds of massive lime-
stone that may contain water-bearing solution channels, and also contains
sandstones that may be water-bearing. A well near Bossardsville (well
647), in the Helderberg, is 80 feet deep and yields about 5 gallons a
minute,

Cayuga group.—In Monroe County the Cayuga group crops out in the
Delaware River Valley between Wallpack Bend and the Delaware Water
Gap, continues in Cherry Creek Valley to Ross Common, and crops out
in the Aquashicola Creek Valley to the western line of the county. The
Cayuga group includes, in descending order, the Bossardville limestone,
73 feet thick; the Poxono Island shales and limestones of I. C. White,
about 210 feet thick (Wills Creek shale); and the Bloomsburg red beds,
about 1,260 to 1,500 feet thick. The Cayuga rocks are in general soft
and form valleys throughout their courses, and their outcrops are largely
covered by glacial drift. The Bossardville limestone is the chief quarry
limestone of the region and has been mined for many years.

From the scanty data available, the Cayuga appears to be a good water-
bearing formation. Three wells (585, 586, 596) obtaining water from
beds of limestone range in depth from 70 to 108 feet and yield from 25
to 50 gallons a minute. The upper part of the Cayuga contains numer-
ous beds of limestone favorable for the formation of water-bearing
solution channels. Moreover, there are beds of brittle, thinly laminated
limestone which have been well fractuted by folding and allow relatively
free movement of ground water. The Bloomsburg red beds in the lower
part would probably yield a little water, and they are associated with
beds of sandstone that should yield ample quantities. No samples were
collected from wells in the Cayuga of Monroe County. The upper Cayuga
of Northumberland County yields water that is satisfactory for domestic
use, but far too hard for boilers. The water in the Bloomsburg shales

and sandstones might be expected to be much softer than that in the
upper calcareous part.

Clinton formation.—The Clinton formation crops out along the north
slope of Kittatinny Mountain and probably forms the crest of the moun-
tain in most places. The outcrops are steep and heavily wooded in most
places, and these rocks have been used extensively as a source of ground
water only near Delaware Water Gap and Wind Gap.

With one exception (well 598) all the wells in the Clinton yield
large supplies of excellent water. The structural conditions are very
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favorable for flowing wells, in that numerous beds of hard, well-
fractured sandstone or quartzite dip steeply to the north and crop out
along the higher parts of Kittatinny Mountain, where they receive ample
recharge of ground water from rainfall. Locally these water-bearing
beds are effectually sealed off above by beds of shale and yield water
under artesian head sufficient in some places to produce flowing wells.

At the Delaware Water Gap wells 599 to 601, ranging in depth from
140 to 215 feet, yield 25 to 60 gallons a minute, and one well being pumped
at 40 gallons a minute is reported to be capable of 100 gallons a minute.
Well 598, nearby, is 500 feet deep and is reported to yield only 1 or 2
gallons a minute. Near Ross Common, north of the Wind Gap, the Blue
Mountain Water Co. (supplying the town of Wind Gap, in Northampton
County) has eight strong wells (655-662), four of which flow a few
gallons a minute. They range in depth from 187 to 459 feet and yield
from 100 to 200 gallons a minute, with an average yield of 140 gallons
a minute. The yield apparently does not increase with depth, for the
deepest well yields about 130 gallons a minute and the strongest well is
only 227 feet deep. The water from all wells in the Clinton is reported
to be of good quality. (See analysis 601, p. 192.)

Tuscarora sandstone.—The Tuscarora sandstone is the oldest formation
exposed in Monroe County except for a small area of the Martinsburg
shale that may extend into the county a short distance at the Delatare
Water Gap. The Tuscarora crops out near or just south of the crest of
Kittatinny Mountain and is well exposed at the Delaware Gap. It is not
important as a source of ground water because of its topographic posi-
tion, and no wells that obtain water from it were observed.

ARTESIAN CONDITIONS

The structure of Monroe County is favorable to artesian conditions in
many places, and such conditions are found locally even where the
structure is not wholly favorable. A glance at the table of well data
below will show that the water level in most of the wells stands con-
siderably above the point at which water was first encountered, and
some of the wells flow. Artesian conditions are not limited to the hard-
rock formations but are also present locally in the glacial drift.

On top of the Pocono Plateau several flowing wells in the glacial drift
obtain water from lenses of gravel overlain by beds of impervious clay
or “hardpan” (wells 614, 634, 669). Several flowing wells also obtain
water from sandstones of the Catskill on top of the plateau (wells 553,
554, 623, 625). There are several scattered flowing wells in the region
below the plateau, but here again the flowing wells occur locally, and
there are no regions where flowing wells may be expected with surety.
The best artesian conditions in the county appear to be along the north
flank of Kittatinny Mountain where the Clinton formation and to some
extent the Cayuga group supply several flowing wells and it is possible
that other flowing wells might be obtained here.

QUALITY OF WATER
Samples of water were collected from 12 wells and springs in Monroe
County, the analyses of which are tabulated on page 192. Five
samples from wells and springs in the glacial drift were very low in
dissolved solids and hardness. The samples from wells and springs in
the hardrock formations were generally soft. A sample collected from
a well in the cherty limestone member of the Onondaga formation had
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163 parts per million of total dissolved solids and 148 parts per million
of hardness.

It is significant that the ground waters of Monroe County are excep-
tionally soft and low in dissolved mineral matter, and that the sample
collected from limestone compares favorably in hardness with waters
from sandstones and shales in other regions and is considerably softer
than typical limestone water. The relative softness of this limestone
water is attributed to the fact that the Onondaga is a rather thin forma-
tion with steep dips, so that the ground water contained in it has probably
not moved very far through limestone and consequently has not had
opportunity to dissolve much of the rock. No samples of water were
collected from the thicker limestone beds of the Helderberg and Cayuga,
but it is believed that the water in these limestones is harder than that
from the Onondaga. The water in the lighter-colored rocks, such as the
Catskill, Bloomsburg, and Clinton, is exceptionally soft, whereas the
water from dark-colored marine shale and sandstone, such as the Portage,
Hamilton, and Marcellus, is somewhat harder and may contain small
amounts of hydrogen sulphide. An analysis of water from a well in the
Marcellus shale showed 135 parts per million of total dissolved solids
and 110 parts per million of hardness. Iron in undesirable amounts
was not found in any of the samples collected but may be present in
waters from highly ferruginous rock such as the iron-ore beds of the
Clinton formation and the paint ore in the Marcellus. In general the
ground waters of Monroe County are so low in dissolved mineral mat-
ter that they are likely to corrode iron water pipes, and this trouble
was experienced by the Stroudsburg Water Co.

PUBLIC BUPFLIES

Nine communities in Monroe County that use ground water for public
supply are listed in the subjoined table. East Stroudsburg, Swiftwater,
and Buck Hill Falls are reported to use surface water exclusively.
Shawnee was reported to use some spring water, but data were not
available for tabulation. Most of the places using ground water are
supplied wholly or in part by springs in the glacial drift, but some are
supplied from drilled wells. Stroudsburg, the largest borough in the
county, obtains 1,000,000 gallons daily from a spring in the glacial drift.
(See p. 174 and analysis 1209, p. 192.) The Blue Mountain Consolidated
Water Co., which supplies several places in Northampton County, ob-
tains the major part of its water from small streams and 8 drilled wells
(655 to 662) in Monroe County near Ross Common.

DOMESTIC AND INDUSTRIAL SUPPLIES

Most of the industries of Monroe County are located in the boroughs,
such as Stroudsburg and East Stroudsburg, and use public water supply.
Several creameries and clay companies obtain water from drilled wells
for washing and boiler use. The Pocono Manor Hotel obtains a large
supply of water from springs, but probably the largest private supply is
that of the United States artillery camp north of Tobyhanna (well 551).
There are innumerable small springs in the county, particularly on the
Pocono Plateau, and a great many of them are used for domestic supply.
Some dug wells are still in use in the southern part of the county, but
it is believed that most of the domestic stpplies are obtained from springs
or drilled wells.
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192 GROUND WATER

Analyses of waters in Monroe County
[Parts per million. Numbers less than 1200 correspond to numbers on map and in the

table of well data.]

552 592 601 620 634 645
Sillca (8103) c——— —— ——- P ——- —-
Iron (Fe) . e ——- cee . —_—-
Calelum (Ca) 13 5 114 15 13
Magnesiom (Mg) coommeeeeemmcmeeeeees  —oee 5.5 —- —- - 4.9
Sodium (Na) 1
Potasslum (K) —eooeoeeoeeeeceeeea | 22 33 - . 22 36
Bicarbonate (HCOs) 10 168 85 11 109
Sulphate (8BOe¢) - oocomomcaccaaeas 115 112 3 12 128
Chloride (CD) 3.0 1.0 3.0 1.0 1.0 5.0
Nitrate (NOs) o ocomeeeeeeaaeeees 6.0 .20 1.9 .90 .10 .0
Total digsolved solids __..... % 2163 295 322 4 135
Total hardness as CaCOs (calcu]ated) 416 148 490 21 ‘<9 110
Date of collection (1980) .ocoo___. Sept. 22 | Sept. 22| Sept. Sept. 22 | Bept. 22 | Nept. =

664 670 1209 5 1210 8 1211 & 1212 &
8ilica (8103) 1 5.5 40 ———- ——-
Iron (Fe) .05 .02 .12 ———— ———
Oalclum (Ca) 9.2 4.9 3.6 12

%'neslum (M) mcmecceccamcacacaae 2.1 1.6 1.1 —— N

Sodium (Na) 4.0 4.9 3.1}
Potassium (K) .2 [] .2 22 21
Bicarbonate (HCOs) % 13 12 7.0 16
Sulphate go.) ..... 14 9.4 1.4 s s
Chloride (Ol 1.8 2.8 4.0 1.0 1.0
Nitrate (NOs) 1.8 .83 2.4 .0 .10
Total dissolved s0UAS ocevecomcea-ee_| 56 33 26 210 218
Total hardness as CaCOa (calculated) 32 18 14 46 14
Date of collection (1980) ..oeee..-...!Bept. 23 |Sept. 23 | Sept. 22| Sept. 22| Sept. 22} Sept. 22

1 By turbidity.
% Calculated.

8 Less than 2 parts.
¢ Determined

51209, Spring 13 miles northwest of East Stroudsburg; sand and gravel in glacial
darl ture 60°

ft; tempera

1210. Bpring 3 mile northeast ol Mount Pocono; glacial drift (7); temperature 48° F.

1211. Spring % mile southeast of Pocono Manor; Catskill group: temperature 48° F

1212. Spring 1 mile southeast of Pocono Lake Preserve; glacial drift, temperature 48° F.
Analysts. 622, 601, 020, 634, 645, €70, 1211, 1212, K. T. Williams; 592, 664, 1209, 1210,

L. A. Shinn.
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MONTOUR AND NORTHUMBERLAND COUNTIES
GENERAL FEATURES

Montour County, area 130 square miles, population 14,517,
Northumberland County, area 454 square miles, population 128,504.

Montour and Northumberland Counties are described together because
Montour County has a very small area, is like a corner out of North-
umberland County and the topography, geology and ground-water con-
ditions in the two counties are similar. ‘

Montour County lies between Northumberland and Columbia Counties
along the western border of the area here described and adjoins Lycom-
ing County to the north. It is by far the smallest county described in
this report. Nearly half of the inhabitants live in Danville, which has
a population of 7,185. All the villages have less than 1,000 inhabitants
each. In 1929 there were 23 manufacturing establishments in the county.
Although no coal underlies Montour County, placer coal is dredged from
the Susquehanna River. In 1930 there were 695 farms in the county.

Northumberland County lies along the southwestern border of the area
covered by this report. The North and West Branches of Susquehanna
River join at Northumberland, in the center of the county. Of the 20
largest municipalities in the area described in this report 3 are in North-
umberland County—Shamokin, 20,274; Mount Carmel, 17,867; and Sun-
bury, 15,626. In 1929 there were 158 manufacturing establishments in
the county with annual products valued at $5,000 or more each. Most
of the industrial development is along the West Branch of the Susque-
hanna as far south as Sunbury and in the Western Middle anthracite
field, which occupies the southwest corner of the county. There were
28 coal mines in the county in 1930 and 2,143 farms.

SURFACE FEATURES

Montour County is unique in that its highest and lowest points are
only 3 miles apart. The highest point is just west of Danville, where
Montour Ridge is 1,425 feet above sea level. Three miles east of this
point Susquehanna River leaves the county at an altitude of about 450
feet, so that the maximum relief is about 975 feet. Montour Ridge is the
only high ridge within the county.

The highest point in Northumberland County is just southeast of
Shamokin, where Mahanoy Mountain attains an altitude of 1,805 feet.
Susquehanna River at the Dauphin County line is about 380 feet above
sea level. A difference of 1,425 feet between these points gives a measure
of the maximum relief in the county. There are a number of long, nar-
row ridges 1,200 to 1,700 feet in altitude, which rise 500 to 1,000 feet
above the intervening valleys.

The southeastern third of Montour County drains into the North Branch
of Susquehanna River, and the northwestern two-thirds drains into the
West Branch of the Susquehanna. Northumberland County is drained
entirely by Susquehanna River—the northern part by the West Branch,
a small area in the middle part by the North Branch, and the southern
part by the main river.
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GEOLOGY AND GROUND WATER
GENERAL SBCTION
Montour and Northumberland Counties lie south of the Wisconsin drift
border, but the Illinoian border extends in a narrow strip down the
North Branch of Susquehanna River as far as Selinsgrove and down the
West Branch as far as Watsontown. Scattered deposits that may be
Jerseyan drift have been traced as far south as Selinsgrove, along an
east-west line through Northumberland County. Glacial outwash is
—_
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Figure 13. Map of Montour and Northumberland Counties showing
location of water wells

found along both branches of the Susquehanna as far south as Selins-
grove and is the only glacial material of importance in the two counties.
The rock formations exposed in Montour County range in age from
the Catskill group down to the Tuscarora sandstone; those in Northum-
berland County range from the post-Pottsville down to the Clinton.
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Generalized section for Montour and Northumberland Counties

Maximum
Geologle thickmess
unit exésonedt) Character of rocks Ground-water conditions
ee
Glacial drift 150,8116 Ilinolan dritt and Wisconsin | Supplles few deep wells; Do
Wisconsin out- outwash along Susquehanna drilled wells reported to ob-
wash, Illinojan River; irregular deposits of taln water from sand or
daritt and Jer- clay, sand, quicksand and gravel, but gravel beds
seyan drift () gravel. known to contaln consider-
able potable water In sofne
places.
Post-Pottaville 1,600+ | Sandstone, shale, slate, fire-| Unimportant; no wells re-
formations clay; 15 or 10 coal beds. gorted; mine drainage used
y collieries.
Pottsville form- 850+ | Coarse conglomerate, gray and | Unlmportant; small area of
ation greenish sandstone and outcrop on high, narrow
shale; 8 workable coal beds: ridges,

Mauch Chunk 2,000+ | Largely red shale, with beds | Yields smnall to moderate sup-

shale of red and green sandstone plles of excellent water to
and green shale, shallow drilled wells. B8and-
stones yleld large supplies

to two municipal wells,

Pocono sand- 800+ | Coarse gray and yellowish | Ylelds large supplles of excel-

stone sandstone and massive gray- lent water to a few municipal
fsh-white conglomerate; some wells; wells flow 2 to 16 gal-
shale. lons a minute; unimportant
for domestic wells because of
steep outerop.

Catskill group 2,000+ | Red shale, red and gray cross- Yields small to moderate sup-
bedded sandstones, green and | plies of good water to ghal-
white sandstone; gray shale| low wells; no deep wells ro-
and sandstone in lower | ported.

Portage group 2,800+ | Alternating beds of gray and | Ylelds small supplies of pot-
olive-green shale and hard able water to shallow wells;
blulsh or greenish sand- water reported to be medium
stone, underlain by dark- | hard in gome places; no data
blue and black shale and obtained for Montour
slate. County. Hydrogen sulphide

reported in some wells.

Hamllton form- 1,1

ation wx Brown, gray, and bluish-gray | Yleld small to moderate sup-
sandy shale and sandstone. plies of water. In some

places the water {8 very hard

and contains hydrogen sul-

Marcellus shale 600+ | Black and dark-blue fissile phide.
slates and shale,

Hard 1ght-gray impure lime-
Onondaga form- 206 gtone beds separated by thin | Unimportant; only one well
ation 1ayers of shale, underlain known; small areal extent,
by light-gray shale.
Oriskany sand- | 164, %0 Fine-gratned cherty sandstone, | Unimportant; supplies a few
stone gray and brown sandy shale, domestic wells with hard
and gray sandy cherty lime- water.
stone,
Helderberg 1ime-[1268,3235+ | Largely pure, and impure beds | Yields small to moderate sup-
stone of blue limestone, with some plies of hard water; numer-
interbedded shale and hard ous springs and sink holes.
sandstone.

Cayuga group 1,430+ | Tonoloway limestone at top,| Bloomsburg red shale ylelds
106 feet; Wills Creek shale,| small to moderate supplies
buff and pale-green limestone] of good water; remainder
and shale, 329 feet; Blooms-| (chiefly limestone and shale)
burg red beds, red and green| yields moderate to large sup-
shale and sandstone, about| plies of very hard water;
840 feet; McKenzie formation| »numerous springs and sink
at base, greenish shale with| holes.
some limestone, 1563 feet.
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Maximum
Geologic thickness
unit ex&&ssd Character of rocks Ground-water conditions
Clinton form- 066 Fossil fron ore, hard reddish-
atfon brown ferruginous sand-
stone, green and red shale,
Some calcareous shale and | Unimportant; crop out only
limestone, along erest of Montour
idge.
Tuscorora sand- 120 Sandstone.
stone
! Northumberland County. 2 Montour County.
STRUCTURE

The geologic structure of Montour and Northumberland Counties is
very similar to that of Columbia County, to the east. The major folds
trend in an easterly or slightly northeasterly direction, and some of them
are complicated by two or more subordinate folds within the main struc-
ture. These folds are as follows, from north to south: Four anticlines
enter northern Northumberland County from Union County—the Watson-
town and Milton anticlines and two intermediate folds, exposing a broad
belt of the Cayuga group. The Milton anticline persists into Montour
County and continues northeastward into Lackawanna County, but the
other folds die out largely in Northumberland County. The dips on the
south side of the Milton anticline are in places 45° to 50°, but the dips
on the northern side seldom exceed 20°, and dips as low as 5°N. were
observed near Turbotville. South of this group of anticlines is the
western extension of the Lackawanna syncline, exposing the Catskill in
Montour County and the Hamilton in Northumberland County. South
of this is the Berwick (Montour) anticline, exposing the Clinton forma-
tion along the crest of Montour Ridge, with dips of 40°-45° on both sides.
The Northumberland syncline, exposing the Catskill formation, crosses
through the borough of Northumberland and deepens rapidly toward the
northeast. The Selinsgrove anticline crosses the Susquehanna River
about 2 miles north of Selinsgrove and exposes the Cayuga group in
Northumberland County. The strata-dip 40°N. and 20°S. on this anti-
cline, which is complicated by one or two minor folds on its north slope
and one on its south slope. The Shamokin syncline exposes the post-
Pottsville beds of the Shamokin and Mount Carmel coal basins and is
complicated by numerous folds within the coal beds, the most pronounced
of which is the Locust Mountain anticline, south of Mount Carmel. The
Dalmatia anticline exposes a small area of the Cayuga group at the
town of Dalmatia. This fold has a double crest with a sharp, narrow
syncline between, so that there are two narrow belts of the Helderberg
limestone exposed with dips of 40°-45° on the north side and of 70°-
80° on the south side. A small subordinate anticline shown in plate
7-A arches the Hamilton formation about 2% miles south of Dalmatia.
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WATER-BEARING FORMATIONS
[Sce pp. 41-67 for further description)

Glacial drift—The glacial drift borders in Montour and Northumber~
land Counties are shown on plate 1. A thin scattering of drift covers
parts of the two counties, but the only glacial deposits of importance are
those along Susquehanna River. The abandoned valley between Dan-
ville and Bloomsburg is described in the section on Columbia County.
At the Danville end of this valley the bedrock channel appears to be
deep, for well 1005 penetrated 60 feet of clay and hardpan, and 116%
feet of clay, sand, and gravel has been reported in Riverside. Well 1046
in Chulasky penetrated 81 feet of clay, sand, “quicksand,” and gravel.

At least two terraces can be observed between Chulasky and Cameron,
‘and drillers report that the gravel beds in this vicinity contain consider-
able water, but even though the water appears to be of good quality
it is cased off in all the drilled wells in favor of a smaller supply from
the underlying bedrock. Wells on Shamokin Island penetrate 39 to 45
feet of sand and water-bearing gravel, but here again the wells are
finished in the bedrock. With properly constructed wells using screens
or strainers it should be possible to obtain considerable water from the

gravel beds in the glacial drift along the North Branch of the Susque-
hanna.

Broad terraces line the West Branch of Susquehanna River from
Northumberland to the northern line of the county. In Delaware Town-
ship there appear to be two terraces at 20 and 40 feet above the river.
At Watsontown a deposit of sand occurs about 100 feet above the river,
and farther south at Montandon two terraces are well defined. The
first of these is 20 to 25 feet above the river and ends near the Pennsyl-
vania Railroad tracks; the second is 50 to 60 feet above the river and
appears to end against the low hills 114 to 2 miles back and joins the low
terrace south of Montandon. In this vicinity numerous dug wells are
supplied by the sand and gravel, but the drilled wells are all cased
through to the bedrock. Terraces are especially prominent between
Montandon and Northumberland, and patches of coarse gravel may be
seen covering the bedrock in the railway and highway cut high above
the river. There are three terraces near Northumberland at 25, 55, and
80 feet above the river and a slight terrace 175 feet above the river.

C. A. Grove, a well driller at West Milton who is familiar with the
region, reports that he has never encountered more than 50 feet of sand
and gravel along the West Branch of the Susquehanna, and all the wells
recorded obtain water from the underlying bedrock.

Sunbury is built on a low terrace, 20 to 25 feet above the river, but
the depth to bedrock as indicated by well records is generally only 20
to 40 feet and in some places is only about 10 feet. Reefs of hard Portage
sandstone can be observed at low water extending entirely across the
main river opposite Sunbury, and at Shamokin Dam the same is true of
the Hamilton sandstone, so that very little unconsolidated material is
found on the east bank south of Sunbury, above Selinsgrove Junction,
where a heap of rounded boulders extends up the east bank to a point
about 215 feet above the river, near the Illinoian drift border. Below
this point no drift material was seen, and no drilled wells that obtained
water from sand or gravel were observed anywhere along the main river.
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Post-Pottsville formations—The post-Pottsville formations are not ex-
posed in Montour County but crop out in Northumberland County in the
large Shamokin-Mount Carmel coal basin, where they contain 15 or 16
beds of coal. No wells are known to obtain potable water from the
post-Pottsville beds at the present time. One deep well south of Mount
Carmel appears to obtain water irom the underlying Pottsville forma-
tion or Mauch Chunk shale, but within the coal-bearing strata the water
level has been greatly lowered by pumping from mines, and any water
obtained would be likely to be polluted. M. Brown, engineer of the
Philadelphia & Reading Coal & Iron Co., of Shamokin, reported that the
amount of water pumped from mines during the summer of 1930 was
far below normal and was insufficient to supply the collieries with water
for washing coal, so that considerable water had to be purchased from
municipalities. He stated further that during 1929 the Bear Valley Col-
liery, with workings down to a depth of 600 feet, pumped 1,101,587,062
gallons of water, which is an average of more than 3,000,000 gallons
daily. Collieries in the deeper parts of the basin probably pump even
more water.

Pottsville formation.—The Pottsville formation is not exposed in Mon-
tour County but crops out as a narrow ridge around the Shamokin-Mount
Carmel coal basin and on several smaller ridges extending into the basin,
such as Locust Mountain. The Pottsville contains numerous beds of
conglomerate and sandstone that yield considerable water in regions to
the east, where the beds lie at a lower angle, but in Northumberland
County the beds dip steeply and the resulting high ridges are largely
uninhabited, and therefore the Pottsville is unimportant as a source of
ground-water. No wells are known on the outer rim of the Pottsville,
but well 1076, drilled to a depth of 1,176 feet on the north slope of L.ocust
Mountain, penetrates the Pottsville and may extend into the Mauch
Chunk shale below. This well is cased 490 feet through the lowest Potts-
ville coal bed and had a reported flow of 120 gallons a minute of very
good water in 1910. The flow gradually decreased, owing to mining
activities, and stopped early in 1929, and the well is not used at present,
although it would probably yield considerable water by pumping. (See
log on p. 219.)

Mauch Ohunk shale—The Mauch Chunk shale is not present in Mon-
tour County but is exposed in Northumberland County in a long, narrow
valley between Little and Line Mountains and the coal basin. Along
Mahanoy Creek and Zerbe Run there are a few domestic wells in the
Mauch Chunk ranging from 90 to 190 feet in depth and yielding 1 to 40
gallons a minute (well 1073). Two deep wells at Bear Gap (1074 and
1075) penetrate the lower part of the Mauch Chunk but appear to obtain
their water from the underlying Pocono sandstone. Well 1076, near
Mount Carmel, probably obtains part of its water from the Mauch Chunk.
The Treverton Water Co. has two wells 140 feet deep (1079), spaced 8
feet apart, which flow 5 and 15 gallons a minute, and each well is pumped
at 240 gallons a minute with small draw-down. The water obtained
from the Mauch Chunk is of excellent quality.

Pocono sandstone—The Pocono sandstone does not crop out in Mon-
tour County, but in southern Northumberland County it is exposed along
a long high looped ridge comprising Little and Line Mountains. The
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strata dip 40° to 45° toward the coal basin in most places and form very
steep ridges.

The Pocono yields large supplies of water to several municipal wells
along the south flank of Little Mountain. Wells 1074 and 1075 are 745
and 1,250 feet deep and flow 2 and 5 gallons a minute each. Well 1074
yields 120 gallons a minute continuously with small draw-down, and
has been tested at 400 to 500 gallons a minute for 15 minutes with a
draw-down of 340 feet. The other well would doubtless yield a large
supply by pumping, but both wells have been abandoned because they
dried up several springs nearby. The Trevorton Water Co. has a flowing
well (1078) high on the mountain, of a rather unusual type. It is a
diamond-drill hole 280 feet deep, drilled into the mountain at an angle
of 45° from the end of an abandoned 150-foot tunnel. It is reported
that two holes drilled horizontally were dry, but the 45° hole flows more
than 5 gallons a minute. The water from the Pocono is of excellent
quality.

Catskill continental group.—The Catskill continental group crops out
in Montour County in a small synclinal area near New Columbia and
in another synclinal area in Cooper and Mayberry Townships. In North-
umberland County the Catskill crops out along the Northumberland syn-
cline across the center of the county and in two broad belts around the
Shamokin syncline in the southern part of the county.

The Catskill is relatively unimportant as a source of ground-water
in Montour County as it crops out over a very small part of the
county, but it supplies a few shallow drilled wells with an adequate
quantity of good water. .

In central and southern Northumberland County the Catskill supplies
numerous shallow domestic wells with 1 to 18 gallons a minute. Some
of the wells yielding only 1 to 1% gallons a minute were not drilled
deep enough to strike a good water-bearing sandstone. Well 1083, in
the Catskill near Herndon, is 137 feet deep and yields about 50 gallons
a minute. The water from this well is reported to be soft and entirely
satisfactory for use in the textile plant.

Portage group—The Portage group Ccrops out along the northern
boundary of the two ¢ounties, around the Lackawanna syncline in Mon-
tour County, around the Northumberland syncline in both counties and
around the Selinsgrove and Dalmatia anticlines in southern Northumber-

land County. Portage shales and thin-bedded sandstones are shown in
plate 5-B.

In Northumberland County several wells ending in the Portage yield
adequate supplies for domestic use. Numerous thin-bedded sandstones
occur in the Portage which allow some movement of ground water
through fracture and bedding planes. Industrial wells, located prin-
cipally in Sunbury, are 50 to 260 feet deep and are reported to yield 15
to 75 gallons a minute. In Deibler, well 1064, 80 to 100 feet deep, is
reported to flow 20 gallons a minute and to yield considerably more by
pumping. A driller reports that two out of four wells drilled in the
Portage at Deibler flow and that in the other two the water stands within
1% feet of the surface. An analysis of water from well 1056, in Sun-
bury, shows a hardness of 298 parts per million, which is considerably
more than that of most Portage waters. In some of the wells the water
was reported to contain some hydrogen sulphide. The Portage doubt-
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less supplies a few domestic wells in southern Montour County, but
no records were obtained.

Hamilton formation.—The Hamilton formation crops out around the
Milton and Watsontown anticlines, the Lackawanna syncline, and the
Berwick (Montour) anticline in Montour County and northern North-
umberland County. In southern Northumberland County it is exposed
around the Selinsgrove and Dalmatia anticlines. The character of the
Hamilton, as well as the underlying Marcellus shale, changes radically
from north to south (p. 56).

Wells in the Hamilton range in depth from 18 to 145 feet and with
one exception yield only 3 to 8 gallons a minute, even though many of
them end in sandy shale or sandstone. Well 1098 is 101 feet deep and
yields about 20 gallons a minute from the Trimmers Rock sandstone. This
well is just to the left of the stone quarry shown in plate 7-A. While
the water obtained from the Hamilton is in general of better quality
than that from the Portage and Marcellus, the latter formations appear
to yield more water.

Marcellus shale~—The Marcellus shale crops out below the Hamilton
formation in the regions described above for the Hamilton. Wells in
the Marcellus range in depth from 72 to 200 feet and are reported to
yield from 3 to 50 gallons a minute. Well 997, in Strawberry Ridge,
Montour County, yields more than 25 gallons a minute of rather highly
mineralized water containing some hydrogen sulphide (analysis 997).
The water from this well is much harder than the typical limestone
waters of northeastern Pennsylvania. Waters from the Marcellus in the
southern part of the area are generally reported to be softer than those
from the Marcellus in northern Montour and Northumberland Counties.

Onondaga formation.—The Onondaga formation crops out below the
Marcellus shale on the Selinsgrove and Dalmatia anticlines.

The Onondaga is unimportant as a source of ground-water in Montour
and Northumberland Counties. Well 1096 of the Dalmatia Water Com-
pany appears to draw water from the lower shale member but the ex-
posures are poor in the vincinity of the well, and the geologic horizon
is therefore questionable. This well flows during wet weather and yields
about 10 gallons a minute by siphoning. The analysis shows the water
to be moderately hard but satisfactory for most purposes.

Oriskany sandstone—The Oriskany sandstone crops out as a narrow
band around the Watsontown, Milton, Berwick (Montour), Selinsgrove
and Dalmatia anticlines.

It is not important as a source of ground water, owing to its narrow
outcrop and variable composition, but it supplies a few domestic wells
in the northern part of the two counties, such as well 989. In general
there are thin beds of cherty limestone in the Oriskany which cause the
water in the sandstone to be hard.

Helderberg limestone—The Helderberg limestone crops out in a nar-
row sinuous strip around the Watsontown and Milton anticlines, in two
narrow strips on both sides of Montour Ridge, on the crest of the Selins-
grove anticline, and on both crests of the double anticline at Dalmatia.

Wells in the Helderberg range in depth from 48 to 293 feet and are
reported to yield 5 to 25 gallons a minute. A sample of water from well
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994, in Washingtonville, contained 514 parts per million of total dis-
solved solids and had a hardness of 210 parts per million. In addition
to calcium bicarbonate, this sample contained considerable sedium sul-
phate, which is not found in other ground waters of this region and may
be only a local phenomenon. Generally wells in the Helderberg yield
about the same quantity and quality of water as those in the underlying
Tonoloway limestone. Limestones of the Cayuga group below the Tonol-
oway generally yield larger supplies, but the water is very hard, and
some of it is unfit for ordinary use.

Drillers report that limestone is the most uncertain type of rock en-
countered in this region, in that it may yield large quantities of water
if solution channels are encountered but otherwise usually yields small
quantities. Moreover if a solution channel is encountered in steeply
dipping strata, a crooked hole may result when the drill bit strikes the
slanting floor of the channel.

The Helderberg and Cayuga limestones contain numerous sink holes
in northern Montour and Northumberland Counties and give rise to
numerous small springs. The strongest limestone spring reported is the
Molly Bullion Spring, owned by the Pennsylvania Railroad Co., just be-
low the railroad tracks about 2% miles northwest of Northumberland.
This spring appears to be located on the Helderberg limestone, although
no outcrops are visible. It yields normally an aggregate of about 500,000
gallons a day through two openings, in addition to a large quantity that
escapes through the overflow pipe. The total flow was reduced to 160,000
gallons a day during the drought in the summer of 1930. The water is
reported to contain about 100 parts per million of total dissolved solids,
and is thought to come from a small stream that flows into a sink hole
in one of the ravines to the northeast. Railroad officials report that sev-
eral years before 1930 a large quantity of sawdust was dumped into the
stream above the sink hole at 3 P. M., and that some of the sawdust
came through to the spring at 9 A. M. next day. The water from this
spring is treated with tan bark, chlorinated, and used as an auxiliary
supply for drinking water and locomotive feed water.

Cayuga group—The Cayuga group crops out over the broad anticlinal
area between Dewart and Milton, extending as far east as California and
Limestoneville. It also crops out in two broad bands on both sides of
Montour Ridge and in small areas on the crest of the Selinsgrove anti-
cline and the southern crest of the Dalmatia anticline.

On the Watsontown, Milton, and Berwick (Montour) anticlines the
Cayuga is fully exposed. On the Selinsgrove and Dalmatia anticlines
only the Tonoloway limestone and part of the Wills Creek shale are
exposed.

The Tonoloway limestone generally yields about the same quantity
and quality of water as the overlying Helderberg limestone. (See above).
Wells 1005 and 1011 are believed to end in the Tonoloway. Well 1005
yields about 11 gallons a minute of moderately hard water. (analysis on
p. 204).

The remainder of the Cayuga, except for the Bloomsburg red beds and
underlying strata, consists principally of alternate beds of shale and lime-
stone and with the Helderberg and Tonoloway limestone forms the only
typical limestone region in northeastern Pennsylvania. The limestone
oceurs in northern Montour and Northumberland Counties on the Watson-
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town, Milton, and intermediate anticlines. Here the Cayuga beds are
folded very gently and form a broad, rolling valley area with low hills
of Bloomsburg red beds near Susquehanna River. Sink holes, undrained
depressions, and small springs are numerous, and the water in the small
streams has an opalscent, milky appearance, which is typical of streams
in limestone terranes. These features are not so pronounced on the Ber-
wick (Montour), Selinsgrove, and Dalmatia anticlines, to the south, be-
cause the beds dip more steeply and consequently crop out over a much
smaller area. Wells and springs in the Cayuga (exclusive of the Blooms-
burg red beds) yield very hard water, but wells in the Bloomsburg gen-
erally yield smaller quantities of much softer water. The well drillers
of the region agree that the Bloomsburg is a very reliable water-bearing
formation in that it rarely fails to deliver a small supply of good water,
whereas the limestone beds are more or less unreliable sources of water
that is generally hard. Large supplies are often obtained from the lime-
stones where solution channels are encountered, but the drillers report
that weak wells result when no channels are encountered.

Domestic wells ending in Cayuga limestones range in depth from 24
to 136 feet and are reported to yield 1 to 15 gallons a minute. Industrial
wells range in depth from 160 to 600 feet and yield from 10 to more than
150 gallons a minute. The water is generally excessively hard and can-
not be used satisfactorily in boilers, because in addition to calcium bi-
carbonate it generally contains considerable sulphate, which forms hard
scale,

Domestic wells in the Bloomsburg red beds are 50 to 100 feet deep
and generally yield about 5 gallons a minute. In Danville the Geissinger
Hospital wells (1003, 1004) are 528 and 592 feet deep, and each yields
26 gallons a minute with a draw-down of 172 feet. Although this amount
of water is not adequate to supply the needs of the hospital, it would
be sufficient for most industrial establishments. Well 1044 of the North-
umberland Water Co. is 644 feet deep and yields 71 gallons a minute,
presumably from the Bloomsburg beds (analysis on p. 204; log on p. 218).

Clintorn formation and Tuscarora sandstone.—The Clinton formation
and Tuscarora sandstone are exposed only by the Berwick (Montour)
anticline along the crest of Montour Ridge. They are unimportant as
sources of ground water in Montour and Northumberland Counties.

ARTESIAN CONDITIONS

One well in Montour County and about 14 wells in different parts of
Northumberland County were reported to flow part or all of the time.
Most of the flowing wells are on the flanks of anticlines or synelines.
No locations for new flowing wells can be predicted with certainty, but
the most likely place would be in the Pocono, Mauch Chunk, or Potts-
ville rocks around the Shamokin syncline. There are a few flowing
wells in the Pocono and Mauch Chunk, and it is reported that before
the advent of coal mining flowing wells were obtained in the post-
Pottsville and Pottsville formations. Well 1076 of the Mount Carmel
Water Co. illustrates very well the effect of mining activities in lower-
ing artesian pressure. This well is 1,172 feet deep (see log on another
page) and obtains water from either the Pottsville or the Mauch Chunk,
or from both. In 1910 it had a reported flow of 120 gallons a minute,
but the flow steadily decreased and in 1929 stopped altogether.
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QUALITY OF WATER

The analyses of nine samples from drilled wells in Montour and North-
umberland Counties are tabulated on page 204. Eight of the samples
had from 102 to 523 parts per million of total dissolved solids, with an
average of 300 parts, and an average hardness of 214 parts per million.
This seems to indicate that the quality of the ground water in these two
counties is not as good as it is in the other counties covered by this report.
This is accounted for by the fact that these are the only counties in the
area in which limestone is an abundant water-bearing rock, and therefore
many of the samples are limestone water. In general the quality of
water obtained from the Pottsville, Mauch Chunk, Pocono, Catskill, Ham-
ilton, and Bloomsburg formations is reported to be very good, and about
the same as in adjacent counties where samples were collected. The
regions underlain by limestones of the Cayuga group (exclusive of the
Tonoloway limestone) yield exceptionally hard water containing large
amounts of sulphate, which causes the formation of hard scale in boilers.

The poorest sample of water collected in the entire area covered by
this report came from well 1032 in Milton, from limestone of the Cayuga
group. This sample contained 2,102 parts per million of total dissolved
solids and had a hardness of 1,447 parts per million, due chiefly to calcium
and magnesium sulphates. It also contained about 230 parts per million
of sodium chloride (common salt) and 1.2 parts per million of iron. Such
water is unfit for boiler use and for most industrial purposes and is
used only for cooling and washing.

PUBLIC SUPPLIES

The three public water supplies using ground water in Northumber-
land County are tabulated below. Apparently no boroughs in Montour
County use ground water for public supply. Danville takes water from
Susquehanna River and all the villages depend on privately owned wells
and springs. In Northumberland County very little ground water is
being used for public supply, as all the larger places utilize surface water.
Milton, Watsontown, and other places in the limestone region are sup-
plied by the White Deer Mountain Water Co., which obtains water from
White Deer Mountain, across the river in Union County. Sunbury and
the towns in the Shamokin-Mount Carmel coal basin are all supplied by
surface water. A few drilled wells in and near the coal basin were
formerly used for public supply, but they have since been abandoned.

INDUSTRIAL SUPPLIES

Very little ground water is used by industrial establishments in Mon-
tour County, as most of the industries are in Danville and use municipal
water from the river. In Northumberland County the industrial users
of ground water include 9 creameries, 4 silk or textile mills, 1 brick
company, 1 meat packer, 1 ice company, 1 stone company, and several
coal-washing plants. The ground water in the limestone region between
Dewart and Milton is exceptionally hard and generally unsuitable for
boiler use. The well of the Dairymen’s Cooperative Association in Dew-
art was abandoned because of the poor quality of the water. Perhaps
the largest industrial use of ground water in these counties is in the
coal basins of southern Northumberland County, where mine drainage
water is pumped out and used for washing coal.
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DOMESTIC SUPPLIES

Domestic water supplies are still obfained largely from dug wells in
the rural sections of Montour and Northumberland Counties. In the
limestone region west of Dewart, Watsontown, and Milton small springs
are used for domestic supply, and it is reported that the spring water
is not quite as hard as the water from drilled wells. The number of
drilled wells is steadily increasing, and during the drought of 1930 many
dug wells had to be deepened by drilling. In the southern part of
Northumberland County, particularly south of the coal basin, dug wells
supply nearly all the farms.

Analyses of waters in Montour County

(Parts per million. Numbers at heads of columns refer to corresponding numbers on
map and in well table].

994 0907 1005
Silica (Si02) - - 7.2
Iron (Fe) —— o .09
Calelum (Fe) 188 /8 30
Magnesium (Mg) - 40 13
Sodium (Na) { 1.9
Potassium (K) 2 106 23 l 1.0
Bicarbonate (HCOs) 248 340 135
Sulphate (SO4) 1176 165 10
Chloride (Cl) 39 5.0 2.1
Nitrate (NOs) .0 .20 6.7
Total dissolved solids 2 514 2 523 152
Total hardness as CaCOs 3 210 2 406 2128
Date of collection Sept. 4, 1931 | Oct. 30, 1930 | Sept. 4, 1931

1 By turbidity.

2 Calculated.

3 Determined.

Analysts: 994, 1006, Margaret D. Foster; ¢97, L. A. Shinn.

Analyses of waters in Northumberland County

[Parts per million. Numbers at heads of columns refer to corresponding numbers on
map and in well table.]

1010 1032 1044 1056 109G 1098
Billea (8102) —ocomceeeee - - - —— .- 15
Iron (Fe) ——- 1.2 _— -——— . .12
Calelum £08) «oeeeememeeeeee 91 436 28 80 8o 42
Magnesium (Mg) —cceommmeem_oo 28 87 6.1 24 4.4 8.2
Sodium (Na) ! § 3.8
Potassium (K) woceeeeeeeooemceceana|§ 34 193 111 17 11 |} 4
Bicarbonate (HCOs) 180 169 120 101 08 87
Sulphate (804) .- 164 1,260 39 88 313 67
Chloride (Cl) .__. 19 136 2.0 08 1.0 2.1
Nitrate (NO3) weoo_eooo - 8.7 .50 40| - .10 3.0
Total dissolved s0lidS —ceemeeaaa- 1422 12,102 1124 1 304 1102 198
Total hardness as QaCOs
(calculated) ______ 342 1,447 9% 298 ¥3 139
Date of collection . -{ Oct. 30, | Sept. 4, |Oct. 28, | Oct. 30, | Oct. 28, | Sept. 8,
1930 1931 1930 1930 1930 1931

1 Calculated,
2 By turbidity.
Analysts: 1010, 1044, 1066, 1096, L. A Shinn; 1032, 1098, Margaret D. Foster.
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218 GROUND WATER

Driller’s logs of Northumberland Water Co.’s wells, 3% miles northeast
of Northumberland

[Well 1043, p. 211 and fig. 1] IWell 1044, p. 211 and fig. 13]

Soll - laanni o saaaie e 0=204 STl o eea s it st 0- 40
Shale, red ............... 14- 52 |Shale, red ............... 40- 60
Soapstone (?) ........... 52- 64 |Sandstone, red .......... 60-257
Sandstone, red .......... 64-101 | Sandstone, green ........ 257-269
Limestone ............... 101-108 [ Sandstone, red .......... 269-308
Sandstone, red .......... 108-122 | Sandstone, green ........ 308-324
Limestone .............. . 122-160 |Sandstone, red .......... 324-328
mlate s adaien .... 160-460|Sandstone, green ........ 328-335
Sandstone, green ........ 460-600 | Sandstone, dark ......... 335-357

Sandstone, green ........ 357-362

Sandstone, dark ......... 362-644

Driller’s log of Bear Gap Water Co.’s well ¥4 mile west of Bear Gap
[Well 1074 p. 214 and fig. 13]

Sand and gravel ......... 0- 13 |Sandstone, gray ......... 302-308
Shale, red : ... ooaamass 13- 50 | Sandstone, green ........ 308-318
Sandstone, gray ......... 50- 60 | Conglomerate ............ 318-324
Shale, red :ivviinesivivie 60- 80 | Sandstone, green ........ 324-330
Limestone ............uu0 80- 82 |Limestone ............... 330-337
Shale, Ted ..:-oo:cvivanis 82-103 | Sandstone, gray ......... 337-342
Sandstone, brown ....... 103-132 |Shale, red ............... 342-375
Sandstone, gray ......... 132-136 | Conglomerate, fine-grained 375-424
Sandstone, brown ........ 136-150 | Limestone ............... 424-439
Al e T e e e 150-164 | Sandstone, gray ......... 439-485
Sandstone, brown ....... 164-175|Shale, Ted ......cv0nueeis 485-505
Sandstone, gray ......... 175-205 | Sandstone, red ........... 505-563
Shale, green ............ 205-220 | Sandstone, green ........ 563-718
Shale, red .............. 220-282 | Shale, red ............... 718-734
Shale, green ............. 282-297 | Conglomerate, fine ...... 734-T745
Shale, Ted . .icoeinine s 297-302

Driller’s log of Bear Gap Water Co.s well at Bear Gap
[Well 1075, p. 214 and fig. 13]

Feet Feet
Clay and gravel ........ 0- 16 |Limestone ............... 421-426
Shale, red . iiciwivineing 16- 90 | Sandstone, green ........ 426-480
Sandstone, red .......... 90-190 | Sandstone, red .......... 480-498
Sandstone, green ........ 190-207 | Shale, red .............. 498-508
Shale EredmE oo e 207-252 | Sandstone, red .......... 508-530
Sandstone, red .......... 252-271 | Sandstone, green ........ 530-777
Sandstone, green ........ 271-308 | Conglomerate, fine ...... T777-901
Conglomerate, fine ....... 308-322 | Sandstone, dark ......... 901-915
Shaleredt o e 322-354 | Conglomerate, fine ...... 915-1214
Conglomerate, fine ....... 354-421 | Sandstone, dark ......... 1214-1250
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Driller’s log of Mount Carmel Water Co.’s well half a mile south of

Mount Carmel
[Well 1076, p. 214 and fig. 13)

Soil ..oviriniiiiiennnn 0- 11|Sandstone, gray ....... 748- 771
Conglomerate ......... 11- 49| Sandstone, green ..... . T71- 798
Sandstone, gray ........ 49- 97|Sandstone, light ....... 798- 846
Sandstone, light ....... 97- 112 | Shale, red ............ 846- 893
Sandstone, gray ........ 112- 299 | Conglomerate, green ... 893~ 907
Sandstone, dark ....... 299- 305 |Shale, red ............. 907- 926
Sandstone, dark ....... 305- 413 | Sandstone, light ....... 926- 942
Coal ........ccvvnnnnnn 413- 420 | Sandstone, gray ....... 942- 976
Sandstone, gray ....... 420~ 451 [ Sandstone, light ....... 976-1028
Sandstone, light ....... 451- 473 | Shale, red ............. 1028-1086
Conglomerate ......... 473~ 508 | Sandstone, light ....... 1086-1091
Sandstone, gray ....... 508- 558 |Shale, red ............. 1091-1111
Conglomerate ......... 558- 586 | Sandstone, green ...... 1111-1118
Sandstone, gray ....... 586- 618 |Shale, red ............. 1118-1176
Conglomerate ......... 618- 748

PIKEE COUNTY

GENERAL FEATURES

[Arca 544 square miles. Population 7,483] .
Pike County is the easternmost county in northeastern Pennsylvania
and is bounded by New York on the northeast and New Jersey on the
southeast. With only 13.8 inhabitants to the square mile, it is the most
sparsely populated county in northeastern Pennsylvania, and much of
the county is densely forested. Matamoras, with a population of 1,784,
is the only borough in the county having 1,000 or more inhabitants.
There is very little development of any kind in Pike County, and parts
of the county have been open to automobile travel only in recent years.
In 1930 there were only 528 farms in Pike County, and in 1929 there
were 10 manufacturing establishments whose annual products were
valued at $5,000 or more each. Camps and summer resorts are numerous
in Pike County along Delaware River and near the numerous lakes and

waterfalls:

SURFACE FEATURES

The highest point in Pike County is High Knob, in the southwestern
part of Blooming Grove Township, which is 2,062 feet above sea level.
The lowest point is on Delaware River where it leaves the county, at an
altitude of 320 feet. The maximum relief is therefore 1,742 feet, but
locally the greatest relief cccurs along the Delaware, where the steep
cliffs in many places tower 600 feet above the river. Pike County is
largely a high rolling forested plateau sloping from 1,800 or 1,900 feet
down to about 800 or 1,000 feet where it terminates abruptly at the cliffs
along the Delaware. This plateau extends southward into Monroe County
to form the high Pocono Mountains.
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Pike County is drained entirely by Delaware River, which forms its
eastern boundary. The larger tributaries are Lackawaxen River, Sho-
hola Creek, and Bushkill Creek., In flowing a distance of 67 miles be-
tween Narrowsburg, N. Y., and Deckers Ferry, Pa, Delaware River
drops 360 feet—a gradient of 5.4 feet to the mile.

GEOLOGY AND GROUND WATER

GENERAL SECTION

Pike County was entirely covered by ice during the last glacial stage.
The prevailing direction of ice movement, as determined by striae, was
about S.30°W. Thick deposits of glacial drift cover the county in most
places, and there are numerous lakes and waterfalls which have been
formed by the damming of preglacial streams. Delaware River flows
over a bedrock channel along the Wayne County boundary at least as
far south as Narrowsburg, where the rocks are well exposed. Along
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Figure 14. Map of Pike County showing location of water wells
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most of the Pike County boundary, however, the Delaware flows over
a buried valley filled with glacial outwash. Well-defined terraces may
be seen along the Delaware in many places. In the vicinity of Mata-
moras there are three terraces, the highest of which is about 100 feet
above the level of the river. At Milford the lower terraces have been
removed on the Pennsylvania side, and a steep bluff rises from the river
to the top of the third terrace, 100 feet above, on which the borough of
Milford is situated.

The rock formations exposed in Pike County range from the Honesdale
sandstone of the Catskill group down to the base of the Onondaga
formation. The youngest member, the Honesdale, is exposed only in
the westernmost corner of the county. The Catskill continental group
crops out over most of the county, except for a strip about 3 miles wide
along Delaware River, where the Portage group, Hamilton formation,
and Marcellus shale crop out. The Onondaga formation lies below the
Marcellus and crops out at the tristate monument and on the east bank
of the Delaware in New Jersey.

Generalized section for Pike County

Maximum
Geologle thickness Ground-water
unit exposed Character of rocks conditions
(feet)
L]

Glacial drift 800+ | Drift (till and outwash) con- | Yields small supplies of pot-

(Wisconsin) aistipg ot clay, sand, “quick- able water to numerous dug
sand, and ‘gravel. wells and springs and to a

° few drilled wells,

Catskill group 2,250+ | Cross:bedded gray and green | Supplies nearly all wells in
sandstone, red shale, and county with adequate water
some greenish gray shale. of good quality.

Contains fish and plant re-
malins.

Portage group 1,500+ | Hard Dbluish-gray thin-bedded | Sandstone ylelds moderate
sandstone, blue sandy shale, supplies but shale ylelds very
and dark sandy {fossilifer- small supplles, Water re-
ous shale. ported to be of good quality,

Hamilton form- 1,600+ | Limestone 30 feet, bluish-gray | Sandstone yilelds moderate to

ation sandstone and sandy “slate” large supplies of potable
water; shale ylelds small to
moderate supplles of potable
water.

Marcellus shale 800 Bluish-gray and Dbluish-black | Yields small to moderate sup-
sandy shale. plies of potable water.

Onondaga form-f 1 250 Dark gray flinty limestone. Wells  penetrating  solution

ation channels yleld large supplies;
those encountering  dense
Hmestone yield small sup-
plies. Water reported hard.

1 Exposed in Pike County only at tristate monument but underlies eastern margin of

county.
STRUCTURE

The geologic structure of Pike County is relatively simple and is sim-
ilar to that of Wayne and Susquehanna Counties. At the Wayne County
line the rocks are horizontal, but farther south along Delaware River
the rocks dip 5°—8°N. No major folds occur in the county, but there
are a few minor folds of local extent, such as the Lackawaxen anticline
and the Shohola syncline, which cross Delaware River in a northeasterly
direction. The Pocono anticline traverses Porter and Delaware Town-
ships.
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WATER-BEARING FORMATIONS
[See pp. 41-59 for further description)

Glacial drift—The glacial drift covering the high plateau of Pike
County ranges in thickness from a few inches to about 300 feet. A
drilled well near Blooming Grove (well 522) obtains about 10 gallons
a minute from drift at a depth of 260 feet. The drift furnishes small
supplies of water to many dug wells and is the source of many small
springs. Relatively few drilled wells were reported to end in the drift,
perhaps because in most places the drift consists largely of clay or of
“quicksand” that flows into the well. A few open-finished drilled wells
obtain water from lenses of water-bearing gravel, but in most places
the drillers case off the drift and extend the hole down into the bedrock.
Unless the drill hole extends far enough into the bedrock to encounter
a water-bearing stratum, the fractured bedrock may serve merely as
a well screen for the water in the drift. The use of well screens or
strainers would insure larger supplies of water and would prevent
“sanding.”

The glacial outwash deposits along Delaware River yield small supplies
of water to a few open-finished drilled wells, but no attempts are known
to bave been made to obtain large supplies of water by means of well
screens. Records of wells drilled along the river show that in many
places the outwash material consists largely of sand and “quicksand”
with very little water-bearing gravel, and it is doubtful if large sup-
plies could be developed from material of this type. The thickness of
the glacial outwash obtained from well records along Delaware River
is as follows: Lackawaxen, 112 feet; Shohola, 135 feet; Millrift, 100 feet;
Port Jervis, N. Y., 113 feet; Milford, 160 and 187 feet; Egypt Mills 170
feet. A drilled well near Milford (well 510) obtains a small domestic
supply of potable water from a bed of gravel 19 feet thick overlain by
141 feet of “quicksand.” As this well has a surface altitude of 400 feet,
which is 100 feet below the top of the highest terrace, the total thick-
ness of the outwash material at this point is more than 260 feet. A similar
computation for a well 2 miles southwest of Milford shows a total thick-
ness of outwash material of more than 300 feet.

Catskill continental group.—With the exception of a narrow strip
along Delaware River, Pike County is entirely underlain by rocks of the
Catskill continental group. The Catskill in Pike County is represented
by the five lower members, the Analomink, Delaware River, Shohola,
Damascus and Honesdale. The overlying members crop out to the north-
west in Wayne County.

The Catskill contains numerous water-bearing sandstones, which in
most places can be tapped by wells of moderate depth. The water oc-~
curs chiefly in joints in the more massive sandstones and in fractures
and bedding planes in the thin-bedded flagstones. The thin-bedded
Delaware flagstones are considered by the drillers to be exceptionally
good water-bearing rocks. All the wells in the Catskill for which records
were obtained were domestic wells, so that the maximum yield obtain-
able is not known. Most of the wells yield from 5 to 25 gallons a min-
ute, but some were reported to yield as much as 100 gallons a minute
on test. The water from the upper part of the Catskill is very soft and
low in dissolved mineral matter. That from the lower part is generally
of very good quality but in a few places may contain somewhat more
dissolved mineral matter than waters from the upper part.
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Portage group—The Portage group crops out in a narrow strip paral-
leling Delaware River and lying near the edge of the plateau that termi-
mates at the river. The Portage is composed of hard bluish-gray thin-
bedded sandstone alternating with blue sandy shale, but nearly all the
wells of which records were obtained were reported to end in shale,
although it is believed that two of the wells (496, 497), reported to yield
30 gallons a minute, probably obtain water from thin-bedded sandstone.
One well ending in shale was reported to yield only 1 to 3 gallons a
minute. No samples of water were collected from the Portage in this
county, but well owners report that the water is of good quality.

Hamilton formation—The Hamilton formation crops out in a strip
about a mile wide parallel to Delaware River and forms the steep cliffs
along the river. The limestone that forms the upper 30 feet of the
Hamilton consists almost entirely of corals and other calcareous fossils.
The remainder of the Hamilton consists of bluish-gray sandy slates and
sandstones having a coarse cleavage at an angle of 50°—60° SE. The
numerous waterfalls that occur between Milford and Bushkill flow over
hard sandstone beds of the Hamilton.

The sandstones of the Hamilton generally yield moderate to large
supplies of potable water. In some places the shales appear to be quite
impermeable and yield very little water; in others they yield small to
moderate supplies of potable water. No wells are definitely known to
obtain water from the limestone at the top, but the spongy, readily
soluble character of this coral limestone suggests that it may include
solution channels containing water.

The three drilled wells of the Matamoras Water Co. (498-500) obtain
abundant supplies of water from the Hamilton formation. Although the
driller reported limestones in all the wells and cavernous limestone in
well 500, it is believed that the material described as limestone in well
500 is calcareous shale. The Onondaga limestone, encountered in well
501, lies about 1,400 feet below the surface, and the limestone of the
upper Hamilton crops out a good distance north of the well, so that
probably neither of these limestones could have been encountered in
the water company’s wells. The water in these wells is believed to
occur in sandstones and calcareous shales of the Hamilton and in the
underlying Marcellus shale.

Marcellus shale—The Marcellus underlies the Delaware Valley and is
largely covered by glacial outwash except for outcrops along the foot of
the cliffs. Although the Marcellus consists entirely of sandy shale, it yields
15 to 25 gallons a minute to several wells, but in some wells it yields very
little. Well 513 flows a small quantity and is reported to yield 60 gal-
lons a minute by pumping, but a well drilled nearby to a depth of 315
feet was unsuccessful. Well 501 was drilled to a depth of 1,842 feet in
search of oil and gas. The log on p. 230 shows that the upper part of
the Marcellus yields fresh water and that the lower slaty part yields
salt water when encountered at a considerable distance from the out-
crop. No salt water occurs in these beds close to the outcrop, however,
and the water obtained in all the other wells in the Marcellus is re-
ported to be of good quality.

Onondage formation.—The cherty limestone member of the Onondaga
formation crops out in Pike County only at the tristate monument, but
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it crops out just across Delaware River and is likely to be encountered
by deeper wells along the Pennsylvania shore. The flint nodules con-
tained in the limestone cause considerable trouble in well drilling.

The water in the cherty limestone member occurs almost exclusively
in solution channels and wells that encounter such channels are likely
to be strong, whereas weak or dry holes may result if no channels are
encountered. Three wells (505-507) obtain water from the Onondaga
in New Jersey just across the river from Milford. Two of these wells
are reported to yield 100 gallons a minute from solution channels en-
countered at the bottom, and the water stands almost at the surface.
The third well, drilled only to a depth of 35 feet, encountered no large
openings and yields only about 12 gallons a minute. The solution chan-
nels apparently do not continue for any great distance down the dip
of the beds, as shown by a test boring (well 501) which passed entirely
through the Onondaga at a point about 6,800 feet northwest of the out-
crop, without obtaining any water. The water in the Onondaga is re-
ported to be hard, as is characteristic of limestone waters.

ARTESIAN CONDITIONS

In most of the drilled wells in Pike County the water rises above the
point at which it was first encountered, and in a few wells the water
rises to the surface and flows. The flowing wells are scattered, however,
and there are no areas where flowing wells can be expected, for the
geologic structure of the county is very simple.

QUALITY OF WATER

Analyses of five samples of water collected from wells and springs in
Pike County are tabulated on page 225. The bedrock and drift waters
are exceptionally soft and contain very small amounts of dissolved min-
eral matter. It is reported that after well 500 was completed near well
498, there was a sudden influx of iron in the water, which caused con-
siderable trouble in the water mains. This trouble completely disap-
peared after 2 months, and at present the iron content is too small to
be noticeable.

Salt water was reported in the lower part of the Marcellus shale in a
deep test well, but no wells drilled primarily for water have reported
salt water. Well 501 tapped the Marcellus several thousand feet from
its outcrop, where connate water might be expectéd whereas the wells
drilled for water are located on or near the outcrop, where the water
has relatively free circulation.

PUBLIC SUPPLIES

There are only four public water supplies in Pike County. The three
public water supplies using ground water are tabulated below. Mata-
moras, the largest borough in the county, obtains its supply from drilled
wells; Milford and Bushkill obtain their supplies from springs. Ding-
mans Ferry is supplied with surface water from Dingmans Creek, which
flows through the center of the village. The inhabitants of all the smaller
villages are supplied by private wells or springs.



INDUSTRIAL AND DOMESTIC SUPPLIES

PIKE COUNTY

225

So far as is known there are no industrial ground-water supplies in
Bike County. There are very few industries in the county, and they
are all located in Matamoras or Milford and are supplied with municipal
water. Most of the domestic water supplies are obtained from dug or

driven wells and springs.

wells, especially in the village of Greely.

Analyses of waters in Pike County

Many camps and summer resorts use drilled

[Parts per million. Numbers less than 1200 correspond to numbers on map and in
table of well data]

493 498 525 1213 1 1214
Sillea (8i102) ooooe o - 1 - 7.9 -
Iron (F€) aemomoom e - 06 - .06 -
Calelum (C8) —ceemcaceaen.... 23 2 - 5.6 103
Magnesium (Mg) eeoceeeeeeee _- 5.5 - 1.5 -
%odlum [0, 1: ) 15— 73 } 13 - 3.8 68
otassium (K) coeeoooao-- T - .6
Bicarbonate (HCO3) ... 2% 78 22 16 45
Sulphate (80¢) eeeeaeeens ) 2 632 8.1 43
Chloride (C) -—cemeecccaeaen 1.0 7.0 ®) 1.5 2.0
Nitrate (NOS) ceeemcmccmcaue .10 1.8 - .83 .10
Total dissolved solidS ...--. 2% 3 127 278 37 %3
T ecriatey 22.92%% | e 78 ] 2 g2 o
Date of collection (1930) ..| Sept. 20 Sept. 20 Sept. 20 Sept. 20 Sept. 20

11213. Spring % mile northwest of Miltord; glacial drift (?); temperature 49° F.

1214, Spring 1 mile porthwest of Bushkill; glacial drift; temperature §0° F.

2 By turbidity.
8 Calculated.

¢ Less than 2 parts. & Less than 1 part, ¢ Determined.

Analysts: 498, 625, 1213, L. A, Shinn; 483, 1214, K. T. Williams.
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SCHUYLKILL COUNTY

GENERAL FEATURES
[Area 777 square miles. Population 235,503]

Schuylkill County lies along the southern border of the area described
in this report and adjoins Lebanon, Berks, and Lehigh Counties to the
south. Four of the 20 largest municipalities in the area covered by this
report are in Schuylkill County—Pottsville, 24,300; Shenandoah, 21,782;
Mahanoy City, 14,784; and Tamaqua, 12,936. The industrial development
is centered in the two anthracite fields—the eastern part of the Western
Middle field, in the northern part of the county, and the large Southern
field, which traverses the center of the county from northeast to south-
west. In 1930 there were 67 anthracite mines in the county, and in 1929
there were 263 manufacturing establishments whose annual products
were valued at $5,000 or more each. In the area surrounding the coal
fields there were 2,502 farms in 1930.

SURFACE FEATURES

Bears Head, 2,100 feet above sea level, in the west corner of Delano
Township, is the highest point in Schuylkill County. Nearly a dozen
long, narrow, even-crested ridges in the county range between 1,500
and 1,900 feet above sea level and rise 500 to 1,000 feet above the inter-
vening valley areas. Schuylkill River in the water gap at Port Clinton
is 400 feet above sea level, which is the lowest point in the county. The
difference of 1,700 feet between the highest and lowest points in the
county gives a measure of the maximum relief.

There are five distinet drainage areas in Schuylkill County. The
northwestern part is drained by Mahantango Creek and other tributaries
of Susquehanna River; the northernmost part is drained by Catawissa
Creek, a tributary of the North Branch of the Susquehanna; the south-
eastern part and several small areas in the northeastern part are drained
by Lehigh River; the central and greater part of the county is drained
by Schuylkill River; and the southwestern part is drained by Swatara
Creek, a tributary of the Susquehanna. Thus there is drainage in five
directions.

GEOLOGY AND GROUND WATER

GENERAL SECTION

Schuylkill Coun‘Ey lies entirely south of the Wisconsin and Illinoian
drift borders. The Jerseyan drift border (see pl. 1) traverses the middle
of the county, but in the course of the field work no definite deposits
of drift were observed.

The rock formations exposed in Schuylkill County range in age from
the post-Pottsville formations, of Pennsylvanian age, down to the
Tuscarora sandstone. The youngest formations, the post-Pottsville, com-
prising the Allegheny formation and part of the Conemaugh formation,
crop out in the large Southern anthracite field and part of the Western
Middle field. The oldest formation, the Tuscarora, crops out along Kitta-
tinny (Blue) Mountain, which forms the southern boundary of the county.

STRUCTURE

The geologic structure of Schuylkill County is complex. The strata
have been sharply folded along northeast axes, and the truncated hard
and soft beds now form an intricate system of long, narrow ridges and



SCHUYLKILL COUNTY

237

Generalized section for Schuylkill County

Maxi-
mum
Geologic unit thickness Description of rock Ground-water conditions
exposed
Post-Pottsville 2,500+ |Sandstone, conglomerate,| Yields small to large supplies
formatjons shale, fireclay, and about ™| of potable water in Ssome
beds of workable coal. places. Near coal mines
water is drained or polluted.
Pottsville 1,475 | Chiefly coarse quartz conglom-| Yields large supplies of excel-
formation erate, some sandstones and| lent water to wells 350 to
shale, and 8 to 7 workable| 1,000 feet deep. Some flow-
coal beds in western part. ing wells; very few wunsue-
cessful wells.
Mauch Chunk 2 450+ | Red shale alternating with red} Most important water-bearing
shale and green sandstone. Some| formation in county; ylelds
conglomerate near top and| 10 to 30 gallons a minute to
gray sandstone near base. shallow domestic wells, 15
to 350 gallons a minute to
deep wells; many flowing
wells; very good water.
Pocono 1,600+ | Massive coarse hard gray sand-| Unimportant owing to topo-
sandstone stone with some conglomer-| graphic position; no wells
ate and some interstratified] observed.
bluish or greenish slate.
Catskill 6,000t | Chiefly red shale and shaly| Yfelds adequate supplies to
group sandstone, gray sandstone| shallow wells and moderate
and shale. supplies to deep wells, Water
Irepomd to be ot good qual-
ty.
Portage 2,200+ | Dark shale, thin-bedded sand-| Yields small supplies of water
group stone, and black shale. o(l lgond quality to domestic
wells.
Hamilton 1,500+ | Dark-gray shale, dark hard| Sandstone yiclde adequate
formation fossiliferous slate, and thin-| domestic supplies of very
bedded sandstone. good water; shale ylelds
small supplies.
Marcellus 8X+ | Black and yellow shale and| Yields adequate domestic sup-
shale black slate. plies of good water.
Onondaga 85 Dark bluish-gray argilaceous| Unimportant.
formation limestone and interbedded
calcareous shale.
Oriskany 13-100+ | Ranges from 13-foot bed ‘of| Unimportant. Very thin in
sandstone conglomerate to thick series|] most  places, uninhabited
of coarse pebbly sandstones. where thiek.
Helderberg absent?
limestone
Cayuga 1,800+ | Bloomsburg red beds; red| A good water-bearing forma-
group shale and sandstone and| tion; ylelds small to moder-
lower olive-green shale; Bos-| ately large supplies. Water
sardville limestone at top| of very good quality.
thin or absent.
Clinton 072+ | Red and green sandstone, red
formation and olive-green shale, and
hard white sandstone.
No wells; crop out on high
Tuscarora 443 Coarse basal conglomerate, mountain.
sandstone gray and white quartzite
and sandstone,
valleys. The Carboniferous rocks suffered the most intense folding and

are overturned in many places.

The Selinsgrove anticline dies out in

the northern part of the county and strikes into several synclines of

the Eastern Middle basin.

South of this is the large Mahanoy basin,

comprising half of the Western Middle basin and separated from the
Shamokin basin by the Locust Mountain anticline. The most important
structural feature economically is the large synclinorium of the Southern
field, which occupies the center of the county. This basin consists of a
number of smaller connected basins, which become successfully deeper
and have steeper sides toward the south. With few exceptions the
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The basin bifurcates toward the west, and the two sides of the

turned in some places. The general strike of the folds is about N.65°—
“fishtail” project into Dauphin County.

north dips are much steeper than the south, and minor folds are over-
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In the southern part of the county the Silurian and Devonian rocks
have been folded for some distance on both sides of Schuylkill River.

An anticline passing eastward from Cressona exposes the Cayuga group
and possibly part of the Clinton formation. A syncline extending west
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from Landingville exposes the Catskill group. The Lehighton anticline
of Carbon County extends into Schuylkill County as far as Reynolds.
The ridge north of Port Clinton is an anticlinal ridge exposing the
€linton formation, and a syncline crosses Schuylkill River just north of
Port Clinton exposing the Cayuga group™.

WATER-BEARING FORMATIONS
[See pp. 46-68 for further deseription]

Post-Pottsville formations—The post-Pottsville formations, including
the Allegheny and Conemaugh, attain their greatest thickness in the
anthracite region in the Southern anthracite field of Schuylkill County,
where they are more than 2,500 feet thick, and in the Mahanoy basin,
where they are about 2,000 feet thick. They contain about 20 different
workable coal beds and numerous thin seams of coal.

The post-Pottsville formations contain numerous beds of conglomerate,
sandstone, slate, and coal, which, owing to severe folding and crushing,
contain innumerable fractures that transmit water readily. The depth
of mine workings in Schuylkill County averages about 1,000 feet and
in some places reaches 1,400 feet, so that in the vicinity of coal mines
the strata are drained to great depth by pumping. After 10 years’ study,
John Bevan®, chief engineer of the Philadelphia & Reading Coal & Iron
Co., of Pottsville, states that an average of 21 tons of water is pumped
out for every ton of coal shipped (not including coal used in boilers
by the coal company) and an average of 15 tons of water is pumped out
for every ton of material removed from the mines. During the drought
of 1930 the mines were unusually dry, and mines that normally yielded
about 6,000,000 gallons daily yielded but 1,000,000 gallons. Usually a
part of the water pumped is used for washing coal and the rest is dis-
charged into the streams, but in 1930 mine water was greatly in de-
mand, and every drop was needed for washing coal.

In most places in the coal basins the drainage and pollution by the
mines make it virtually impossible to obtain potable water by means of
drilled wells. Nevertheless, at least 10 wells were observed in use in
the Western Middle and Southern coal fields—more than were noted in
all the other fields combined. Some wells encounter beds of coal that
render the water unfit for drinking, but in other wells the coal ap-
parently does no harm.

Wells in the post-Pottsville formations range in depth from about 40 to
476 feet and reported to yield 1 to 80 gallons a minute. Wells 816 and
817, in Girardville, 120 and 150 feet deep, are reported to yield 75 and
80 gallons a minute from beds of slate. Most of the wells, however,
obtain water from beds of sandstone. The Yuenglings Brewery Co., of
Pottsville, has two wells 476 feet deep yielding 30 to 55 gallons a minute
(see well 855) and also obtains considerable ground water irom tunnels
driven into the mountain. The water appears to be satisfactory for
ordinary purposes. (See analysis 854.)

Pottsville formation.—The Pottsville formation crops out as a high
ridge encircling all the coal basins. In most places its strata dip steeply,
but it also occupies large flat areas between the two major coal fields.

%6 8ec Chance, H. M., Section at the Schuylkill Gap: Pennsylvania Geol. Survey, 2d

ger., Rept. G-6, map In pocket, 1882.
97 Personal communication.
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The Pottsville in the Southern field is noted for its great thickness (1100
to 1475 feet), the coarseness of its materials, and the number and size of
the coal beds it contains. At the west end of the Southern field there
are seven beds of workable coal including the six Lykens Valley beds,
and in the west end of the Western Middle field, where the Pottsville
is about 850 feet thick, there are three Lykens Valley beds.

The fractured beds of hard sandstone and conglomerate are very good
water producers. The outcrops of the Pottsville are unsuited to agri-
culture, but several deep wells have been drilled into the Pottsville for
public supply, ranging in depth from 350 to 1,000 feet. The known
yields range from 65 to 125 gallons a minute, although some of the wells
are believed to yield more than this amount. Some of the wells flow
all the year; others flow only during wet seasons, and in the rest of the
wells the water level lies within 10 to 30 feet of the surface. The yield
apparently does not necessarily increase with depth, for well 800 is only
352 feet deep and yields 126 gallons a minute. In wet seasons this well
is reported to flow 50 to 75 gallons a minute, but on Sept. 26, 1930, the
water stood 15% feet below the surface. A few deep wells have been
unsuccessful, presumably because they tapped exceptionally “tight” rock
devoid of open fractures, but in general the Pottsville may be expected
to yield large supplies of good water.

Mauch Chunk shale—The Mauch Chunk shale has five large areas of
outcrop and several small areas separated from one another by coal
basins. In the northern part of the county, where its dips are gentle,
it forms wide fertile valleys between high ridges of Pocono sandstone
and the Pottsville formation. In its southernmost outcrop the beds are
nearly vertical and it forms a narrow valley between high ridges.

The Mauch Chunk is perhaps the most important water-bearing forma-
tion in Schuylkill County. This is not due alone to the fact that it con-
tains many beds of red and green sandstone which are fractured and
transmit water readily, but in large measure to the topographic and
geographic position and large areal extent of its outcrops. It not only
supplies a great many small farms, but its outcrops surround all the
coal basins, in which ground water is relatively scarce, and thus supplies
many towns within the basins with water of very good quality. More-
over, it crops out between high ridges and thus receives ample ground-
water recharge.

Most of the domestic wells in the Mauch Chunk range in depth from
50 to 120 feet and yield 1 to 30 gallons a minute. A few of these wells
are 410 to 455 feet deep and yield 30 gallons a minute, few of them flow,
but the water level in most stands 10 to 50 feet below the surface.

Deep wells used for industrial and public supply range in depth from
200 to 1,015 feet and yield 15 to 350 gallons a minute. The average
depth of 18 wells is 590 feet and the average yield is about 100 gallons
a minute. Some of these wells flow 15 to 50 gallons a minute and would
doubtless yield considerably more by pumping. With few exceptions
the water level ranges from the surface to 15 feet below. Well 814 is
452 feet deep and yields 350 gallons a minute with a draw-down of
217 feet.

Pocono sandstone.—The Pocono sandstone has five outerops within the
county, all of which are high, even-crested ridges. Little and Catawissa
Mountains enter the county and join from the north, Broad Mountain
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enters from the east, Line and Mahantango Mountains enter and join
from the west, Peters Mountain enters from the southwest, and Second
Mountain traverses the county south of the Southern anthracite field.
Its topographic position makes the Pocono unimportant as a source of
ground water, and no wells were observed along its outcrops.

Catskill continental group.—The Catskill continental group has four
outcrops within the county—a small area at the north end, a large valley
area at the northwest corner, a belt about 1% mile wide traversing the
county south of and including the southern crest of Second Mountain, and
a small synclinal area crossing the Schuylkill River below Landingsville.

Domestic wells in the Catskill are from 50 to 150 feet deep and gen-
erally yield 5 to 20 gallons a minute. A few deep wells used for public
supply range in depth from 200 to 836 feet and yield 50 to 80 gallons a
minute. The water is reported to be of very good quality.

Portage group—The Portage group is exposed in three different out-
crops—a small anticlinal area in the northwest corner, a narrow mono-
clinal strip traversing the county south of Second Mountain, which bi-
furcates around the Lehighton anticline to the east; and a closed syn-
clinal belt south of Schuylkill Haven and extending from a point 2%
miles east of Landingville west to Pine Grove.

Wells in the Portage range in depth from 55 to 300 feet and are re-
ported to yield from 2 to 25 gallons a minute. A well (882) one mile
northwest of Orwigsburg was drilled in the Portage to a depth of 300
feet in the hope of getting a strong well for public supply, but the well
vielded less than 12 gallons a minute and was abandoned. The second
well (883) was drilled farther north in the Catskill and was successful.
The Portage generally yields water of good quality in Schuylkill County,
as indicated by analysis 909, but an odor of hydrogen sulphide is re-
ported in some of the wells.

Hamilton formation.—The outcrops of the Hamilton formation are like
those of the Portage group just described, except that it may not reach
the surface along Mahoning Creek on the Lehighton anticline. As the
Hamilton was not mapped separately in Schuylkill County, it is not
always certain whether wells penetrate the Portage, Hamilton or Mar-
cellus.

Sandstone beds in the Hamilton generally yield adequate supplies of
water, but the shale yields rather small supplies. The wells range in
depth from 47 to 260 feet and are reported to yield 3 to 26 gallons a
minute. The strongest well (911) is 260 feet deep and yields 26 gallons
a minute continuously. An analysis of the water from this well indi-
cates that except for the presence of an excessive amount of iron, the
water is of good quality.

Marcellus shale.—The Marcellus shale underlies the Hamilton forma-
tion and its outcrops are similar to those of the Hamilton, just described.
The soft yellow and black shales of the Marcellus are used for making
brick near Auburn. The Marcellus forms valleys along its strike and
therefore good exposures are not everywhere available. Because of the
lack of exposures and accurate well logs it is not always possible to tell
whether wells end in the Marcellus or in the underlying strata, and
some of the geologic horizons are therefore questionable.
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The Marcellus generally yields 5 to 15 gallons a minute to wells 60
to 150 feet deep, but one well 131 feet deep (898) is reported to yield
only about three quarts a minute. The Marcellus yields water of good
quality as indicated by analysis 899.

Onondaga, Oriskany and Helderberg jformations.—The Onondaga
formation is thin and unimportant and the Helderberg limestone is ap-
parently lacking in Schuylkill County, although Helderberg may be
present in the eastern part of the county. The Helderberg limestone
shown on plate 1 includes the underlying Bossardville limestone. The
Oriskany sandstone crops out in a long, narrow strip along the southern
part of the county and swings around a long, narrow anticline and a
syncline in the middle of the county south of Second Mountain. It has
a tremendous range in thickness within the county. Near Auburn it
consists of only 1% feet of conglomerate resting uncomformably on the
Bloomsburg red beds, both the Helderberg and the Bossardville being
absent. It thickens toward the southwest and is well exposed in a quarry
half a mile east of Summit, where it is composed of a thick series of
very coarse pebbly sandstone dipping about 45°N. and forming a low
rocky ridge.

The Oriskany is unimportant as a source of ground water in Schuylkill
County. It is very thin in most places, and where thick it forms a
rocky, barren ridge devoid of habitations. The geologic horizon of well
885 was doubtfully assigned to the Oriskany, but no other wells were
observed that might obtain water from this formation.

Cayugae group.—The Cayuga group crops out along a wide valley just
north of Kittatinny (Blue) Mountain, along an anticline extending from
Rauches to a point about 2 miles west of Cressona, and in a syncline near
Port Clinton. The uppermost formation, the Bossardville limestone
(mapped as Helderberg), is very thin and is lacking altogether in many
places, where the Bloomsburg red beds apparently form the top of the
Cayuga group.

The Cayuga group (represented in Schuylkill County chiefly by the
Bloomsburg red beds) is apparently a good water bearer and is very
similar to the Mauch Chunk. However, most of the wells in the Cayuga
are relatively shallow domestic wells, so that the Cayuga has not been
tested by deep wells, as the Mauch Chunk has.

Wells in the Cayuga range in depth from 80 to 315 feet and are re-
ported to yield from 3 to more than 25 gallons a minute. The upper
and lower members consist wholly of shale but are reported to yield
small to large supplies of water. The middle member, composed of shale
and sandstone, is probably the best water-bearing unit, at least in the
vicinity of Port Clinton. Well 875 is 119 feet deep and yields 25 gallons
a minute of excellent water from beds of red sandstone (see analysis
8175).

Clinton formation.—The Clinton formation makes the main mass of
Kittatinny Mountain and probably forms the crest in many places. It is
also exposed by a small anticline north of Port Clinton. No habitations
or wells were observed on the Clintca outcrops. .

Tuscarora sandstone—The Tuscarora sandstone crops out at or south
of the crest of Kittatinny Mountain. It probably enters the county only
at the Schuylkill Gap and perhaps along the county line south of Rauches.
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The Tuscarora here stands nearly vertical and is unconformable on the
nearly horizontal Martinsburg shale. (See pl. 3-B.) The Tuscarora is
unimportant as a water-bearing formation because of its topographic
position, and no wells were observed penetrating it.

ARTESIAN CONDITIONS

The water level in most of the wells stands considerably above the
point where water was first encountered, but only a few of the wells
flow. Records were obtained of 15 flowing wells, 9 in the Mauch Chunk
formation and 3 in the Pottsville formation. Most of these are close to
small coal basins in the northern part of the county or close to the
Mahanoy basin. The only flowing well reported in the southern part of
the county is at Joliett. Were it not for coal mining and the attendant
drainage of the post-Pottsville formations, flowing wells could probably
be obtained within the coal basin.

QUALITY OF WATER

The analyses of six samples of water collected in Schuylkill County
are tabulated on page 244. The sample from well 809, in the Mauch
Chunk formation, contained considerably more dissolved mineral matter
than most Mauch Chunk waters. The samples from the dark sandstone
or shale of the Portage, Hamilton and Marcellus are low in dissolved
solids. Two of them, however, contained sufficient iron to cause a slight
percipitate.

The water in the post-Pottsville formations seems to be of good
quality where it has not been contaminated by coal mining, as shown
by analysis 854. Some of the wells in the coal basins, however, yield
water that is unfit for drinking, and as new mines are developed there
may be very little potable ground water left in the post-Pottsville beds.
It is unlikely that potable water can be obtained from drilled wells
close to coal mines, but the chances of obtaining potable water are likely
to be good in parts of the basins where mining has not been started.

PUBLIC SUPPLIES

The seven public water supplies using ground water in Schuylkill
County are tabulated below. Six of them use ground water exclusively.
Orwigsburg derives most of its supply from a small stream, but during
the drought of 1930 an auxiliary supply was needed. A well drilled 1
mile northwest of the borough proved to be a failure, and later another
well was drilled 2 miles northwest of the borough which was successful
and served very satisfactorily during the remainder of the drought. (See
wells 882, 883.) It was reported that Gordon and Ringtown are supplied
by ground water, but no data were obtained for tabulation.

Pottsville and most of the larger boroughs are situated within the coal
basins and are supplied with surface water from small mountain streams.
A few of the large surface water supplies have one or more drilled wells,
some of which are used occasionally, but the amount of ground water
used is insignificant. The Wyoming Valley Water Co., supplying Delano,
Delano Junction, Park Place, and Buck Mountain Colliery, has two
drilled wells at Park Place and three at Delano (wells 795, 796, 799,
800). The Honeybrook Water Co., supplying McAdoo, Audenried and
Kelayres, has two drilled wells near Audenried (well 784). The Shen-
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andoah Citizens Water & Gas Co., supplying about half of the borough of
Shenandoah, has five auxiliary drilled wells, but very little ground
water is used. (See wells 807, 808.) The Schuylkill Haven Water Co.
has two auxiliary wells (892-893) which are seldom used. The Penn-
sylvania Power & Light Co. supplies 20 of its employes’ homes with
water from a drilled well (911), which also supplies the plant with
drinking water.

INDUSTRIAL AND DOMESTIC SUPPLIES

Coal mining is the predominant industry in Schuylkill County, and the
mines yield enormous quantities of ground water, which is pumped out
and utilized for washing coal. (See p. 239.) Most of the other in-
dustries are located in large towns and use municipal water, but a few
independent industrial supplies using ground water are listed in the ac-
companying tables of drilled wells, including a bakery, a dairy, two
breweries, ice companies, a textile company, and a rolling mill.

Several large institutions are supplied wholly or in part by drilled wells,
including the Immaculate Heart Academy, 1% miles east of Fountain
Springs; the Ashland State Hospital, at Fountain Springs; and  the
Schuylkill County Almshouse, three-quarters of a mile north of Schuyl-
kill Haven.

Domestic supplies are obtained almost entirely from dug or drilled
wells, there being relatively few sprimgs in the county. The scarcity of
springs is attributed in part to the fact that the county lies south of the
Wisconsin and Illinoian drift borders, for glacial drift supplies most of
the spririgs in counties to the north.

Analyses of waters in Schuylkill County

[Analyst, Margaret D. Foster. Parts per million. Numbers at heads of columns refer to
corresponding numbers on map and in well table]

| o

854 I 875 899 ' 909 I 911
Sillea (8102) X 6.1 8.0 - - - -
Iron (Fe) .08 .10 - - 9 1.4
Calclum (Ca) 43 21 81 91 121 g1
Magnestum (Mg) oo 6.8 6.8 - - - -
Sodium (Na) 15 7.8 } 6332 6.8 32 7.73 9.2
Potassium (EK) 2.0 1.6
Biearbonate (HCO3) aeeeeeeoemoe . 56 51 39 24 56 61
Sulphate (S8O4) oo 18 6.5 21 71 1012 121
Chloride (C1) 50 21 11 1.31 1.21 1.02
Nitrate (NOs) 41 22 .35 10 1.0 .0
Total dissolved 50ldS ..o ooee__._. 261 132 872 46 2 64 2 69 8
Total hardness as CaCOs (calculated)| 135 £0 22 22 42 44
Date of collection (1931) ._.______.| Sept. 1 | Aug. 31| Sept. 2 Sept. 2 | Sept. 2| Sept. 2

1By turbidity. 3 Calculated.



245

SCHUYLKILL COUNTY

*8398]d pIjBIOAIOIT]

10} A[UO J[qUIBAS SANILT ¢

*I31BM 20BJ
«Ing Ya pajtddns 9sal ‘umol rRISUINS
J0 wd [8ws 4uo sdyddng op -uod w— cp op squpy IR | 82 £10 Iamog,
BIITIN!
‘UM03 jo jI8d A[uo s3jiddng op ~aod 91 Fa00'? JUnqd Qons nnﬁuu 1 L2005 : SR ol - W9 3upudg
18§
‘slalnjosjnusm -Ixnv) [ea
£q pesn JjBM  JO juUnOwW® guof[e3d PP 1 ‘0D JNBM
fewg g8 ‘788  S[oM  edg auoN 000°03T 000°000°9e psIs)d | pue wsallg [ozog Jings3jaro | 1903 31nqs3mi1Q
*08L-LLL "  S[I9A 938 amyy %amd
sjuvjiqequy £q juedrad o3 amy suo[e3 Mmog ‘pasn g 00 1B
‘£1011109 80D &q pasn quadzad ¢, | JO IpHOIYD 000°08 000293 op ‘SiloM POl ¥ | L91IBA Sujmosm [--o------ 8pjauQ
‘egL 194 99 "safid
-dns 93BAjId 8l1D 383X {UMO)} sIaUINg {124 3uj
JO U0[)238 {[vws B A[uo sajiddng auoN -u0? g1 op -80g PP 1 sy ‘W L us0jomoy
‘s3nid g 18 ‘sjuwlquy
-up &4q Juadrad 06 ‘siaingdwin suojie3d %) HMIA
-usw Aq pasn 3UIad O INOqY op 00%38 000°028°T op s3upds 3 dNBM sujdag [~ LaMeA puv suiPg
‘608 BJBATBUR 1g1g-G0S S[PM 999
*s8nid a1y g -sjumyiquy
-u) Aq juadzed g8 ‘sIsIniouw} s[oMA
-nusw £q jusdiad ¥ ‘spuol suo[83d PaTlap L pus ‘0D B
-[I8x 4q pasn juddled 8 Inoqy | 883 aupoy) 000'S3¥ 000°008 Jung)d YanspR s3upads g £10 upsjunoly | $£0°s JMARIBRIF
uopdwns | (suoreg) 1 0861
syIBmIOY UAWI}BALY, -u0d &118p a39v103g8 20In08 J180[08D adInog ausQ aop8| Nevg
a8ulaAY -ndog

4210 punosl wotf paamep Aunod 1pIAnyog ur sauddns 1ajpm anqng



GROUND WATER

246

£a3reA -0 IBM
«ImA U sMoll I8 g | et | a1 op op 9 | FooL | o009t pusidq | foqep SupmOAM BPRUO | L2
0361 ‘0D a[jauop
0} Jopd £(ddns pedpjunur Joj dnsM ‘olog | -uvxg 3O 3882
Posn 3061 U] DONAP Uaya paaolg | N | Foos| €t op op 01 566 |  030°T uosusp ysopusudys | -y3I0u safjox ¥r | 9L
*uosuwos £Ip paSuojoid v
Supnp 397 0z paddolp aAsy 03 o[Bys
pajx0dal 8| [9A9] J0JBAL SHIGL U} pus 2uo03s
painguamx [9A9] JajBM 03 Yjydag | op ot 9% oy op -puss pay 9 98 ot op 0igd g s[ijauopuslg | gL
*086T ‘13 ‘ 8QeIy JO 1583
Jaquojdoy MOl AI9A 1949 J9IBM: | Op op |-t 9 (0608 036 SDISIIH | Adqouny uyop ..:.Enama::. ¥ FLL
*dAL
uojul 388
jangH sqaiy }o
op L gongpy | -------------- 9 WL| 030‘t| ToLusD q19quo °f | wirouw opjm § | et
. BQOIY JO 9804
*3001peq gIwal j0u 830D [OA | op [~ o1 ag (4) snpelL PasIn | 9 s s’y op meemsomesssssssssessl aplou oym ¥ | BLL
*3u3p &q pouadasp
oA 3np ‘ojnujmr ®  BUO[B3 .
01 3uidund UAMOpP-MBID 9)8BIIDPOJY | Op ot @ o1 op | memmmmmmmemees 9 09 080°L op sapouy °Id op L
21038
-puss pus .
op ot 4 qar op o[sys poy 9 061 080t op ¥30H uno0l3uly | 0L
08} uso3
-Ing MO[3q 399F (8 JIIIBA 98IF U038 -3urg JO 184
18761 U] painswoml l9Ae] JIaIBM | op 08 ost op -puss pay oty 080t op wosndig °IN | -quIou ofmx & | 692
‘day Tojupy
Jongd 9A01D BUOIZ
a ot -4 19 qonugy a[sys poy 9 o] 080°1T opISINH ssny I [jo qsea orjx ¥r | 89
*dA,
uoju YMoN
[=] o] Q = >
8|l ﬂm 8 m wm B4E oF m Y33 wm
a < m @ & =4 m.vn o8 =] m - N g1 mo
2l _| &5 | 87 §% SE8 gs| T |E 8| 8% Jueue)
savmg g [EW | 3¢ e g5 m..w.n &s B g® ] 10 nUAQ ¢ UO1}BO0T ‘oN
2|85 |381| % H g | 23| "=
£ %8| & 22 8| s
w o m ~ o0 M

funod npNfinyds ur spam panma



247

SCHUYLKILL COUNTY

‘399 g8 O[Bys DPal ‘300
09 duojspuss onlq ‘3997 03
tios ‘:nujm v suofed o1 3u]
-dmnd syjnujmx or uj L1p sdumg

-3jnujm v Suo[is3
o1 Sujdund umop-avIp _umuownw
o¢F Jo Widap v 9B palejunodus
BBA J3jBA JO jJUROWB [[8WIS VY

‘anuym B EUOMYI
07 3ujdund UMOp-MBID [[BWS

*3937 08 JO q3dap
8 18 pPaIdjuNoITd 3JsIp BBA
10j8a {9jnujm v suofed ¢p 3uj
-dmnd 3397 08 03 G4 UMOp-muiq

"YIEIM joM Supnp aop
t3rede 3997 OF Paduds S[PA OAJ,

*329] 09 ‘euojspuns
pal pus ‘suojspuus  UxIF
‘auo)spuss pPal (339 05 d[uvys py

‘puss JO 393} 0¢ 4£q UjB[12A0
Xo0Ipeq :193) 8 03 T 8] [9A9
Jajea 03 gjdap ayj Iswmng ayq3
Bupmp syuow UM 9 Iuj
-INp Nnuim B suof[sld g SMO[J

‘0961 ‘0z Jdqumldag Inoqs
Sumop poddojs (suossas AIp
Apuweiixe Supnp dedxs SMOL
‘e)nujw B SuOB3 4I 03 O1
3gjdwnd sinoq g U AIp sdung
+IPWmNg pus INuWA
ejnujm B SUO[[B3 05 O} QF SMO[X

op

op
op
op
op

op

op

sd

op

op

8d

op

—ot| 3. | %03
op | 68 3
g 134
ar| o8 03
or| o8 | ot
2 88 | ¥
03 28
0| o1 9
M0l | 9
091;SM0LY | 3L
or’| ¢s o1
L 22 9
smolI | 09
gt | Fgr |t
q1-01
0g-op|ssorg ===

op

op
op
op
op

op

op

op

op

op

op

op

op

op
op
op

op

s[eys poy
auojspuss
anq pivg

2u038
-puss pay
oluys poy

auojspuss
an(qQ pivH

op

op

e[ays
pue auojs
-puws pay

a[eys
pus auojs

3[vus pay

op
op
op

o B o

@

(188

114

au

89

+001

¥lo‘t

-

él %l él §I

093°1

023'1
020°1
0%0't
oFL'l
0901
0331

09t'l

00r't

039°1
0%9°t
09’1
099°1

op

apIsIliA
op
KalI8A
apISHIH
£31BA
op

SPISINH

uodus)

pusrdn

AajBA
jo 93pg

apIsSlIH

e|ppss
LL): ¢

op
Sof{ua
pusidn

SPISIH

gojaodorr, 'L
psox

& Siadiponia
A vy
PH IR
Sopng P

9993 ‘8
qoIs)g Ausg

‘ou] ‘Alouvg
8,048

avsy ‘| °r

‘00 IajEm
%001Q43U0F

BPY
-mnyg 981029

qsio] 93100p

nmy oi313uy

op
op
op

aopy
-ung oyexsnd
70 qjnos ofjm ¥

uoeIg SHAGH
op
op

o[[jAssuIng
a[[jasewIsg
7O 1883
“Iou ofjm §

op

UA0)9mOH

aso3
-WOoH JO 3889
‘ynos aqux %

day, ysng

O00PYOR jo
s aur §rp

*da, eujry

00N pasjp

JOUB pIv
D JO I59M
-q3I0u safym i

uojddaysg

|peuQ jo
989 BO[UX %I
8ppUQ JO 1582
-qno8 opmr ¥
8p3UQ jo

qnos aym

8%
T6L

68),

882

8L

¥8L

£8L

28

8%
08L
6L
8LL



GROUND WATER

248

‘13384 T
ADA DPRIA pus daop 3997 ggg
818 ABMEB 393] (0f INOQE S|[PM
PIIP OM) !ajnujwr u suosd
48l 3ujduind umop-mslp o938
-lopow ‘ajnujur ¢ suoyjed g 03
09 8§ Moy wnunxswr 339 o -
8BA [2A3] J3)8s 03 Yydap poin p xvg 3o omuo_m
-BBaW Byl ‘0ggr ‘93 loquayda: ’[eys pus .
U0 Jnq ‘smop h:u%n: __owB op | <2 et op euojspusg | 8 38| 38T | epeHE . ._owwk .Mwu....m w“uumm 008
‘0260 ‘93 Jaquayd
panssom mo..mw—b 19384 Mu _zw_mwﬁ 8sd|—¢ g1 oMMIASIOT | =---------eeee o1 008 oFL't Uokus) | £3;[BA. Sujmosm 30 quou 3m ¢ | esl
dny, SouvqeR
uo4uvd
op adxsp| g [ op op B [ 022°1 liewg Jvg T op 864
*Inujm 8 suoqel Runyy
02 Sujdmnd nho_v..sauv ﬂesm al| oz os 18 wnsR osys pagy | 9 001 | 008t op snqpey £IBH A0 31D | 6L
‘0L6l ‘9z Ioquidydag
painssam aas| JoyBm 03 yjdop
{8U0SB3S J9M Uj sMOp B[loM 0y}
Jo duo :yydop owres ‘sjfom omy, [S I | o1 %ot op | meememmemeeas ot 008 | o0zt op op op 964
‘0861
‘0% J3qmaldag PAINSBAML (949 .
188 03 .:wwv !£1ddns .—Ssh 0D INBM oa«.«ﬂn«oc ».“uu um gsL
-09BJANS  JO 9snBdaq pomopueqy | N g | %ot ANASINOG | =e-mm-veeoeeas 8 008 | oot op fonvA, Jupmodp | -msouw oy
*dayg, ouspPpq
*IBA QB
-I9p|Su0d  JUjujEI0d VJAD @
Y3noxqy 333 §r paddosp Aq
[P, o0 531 06 jo widop © iy S
38 lanujm 8 suo[s3 (7 uBy) Auny .
alom Juiduind UMOp-mBIP [[BUIG a | +oz 09 6g ﬁ:.w! ............. 8o [11)4 038‘T | ePISH 18Q89 ‘H | -yinos apmr | ves
al « *] &
8 |=2 m.m 2d w..ow. B2g mm ot 38s m.m
o (8% | 85| =5 89 3 g3| 85| 828 | Z9
SlEs | 22| B 5% FEE g5 | 558 a5 JuBU) wopwsor | “on
siIBmIy q |28 mo S g 5e% & W g 10 l2usQ 1 10§
~ =3
g @m 3| § S g4 F
.u gl < 1 3

Ppanutpuop—Azunod pfinyds w sy Papq



249

SCHUYLKILL COUNTY

‘1861 T Jaqmaydeg L2

armjesaduid) g8 S|sA[Bas 9day
*2)8IoWO[FUOd puv IUOISPUYS
02218 pus £vi8 Jo 3s|SU0D

8Y301 3y} $330] ¢gg Jo Uidap ®
38 2UOISPUBS UIVIS Uy A
700}3. 8 UIOI] pPaUBIQO JIIBM
9[qBIAPISUOD PnuUym Bv SUO[
<188 {§g1 Suidmnd 993) €3-08 SI
UMOP-MBIp SuOSBIS oM Jupnp
‘Buidund Jo s84vp Fr 1938
t{£1BUONIMYS SUIBWIAL [3A3] JIIBA
‘sfuvp Y1 Joy 9nmm B8 suo[[ed
021 3uidwind 930] 917 S| umop
-HBIPp Jowumns 3aunp {1 [PAL
‘0861 ‘¥g 3ddg Mol (j®
‘doap 192] 166 ‘C T{om ‘dadp 199]
06¢ ‘e [[9M *‘d9ap I99F ¥z€ ‘I
M AQIBoU S[[dM JOUJ0 P [[PM
‘3uidmind 4q °jnujwr v SUO[
-(83 c9 jnoqe SPPRIL ‘!anujm ©
suo[[B3 0 INOQB BMOP ‘7 [PM

‘Inuimx v suofes

02 3uidund umop-msip j[ewWS
rnujm v suoed oI 3ujdund
uUMOp-MBID [[oWS (S[{3M DPIIHP £
‘PRI&

pue udop U JIsjjun8 aq O3
pajrodar ‘s[ias AQiwdU [BIIAIS

‘onmymx ® sao[(eg
% Sudmnd usop-uvIp [[BUWI§

‘999 9 (3uprvaq
-1218AM)  auoispums Y3y ‘199f
ol (3ulrvaq-19)BM) duolspuss
4Avl13 ‘300} T 3201 }dviq ‘339 ¢
aU0ISPUBS NIup “330] ¢ dUOIS
-puas £wvid3 ‘100] 07 MvIWOI
-10d ‘399F ¢ auoIspuBs ALuvid
'139] (¢ 9jurdwro[mod  “139)
T0 A3 nuim © suoj(s3d
02 3uidwind  umop-sBIp [[Bwg

op

op

sd

op
op

op

op

op

031

93191

ot

9318]
L

¢1-01

38

smog

14

0s

oF

oF

29
o1

it

qungy
yone

op

al|asyjog

op
op

op

op

s1unyy
yonepy

o[11a8330d
-isod

au0}8
-puBs UIdIH

jo0l pIivH

a[sys pay

auo0ls
-puas p¥Yy

uojs
-puss Y3y
pus Asvin

0191

o1g

£6
39 ‘09

9L

&3ll

09F‘1

org‘t

091’1
oor't

(483

OFL'L

092°1

coL't

PISIIE

uosus)

opISiliH

uokue)

LafreA

op

op

op

op

queid 3§ I\
‘*0) J191BA\
£10 ujBUBORY

op
‘0D sB29 ¥
4918 SUAZNID
ysopusuays

enig AusgH

AIsd 2pisIABT
e8plquulg IR

Tgsyy 'H ‘0

eARBIE IR

L139Wa)
usmIp

S[IANOBLT

op

qoopusmayg Jo
qilou ofjur [

“duJ,
AOUBYBIY I80M

*39p Kousysiy
sBg JO Isam
-nos afm 1

RELE QI EEE L S

op

PP Lousqspy
198 JO 1834
-yjlou aqpux §
aojIsvly
[puung, Lou
-BYu{ JO 1883
-q10u ofjur ¥

*dmJ, usiy

A0 Lou
-BYBK JO 1883

-ynos o[ T

g 8

g8 &



GROUND WATER

250

-0 038

-3342g sSupdg 83apxdg
1 | For | cso8|~=="""""" op | = 9 031 €96 wo&us) uBIuNo gL ujejunog | 618
13997 s3audy
033 OUO0)SpuUBS DI pIBy ‘309] Aunyd ?u0}8 AWapsdy 3I83H ujgianog Jo
09F 3[BYS par ‘3o ‘Nwvuxoiddy | @ |09-0F | Sor| o9 PR -pues pay 8 09 | 080'T dojmHe 32:3.#“: 1589 safim ¥ | 8I8
op g | Bt <8 op op 8 03l | 096 op 88 OflfAYoRIL op 418
‘sinoy QL
Joj ejnujur B suo[ed 08 3uj a[tja833od
-dutnd 393} Z[ IN0OQE UAOP-MuIQ | I 08 | 8L oF -180d 123818, 8 0T | 0968 LT N £19Wed1) s[jap1Ba[H | 918
‘dag, Ing
*£IBUOKBIS SUIBWIAL [9A9] 123BM
oyl [jga J33y8 ‘sinoy g 107
ojnumyur B suo[sd ooz Bujdmnd
339 LI UMOpP-MBID 17 M | OP 003 O |======== op op ======| 028 | 031 op op op <18
*£19U0})8B)8 SU[BWAL [9Ad] JBA . Jusid
oy} YIUA JIJ8 ‘smoy 3z I0} ou0}s .38 12)T8)
gnujm B8 suo[[s3 ¢cg Jajdmnd -puss pus *0) I9BM
939] LI GMOD-ABID I [PM [ OP | 088 OT 03 op avys pay SL| 29| 021 op 4310 UjBIUNOR op ¥18
*338d8 399} 031 03 08 psdsds a8
g 03 1 S[PA 3«%55 B8 sUO[(BS
ogt 3uidmnd $93] 91T S} UMOp
-MBIp Jowwing Aaunp ¢ [PM | op st 8 |0 op op 8 €28 9%t op op op 818
- £1vuoj)vls SUIBW
-1 [9A3] J9jBM Y YIIUM I8
‘gfup §I 10§ 9nujm B8 sUO[[B3
¢y 3ujdmnd 3297 911 8] UMOp
-AgIp Jommns Juunp 'y [[OM | op gr| 6 | oy op op 8 199 | o091 op op op 3I8
‘g M| op| ot 8 op op 8 gsg | 0L op op op s
‘£I1900[38}8 SUJBUIAL [9Ad] 0812
Inea eql QoYM 13318 ‘sAep ~mo[3uod
%t Jof] 9nuym v suo[e3d pus 2u03s aqc_.n 18 9N
¢ Juidund 339) 9II 8] uUMOp Aangd -puss 4Ava3 ‘0D JI938A\
-MBIp NWmns 3ounp 3 MM 8 4 [ 8 ap onsp pus wRIPH o1 029 099°‘T opISIIH 4310 TBIENOR ollaxdBIy | 018
Jal =] Q =]
m »2 | T3 am u.w R o nm num wm
a|s=z| &g Ss FEE] B8 | g5 | 882 g8
e |B &3 | g% mnoa 288 g2 | &7 | 8-8 1] Ja8u}
o~ — -t ~w <3 .
sRIewmog 4 |28 mm. =a N m..mm &5 3 ” m..d.. 10 IaumQ 1 TO[3800T oN
[~ -~ Ll
$1%5 (82| § S | "%
-N o m KA M. . _ M

panuuop—Azuno) fIANYdS u spam PRI



251

SCHUYLKILL COUNTY

‘mo3joq oq3
ol peyv[mndds psvy puss Jo
3997 Oy DPII[IP BBA [loM Joy3s8
sqjuom 9 ‘ajnujux © suoqsd Q1
3uidmnd sinoq §1 U} L1p sdmng

*3R} 0¥
30 Y3dop B 39 PalIaUNOIUD IAIBM

399}
ec Jo yYidsp B 9B JIJBM OUWIOF
-20ujIng oyj Ao[3q 299} 03
0) g1 SpuBls JABAM OUJ JIYIBIM
AIp U} ‘Jayimom jaM U] SMOLT

*309] €9 JO Yjdap ®
98 Yon1s 2314d JO sspm 933Y[ V
“0p6t JO
satnmns Supnp 399} g paddoip
+329) QF A|[BUWLIOU JI)BA 0} yjdaQ

*399)
0L 30 Widop 38 3nujm B8 Ssuo]
-[83 § :399] gcF puw ggh Udam)
-3q paujvIqo JaBA  lsajnupm
0z J0] dnum B  SUOIEBI
031 3ujdmnd 309] 03[ UMOP-ABIQ

‘sauum ), JI0oJ djnum

g suo[ssd ¢, 3udwmnd 399}
cg JnoQe UMOp-MBIp (303 TIL
pue of 18 JI3BAM SWOS 333] (85
Jo Widap ® 38 00JAID youj
-8 U] pamdunodwd Jajea {Lid
-dng J2j3uM-30BJINS 03 LIBjIXny
*paq 3upleeq-1918a

{edpuad 03 199 89 1IBAL
U SyjuoOm ¢ JN0QE SMOp [PAM

op

op
op
op
op
op

op
op

op

9]

8 29 69
et o 88
ews
L1 || 18

03
it T - | 91
((sws| - L1 i1
49
98
9 19 88
€3
Fog | FOt

0s oL 08

o9 cer [
LY E S cr

op

op
op
op
op
op

op
op

op

op

op

op

op

op

auojspuss
4818 3308

auojspues

au03s
-puss poy

auo)spuvs
par pisH

«71203,, 2nlg

a[ays
pus 2U03S
-puss pay

2u038

-puss p3y

aU03SpUBS
pa1 uj 3d}a21)

s

Be

ot

01

1))

%6

9L

oL

oot

861

Ser

81F

oL

[,

8

88

058

028
020°T

&

OpISTIH

£3IBA
op

SpISIH

uofusp

SpISIIH

AoqreA
op

op

SPISIlIH

op

op

op

apisniH

JaAgeg IR

pop jo gyunyo
omIsx spusly
proqwy [ejanq
Liog  LoAlvH

38D 98103p

9[8usq AlBH
Jusld

<JloM wWEiM
3jmiog odmoy
PUdIBE 3o

‘o) e
Jng puelysy

BUR T ‘K

183]ds0H
9818 pususy

1z pnd

ooART
JO 3834 SI[W 3

*dAY, paipla
sidmuysPM

op
3qe Y
o[A
-10[48J, O 1880
-qInos AW 3
uup
-10p JO 389M
-yInos safjum 1

JjazoIfn ],
A118y jO
jsoM  sajm §I

‘dmy, Alrsg

o[[9ABT

uop

-100 }O 983M
-yyzou apur §

uop

300 }O 1834
-qjrou I E

s3updg
wmujunog jo
9894 dum ¢°0

g3ajxdg
ujsjunod
J0 jsa4 opm E

op

388
188
Q88
638

828

138

¥e8

128



GROUND WATER

252

20319
’ “upRy Jo isam
‘3937 09 031 PIJIP ‘399 08 3nq@ | op o op | -oeeeemmeesms 9 09 098 ODISIH | oswas M g F | -UpoUu opjm %

*dAL 13308
*309] ¢9 ©) PoNP “39f 6 Sna | op | o | @ |+ “op | e 9| e | o8 alppes povd AeAlsH smSog
: 21038 SU|SOH O 3804
op -0F 14 op -puss pay 9 29 1177 op RN Ausyg | -YInos afjmr [
o[8ys
puu auo)s MBJA ALo[[up
op % | o op -puss poy | 8s | sor| osL opISIIH xig eop |70 gylou ob_,_%%
£9[[BA JO 3804
*Buot 9997 09 odid dmng [ op| o1 |- 03-81 op a[uys pay | 9 08 00L 49[lBA uyusgeg I [ -WIN0S ejjm {
aBYys
pus 3uo03s MI[A L9[[BA JO
op a8 [ op -puss psyg 9 01 09 9lpPpPes | Japuwagog ALupy | %A Sy §r
*dyJ, suiSsg
*399F Lv JO Uidop
9 98 pIIUNOdmd I9)BM omoS | op| 8 34 6t op op -1 08 00L ODIEIIIH | UMUK spuBiy 0juaWBILE | 658
op |e31s[ | 8893 | 03-8I op a[uys pay 9 8 039 op YA Iojunp walp 3upads | 868
Aunyd
op Fo1 YneR op ) Ly 009 op opusyg udiey qourvay | Le8
<dag, A3[qnH
op | F03| 98 - op op 0 09 03 LosA | . peoy renmug usojsISajy
‘dag, 03uv)
2uo033 -usysly Joddn
op g | +o8 82 AsBD -puss pay 9 001 oFé op QPH X34 usuid | ¢68
Yungy
a 13 -4 qonugy o[uys pay | B¢ ] 008 opIstliH PAIPA 0N UINSUIJIOH | ¥88
[=] H =] Q >
|2 | &8 a.m u.m g=g -F )m RES wm
o |g>| 25| &5 8s 288 |23 |Es|E%2| £
-9 5 F0 @ -4 & A e us
sytsTIoy M 2% | a8 [ ®a ga m...'.u..m g5 “go £8 __% u%-wwo 1 0382071
o |82 8 a ~8" 2e =R
g|ve mwm ® O w3 &
- 8 s | & Fhad <
©» 3 ~ n @

panunuop—hAzuno) Mffinyds ur spam papLd



SCHUYLKILL COUNTY

‘3aupp 101 3P
-un pus JoBlq IANVA [BOD U|
5pUd [[PA $383} 08 I8 JInI3s [80D

+L[snonuf}

.god JJnuym v suo[uvd ¢g 3Ju|

-pI;& (124 DpIJIHP JI3yjous SUH

‘sinoy y§ JO} dnujm B suo[sd
ge Sujdmnd 399} gl UmOpP-ABIQ

“I861 ‘18 1803y ‘&

L84 famuradwo) §gg  BISA[BUB
998 $W0)304q 9Y) 38 [BOD Yoy

*183} G8 JO U3dop v JONIIS SBA
HO|y3 399 € 03 g (80D JO P3q V

‘194 300J-005 B S8Y OS[V

“Any adid youl-T SMolx
(I9)UgM U 199 of ‘Jaml
.mng Uy %99) 09 JAjBA 03 YidoQ

N

op

op

op

op

op

op

op
op
op

op

l[ems =
9 % | B
08 0Ft
g1 | Fgl 28
T & | T
8 oF 8t
0z o1
SO
8 | 09-08 03
9% 05-St
144

oA
-81304-380d

Aunud
qoneR

op

op

op

op

allfa
-83304-1804

op

efiasod
op
op

op

180D

o[eys
pus 2u0)s
-puss pay

op

auojspung

auys

auojspusg

auys
pus auo3s
-puss £81s
pus Mo[dx

(48

op
2u038
-puvs pay
asys
pue auo03s
-puss p3yg

(44

108

oLy

%06

18

901

11

00y
101

1143

00T°1

032

03L

026

or8

09%'1

0991
09L
094

086

L9IBA

s[ppus
93iH

op

PIBIIE

o3pig

aofus)

op

op

TN ¢
op
£oBA

op

Topmg
WAl 'q AR

Axsolig uyog

L1omag
g,3uji8uanx

woaly, ‘A ‘M

wpiug IR

usmRmwz IN

PUBIQIPHH "IN

op

‘0D uodl P
{80y Sujpuvey
¥ sjydPpsyd
DX UlAIBD

susAy ‘y ‘¥

SopymeyM IR

uo3
-}{201g 30 3883
-qirou oz §

‘dAg,
AIANYIS
1q10d
<IDPIR JO 398D
-g3nos sofyu §1

JCEN ACL TN |

op

auasinod

‘dag,
ugjIosnioN

a(asIUyR
Jo sam
-qInos efm §
*dsJ, yousag

s{epyousag

TM0IMIN
‘duY Ampy
op

ey00
op
IR
|

Jo yzou ajju §

¥o8

8

18

058

618
8F8
w8

9¥8



GROUND WATER

254

djgeuaog,
WimsunIg 3887

amg I80M
*399] 16 03 DPAIIIP ‘3997 9y 3nd | op mAsIed 16 008 apISIIH Jagesyg IR |JO mWynos M ¥ | 998
au038 aued 399M
op 03 % op -puss AMO[PX oL 03L &o[18A 8u0r ‘IK | 30 398 i § | ¥08
snbsmB), ‘08
a g F03 238310g o[eys Jaevq 112 084 SPIsliH gomy 08103D [0 99ud opjmx Pr | £98
-E
umg I89M
‘Inum B suols3 08 1anyd unbsmey
3udammd Sep § up Lip sdumg | op 2| 8 08 QN8R a[8qs pag 001 | 098 op Jawmeqieqs I | JO WIN0s oM T | 368
A 9u19mol3 pmINg
I 08 08 -83304-180d -u0d pIBH a1l 008 £o[I8A @ usumdg snbswsy, | 198
*dsg, uqsy
. .3“& ¢l auojspuns
MO[PL ‘3937 (L OuOSPUEI Pal
3987 @ |08 ‘ojnUIWT B SUO[(Ll g 2u018 vnbbmug,
usy} oromr 3ujdmnd AIp sdmmg | op s [} op -puss AMo[[PX 17 op oung ‘& ‘O |19 Euouahu.uuﬁm 098
wmg AuInYo uL 1O IEA
PIqIUPIN [PA | op foa 6 wnsy | oeys pag so1 op aopemyg M | -ginos sy | 658
*daJ, I9AM
*309f (3 (80
-183Q-19)UM) 2TOJSPUSS ‘3237 3
[800 "‘339] QI oUmO3IspuUBS 3jO8
Y St e Pt
8 fNU AMmA .
alom 3uidmnd UMOP-MBID [[BWS | q | +o1 or | +28 amauomu—h_nom 2u0}SpUBY F2] 08 OpISTIE nomuPIs ‘H 81019980, | 898
gl «| @ -] o Q g & .,
1) — — D [+ -4 o~ ~~ ~n
loE|ef|ef| o | mf lsi|sf|n| B
S m.) &7l E ER 288 gs |27 | epd 28 quB .
sxavmay s [E8 |58 | 22 g 2e8 |85 3> | B¢ 10 asuso 1UOpET  ON
-~ 2 1]
5% (%2 8 Se | °F
.| Bl 5|2 & 3

panuyuoD—Agunod 1NP1Anyds Ut S|a@ panua



SCHUYLKILL COUNTY

‘epjqdins wa3o1pAq jo I0PQO
*£IBUOJ)BIS SUIBTIDX [3A9[
I9)UA 93 YA IV ‘saynujm
01 03 9 10} ajnujmm B8 suoeld

12 Sudmnd 329 92 GMOp-MBIQ

*gajonesIourd

Supnp 4[uo pasn  {pauopusqy

18681 ‘3 Joqueydag ‘g .19
oinjuiadurey g8 sj9A[BUB 938
anoy § J0] yynujm B SUO[(BI
gz Suidumd 393} ¢ UMOpABIA

‘pasy 9q 0} pejIodal INTM

‘gjnumr B SUO[BS
g1 Sujdmnd TMOD-ABID 93BISPON

309} 98 03 DallHD ‘389} §3 Ing

*999] T8 03 Daddoip Im8[
‘POMIIIP UBYA 30} (T [9A9] I2)BA
0} [dep ‘ojnumjmx v 8uUO[B3
o1 Sudwmnd uUAMOp-MRID [[BWS

gynujmx v suo[ed
91 Suidund uUMOp-Auvlp [[BWTS

‘PP pue 3nq

op

op

-

op

op
op

op

op

op

op
op

op

9318] [i::
8 | F03 03
®| @ 03
w| a ¥
@3 | 03=01 | 03
8 [
®o| 1 114
...... ¥ 13
ot | Fe8 | s1-9t
gt| o8 ot
o8
o1 | Fos | %ot
| o8 03
9 3t
o1 | F%
8 2

op
v3niep

op

93sj10g3

(3) o3eir0g
op
op
op

op
op

op
op
u3nsep

ToyjmeEH
op

a3vy10g

oluqs MO[L
pus pyd

«X003,, P2

8[eqes XI8(g

puv ouols
-puss  {ivq

auo0js
puss pdy

op
a[uys
pus 9uo3s
-puss payg

op
o[8y8 DY

op
o[eqs poy

o0u038
-puss uAoIg

:8“3:
ol :

«818,, £81D

e

8s

1

831

o1

1163

q18

€3t

a8t

18

g 8§ 8

&

$8

(144

L

g 88 ¥ 8

dojme

op

op

op

op

op

£[BA

op
opISIliH

op

pusidn

SolisA

op
£o[BA

op

PO ‘£
wmyy

WPRID "IN

jsned "s8qd

MR
oqnJ, aIvAB[aQ

WVIR mM

‘00 % 9royuiqoy

do ‘F ‘P

mIpoly A
12Ul YujaalapL

B q °f

sI9j[eM 9pMOD

usg IR

uflquisL, 03109H
PRy IR

PURIY WO

21nqssiuI0
70 3882
-@Inos epm
31qssini0
jo 38wemnog
wnq

-y Jo 3882
-qaI0u sofr ¥

wmnq
-ay 30 3a8d
-q)I08 sofw 3

winq
-0y JO 9880
-qilon Ipm §

op

op

a0yulp 3104

Qo3alln

Mod §O 3598
-qyIou apjmr

o[iASIIqIIT JO
qinos Jjju ¢

diqeusoy,
asaag I8IM

op

3ImqsusINIF
plo3uly MON
J0 qjnos ofjut §

“qiI0uT SO 8

188

U8

¥.8

88

g8 88 88



GROUND WATER

200

*3u038

-puss £q U[B[IGAO ,3)B[S, NIBIE % 0z e8vj104 |,,21818,, Homid | B9 009 op 30q|q |Tmy o[maSajpusy | 968
. 5 8L TOjtaBH | 9[BYS NIled | 9 03 op smepy ‘IR e[BpswepY | 568
*318dB 329) 003 ‘SIPA § 08 03 op op 099 op op op 868
euo03spuss
en|q pus ‘0D INBM 8U0SHAID JO
09 0z a3sj10g 9[sys pay 093 ALo[BA |WASH AIAnGRg | Yy0w aym § | z68
001 op @)op op 088 op op op 168
. *0861 e8N0H WABH
60 .answ.anwm 31997 08 JI3BA gmly 4£3uno) MALAnyog
03 qmdap .._E.uuauw.u.w_ hw..w w_aoﬂﬂu..u_.m aoqeyg| (§) B83nLB) a[sqs pa3y 08¢ apIsIIE A0y |30 Q0T ofjux § | 063
gl 3mdwmnd 3397 I UMOp-ABIQ {4 03 (3) op 23818, L81H 039 op |yoequamy ‘g ¥ op 688
9 () op  |-==esmmeemmeem- 029 op op op 888
44 (§) Op  |===eeemommmmemee 0%9 op ‘801g UBYON op 88
WASH A
‘ejnujwm B SUO[[BS pI84oABId |[ANYIS JO 388D
0z Suidmund UTAOP-MBIP [[8Wg -3 03 Sn[BMBR | 29819,, LviD 029 alppes | ojny s fmmsg | -qiI0U safjex §r | 988
2U038puss
17 ot AuBysp 088 0 usuugog 19 op os3
(3)4usx820 | wmoiq pIsH p q 0 21mqssin0
30 194
o enIB | oreys Mouig 098 £3MBA 92qeolg I |-qinos sorym Ry | ¥89
digsusol,
WPRYUBR YHON
*sinoq §3 40§ Ijnujux 31nqs3i810
8 guofsld o6 3uidummd 933 Or JO 3834
TMOp-ABIP :PIMHIP =~B.uw_ﬂwwum 06 | Fos o8 9180 auojspusy op op “gyroun sepm 3 | 888
3ujpq 1938 98nf pauopusqs 3inqs3ja10
anoy § J0} 9ynujm B sSuoIBS 3I816,, ‘0D INBM JO 994
g1 Sudmnd umop-MBIp OMvT| N | —31 2 2t e38j103 qoB[q-onIg 9 117 Tokus) 3inqe3al0 | -yigom offux T | 288
a o] Q
§|=5|58]| 8| 5§ gaf |oF o |azE| =8
o |2=|85| 28 | 38 233 81|85 |8%8| &3
., 1=} A
— l28|se |8 | BB | EERO[ER[TT|C5E| B | oW | seewer o
= a <3
58 |<d| ¢ mm & F
3 gl g 3

panuyuop—Ajunod NIAIANYSS U SPM PAUQ



SCHUYLKILL COUNTY

‘1861 ‘g Joquioy

-do§ “qd ¥9. 0InIuIddumeg l6o8
g|sA[sUB 938 isuOgEES Aujvd Jup
-Inp MAop 03 pajroder $1ger ‘2

Joquxajdag painssour [2AS] JIIBM
‘13384

U} uolj JO 2asnedaq piuopunqy

*ajnuym v Suoquvld

05 Sujdund Umep-awIp [(BUIg
*a[8qs

£Q UjB2A0 9UOJSPUBS  £BIP
‘o[ys JIsiq

£q UBI2A0 2U0ISPUBE  HIB|G

*399} 08 JO Y3dop
T I8 PaIvjUNOIUd JIIBM  9BILY

‘1861 ‘3 Joquaydeg ‘g

.18 amjsiodure) 668 SISA[BUB
098 ‘41ddns o9)unbaps l9[BYS
MO[[d& £q UB[I2A0 (z)o3vI8 anig
-oJnujux
v uof(s3 § 3ujdmnd Lip sdmng

op

op
op

op
op

op
op

op

op

88
9 03 3
3 fot
0z| 0z | %61
Far 123 414
L
Fer| ot [t
% | _os | %
g | ¥z 03
0g-09 | 08 03
oy
E o|s8rer| ot
o< | ogop [~
51 k4

9393108
niAsisd

a3u10g

op

op

op
Tojjme

op
93vu10g

mased

op
(L)sn(R2IB I

op

op

suojspuey
auojspuss
usolg

3[8Ys poy

«A%01,,
oniq jleq
au038
-puss 4£vip
2u03s
puss youig
afayg

e[oys pay
«038[8,, £vip
30038
-puvs pus
e[uys pay

op
(3) a1mE
eniq pIsH
ouojspuBs
omoiq pus
an13 ‘4vId

euojspung
asolg

s

4

fe

86

03t
181

291

12

08¢

004
004

004

o¥9

oFL

009
079

0oL

003

op
£afreA

op

9pIsIIE
op
op
hv_—ﬂ>
opsIlH
hv:ﬂ A

a|ppes
usig

op
£3[[BA

op

a3pIg

Py sujld
usmyYyy 281099

usm
=g 'y yor

ouaqasny g
Sujuueg pH
qyoM sefid
BINBAIg '

Suung ‘v 'H
pady ‘AN
-0

J9IBA UWAABH
t&nydg

wWpRy uyop
Iamog °J

’0x0g ‘4

niyeng 381009

ba01p oUjT 3O
yjIo0u safur By
eA01D

euld YjioON

djqsamoy,
0A0ID AU

u033u]
-ySBAL JO 188
-3d0u s 3

djgsusog,
u0jSuigss A

Jooy jo
9889 safjux ¥z
jmwmng jo
9894 s3jm
jymung jo
3824 sa(jm ¥

-gqinos afju |
Sinqsuapajr g

BuO0ssdI) JO
4898 saljmx %3

diys
-UMOJ, SUABAL

aosIdap
JO 380M 9ymx §
uosIpgap

op
udARH
nFAngog jo
qanos aux §

diysumo],

ugeyuUEE YINog

g 8

g

§ 88 83 8 8

&



GROUND WATER

*dsm

*Aiddns  dnqng—8d

fouON—N ‘lvjnsnpul—I {3j3s9moq—a

3uj1000—0 ¢

dgdsiZodo} WO JIBWI UoUQ JO OUJ JINOJUCD I6AIBAT WO} PIIBWISY ABINMIPD ¢
‘EM03 U] P33BIO[ 8] [BA UWeA[3 6] odUuIS|P OU JT ¢

‘a[Bys MoO[P& £q UB[I0AO
auoIspuBs ‘9yNUIM © Suo[EI S13qpang
¢z 3Budwund ﬁ?ﬂ%ﬁﬁﬂﬂﬂm op -4 0 1 Toj[jmeH euojspusg | 82 980 009 SofIsA | 339qnoq 98103p |JO YINOS opmx ¥ | 418
Saunp 99} 08 ‘suossas oM _ 2u0)spuLs pooang
Up 309] g [9A9] JajsA 03 yjdaq | OP 03 198 masIs0 eniq pisH 9 £g 009 uosusp sog 03103p | Jo 98A olm § | 916
JoQng
op| 9t| o8 | %t 03v310d | opegs moqex | 89 | %o (1i2] op I9Palg Mmed | Jo 9seM oum ¥ | gI8
aa01p Ul 3O
op| o1| e | %I SONIBH op 8 28 089 op odoH SBHI qInos W 1 | ¥I6
‘g *3p pus ¥ “|d 2A01p
038 {1261 ‘T3 J19qO30Q peansBoW euly JO 388D
1PA9] Iajum 0} Mdop ‘moa Soa | N 9'ss | 808 op oeys Wovig | ¥3|8°08 | 099 SPISTIH |0HFOT0Q "0 WIN .%Mown”w_nmoa o
2U038 2
‘speys 4q Eﬂue.bﬁogwnm%aw%%m op 3 03 0383103 | .puus hsuuc 9 081 008 doNH SIWWRI0 "I | 9890 sIim I | Z16
-dog ‘*d 99 aIMsrdwe} {116 ‘0D
gigi[eus 028 fjuvld 98 JIJBA 4u8iT % Jamog |oAoip euld jO
Supjupp puv semoy 03 sIIddus | op | +g3 | Fos woyjmeH ouojspusg | 8 095 | 099 op B[uvAlAsTuUA] owu%% onw_ﬁﬂuwg e
a or | Fst 0T op ateys mojpex | 89 28 099 opIsIiH zyag ‘pd | qaxou sayim &I | OT6
o o) Q
§le8 58| 28| =B vef [oF |of |g2E| =8
= s2] 2 o pol BE | 22 | B28 =3
o |aX| &5 | EF g% g88 m.a L B 55 JuBmn)
snzsTIoY 1 [E5 |88 | =2 g 2o (83 i | g8 10 0UMQ fUOBEIOT  ON
~~
1R Se B CE
| 25| 8 g g

panuguop—Aguno) MeANYSS ur SIPM PN



259

SUSQUEHANNA COUNTY

GENERAL FEATURES
[Area 824 square miles, population 33,806)

Susquehanna County is at the north end of the area described in
this report and lies between Bradford and Wayne Counties on the New
York State line. It is the second largest county in the area. The pop-
ulation is largely rural, as most of the villages have less than 1,000 in-
habitants and Forest City, with a population in 1930 of 5,209, is the
only borough in the county with 5,000 or more. In 1930 there were
3,170 farms in Susquehanna County, which is more than in any other
county covered by this report. Most of them are small dairy farms
scattered along the valleys and gently rounded hills, for there are very
few large areas of flat land. There were only 41 manufacturing estab-
lishments in the county in 1929 whose annual products were valued at
$5,000 or more each.

SURFACE FEATURES

The highest point in the county is in the southwest corner of Herrick
Township; where North Knob of the Elk Hills reaches an altitude of
2,684 feet above sea level. Most of the county is high and rolling. The
greater part of the county lies above 1,500 feet in altitude, and near the
Wayne County line altitudes above 2,000 feet are not uncommon. The
lowest part of the county is in the vicinity of Great Bend, where Sus-
quehanna River enters New York State. The Great Bend station js
884 feet above sea level. The maximum relief is therefore about 1,800
feet. The greatest local relief occurs along streams, such as Martins
Creek, which have cut through the hard sandstones of the New Milford
formation. In striking contrast to this is the broad valley of Susquehanna
River, flowing through the softer Chemung rocks. There are a few
patches of flat land on terraces along the Susquehanna.

Susquehanna County is drained entirely by the North Branch of Sus-
quehanna River and by its tributaries. Susquehanna River enters from
New York near the northeast corner of the county and reenters New
York just north of the town of Great Bend, Pa. The river does not
again reenter Susquehanna County but comes within 4 miles of the south-
west corner. As the county lies entirely north of the glacial border,
there are numerous undrained areas occupied by lakes and swamps.

GEOLOGY AND GROUND WATER
GENERAL SECTION

Susquehanna County lies well to the north of the Wisconsin terminal
moraine and, with the exception of the summit of Elk Hills, was entirely
covered by ice. Deposits of glacial drift of variable thickness cover the
whole county except where they have been removed by erosion.

The rock formations exposed in Susquehanna County range from the
Post-Pottsville down to the Chemung. The youngest formations—the
Post-Pottsvile and Pottsville formations, Mauch Chunk shale, and Pocono
sandstone—are exposed only in the southeast corner of the county. The
oldest rocks are exposed along the western and northern boundaries.
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Generalized section for Susquehanna County

Maximum
Geologic thickness Character of rocks Ground-water conditions
formation exposed
(feet)

Glacial drift 200+ | Till (boulders, elay, sand, and | Till yields small supplies of po-

(Wisconsin) gravel) and outwash (clay, table water to numerous dug

sand, and gravel). wells,  Outwash yields large

supplies of very soft potable

water, but not extensively

utilized as source of water.

Post-Pottsyille 200+ | Conglomerate, sandstone,

and Potts- slute, and coal.
ville forma-
tlons
Mauch Chunk U— | Hard gray sandstone, pebbly Unimportant as source of
shale 170 white sandstone, dark and | Eround water; small area of
reddish shale. outecrops; no wells reported.
Pocono sand- 606+ | Pebbly conglomerate, sand-
stone stone, and buff sandy shale.

Catskill group 1,8004 | Chiefly red shale and gray | Sandstone beds yield moderate
cross-bedded sandstone, with supplies of good water. Most
some conglomerate, red, important  water-bearer  in
green, and white sandstone, county.
gray and olive-green shale,

a few thin streaks of coal;
contains fish remains.

Chemung 380+ | Olive-green, fossiliferous shale, | Yields small to moderate su

formation red, green, and purple shale, pl'es of fair water. Deeper
and red, olive-green and wells may encounted salt
green sandstone. water,
STRUCTURE

The geologic structure of Susquehanna County is relatively simple
compared to that of most of the other counties covered by this report.
The major structural feature of the region is the Lackawanna syncline
or coal basin, which terminates in the southeast corner of the county
but whose axis turns and runs due north along the Wayne County line.
To the northwest of this synclinal axis the strata dip rather steeply to
the southeast, but they flatten out to a nearly horizontal plane within
4 or 5 miles. Then comes a reversal of dip toward Tunkhannock Creek,
to the northwest on the axis of an anticline that continues southwestward
as far as Union and Clinton Counties. This anticline dies out to the
northeast in about the center of Herrick Township. The rocks in the
remaining part of the county lie almost horizontal but are folded locally
into minor anticlines. Several folds entering Susquehanna County from
Bradford County flatten out and disappear to the east. The Wilmot
anticline enters at the scuthwest corner of the county and extends across
Auburn Township. Its southward dips are rarely more than 50 to 75
feet to the mile, so that the strata in the southern part of the county
are nearly horizontal. The Towanda or Rush anticline of Bradford
County crosses Rush Township and fades, and the Rome anticline of
Bradford County extends through Friendsville to Hallstead.

WATER-BEARING FORMATIONS
[See pp. 41-54 for further description]
Glacial drift—Susquehanna County was almost entirely covered by
ice during the last glacial stage. The general direction of ice movement
was about S.28°W., but bare rock surfaces were observed bearing striae
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trending S.28°W. to S.60°W. White® placed the upper limit of glaciation
in this region at 2,200 feet, so that the Elk Hills stood out as islands.
Qver the remainder of the county the highlands were planed off, many
valleys were gouged out, and a great quantity of glacial drift was de-
posited over the rock surface. Several wells are reported with casing
lengths of more than 100 feet. The glacial drift consists of both till and
stratified outwash.

Glacial till yields small quantities of water to numerous dug wells,
and probably supplies more wells than any other formation in the county.
It is also the source of many small springs, some of which are utilized
(p. 264). The stratified drift containing lenses of water-bearing sand
or gravel yields larger supplies than the till.

The larger valleys as well as some of the smaller ones are filled in
most places with glacial outwash deposits. Susquehanna River flows
over a buried valley through most of its course within the county, and
there is an abandoned channel about 13% miles east of Great Bend and
another about 1 mile east of Hickory Grove. Very few well records are
available along the valley, but it was reported that the valley fill in the
vicinity of Binghamton, N. Y., ranges in depth from 180 to 300 feet. Broad
terraces line Susquehanna River in most places, and many conical
mounds of stratified drift are found on the terraces. (See pl. 6-B.)

In a small area of the county along the Susquehanna River Valley
and to a lesser extent along the smaller streams such as Tunkhannock
and Martins Creeks the outwash sand and gravel of the glacial drift are
potential sources of ground water. Their importance has not yet been
fully realized, however, as there are very few drilled wells that end in
sand or gravel, and most of the wells are cased through the glacial drift
into the underlying bedrock. The drilled well of the Oakland Water
Co. (well 8) is the only drilled well recorded along the Susquehanna
River Valley that obtains water from the sand and gravel in the glacial
drift. This well is only 22 feet deep and 4 inches in diameter. It ends
with an open finish in gravel and yields 164 gallons a minute. This is
by far the strongest well recorded in the county, but it is probable that
with more modern methods of finishing such wells by means of screens
or strainers much larger yields could be obtained. This method of de-
veloping wells is also applicable in some places where layers of fine
sand would render an ordinary open-finished well unsatisfactory if not
a complete failure. The use of well screens and strainers is further
discussed on pp. 33-35.

Post-Pottsville, Pottsville, Mauch Chunk and Pocono formations.—The
post-Pottsville, Pottsville, Mauch Chunk and Pocono formations crop out
only in a small triangular area at the southeast corner of the county,
and are unimportant as sources of ground water owing to their small
areal extent, to the coal mining in the post-Pottsville and to the rugged,
forested outerops of the other three formations.

Catskill continental group.—With the exception of small areas in the
southeastern, northern and western parts, all of Susquehanna County is
underlain by rocks of the Catskill continental group. The Mount Pleas-
ant, Elk Mountain, Cherry Ridge, Honesdale and Damascus formations
crop out in the southeastern part of the county. The Honesdale and

98 White, I. C., Geology of Susquehanna County and Wayne County: Pennsylvania
Geol. Survey, 2d ser., Rep. G5, p..25, 1881,
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Damascus also crop out at Montrose, and by far the larger part of the
county is underlain by the New Milford formation.

The Catskill group contains numerous beds of water-bearing sand-
stone and sandy shale, which can be reached by drilled wells of moderate
depth. The water generally occurs In fractures and bedding planes.
(See pl. 5-A.) Nearly all the drilled wells in Susquehanna County obtain
water from sandstones and to a lesser extent from shales of the Catskill,
and most of these wells are in the New Milford formation. Moderate
supplies are usually obtained from the Catskill at depths ranging from
50 to 100 feet, but many of the industrial wells obtain somewhat larger
supplies at depths of from 200 to 500 feet. The water obtained from
the Catskill is generally entirely satisfactory for most purposes.

Chemung formation.—In Susquehanna County only about the upper
380 feet of the marine Chemung formation is exposed, and the outcrops
are limited to small areas along the northern and western parts of the
county. A few drilled wells obtain adequate supplies of water from
the sandstones and shales of this formation. The water is generally of
less desirable quality than that from the overlying formation, and deep
wells are likely to encounter salt water. (See well 4.)
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Figure 16. Map of Susquehanna County showing location of
water wells,

ARTESIAN CONDITIONS
The structure of the rocks in Susquehanna County is relatively simple,

but artesian pressure sufficient to cause the water to rise some distance
above the level where water was first encountered is found in many
of the bedrock wells. The well of the Gibson Dairy Association (well 40)
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is the only one recorded in the county in which the artesian pressure
is sufficient to cause the well to flow. It is possible that flowing wells
might be obtained along the southeastern siope of Lackawanna Mountain
above Forest City, as the structure there is very similar to that farther
south, in Lackawanna and Luzerne Counties, where numerous flowing
wells have been drilled.

QUALITY OF WATER

Fourteen samples of water were collected in Susquehanna County, the
analyses of which are tabulated on page 272. The water collected
from 11 wells and springs in the hard-rock formations contained an aver-
age of 130 parts per million of total dissolved solids and had an average
hardness of 96 parts per million. The three samples of water collected
from wells and springs in the glacial drift contained an average of only
62 parts per million of total dissolved solids and had an average hard-
ness of 38 parts per million. Only one sample contained an excess of
iron. (See analysis 22.)

A well in Lawsville Center (well 4) obtains very salty water from the
Chemung formation. The water is used for washing milk cans but it
is too salty for drinking.

A spring on the bank of a small stream about 1 mile west of Franklin
Forks yields about 10 gallons a minute from thin-bedded sandstone in
the Chemung formation. The water is very salty and deposits iron at
the overflow. Bubbles of inflammable gas rise to the surface and can
be ignited with a match, and a gas well about 200 feet from the spring
supplies a farm house with gas for cooking. It seems probable that the
gas is methane (CHL), as this gas is known to come from gas wells in
the Chemung formation in several of the counties in the north-central
part of Pennsylvania. Near the center of Middleton Township a test
hole for oil was drilled to a depth of 680 feet®. No oil was obtained,
but gas and salt water were found in the Chemung formation at a
depth of 300 feet. A nearby well 300 feet deep supplied brine for the
manufacture of salt. The old county reports mention salt springs in
Apolacon, Auburn and Franklin Townships that were used by early
settlers as sources of salt.

Except for these occurrences of salt water in beds of the Chemung
formation, the ground waters of Susquehanna County are entirely sat-

isfactory for most purposes.

PUBLIC SUPPLIES

The subjoined table shows that there are only six public supplies in
Susquehanna County using ground water. Forest City, Montrose, Sus-
quehanna Depot, and Great Bend are all supplied by surface water, and
in the remaining villages the inhabitants are supplied by individual
springs and wells. Thus although more places use ground water than
surface water, the largest boroughs, Forest City and Montrose, are sup-
plied by surface water, and therefore the consumption of surface water
far exceeds that of ground water. All the boroughs using ground water
obtain their supplies from one or more springs, and four of the six have
one or more auxiliary wells for use during exceptionally dry seasons.
Chlorination is required only at two of the ground-water public supplies.

——
9 White, 1. 0., op. cit., p. 2.
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Some of the public supplies from springs are unreliable during pro-
longed dry seasons. New Milford uses some surface water when the
springs get low, but most of the villages resort to auxiliary wells. It
is probable that future demands will be best met by drilling additional
wells, .

INDUSTRIAL SUPPLIES

The largest industrial users of ground water in Susquehanna County
are the creameries that are scattered all over the county. Most of the
creameries obtain water from drilled wells, but a few of them are sup-
plied by springs. The water is used for washing milk cans and bottles,
for boiler use, and at some plants for cooling.

DOMESTIC SUPPLIES

Most of the domestic water supplies in Susquehanna County utilize
dug wells, which obtain small quantities of water from the glacial drift.
Some of these wells are reported to go dry during the summer. Although
there are at present relatively few drilled wells in the county, they are
becoming increasingly popular because they are less subject to con-
tamination and are more reliable during dry seasons. Numerous small
springs are utilized for domestic supply.

Well 51, on a hillside in Springville, is dug about 4 feet deep into glacial
drift and provided with an overflow pipe about 3 feet below the surface
of the ground. The overflow on July 14, 1930, just after a heavy rain,
measured 9.1 gallons a minute. On July 22d, after a brief dry spell,
the overflow was remeasured and found to be only 3.17 gallons a minute.
This shows that in a region of shallow water-table, the water level may
rise appreciably very shortly after a heavy rain.

SPRINGS

There are many small springs in Susquehanna County, some of which
are provided with overflow pipes so that their yield could be measured by
means of a 1-gallon measure and a stop watch, but most of them have
no such improvements, and the yield could only be estimated. Although
most springs are reported to have constant yields the year around,
actual flow measurements show that they fluctuate considerably and
usually decrease during the dry summer.

The Half Way Spring House, about half a mile north of Hopbottom,
has three springs that are used to supply passing motorists with drinking
water. The water in all three of these springs appears to come from
bedding planes in Catskill sandstone and on July 10, 1930, they flowed
3.8, 44, and 2.4 gallons a minute respectively. The spring yielding 2.4
gallons a minute was remeasured on July 21, 1930, and the flow had
decreased to 1.3 gallons a minute. (See analysis 1217.)

The Spencer Spring, owned by the Thompson Borough Water Co,,
probably obtains its water from the glacial drift. On July 9, 1930, the
spring flowed 9.3 gallons a minute and when measured again on July
21, 1930, the flow had decreased to 7.6 gallons a minute. (See analysis
1215.)
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Log of Delaware, Lackawanna & Western Railroad Co.’s wells at Kingsley

Well 32 Feet Well 33 Feet
Glacial drift (?) ...... . 0- 22 Glacial drift ......... 0 - 135
Broken sandstone ....... 22- 37 Red shale ............ 13.5- 17.5
Green sandstone ......... 37-112 Green sandstone ..... 17.5-106
Red sandstone ......... .+ 112-144 Gray sandstone ....... 106 -128
Red shale .......... +-+.. 144-146 Red sandstone ........ 128 -150
Green sandstone ......... 146-256 Green sandstone ..... 150 -258
Red sandstone ......... .. 2066-300 Red sandstone ........ 258 -298
Green sandstone ....... .. 300-336 Green sandstone ..... 208 -343
Red sandstone ........ ... 336-358 Red sandstone ........ 343 -366
Green sandstone ......... 358-372 Green sandstone ..... 366 -373
Red sandstone ........... 372-383 Red sandstone ........ 373 -386
Green sandstone ......... 383-450 Green sandstone ..... 386 -435

: Gray sandstone ....... . 435 -500

Analyses of waters in Susquehanna County

[Analyst, K. T. Willilams. Parts per million. Numbers less than 1200 correspond to numbers
-on map and in the table of well data)

5 8 15 18 18 22 80
8ilica (8102) oomemeeaemeaeee 22 10 - . - I -
Iron (F€) eeoeeeeecaaee .10 04 - - 8.71 -
Qalelum (C8) .oeemeeeee . - 88 10 121 1812 26 28 28
Magnesium (Mg) .. 7.5 2.9 - - 8.0 9.2 8.8
Sodium (Na) __. X 8.1 } 83 153 63 13 } 93
Potasstum (K) .. .8 4 1.8
Qarbonate (COs) - 0 0 [ 7.9 0 [1] 4.9
Blearbonate (HOO3) .......| 159 28 &5 128 102 116 127
Sulphate (806) weeeaeea . 4.8 14 91 81 L1212 24 412

ord [ (o) 5.0 1.9 8.0 8.0 4.0 8.0 4.9
Nitrate (NO3) weeeoeeee | .10 .90 2.2 4.2 4.2 1.5 3.3
Total dlssolved sollds ..._.| 162 &7 43 148 119 2 151 181 3
Total hardness as 0OaCOs

(caleulated) __...o___....| ‘128 86 50 8 106 3 g8 108 108
Date of collection (1930) ...| July 21 | July 21 July 22 | July 22 | July 22 | July22 | July2s
81 88 51 52 1215 < 1216 ¢ 1217 ¢
?illea (%B;)O:) P — - - . - - - -
ron memmcememacamene]  ma - - - - - —
Qalcilum (Ca) ... — 201 85 161 50 121 181 2012
Magnesium flMg)P.t._gr...- - 8.8 - 12 - - -
um an otassium
O(Na and K) eaeeeee | 2839 73 1 159 48 13 78
Oarbonate (C02) oeooeeeeeo £.9 0 0 8.9 0 £.9 0
Bicarbonate (HOOs) _......| 110 163 65 218 2 42 29,
Sulphate (804) ccoceeemeeee. 261 101 241 121 1012 1412 2813
Ohloride (O) commemeeoeeee 6.0 1.0 1.0 1.0 1.0 1.0 2.0
Nitrate (NO8) oo e .10 .50 4.3 .10 4.2 1.5 2.4
Total dissolved aollgi dor 1483 144 3 872 215 3 43 3 783 (R
\ rdness as s
qo(f::;m?l:ted) [N, 838 128 513 174 28 3 423 423
Date of collection (1930) ._.| July 21 | July 21 | July 22 July 22 | July 21 § July 21 | July 21

1 By turbidity. 3 Qalculated. 8 Determined,

‘12{5. rlngtyln Thompeon; glaclal dritt; temperature 50°F. 1216, Spring in Kingsley;
sandstone of Catskill group; temperature 50°F. 1217, Spring at Haltway Spring House,
4 mile north of Hopbottom; Oatskill group; temperature 49°F.
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WAYNE COUNTY

GENERAL FEATURES
[Area 739 square miles, population 28,420]

Wayne County occupies the extreme northeast corner of the State and
of the area covered by this report and is bounded on the north and east
by New York State. The population is largely rural, as the entire county
is covered with small farms, and there are only two communities with
1,000 or more inhabitants—Honesdale, 5,490, and Hawley, 1,811. Wayne
County had 2,908 farms in 1930, and in 1929 there were only 65 manu-
facturing establishments in the county whose annual products were
valued at $5,000 or more each. Numerous summer resorts have been
built along Delaware River and around the glacial lakes, and Wayne
County has become a popular playground for people from New York and
New Jersey.

SURFACE FEATURES

The highest part of Wayne County is a narrow strip along the Sus-
quehanna and Lackawanna County lines, where the Moosic Mountains,
formed by Pottsville sandstone, rise in several places to altitudes of
more than 2,300 feet. Mount Ararat, the second highest peak in north-
eastern Pennsylvania, is 2,654 feet and Sugarloaf Mountain is 2,541 feet
above sea level. Both of the peaks are in the southwest corner of
Preston Township. The Moosic Mountain divide continues northward
at an altitude of about 2,000 feet. The remainder of the county slopes
gently eastward and southeastward toward Delaware River in the north-
ern part and toward Lackawaxen River in the southern part. The low-
est point in the county is where Delaware River crosses the Pike County
line, at an altitude of about 600 feet. The maximum relief is therefore
about 2,050 feet. Locally the greatest relief is found along the deeply
incised valleys of Delaware River and its tributaries, which in many
places are more than 500 feet deep.

With the exception of small areas along the northern part of the
western border, Wayne County is drained entirely by Delaware River,
which flows along its eastern border. Lackawaxen River, a tributary of
the Delaware, drains the southern part of the county through Pike
County, and the northern part drains directly into the Delaware by a
number of small streams. Parts of Scott and Preston Townships are
drained by Starrucca Creek, a tributary of the North Branch of Susque-
hanna River; and parts of Preston, Mount Pleasant, Clinton, and Canaan
Townships are drained by the Lackawanna. 'In flowing a distance of 37
miles from Hancock, N. Y. to Milanville, Pa,, Delaware River drops 200
feet—a gradient of about 5.4 feet to the mile.

GEOLOGY AND GROUND WATER
GENERAL SECTION

With the exception of the summits of Sugarloaf Mountains and Mount
Ararat, Wayne County, was entirely covered by ice during the last
glacial stage. Deposits of glacial drift are found all along the streams,
cover much of the highlands, and remain on many of the hill slopes
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where these are not so steep as to have shed them subsequently. Glacial
outwash deposits fill the valleys of Lackawanna River, and its tributaries,
causing the gentle fall in Dyberry Creek between Tanners Falls and
Honesdale. The old valley of Wallenpaupack Creek south of Wilson-
ville is filled with glacial drift, but these deposits are now beneath the
water of Lake Wallenpaupack. Delaware River, on the contrary, flows
over a bedrock channel in most places. Wayne County is dotted with
small lakes of glacial origin, many of which are bordered with summer
resorts.

The rock formations exposed in Wayne County extend from the Potts-
ville and post-Pottsville formations down to the Shohola formation of
the Catskill continental group. The Pottsville and post-Pottsville forma-
tions, the Mauch Chunk shale and the Pocono sandstone are exposed
only in a small area in the Moosic Mountains, at the junction of Sus-
quehanna, Wayne, and Lackawanna Counties, With the exception of
the small area just described, the entire county is underlain by rocks
of the Catskill group.

Generalized section for Wayne County

Maximum )
Geologlc thickness Character of rocks Ground-water conditions
formation exposed
(fect)
Glacial drift 200 | T1 and glaclal outwash (elay, | Yields small supplles of pot-
(Wisconsin) sand, and gravel). able ‘water.

Pottaville and 200+ | Conglomerate, sandstone,

Post-Pottsville slate, and coal.

formations

Smgdl}s areas tegt ougoblz: I:o

Mauch Chunk 0— | Hard gray sandstone, pebbly Wells reported; water-bearing

shale 170 white sandstone, dark and in countles to the south.
reddish shale.

Poeono sand- 665+ | Pebbly  conglomerate, gray

stone cross-bedded sandstone, and
buff sandy shale.

Qatakill group 1,900+ | Red shale and gray cross- | Yields moderate to large sup-
beddéd sandstong, with some | ~ pltes of Water of good qual-
conglomerate, green, red, ity, most important water-
and white sandstone, gray bearer fn county,
and olive-green shale, and
caleareous brecela.

STRUCTURE

The geologic structure of Wayne County is relatively simple. North
of Honesdale the rocks are nearly horizontal and dip 20 to 30 feet to the
mile. South of Honesdale the rocks appear to be horizontal but in
places may rise slightly to the south. The Lackawanna syncline is the
only well-defined fold in the county, although there are a few slight
rolls of local extent. The rising Lackawanna syncline turns north at
the Wayne County line, bringing down the Carboniferous rocks as far
north as Sugarloat Mountain, in Preston Township. This syncline is but
a gentle trough at its northern extremity but deepens rapidly as it ap-
proaches Carbondale, continuing southwestward to form the Northern
anthracite fleld. The dip of the strata flattens out a short distance to
the east of this fold.
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Figure 17.

Map of Wayne County showing
location of water wells

The name of Palmyra Township north of Paupack and the boundary between them was
omitted by error. Well 116 Is beside 117.
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WATER-BEARING FORMATIONS
[8es pp. 41-53 for further deseription)

Glacial drift.—Most of the domestic supplies of water in Wayne County
are obtained from the glacial drift by means of springs and shallow dug
and driven wells. Very few drilled wells are reported to end in glacial
drift, but many of the drilled wells ending in bedrock are cased through
a considerable thickness of drift, and in some places the drift contains
more water than the underlying bedrock. (See well 92). In Beach Lake
two drilled wells: (96 and 97) obtain water from lenses of gravel in the
glacial drift at depths of 180 and 212 feet. Although the highest re-
ported yield from wells in the drift is 12 gallons a minute, greater yields
could probably be obtained from properly constructed wells in the
glacial outwash deposits along Lackawaxen River. The water from the
glacial drift is of good quality.

Post-Pottsville, Pottsville, Mauch Chunk and Pocono formations.—The
Pottsville formation, Mauch Chunk shale, Pocono sandstone and probably
some of the post-Pottsville formations crop out in a small mountainous
area in west-central Wayne County where they are unimportant as
sources of ground water.

Catskill continental group—Except for the small area of Carboniferous
rocks in the west-central part, all of Wayne County is underlain by the
Catskill continental group. The exposed formations of the Catskill range
from the Mount Pleasant down to the Shohola at the east and the New
Milford at the north.

The Catskill yields moderate to large supplies of very good water in
Wayne County. Some of the domestic wells obtain small supplies from
the red shale, but all the stronger wells obtain water from sandstone.
Several wells are reported to yield 100 gallons a minute or more, and
wells 85 and 105 are reported to yield 175 and 140 gallons a minute re-
spectively. A few deep wells encounter some hydrogen sulphide, which
is harmless in the small quantities generally obtained.

ARTESIAN CONDITIONS

Owing to the relatively simple structure of the rocks in Wayne County,
there are very few flowing wells, but in many wells the water level
stands considerably above the point at which water was first encountered.
Five flowing wells were reported in the Catskill, but these are scattered
over the county so that no areas of flowing wells can be definitely
established. In each well the flow is small, and most of the water is
obtained by pumping.

QUALITY OF WATER

Analyses of 12 samples of water collected in Wayne County are tab-
ulated on page 278. The analyses of 8 samples from drilled wells in the
Catskill and the analyses of 4 samples from wells and springs in the
glacial drift indicate an average content of about 100 parts per million
of total dissolved solids and an average hardness of about 60 parts per
million. The water in all the wells was reported to be entirely satis-
factory for most purposes.

The State Fish Hatchery, near Pleasant Mount, uses ground water for
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growing trout. An investigation was made in order to determine the
suitability of the water so far as dissolved oxygen and carbon dioxide
were concerned. Samples of water were collected at the inlet and out-
let of the spring, at the outlet of well 84 before and after aeration, and
at the discharge into the pond from well 85. The following average re-
sults were obtained:

Content of dissolved oxygen and carbon dioxide in ground water at
State Fish Hatchery, near Pleasant Mount'

Carbon Dissolved oxygen
Temperature dioxide
Source (°F.) (parts per
million) Parts per Saturation
million (percent)
Spring 45 8 10 88
Well 84 before aeration ——oo.--_.. 47 7 13.3 111.5
Well 84 after acration —eoooeceeeoe 46 3.5 11.7 97.56
Well 8 at AIscharge -ceccemmecaee- 47 2 5.5 48.5

1 Investigated March 1, 1930, by Paul Rogers, chemist, Pennsylvania Department of

Health.

Although the two drilled wells are of nearly the same depth and are
only 1,600 feet apart, the water from one well is supersaturated with
oxygen and that from the other well has a deficiency of oxygen. The
water from the spring was not sufficiently saturated. For growing
trout, a nearly saturated water is desirable. The supersaturation of dis-
solved oxygen in the water from well 84 was removed by allowing the
water to splash over an aerator of umbrella type, producing water with
a dissolved-oxygen saturation of 97.5 per cent. The carbon dioxide con-
tent was likewise reduced about 50 per cent. It was also found that
the deficiency in oxygen in the water from well 85 could be made up by
aeration and that a mixture of aerated well water and spring water was
entirely satisfactory for growing trout.

PUBLIC SUPPLIES

The six public supplies in Wayne County using ground water are tab-
ulated below. Honesdale, the largest borough in the county, is supplied
by surface water from several small glacial lakes, most of which are
spring-fed from the sides and bottom. Hawley and Waymart are the
largest boroughs using ground-water supplies. Individual wells and
springs supply most of the villages.

INDUSTRIAL SUPPLIES

At least 9 creameries in Wayne County use ground water for washing,
cooling and boiler feed, two of which obtain water entirely from springs.
The State Fish Hatchery near Pleasant Mount uses ground water from
drilled wells and a spring for trout growing. Other users of ground
water include the State Hospital near Waymart and several textile mills
in White Mills.

DOMESTIC SUPPLIES

Dug wells and small springs are the chief sources of domestic water

supply in Wayne County, though many drilled wells are used. Some of
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the dug wells were reported to be very low during the summer of 1930.
Dug wells that are not properly located with respect to sources of con-
tamination are not to be regarded as safe supplies. The safest type of
well is undoubtedly the drilled well, and nearly all the wells put down
in recent years have been drilled.

Analyses of waters in Wayne County

[Parts per million. Numbers less than 1200 correspond to numbers on Map and in the
table of well data)

56 68 63 67 96 105
Sillea (8102) 13
Iron (Fe) .01
Caleium (Ca) 27 11 241 28
Magnesium (Mg) 7.2 4.8
Sodium (Na) 12 13 2 163 | §o- 20
Potassium (K) ) S— 2.4
Blearbonate (HCO3) eeeee——_______.| 102 112 117 108 141 104
Sulphate (80.) 71 82 31 81 21 23
Chloride (CD 4.0 8.0 1.0 22 2.0 20
Nitrate (NOs) .60 1.8 .10 8.0
Total dissolved 80HAS meeeeeeeeoo ... 101 8 108 8 106 2 180 3 124 8 176
Total hardness as CaCOs (calculated) 743 883 80
Date of collection (1950) ... ________ Sept. 19 | Sept. 19 | Sept. 19 | Sept. 19 | Sept. 20 | Sept. 19

108 nt 128 181 1218 ¢ 1219 ¢
Sillea (8i03) 12 7.2 13
Iron (Fe) .01 ()] .01
Calelum (Oa) 24 71 15 71 321 10
Magnesium (ME) e 3.5 5.6 4.7
Sodium (Na) 8.9 42 1.9 } 12 72 { 5.7
Potasslum (K) .9 1.8 1.1
Blcarbonate (HCOS) ameeeeemeeeeeeee . 99 84 €4 25 21 2
Sulphate (80«) 5.0 61 6.2 141 74 10
OChlortde (CI) 3.2 3.0 3.0 4.0 1.0 9.0
Nitrate (NOs) 1.2 .50 .50 2.4 8.0 20
Total dissolved solld8 ——ceeoeeeeeo. | 112 212 % 503 134 3 ki
Total hardness as CaCOs (calculated) 74 303 60 403 873 4“4
Date of collection (1930) ooooeeeeeeot Sept. 19 | Sept. 20| Sept. 20 | Sept. 20 | Sept. 19 | Sept. 19

1 By turbidity. 2 QOaleulated. 3 Determined.
41218. Spring in Starrucea; glaclal drift; temperature 53°F. 1219. Spring in Hamlin;
glaclal drift; temperature 50°PF.
m‘AnalystB: 56, 96, 105, 108, 17, 128, 1219, L. A. Shinn; 58, 63, 67, 181, 1218 K. 7.
ams.
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WYOMING COUNTY

GENERAL FEATURES
[Area 397 square miles, population 15,517]

Wyoming County lies in the northwest part of the area described in
this report and is bordered on the west by Bradford and Sullivan Coun-
ties. The population is largely rural, and Tunkhannock, with 1,973 in-
habitants in 1930, is the only borough in the county having 1,000 or more.
In 1930 there were 1,409 farms in Wyoming County, and in 1929 the
county had 27 manufacturing establishments whose annual products
were valued at $5,000 or more each.

SURFACE FEATURES

Southwest of Susquehanna River the surface rises rapidly to the high
plateau of North Mountain, lying 2,100 to 2,200 feet above sea level and
containing peaks that reach 2,400 feet. This high plateau, broken only
by the deep gorges of Mehoopany and Bowman Creeks, is at its highest
point about 1,830 feet above the lowest point (570 feet) on Susquehanna
River, where it leaves the county. The high and rugged North Mountain,
extending westward into Sullivan County, is densely forested and is
one of the wildest parts of the State. Except for several small isolated
peaks below Tunkhannock the remainder of Wyoming County northeast
of Susquehanna River and below North Mountain is composed of softer
rocks which have been eroded into a series of rounded hills with com-
paratively gentle slopes, except along the larger streams, where the
slopes in some places are vertical. Northeast of the Susquehanna few
of the hills rise to more than 1,200 feet above sea level.

Wyoming County is drained entirely by the North Branch of Susque-
hanna River, which meanders diagonally through the county, entering
at the northwest corner and leaving at the southeast corner. The prin-
cipal tributaries are Mehoopany, Bowman and Tunkhannock Creeks. The
Lehigh Valley Railroad parallels the North Branch of the Susquehanna
through the county and has about the same gradient as the river. Be-
tween Laceyville and Falls, a distance of 37 miles, the railroad drops
71 feet—a gradient of about 1.9 feet to the mile.

GEOLOGY AND GROUND WATER
GENERAL SECTION

Wyoming County lies well to the north of the southern limit of Wis-
consin glaciation. It is not certain, however, that the ice covered the
entire county, for White' concludes from the absence of any traces
of glaciation on Millers Mountain, below Tunkhannock, and the high
plateau of North Mountain, in Forkston Township that probably these
areas were islands protruding above the ice. Elsewhere except in places
where erosion has exposed the hard rock formations, the county is cov-
ered by glacial drift. The prevailing direction of ice movement, as

1 White, I. O., The geology of the Susquehanna River region in the six counties of

Wyoming, Lackawanna, Luzerne, Columbia, Montour and Northumberland: Pennsylvania
Geol. Surv., 2d ser,, Rept. G7, p. 15, 1883.
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indicated by striae on bare rock exposures, was S.30°-—45°W. After
the retreat of the ice a vast amount of material was transported by the
swollen rivers, much of which was dropped at numerous places along the
larger streams. Thus, in many places, the present streams flow over
buried valleys and in some places they cut a series of terraces into the
thick deposits of glacial outwash.

The rock formations exposed in Wyoming County range from the Potts-
ville down to the Chemung formation. The youngest formations, the
Pottsville formation, Mauch Chunk shale and Pocono sandstone, are pre-
served from erosion only in a small area in the southwest part of the
county where they form the cap rocks of the high North Mountain and
some of its isolated outliers, such as Millers Mountain. The oldest rocks
of the Chemung formation crop out only in the northwest corner of the
county along the North Branch of Susquehanna River. The remainder

and by far the greater part of the county is underlain by

ing to the Catskill continental group.

rocks belong-

Generalized section for Wyoming County

Maximum
Geologic thickness
formation exposed Character of rocks Ground-water conditions
(teet)
Glacial drift 200 | Till and outwash; clay, sand, | Till yields small supplies of
(Wisconsin) gravel, and boulders potable water to dug wells
and springs, stratified out-
wash ylelds moderate to large
supplies of potable water to
dug and drilled wells. Water
very soft.
Pottsville for- 283-+| Pebbly massive conglomerate
mation underlain by 3% feet of coal
and slate.
Mauch Chunk 150+ | Chiefly red shale, but the in-
shale terval is largely concealed Not important as sources of
ground-water, no wells known
to penetrate these formations
Pocono sand- 530+ | Massive basal conglomerate 40 within the county.
stone feet  thick, overlain by
“slaty” and yellow sand-
stone, largely massive,
greenish-gray sandstone, and
red shale, with a few bed§
of conglomerate, blue,
green, and gray sandstone
and shale.
Catskill group 1,750+ | Chiefly red and green cross- | Yield moderate to large supplies
bedded massive sandstone and| ~ of potable water.
red shale, with a few beds
of conglomerate, blue,
green, and gray sandstone
and shale
Chemung for- 475+ | Greenish gray sandstone; blue, | Yields small to moderate sup-
mation gray, and green shale; dark plies of water. Water likely
sandy shale, Only the upper- to be salty, especially in deep
most beds exposed. Includes wells.
go:ine post-Chemung marine
eds
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STRUCTURE

In general the rocks of Wyoming County are practically horizontal, as
there are no major folds. There are a number of minor anticlines and
synclines, however, most of which trend in a northeasterly direction. At
the northwest corner of the county the Wilmot anticline crosses the
North Branch of Susquehanna River at Skinners Eddy, bringing up the
top of the Chemung formation. The axis trends about N.65°E., and the
dips on both sides are gentle, not exceeding 5° or 6°. The eastern ex-
tension of the Bernice syncline passes across the top of Dutch Mountain
in North Branch Township, forming the Mehoopany coal basin, continues
as a gentle fold across the county about eight miles southeast of the
Wilmot anticline, and leaves the county about two miles east of West
Nicholson in Nicholson Township. Southeast of the Bernice syncline
the rocks are nearly horizontal except for minor undulations as far as
the eastward extension of the White Deer anticline beyond the southeast
corner of the county.

BRAINTRIN 7075 o203 3210— _76°00" _ J__ —— e —_—— -
-/zoaggn lmesnoppen : 217218,
}2 oL '2'3 ; LEMON\ NICHOLSON
WINDHAM v ,_435 5 A 2l_4_-l_'_l§__""\ 229 7/
l,oi‘“’ g 3% zzs-zzs L?LINTON
Vel / ) 1 ‘L 1]
' 1< MEHOOPANY [PVE2 ANy | /
\ . ; 22 K~ OV
NORTHY oy, A7 %f%zmv NOPKOY D7
47207 BRANCH, i (SN fzzzzznz\q.
r= ' EATON 2550/
------ ! Vogh en 8 FALLS/
‘__--n‘z;g 7~/ * }Sl
! FORKSTON { | 2% ’

/ :___.- 243-»4 MONR(i)E“E“E"ME‘;;{Z?:
/l ! NOXEN{ EQB;B’ ETER

--—"“7500

s 0 chle 2 18 MILES

Figure 18. Map of Wyoming County showing location of water wells

WATER-BEARING FORMATIONS
[See pp. 41-54 for further description)

Glacial drift—The drift covering in the regions above stream level
consists largely of till, although there are small patches of water-strati-
fied material in some places. Small supplies of water are obtained from
the glacial drift by dug wells and springs, but the lowering of the water
table in the summer often renders these supplies unreliable. In the
higher regions drilled wells obtaining water from the underlying bed-
rock are in general more satisfactory sources of water supply.

Outwash consisting of commingled clay, sand, and gravel lines the
banks of the North Branch of Susquehanna River and its tributaries in
Wyoming County, filling the valleys in many places to a height of more
than 200 feet above the present streams. A great thickness of outwash
gravel has accumulated at the mouth of Tunkhannock Creek, Well 227,
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in Tunkhannock, penetrated 150 feet of drift before encountering bed-
rock. Terraces are found at many places along the river and its larger
tributaries, and in the vicinity of South Easton there are at least four
successive terraces, the highest of which stands about 200 feet above
low water.

In the vicinity of Falls the gravel deposits are especially deep, and the
well of the Wyoming Sand & Stone Co. (254) penetrated 160 feet of
“quicksand” and gravel before reaching bedrock. Plate 6-A shows two
well-developed terraces along Tunkhannock Creek just east of Nicholson.

Along the North Branch of Susquehanna River the extensive glacial
outwash deposits of sand and gravel are a source of ground water, al-
though they have been utilized very little. Well 225 of the Tunkhannock
Water Co. indicates that at least some of the outwash gravel is capable
of yielding a considerable quantity of water. Well 209 of the Farmers
Cooperative Mercantile Co., in Skinners Eddy, obtains water from out-
wash gravel, and the water is under sufficient artesian head to rise 2
feet above the surface. With more modern methods of finishing such
wells by means of screens or strainers, larger yields could be obtained,
and wells that might ordinarily prove to be failures on account of fine
sand might be successfully operated. Wells obtaining water from glacial
outwash are likely to be stronger than bedrock wells, although the dis-
continuous and lenticular character of the permeable layers generally
makes the chance of getting water more uncertain.

Pottsville formation, Mauch Chunk shale, and Pocono sandstone—The
Pottsville formation, Mauch Chunk shale, and Pocono sandstone crop
out only on the summits of the high mountains in the southwest corner
of Wyoming County. The Pocono extends as far east as Tunkhannock.
At the crest of Dutch Mountain, on the eastward extension of the Bernice
syncline, is a small area of coal known as the Mehoopany coal basin,
presumably contained in the Pottsville formation, for from the work
of the Pennsylvania Second Geological Survey it is believed that the
Pottsville is the highest formation represented here. Probably several
hundred acres is underlain by workable semianthracite, and although
it has been mined and used locally for many years its small area and in-
accessibility render it relatively unimportant commercially.

These formations are not important as sources of ground water be-
cause they crop out in almost inaccessible, forested country, and it is
believed that no water wells have been drilled into them.

Catskill continental group.—The rocks of the Catskill continental
group underlie all of Wyoming County except for small areas of Carboni-
ferous and Chemung rocks. The Catskill sequence is similar to that in
Susquehanna County and includes all of the formations from the Mount
Pleasant down to the New Milford formation.

Almgst all the drilled wells in Wyoming County derive their water
from rocks of the Catskill. It is believed that in most places the water
occurs principally in joints and bedding planes in the sandstone, Three
wells in the Catskill are reported to yield 200 gallons a minute or more.
(See wells 226 and 243). The water obtained from the Catskill is of
good quality and is reported to be satisfactory for most purposes.

Chemung formation.—The marine Chemung formation is exposed only
in the northwest corner of the county. It is not an important source of
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ground water in Wyoming County. The area of outcrop is small and
the water is likely to be salty and contain hydrogen sulphide, particularly
from deep wells. A few drilled wells (207, 208, 210, 211) in Laceyville
and Skinners Eddy obtain rather poor water from this formation (see
analysis 210).
ARTESIAN CONDITIONS

The structure of the rocks in Wyoming County is relatively simple, but
artesian pressure sufficient to cause the water level to rise some dis-
tance above the point at which it was first encountered is found in many
of the bedrock wells. Although several minor synclines are present the
only flowing wells recorded (209, 210) are on the crest of an anticline in
Skinners Eddy. Well 209 is 90 feet deep, and the water level was re-
ported to stand 2 feet above the surface. On July 17, 1930 the well
flowed 0.22 gallons a minute. This well obtains water from glacial out-
wash gravel lying just above the bedrock and the water is entirely
satisfactory for drinking. Well 210, about 12 feet from 209, is 122 feet
deep, and the water level is reported to stand 7 feet above the surface.
It penetrated 96 feet of glacial outwash and was drilled 26 feet into the
bedrock, ending in a sandstone of the upper Chemung formation. On
July 17, 1930, this well flowed 3.05 gallons a minute of salty water with
a pronounced odor of hydrogen sulphide and was unfit for drinking.
Thus well 209 flows potable water with a head of 2 feet, and well 210
only a few feet away, flows salty water with a 7-foot head, indicating
that the water in the two wells comes from different sources.

QUALITY OF WATER

Eight samples of water were collected from drilled wells and springs
in Wyoming County, the analyses of which are tabulated on page 292.
Three samples from the glacial drift were low in total dissolved solids
and comparatively soft. Four samples from the Catskill formation had
a moderate content of dissolved solids and were slightly hard. A sample
of water from the Chemung formation (well 210) contained much more
total dissolved solids, including 254 parts per million of chloride. This
water has a salty taste and contains some hydrogen sulphide, which make
it unpleasant for drinking, but it is being used for boiler feed water.

In 1881 the Mehoopany Oil Co. drilled a test well for oil on the bank
of Mehoopany Creek 112 miles northwest of Lovelton. The well was
drilled to a depth of 2,089 feet, and a’very careful record was kept as
to the nature and thickness of strata penetrated.’ The company was un-
successful in obtaining oil, but its carefully kept log is of geologic value
and contains data on ground-water conditions at depths greater than
those ordinarily attained by water wells. The driller reported “fresh
water cased off at 280 feet; salt water cased off at 665 feet; a small spray
of brackish water at 1,000 feet, and another at 1,590 feet.” Thus, al-
though some of the shallow wells in the Chemung obtain potable water,
deeper wells and even some of the shallow ones are likely to encounter
brackish or salty water.

PUBLIC SUFPPLIES

The four public water supplies using ground water are tabulated be-
low. Factoryville, Nicholson and Meshoppen are supplied by surface
water, and the other villages depend upon individual wells and springs.

2 White, I. O., op. cit., pp. 141-143.
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All four of the places using ground water have one or more springs, and
Mill City derives its entire supply from one spring. Laceyville, Tunk-
hannock and Noxen use drilled wells and springs. In each place the
drilled wells are found to be more reliable than the springs, and it is
probable that any increase in population will be best taken care of by
an increased number of drilled wells. The Tunkhannock Borough Water
Co. is the largest municipal user of ground water in the county and its
public supply is the only one requiring treatment.

INDUSTRIAL SUPPLIES

With one exception all the industrial users of ground water are located
northeast of the North Branch of Susquehanna River. The creameries
are the chief industrial users. Five creameries use drilled wells, and
one in Lemon uses a spring supply. The largest single industrial user
of ground water is the J. K. Mosser Leather Corporation, at Noxen,
southwest of the North Branch of the Susquehanna, which operates two
large-capacity air-lift wells (well 243).

DOMESTIC SUPPLIES

Most of the domestic supplies in Wyoming County are obtained from
springs and dug wells, and in some of the small villages they are ob-
tained exclusively from springs. In some places the dug wells are said
to go dry during the summer, but most of the springs were reported to
be reliable. There are relatively few drilled wells in Wyoming County
at present, but it is believed that eventually drilled wells will largely
replace the dug wells, because they are less subject to contamination,
are more reliable during dry seasons, and generally yield larger sup-
plies of water.

Analyses of waters in Wyoming County
[Pearts per million. Numbers less than 1200 corr:sll)ond to numbers on map and in table of

well data
210 217 224 225 231 243 122001 | 1221 2
Sillea (8i02) 23 10 16 -
Iron (Fe) .32 .02 04 -
Calelum (Ca) ... 41 39 28 19 46 43 1=
Magnesium (Mg) 2.8 6.3, 7.5 3 9.5 5.6 -
Scdium (Na) 1685 } 323 3 14 A3 } 443 [\
Potassium (K) 1.8 1.1 1.7
Carbonate (COs) 0 6.9 0 0 0 (] 0
Bicarbonate (HCOs) . 178 115 63 76 183 102 44 31
Sulphate (804) . 5.8 26 16 3 21 12 62 62 102
Chloride (CI) ... 254 42 8.0 5.0 28 92 3.0 4.0
Nitrate (NO8) ecooooem oo .10 1.0 3¢ 2.6 75 .60 7.2
Total dissolved solids .......... 580 21334 1353 | 111 223 240 3 50 56 3
Total hardness as OaCOs (cal- .
culated) oo ceaa .| 130 128 101 61 154 130 |ocoeaeo| N4
Date of collection (1930) ..__| July | Gwy | July July July | Sept. | Sept. | Sept.
2 2 17 22 21 106 17 16

! 1220. Spring 1 mile north of Mill City; glacial drift; temperature 60°F., 1221. Spring
3 mile southwest of Noxen; glacial dritt; temperature 54 F.

3By turbidity. 3 Calculated. ¢ Determines..

Analysts: 210, 217, 224, 225, 281, 243, K. T. Willlams; 1220, 1221, L. A. Shinn.
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INDEX

A

Abington Township, 121
wells in, 128-129
Abstract, 1
Acid water, 47, 74
Acknowledgments for aid, 12
Adamsdale, well at, 256
Agriculture, 4
Albert, wells at, 1
Albnghtsvﬂ]e, wel]s at, 80
Alden, well near, 153
Aldenville, water supply of, 279
well near,
Alderson, water supply of, 143
wells near, 146
Allegheny iorrélggion, 46, 73, 138-139, 236,

Alluvium, occurrence and water-bearing
character of, 41

Almedia, well near, 101

Alpha or A coal, 48

Alvintown, water supply of, 143

Analomink, wells at, 185

Analomink red shale, 53, 174, 222

Analyses of ground waters, 78 97, 112,
134, 165, 192, 204, 225 244,
272, 278, 292

Anthony ’l‘ownshlp, welll in, 206

Anthracite fields. 4, 16, 46-47

Apolacon Township,

well in, 266

Appalachian Highlands, 13

Appalachian Mountains, 18

Appalachian géatfggs province, 13, 16-17,

Appalachian revolutxon, 16-18
Aquashicola, wells near. 73. 86-87
Agquashicola Creek, 70, 73, 77, 176
Aristes, water supply of, 96
wells near, 104
Artesian condltnons. 28. 49-51, 67, 77, 95-
96. 111, 124. 141, 177, 202
224, 243, 262 263, 276, 201
Ashfield, wells near, 87
Aubum. 60, 62, 241-242
wells near, 255
Auburn Center, well at, 271
Auburn Township, 260, 263
wells in, 271
Audenried, water supply of, 78, 243
wells near, 243
Angustaville, well at, 212
Avon Inn, water supply of, 144

B

Bald Mountain, 120, 123, 135
Banks Township, well in, 74, 81
Barnes Run, water supply of 142
Barnesville, wells at, 247
Barrett Township, wells in, 181
Barry, well near,
Barry Township, wells in, 251
Bartonsville, well near, 1.
Beach Haven, 88, 137, 138, 140-141
wells at, 153
Beach Lake, wells at, 276, 283-284
Bear Creek, spring near,
water supply of, 142-143
well near, 1

Bear Creek Township, well in, 155
Bear Gap, logs of wells at, 218
wells at, 104, 108, 214
Bear Gan Water Co.’s wells, logs of, 218
Bear Lake, wells at, 133
Bears Head, 236
Beaumont, well near, 297
Beaver Meadow, coal basin, 73-74
syncline, 70, 72
water supply of, 79
well at, 74, 81
Beaver Township, 92
well in,
Beaver Valley, wells in, 92
well near,
Bendertown, wells near, 100
Benton, water sup;ssly of, 97
wells at, 9
Benton Townshxp (Columbia County), 88
wells in, 98
Benton Township (Lackawanna County),
wells in,
Berea sandstone, 50
Berlin Township, wells in, 283-284
Bernice syncline, 289-290
Berry Mountain, 105 107-110
Berrysburg, wells 115
Berwick, 60-61, 88, 92 94—95, 135
-spring at, 94
water supply of, 96
wells at, 92, 94, 99-100
Berwick (Montour) anticline, 80-91, 93-
93.2]37, 140-141, 196, 200-

2
Bethany, wells at, 283
Beuchler, well near, 258
Bibliography, 6-11
Bicarbonate, occurrence of, in natural
waters, 37
Bidwell Hill, well near, 286
Big Creek, well near, S5
Big Lick Mountam, 105, 108
Big Mountain, 92
Big Pine Hill, 120
Big Shiney Mountain, 120
Binghamton, N. Y., 261
Black Creek Township, wells in, 157
Blakeslee, wells at, 80, 187
Blooming Grove, 5
wells near, 222, 232-233
Blooming Grove Townshlp, 219
wells in, 232-23
Bloomingdale (Carbon County), wells at,

T,
Bloomingdale (Lugeme County), well
Bloomsburg, 60-641 66, 88, 91-92, 94-95,

water supply of, 86
wells at, 94, 01-102
Bloomsburg red beds, 63-65, 71, 77, 89,
94-95, 107, 172, 176 195,
201-202, 237, 245
Blue Mountam, 14, 18 105 107, 170, 236,

Blythe Townsh:p, wells in, 253
Blytheburn, well at, 156

Bossardsville, wells at, 176, 188
Bossardville hl'?estone, 32565 71, 76, 172,

Bowman Creek, 587 '
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Bowmans, wells at, 87
Bowmanstown, 75

water supply of, 79
Braintrim Township, wells in, 294
Brallier shale, 54-55
Branch Township, well in, 253
Branchdale, well at, 253
Brandonville, wells at, 246
Briar Creek Twp., wells in, 100-101
Bridgewater Twp., wells in, 267-268
Briggsville, well near, 157
Broad Mountain (Carbon Co.), 70, 7
Broad Mountain (Dauphin Co.), 11() 241
Brockton, well near. 253
Brodheads Creek,
Brodheadsv:lle, 170 171 173

wells at, 19
Brooklyn, water supply of, 265
Brooklyn Township, wells in, 269
Buck Hill Falls, water supply of, 178
Buck Mountain, water supply of, 77
Buck Mountai21:1 Colliery, water supply of,

Buckingham Township, wells in, 281
Bucks Mountain, 92
Bucks Township, wells in, 155
Buckwa Creek, 171
Bull Run, wells near, 216
Burgoon sandstone, 50
Burket shale, 55
Bush, Bernard 8., data by, 40
Bushkill, 45, 173, 223

spring near, 225

water supply of, 224, 226

wells mear, 235
Bushkill Creek, 220
Butler Twp., (Luzerne Co.), wells in,

158-159. 163

Butler Twp. (Schuylkill Co.), wells in,
250-251

C

Caleium, occurrence of, in natural waters,

California, 201
well at, 206
Cambra, well at, 152
Camelback Mountain, 170, 173
Cameron, 197
well near, 211
Canaan Township, 273
wells in, 284-285
Canadensis, wells at, 181-182
Canby, well at, 101
Carbon County, 70-87
analyses of waters in, 78
generalized section for, 71

map of, 72
public water supplies in, 77-79
wells in, T
Carbon dioxide, content of in ground
waters near leasant

Mount, 276-277
occurrence of,
waters, 37
Carbondale, 120-121 274 pl. 4
wells near, 123,
Carbondale Townshlp, we]]s in, 128
Carsonville, well at, 117
Casing of wells, 33
Catawissa, 5
water supply of,
wells near, 35—36 95-96 103
Catawissa Creek,

Carbonate, in natural

301

Catawissa Mountain, 88, 93, 240
Catawissa Township, wells in, 103
Catawissa Valley, wells in, 9!
Catskill continental group, 51-53, 71, 75,
89, 107, 110, 121, 123-
124 1‘%6 140, 172, 174, 195,
199, 291.222. 237, 241, 261-
262, 274, 27G, 288, 200
Cattaraugus formation, 52
Cauda-galli grit, 58
Cayuga group, 63-65, 71, 77, 89, 94-95,
107, 111, 172, 176, 195, 201-
202, 237, 242
Cease Mills, well near, 150
Cementing materials in rocks, 25, 31
Center Moreland, wells at, 207
Center Township, wells in, 101
Central, well near, 98
Centralia, 88
water supply of, 86
Chase, wells near, 150
Checker coal, 46
Chemung fonln‘ilotxon, 5% 107, 110 136,
Cherry Creek, 171, 176
Cherry Ridge red beds, 52, 124, 261
Cherry Ridge Twp., well in, 285
Chestnuthill Township, wells in, 180
Chillisquaque, well at, 210
Chinchilla, spring near, 134
water supply of, 126
wells at, 130
Chloride, occu:t;-renge of, in natural vraters,
Christmans, well near, 80
Chulasky, 197
well at, 211
Clarks Green, wells at, 129-130
Clarks Summit,
water levels in well at, 124
water supply of, 126
wells at, 125, 130
Cleaveland Township, well in, 104
Clifford Township, wells in, 270
Clifton Township, 133
Climate, 5-6, 20
Clinton formation, 65-67, 71, 77, 89, 95,
107, 110, 172, 176-177, 196,
202 2317, 242
Clinton Townshlp (Wayne Co.), 273
well in,
Clinton Township (Wyoming Co.),
well in, 29
Coal, water in, 32
Coal’ mines, %er in, 74, 123, 139, 198,

Coal Mountain, 105, 108
Coal Township, wells in, 213-214
Coeymans limestone, 61-62
Cold Spring, 105
Cold Spring Township, 105
Coles Creek, wells at, 91, 98
Coles Mllls, well near, 08
Collins, W. D., quoted 36-38
Columbia County,
analyses of waters in, 97
generalized section for, 89
map of, 90
proportion of safe ground-water sup-
plies in, 40
public water supplies in, 96-97
wells in, 98-104
Comly, well near, 206
Cone of depression, 35-36
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Co! h formation, 46, 73, 188-139,
nemaug! 236 239' y

Conglomerate, water in, 31
Connate water, 39 .
Consolidated 3rgcks. quality of water in,

wells in, 83
Contamination of ground waters, 40
Conyngham, water supply of, 148

wells at.T157-12? 88 02 o7
Conyngham Township, 88, 92,
Coolbangh, well 1 183

olbaugh, well near,

Coolba::gh Township, wells in, 180-181
Cooling, use of ground water for, 89-40
Cooper Townshi%), 199

well in, 20
&miferotgl limestone, 58

well near,

Coflt::l!l Cup, pl. 3-A
County descriptions, 69
Covington Township, wells in, 138
Craig Meadows, wells near, 183-184
Cresco, wells at, 181-182
Cressona, 238, 242

wells near, 256
Croup well, log of, 166
Culm, occurrence of, 41

D

B:llfville, ¥ella at,l 138f 148
as, water supply of;
wells near, ﬁ"’l
Dallas Township, wells in, 147
Dalmatia, 45, 56, 58, 60, 62, 64, 196
water supply of, 205
wells at, 200, 216-217
Dalmatia anticline, 196, 199-202
Dalton, water supply of, 126
wells at, 124, 125, 129
Damascus, well at, 281
Damascus red shale, 52-53, 121, 124, 222,
261-262

Damascus Township, wells in, 281-282
Danville, 28, 63-64, 66, 91, 193, 197
water supply of,
wells at, y
Dauphin, water supply of, 111
wells near, 118
Dauphin County, 105-119
analyses of waters in, 112
generalized section for, 107
map of, 108
proportion of safe ground-water sup-
plies in, 40
public water supplies in, 113
wells in, 114-119
Dauphin-Schuylkill coal basin, 108-109
Deckers Ferry,
Deibler, well at, 199, 218
Delano, water supply of, 248
wells near, 248, 248
Delano Junction, water supply of, 243
Delano Township, wells in, 248
Delaware Lackawanna & Western Rail-
road wells, logs of, 184, 272
Delaware River, 13, 19, 120, 170-172,
, 219-224, -275

Delaware River flags, 52-53, 222
Delaware Township (Northumberland

Co.),
wells in, 208

INDEX

Delaware !Ii'ownal:ig3 (Pike Co.), 221
wells in, 234-236
Delaware Water Gap, 12, 58, 60, 62, 64
66-67, 170, 178, 176-177

Delaware Water éap borough,

water supply of, 179

wells at, 1
Dennison Township, well in, 159
Derringer, log of well near, 167

water supply of, 143

well near, 157
Derry Township, wells in, 208
Dewart, 201, 203-204

wells near, 208
Diamond-drill holes, 32
Dickson, 121

Dimock, wells at, 268
Dimock Township, wells in, 268-269
Dingman Townshxgé*wells in, 231-232
Dinimane Foes, oo 1y of, 224
ingmans Ferry, water supply of,
wells near, 234-235
Dorrance, 141
wells at, 156
Dorrance Township, wells in, 156
Dottersville, wells near, 190-191
Dreher Township, wells in, 286
Drehersville, well near, 255
Dresser Hill, 170
Drifton, log of well near, 168
water anpprg of, 143
wells near, 159, 162
Drums, wells near, 158-159
Dry Tavern, well at, 84
Dundaff, wells at, 270
Dunmore,
Dutch Mountain, 289-290
Dyberry, well near, 283
Dyberry Creek, 274
Dyberry Township, wells in, 283

E

East Benton, well near, 127
East Brunswick Twp., wells in, 254
Bast Cameron Twp., well in, 214
East Chillisquaque Twp., wells in, 210
East Honesdale, wells at, 284
East Mahanoy Junction, wells near, 249
East Mauch Chunk, water supply of, 79
wells near, 74, 77, 81-82
BEast Penn Township, wells in, 87
East Side, well at, 80
East Stroudsburg, 170, 173
spring near, 174, 192
water su&ply of, 178
East Union Township, wells in, 246-247
East Weissport, well at, 85
Eastern Middle Anthracite field, 468-48,
90, 185, 137, 237
Ebervale, logs of wells at, 169
water suplpalg. of, 143
B k]wells att' 1?; f, 143
ckley, water su of,
well near, I&D
Edgemere,~wells near, 234
Egypt Mills, 222

well at, 285
Eldred Township (Monroe County), 170
wells in, 191
Eldred Township (Schuylkill County),
wells in, 251-252
Elizabethville, 105
water supply of, 113
wells near, 110, 115-118
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Elk Hills, 259, 261
Elk Mountain sandstone, 52, 124, 261
Elmhurst, wells at, 131
Elysburg, 91
wells at, 213
Empire, well near, 157
Enders, wells at, 116
Enterline, well near, 117
Equinunk, well near, 281
Erdman, well at, 111, 116
Esopus shale, 57-59, 1756
Espy, 92
wells at, 101
lI‘gvans Falls, %ll at, 207
vaporation, .
Exeger Twp. (Luzerne Co.), wells in, 148
Exeter Twp. 2égVyoming Co.), well in,
BExperiment Mills, well at, 184
Eyers Grove, well at, 98

F

Factoryville, water supply of, 201
Fairds S Swell at, 268
airdale, well at,
Fairmount Springs, log of well at, 166
wells at, 145
Fairmount Township, 135
wells in, 145 .
Fairview Township, wells in, 155
Falls, 287, 290
-vell at, 290, 298
Falls Township, wells in, 208
Fearnot, well at,
Fell Township, well in, 127
Fern Glen, water supply of, 143
Fernridge, well near, 187
First Mountain, 14, 105, 108
Fisherville, 110
wells near, 116
Fishing Creek, 90-92, 95
Fishing Creek Township, 88
wells in, 100
Flagstaff, well at, 82
Fleetville, wells at, 123, 127
Fluctuations of water levels, 20-24, 124
Forest City, 48, 259, 263
water supply of, 263
well near, 127
Forest Inn, well at, 85
Forest Lake, well near, 268
Forest Lake Park, wells at, 227
Forest Lake Township, well in., 268
Forest Park, wells near, 284-235
Forkston, well at, 297
Forkston Township, 287
well in, 297
Fort Littleton formation, 54
Foster, Margaret D., analyses by, 36, 97,
112, , 244
Foster Township, wells in, 159-163
Fountain Springs, 19
wells at, 244, 260-251
Fox Gap, 170
Frackville, 19
water supply of, 245
wells at, 249-250
Franklin Forks, spring near, 263
Franklin Twp. (Carbon Co.), wells in, 85
Franklin 'l.‘w;i 08( Columbia Co.), well in,

Franklin Tw;i.4 7(Luzerne Co.), wells in,
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Franklin Twp. (Susquehanna Co.), 263
Freeland, log of well near, 167
water supply of, 143
wells at, 161-162
Friendsville, 260
Frost, 5-6, 20

G

Gearhart Township, wells in, 211
Genesee shale, 55
Geography, 3-6.

See also particular county descrip-

tions
Geologic history, 17-19
Geologic map, pl. 1 (in pocket)
Geolopic structure, 16-17
relation of, to ground water, 28
See tqlao particular couniy descrip-
ions
Geology, 16-19
See also particular county descrip-
tions and Water-bearing
formations
Geomorphology, 17-19
Georgetown, well near, 155
Germans, 73
Gibson, wells at, 269
Gibson Township, wells in, 269-270
Gilbert, well at, 190
Girard Manor, wells at, 247
Girardville, wells at, 260
Glacial drift, 28-30, 38, 4145, 71, 73, 89,
9192, 121-123, 185-136,
138, 170-172, 185, 197, 220-
222, 260-261, 273-274, 276,

288-
Glacial outwash, 30, 44, 45
Glaciation, southern limits of, pl. 1
. (in pocket)
Glacier, direction of movement of, 41,
. 121, 220, 260-261, 287-288
Glen Summit, spring near, 165
water supply of, 143
wells near,
Golden Hill, well near, 297
Gordon, water supply of,
wells near,
Gouldsboro, water supply of, 279
wells at, 180, 288
Gowan City, well near, 214
Gowen, water supply of, 143
Gratz, spring near, 111-112
water supply of, 113
well near, 116
Gravel-walled wells, 33-35
Great Bend, 259, 261
water supply of, 263
well at, 266
Great Bend Township, well in, 266
Greely, wells at, 225, 228
Greenbrier, well at, 216
Green Township, wells in, 233-234
Greenfield Township, wells in, 127
Greentown, wells near,
Greenwood, wells at, 93, 99-100
Greenwood Township, 91
. wells in, 99-100
Griswold Gap conglomerate, 50
Ground water, 1
See also particular county descrip-
tions and Water-bearing forma-
tiong
Grovania, 62
Growing season, 6



H

Half Falls, 110
Halifax, 108
water supply of, 113
wells at, 110, 117
Halifax Township, wells in, 117
Hallstead, 260
Hamilton formation, 45, 5557, 71, 75,
89, 93, 107, 110, 136, 141,
172, 174, 195, 200, 221, 223,
237, 241

Hamilton group, 55-56
Hamilton Township, wells in, 188-189
Hamlin, spring at, 278
water supply of, 279
wells at, 286
Handsome Eddy, well near, 229
Hanover Township, wells in, 154
Harding, logs of wells near, 166
spring near, 1
water supply of, 148
wells near, 148
Hardness of water, 38
Harford Township, wells in, 269
Harleigh, log of well at, 169
water supply of, 142-143
well at,
Harrell shale, 54-55
Harrisburg, 105 .
Harrisburg peneplain, 18 .
Harveys Lake, water supplies at, 143-144
Harwood, well near,
Hauto, water su,})plgg3 of, 78
well near, 77,
Hawks Station, well at, 247
Hawley, pl. 4
water supply of, 277, 279
wells at, 285
Hazel Township, wells in, 163-164
Hazleton, 135, 137, 139, 140-141
water supply of, 142
wells near, 164
Hazleton coal basin, 72, 139-140
Heart Lake, wells at, 267
Heckert Gap, 106
Heckton Mills, wells near, 118-119
Hegins, water supply of, 245
wells at, 252
Hegins Township, wells in, 252
Helderberg limestone, 61-63, 71, 76-77,
89, 94, 107, 172, 176, 195,
201, , 242
Helfenstein, well at, 252
Hemlock Township, well in, 102
Herndon, wells at, 199, 215
Herrick Township, 259-260
Hetlerville, well at, 103
Hickory Corners, well at, 216
Hickory Grove, 261
Hicks Ferry, well near, 153
High Knob, 219
Highlands, water supply of, 144
Hilltown, well near, 281
Hoadley, well near, 285
Hobbie, wells at, 157
Hollenback Township, wells in, 157
Hollisterville, well at, 285
Holmes coal, 46
Hometown, water supply of, 245
wells at, 247
Honesdale, 273-274
water supply of, 277
well at, 284

INDEX

Honesdale sand;tone, 52, 124, 221-222,

Hopbottom, 26
springs near, 264, 272
water supply of, 265
wells at, 270
Hubley Township, wells in, 252
Hudsondale, water supply of, 142
wells at, 81
Hunlock Creek, log of well at, 166
wells at, 140-141, 151-152
Hunlock Township, wells in, 151-152
Huntington Creek, 91
Huntington Mills, wells at, 152
Huntington Mountain, 88, 90, 93
Huntington Township, wells in, 152-153
Huntsville, wells at, 150-151
Hydraulic cement, 76
Hydrogen sulphide, occurrence of, in
natural waters, 40

I

Idetown, wells near, 151

IMinoian drift, 42, 71, 78, 88, 89, 91, 170-
171, 172, 194, 195, 197, 244

Indian Lake, well at, 155

Indian Orchard, wells at, 284

Indiantown Gap, 105-108, 112

Infiltration tunnels, 32

Inglenook, well at, 118

Interstices, kinds of, 24

Iola, well near, 93, 99

Irish Lane, wells near, 145

Iron, occurrence of, in natural waters,
36-39

removal of, from natural waters, 39
J

Jackson Twp. (Columbia Co.), 88, 91
well in, 98

Jackson Nph(Dauphin Co.), wells in,
Jackson Twp. (Luzerne Co.), wells in,
Jackson '.l‘wp:i Monroe Co.), wells in,

Jackson Twp. (Northumberland Co.),
wells in, 215
Jamestown, well near, 84
Japan, water supply of, 143
Jeddo, logs of wells near, 168
water supply of, 143
wells near, 162-163
Jeddo Highland Coal Co.’s wells, logs of,
167-169

Jefferson, wells at, 257
Jefferson Twp. (Dauphin Co.), well in,

Jefferson Twp. (]l:gifkawanna Co.), wells
in,

Jermyn, well near, 128

Jerseyan drift, 42, 71, 73, 88-89, 91, 104-
195, 236

Jerseytown, water supply of, 96
wells near, 99

Jessup Township, well in, 268

Joliett, wells at, 2483, 253

Jonestown, well near, 91, 100

Jordan Township, wells in, 216

Juniata formation, 68, 107, 110

K

Keefer sandstone, 66
Kelayres, water supply of, 78, 243



INDEX

Kellersville, wells near, 188
Kemmerville anticline, 173
Keyser limestone, 61-62
Kidder Township, 70, 73, 75
wells in,
Killinger, wells near, 114
Kimbles, well near, 227
Kingsley, logs of wells at, 272
spring at, 272
water supply of, 265
wells at, 269
Kingston, 135
Kingston Township, wells in, 148-149
Kistler Ledge, 170
Kittatinny Mountain, 14, 18, 57, 64-65,
73, 77. 105-111, 113, 170,
176-177, 236, 242
Kittatinny peneplain, 18
Kline Grove, well at, 212
Kline Township, well in, 247
Klingerstown, well at, 252
Knob Mountain, 91, 93
Krebs, wells near, 246
Kresgeville, well at, 191
Kunkle, wells at, 147
Kunkletown, wells at, 191

L

Laanna, well near, 234
Laceyville, 287
water supply of, 292-293
well at, 291-294
Lackawanna County, 120-134
analyses of waters in, 134
generalized section for, 121
log of well in, 134
map of, 122
public water supplies in, 125-126
wells in, 127-133
Lackawanna Mountain, 120, 26
Lackawanna 21%{1;ver, 120-121, 123, 142,

Lackawanna synchne, 53, 90, 121, 123-
0 , 136, 140, 196 199»200

Lackawanna Trail, 170
Lackawanna Valley, 122-125
Lackawaxen,
wells at, 227
Lackawaxen anticline, 221
Lackawaxen nger, 120, 220, 273, 274,

Lackawaxen Townshin, wells in, 227-228
Lake, water supply of, 1
wells at, 146, 151
Lake Ariel, wells at, 285
Lake Carey, wells at, 294-295
Lake Como, wells at, 280-281
Lake Creek, 171
Lake Harmony, wells at, 73, 80
Lake Mountain, 70
Lake Paupack, wells near, 233
Lake Twp. (Luzerne Co.), wells in, 146
Lake Twp. (Wayne Co.), wells in, 285
Lake Wallenpaupack, 27
Lake Winola, wells near, 295
Lakeside Park, well at, 249
Laketon water supply of, 144
wells near, 146
Lakewood, wells at, 280
Lanbacks, well near, 98
Landmfwlle, 239, 241
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Lansford, 70
water supply of, 77

La Plume, well at,

Lathrop Townshlp, wells in, 270

Lattimer, water supply of, 144
wells near, 163-164

Lausanne Township, wells in, 74

Lavelle, wells at, 251

Lawsville Oenter, well at, 263, 266

Lawton, well near, 268

Lebanon County, 105-112
generalized section for, 107
map of, 108
springs in, 105

Lebanon Valley, 14

Leck Hill, wells near, 216

Lees Mountain, 90

Lehigh River, 13, 70, 120, 135, 138, 140,

171 1, 236

Lehigh Township (Curbon County), 70

wells in, 74, 81
Lehigh Towri;lgp (Lackawanna Co.),
wells in, 133
Lehigh Twp. (Wayne Co.), wells in, 286
Lehigh Water Gap, 66, 70
Lehighton, 70, 75
water supply of, 77
wells at, 77, 84
Lehighton anticline. 72 75, 173, 239, 241
Lehman, well at, 151
Lehman Twpl (Luzerne Co.), wells in,

Lehman Twp. (Plke Co.), wells in, 235
Lemon Township, wells in, 294-295
Lewis Township, wells in, 209

Liberty ’.ll‘wp.2 (7Montour Co.), wells in,

Liberty Twp. (Susquehanna Co.), wells
in, 266
Light Street, 94-95
water supply of, 96
well near, 101
Lime Ridge, 92
wells at, 101
Limestone, water in, 31-32
Limestone Township, wells in, 208
Limestoneville, 201
wells at, 206
Line Mountain, 198, 241
Little Gap, 7
wells at, 86
Little Mahanoy Twp., well in, 215
Little Mountain, 92, 93, 198-199, 240
Lizard Creek, 77
Locust Mountain, 198
Locust Mountain anticline, 196, 237
Locust Township, 92
well in, 104
Longwood formation, 64
Lookout, well near, 281
Lords Valley, wells near, 228, 232
Losh Run shale, 54
Lovelton, well near, 201
Lower Helderberg limestone, 61
Lower Mahanoy Twp., wells in, 216-217
Lower Tannersville, well near, 185
Lower '.[‘ownrg'eznsms; Twp., wells in, 86-

Loyalton, water supply of, 113
wells near, 109, 115-1 16

Loyalville, well at, 146

Ludlowville formation, 56
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Luzerne_County, 135-169
analyses of waters in, 165
generalized section for, 136
logs of wells in, 166-169
map of, 137
public water supplies in, 142-144
wells in, 145-164
Lykens, 105
water supply of, 111
Lykens Township, wells in, 116
Lykens Valley coals, 48, 92, 109, 240

M

Mabel, wells at, 251
cAdoo, water su_})p]y of, 78, 243
well near,
McEwensvﬂle, wells at, 208
Mecllhanev, well at. 190
McKeansburg, wells at, 255
McKenzie formation, 03-G5, 89, 94-95,

McMichael, 170
well near, 187
McMichael Creek, 170
Madison Township (Columbia, Co.), 88
wells in, 99
Madison Township (Lackawanna Co.).
wells in, 181
occurrence of,
waters, 37
Mahanoy City, 236
well near, 249
Mahanoy coal basin, 237, 239, 243
Mahanoy Creek, 1
Mahanoy Mountam, 193
Mahanoy Township (Schuylkill County),
wells in, 248-249
Mahanoy Tunnel Station, well near, 249
Mahantango Creek, 236
Mahantango formation, 56
Mahantango Mountain, 105, 108-110, 241
Mahoning Creek,
Mahoning Townslnp (Carbon County),
wells in,
Mahoning Townshnp (Montour County)
wells in, 2!
Main Townsh 8 92
1 in, 1 é
Mamvxlle, well near, 103
Malta, wells near, 217
Mammoth coal, 46-47
Manada Gap, 67-68 108, 111-112
Manchester '.l‘ownshlp, wells in, 281
Manufacturing, 4
Maplewood, well near, 131
Marcellus shale, 55-57, 71, 75-76, 89, 93,
07, 1 136 141, 172 174~
'y (] (] L] ’
241242 ’
Marshall Creek, wel]s at, 183
Martins Creek, 259, 26
Martinsburg sha?l‘e. 15 17, 67-68, 70, 177,

Matamoras, 219, 221, 225
water supply of, 224, 226
wells at, 223, 230-231

Mauch Chunk, 5, 74
water supply of, 79
wells near, 74, 75, 77, 82-83

Mauch Chunk Ridge, 70

Mauch Chunk shnle, "49-50, 71, 74-75, 89,

9293, 107, 1 1

Magnesium, in natural

INDEX

Mauch Chunk syncline, 72, 178
Mauch Chunk Township, wells in, 81-83
I\Inyberlliy Township, 199
in,

Medina formation, 67
Mehoopany, wells at, 206
Mehoopany coal basm. 136, 289-280
Mehoopany Creek, 2 1
Mehoopan Townlhip, wells in, 286
Meinzer, uoted,
Merwmsburg, ‘wells near, 187 190
Meshoppen, water supply of, 291

wells at,
Meshoppen Township, wells in, 294
Mexico sandstone, 56
Middle Paxtoillg.‘ownship, wells in, 117-

Middle Smithfield Township, wells in, 183
Middleport, well near, 2563
Middleton Township, 263
Middletown, water supply of, 143
Miflin Township (Columbla County),
wells in, 103
Mifflin ’.l‘ownshxé; (Dauphin County),
wells in, 1
Mifflinville, well near, 103
Milanville, 273
wells at, 282
Milford, 5, 221-228, 225
spring near, 225
water supply of, 224, 226
wells near, 231-232
Milford Township, well in, 231
Mill City, spring near,
water supply of, 292-203
Millers Mountain, 287-288
Millersburg, 105
water supply of 1]3
wells at, 109, 111, 114
wells near, 117
Millertown School, well near, 234
Millrift, 222
wells at, 230
Mills Grove, well near, 103
Millville, 80
water supply of, 97
wells at, 91, 94, ‘99
Mllnem]le, water supply of, 144
ells near, 1
Mllton, 201, 203-204
water supply of, 203
wells at, 203, 209-210
Milton anticline, 60, 62. 64, 80, 93, 95,
122, 186, 140, 196 199-202
Milwaukee, wells near, 131, 132
Mineral consgét-lseéxts of natural waters,

Mineral paint, 56.
Minersville, well near, 253
Moftat Patch, well near, 154
Molly Bullion Spring, 201
Monroe County, 170-192
analyses of waters in, 192
generalized section for, 172
map of, 171
public water supplies in, 178-179
wells in, 180-191
Monrce Township, wells in, 297
Montandon,
Montdale, wells near, 128

23, Montebello sandstone, 486

136, 139-140, 195, 198, 237.
% 260-261, 274, 276, 288,

Montour (Berwick) ant:cline, 60, 64, 90-
91, 94, 137, 140-141,
196, 200-202
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Montour County, 193-207
analyses of waters in, 204
generalized section for, 195-196
map of, 194
public water supplies in, 203
wells in, 208-207
Montour Ridge, 61-83, 65-67, 88, 90, 95,
193, 186, 200-202
Montour Township, well in, 102
Montrose, pl. 4
water supply of, 263
wells at, 267
Mooresburg, wells near, 207
Moosic, 121
well near, 156
Moosic Mountains, 50, 120, 123, 273
Morainic topggﬁapby near Qakland, pl.

Mordansville, water supply of, 96
Moscow, water supply of, 126

wells at, 1
Moscow formation, 56
Mount Ararat, 273
Mount Carmel, 193

log of well near, 219

well near, 198, 214
Mount Carmel coal basin, 196, 198, 208
Mount Carmel Township, well in, 214
Mount Garmeé]gVater 0.'s well, log of,

Mount Cobb, wells at, 131
Mount Pleasant, water supply of, 142
Mount Pleasant red shale, 52, 124, 171,
74, 261, 276, 280
Mount Pleasant Township (Columbia
County), wells in, 101
Mount Pleasant Township (Wayne Coun-
ty), 278
wells in,
Mount Pocono, 5
spring near, 192
water supply of, 179
wells near, 180-181
Mountain Grove, well at, 157
Mountain Home, water supply of, 179
wells at, 181
Mountaintop, wells near, 155-156
Muhlenberg, wells near, 151-152
Muir, wells at, 253

N

Nanticoke, 44, 135
Natural gas, occurrence of, in natural
Nay Aug, log of well o 134
ay Aug, log of well at,
wells at, 125, 13
Neola, wells at, 187
Nescopeck, 141
Nescopeck Creek, 140
Nescopeck Mountain, 93, 140
Nescopeck Township, wells in, 157
Nesquehoning, water supply of, 78
well near, 82
Nesquehoning anticline, 178
Nesquehoning Mountain, 70, 74
New Columbia, 199
New Columbus, well near, 153
New Mahoning, wells at, 83
New Milford, water supply of, 264-265
well at, 267
New Milford foxémation, 26, 53, 259, 262,

New Milford Toévnship, well in, 287
New Ringold, wells at, 255
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New Scotland limestone, 61-62
Newfoundland, wells at, 286
Newport Township, wells in, 153
Newton Township, wells in, 130-131
Newtown, well at, 253
Nicholson, 43, 290

water supply of, 201

wells at, 295
Nicholson Township, 289

wells in, 295
Nitrate, occurargnce of, in natural waters,

North Branch Township, 289

North Knob, 12, 259

North Manheim Township, wells in, 256
North MorelandsTownship, wells in, 2907-

29
North Mountain, 14, 83.8890, 93, 135-136,

140,
North Pine Grove, well at, 257
North Union Township, wells in, 246
North Weissport, well at,
Northern antilé%acit_? field. 46-49, 120,

2
’
Northumberland, 66, 193, 1968-197
log of well near, 218
spring near, 201
water supply of, 205
wells at, 210-211
Northumberland County, 193-219
analyses of waters in,
generalized section for, 195-106
logs of wells in, 218-219
map of, 1
proportion of safe ground-water sup-
plies in,
public water supplies in, 203, 205
wells in, 208-217
Northumberland syncline, 80, 196, 199
Northumber]anfd 2VIV§1ter Co.’s wells, logs
or,
Norwegian Township, wells in, 252
Noxen, spring near,
water supply of, 202-203
wells at, 292, 297
Noxen Township, wells in, 207
Nuangola, wells at, 156
Numidia, water supply of, 98
well at, 104
Nuremberg, wells at, 157

(o]

Oakdale, water supply of, 148
Oaklan(z. 43 Iy of. 265
water supply of,
wells at, £86-267
Oakland Township, wells in, 266-287
Observation wells, water-level fluctua-
tions in, 20-24
Occurrence of ground water, 24-32
Oneida, water supply of, 245
wells at, 24 7
Oneida conglomerate, 67
Onondaga formation, 57-59, 71, 76, 94,
107, 136, 141. 172, 175, 195,
200, 221, 223-224, 237, 242
Old Forge, 120
Oliver Mills, wells near, 155
Olyphant, 120
Orange, wells near, 147-148
Orange Township, well in, 101
Orangeville, water supply of, 97
well at, 101
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Oriskany sandstone, 31, 59-61, 71, 76, 89,
94, 107, 172, 175-176, 195,
200, 237, 242

Orson, well near, 280

Orwigsburg, water supply of, 243, 245

wells hear, 255-256

Oswayo formation, 52

Oswego sandstone, 67-68

Ottawa, wells near, 206

Outlet, well near, 146

Outwood, well near, 258

Overfield Township, wells in, 295

Oxygen, content of in ground waters near
Pleasant Mount, 276-277

P

Packer Township, wells in, 81
Packerton, wells at,
Paint ore, 76, 174
Palmerton, 70
water supply of, 79
wells near, 76-77, 87
Palmyra Towi:!llsh%Pike County), wells

Palmyra Township (Wayne County),
wells in, 285
Panther, well near, 234
Panther Creek coal basin, 70, 73-74
Panther Creek syncline, 72, 77
Paradise Creek, 174
Paradise Township, wells in, 181-182
Paradise Valley, wells at, -173-182
Park Place, water supply of, 243
wells near, 243, 248
Parkers Glen, wells near, 229
Parryville, wells at, 85
Paupack, wells near, 233
Paupack Township, well in, 285
Paxinos, wells at, 213
Penn Forest Township, 75
wells in, 80-81
Penobscot Knob, 135
Perched water, 27
Permeability, 25
Peters Mountain, 51, 105, 109-110, 241
Peters Mountain sandstone, 50
Physical divisions, 13-14
Piezometric surface, 27, 85
Pike County, 219-235
analyses of waters in, 225
generalized section for, 221
map of, 220
public water supplies in, 224, 226
wells in, 227-235
Pike Creek, well at, 146
Pillow (Uniontown), water supply of,

wells near. 115-116
Pimple Hill, 170
Pine Grove, 241

. wells near, 257-258, pl. 4, fig. 3

Pine Grove Township, wells in, 257-258
Pine Township, well in, 98-99
Pisgah Mountain, 70, 74
Pitman, well at, 252
Pittston, 44, 49, 135

wells near, 33-35, 138
Pittston Township, well in, 155
Plains Township, wells in, 155
Pleasant Corners, wells at, 84
Pleasant Mount, 276-277

wells at, 282
Pleistocene glacial stages, 16

INDEX

Plymouth, 135, 137-138
wells near, 149

Plymouth Townhié). wells in, 149-150

Pocono anticline, 221

Pocono Knob, 170, 173

Pocono Lake, wells at, 173, 186

Pocono Lake Preserve, spring near, 192
water supply of, 179
wells at, 187

Pocono Mountains, 70, 170, 219

Pocono Pines, water supply of, 170
wells at, 186

Pocono plateau, 50, 52, 170-171, 173-174,

177178

Pocono sandstone, 50-51. 71, 75, 89, 93,
107, 110, 121, 123, 136, 140,
195, 198-199, 237, 240-241,
260-261, 274, 276, 288, 290
Pocono Summit, wells at, 180, 186
Pocono Township, wells in, 185
Pohopoco Creek, 170-171, 173
Pohopoco Mountain, 70
Point Township, well in, 210
Polk Township, 170, 178
wells in, 190-191
Population, 4
Porosity, 24-25
Port Clinton, 236, 239, 242
wells at, 255
Portage group, 26, 54-55, 71, 75, 89, 93,
107, 110, 136, 140, 172, 174,
195, 199-200, 221, 223, 237,

Porter Township (Pike County), 221
wells in, 234
Porter Township (Schuylkill County),
wells in, 252-253
Post-Chemung marine beds, 52-53, 288
Post-Pottsville formations, 4647, 71, 73-
74, 89, 92. 107-108. 121,
123, 136, 138-139, 195; 198,
237, 239, 260-261, 274, 276
occurrence of, in natural
waters, 37
Pottsgrove, wells at, 207, 210
Pottsville, 236
water supply of, 243
wells at, 239, 253
Pottgville formation, 47-49, 71, 73-74, 89,
92, 107-109, 121, 123, 136,
139, 195, 198, 237, 239-240,
280-261, 274, 276, 288, 200
Powell Valley, well near, 117
Poxono Island shales and limestones, 63-

Poyntelle, wells at, 280
Precipitation, §
relation of, 20 f;in'ound water, 19-24,
pl. 4, ng.
Preston, well near, 281
Preston Center, well near, 280
Preston Park, wells at, 280
Preston Township, 273-275
wells in, 280-281
Price Township, well in, 182
Prompton, well at,
Public water supplies, .
See particular county descriptions

Q

Quality of ground water, 3640, 77, 96,
111, 125, 141-142, 177-178,
%3:13, 224, 243, 263, 276-277,

Potassium,
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Quakake Junction, wells near, 247-248
Quicksand, drilling in, 173

R

Rahn Township, wells in, 254
Raker, well near, 215
Ralpho Township, wells in, 213
Ransom, 135
wells near, 132, 148
Ransom Township, wells in, 132
Rausch Ga&.’ 105
Rausches, 60, 62, 64, 242
Rebuck, well near, 215
Recovery of ground water, 32-30
Red Cross, well near, 215
Reed Township, well in, 118
Reilly Township, wells in,
Reinerton, well near, 252
Retreat, wells at, 152-153
Retta, well near, 271
Reynolds, 239
Riddlesburg marine shale, 51
Rife, wells at, 115
Ringtown, water supply of, 243
wells at,
Riverside, 91, 197
wells at, 211
Roaring Brook, 120 .
Roaring Brotil%él‘ownship, wells in, 131-

Roaring Creek, 88
Roaring Creek Township, 88, 92
well in, 1
Roaring Creek Valley, wells in, 92
Rochester formation, 66
Rockefeller Township, wells in, 212
Rockport, water supply of, 78
wells at,
Rockville, 56, 105, pl. 2-A
wells at, 119
Rohrsburg, well near, 100
Rome anticline, 260
Rose Hill formation, 66
Ross Common, 176
wells at 177, 189
Ross Township (Luzerne County), wells

in, 145
Ross Township, (Monroe County), 170
wells in, 189
Rossland, well at, 189
Rough and Ready, well near, 216
Rowlands, wells near, 227
Rupert, 91, 92
well near, 102
Rush, wells at, 268
Rush (Towanda) anticline, 260
Rush formation,
Rush Township (Northumberland
County), wells in, 211-212
Rush Township, (Schuylkill County),
wells in, 247-248
Rush Township, (Susquehanna County),
wellg in,
Rutledgzedale, wells near, 281
Ryan Township, wells in, 249

S

Sacramento, well at, 252
St. Johns, water supply of, 144
well at, 1
St. Josephs Springs, discharge of, 105
Salem Township, (Luzerne County).
wells in, 153
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Salem Township (Wayne County), wells
in, -286
Salina group, 64
Salt water, occurrence of, 39, 53-54, 125,
140-142, 223-224, 262-263,

291
Sandhill, well near, 188
Sandstone, water in, 31
Sandy Run, log of well near, 167
wells near, 160
Saylorsburg, 170, 171
water supply of, 179
wells at, 176, 189
Schultzville, wells near, 130, 208
Schuylkill County, 236-258
analyses of waters in, 244
generalized section for, 237
map of, i
proportion of safe water supplies
in, 40
public water supplies in, 243, 246
wells in, 246-
Schuylkill Gap, 15, 68, 242
Schuylkill Haven, 241
water supply of, 244
wells near, 244, 256-257
Schuylkill River, 13, 70, 236, 237, 239
Schuylkill Township, wells in, 253-254
Sciota, 171, 173-174
wells near, 189
Scot Run, wells near, 185
Scott Township, (Columbia County),
wells in, 101-102
Scott Township, (Lackawanna County),
wells in,
Scott Township, (Wayne County), 273

we 1n
Scranton, 4, 120, 121
Second Mountai, 52, 105, 108-110, 241-

Selinsgrove, 196
Selinsgrove anticline, 59, 90, 93, 186, 199-
202, 237

Selinsgrove Junction, 58, 60, 62, 64, 197
Selinsgrove lower limestone, 58
Selinsgrove shale, §9
Sereno, wells near, 99
Seven Points, well at, 212
Shale, water in,
Shamokin, 193
Shamokin coal basin, 186, 198, 203, 237
Shamokin Dam,
Shamokin Island, wells on, 197
Shamokin syncline, 91, 196, 199, 202
Shamokin Township, wells in, 213
Sharp Mountain, 105
Shavertown, water supply of, 144
wells at, 147, 149
Shawangunk conglomerate, 66, 68
Shawnee, water supply of,
Shenandoah, 236
water supply of, 244
wells near,
Sheppton, well at, 247
Shickshinny, wells near, 152-153

Shinn, L. A., chemical analyses of water
by, 86, 78, 97, 134, 165, 192,
204, 225, 278, 292

Shoemaker, 173
wells at, 183

Shohola Falls, well near, 229
Shohola formation, 52-53, 222, 274, 276
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Shohola, syncline, 221

Shohola Township, wells in, 228-230
Short Mountain, 105, 108, 109

Shriver chert, 62

Silica, occurrence of, in natural waters,

36

Silkworth, well near, 151
Silver Lake, well at, 266
Silver Lake Township, well in, 260
Skaneateles formation, 56
Skinners Eddy, 289

wells at, 200-291, 204
Slocum, well at, 153
Slocum Township, well in, 153
Smith well, log of, 166
Smithfield Township, wells in, 183-184
Snowfall, &
Snydersville, 171

wells at, 188
Snydertown, wells at, 218
Sodium, occutg;nce of, in natural waters,

Soil moisture, 20

Source of ground water, 19-24

South Abington Township, wells in,
129-130

South Canaan, wells at, 285
South Canaan Township, wells in, 285
South Easton, 280
South Gibson, wells at, 270
South Heberton, water supply of, 143
wells at, 161
South Manheim Township, wells in, 257
South Montrose, ‘wells at, 267-269
Southern anthracite field, 46-49, 108, 236-
237, '239-241
Specific capacity of wells, 35, 36
Speeceville, wells at, 118
Spencer Spring, 264
Spring Brook, wells at, 132-133
Spring Brook Township, 120
wells in, 132-133
Spring Glen, water supply of, 245
well at, 252
Springs, fluctuation in flow of, 23-24, 204
types of, 27-28
Soringtown, well near, 208
Springville, wells at, 264, 270-271
Springville Township. wells in, 270-271
Stanton Operating Co.'s wells, 33-35
logs of, 166
Starlight, well at, 281
Starrucea, spring at, 278
water sunpnly of, 279
well at, 267
Starrucea Creek, 273
State of New 2§'frsey, wells in, 184, 224,

State of New York, wells in 228-229, 231
Stemlersville, wells near, 85
Stillwater, well near, 100

Stockport, 275

Stoddardsville, well at, 155

Stone Glen, wells at, 118
Stonington, wells at, 213

Stony Creek Valley, 105

Stony Mountain, 105

Stormville conglomerate, 62
Stormville shale, 61, 63

Stose, G. W., quoted, 67-68

Stowell, well at, 207

Stratigraphy, outline of, 16
Strawberry Ridge, wells at, 200, 206
Stroud Township, wells in, 184-185

INDEX

Stroudsburg, 58, 60, 170-171, 173-174
water supply of, 178-179
wells at, 184-185
Suedberg, well near, 258
Sugar Loaf Township, wells in, 157-158
Sugar Notch, well near, 154
Sugarloaf Mountain, 273-274
Sugarloaf Township, wells in, 98
Sulphate, occurrence of, in natural
waters, 37
Summit, 60, 242
Summit Hill, 70
water supply of, 79
wells near,
Sunbury, 193, 197, pl. 4
water supplg of, 203
wells at, 199, 212
Surface features, 12-14 .
See also particular county descrip-
tions
Susquehanna County, 259-272
analyses of waters in, 272
generalized section for, 260
logs of wells in, 272
map of, 262
public water supplies in, 263-265
springs in,
Susquehaang Boger wat 1y of, 263
Susquehanna Depot, water supply of,
Sus?wehanna RFver, 12-13, lg, 19, 88,
105-106, 120, 135, 138, 193,
197, 202, 238, 259, 261, 278,
287-280, pl. 2
Susquehanna Township, wells in, 119
Susquehanna Valley, 15, 88
Susquehanna Water Gap. 66, 68, pl. 2-A
Swartz, C. K. and F. M., quoted,
Swatara Creek. 106, 236
Swatara Gap, 60, 62, 65-66, 105-106
Sweet Valley, wells near, 145
Swiftwater, water supply of, 178
wells at, 182, 1
Sybertsville. wells at, 158

T

Taconic disturbance, 17, 67
Tafton, wells near,
Tamaqua, 236
wells at, 254
Tanners Falls, 274
well at, 283
Tannersville, water supply of, 179
Taylor, 120
Taylorville, wells at, 251
Tedyuskung Lake, well at, 227
Temperature, air, 5-6
ground-water, 39-40
Terraces, 43, pl. 2-B
Texas Township, wells in, 284
Third Mountain, 105, 108-109
Thompson, spring at, 264, 272
water supgly of, 265
wells at, 267
Thompson Township, wells in, 267
Thornhurst, wells at, 13
Till, character of, 42-44
water in, 28
Tingley Lake, wells near, 269
Tobyhanna, water supply of, 179
wells at, 174, 178, 180
Tobyhanna Township, wells in, 186-187
Tomkinsville, 122
Tonoloway limestone, 63-65, 89, 94-95,
195, 201
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Towamensing Township, wells in, 85
Towanda (Rush) anticline, 260
Tower City, water supply of, 245
Transpiration, 20
Trauchsville, wells at, 85
Tresekow, water supply of, 78
Trevorton, water supply of, 205
wells at, 216
Tri-state monument, 57-58, 221,
Trimmers Rock sandstone, 63-55,
Tripp Lake, well at, 266
Trout Run Valley, 105
Trucksville, spring near, 165
water supply of, 144
wells near, 149
Tully limestone, 86
Tunkhannock, 287, 280
water supply of, 202-203
wells at, -290, 205-206
Tunkhannock (:Jlteek. 43, 120, 260-261,

287, 289-290
Tunkhannock Twp. (Monroe Co.), 170
well in, 187
Tunkhannock Township (Wyoming
County), wells in, 205-296
Turbot Township, wells in, 2
Turbotville, 196

wells at, 209

Turkey Ridge sandstone, 56

Tuscarora, well at, 264

Tuscarora sandstone, 15, '66-87, 71, 77,
107, 110, 172, 177, 196, 202,
237, 242-243

Twin Lakes, wells near, 229-230

Tyler Hill, wells at, 281

U

Unconformity between Tuscarora sand-
stone and Martinsburg
shale, 15, 17, 67-68

Unconsolidated deposits, wells in, 33-85

Union Corner, well near, 211

Union Hill, well at, 269

Union Townshi (Luzerne County),
wells in, 1

Union Township, (Schuylkill County),
wells in,

Uniontown (Northumberland County),
well at, 213

Uniontown (Pillow), (Dauphin County),
water supply of, 113

wells near, 115-116

Unionville, wells near, 80

Unityville, wells near,

Upper Augusta Township, wells in, 212

Upper Helderberg limestone, 58

Upper Lehigh, water supply of, 143

wells at, 160-161
Upper Mahané)yeTownship, wellg in, 215-

223
200

Upper Mahanta;go Township, wells in,
Upper Paxtolil g.‘ownship, wells in, 114-

v

Valley and Ridge province, 14, 16, 136

Valley Township, well in, 206

Valley View, water supply of, 245
wells near, 252

Vernon, well at, 297

Vernon red shales, 64

Voids, 24

Vosburg, wells at, 206

ok |

w

Walcksville, wells at, 85
Walker Lake, well at, 229
Walker Township, wells in, 2564
Wallenpaupack Creek, 274
er, well near, 98
Wallpack anticline, 173
Wallpack Bend, 58, 176
Wallpack Ridge, 171, 173, 176
Wallsville, well at,
Wapwallopen, spring near, 165
water supply of, 144
wells near, 157, pl. 4
Washington Township (Dauphin
County), wells in, 115-116
Washington Township, (Northumber-
land County), wells in, 215
Washington Township, (Schuylkill
County), well in, 257
Washington Township (Wyoming Co.),
wells in, 206.
Washingtonville, wells at, 201, 208
Watsontown, 197, 204
water supply of, 203
wells at,
Watsontown anticline, 196, 199-202
Water-bearing formation, occurrence and
character of, 41-68
See also particular county descrip-
tions
Water table, 27, 36
Waverly, 121-122
water supply of, 126
wells at, 123, 125, 129, pl. 4
Waymart, water supply of, 277, 279
wells at, 284-285
Wayne County, 273-286
analyses of water in, 278
generalized section for, 274
map of, 276
public water supplies in, 277, 279
wells in, 280-286
Wayne Township, (Dauphin County),
w

ells in, 117
Wayne Township (Schuylkill County),
wells in,
Waynesville, well at, 117
Weatherly, water supply of, 78
Weigh Scales, well at, 213
Weintz, wells at, 146
Weir Spring, wells at, 190
Weishample, well at, 251
Weissport, water supply of, 78
wells at, 78, 76, 85
Well screens, use of,
Wells, construction of, 82-35
fluctuations of water levels in, 20-
) y Ple
recovery of water from, 32-36
specific capacity of, 35-36
West answizcsk Township, wells in, 255-

West Chillisqzuﬁme Township, wells in,

West Falls, wells at, 207-208
West hztahanozs:5 o’l‘ownship, wells in, 249-

West Nanticoke, wells at, 140, 149-150
West Nicholson, 289

West Penn, wells at, 254

West Penn Township, wells in, 254
West Pittston, well near, 148
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Western Middle anthracite field, 46-48,
88, 91-92, 193, 236-237, 239-

Westfall Township, wells in, 230-231
Weston, wellg at, 157
White Deer anticline, 289
White Hall, well at, 2006
White Haven, spring near, 165
water supply of, 144
wells near, 159-160
White Mills, 277
wells at, 284
White's coal, 48
Wiconisco, water supply of, 111
Wiconisco coal basin, 105, 108-109
Wiconisco Creek, 109
Wilkes-Barre, 4, 21, 47. 135, 137, pl. 4
water supply of, 142
wells at, 138, 142, 154
ilkes-Barre Township, wells in, 154-
Williams, K. T., chemical analyses of
Wwater by, 36, 78, 134, 165,
192, 225, 272, 278, 202
Williams Township, 105
Williamstown, 105
water supply of, 111
Wills Creek shale, 63-64. 71. 89, 94-95,
. 172, 176, 195, 201
Wilmot anticline, 260, 289
Wilsonville, 274
Wimmers, well at, 131
Wind Gap, 14, 176-177

INDEX

Windham Township, wells in, 207
Winterdale, well near,
Wire Ridge syncline, 72, 75, 77, 173-174
Wisconsin drift, 42, 71, 73, 8 9, 01,
121, 138, 170-172, 194-195,
221, 244, 274, 287
Wolffs Run, water supply of, 142
Worden Place, water supply of, 144
Wright Township, wells in, 166
Wyoming, well near, 148
Wyoming County, 287-298
analyses of water in, 292
generalized section for, 288
map of, 289 .
public water supplies in, 291-203
wells in, 294-
Wyoming Valley, 44, 47, 120, 122, 135,
137-142
Wyoming Valley Water Co.’s wells, logs
of, 167-168
Y
Yellow Springs, 105
Z
Zehner, wells near, 160
Zerbe Run, 198
Zerbe Township, wells in, 215
Zions Grove, well near, 246
Zionsville, wells near, 118
Zone of aeration, 27
Zone of saturation, 27



