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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-PottsviUe forma
tions, of Pennsylvanian age (youngest), to the Juniata formation, of
Upper Ordovician age (oldest)1. All 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 Illinoian 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 municipal 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.

North of the Wisconsin drift border and for some distance south along
the major 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.

iThe Pennsylvania Topographic and Geologic Survey classes the Juniata as Silurian.
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Most of the drilled wells in the area obtain adequate 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
places 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-

Fignre 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 Wl, by Arthur lift. Piper, 1933.
3. Bulletin W3, by B. M. Leggette, 1936. 4. BuUetin W4, by S. W. Lohman, 1937.

5. and 6. Manuscripts by S. 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-PottsviUe
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]/2 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 kiches 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 25.26 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 tp 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
innortheastern 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 atMount Pocono. Ingeneral, however, there are only 5to 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
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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 hy
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

Fig. 2. Map of Pennsylvania and parts of adjoining States showing the major
physical divisions. Subdivisions of the Appalachian Plateaus province: A.
Southern 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
trosion 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 Gapnearly 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.
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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
quent 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
pitch downward in many places, which has resulted in a series of canoe-
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
aThe Pennsylvania Topographic and Geologic Survey classes the Juniata as Silurian.
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counties, and for this reason all the structural details, including the
names, trends, and locations of the folds, dips of the rocks, and local
occurrences 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 W.ater 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 pi. 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
intensely 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 of 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 clown the high
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folds as they rose and kept them from reaching their possible maximum
height. Nevertheless, at the end of the Appalachian revolution the
Appalachian Mountains possibly rivaled the Alps in height and grandeur.

The Appalachian revolution, terminating the deposition of Paleozoic
sediments, was the last period 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 theTriassic redbeds. 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
eastern 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.8 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.

'Davis, W. M., The rivers and valleys of Pennsylvania: Nat Geoe Mai? ™i i ™
184-253, 1889. Campbell. M. B.. Geographic development of nor1h2m fwyTvanll' a?d
southern New York: Geol. Soc. America Bull., vol. 14. pp 283-284 1903 jSSmf p R
£°r™atl£L£i r^UalR£c0o8,°« ,S,aCS ln,K,th6 east^a Appalachian* H&ndsrldenf; vol.'3», pp. 633-668, 1924. Stose, G. W., Possible post-Cretaceous faulting to the AnnaiaehfonR-
Idem, vol. 38, pp. 49JW05, 1927. Johnson, Douglas, Stream scSptme on therBStte
slope, a study In the evolution of the Appalachian Tivera: 142™., iKltar YorkCotarnbia
Univ. Press, 1931. Ashley, G. H., Studies in Appalachian MouMato scStuYe: GeolSoc!
America, BuD., vol. 46. pp. 1396-1486, pis. 119-126, 14 flgs, 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 (pi.
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-
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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 thesoil 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 Besearch Council, Am. Geophysical Union, Trans, of 13th Ann. Meetinir.
pp. 373-375, June, 1932.
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Weekly precipitation at Wilkes-Barre, Luzerne County

Graph showing the weekly fluctuations of the water levels in 8 observation wells in
northeastern Pennsylvania and the weekly precipitation at Wilkes-Barre

Plate 4
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ations of the water table in eight of these wells that are located 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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D-Monthly precipitation a* Pine Grove.

Figure 3. Graphs showing the relation between the monthly fluctu
ations of the water level in well 913, % mile southeast of Pine Grove,
Schuylkill County, and the monthly precipitation at Pine Grove.

Precipitation data from U. S. Weather Bureau
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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 ^2 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

s-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
quehanna County were measured and remeasured during wet and dry

5 Wenzel, L. K.. Methods of studying water-level fluctuations (unpublished report In flies
of U. S. 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 c

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,7

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

«For a more detailed treatment of the general subject of the occurrence of ground
water, see Meinzer, O. E., The occurrence of ground water in the United States with a
discussion of principles: U. S. Geol. Survey Water-Supply Paper 489, 1923.

* Meinzer, 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 (CaCOa),
silica (Si02), or iron oxide (Fe2Oa).

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 the 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 coarse sand or
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Plate 5

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 clown 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 8 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 zone
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 beneath 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 impermeable 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 (pi. 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 freely, 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 sandstone or 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, Si02)
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 area 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 consider
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.

RECOVERY9

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 than the
deeper drilled wells.

•See Meinzer, O. E., Outline ol ground-water hydrology: D. S. Geol. Survey Water-
Supply Paper 494, pp. 60-68, 1923.
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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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Figure 5.—Sectional view of gravel-walled screened well of the Stanton
Operating Co., near Pittston (well 294). From data

furnished by the company.
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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 tthat 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 (Si02) 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 produced 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 millionof 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,
especially 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 + 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 (COa and HCOa) 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 (S04) 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 (CI) 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 (NOa) in water is considered a final oxidation product of
nitrogenous organic material. The quantities usually present have no
effect on the value of water for ordinary use.

Hardness is usually expressed as the quantity of calcium carbonate
(CaCOa) 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
constituent 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-Pottsville 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.10

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
%• 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
each 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,11 and consequently surface water is cold in winter
but warm in summer. On the contrary, the temperature of ground water

10For further details see McNamce, B. I>., The removal of Iron from hard ground waters:
Am. Water Works Assoc. Jour., vol. 21, no. 6, pp. 758-767, 1029.

« Collins, W. !>., Temperature of water available for industrial use In the United States:
U. S. Geol. Survey Water-supply Paper 520, pp. 07-1011 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 (H2S), 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 someof 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
of 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 S. Bush, Pennsylvania Department of Health]
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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
eastern Pennsylvania is very fine coal, or culm, which is discharged into
the streams in enormous quantities from the numerous coal washeries.12
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 DRIFT1*

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,
Ulinoian, 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. Except 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.

11A 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 bandling passed
out as waste.

18 See Leverett, Frank, Glacial deposits outside the terminal moraine in Pennsylvania:
Pennsylvania Geol. Survey, 4th ser.. Bull. G-7, 123 pp. 38 figs., 2 pis. (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
extended 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 Monroe County, traverses it in an irregular, sinuous
line, and leaves it in northern Columbia County.14 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
outwash.

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 G

A. Terraces of glacial outwash along Tunkhannock Creek \'s 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 heaps 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 (pi. 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 (pis. 2-B and 6-A).
Deposits of glacial outwash fill the larger valleys north of the Wisconsin
drift border (pi. 3-A) and extend as "outwash trains" beyond the
border. The outwash material consists of clay, sand, "quicksand," and
gravel (pi. 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 therefore described separately for
each county.

15Darton, N. H., Sand available for filling mine workings in the Northern Anthracite
Basin of Pennsylvania; U. S. Bur. Mines Bull. 45, p. G, 1013.
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Plate 7

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

matia, Northumberland County
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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 White18 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 communication.
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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.17 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, 0. A., Report on the Wyoming Valley Oarboniforous limestone beds:
Pennsylvania Geol. Survey Ann. Rept. for 18S5, pp. 437-450, 1866; Wyoming Hist. & Geol,
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 (^conformably 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.18 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.

Grabau19 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 20 "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 « has "adopted the topmost bed of normal
red shale in each section as the lower boundary of the Pottsville
formation.

coa"b?KPeZ^anfa^^K £}™Da*«**<>™ showing the correlation of anthracite,<w>»° -^e™syj'vania- Colliery Eng., vol. 34, no. 3, suppl., 1913.
pp. a£S5fnMot' ' ^PC8 OI Bedlmentary OTer,aP: Geol. Soc. America Bull., vol. 17.

aiS^f8' £.-_2-' 2?e seology o« Pennsylvania, vol. 2, pt. 1, p. 17. 1858
•nJ.^"16.' 2?™' Pe sfrntteraphic succession of the fossil floras of the Pottsville
AnrTp\,fapfe2,TSo?l^t.hraC,U> C°al flC,d' *—**"*" U. If Geol. Snr^ey^Jth

»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 arc generally favorable,
many of the wells flow. (See pp. 139, 240.)

MISSISSIPPIAN SERIES

MAUCH CHUNK SHALE

General 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 2S ascribed to it an origin in a shallow sea, and Lesley 2*
believed that the "red shale" was deposited on a broad shore-bordered
lowland near sea level, occupied by marshes, pools, and lagoons.
Grabau2B and subsequently Barrell26 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.

** Sogers, H. D., The geology of Pennsylvania, vol. 2, pt. 2, p. 794, 1858.
** Lesley, J. P., Pennsylvania Geol. Survey, Final Sept., vol. 3, pt. 1, p. 1807, 1895.
»» Grabau, A. W., op. cit., pp. €32-634.
>s Barrell, Joseph, Origin and significance of the Mauch Chunk shale: Geol. Soc. America

Bull., vol. 18. pp. 449-476, 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 Oiunk 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 disconfoririably 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.27

The definition, age, and distribution of the Pocono at its type locality
have been widely discussed in recent years, and the very existence of
Mississippian Pocono on the Pocono Plateau has been questioned.28 In
recent studies of the continental Devonian deposits of northeastern Penn
sylvania, Willard29 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.

Willard30 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

*7 Geologic map of Pennsylvania: Pennsylvania Topographic and Geologic Survey i931.
,™ ^.ChJ2.dwick' G- H>' Great Catsklll Delta: Pan-American Geologist, vol. CO, pp. 91-107,
189-204, 275-286, 348-3C0, 1933. (Correction sheet distributed by author).

——; . What Is "Pocono": Am. Jour. Sci., ijth ser., vol. 29, pp. 133-
White, David, The age of the Pocono: Am. Jour. Sci., 5th ser., vol. 27, pp. 205-272?

Ashley. G. H., and Willard, Bradford, The use of the term Pocono: Science, ser. 5,

s» Willard, Bradford, Continental Upper Devonian of northeastern Pennsylvania: Geol.
Soc. America Bull., vol. 47, pp. 565-G08, 1936.

So 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.31 Coal beds occur in
the Pocono but they are generally thin and local. A 4-foot bed of coal 32
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
I^ackawanna 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 CROUP

General features.—The Catskill continental group underlies discon-
formably the Pocono sandstone. As originally described in the area by
White,34 the nonmarine Catskill was thought to overlie everywhere the
marine Chemung with "transition" beds between. Later work35 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 30 use of the term Catskill to

81 Willard, Bradford, personal communication.

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

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

3* White, I. C, Pennsylvania Geol. Survey, 2d ser., Repts. G-5, 1SS1; G-c, 1SS2; G-7,
18S3.

3B For an excellent summary of this later wprk. sec Willard, Bradford, "Cntskill" sedi
mentation in Pennsylvania: Geol. Soc. America Bull., vol. 44, no. 3, pp. 495-498, June,
1930.

*• 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 Willard37 (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 Willard38
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 area 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 Monroe Counties the Damascus is underlain by
three nonmarine formations, in order, the Shohola formation, the Dela-

87 willard, Bradford, Continental Upper Devonian of northeastern Pennsylvania: Geol.
Soc. America Bull., vol. 47, pp. 565-608, 1986.

"Willard, Bradford, idem., pp. 574-693.
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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 Qiemung formation as used in this report in
cludes only the wholly marine beds of Qiemung age, those beds of
Chemung age which are partly or wholly continental being included in
the overlying Catskill continental group. Willard*30 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
formation 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 eastern 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.

"Willard Bradford, Early Chemung shore line in Pennsylvania: Geol. Soc. America
Bull., vol. 45, no. 5, pp. S97-908, 1 fig. Oct. 31, 1934.
in t°«Wl1,,JLFd,,»,Prad,0,Id.' ^I10.8* erouD in Pennsylvania: Geol. Soc. America Bull., vol.40, pp. 1195-1218, pis. 94-95, 2 flgs. 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 41 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,42 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 Willard43 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 Cleaves44 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-

«* Willard, Bradford, op. eit., p. 1199.
«»Willard Bradford. A Tully limestone outcrop in Pennsylvania: Pennsylvania Acad.

Sci. Proc, vol. 8. pp. 57-62, 1 fig. 1934.
«Willard, Bradford, op. cit., p. 1212.
««Willard, Bradford, and Cleaves, A. B., Hamilton group of eastern Pennsylvania:

Geol. Soc. America Bull., vol. 44, 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, Willard40 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 fossififerous 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 Northumberland 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 *e has called the Turkey Ridge and Mexico
sandstones.

«5 Willard, Bradford, Hamilton group of central Pennsylvania: Geol. Soc. America
Bull., vol. 48, pp. 195-224, pi. 19, 3 figs., Feb. 28. 1935.

Hamilton group along the Allegheny Front in Pennsylvania: Geol. Soc. America
Bull., vol. 46, pp. 1275-1290, 2 flgs., Aug. SI, 1935.

40 Willard, Bradford, Hamilton group of ventral Pennsylvania: Geol. Soc. America
Bull., vol. 46, p. 203, 1935.
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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 theories47 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,48 "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

«See: Lesley, J. P^, Pennsylvania Geo. 8urvey Final Bept., pt. 2. p. 1181. 1892.
Swartz, F. M., The Helderberg group from central Pennsylvania to southwestern

V,r^?.,,a: ^Pennsylvania State College. Mineral Industries Exper. Sta., Bull. 4, p 16? 1929/
umiSo' J? & °^kany at Su8<W*anna Gap, Pennsylvania: Geol. Soc. Amer.
**U11* i VOX* '"By J)« 708* luSX*

XLIV.?".0?,' wf'Snuos M86 0non<laga formot,on to Pennsylvania: Jour. Geology, vol.
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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 overlies a calcareous shale member.

The outcrop of the cherty limestone member (the f'Corniferous"
or so-called Upper Helderberg limestone of the Pennsylvania Second
Geological Survey reports) 48a 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 York49 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.80 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
draulic cement rock," beneath the thin cherty member. It is 7 feet thick
in Lebanon County. In Northumberland County it is the tSelinsgrove
lower limestone of I. C. White.81 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-

*»• A dagger (t) preceding a geologic name indicates that the name has been abandoned
or rejected for use In classification in publications of the U. S. 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: D. S. Geol. Survey
Bull. 508, pp. 23-25, 1912.

so Kindle, E. M., Op. cit., p. 24.
"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 fSelins-
grove shale by I. 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 Monroe 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,
ttie 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 SANDSTONE

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 bed 8 to 10 feet thick, which thickens to-

2d Ser^Jfept*" fo w°. uSSr* lis?11"5 aDd MOnr°e Oount,e8' Pennsylvania: Geol. Survey.
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ward the southwest, becoming about 56 feet thick af 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 Mit is more than 268 feet and may be nearly 400 feet.

In Schuylkill County near Auburn the Oriskany ( ?) has thinned to
a lj^-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.86 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.66
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.6T

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 Bloomsburg, Columbia County,
but appears to be absent between Bloomsburg and Berwick.68 It also
crops out around the Milton anticline, in northern Northumberland and

"White, I. O.. op. dt., pp. 80-61.
»«Swartz, P. M., The Helderberg group from central Pennsylvania to southwestern

Virginia: Pennsylvania State College, Mineral Industries Exper. Sta., Bull. 4, p. 26, 1920.
Also Penna. Acad. Set. Proc. vol. m, pp. 75-89, 1920.

"Swartz, P. M., op. dt., pp, 28*27.
••White, I. O., The geology of the Susquehanna River region: Pennsylvania Geol.

8urvey, 2d fler., Sept. G-7, pp. 870-372, 1888.
"Reeslde, J. B., Jr., The Helderberg limestone ot central Pennsylvania: TJ. S. Geol.

Survey Prof. Paper 108, p. 221, 1918.
"White, I. O., op. elt., pp. 85-80.
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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-water 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 (fLower 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
fLower Helderberg as described by White69 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 fl0
and Swartzei 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 Swartz62 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

"White, I. O., Pennsylvania Geol. Survey, 2d ser., Bepts. G-6, 1882; G-7, 1883.
•oReeelde, J. B., Jr., op. dt., pp. 185-225.
"Swartz, P. M., op. dt.
«8wartz, P. M., op. dt., pp. 28-25.
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bedding is obliterated by shaly cleavage. According to Butts63 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,64 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 Helderbergis lacking in Dauphin County.

Very detailed sections weremade of the Helderberg and adjacentstrata
in Northumberland and Montour Counties by Reeside,66 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 3 4

Feet Peet Feet Feet

New Scotland limestone member 21.6 57.6 1 110± 85

Coeymans limestone member 2.0 3.6 3.0 41

Keyeer limestone member 1S9.8 202.3 122.5 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.
3. At Grovania, sear Columbia-Montour County line.
4. 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

" Butts, Charles, personal communication.
•«8wartz, P. M., op. dt., p. 26.
•8Reeside, J. B., Jr., op. dt., pp. 216-223.
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axis the thickness of the Helderberg is considerably less than it is on
the south side of Montour Ridge.

Reeside «a 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 excess 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 Reeside87
and Swartz68. 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,69 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. Swartz70 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:71

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-

M Reeside, J. B., Jr., op. dt. p. 189.
"Reeside, J. B., Jr., op. clt. pp. 217-225.
"Swartz, F. M., op. clt. pp. 22-27.
••White, I. O., Pennsylvania Geol. Survey, 2d ser., Rept. G-7, pp. 98-114, 1883.
70Swartz. C. K. and F. M., Early Silurian formations of southeastern Pennsylvania:

Geol. Hoc. America Bull., vol. 42, pp. 621-662, 1031.
"Idem, p. 668.
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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,72 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 I. 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.

"Swartz, O. E. and F. M., op. clt., pp. 628,
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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.

CLINTON FORMATION

General features.—According to Butts,78 the Clinton formation in this
area presents two facies—what may be regarded as a normal fades, with
fossils and iron ore, occurring in Columbia, Montour, and Northumber
land Counties, and a thicker fades, without fossils or ore but with more
sandstone, occurring along the summit and western slope of Kittatinny
Mountain. C. K. and F. M. Swartz74 were successful in tradng 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

** Butts, Charles, personal communication.
"8wart2, O. K. and F. M., op. clt., pp. 664-669.
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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. Swartz7B 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,79
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 Dda-
ware Gap the Shawangunk conglomerate is about 1,823 feet thick.
Stose78 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

"Swartz, O. X. and F. M., op. clt., pp.
«8chucnert, Charles, Silurian formations of southeastern New York, New Jersey, and

Pennsylvania: Geol. 8oc. America Bull., vol: 27, pp. 545-646, 1916.
"Swartz, O. K. end F. M., op. clt., pp. 631-638.
78Stose, G. W., Unconformity at the base of the Silurian in southeastern Pennsylvania:

Geol. Soc. America Bull-, vol. 41, p. 664, 1030.
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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 Ordovidan systems
have been thoroughly investigated by Stose,79 who condudes 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

"Stose, G. 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 eroded 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
pi. 3-B.]

ORDOVICIAN SYSTEM

JUNIATA FORMATION

General features.—The Juniata formation, of Upper Ordovician age,80
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.*1

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.

Groundwater 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.

80 The Juniata Is classed as Silurian by the Pennsylvania Topographic and Geologc
Survey.

"Stose. G. W-. op. clt., p. 641.



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 wdls are numbered consecutively from north to south and are tabu
lated by townships. Wells located in boroughs that are separate 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*,in-
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

fArea 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 5000
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 mmes. Nearly all of the industrial development is along the Lehigh
River. B

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
dram 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 Illinoian 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.
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Generalized section for Carbon County

Geologic
unit

Maximum
thickness
exposed

Feet
Character of rocks Ground-water conditions

Glacial drift 150±

Uneven deposits of clay, sand,
quicksand, and gravel. Wis
consin ISO feet thick in places,
Illinoian 50 feet thick in
places. Jerseyan drift doubt
fully present.

North of Wisconsin border,
drift yields small supplies
to a few wells, Illinoian
(?) drift, in Aquashicola
Creek Valley, yields large
supplies of potable water.

Post-PottsviUe
formations 975±

Coal, sandstone, and conglom
erate.

Unimportant as source of po$r
able water; only 1 well re
corded.

Pottsville
formation 1,000±

Coarse conglomerate and hard
sandstone. Some red shale
near base. Small, rugged
outcrops.

Unimportant in Carbon
County; no wells recorded.

Mauch Chunk
shale 2il60±

Chiefly red sandstone and red
shale, some friable yellow
sandstone near base.

Shallow wells yield small sup
plies; wells 150 to 600 feet
deep yield large supplies;
many flowing wells. Water
Is of excellent quality.

Pocono
sandstone 750±

Hard gray and red sandstone,
yellow, green, and gray
shale, and hard coarse quartz
conglomerate.

Yields small supplies to shal
low wells; would probably
yield large supplies to deep
wells. Water of excellent
quality.

Catskill
group 6,100±

Bed and green sandstone and
shales, and some conglomer
ate.

TIelds small to moderate sup
plies to wells less than 1.60
feet deep; would probably
yield larger supplies to deep
wells. Water of excellent
quality.

Portage
group 1,400±

Chiefly dark shales, with thick
beds of sandstone near mid
dle and near the base. Black
shale at base.

Yields small to moderate sup
plies of potable water to
shallow domestic wells. Water
of good quality.

Hamilton
formation 1.400±

Dark-gray shale, dark bard
fossiliferous slate, and flaggy
sandstone.

Yields small supplies to shal
low domestic wells. Deep
wells, particularly tbose en
countering sandstone, may
obtain large supplies. Water
of good quality.

Marcellus
shale 800±

Dark and gray shale. Yields small supplies of water
of good quality to shallow
wells.

Onondaga
formation 50±

5 feet of cherty limestone under
lain by 20 feet of "hydrau
lic cement" limestone, paint

'ore, and clay.

No wells known to exist. Paint
ore tunnels yield water high
in iron.

Oriskany
sandstone 288-400?

Chiefly massive coarse calcare
ous sandstone.

Unimportant, rugged unin
habited outcrop area; only
one well observed.

Helderberg
limestone 55-207

Sandy calcareous shale, sand
stone, and Impure limestone.

Unimportant; small outcrop;
no well data available.

Cayuga
group * 2,000±

Bossardville limestone, Wilts
Creek shale (thin-bedded cal
careous shale and lime
stone); Bloomsburg red beds
(red and olive-green shale).

Bloomsburg red beds yield
large supplies of excellent
water to deep wells; no data
on other formations.

Clinton
formation 1.000

Hard red, green, and white
sandstone; hard white sand
stone and conglomerate; red
and olive-green shale.

No well data available; known
to be water-bearing In Mon
roe County.

Tuscarora
sandstone 457

Hard conglomerate of quartz
and black shale pebbles, over
lain by hard white sandstone,
conglomerate, and sandy
shale.

No wells.

1 A large part of the Cayuga is 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

81 See Wlnslow, Arthur, Map and sections along the Lehigh River: Pennsylvania Geol.
Survey Ann. Rept. for 1888, pt. 4, sheet B, 1837.
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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. 41-07 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 pi. 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

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

84 Hill, F. A., Report on the metallic paint ores along the Lehigh River: Pennsylvania
Geol. Survey, Ann. Rept. for 1886, pt. 4, pp. 1386-1408, 1S8T.

85 Agthe, F. T., and Dynan, J. L., Paint-ore deposits near Lehigh Gap, Pa.: U. S.
Geol. Survey Bull. 430, pp. 442-345, 1010.
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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 locality, 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 225 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

MHIll, P. A., op. Clt., p. 1889.
ST For a complete history, description, and bibliography, see Agthe, F. T., and Dynan,
L., op. clt., pp. 440-164.
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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 aboc.t 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 706). 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 weU 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
[Part8 per million. Numbers less than 1200 correspond to numbers on map and in the

tables of well data]

704 712 718 756 1200 *

Silica (SlOs)
Iron (Pe)
Calcium (Ca) „ .
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Bicarbonate (HCOs)
Sulphate (SOi)

<"«T

! ~'
8.0

(3)
1.0

.0
11«

9.0 s
Sept. 23

6.7
.08

6.2
1.3
2.1

.2
21
1.6
1.5

.10
29

18
Sept. 23

T«

14

(*)
2.0

.62
19*

10 6

Sept. 23

9.9
.01

17
3.2
4.9

.6

51
14
1.2

.83
78

56
Sept. 23

T«

10

13 «
1.0

.10
28 *

21 8
Sept. 23

Chloride (CI)
Mtrate (NOs)
Total dissolved solids
Total hnrdness as CaCOs

(calculated)
Date of collection (1930)

» Abandoned paint-ore tunnel in Bowmanstown, 1,000 feet long, Marcellus or Onondaga.
-Less than 2 parts. *By turbity. * Calculated. »Determined.
Analysts: 704, 718, K. T. Williams, 712, 756, 1200, L. A. Shinn
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88 GROUND WATER

COLUMBIA COUNTY

GENERAL FEATURES

Area 479 square miles; population 48,803

Columbia County lies in the west-central part of the area described in
ttiis 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 SECTION

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 pi. 1.) The Wisconsin drift border crosses Susquehanna
River near Beach Haven, enters Columbia County on the north slope
of Huntington Mountain, and follows a northwesterly course through
Fishing Creek, Benton, and Jackson Townships. Extensive drift deposits,
which extend 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 fpund 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

Geologic unit

Maximum
thickness
exposed
(feet)

Character of rocks Ground-water conditions

Glacial
drift
lWisconsin,
illinoian,
Jerseyan ?)

140 Wisconsin and Illinoian drift;
sand, clay, and grave] on
higher -ground north of drift
borders. 8mall patches of
Jerseyan (?) drift; thick de
posits of Wisconsin outwash
along Susquehanna River and
Fishing Creek.

Wisconsin outwash sand and
gravel most Important surfl-
cial deposit; yields small to
very large supplies of good
water to dug and drilled
wells. Some failures due to
quicksand.

Post-
Pottsville
Pennsylvanian
formations

1.200± Sandstone, shale, slate, fire
clay; 12 to 15 workable coal
beds.

Unimportant; no wells re
ported. Head lowered und
water polluted by coal min
ing.

Pottsville
formation

850± Coarse conglomerate, gray and
greenish sandstone and shale;
a few workable beds of coal.

Unimportant; no wells re
ported; crops out only on
high mountains.

Mauch Chunk
shale

2,000± Largely red shale, with beds
of red and green sandstone
and green sbale.

Supplies a few shallow domes
tic wells in Catawissa and
Beaver Valley and two strong
wells In Soaring Creek Val
ley. Water reported to be
of good quality.

Pocono sand
stone

600± Coarse gray and yellowish
sandstone and shale and mas
sive grayish-white conglomer
ate.

Unimportant; no wells re
ported; crops out only on
high mountains.

Catskill
group

1,700± Red shale, red and gray cross-
bedded sandstone, green ami
white sandstone; gray Band-
stone and sbale In lower
part.

Yields small supplies to shal
low domestic wells, and
moderately large supplies to
wells 200 to 376 feet deep.
Water Is of good quality.

Portage
group

2,400± Alternating beds of gray and
olive-green shale and bard
whitish or greenish-gray
sandstone, black shale and
limestone at base.

Yields small supplies of good
water to shallow - domestic
wells.

Hamilton
formation

Marcellus
shale

1,0UU±

410±

Brown, gray, and bluish-gray
sandy shale and sandstone.

Black and dark-blue fissile
slate and shale, gray

near base.

Wells 50 to 250 feet deep gen
erally yield adequate domes
tic supplies; one deep well
yields large industrial supply.
Water generally of good
quality but may contain
hydrogen sulphide.

Oriskany
sandstone

40± Cherty rotten yellow sandy
beds; absent or concealed
east of Bloomsburg.

Not known; no wells known to
penetrate It; absent In most
places.

Helderberg
limestone

235± Largely blue pure and impure
limestone, with some Inter
bedded shale and bard sand
stone.

Yields large supplies of medium-
hard water to several In
dustrial wells; Iron-bearing
water from one well.

Cayuga
group

1,430± Tonoloway limestone, 103±
feet; Wills Creek shale (buff
and pale-green limestone and
sandy shale), 329 feet;
Bloomsburg red beds, (red
and green shale and sand
stone), 840± feet; calcareous
shale and olive-green sand
stone (McKenzie and Clinton),
150± feet.

Tonolway yields large supplies
of medium-hard water to
several industrial wells.
Bloomsburg supplies several
wells wltb 10 to 20 gallons a
minute of very soft water.
Very few data on remainder
of formation.

Clinton
formation

»560-
710±

Fossil Iron ore, hard ferrifer
ous red sandstone, and yel
lowish green and olive-green
shale.

Unimportant In Columbia
County; forms crest of high
ridge.

1 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

Read
975
for
976

/ ^ j Xl BENTON\

\MADISON£f \ \f5^>-'\ j
93<J«^ r

l

BRIAR
\ CREEK |

4t*/HEML0<5^S<5©^»«3 MIFFLI N _Ui'
tsf* I—&P ^T^gfiS-sfifi; „--*"' V

\

aS8l
EAVER

<TRflKUJ^r' \R0ARtHGX /
I y \ \ CREEK Nw
I,/ \o983\ £&/

(;uveuhi>ii.oc_ust\ /
^ « V I

\ »CONYNGHAMi
76*30' V J

41.
cot

\

Scale
K MILES

Figure 8. Map of Columbia County showing location of water wells

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

(Sec pp. 41-07 for further description.J

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 Il
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 Illinoian 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 1% 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 wells 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, 2Vt 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 andwith
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 Creek Water Co. has two strong wells in the Mauch Chunk (wells
985-986). 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 yield 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 formations 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
950, 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-bearing 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 fossil 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 975 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.

DOMESTIC 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

Borough

Benton

Catawissa

Millville

Orangcvillc

Popula
tion—

1030

7:ia

2,023

666

415

Owner

Benton Water
Supply Co.

Cntnwissa Water
Co.

Millville Water
Co.

Knob Mountain
Spring Water
Co.

Source

1 dug well
and 3 small
springs

Stream and 2
drilled wells

(auxiliary)

2 dug wells

5 springs

Geologic
source

Glncial drift

Cutskfll

Glacial drift

Glacial drift or
Catskill

Average

BorotiKh
Storage

(gallons)
dolly

consumption
Treatment Remarks

Benton 50,000 167
consumers

None 23 Arc plugs supplied.

Cntnwissa 250,000 no,oiio
gallons

None Wells 975-977: sec analysis, 077;
consumption. 80 percent by in
habitants, 20 percent by
manufacturers.

Millville 175,000 150
consumers

Chlorine gas Well 937; hIko supplies a silk
mill.

Ornngcvlllc 100.000 8-'!
consumers

None 12 fire plugs supplied.

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

Silica (SIOs)
Iron (Fc)
Calcium (Ca)
Mngnrslum (Mg)
Sodium (Nu)
Potassium (K)
Bicarbonate (HCO3)
Sulphate (SOi)
Chloride (CI)
Nitrate (NOa)
Total dissolved solids ...
Total hardness as C11CO3
Date of collection

024

10
51
1.0

.Kl

18 s

fi.O
Oct. 30,

1980

030

!1'

70"»

1!»
21

55
.0

257»
72

Oct. 30,
1030

060

9*

T*

44
1*
2.0
4.0

48*
34

Sept. 30,
1930

•By turbidity. * Calculated.
Analysts: 924, 936, 060, L. A. Shinn; 070. 977, M. D. Foster.

970

6.6
48i

32**

210
32»

14

2.2
253*

164
Sept. 4,

1931

977

12
.08

26
6.3
3.8

1.9
25

61

2.8
l:;

140
91 *

Sept. 4,
1931
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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 Hall5*.

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 2,909, 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, Q. M., Ground water in southeastern Pennsylvania: Pennsylvania 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

Geologic unit exposed
(fast)

Post-Pottsville 400-500
formations

Pottsville
formation

Mauch Chunk
shale

Pocono
sandstone

Catskill
group

Chemung forma
tion and
Portage group

Hamilton
formation

Marcellus
shale

Onondaga forma
tion, Oriskany
sandstone,
Helderberg
limestone, and
upper part of
Cayuga group

Lower part of
Oayuga group
(Bloomsburg red
beds) and Clinton
formation

Tuscarora
sandstone

Juniata
formation

1,400±

3,000±

l,i>00±

4,500+

1,750±

1,100

0-100

1 1,750±-
= 2,(35U±

>277-
«300

37(H-

Character of rocks

Sandstone, shales, slates, 5 or
0 workable coal beds.

Largely coarse quartz conglom
erate, with some gray and
green sandstone and shale
and 7 workable- coal beds.

Largely red shale, with beds of
red and green sandstone and
green shale.

Coarse gray and yellowish
sandstone and massive gray
ish-white conglomerate; some
red shale; 4-foot bed of coal
on Peters Mountain.

Red sbale, red and gray cross-
bedded sandstone, green and
white sandstone.

Dark sbale, black sbale, and
thin-bedded sandstone

Dark-gray shale and hard
massive sandstone.

Black slate.

Absent except *in easternmost
Lebanon County.

Hard red, green, and white
sandstones, red and olive-
green shales.

Coarse quartz conglomerate,
white and gray vitreous sand
stones.

Red sandstone and hard white
conglomerate.

Ground-water conditions

Unimportant us source of
ground water, ow.ng to
small ureal extent, coul
mining, and topographic
position.

Most important water-bearing
formation in northern Dau
phin County; yields adequate
supplies to situ low domestic
wells, large supplies to deep
wells. Some weak wells in
places where rocks are tight.

Relatively unimportant, owing
to topographic position;
yields small supplies to shal
low wells; one flowing well
on summit of Berry Mountain
yields moderately large supply
of very soft water. In some
places water contains an ex
cess of iron.

Second most important water
bearing formution in northern
Dauphin County. Yields ade
quate supplies to shallow
wells, large supplies to deep
wells. Water very soft.

Unimportant. Crop out
over very small area on
which there are very few
drilled wells. Only one
well observed.

Unimportant.

Unimportant. Yields small
supplies to a few drilled wells
at Susquehanna Gap.

Unimportant; no wells ob
served.

1Dauphin County. =Lebanon County. a Not present east 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.

77 00'
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Figure 9. Map of northern Dauphin County showing location of
water wells

WATER-BEARINO FORMATIONS

[See pp. 46-48 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. T^ie 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 thick89, 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.

88 Ashley, 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 ElizabethviUe, 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
atthe 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 bill,
is 400 feet deep and flows only 3 gallons a minute. It 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 County81.
Portage, Hamilton and Marcellus are exposed in a small anticlinal area
extending from Half Falls to a point about 3 miles east of Fisherville

00 Ashley, G. H., personal communication.
"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.

Tttscorora 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 OP 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 Clinton, 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 11G0 1201 1

Silica (8IO3) 17
.15

GO
5.7

12

2.4
120

G6
2.6
2.1

£18

148
Aug. 31

Iron (Pe) . 3.4
10 »

| 2.43
40
3»
1»
.0

393

32*
Aug. 31

4.7
24 »

203

26
140 3

10

3.8
2303

122 *
Aug". 31

Calcium (Ca)
Magnesium (Mg)
Sodium (Na )
Potassium (K)
Bicarbonate (HCOs)
Sulphate (8O4) .

82

1.23

11
2 =
4.0

16

41'

27*
Aug. 31

4.1 »

10

Chloride (Cl)
Nitrate (NOa)
Total dissolved solids
Total hardness as CaCOs

(calculated)
Date of collection (1931)

1 3
1*
.0

10 »

0.0 ♦

Aug. 31

1 Spring 1 mile south of Gratz, in Mauch Chunk shale; temperature 50'F.
2 By turbidity.
3 Calculated.
4 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 canoe" 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

Geologic
formation

Maximum
thickness
exposed

(feet)
Character of rocks Ground-water conditions

Glacial drift
(Wisconsin) 300

Clay, sand, and gravel; till
and outwash.

Yields small supplies of pot
able water to dug wells.

I'ost-Pottsville
formations 950±

Hard sandstone and slate; 11
workable coal beds.

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

Pottsville
formation 200±

Chiefly coarse white sandstone
and conglomerate; one coal
bed (not workable); carbona
ceous black shale near base
containing plant remains.

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

Mauch Chunk
shale 150±

Greenish shale and thin-bedded
sandstone.

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

Pocono
sandstone 650±

Hard, massive grayish or yel
lowish-white sandstone; grny,
green, and red shales; and
massive yellowish-white, very
coarse conglomerate.

Yields moderate supplies of pot
able water, but crops out
only In small area. Several
flowing wells near Carbon-
dale.

Catskill
group 1,000±

Chiefly greenish-gray crossbed-
ded sandstone and red shale;
one (bed of red sandstone
near middle.

Yields moderate to large sup
plies of potable water; sup-
lies 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

os Darton, N. H., Sand available for filling mine workings in the northern anthracite
basin of Pennsylvania; U. S. Bur. Mines Bull. 45, pi. 1, 1913.
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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. 41-53 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
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that obtain water from the glacial drift. A drilled well 1% 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 lowerbedsare 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. Severalold artesianwellsused 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 grfeen 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

January _
February
March —
April
May
June

1920 1930 1931

159 155 163

166 155 160

164 155 133
ISO 155 124

144 155 121

144 155 118

Month

July
August —
September
October _.
November
December

1929 1930

153 153
155 159
157 159
153 159

150 160

152 162

1931

127
129
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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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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]

135 139 159 166 172 175 1202 »

Silica (SiOa) 12
.02

87
5.0

15

2.2
168

4.5
2.2

.15
162

113
Sept. 17

11

.04
50
9.0

13
2.4

197
11
7.0
2.5

199

162
Stpt. 17

9.8

.04
25
8.6
7.2
3.0

126
9.7
1.2

.05
121

98
Sept. 17

Iron (Fc) "*"

Calcium (Ca) 31

3.7

102
5 s
3.0

3.0
101 «

93
Sept. 17

41

5.6
10" (

140
9»
7.0

16

1C3 *

125
Sept. 17

34

4.4
) 6 s

128
5 »
2.0
2.8

121 *

103
Sept. 17

Magnesium (Mg;
Sodium (Na) —-———

Potassium (K)
Bicarbonate (HCOs)
Sulphate (SO«)
Chloride (01)
Nitrate (NOs)

52
11 3
2.0

Total dissolved solids
Total hardness as OaCOt

(calculated)

62 *

Date of coUection (19b0) Sept. 17

1 Spring 1% miles northeast of Chinchilla, glacial drift; temperature 5l'F
3 Calculated.
3 By turbidity.
Analysts: 139, 159, 175, K. T. WiUiams; 135, 166, 172, 1202, L. A. Shinn.

Log of Delaware, Lackawanna & Western Railroad well 2, near Nay Aug
[WeU 191 on p. 332 and map. Surface altitude 1,291 feet]

Clay and boulders __.
Fine gravel ..
Hardpan and boulders
Blue clay
Sticky clay
Gravel and clay
Sticky clay
Sandstone, gray ...
Shale, broken
Shale, red
Sandstone, green
Sandstone, gray
Sandstone, light
Sandstone, gray
Shale, red
Bandy sbale, red ...
Sbale, green
Sandstone, gray
Sandstone, green

Feet

0-43
43-58
58-101

101-112
112-128
128-135
135-170
170-174
174-178
178-205
205-218
218-239
239-251
251-268
268-287
287-300
300-304
304-309
309-330

Sandstone, red
Sandstone, gray .
Sandstone, red ...
Shale, red
Sandstone, red
Sandstone, light .
Shale, red
Sandstone, light .
Sandstone, red
Conglomerate, red
Sandy shale, red .
Sandstone, red
Sandstone, gray .
Sandy shale, red ..
Sandy shale, gray
Sandstone, gray ..
Sbale, red
Sandstone, gray ..
Shale, red

Feet

330-358
35S-365
365-371
371-375
375-381
381-389
389-407
407-410

410-426
423-130
430-449
449-452
452-461
401-472
472-480
480-499
499-509
509-522
522-533

Sandstone, light ..
Sandstone, gray —
Shale, red
Sandy shale
Sandstone, gray
Sandy shale, red
Sandstone, red
Sandstone, gray ...
Sandstone, red
Sandstone, gray ...
Sandstone, light
Sandstone, gray
Sandstone, light
Sandstone, gray
Sandstone, green
Sandstone, gray
Shale, red
Sandstone, red

Feet

533-537
537-546
546-652
552-565
565-581
581-587
587-596
696-*18
618-627
627-<533
633-644
644-653
653-662
662-671
671-678
673-679
679-682
082-716
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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 the 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 SECTION

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 pi. 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

Geologic
formation

Maximum
thickness

(feet)
Character of rocks Ground-water conditions

Glacial drift
(Wisconsin)

300± Till consisting of day and
boulders, with sand lenses,
outwash consisting of strati-
fled clay, sand, and gravel.

Till yields small supplies to
shaUow wells. Outwash yields
moderate to very large sup
plies. Yields water of excel
lent quality to numerous
small springs. Outwash in
Susquehanna Valley yields
water of less desirable qual
ity.

Post-Pottsville
formations (of
Pennsylvanian
age)

1,800± Sandstone, conglomerate, shale,
fireclay, carbonaceous "slate"
and coal, a few beds of lime
stone.

Unimportant as water bearer;
head lowered and water pol
luted by mining operations.

Pottsville
formation

500+ Chiefly hard coarse quartz con
glomerate, with gray, red
brown, and green sandstones,
"slate", and a few thin seams
of coal.

Yields moderate to large sup
plies of water of good quality.
Many flowing wells.

Mauch Chunk
shale

2,000± Chiefly red shale, with red and
green sandstone and green
shale.

Yields adequate supplies of
water to shallow domestic
wells, and moderate to large
supplies to deep drilled wens,
especially in the Hazleton
region. Some flowing wells.
Water is of good quality.

Pocono
sandstone

600± Coarse and in places pebbly
gray and yellowlsb-gray sand
stone, flaggy sandstone, and
greenish-gray sandstone; thin
seams of coal may be found
locally.

Yields moderate supplies of
water to wells of moderate
depth, some of wbich are flow
ing wells. With one exception,
water Is of good quaUty.

Catskill
group

1,700± Red shale, red and gray
cross-bedded sandstone, gray,
green, and white sandstone,
gray shale and sandstone in
lower part.

Yields moderate supplies of
water to wells of moderate
depth. Few flowing wells.
Water is of good quaUty.

Chemung forma
tion and Por
tage group

3,100± Alternating gray and ottvc-
green shale and sandstone,
dark shale at base; fossili
ferous; marine.

Yields small supplies of water.
Deeper wells likely to obtain
salty or brackish water. Water
generally hard and may give
off hydrogen sulphide.

Hamilton for
mation

1,000+ Brown, gray, and bluish-gray
sandy shales; fossiliferous;
marine.

Yield small supplies of potable
water. Water usually hard,
likely to be high in dissolved
mineral matter, chiefly sul
phate, and likely to give off
hydrogen sulphide.Marcellus shale 410 Black and dark-blue fissile,

shales; fossiliferous; marine.

Onondaga in
formation 15 1

Limestone. Unimportant.

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 wbich
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 DartonM, 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

BSDarton, N. H., Sand available for filling mine workings in the northern anthracite
basin of Pennsylvania U. S. Bur. Mines BuU. 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 dropsfar
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
northeast, 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

•* Leitch, R. D., Acidity of drainage from high pyritic coal areas In Pennsylvania. U.S.
Bur. Mines Rept. Inv. 8148, 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 considerablechloride 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 intoSusquehanna 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 Scranton 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.

tt o">5ie,Lf)gnton,«^1: °*-' 9ua!Lty of water m the Susquehanna River drainage basin:U.S. Geol. Survey Water-Supply Paper 108, pp 23-81, 1904.
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Analyses of waters in Luzerne County
[Parts per million. Numbers less than 1200 correspond to numbers on map and in the

table of weU data].

269 278 301 313 334 342 358 304 401

Silica (8iOs)

"ii"""

6.3
.06

8.6
1.4

(8.1
l i.o
24
13
2.5

.91
48

27
Sept.

16

16
.06

S3
6.8

35
1.0

121
9.9

53
.0

224

110
Sept.

16

....

Iron (Fe)

94
11-

2.0

"It""

Sept.
16

4-

| 2-

26
4-

(»)
.10

27 «

20
Sept.

16

10-

146 (

133
6-

168

(»)
393 »

32

Sept.
16

53
16

) *z*

59
97
66
55

371 »

198
Sept.

16

11- 20-

Sodium (Na)

Bicarbonate (HCOa)
Sulphate (SO*)

j 10 »

94
3-
S.O
1.5

89*

64*
8ept.

16

4*

56
61
1.0

.20

57 »

46*
•Sept.

15

8*

86
2-

Chloride (CI)
Nitrate (NOs)
Total dissolved solids .
Total hardness as

CaCOs (calculated) —
Date of collection (1930)

2.0

11
03 a

68*
Sept.

15

416 436 451 1203* 120*8 1205 B 12068 1207 8 1208 8

4.8
.04

25
7.0

1.9 J
24
11
82
50

182

91

Sept.
15

Calcium (Oa)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Bicarbonate (HCOa)
Sulphate (SO*)
Chloride (CI)

11-

prrj
64
12-
2.0

.10
74 »

45*

Sept.
16

2- 12- 2* («) 1- 7*

4.«

10

(«)
(8)
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50 -
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(•)

4

(°)
1.0

.10
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15

2*

7
1 -

1.0
.20
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8ept.

15
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2-

4.0

Nitrate (NOs)
Total dissolved soUds .
Total hardness as

CaCOs (calculated) —

Date of collection (1930)

35*

22 *
Sept.

15

-By turbidity.
s Calculated.
3 Less than 1 part.

8IJM'sStag %mile northwest of Harding; sand and gravel In stream channel; temperature
66* F 1204 Spring %mUe northeast of TrucksviUe; glacial drift; tem^rature 6TJ.
1205 Spring %mile northeast of WapwaUopen; glacial drift; temperaturei 52-F. lHK. Spring
lS miles northeast of Bear Creek; sand In glacial drift; temperature 55*F. M. Spring
l mUe loutSt of Glen Summit; sand in glacial drift; temperature 49»F. 1208. Spring.
% mile southwest of White lteven; glacial drift (?); temperature 54'F.

Aialys^^r^.' 301, £42. 804. 415, 435 1203, 1207, 1208. L. A. Shinn; 3*3. 334. 358.
401, 461, 1204, 1205, 1206, K. T. WUHams.



ICG GROUND WATER

Log of Smith well, Fairmount Springs
[WeU 2S6, p. 146 and flg. 11]

Soli
Rock, hard
Rock, red
Rock, hard
Rock, red
Sandstone
Rock, red

Feet

0- 52
52- 62

62-107
107- 113
113-253
253-270
270-316

Feet

"Salt" sand, red;
Bait water (?) 316- SCI

Rock, hard 361- 369
Sbale, red 869- 377
Rock, red 377- 383
Not recorded 383- 517
"Slate", blue 517- 855

Feet

Sandstone, hard — 856- 865
"Slate", blue 866- 869
Sbale 860-872
Sandstone 872- 917
"Slate", (sandstone

24 feet) 917-1416
"Slate", sandy 1416-1500

Log of Stanton Operating Co.'s well 1, near Harding
[WeU 294, p. 148, and figs. 5, 11]

Soil
Clay and boulders
Clay, boulders, and gravel .
Sand .:
Clay and sand I

Feet

Sand ... 57.3,
Clay sand 60-63
Sand clay ~~~ 63-68
Clay, boulders, and gravel""!.."!.. 68-93.5

Log of Stanton Operating Co.'s 10-inch well, near Harding
[WeU 295, p. 148, and flg. 11]

Fine sand and loam .
Sand and gravel
Coarse sand
Gravel
Sand ~
Sand, gravel and clay
Sand and gravel

Feet

Sand and gravel, Uttle clay 60-64
Sand and gravel 64-68
Sand and fine gravel, little"clay"..™ 68-73
Sand and gravel (loose), no clay __ 73-83
Sand and gravel (40% sand), Uttle clay 83-«9
Sand and some gravel 80-88

Log of Croup well, Hunlock Creek
[WeU 834, p. 151, and flg. 11]

Soil, boulders, hardpan, etc.
Rock, red and dark gray __".
Bock, red and light gray
Rock, red
Rock, light gray
Rock, dark gray
Sbale, red

Feet

0-60
GO- 70
70- 75
75-80
80-110

110-115

115-160

Feet

Sandstone, gray 160-172
3hale, Ted ™ 172-204
Sandstone, blue-gray, medium hard™ 204-210
Sandstone, blue-gray, bard 210-224
Sandstone, green, medium bard ™ 224-295
Sandstone and sbale, soft, red ~ 295-365
Sandstone, gray, water-bearing 365-375



LUZERNE COUNTY 167

Log of Wyoming Valley Water Co.'s well, near Derringer
[WeU 394, p. 157 and flg. 11]

Sand and gravel
Conglomerate
Crevice (bit dropped) —
Conglomerate
Crevice, few (?) inches -
Conglomerate
Sandstone, dark
Soapstone (?)
Sandstone, fine-grained
Sandstone, green
Sandstone, red
Sandstone, green
Conglomerate
Crevice, few (?) inches *
Sandstone, green
Sandstone, red
Sandstone, green
Conglomerate
Sandstone, Green
Sandstone, red
8andstone, green

• Water-bearing "slate".
• Water-bearing conglomerate.
• Water-bearing (large yield).

Feet

0- 25.5

26.5-44

44 -46

46 -59

59 -62

62 -81

81 -87
87 -90

90 -112

112 -117

117 -122

122 -144

144 -160

160 -182

183 -190

190 -199

199 -229

229 -234

234 -238

238 -239

239 -246

Feet

Sandstone, red 246 -236
Conglomerate 256 -307
Sandstone, green 307 -322
Sandstone, red 322 -352
Sandstone, green * 352 -Si7
Conglomerate 367 -392
Shale, red 392 -425
Sandstone, green 425 -433
Conglomerate 433 -155
Sandstone, green 456 -459
Shale, red 459 -482
Shale, green 482 -485
Sandstone, green 486 -600
Shale, red 500 -562
Sandstone, gray 562 -564
Shale, red 564 -602
Sandstone, gray 602 -652
"Slate", green 652 -661
"Slate", red 661 -678
Sandstone, gray 678 -680
Shale, red 680 -689

Log of Jeddo Highland Coal Co.'s well near Sandy Run
[WeU 426. p. 160 and flg. 11]

Surface material
Conglomerate
Sandstone, gray
Conglomerate
Sandstone, gray
Sandstone, green
Sandstone, red -.
Sandstone, green

Feet

0- 10
10-75
75-85
85-100

100-127
127-144

144-184
184-190

Feet

Sandstone, gray 190-215
Sandstone, red 215-255
Sandstone, green 255-320
Sandstone, red 320-540
Sandstone, green 340-366
Sandstone, red 365-393
Sandstone, green 393-405
Sandstone, red 405-699.5

Log of Jeddo Highland Coal Co.'s well near Freeland
[WeU 439, p. 162 and fig. 11]

Surface soil
Conglomerate, gray
Sandstone, gray, and conglomer

Sandstone, gray
Sandstone, red and green
Sandstone, Ught green
Sandstone and shale, red and green
Sandstone, green
Shale, red
Sandstone, light green

Feet

0-32.6

32.6-68

68 -165

165 -182

182 -216
215 -234
234 -256
256 -274
274 -328
328 -356

Feet

Sandstone, green 356 -868
Shale, red 368 -384
Sandstone and shale, green and

red 384 -396
Sandstone, green 396 -407
Sbale, red 407 -422
Sandstone,* green 422 -4OT
Sandstone, Ught green 438 -466
Sandstone, red and green 456 -471
Rnndstone and shale, red 471 -485
Shale, red 485--606.5



168 GROUND WATER

Log of Wyoming Valley Water Co.'s well near Drifton
[WeU 440, p. 162 and flg. 11]

Clay, yellow
Conglomerate, light-colored*
Conglomerate, yellow
Conglomerate, gray
Sandstone, gray
Sandstone, yeUow and green
Sandstone, light-colored
Sandstone, light green
Snadstone, green
Sandstone, light green
8andstone, green
Shale, red '_

Feet

0-18
18-66
66-78
78-90
00-180

130-160
160-200
200-218
218-268
258-268

Sandstone and shale, green and
red

Sandstone, green ""I
Sandstone, Ught green ""_
8andstone, gray
Sandstone, green I.""
Shale, red .„___!
Sandstone, red and green
Shale, red
8and8tone, Ugbt green"""™""
Sandstone and shale, red and

green

Log of Jeddo Highland Coal Co.'s well nearJeddo
[WeU 444, p. 163 and flg. 11]

8urface
Conglomerate
8andstone, green
Shale, red
Sandstone, green
Shale, red
Conglomerate, green ..
8hale, red
Sandstone, gray, bard
8hale, rod
Sandstone, green
Shale, red

Feet

0- 16
16- 140

140- 206
205- 218
218- 281
281- 291
201- 862
852- 881
881- 488
438- 476
476- 497
497- 646

Sandstone, green .
Shale, red
Sandstone, red
Shale, red
Sandstone, red
Shale, red
Sandstone, rde
Shale, red
Sandstone, red
Shale, red
Sandstone, red

Log of Jeddo Highland Coal Co.'s well near Jeddo
[WeU 446. p. 168 and flg. 11]

Fault gauge
8andstone, white
Conglomerate
8andstone, green
Sandstone, gray
8andstone, green
Crevice
8andstone, gray I
Sandstone, white

Feet

0-140
140-180
180-230
210-230
280-270
270-285

288-808
806-838

8andstone, red .
8andstone, green
Sandstone, gray ,
Conglomerate
Sbale, red
Conglomerate -.
Sandstone, green
Sandstone, red ..
Sandstone, green

Log of Jeddo Highland Coal Co.'s well near Jeddo
[WeU 447, p. leg and flg. 11]

8urface
Sandstone, yellow
Shale, blue
Conglomerate
Sandstone, yeUow
Conglomerate
Sandstone, dark
Sandstone, gray _____
Conglomerate
Sandstone, green ___________
Conglomerate ]
Sandstone, yellow ________
Sandstone, gray '
Sandstone, yellow _________

Feet

0-21
21-56
66-66
66-108

108-113
118-147
147-168
153-176
175-184
184-196

196-239
239-248
248-202
292-296

Sandstone,
Sandstone,

gray
green . ._

Sandstone, dark green
Conglomerate
Sandstone, gray . _
Sandstone, red
Sandstone gray . ~
Not recorded
Sandstone, green _
8andstone, red _ .
Sandstone, green _ _
Conglomerate _____
Sandstone,
Sandstone, red

Feet

321-399
399-411
411-430
430-446
446-462
462-480
480-609
609-523

623-633

533-554

Feet

646- 666
666- 709
709- 789
730- 860
860- 886
886- 897
897- 912
912- 945
945- 970
976- 992
992-1,000

Feet

888-868
858-373

386-456
456-612
612-673
573-678
578-693

Feet

296-303

336-851
361-423
423-427
427-435
436-437
437-608
508-522
522-648
548-667
657-613
613-619
619-684
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Log of Jeddo Highland Coal Co.'s well at Ebervale
[WeU 450, p. 163 and flg. 11]

Clay and gravel ..
Sandstone, gray
Sandstone, dark ..
8andstone, light ..
Sandstone, dark ..
Coal (Alpha coal ?)
Sandstone, dark ..
Conglomerate

Feet

0-11
11- 23

23-31
31-85
85-69
59-60
60-72
72-130

Sandstone, dark
"Rock", yeUow
Conglomerate
Sandstone, green
Conglomerate
Sandstone, green
Shale, green
Shale, red

Log of Jeddo Highland Coal Co.'s well at Harleigh
[Well 456, p. 164 and flg. 11]

Wash
8andstone
Conglomerate
Sandstone, dark blue
Sandstone, dark
"Slate"
Coal
Sandstone^ dark
Sandstone, gray
Conglomerate, fine
Sandstone, dark
Conglomerate, fine
Coal (Alpha bed ?)
"Slate", blue, sandy
"Slate", dark blue, sandy
Conglomerate, coarse
Conglomerate, blue
Conglomerate, coarse

Feet

0-10
10-80
30-47
47-51
51-73
73-76
76-77
77-82
82- 93
93-130

130-139
139-245
245-248
248-258
258-262
262-334
334-336
336-338

"Slate", blue, sandy
Sandstone, green
Conglomerate, fine ..
Sandstone, green
Sandstone, red
Sandstone, green
Conglomerate, fine .
Sandstone, green
Sandstone, red
Sandstone, green
Conglomerate, fine ..
Sandstone, green
Sandstone, red
Sandstone, green ...
Sandstone, gray
Sandstone, red
Sandstone, green

Log of Jeddo Highland Coal Co.'s well near Ebervale
[WeU 456, p. 164 and flg. 11]

Clay
Shale
Sandstone, light-colored .
Conglomerate
Sandstone, light-colored .
Sandstone, green
Sandstone, light-colored
Sandstone, green
Sandstone, Ught-colored .
Sandstone, green
Sandstone, red

Feet

0- 24
24-30
30-78
78-153

153-178
178-207
207-216
216-241
241-261
261-268
268-276

Sandstone, green
8andstone, red .,
Sandstone, green
Sandstone, red ..
Sandstone, green
Sandstone, red ..
Sandstone, green
Sandstone, red ..
Sandstone, green
Shale, red
Sandstone, green

169

Feet

130-162
162-173
173-299
299-347
347-381
381-428
428-433
433-450

Feet

338-356
856-407
407-470
470-497
497-602
502-510
510-602
602-626
626-636
636-647
647-698
608-757
757-762
762-800
800-808
808-856
856-895

Feet

276-285
285-295
295-326
326-349
349-384
384-472
472-477
477-493
493-497
497-619
519-666.7
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MONROE COUNTY

GENERAL FEATURES

[Area 623 square miles; population 28,280]

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 Mouniain, 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 counly 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 Monroe 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 SECTION

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
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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

Geologic unit

Maximum
thickness
exposed
(feet)

Character of rocks Ground-water conditions

Glacial
drift

(Wisconsin and
niinoian)

200±
Clay, sand, "Quicksand" anc

gravel; chiefly "quicksand'
in some places.

Gravel beds yield small sup
plies of water; "quicksand"
causes difficulties in drilling.
Supplies numerous dug weUs
and springs. Water is very
soft and low in dissolved
mineral water.

CatskiU
group

4,000± Red, green, and gray shales
and sandstones and conglom
erate.

Yields moderate to large sup
plies of very soft water.
Flowing weUs locally.

Portage
group

1,700± Blue and black sandy fossilifer
ous shales, olive-green anc
gray micaceous sandstones.

Sandstones yield moderate sup
plies, shales yield small sup
plies of potable water. Water
may contain hydrogen sul
phide.

Hamilton
formation

1,400± Limestone. 30 feet, at top;
rest is bluish-gray sandstone
and sandy "slate". Some
what fossiliferous.

Yields moderate supplies of
water of good quality.
Sandstone yields more than
shale.

Marcellus
sbale

800± Bluish-gray and bluish-black
sandy shale; bituminous black
slate in southern part of
county.

Yields smaU but reliable sup
plies of potable water; 1
flowing weU with large yield.

Onondaga
formation

450 Dark-gray cherty limestone
(200 feet) underlain by bard
gray sandy shale (Esopus
250 feet).

Solution channels in limestone
yield moderate to .large sup
plies; soUd limestone, some
what fractured, yields small
supplies. Water softer than
typical limestone waters.
Mo weU data available for
lower shale. Character sug
gests that it is probably a
fairly good water-bearing
formation.

175± Coarse sandstone and con
glomerate alternating in
eastern part of county with
beds of chert.

Oriskany
sandstone Very few wells; high perme

ability but outcrop areas
largely rocky and unin
habited. Water reported to
be of good quality.

Helderberg
limestone

415 Limestone interbedded with
sandy shale and sandstone.

Very few data available; would
probably yield an adequate
supply of water if solution
channels were encountered.

Cayuga
group

1.500 to
2,000

Bossardville limestone under
lain by Wills Oreek shale
(calcareous shales and thin
beds of limestone) and
Bloomsburg red beds (red
shale, red and variegated
shales and sandstone).

A good water-bearing forma
tion. Upper calcareous part
yields moderate supplies of
hard water; water in lower
part probably soft.

Clinton
formation

1,600± Variegated shales and sand
stone, ferruginous sandstone,
bard white and green sand
stone or quartzite, bard
quartz conglomerate.

Excellent water-bearing form
ation; large supplies of water
of excellent quality; many
flowing wells.

Tuscarora
sandstone

200—
225

Coarse quartz conglomerate,
vitreous white sandstone or
quartzite; smaU amount of
shale.

No wells; unimportant because
of topographic position.



MONROE COUNTY 173

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 90° in Carbon County.

WATER-BEARING FORMATIONS

[See pp. 41-67 for further description]

Glacial 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 of the
well casing. A good exposure of "quicksand" may be seen in the road
cut just south of Bushkill (pi. 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 Vk ntiles 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 Monroe 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 gaUons 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 gaUons a minute for 10 hours each day.
The water in the Oriskany is reported to be of good quaUty.

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

Very Uttle 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 weU near Bossardsville (weU
647), in the Helderberg, is 80 feet deep and yields about 5 gaUons a
minute.

Cayuga group.—In Monroe County the Cayuga group crops out in the
Delaware River VaUey betweenWaUpack Bend and the Delaware Water
Gap, continues in Cherry Creek VaUey to Ross Common, and crops out
in the Aquashicola Creek VaUey to the western line of the county. The
Cayuga group includes, in descending order, the BossardviUe 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 vaUeys throughout their courses, and their outcrops are largely
covered by glacial drift. The BossardviUe limestone is the chief quarry
limestone of the region and has been mined for many years.

From the scanty data avaUable, 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 gaUons 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 weU fractufed by folding and aUow relatively
free movement of ground water. The Bloomsburg red beds in the lower
part would probably yield a Uttle water, and they are associated with
beds of sandstone that should yield ample quantities. No samples were
coUected from wellsin 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 heavUy 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 (weU 598) aU the weUs in the Clinton yield
large suppUes of exceUent water. The structural conditions are very
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favorable for flowing weUs, in that numerous beds of hard, weU-
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. LocaUy these water-bearing
beds are effectuaUy 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 weUs 599 to 601, ranging in depth from
140 to 215 feet, yield 25 to 60 gaUons a minute, and one weU being pumped
at 40 gaUons a minute is reported to be capable of 100 gaUons a minute.
WeU 598, nearby, is 500 feet deep and is reported to yield only 1 or 2
gaUons 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 weUs (655-662), four of which flow a few
gaUons a minute. They range in depth from 187 to 459 feet and yield
from 100 to 200 gaUons a minute, with an average yield of 140 gallons
a minute. The yield apparently does not increase with depth, for the
deepest weU yields about 130 gaUons a minute and the strongest weU is
only 227 feet deep. The water from aU wells in the Clinton is reported
to be of good quaUty. (See analysis 601, p. 192.)

Tuscarora sandstone.—The Tuscarora sandstone is the oldest formation
exposed in Monroe County except for a smaU area of the Martinsburg
shale that may extend into the county a short distance at the Delaware
Water Gap. The Tuscarora crops out near or just south of the crest of
Kittatinny Mountain and is weU 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 locaUy even where the
structure is not wholly favorable. A glance at the table of weU data
below wiU 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 weUs flow. Artesian conditions are not limited to the hard-
rock formations but are also present locaUy in the glacial drift.

On top of the Pocono Plateau several flowing weUs 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 CatskiU 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 weUs occur locaUy, 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 coUected 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 soUds and hardness. The samples from weUs and springs in
the hardrock formations were generally soft A sample coUected from
a weU in the cherty limestone member of the Onondaga formation had
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163 parts per million of total dissolved soUds and 148 parts per miUion
of hardness.

It is significant that the ground waters of Monroe County are excep-
tionaUy soft and low in dissolved mineral matter, and that the sample
coUected from Umestone 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 Umestone
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 Umestone and consequently has not had
opportunity to dissolve much of the rock. No samples of water were
coUected from the thicker limestone beds of the Helderberg and Cayuga,
but it is beUeved that the water in these limestones is harder than that
from the Onondaga. The water in the lighter-colored rocks, such as the
CatskiU, Bloomsburg, and Clinton, is exceptionally soft, whereas the
water from dark-colored marine shale and sandstone, such as the Portage,
Hamilton, and MarceUus, is somewhat harder and may contain smaU
amounts of hydrogen sulphide. An analysis of water from a weU in the
MarceUus shale showed 135 parts per miUion of total dissolved soUds
and 110 parts per miUion of hardness. Iron in undesirable amounts
was not found in any of the samples coUected 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 MarceUus. In general the
ground waters of Monroe County are so low in dissolved mineral mat
ter that they are Ukely to corrode iron water pipes, and this trouble
was experienced by the Stroudsburg Water Co.

PUBLIC supplies

Nine communities in Monroe County that use ground water for pubUc
supply are Usted in the subjoined table. East Stroudsburg, Swiftwater,
and Buck HiU 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 whoUy or in part by springs in the glacial drift, but some are
supplied from driUed wells. Stroudsburg, the largest borough in the
county, obtains 1,000,000 gaUons daily from a spring in the glacial drift.
(See p. 174 and analysis 1209, p. 192.) The Blue Mountain Consolidated
Water Co., which suppUes several places in Northampton County, ob
tains the major part of its water from smaU streams and 8 driUed weUs
(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 pubUc water supply.
Several creameries and clay companies obtain water from drilled wells
for washing and boUer 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 artiUery camp north of Tobyhanna (weU 551).
There are innumerable smaU 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 beUeved that most of the domestic supplies are obtained from springs
or driUed wells.
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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

Silica (SIO-)
Iron (Fe)
Calcium (Ca) -T

s 2

10
s

3.0
6.0

*24
•16

Sept. 22

"56"
5.5

»3
168
-15

1.0
.20

-163
148

Sept. 22

-"li"

*85~
-12

3.0
1.9

»95
•90

Sept. 22

"5"

"20"
s

1.0
.90

-22
«21

Sept. 22

-T

«2
11

-2
1.0

.10
*14
« 9

Sept. 22

36
Magnesium (Mg)
Sodium (Na) j

4.9

Potassium (K) J
Bicarbonate (HCO»)

a 6
109

8ulphate (8O4)
Chloride (CI)
Nitrate (NOs)
Total dissolved solids

-26
5.0
.0

•135
Total hardness as CaCOs (calculated) 110

sept, 23

Silica (8IOs)
Iron (Fe)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Bicarbonate (HCO.)
Sulphate (SO*)
Chloride .01)
Nitrate (NOs)
Total dissolved solids
Total hardness as CaCOs (calculated)

664 670 1209 » 1210 8 1211 °

11 5.5 4.-9

.05 .... .02 .12

9.2 -10 4.9 3.6 a

2.1 .... 1.5 1.1

4.0

Im 1
4.9 *i\.2 0 •2

24 42 13 12 7.0
14 1 4 9.4 1.4 3

1.8 1.0 2.8 4.0 1.0
1.8 .0 .83 2.4 .0

56 »42 33 26 •10
32 «24 18 14 «6

Sept. 23 Sept. 23 Sept. 22 Sept. 22 Sept. 22

1212 *

- 2

« 1
16

s

1.0
.10

»18
«14

-By turbidity.

» Calculated.

" Less than 2 parts.
* Determined.
6 1209. Spring 1. miles northwest of East Stroudsburg; sand and gravel In glacial

drift; temperature 60* F.
1210. Spring _ mile northeast of Mount Pocono; glacial drift (?); temperature 48* F.
1211. 8pring 4 mUe southeast of Pocono Manor; CatskiU group; temperature 48* F-
1212. Spring 1 mile southeast of Pocono Lake Preserve; glacial drift, temperature 48* F.

Analysts. 522, 601, 020, 634, 645, 670, 1211, 1212, K. T. WiUiams; 692, 664, 1209, 1210,
L. A. Shinn.



193

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, 17,967; 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 SECTION

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

Geologic
unit

Maximum
thickness
exposed

(feet)
Character of rocks Ground-water conditions

Glacial drift
Wisconsin out-
wash, Illinoian
drift and Jer
seyan drift (?)

-50,*116 Illinoian drift and Wisconsin
outwash along Susquehanna
River; irregular deposits of
clay, sand, quicksand and
gravel.

Supplies few deep wells; no
drilled wells reported to ob
tain water from sand or
gravel, but gravel beds
known to contain consider
able potable water In some
places.

Post-Pottsville
formations

1.500± 8andstone, sbale, slate, fire
clay; 15 or 10 coal beds.

Unimportant; no wells re
ported; mine drainage used
by collieries.

Pottsville form
ation

860± Ooarse conglomerate, gray and
greenish sandstone and
shale; 8 workable coal beds:

Unimportant; small area of
outcrop on high, narrow
ridges.

Mauch Chunk
shale

2,00Q± Largely red shale, with beds
of red and green sandstone
and green shale.

Yields imall to moderate sup
plies of excellent water to
shallow drilled wells. Sand
stones yield large supplies
to two municipal wells.

Pocono sand
stone

800± Coarse gray and yellowish
sandstone and massive gray
ish-white conglomerate; some
shale.

Yields large supplies of excel
lent water to a few municipal
wells; wells flow 2 to 15 gal
lons a minute; unimportant
for domestic wells because of
steep outcrop.

Catskill group 2,000± Bed Bhale, red and gray cross-
bedded sandstones, green and
white sandstone; gray shale
and sandstone In lower
part.

Yields small to moderate sup
plies of good water to Shal
low wells; no deep wells re
ported.

Portage group 2,800± Alternating beds of gray and
olive-green sbale and hard
bluish or greenisb sand
stone, underlain by dark-
blue and black shale and
slate.

Yields small supplies of pot
able water to shallow wells;
water reported to be medium
hard In some places; no data
obtained for Montour
County. Hydrogen sulphide
reported In some wells.

Hamilton form
ation

i.ioo±
Brown, gray, and bluish-gray

sandy shale and sandstone.
Yield smalt to moderate sup

plies of water. In some
places the water Is very hard

Marcellus shale 600± Black and dark-blue fissile
slates and shale.

phlde.

Onondaga form
ation

205

Hard light-gray impure lime
stone beds separated by thin
layers of shale, underlain
by light-gray shale.

Unimportant; only one well
known; small areal extent.

Oriskany sand-
Btone

-64. «40 Fine-grained cherty sandstone,
gray and brown sandy shale,
and gray sandy cherty lime
stone.

Unimportant; supplies a few
domestic wells with hard
water.

Helderberg lime
stone

-283,«235+ Largely pure, and Impure beds
of blue limestone, with some
Interbedded sbale and hard
sandstone.

Yields small to moderate sup
plies of hard water; numer
ous springs and sink holes.

Cayuga group 1,480± Tonoloway limestone at top
105 feet; Wills Creek shale,
buff and pale-green limestone
and sbale, 329 feet; Blooms
burg red beds, red and green
shale and sandstone, about
840 feet; McKenzie formation
at base, greenish shale wltl
some limestone, 158. feet.

Bloomsburg red sbale yields
small to moderate supplies

• of good water; remainder
(chiefly limestone and sbale)
yields moderate to large sup
plies of very hard water;
numerous springs and sink
boles.
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Geologic
unit

Maximum
thickness
exposed

(feet)
Character of rocks Ground-water conditions

Clinton form
ation

005 Fossil Iron ore, hard reddish-
brown ferruginous sand
stone, green and red shale,
some calcareous shale and
limestone.

Unimportant; crop out only
along crest of Montour

TuscoTora sand
stone

120 Sandstone.

Ridge.

Northumberland County. * 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

[Sec pp. 41-07 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 \Vz 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 from 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 PottsviUe 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 PottsviUe contains numerous beds of
conglomerate and sandstone that yield considerable water in regions to
the east, where the beds He 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 weU 1076, driUed to a depth of 1,176 feet on the north slope of Locust
Mountain, penetrates the PottsviUe and may extend into the Mauch
Chunk shale below. This weU is cased 490 feet through the lowest Potts
viUe coal bed and had a reported flow of 120 gaUons a minute of very
good water in 1910. The flow graduaUy decreased, owing to mining
activities, and stopped early in 1929, and the weU is not used at present,
although it would probably yield considerable water by pumping (See
log on p. 219.)

Mauch Chunk shale.—The Mauch Chunk shale is not present in Mon
tour County but is exposed in Northumberland County in a long, narrow
vaUey between Little and Line Mountains and the coal basin. Along
Mahanoy Creek and Zerbe Run there are a few domestic weUs in the
Mauch Chunk ranging from 90 to 190 feet in depth and yielding 1 to 40
gaUons a minute (weU 1073). Two deep weUs 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. WeU 1076, near
Mount Carmel, probablyobtains 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 gaUons a minute, and each weU is pumped
at 240 gaUons a minute with smaU draw-down. The water obtained
from the Mauch Chunk is of exceUent quaUty.

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. WeUs 1074 and 1075 are 745
and 1,250 feet deep and flow 2 and 5 gallons a minute each. WeU 1074
yields 120 gallons a minute continuously with smaU draw-down, and
has been tested at 400 to 500 gaUons 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
weU (1078) high on the mountain, of a rather unusual type. It is a
diamond-driU 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 driUed horizontally were dry, but the 45° hole flows more
than 5 gaUons a minute. The water from the Pocono is of excellent
quaUty.

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

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

In central and southern Northumberland County the CatskiU supplies
numerous shaUow domestic weUs with 1 to 18 gallons a minute Some
of the wells yielding only 1 to \Vz gallons a minute were n°t driUed
deep enough to strike a good water-bearing sandstone. Well 1083, in
the CatskiU near Herndon, is 137 feet deep and yields about 50 gallons
a minute. The water from this weU is reported to be soft and entirely
satisfactory for use in the textile plant.

Portage group.—The Portage group crops out along the northern
boundary of the two Counties, around the Lackawanna syncline in Mon
tour County, around the Northumberland syncUne in both counties and
around the Selinsgrove and Dalmatia anticUnes in southern Northumber
land County. Portage shales and thin-bedded sandstones are shown in

^Northumberland County several weUs ending in the Portage yield
adequate supplies for domestic use. Numerous thin-bedded sandstones
occur in the Portage which aUow some movement of ground water
through fracture and bedding planes. Industrial weUs, located prm-
cipaUy in Sunbury, are 50 to 260 feet deep and are reported to yield 15
toK gaUons a minute. In Deibler, weU 1064, 80 to 100 feet deep is
reported to flow 20 gaUons a minute and to yield considerably more by
pumping. A driller reports that two out of four weUs driUed 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 miUion, 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 suppUes a few domestic wells in southern Montour County, but
no records were obtained.

Hamilton formation.—The HamUton formation crops out around the
MUton and Watsontown anticUnes, the Lackawanna syncUne, 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 anticUnes. The character of the
HamUton, as weU as the underlying MarceUus shale, changes radicaUy
from north to south (p. 56).

WeUs in the Hamilton range in depth from 18 to 145 feet and with
one exception yield only 3 to 8 gaUons a minute, even though many of
them end in sandy shale or sandstone. WeU 1098 is 101 feet deep and
yields about 20 gaUons a minute from the Trimmers Rock sandstone. This
weU 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 MarceUus, the latter formations appear
to yield more water.

Marcellus shale.—The MarceUus shale crops out below the Hamilton
formation in the regions described above for the Hamilton. WeUs in
the MarceUus range in depth from 72 to 200 feet and are reported to
yield from 3 to 50 gaUons a minute. WeU 997, in Strawberry Ridge,
Montour County, yields more than 25 gallons a minute of rather highly
mineraUzed water containing some hydrogen sulphide (analysis 997).
The water from this weU 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 MarceUus in northern Montour and Northumberland Counties.

Onondaga formation.—The Onondaga formation crops out below the
MarceUus shale on the SeUnsgrove 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 weU flaws during wet weather and yields
about 10 gaUons 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 anticUnes.

It is not important as a source of ground water, owing to its narrow
outcrop and variable composition, but it supplies a few domestic weUs
in the northern part of the two counties, such as weU 989. In general
there are thin beds of cherty Umestone 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 anticUnes, 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 gaUons a minute. A sample of water from weU
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994, in Washingtonville, contained 514 parts per miUion of total dis
solved soUds and had a hardness of 210 parts per miUion. In addition
to calcium bicarbonate, this sample contained considerable sodium 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 Umestone. 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.

DriUers 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 usuaUy 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
MoUy BuUion Spring, owned by the Pennsylvania Railroad Co., just be
low the railroad tracks about 2Vz miles northwest of Northumberland.
This spring appears to be located on the Helderberg Umestone, although
no outcrops are visible. It yields normaUy 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 100,000
gaUons a day during the drought in the summer of 1930. The water is
reported to contain about 100 parts per miUion of total dissolved soUds,
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) anticUnes the
Cayuga is fully exposed. On the Selinsgrove and Dalmatia anticUnes
only the Tonoloway Umestone and part of the Wills Creek shale are
exposed.

The Tonoloway limestone generally yields about the same quantity
and quaUty of water as the overlying Helderberg limestone. (See above).
WeUs 1005 and 1011 are believed to end in the Tonoloway. WeU 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
underlyingstrata, consists principaUy of alternate beds of shale and Ume
stone and with the Helderberg and Tonoloway limestone forms the only
typical limestone region in northeastern Pennsylvania. The limestone
occurs 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 vaUey area with low hills
of Bloomsburg red beds near Susquehanna River. Sink holes, undrained
depressions, and smaU springs are numerous, and the water in the smaU
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
smaUer area. WeUs and springs in the Cayuga (exclusive of the Blooms
burg red beds) yield very hard water, but weUs in the Bloomsburg gen-
eraUy yield smaUer quantities of much softer water. The weU driUers
of the region agree that the Bloomsburg is a very reliable water-bearing
formation in that it rarely fails to deliver a smaU supply of good water,
whereas the Umestone beds are more or less unreUable sources of water
that is generaUy hard. Large suppUes are often obtained from the lime
stones where solution channels are encountered, but the driUers report
that weak weUs 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 gaUons a minute. Industrial
wells range in depth from 160 to 600 feet and yield from 10 to more than
150 gaUons a minute. The water is generaUy excessively hard and can
not be used satisfactorily in boUers, because in addition to calcium bi
carbonate it generaUy contains considerable sulphate, which forms hard
scale.

Domestic wells in the Bloomsburg red beds are 50 to 100 feet deep
and generaUy yield about 5 gaUons a minute. In Danville the Geissinger
Hospital wells (1003, 1004) are 528 and 592 feet deep, and each yields
26 gaUons 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 gaUons a minute,
presumably from the Bloomsburg beds (analysis on p. 204; log on p. 218).

Clinton formation and Tuscarora sandstone.—The CUnton 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 weU in Montour County and about 14 weUs in different parts of
Northumberland County were reported to flow part or aU of the time.
Most of the flowing weUs are on the flanks of anticUnes or synclines.
No locations for new flowing weUs can be predicted with certainty, but
the most likely place would be in the Pocono, Mauch Chunk, or Potts
ville rocks around the Shamokin syncUne. There are a few flowing
wells in the Pocono and Mauch Chunk, and it is reported that before
the advent of coal mining flowing weUs were obtained in the post-
PottsviUe and PottsviUe formations. WeU 1076 of the Mount Carmel
Water Co. illustrates very weU the effect of mining activities in lower
ing artesian pressure. This weU is 1,172 feet deep (see log on another
page) and obtains water from either the PottsviUe or the Mauch Chunk,
or from both. In 1910 it had a reported flow of 120 gaUons a minute,
but the flow steadily decreased and in 1929 stopped altogether.
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QUALITY OP WATER

The analyses of nine samples from drilled weUs 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 Umestone is an abundant water-bearing rock, and therefore
many of the samples are limestone water. In general the quality of
water obtained from the PottsviUe, Mauch Chunk, Pocono, CatskiU, Ham
Uton, and Bloomsburg formations is reported to be very good, and about
the same as in adjacent counties where samples were coUected. The
regions underlain by Umestones 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 boUers.

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
soUds and had a hardness of 1,447 parts per miUion, due chiefly to calcium
and magnesium sulphates, it also contained about 230 parts per miUion
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 pubUc supply. DanviUe takes water from
Susquehanna River and aU the viUages depend on privately owned wells
and springs. In Northumberland County very Uttle 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-
pUed 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 aU suppUed by
surface water. A few drilled wells in and near the coal basin were
formerly used for pubUc supply, but they have since been abandoned.

INDUSTRIAL SUPPLIES

Very Uttle ground water is used by industrial establishments in Mon
tour County, as most of the industries are in DanviUe and use municipal
water from the river. In Northumberland County the industrial users
of ground water include 9 creameries, 4 sUk 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 exceptionaUy hard and generaUy unsuitable for
boiler use. The weU 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 stiU obtained 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 driUed weUs. The number of
driUed weUs is steadUy increasing, and during the drought of 1930 many
dug wells had to be deepened by drilUng. In the southern part of
Northumberland County, particularly south of the coal basin, dug wells
supply nearly aU 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].

Silica (SiOs)
Iron (Pe)
Calcium (Pe)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Bicarbonate (HCO.)
Sulphate (SO*)
Chloride (CI)
Nitrate (NOa)
Total dissolved solids
Total hardness as CaCOs —
Date of collection

994

88

i a IOC
248

- 176
39

.0
* 514
» 210

Sept. 4, 1931

997

97
40

a 23
340
165

5.0
.20

* 523
3 406

Oct. 30, 1930

1005

7.2
.09

30
13
1.9
1.0

135
10

2.1
6.7

152
a i2S

Sept. 4, 1931

- By turbidity.
- Calculated.
8 Determined.
Analysts: 994, 1005, Margaret D. Foster; 1-97, 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.]

Silica (SIOs)
Iron (Pe)
Calcium <€a)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Bicarbonate (HCOs)
Sulphate (SO«)
Chloride (CI)
Nitrate (NOa) u
Total dissolved solids .
Total hardness as CaCOa

(calculated) i
Date of collection ...

1010

91
28

I M
180
164

19
8.7

-422

342

Oct. 30,
1930

1032

1.2
430

87

169

1,260
136

- 2,102
.50

1,447
Sept. 4,

1931

JL

1044

28
0.1

1 11

129
a 9

2.0
.40

- 124

95
Oct. 28,

1930

1056

80

24

- 7

101

88

98

- 304

298
Oct. 30,

1950

109T.

30
4.4

- 1

98
3 13

1.0
.10

- 102

93
Oct. 28,

1930

1 Calculated.
* By turbidity.
Analysts: 1010, 1044, 1056, 1096, L. A. Shinn; 1032, 1098, Margaret D. Foster.

1098

15
.12

42
8.2
3.6

.4

87
67

2.1
3.0

198

139
Sept. 9

1031
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Driller's logs of Northumberland Water Co.'s wells, 3% miles northeast
of Northumberland

[WeU low, p. 2ii and lie. 13]

Soil 0-14

Shale, red 14-52
Soapstone (?) 52-64
Sandstone, red 64-101
Limestone 101-108

Sandstone, red 108-122
Limestone 122-160

Slate 160-460

Sandstone, green 460-600

[Well 1044, p. 211 and flg. 18]

Soil 0-40

Shale, red 40-60
Sandstone, red 60-257
Sandstone, green 257-269
Sandstone, red 269-308
Sandstone, green 308-324
Sandstone, red 324-328
Sandstone, green 328-335
Sandstone, dark 335-357
Sandstone, green 357-362
Sandstone, dark 362-644

Driller's log of Bear Gap Water Co.'s well Va mile west of Bear Gap
[Well 1071 p. 214 and flg. 13]

Sand and gravel 0-13
Shale, red 13-50
Sandstone, gray 50- 60
Shale, red 60-80
Limestone 80-82

Shale, red 82-103
Sandstone, brown 103-132
Sandstone, gray 132-136
Sandstone, brown 136-150
Shale, red 150-164
Sandstone, brown 164-175
Sandstone, gray 175-205
Shale, green 205-220
Shale, red 220-282
Shale, green 282-297
Shale, red 297-302

Sandstone, gray 302-308
Sandstone, green 308-318
Conglomerate 318-324
Sandstone, green 324-330
Limestone 330-337

Sandstone, gray 337-342
Shale, red 342-375
Conglomerate, fine-grained 375-424
Limestone 424-439
Sandstone, gray 439-485
Shale, red 485-505
Sandstone, red 505-563
Sandstone, green 563-718
Shale, red 718-734
Conglomerate, fine 734-745

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

Feet

Clay and gravel 0-16
Shale, red 16-90
Sandstone, red 90-190
Sandstone, green 190-207
Shale, red 207-252
Sandstone, red 252-271
Sandstone, green 271-308
Conglomerate, fine 308-322
Shale, red 322-354
Conglomerate, fine 354-421

Feet

Limestone 421-426

Sandstone, green 426-480
Sandstone, red 480-498
Shale, red 498-508
Sandstone, red 508-530
Sandstone, green 530-777
Conglomerate, fine .. 777-901
Sandstone, dark 901-915
Conglomerate, fine 915-1214
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

[WeU 1076, p. 214 and flg. 13]

Soil 0- 11

Conglomerate 11- 49
Sandstone, gray 49- 97
Sandstone, light 97-112
Sandstone, gray 112- 299
Sandstone, dark 299- 305
Sandstone, dark 305- 413
Coal 413- 420
Sandstone, gray 420- 451
Sandstone, light 451- 473
Conglomerate 473- 508
Sandstone, gray 508- 558
Conglomerate 558- 586
Sandstone, gray 586- 618
Conglomerate 618-748

Sandstone, gray 748- 771
Sandstone, green 771- 798
Sandstone, light 798- 846
Shale, red 846- 893
Conglomerate, green ... 893- 907
Shale, red 907- 926
Sandstone, light 926- 942
Sandstone, gray 942- 976
Sandstone, light ... 976-1028
Shale, red 1028-1086
Sandstone, light 1086-1091
Shale, red 1091-1111
Sandstone, green 1111-1118
Shale, red 1118-1176

PIKE COUNTY

GENERAL FEATURES
[Area 544 square miles. Populaticn 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 occurs 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 900 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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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

Geologic
unit

Maximum
thickness
exposed

(feet)
Character of rocks

Ground-water
conditions

Glacial drift
(Wisconsin)

300± •Drift (till and outwash) con
sisting of clay, sand, "quick
sand, and 'gravel.

Yields small supplies of pot
able water to numerous dug
wells and springs and to a
few drilled wells.

Catskill group 2,250± Cross-"bedded gray and green
sandstone, red shale, and
some- greenish gray shale.
Contains fish and plant re
mains.

Supplies nearly all wells In
county with adequate water
of good quality.

Portage group 1,500± Hard bluish-gray thin-bedded
sandstone, blue sandy shale,
and dark sandy fossilifer
ous shale.

Sandstone yields moderate
supplies but shale yields very
small supplies. Water re
ported to be of good quality.

Hamilton form
ation

1,500+ Limestone 30 feet, bluish-gray
sandstone and sandy "slate"

Sandstone yields moderate to
large supplies of potable
water; shale yields small to
moderate supplies of potable
water.

Marcellus shale 800 Bluish-gray and bluish-black
sandy shale.

Yields small to moderate sup
plies of potable water.

Onondaga form
ation

- 2S0 Dark gray flinty limestone. Wells penetrating solution
channels yield large supplies;
those encountering dense
limestone 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. 41-69 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 have 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; Snohola, 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 gaUons 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.

Onondaga 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 OP 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 expected 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.
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INDUSTRIAL AND DOMESTIC SUPPLIES

So far as is known there are no industrial ground-water supplies in
Pike 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. Many camps and summer resorts use drilled
wells, especially in the village of Greely.

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

table of well data]

Silica (SlOa) ....

Iron (Fe)

Calcium (Ca) —

Magnesium (Mg)

Sodium (Na) .
Potassium (K)

Bicarbonate (HCO.) .

Sulphate (SOi)

Chloride (Cl)

Nitrate (NOs)

Total dissolved solids

Total hardness as CaCOs
(calculated)

Date of collection (1930) ..

493

2 »

7 «

25

(«)

1.0

.10

25»

9«

Sept. 20

498

11

.06

2Q

5.5

13

.7

78

26

7.0

1.8

127

73

Sept. 20

525

22

6 »

(8)

27 «

Sept. 20

1213 -

7.9

.06

5.6

1.5

3.8
.6

16

8.1

1.5

.83

37

20

Sept. 20

1214 -

10 »

6 •

45

4 »

2.0

.10

46"

32 •

Sept. 20

-1213. Spring J mile northwest of Milford; glacial drift (?); temperature 49* F.
1214. Spring 1 mile- northwest of Bushkill; glacial drift; temperature 60* F.

•By turbidity.
8 Calculated.
* Less than 2 parts. s Less than 1 part. e Determined.
Analysts: 498. 625, 1213, L. A. Shinn; 493, 1214, K. T. Williams.
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SCHUYLKILL COUNTY

GENERAL FEATURES

[Arm 777 square miles. Population 235,505]

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 distinct 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 County lies entirely south of the Wisconsin and Illinoian
drift borders. The Jerseyan drift border (see pi. 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
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Generalized section for Schuylkill County

Geologic unit

Maxi
mum

thickness
exposed

Description of rock Groundwater conditions

Post-Pottsville
formations

2,500± Sandstone, conglomerate,
shale, fireclay, and about f*>
beds of workable coal.

Yields small to large supplies
of potable water in some
places. Near coal mines
water is drained or polluted.

Pottsville
formation

1,475+ Chiefly coarse quartz conglom
erate, some sandstones and
shale, and 3 to 7 workable
coal beds in western part.

Yields large supplies of excel
lent water to wells 350 to
1,000 feet deep. Some flow
ing wells; very few unsuc
cessful wells.

Mauch Chunk
sbale

2,»50+ Red shale alternating with red
and green sandstone. Some
conglomerate near top and
gray sandstone near base.

Most important water-bearing
formation in county; yields
10 to 30 gallons a minute to
shallow domestic wells, 15
to 350 gallons a minute to
deep wells; many flowing
wells; very good water.

Pocono
sandstone

1,000+ Massive coarse hard gray sand
stone with some conglomer
ate and some Interstratifled
bluish or greenish slate.

Unimportant owing to topo
graphic position; no wells
observed.

Catskill
group

6,000± Chiefly red shale and shaly
sandstone, gray sandstone
and shale.

Yields adequate supplies to
shaUow wells and moderate
supplies to deep wells. Water
reported to be of good qual
ity.

Portage
group

2,2O0± Dark shale, thin-bedded sand
stone, and black shale.

Yields small supplies of water
of good quality to domestic
wells.

Hamilton
formation

1,600+ Dark-gray shale, dark hard
fossiUferous slate, and thin-
bedded sandstone.

Sandstone yields adequate
domestic supplies of very
good water; shale yields
smaU supplies.

Marcellus
shale

830+ Black and yellow shale and
black slate.

Yields adequate domestic sup
plies of good water.

Onondaga
formation

86 Dark bluish-gray argilaceous
limestone and interbedded
calcareous shale.

Unimportant.

Oriskany
sandstone

li-100± Ranges from lj-foot bed 'of
conglomerate to thick series
of coarse pebbly sandstones.

Unimportant. Very thin in
most places, uninhabited
where thick.

Helderberg
limestone

absent?

Cayuga
group

1,800± Bloomsburg red beds; red
shale and sandstone and
lower olive-green shale; Bos
sardville limestone at top
thin or absent.

A good water-bearing forma
tion; yields small to moder
ately large supplies. Water
of very good quality.

Clinton
formation

972+ Red and green sandstone, red
and olive-green shale, and
hard white sandstone.

No wells; crop out on high
Tuscarora
sandstone

443 Coarse basal conglomerate,
gray and white quartzite
and sandstone.

mountain.

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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north dips are much steeper than the south, and minor folds are over
turned in some places. The general strike of the folds is about N.65°—
70°E. The basin bifurcates toward the west, and the two sides of the
"fishtail" project into Dauphin County.

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
Clinton formation, and a syncline crosses Schuylkill River just north of
Port Clinton exposing the Cayuga group04.

WATER-BEARING FORMATIONS

[See pp. 46-06 for further description]

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 GirardviUe, 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 from 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.

"See Chance, H. M., Section at the Schuylkill Gap: Pennsylvania Geol. Survey, 2d
ser., Rept. G-6, map In pocket, 1882.

97 Personal communication.
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?*t,«tlSVi?e 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 PottsviUe 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 necessarUy increase with depth, for weU 800 is only
352 feet deep and yields 125 gaUons a minute. In wet seasons this weU
is reported to flow 50 to 75 gaUons a minute, but on Sept. 26, 1930, the
water stood 15% feet below the surface. A few deep weUs have been
unsuccessful, presumably because they tapped exceptionaUy "tight" rock
devoid of open fractures, but in general the PottsviUe may be expected
to yield large suppUes of good water.

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

The Mauch Chunk is perhaps the most important water-bearing forma
tion in SchuylkiU 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 readUy, but in large measure to the topographic and
geographic position and large areal extent of its outcrops. It not only
suppUes a great many smaU farms, but its outcrops surround aU the
coal basins, in which ground water is relatively scarce, and thus suppUes
many towns within the basins with water of very good quaUty. More
over, it crops out between high ridges and thus receives ample ground
water recharge.

Most of the domestic weUs in the Mauch Chunk range in depth from
50 to 120 feet and yield 1 to 30 gaUons a minute. A few of these weUs
are 410 to 455 feet deep and yield 30 gaUons 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 pubUc supply range in depth from
200 to 1,015 feet and yield 15 to 350 gaUons a minute. The average
depth of 18 weUs is 590 feet and the average yield is about 100 gaUons
a minute. Some of these weUs flow 15 to 50 gaUons a minute and would
doubtless yield considerably more by pumping. With few exceptions
the water level ranges from the surface to 15 feet below. WeU 814 is
452 feet deep and yields 350 gaUons a minute with a draw-down of
217 feet.

Pocono sandstone.—The Pocono sandstone has five outcrops 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 CatskUl 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 SchuylkiU River below LandingsviUe.

Domestic weUs in the CatskiU are from 50 to 150 feet deep and gen
eraUy yield 5 to 20 gaUons a minute. A few deep weUs used for pubUc
supply range in depth from 200 to 836 feet and yield 50 to 80 gaUons a
minute. The water is reported to be of very good quaUty.

Portage group.—The Portage group is exposed in three different out-
crops—a small anticlinal area in the northwest corner, a narrow mono-
cUnal strip traversing the county south of Second Mountain, which bi
furcates around the Lehighton anticUne to the east; and a closed syn
clinal belt south of SchuylkUl Haven and extending from a point 2Vz
mUes east of LandingviUe 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 gaUons a minute. A weU (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 pubUc supply, but the weU
yielded less than 12 gaUons a minute and was abandoned. The second
weU (883) was drUled farther north in the CatskUl and was successful.
The Portage generaUy 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 SchuylkiU County, it is not
always certain whether weUs penetrate the Portage, Hamilton or Mar
ceUus.

Sandstone beds in the Hamilton generally yield adequate suppUes of
water, but the shale yields rather smaU supplies. The wells range in
depth from 47 to 260 feet and are reported to yield 3 to 26 gaUons a
minute. The strongest weU (911) is 260 feet deep and yields 26 gaUons
a minute continuously. An analysis of the water from this weU indi
cates that except for the presence of an excessive amount of iron, the
water is of good quaUty.

Marcellus shale.—The MarceUus shale underlies the HamUton forma
tion and its outcrops are similar to those of the HamUton, just described.
The soft yeUow and black shales of the MarceUus are used for making
brick near Auburn. The MarceUus forms vaUeys along its strike and
therefore good exposures are not everywhere available. Because of the
lack of exposures and accurate weU logs it is not always possible to teU
whether weUs end in the MarceUus or in the underlying strata, and
some of the geologic horizons are therefore questionable.
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The MarceUus generaUy yields 5 to 15 gaUons a minute to wells 60
to 150 feet deep, but one weU 131 feet deep (898) is reported to yield
only about three quarts a minute. The MarceUus yields water of good
quaUty as indicated by analysis 899.

Onondaga, Oriskany and Helderberg formations.—The Onondaga
formation is thin and unimportant and the Helderberg Umestone is ap
parently lacking in SchuylkiU County, although Helderberg may be
present in the eastern part of the county. The Helderberg Umestone
shown on plate 1 includes the underlying BossardviUe Umestone. 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
syncUne 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 BossardviUe being
absent. It thickens toward the southwest and is weU exposed in a quarry
half a nule 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 SchuylkiU
County. It is very thin in most places, and where thick it forms a
rocky, barren ridge devoid of habitations. The geologic horizon of weU
885 was doubtfuUy assigned to the Oriskany, but no other wells were
observed that might obtain water from this formation.

Cayuga group.—The Cayuga group crops out along a wide vaUey just
north of Kittatinny (Blue) Mountain, along an anticline extending from
Rauches to a point about 2 nules west of Cressona, and in a syncline near
Port Clinton. The uppermost formation, the BossardviUe Umestone
(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 SchuylkiU County chiefly by the
Bloomsburg red beds) is apparently a good water bearer and is very
simUar to the Mauch Chunk. However, most of the wells in the Cayuga
are relatively shaUow domestic wells, so that the Cayuga has not been
tested by deep wells, as the Mauch Chunk has.

WeUs in the Cayuga range in depth from 80 to 315 feet and are re
ported to yield from 3 to more than 25 gaUons a minute. The upper
and lower members consist whoUy of shale but are reported to yield
smaU to large suppUes 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. WeU 875 is 119 feet deep and yields 25 gaUons
a minute of exceUent water from beds of red sandstone (see analysis
875).

Clinton formation.—The CUnton 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 CUnton. No habitations
or weUs were observed on the Clinton 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 SchuylkiU Gap and perhaps along the county Une south of Rauches.
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The Tuscarora here stands nearly vertical and is unconformable on the
nearly horizontal Martinsburg shale. (See pi. 3-B.) The Tuscarora is
unimportant as a water-bearing formation because of its topographic
position, and no weUs were observed penetrating it.

ARTESIAN CONDITIONS

The water level in most of the weUs stands considerably above the
point where water was first encountered, but only a few of the weUs
flow. Records were obtained of 15 flowing weUs, 9 in the Mauch Chunk
formation and 3 in the PottsviUe formation. Most of these are close to
smaU coal basins in the northern part of the county or close to the
Mahanoy basin. The only flowing weU reported in the southern part of
the county is at JoUett. Were it not for coal mining and the attendant
drainage of the post-PottsvUle formations, flowing weUs could probably
be obtained within the coal basin.

QUALITY OP WATER

The analyses of six samples of water coUected in SchuylkiU 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, HamUton and Marcellus are low in dissolved
solids. Two of them, however, contained sufficient iron to cause a sUght
percipitate.

The water in the post-PottsviUe formations see/ns to be of good
quaUty where it has not been contaminated by coal mining, as shown
by analysis 854. Some of the weUs in the coal basins, however, yield
water that is unfit for drinking, and as new mines are developed there
may be very Uttle potable ground water left in the post-PottsviUe beds.
It is unlikely that potable water can be obtained from driUed 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 smaU stream, but during
the drought of 1930 an auxiUary supply was needed. A weU driUed 1
mUe northwest of the borough proved to be a failure, and later another
weU was drUled 2 mUes northwest of the borough which was successful
and served very satisfactorily during the remainder of the drought. (See
weUs 882, 883.) It was reported that Gordon and Ringtown are suppUed
by ground water, but no data were obtained for tabulation.

PottsviUe and most of the larger boroughs are situated within the coal
basins and are suppUed with surface water from smaU mountain streams.
A few of the large surface water supplies have one or more driUed 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 CoUiery, has two
drilled wells at Park Place and three at Delano (weUs 795, 796, 799,
800). The Honeybrook Water Co., supplying McAdoo, Audenried and
Kelayres, has two drilled weUs near Audenried (weU 784). The Shen-
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GROUND WATER

S , ,Zeu Wlter &̂ Co-' suPPlying about half of the borough ofShenandoah has five auxiUary driUed wells, but very Uttle ground
water 1S used (See weUs 807, 808.) The SchuylkiU Haven Water Co.
has two auxiliary wells (892T893) which are seldom used. The Penn
sylvania Power &Light Co. suppUes 20 of its employes' homes with
cSn^fwlterdrmed ** (9U)' ** ^ »S the *"* ^

INDUSTRIAL AND DOMESTIC SUPPLIES

Coal mining is the predominant industry in SchuylkiU 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 suppUes using ground water are Usted in the ac
companying tables of drUled wells, including a bakery, a dairy, two
breweries, ice companies, a textile company, and a roUing miU.

Several large institutions are suppUed whoUy orinpart by driUed wells
including the Immaculate Heart Academy, iy4 nules east of Fountain'
Springs; the Ashland State Hospital, at Fountain Springs; and the
SlHa^L Almshouse, three-quarters of amUe north of Schuyl-

Domestic suppUes are obtained almost entirely from dug or drUled
wells, there being relatively few sprirfgs in the county. The scarcity of
springs is attributed in part to the fact that the county Ues south of the
Wisconsin and IUinoian drift borders, for glacial drift supplies most of
the springs 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] "•" u,,,ua rei°r *°

Silica (SIOs)
Iron (Pe) ~._
Calcium (Oa) "
Magnesium (Mg)
Sodium (Na) "..
Potassium (K) "Ji
Bicarbonate (HCOs) "
Sulphate (SO«)
Chloride (CI)
Nitrate (NOs) ~~"~""IT
Total dissolved solids I__"
Total hardness as CaCOa (calicuTa'ted)
Date of coUection (1931)

*By turbidity.

809

6.1

.08
43
6.8

15
2.0

66

18
50
41

261
135

Sept.

854

8.0
.10

21
6.8
7.8
1.6

51
6.5

21
22

132
80

Aug. 31

3 Calculated.

875 699 909 911

— ..

— _. .79 1.4
8 * 9i 12 1 8 *

j 6.3 »
39

6.8 a "7.7 * "9.2 »

24 56 61
2* 7 1 10 * 12*
1 * 1.3 * 1.2 » 1.0*

.35 10 1.0 .0
87 » 46 « 64 » 69 »
22 22 42 44

Sept. 2 Sept. 2 Sept. 2 Sept. 2
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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 Ues 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

Geologic
formation

Maximum
thickness
exposed

(fret)

Character of rocks Ground-water conditions

Olacial drift
(Wisconsin)

2o:m; Till (boulders, clay, sand, and
gravel) and outwash (clay,
sand, and gravel).

'1111 yields small supplies of po
table water to numerous (lug
wells. Outwash yields largo
supplies of very soft potable
water, but not extensively
utilized as source of water.

Post-Pottsville
and Potts
ville forma
tions

2U0+ Conglomerate, sandstone,
slate, and coal.

Mauch Chunk
shale

0—

170
Hard gray sandstone, pebbly

white sandstone, dark and
reddish shale.

Unimportant as source of
ground water; small area of
outcrops; no wells reported.

Pocono sand
stone

W>5± Pebbly conglomerate, sand
stone, and buff sandy shale.

Catskill group 1,800± Chiefly red shale and gray
cross-bedded sandstone, with
some conglomerate, red,
green, and white sandstone,
gray and olive-green shale,
a few thin streaks of coal;
contains fish remains.

Sandstone beds yield moderate
supplies of good water. Most
important water-bearer in
county.

Chemung
formation

380± Olive-green, fossiliferous shale,
red, green, and purple shale,

and red, olive-green and
green sandstone.

Yields small to moderate si.
pl'es of fair water. Deeper
wells may eueounted salt
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 southwest 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.288W. 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.
Over 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 Vh 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 190 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 outcrops 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

sswhite, I. C, Geology of Susquehanna County and Wayne County: Pennsylvania
Geol. Survey, 2d ser., Bep. G5, p..26, 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 m fractures and bedding planes.
(See pi. 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
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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 slope 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 OP 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 miUion. The three samples of water coUected
from wells and springs in the glacial drift contained an average of only
62 parts per miUion of total dissolved soUds and had an average hard
ness of 38 parts per nullion. Only one sample contained an excess of
iron. (See analysis 22.)

A weU in LawsviUe Center (weU 4) obtains very saltywater from the
Chemung formation. The water is used for washing milk cans but it
is too salty for drinking. __

Aspring on the bank of a smaU stream about 1mile west of Franklin
Forks yields about 10 gaUons 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 weU about 200 feet from the^spring
suppUes a farm house with gas for cooking. It seems probable that the
gas is methane (CH,), 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 oU was driUed to a depth of 680 feet". No oU was obtained,
but gas and salt water were found in the Chemung formation at a
depth of 300 feet. A nearby weU 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. nu««,«r,«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 suppUes in
Susquehanna County using ground water. Forest City, Montrose, Sus
quehanna Depot, and Great Bend are aU suppUed by surface water, and
in the remaining viUages the inhabitants are suppUed by ^dividual
sorines and weUs. Thus although more places use ground water than
SSEL water, the largest boroughs, Forest City and Montrose are sup
pUed by surface water, and therefore the consumption of surface water
far exceeds that of ground water. AU ^^borou^^usmgf^^vW^
obtain their suppUes from one or more springs, and four of tiie six have
one or more at*iUary wells for use during exceptionaUy dry seasons.
CMorLLn is required only at two of the ground-water public suppUes.

••White. I. O., op. dt., p. 20.
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Some of the pubUc suppUes from springs are unreUable during pro
longed dry seasons. New Milford uses some surface water when the
springs get low, but most of the viUages resort to auxiUary weUs. It
is probable that future demands wUl 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 aU over the county. Most of the
creameries obtain water from driUed wells, but a few of them are sup
pUed by springs. The water is used for washing milk cans and bottles,
for boUer use, and at some plants for cooling.

DOMESTIC SUPPLIES

Most of the domestic water suppUes in Susquehanna County utilize
dug wells, which obtain smaU quantities of water from the glacial drift.
Some of these weUs are reported to go dry during the summer. Although
there are at present relatively few driUed weUs in the county, they are
becoming increasingly popular because they are less subject to con
tamination and are more reUable during dry seasons. Numerous smaU
springs are utilized for domestic supply.

WeU 51, on a hillsidein SpringviUe, is dug about4 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 gaUons a minute. On July 22d, after a brief dry spell,
the overflow was. remeasured and found to be only 3.17 gaUons a minute.
This shows that in a region of shaUow water-table, the water level may
rise appreciably very shortly after a heavy rain.

SPRINGS

There are many smaU springs in Susquehanna County, some of which
are provided with overflow pipes so that their yield could be measured by
means of a 1-gaUon 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
usuaUy 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 aU three of these springs appears to come from
bedding planes in CatskiU sandstone and on July 10, 1930, they flowed
3.8, 4.4, and 2.4 gaUons a minute respectively. The spring yielding 2.4
gaUons a minute was remeasured on July 21, 1930, and the flow had
decreased to 1.3 gaUons 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 gaUons a minute and when measured again on July
21, 1930, the flow had decreased to 7.6 gaUons a minute. (See analysis
1215.)
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Logof Delaware, Lackawanna & Western Railroad Co.'s wells at Kingsley

Feet
0 - 13.5

13.5- 17.5

17.S-106

106 -128

128 -150

150 -258

258 -298

298 -343

343 -366

366 -373

373 -386

386 -435

-500

WeU 32

Glacial drift (?) O-
Broken sandstone 22-
Green sandstone 37.
Red sandstone H2-
Red shale 144.
Green sandstone 146-
Red sandstone 256-
Green sandstone 300-
Red sandstone 335.
Green sandstone 358-
Red sandstone 372-
Green sandstone 383-

Feet Well 33
- 22 Glacial drift ...
• 37 Red shale
-112 Green sandstone
•144 Gray sandstone .
•146 Red sandstone ..
•256 Green sandstone
•300 Red sandstone ..
•336 Green sandstone
•358 Red sandstone ..
•372 Green sandstone
-383 Red sandstone ..
-450 Green sandstone

Gray sandstone .

Analyses of waters in Susquehanna County
[Analyst, K. T. Williams. Parts permillion. Numbera less than 1200 correspond to numbers

on map and In the table of weU data]

SUica (SlOa)
Iron (Fe)
Calcium (Ca)
Magnesium (Mg)
Sodium (Na)
Potassium (K)
Carbonate (COs)
Bicarbonate (HOOs)
Sulphate (SO«)
Chloride (01) .
Nitrate (NOs) '.
Total dissolved solids
Total hardness as CaCOs

(calculated)
Date of collection (1930)

Silica (SlOt) ...
Iron (Fe)
Calcium (Ca)
Magnesium (Mg)
Sodium and Potassium

(Na and K)
Carbonate (COs)
Bicarbonate (HCOa)
Sulphate (SO«)
Chloride (CI)
Nitrate (NOs)
Total dissolved solids
Total hardness as OaCOs

(calculated)
Date of coUeetlon (1930)

22
.10

88
7.5
9.6
.8

0
169

4.8
6.0

.10

126
July 21

81

201

23 »•
6.9

110
26*
6.0

.10
148 a

83*
July 21

10
.04

10
2.7
8.1

.4
0

26
14
1.9

.90
67

July 21

88

86
8.6

7a

0
153
10*
1.0
.60

144 a

128
July 21

15

12 1

) i a

0
65
9*
8.0
2.2

74 a

50«
July 22

61

16*

11 a
0

65
24*
1.0
4.3

87a

51 a
July 22

16

18*

15 a

7.9
126

8*
8.0
4.2

148 a

106 »
July 22

50
12

15 a

8.9
218
12*
1.0

.10
216 a

174
July 22

18

26
8.0
6a

0

102
. 12*

4.0
4.2

HO8

88
July 22

1215*

12*

4a

0
26
10 *
1.0
4.2

43 a

28 *
July 21

22

18
8.71

28
9.2

I 13
I 1.8

0
116
24
8.0
1.5

161

103
July 22

1216*

16*

11 a
8.9

42
14 *
1.0
1.5

73 a

42 a

July 21

SO

28
8.8

) ©a

4.9
127

4 *

4.0
8.3

181 a

108
July 22

1217 «

20*

7«
0

29.
28*
2.0
2.4

70*

42 »
July 21

* By turbidity. a Calculated. a Determined
•1215. Spring to Thompson; glacial drift; temperature 50*F. 1216. Spring In Kingsley;

sandstone of Oatokfll group; temperature KTF. 1217. Spring at Halfway Spring House
i mile north of Hopbottom; CatskUl 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 thevalleys 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

Geologic
formation

Maximum
thickness
exposed

(feet)

Character of rocks Ground-water conditions

Glacial drift
(Wisconsin)

200± TBI and glacial outwash (clay,
sand, and gravel).

Yields smaU supplies of pot-
. able -water.

Pottsville and
Post-PottsviUe
formations

200+ Conglomerate, sandstone,
slate, and coal.

SmaU areas of outcrop; no
wells reported; water-bearing
In counties to the south.

Mauch Ohunk
shale

0-
170

Hard gray sandstone, pebbly
white sandstone, dark and
reddish shale.

Poeono sand
stone

666± Pebbly conglomerate, gray
cross-bedded sandstone, and
buff sandy sbale.

CatskiU group 1,900+ Red shale and gray cross-
bedded sandstone, with some
conglomerate, green, red,
and white sandstone, gray
and oUve-green shale, and

calcareous breccia.

Yields moderate to large sup
plies of water of good qual
ity, most Important water-
bearer to county.

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 Sugarloaf 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 field. 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. WeU 116 Is beside 117.
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WATER-BEARING FORMATIONS

[See pp. 41-68 for further description]

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 m west-central Wayne County where they are unimportant as
sources of ground water.

Catskill continental group.—Except for the small area of Carboniferous
rocks m the west-central part, all of Wayne County is underlain by the
CatskiU 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 CatskiU yields moderate to large suppUes of very good water in
Wayne County. Some of the domestic wells obtain smaU supplies from
the red shale, but aU the stronger weUs obtain water from sandstone.
Several weUs are reported to yield 100 gaUons a minute or more, and
wells 85 and 105 are reported to yield 175 and 140 gaUons a minute re
spectively. A few deep wells encounter some hydrogen sulphide, which
is harmless in the small quantities generaUy obtained.

ARTESIAN CONDITIONS

Owing to the relatively simple structure of the rocks in Wayne County
there are very few flowing wells, but in many weUs the water level
stands considerably above the point at which water was first encountered
Five flowing weUs were reported in the CatskiU, but these are scattered
over the county so that no areas of flowing wells can be definitely
estabUshed. In each weU the flow is small and most of the water is
obtained by pumping.

QUALITY OP WATER

Analyses of 12 samples of water coUected in Wayne County are tab
ulated on page 278. The analyses of 8 samples from driUed wells in the
CatskiU and the analyses of 4 samples from wells and springs in the
glacial drift indicate an average content of about 100 parts per miUion
of total dissolved soUds and an average hardness of about 60 parts per
miUion. The water in all the weUs 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 coUected at the inlet and out
let of the spring, at the outlet of weU 84 before and after aeration, and
at the discharge into the pond from weU 85. The following average re
sults were obtained:

Content of dissolved oxygen and carbon dioxide in ground water at
State Fish Hatchery, near Pleasant Mount1

Temperature
CP.)

Carbon
dioxide

(parts per
million)

Dissolved oxygen

Source
Parts per

miUion
Saturation

(percent)

Well 84 after aeration

45

47

40

47

8

7

3.5

2

10

13.3

11.7

5.5

83

111.5

97.5

46.5

*Investigated March 1, 1930, by Paul Rogers, chemist, Pennsylvania Department of
Health.

Although the two driUed weUs are of nearly the same depth and are
only 1,600 feet apart, the water from one weU is supersaturated with
oxygen and that from the other weU 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 weU 84 was removed by aUowing 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 weU 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 pubUc supplies in Wayne County using ground water are tab
ulated below. Honesdale, the largest borough in the county, is suppUed
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 suppUes. Individual weUs and
springs supply most of the viUages.

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
drUled weUs and a spring for trout growing. Other users of ground
water include the State Hospital near Waymart and several textile miUs
in White Mills.

DOMESTIC SUPPLIES

Dug wells and small springs are the chief sources of domestic water
supply in Wayne County, though many driUed weUs are used. Some of



278 GROUND WATER

the dug weUs 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
weU is undoubtedly the drUled weU, and nearly aU the wells put down
in recent years have been driUed.

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]

66 68 63 67 96 105

Silica (SlOa) 13
Iron (Pe) 01
Calcium (Ca) 27

7.2

I "
112

8*
3.0

.60

T
Sept. 19

11 1 24 1 28
Magnesium (Mg) 4.8
Sodium (Na) 13 a

117
3»
1.0
1.8

106 »
74 »

Sept. 19

16 •

108
8*

22
.10

130 3
88 •

Sept. 19

J

"l41
2*

2.0

20
2.4

104
23
20
8.0

Potassium (X)
Bicarbonate (HCOs) "
Sulphate (SO«)
Chloride (CI) _
Nitrate (NOa) _

102
7*
4.0

Total dissolved solids
Total hardness as CaCOs (calculated)

101 «

SeptTiV

124 » 176
90

Date of collection (1930) Sept. 20 Sept. 19

108 117 128 131 1218* 1219*

Silica (SIOs) 12
.01

24
3.5
8.9

.9
99
5.0
3.2
1.2

112
74

Sept. 19

7.2
.01

15

5.5
J 1.9
\ 1.8

64
6.2
3.0

.50

75
60

Sept. 20

13
Iron (Pe) .01
Calcium (Ca)
Magnesium (Mg) I

7 1

\ '•
84
6«
3.0

.60

42*
30«

Sept. 20

7 * 321 10
4.7

Sodium (Na)
Potassium (K)
Bicarbonate (HCOs) - _ __
Sulphate (SO«) .
Chloride (CI)
Nitrate (NOs) I I
Total dissolved soUds _ _
Total hardness as CaCOs (calculated)
Date of coUection (1930) .

1 "
25

14 !
4.0
2.4

50 2
40»

Sept. 20

7«

21

74
1.0
8.0

134 <*
87»

Sept. 19

1 s
22

10
9.0

20
77
44

Sept. 19

»By turbidity. 'Calculated. 'Determined.
, 11,af^iSpxln8r ln Starrecea; glacial drift; temperature 53*P. 1219. Spring In Hamlin:

glacial drift; temperature 60*P.
Analysts: 60, 96, 105, 108, 117, 128, 1219, L. A. Shinn; 68, 63, 67, 131, 1218 K. T.

Williams.
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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 White1 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. 0., 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.

Therock formations exposed in Wyoming County range from the Potts
viUe down to the Chemung formation. The youngest formations, the
PottsviUe 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 MiUers 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 rocks belong
ing to the CatskiU continental group.

Generalized section for Wyoming County

Geologic
formation

Maximum
thickness

exposed
(feet)

Character of rocks Ground-water conditions

Glacial drift
(Wisconsin)

200+ Till and outwash; clay, sand,
gravel, and boulders

Till yields small supplies of
potable water to dug wells
and springs, stratified out-
wash yields moderate to large
supplies of potable water to
dug and driUed wells. Water
very soft.

PottsviUe for
mation

28J+ Pebbly massive conglomerate
underlain by 3J feet of coal
and slate.

Mauch Chunk
shale

150+ Chiefly red shale, but the In
terval is largely concealed Not important as sources of

Pocono sand
stone

530+ Massive basal conglomerate 40
feet thick, overlain by
"slaty" and yellow sand
stone, largely massive,
greenish-gray sandstone, and
red shale, with a few beds
of conglomerate, blue,
green, and gray sandstone
and shale.

ground-water, no wells known
to penetrate these formations
within the county.

Catskill group 1,750+ Chiefly red and green cross-
bedded massive sandstone and
red shale, with a few beds
of conglomerate, blue,
green, and gray sandstone
and shale

Yield moderate to large supplies
of potable water.

Chemung for
mation

475± Greenish gray sandstone; blue,
gray, and green shale; dark
sandy sbale. Only the upper
most beds exposed. Includes
some post-Chemung marine
beds

Yields small to moderate sup
plies of water. Water likely
to be salty, especially in deep
wells.
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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
syncUnes, 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 mUes 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.
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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 tiU, although there are smaU patches of water-strati
fied material in some places. SmaU suppUes of water are obtained from
the glacial drift by dug weUs and springs, but the lowering of the water
table in the summer often renders these supplies unreUable. 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, fiUing the vaUeys 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. WeU 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 FaUs the gravel deposits are especiaUy deep, and the
weU of the Wyoming Sand & Stone Co. (254) penetrated 160 feet of
"quicksand" and gravel before reaching bedrock. Plate 6-A shows two
weU-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 Uttle. WeU 225 of the Tunkhannock
Water Co. indicates that at least some of the outwash gravel is capable
of yielding a considerable quantity of water. WeU 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
weUs by means of screens or strainers, larger yields could be obtained,
and weUs that might ordinarily prove to be failures on account of fine
sand might be successfuUy operated. WeUs obtaining water from glacial
outwash are likely to be stronger than bedrock weUs, although the dis
continuous and lenticular character of the permeable layers generaUy
makes the chance of getting water more uncertain.

Pottsville formation, Mauch Chunk shale, and Pocono sandstone.—The
PottsviUe 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
syncUne, is a smaU area of coal known as the Mehoopany coal basin,
presumably contained in the PottsviUe formation, for from the work
of the Pennsylvania Second Geological Survey it is beUeved that the
PottsviUe is the highest formation represented here. Probably several
hundred acres is underlain by workable semianthracite, and although
it has been mined and used locaUy for many years its smaU area and in-
accessibiUty render it relatively unimportant commerciaUy.

These formations are not important as sources of ground water be
cause they crop out in almost inaccessible, forested country, and it is
beUeved that no water weUs have been drUled into them.

Catskill continental group.—The rocks of the CatskiU continental
group underUe aU of Wyoming County except for smaU areas of Carboni
ferous and Chemung rocks. The CatskiU sequence is similar to that in
Susquehanna County and includes aU of the formations from the Mount
Pleasant down to the New Milford formation.

Almost aU the driUed weUs in Wyoming County derive their water
from rocks of the CatskUl. It is beUeved that in most places the water
occurs principally in joints and bedding planes in the sandstone. Three
weUs in the CatskiU are reported to yield 200 gaUons a minute or more.
(See wells 226 and 243). The water obtained from the CatskUl is of
good quaUty 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 smaU and
the water is likely to be salty and contain hydrogen sulphide, particularly
from deep weUs. A few drUled wells (207, 208, 210, 211) in LaceyviUe
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 weUs. Although several minor syncUnes are present the
only flowing weUs recorded (209, 210) are on the crest of an anticline in
Skinners Eddy. WeU 209 is 90 feet deep, and the water level was re
ported to stand 2 feet above the surface. On July 17, 1930 the weU
flowed 0.22 gaUons a minute. This weU obtains water from glacial out-
wash gravel lying just above the bedrock and the water is entirely
satisfactory for drinking. WeU 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 weU flowed 3.05 gaUons a minute of salty water with
a pronounced odor of hydrogen sulphide and was unfit for drinking.
Thus weU 209 flows potable water with a head of 2 feet, and weU 210
only a few feet away, flows salty water with a 7-foot head, indicating
that the water in the two weUs comes from different sources.

QUALITY OP WATER

Eight samples of water were coUected from drUled 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 soUds
and comparatively soft. Four samples from the CatskiU formation had
a moderate content of dissolved soUds and were sUghtly hard. A sample
of water from the Chemung formation (weU 210) contained much more
total dissolved soUds, 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 OU Co. driUed a test weU for oil on the bank
of Mehoopany Creek 1% mUes northwest of Lovelton. The weU was
driUed to a depth of 2,089 feet, and a*very careful record was kept as
to the nature and thickness of strata penetrated.1 The company was un
successful in obtaining oil, but its carefuUy kept log is of geologic value
and contains data on ground-water conditions at depths greater than
those ordinarily attained by water weUs. The driUer reported "fresh
water cased off at 280 feet; salt water cased off at 665 feet; a smaU spray
of brackish water at 1,000 feet, and another at 1,590 feet." Thus, al
though some of the shaUow wells in the Chemung obtain potable water,
deeper wells and even some of the shaUow ones are likely to encounter
brackish or salty water.

PUBLIC SUPPLIES

The four pubUc water suppUes using ground water are tabulated be
low. FactoryviUe, Nicholson and Meshoppen are suppUed by surface
water, and the other viUages depend upon individual wells and springs.

'White, I. C, op. dt., pp. 141-143.
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AU four of the places using ground water have one or more springs, and
MiU City derives its entire supply from one spring. LaceyviUe, Tunk
hannock and Noxen use driUed wells and springs. In each place the
driUed wells are found to be more reliable than the springs, and it is
probable that any increase in population wiU be best taken care of by
an increased number of driUed wells. TheTunkhannock Borough Water
Co. is the largest municipal user of ground water in the county and its
pubUc supply is the only one requiring treatment.

INDUSTRIAL SUPPLIES

With one exception aU 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 driUed 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 (weU 243).

DOMESTIC SUPPLIES

Most of the domestic supplies in Wyoming County are obtained from
springs and dug wells, and in some of the smaU villages they are ob
tained exclusively from springs. In some places the dug weUs are said
to go dry during the summer, but most of the springs were reported to
be reUable. There are relatively few driUed weUs in Wyoming County
at present, but it is beUeved that eventuaUy driUed wells wiU largely
replace the dug wells, because they are less subject to contamination,
are more reUable during dry seasons, and generaUy yield larger sup
pUes of water.

Analyses of waters in Wyoming County
IParta per mfflion. Numbers less than 1200 correspond to numbers on map and in table of

well data]

210 217 224 225 231 243 1220 1 1221 l

Sflica (SIO*) 23
.32

41

10
.02

19

16

.04

46

Iron (Pe)
Calcium (Oa) 30 28 43 11 =•"
Magnesium <Mg) 8.8

165
6.3.

> 32 »
7.5
3*

3.3
(14

I 1-1

9.5
23

5.6
) 44 »Sodium (Na) 6 3

Potassium (K) l.S 1.7
Carbonate (COs) ... __ _ 0 6.9 0 0 0 0 0 0
Bicarbonate (HCOs) 178 115 63 76 183 102 44 31
Sulphate (8O4) 5.3 26 16 a 21 12 5 2 6 s 10 2
Chloride (CI) 254 42 8.0 5.0 28 92 3.0 4.0
Nitrate (NOs) .10 1.0 34 2.5 .75 .50 7.2
Total dissolved solids 589 213 » 135* 111 223 240 3 50 s 5f> 3
Total hardness as CaCOs (cal

culated) 139 123 101 61 154 130 "4 *
Date of collection (1980) July tfuiy July July July Sept. Sept. Sept.

22 21 17 22 21 10 17 10

11220. Spring 1 mile north of Mill City; glacial drift; temperature 60*F.
mile southwest of Noxen; glacial drift; temperature 54 F.

3 Dy turbidity. » Calculated. * Determiner..
Analysts: 210, 217, 224, 225, 231, 243, K. T. Williams; 1220, 1221, L. A. Shinn

1221. Spring
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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, 156
Albrigbtsville, wells at, 80
Alden, well near, 153
Aldenville, water supply of, 279

well near, 283
Alderson, water supply of, 143

wells near, 146
Allegheny formation, 46, 73, 138-139, 236,

239
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 Township, wells in, 206
Anthracite fields. 4, 16. 46-47
Apolacon Township, 263

well in, 266
Appalachian Highlands, 13
Appalachian Mountains, 18
Appalachian Plateaus province, 13, 16-17,

53, 138
Appalachian revolution, 16-18
Aquashicola, wells near. 73. 86-87
Aquashicola Creek, 70, 73, 77, 176
Aristes, water supply of, 96

wells near, 104
Artesian conditions. 28. 49-51, 67, 77, 95-

96. 111. 124. 141, 177, 202,
224, 243, 262-263, 276, 291

Ashfield, wells near, 87
Auburn, 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
Augustaville, well at, 212
Avon Inn, water supply of, 144

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, 251
Barry Township, wells in, 251
Bartonsville, well near, 185
Beach Haven, 88, 137, 138, 140-141

wells at, 153
Beach Lake, wells at, 276, 283-284
Bear Creek, spring near, 165

water supply of, 142-143
well near, 155

Bear Creek Township, well in, 155
Bear Gap, logs of wells at, 218

wells at, 104, 198, 214
Bear Gao 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, 103

Beaver Valley, wells in, 92
well near, 103

Bendertown, wells near, 100
Benton, water supply of, 97

wells at, 91, -98
Benton Township (Columbia County), 88

wells in, 98
Benton Township (Lackawanna County),

wells in, 127
Berea sandstone, 50
Berlin Township, wells in, 283-284
Bernice syncline, 289-290
Berry Mountain, 105, 107-110
Berrysburg, wells at, 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, 90-91, 93-
94. 137, 140-141, 196, 200-
202

Bethany, wells at, 283
Beuchler, well near, 258
Bibliography, 6-11
Bicarbonate, occurrence of, in natural

wfltcrs 37
Bidwell Hill, well near, 286
Big Creek, well near, 85
Big Lick Mountain, 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 Township, 219

wells in, 232-233
Bloomingdale (Carbon County), wells at,

77, 83
Bloomingdale (Luzerne Cfounty), well

near, 145
Bloomsburg, 60-61, 66, 88, 91-92, 94-95,

pi. 4
water supply of, 96
wells at, 94, 101-102

Bloomsburg red beds, 63-65, 71, 77, 89,
94-95, 107, 172, 176, 195,
201-202 237 242

Blue Mountain, 14, 18, 105, 107, 170, 236,
242

Blythe Township, wells in, 253
Blytheburn, well at, 156
Bossardsville, wells at, 176, 188
Bossardville limestone, 64-65, 71, 76, 172,

176, 237, 242
Bowman Creek, 287

300
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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
Brnnehdale, well at, 253
Brnndonville, 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, 72
Broad Mountain (Dauphin Co.), 110, 241
Brockton, well near, 253
Brodheads Creek, 175
Brodheadsville, 170-171, 173

wells at, 190
Brooklyn, water supply of, 265
Brooklyn Township, wells in, 269
Buck Hill Falls, water supply of, 178
Buck Mountain, water supply of, 77
Buck Mountain Colliery, water supply of,

243
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 S„ data by, 40
Bushkill, 45, 173, 223

spring near, 225
water supply of, 224, 226
wells near, 235

Bushkill Creek, 220
Butler Twp., (Luzerne Co.), wells in,

158-159. 163
Butler Twp. (Schuylkill Co.), wells in,

250-251

Calcium, occurrence of, in natural waters,
37

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, 80-87

Carbon dioxide, content of in ground
waters near Pleasant
Mount, 276-277

Carbonate, occurrence of, in natural
waters, 37

Carbondale, 120-121, 274. pi. 4
wells near, 123, 127-128

Carbondale Township, wells in, 128
Cnrsonville, well at, 117
Casing of wells, 33
Catawissa, 5

water supply of. 97
wells near, 35-36, 95-96, 103

Catawissa Creek, 236

Catawissa Mountain, 88, 93, 240
Catawissa Township, wells in, 103
Catawissa Valley, wells in, 92
Catskill continental group, 51-53, 71, 75,

89, 93, 107, 110, 121, 123-
124, 136, 140, 172, 174, 195,
199, 221-222. 237. 241. 261-
262, 274, 276, 288, 290

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, 297
Center Township, wells in, 101
Central, well near, 98
Centralia, 88

water supply of, 96
Chase, wells near, 150
Checker coal, 46
Chemung formation, 54, 107, 110, 136,

140, 262, 288, 290-291
Cherry Creek, 171, 176
Cherry Ridge red beds, 52, 124, 261
Cherry Ridge Twp., well in, 285
Chestnuthill Township, wells in, 190
ChiUisquaque, well at, 210
Chinchilla, spring near, 134

water supply of, 126
wells at, 130

Chloride, occurrence of, in natural waters,
37-38

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, 237, 242

Clinton Township (Wayne Co.), 273
well in, 283

Clinton Township (Wyoming Co.),
well in, 295

Coal, water in, 32
Coal mines, water in, 74, 123, 139, 198,

239
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 Mills, well near, 98
Collins, W. D., quoted, 36-38
Columbia County, 88-104

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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Conemaugh formation, 46, 73, 138-139,
236, 239

Conglomerate, water in, 31
Connate water, 39
Consolidated rocks, quality of water in,

38
wells in, 83

Contamination of ground waters, 40
Conyngham, water supply of, 143

wells at, 157-158
Conyngham Township, 88, 92, 97

wells in, 104
Coolbaugh, well near, 183
Coolbaugh Township, wells in, 180-181
Cooling, use of ground water for, 39-40
Cooper Township, 199

well in, 207
Corniferous limestone, 58
Cortez, well near, 285
Council Cup, pi. 3-A
County descriptions, 69
Covington Township, wells in, 133
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

Daleville, wells at, 133
Dallas, water supply of; 143

wells near, 147
Dallas Township, wells in, 147
Dalmatia, 45, 66, 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, 26, 63-64, 66, 91, 193, 197

water supply of, 203
weUs at, 202, 207

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, 220
Deibler, well at, 199, 213
Delano, water supply of, 243

wells near, 243, 248
Delano Junction, water supply of, 243
Delano Township, wells in, 248
Delaware Lackawanna & Western Bail-

road wells, logs of, 134, 272
Delaware Biver, 13, 19, 120, 170-172,

_ 176. 219-224, 273-275
Delaware Biver flags, 52-53, 222
Delaware Township (Northumberland

Co.), 197
wells in, 208

Delaware Township (Pike Co.), 221
wells in, 234-235

Delaware Water Gap, 12, 58, 60, 62, 64,
m 66-67, 170, 173, 176-177

Delaware Water Gap borough,
water supply of, 179
wells at, 184

Dennison Township, well in, 159
Derringer, log of well near, 167

water supply of, 143
well near, 157

Derry Township, wells in, 206
Dewart, 201, 203-204

wells near, 208
Diamond-drill holes, 32
Dickson, 121
Dimock, wells at, 268
Dimock Township, wells in, 268-269
Dingman Township, wells in, 231-232
Dingmans Creek, 224
Dingman© Ferry, water supply of, 224

wells near, 234-235
Dorrance, 141

wells at, 156
Dorrance Township, wells in, 156
Dottersville, wells near, 190-191
Dreher Township, wells in, 286
Dreheraville, well near, 255
Dresser Hill, 170
Drifton, log of well near, 168

water supply of, 143
wells near, 159, 162

Drums, wells near, 158-159
Dry Tavern, well at, 84
Dundaff, wells at, 270
Dunmore, 120
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
East Cameron Twp., well in, 214
East ChiUisquaque 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
East Penn Township, wells in, 87
East Side, well at, 80
East Stroudsburg, 170, 173

spring near, 174, 192
water supply of, 178

East Union Township, wells in, 246-247
East Weissport, well at, 85
Eastern Middle Anthracite field, 46-48.
_ , 90, 135, 137, 237
Ebervale, logs of wells at, 169

water supply of, 143
_ wells at, W3-164
Eckley, water supply of, 143

well near, 162
Edgemere,-wells near, 234
Egypt Mills, 222

well at, 285
Eldred Township (Monroe County), 170

wells in 191
Eldred Township (Schuylkill County),
™. . t . weUs fa. 251-252
Elizabethville, 105

water supply of, 113
wells near, 110, 115-116
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Elk Hills, 259, 261
Elk Mountain sandstone, 52, 124, 201
Elmhurst, weUs 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, 175
Espy, 92

wells at, 101
Evans Falls, well at, 297
Evaporation, 20 .
Exeter Twp. (Luzerne Co.). wells in, 148
Exeter Twp. (Wyoming Co.), well in,

298
Experiment Mills, well at, 184
Eyers Grove, well at, 99

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

Factoryville, water supply of, 291
well at, 295

Fairdale, well at, 268
Fairmount Springs, log of well at, 160

wells at, 145
Fairmount Township, 135

wells in, 145
Fairview Township, wells in, loo
Falls, 287, 290 oft£J

'veil at, 290, 298
Falls Township, wells in, 298
Fearnot, well at, 252
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, 234-235
Forkston, well at, 297
Forkston Township, 287

well in, 297
Fort Littleton formation, 54
Foster, Margaret D., analyses by, 36, 97,

112, 204, 244
Foster Township, wells in, 159-163
Fountain Springs, 19

wells at, 244, 250-251
Fox Gap, 170
Frnckville, 19

water supply of, 245
wells at, 249-250

Franklin Forks, spring near, 263
Franklin Twp. (Carbon Co.), wells in, 85
Franklin Twp. (Columbia Co.), well in,

103
Franklin- Twp. (Luzerne Co.), wells in,

147

Gearhart Township, wells in, 211
Genesee shale, 55
Geography, 3-6.

See also particular county descrtp-
tiona

Geologic history, 17-19
Geologic map, pi. 1 (in pocket)
Geolopic structure, 16-17

relation of, to ground water, 28
See also particular county descrip

tions
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, 250
Glacial drift, 28-30, 38. 41-45, 71, 73, 89,

91-92. 121-123, 135-136,
138, 170-172, 195. 197, 220-
222, 260-261, 273-274, 276,
288-290

Glacial outwash, 30, 44, 45
Glaciation, southern limits of, pi. 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, 155

Golden Hill, well near, 297
Gordon, water supply of, 243

wells near, 251
Gouldsboro, water supply of, 279

wells at, 180, 286
Gowan City, well near, 214
Gowen, water supply ot, 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, 215
Green Township, wells in, 233-234
Greenfield Township, wells in, 127
Greentown, wells near, 233
Greenwood, wells at, 93, 99-100
Greenwood Township, 91

wells in, 99-100
Griswold Gap conglomerate, 50
Ground water, 19-40

See also particular county descrip
tions and Water-bearing forma
tions

Grovania, 62
Growing season, 6
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H

Half Falls, 110
Halifax, 108

water supply of, 113
wells at, 110, 117

Halifax Township, wells in, 117
Hallstead, 260
Hamilton formation, 45, 55-57, 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 &t 286

Handsome Eddy, well near, 229
Hanover Township, wells in, 154
Harding, logs of wells near, 166

spring near, 165
water supply of, 143
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, 164

Harrell shale, 54-55
Harrisburg, 105
Harrisburg peneplain, 18
Harveys Lake, water supplies at, 143-144
Harwood, well near, 164
Hauto, water supply of, 78

well near, 77, 83
Hawks Station, well at, 247
Hawley, pi. 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,
200-201, 237, 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 pf, 277
well at, 284

Honesdale sandstone, 52, 124, 221-222
„ . 261Hopbottom, 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

Idetown, wells near, 151
Illinoian drift, 42, 71, 73, 88, 89, 91, 170-
t * T , 171A 172> 194' 195' W 244Indian Lake, well at. 155
Indian Orchard, wells at, 284
Indiantown Gap, 105-10Q, 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 Twp. (Dauphin Co.), wells in,
116

Jackson Twp. (Luzerne Co.), wells in,
150

Jackson Twp. (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,
Jefferson, wells at, 257
Jefferson Twp. (Dauphin Co.), well in.

117
Jefferson Twp. (Lackawanna Co.), wells

in, 131
Jermyn, well near, 128
Jerseyan drift, 42, 71, 73, 88-89, 91, 194-

195, 236
Jerseytown, water supply of, 96

wells near, 99
Jessup Township, well in, 268
Joliett, wells at, 243, 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
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Kellersville, wells near, 188
Kemmerville anticline, 173
Keyser limestone, 61-62
Kidder Township, 70, 73, 75

wells in, 80
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

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, 262
Lackawanna River, 120-121, 123, 142,

273
Lackawanna syncline, 53, 90, 121, 123-

125, 136, 140, 196, 199-200,
260

Lackawanna Trail, 170
Lackawanna Valley, 122-125
Lackawaxen, 222

wells at, 227
Lackawaxen anticline, 221
Lackawaxen River, 120, 220, 273, 274,

276
Lackawaxen Townshin, wells in, 227-228
Lake, water supply of, 144

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, 274
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
Landingville, 239, 241

well at, 256

Lansford, 70
water supply of, 77

La Plume, well at, 129
Lathrop Township, wells in, 270
Lattimer, water supply of, 144

wells near, 163-164
Lausanne Township, wells in, 74
Lavelle, wells at, 251
Lawsville Center, well at, 263, 200
Lawton, well near, 268
Lebanon County, 105-112

generalized section for, 107
map of, 108
springs in, 105

Lebanon Valley, 14
Leek Hill, wells near, 216
Lees Mountain, 90
Lehigh River, 13, 70, 120, 135, 138, 140,

170-171, 173, 236
Lehigh Township (Carbon County), 70

wells in, 74, 81
Lehigh Township (Lackawanna Co.),

120
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 Twp. (Luzerne Co.), wells in,

151
Lehman Twp. (Pike Co.), wells in, 235
Lemon Township, wells in, 294-295
Lewis Township, wells in, 209
Liberty Twp. (Montour Co.), wells in,

207
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, 206
Limestoneville, 201

wells at, 206
Line Mountain, 198, 241
Little Gap, 76

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, 291
Lower Helderberg limestone, 61
Lower Mahanoy Twp., wells in, 216-217
Lower Tannersville, well near, 185
Lower Towamensinc; Twp., wells in, 86-

87
Loyalton, water supply of, 113

wells near, 109, 115-116
LoyalviUe, 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
McAdoo, water supply of, 78, 243

well near, 247
McEwensville, wells at, 208
Mcllhanev, well at. 190
McKeansburg, wells at, 255
McKenzie formation, 03-65, 89, 94-95,

195
McMichael, 170

well near, 187
McMichael Creek, 170
Madison Township (Columbia. Co.), 88

wells in, 99
Madison Township (Lackawanna Co.).

wells in, 131
Magnesium, occurrence of, in natural

waters, 37
Mahanoy City, 236

well near, 249
Mahanoy coal basin, 237, 239, 243
Mahanoy Creek, 198
Mahanoy Mountain, 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, 241
Mahoning Township (Carbon County),

wells in, 83-84
Mahoning Township (Montour County)

wells in, 207
Main Township, 92

well in, 103
Mainville, well near, 103
Malta, wells near, 217
Mammoth coal, 46-47
Manada Gap, 67-68, 106, 111-112
Manchester Township, wells in, 281
Manufacturing, 4
Maplewood, well near, 131
Marcellus shale, 55-57, 71, 75-76, 89, 93,

107, 110, 136, 141, 172, 174-
175, 195, 200, 221, 223, 237,
241-242

Marshall Creek, wells at, 183
Martins Creek, 259, 261
Martinsburg shale, 15, 17, 67-68, 70, 177,

243
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 shale, 49-50, 71, 74-75, 89,

92-93. 107. 109, 121, 123,
136, 139-140, 195, 198, 237.
240, 260-261, 274, 276, 288,
290

Mauch Chunk syncline, 72, 173
Mauch Chunk Township, wells in, 81-83
Mayberry Township, 199

well in, 207
Medina formation, 67
Mehoopany, wells at, 296
Mehoopany coal basin. 136. 289-290
Mehoopany Creek, 287, 291
Mehoopany Township, wells in, 296
Meinzer, O. E., quoted, 24
Merwinsburg, wells near, 187, 190
Meshoppen, water supply of, 291

wells at, 294
Meshoppen Township, wells in, 294
Mexico sandstone, 56
Middle Paxton Township, wells in, 117-

118
Middle Smithfield Township, wells in, 183
Middleport, well near, 253
Middleton Township, 263
Middletown, water supply of, 143
Mifflin Township (Columbia County),

wells in, 103
Mifflin Township (Dauphin County),

wells in, 115
Mifflinville, well near, 103
Milanville, 273

wells at. 282
Milford, 5, 221-223, 225

spring near, 225
water supply of, 224, 226
wells near, 231-232

Milford Township, well in, 231
Mill City, spring near, 292

water supply of, 292-293
Millers Mountain, 287-288
Millersburg, 105

water supply of, 113
wells at, 109. Ill, 114
wells near, 117

Millertown School, well near, 234
Millrift 222

wells at, 230
Mills Grove, well near, 103
Millville, 90

water supply of, 97
wells at, 91, 94, 99

Milnesville, water supply of, 144
wells near, 164

Milton, 201, 203-204
water supply of, 203
wells at, 203, 209-210

Milton anticline, 60. 62. 64, 90, 93. 95,
122, 136, 140, 196, 199-202

Milwaukee, wells near, 131, 132
Mineral constituents of natural waters,

36-38
Mineral paint, 56.
Minersville, well near, 253
Moffat 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

Monroe Township, wells in, 297
Montandon, 197
Montdale, wells near, 128
Montebello sandstone, 45, 56
Montour (Berwick) anticline, 60, 64, 90-

91, 93, 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, 206-207

Montour Ridge. 61-63, 65-67, 88, 90, 95,
193, 196, 200-202

Montour Township, well in, 102
Montrose, pi. 4

water supply of, 263
wells at, 267

Mooresburg. wells near, 207
Moosic, 121

well near. 155
Moosic Mountains, 50, 120, 123, 273
Morainic topography near Oakland, pi.

6-B
Mordansville, water supply of, 96
Moscow, water supply of, 126

wells at, 131
Moscow formation, 56
Mount Ararat, 273
Mount Carmel, 193

log of well near, 219
well near, 198, 214

Mount Carmel coal basin, 196, 198, 203
Mount Carmel Township, well in, 214
Mount Carmel Water Co.'s well, log of,

Mount Cobb, wells at, 131
Mount Pleasant, water supply of, 142
Mount Pleasant red shale, 52, 124, 171,

174, 261, 276, 290
Mount Pleasant Township (Columbia

County), wells in, 101
Mount Pleasant Township (Wayne Coun

ty), 273
wells in, 282

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

waters, 263
Nay Aug, log of well at, 134

wells at, 125. 132
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, 173
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 formation, 26, 53, 259, 282,

276, 290
New Milford Township, well in, 267
New Bingold, wells at, 255

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, 291
wells at, 295

Nicholson Township, 289
wells in, 295

Nitrate, occurrence of, in natural waters,
38

North Branch Township, 289
North Knob. 12, 259
North Manheim Township, wells in, 256
North Moreland Township, wells in, 297-

298
North Mountain. 14, 88, 90, 93, 135-136,

140, 287-288
North Pine Grove, well at, 257
North Union Township, wells in, 246
North Weissport, well at, 85
Northern anthracite field. 46-49, 120.

135, 274
Northumberland, 66, 193, 196-197

log of well near, 218
spring near, 201
water supply of, 205
wells at, 210-211

Northumberland County, 193-219
analyses of waters in, 204
generalized section for, 195-196
logs of wells in, 218-219
map of, 194
proportion of safe ground-water sup

plies in, 40
public water supplies in, 203, 205
wells in, 208-217

Northumberland syncline, 90, 196, 199
Northumberland Water Co.'s wells, logs

of, 218
Norwegian Township, wells in, 252
Noxen, spring near, 292

water supply of. 292-293
wells at, 292, 297

Noxen Township, wells in, 297
Nuangola, wells at, 156
Numidia, water supply of, 96

well at, 104
Nuremberg, wells at, 157

Oakdale, water supply of, 143
Oakland, 43

water supply of, 265
wells at, 266-267

Oakland Township, wells in, 266-267
Observation wells, water-level fluctua

tions in, 20-24
Occurrence of ground water, 24-32
Oneida, water supply of, 245

wells at, 246-247
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 near, 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

Packer Township, wells in, 81
Packerton, wells at, 84
Paint ore, 76, 174
Palmerton, 70

water supply of, 79
wells near, 76-77, 87

Palmyra Township (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
Paxmos, 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, 35
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,

113
wells near. 115-116

Pimple Hill, 170
Pine Grove, 241

wells near, 257-258, pi. 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

Plymouth, 135, 137-138
wells near, 149

Plymouth Township, 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, 179

wells at, 186
Pocono plateau, 50, 52, 170-171, 173-174,

177-178
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, 173

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,
241

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, 46-47, 71, 73-

74. 89, 92, 107-108. 121,
123, 136, 138-139, 195; 198.
237, 239, 260-261, 274, 276

Potassium, occurrence of, in natural
waters, 37

Pottsgrove, wells at, 207, 210
Pottsville, 236

water supply of, 243
wells at, 239, 253

Pottsville formation, 47-49, 71, 73-74, 89.
92. 107-109, 121, 123. 136,
139, 195, 198, 237, 239-240,
260-261, 274, 276, 288, 290

Powell Valley, well near, 117
Poxono Island shales and limestones, 63-

64, 176
Poyntelle, wells at, 280
Precipitation, 5

relation of, to ground water, 19-24,
pi. 4, fig. 3

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. 284
Public water supplies,

See particular county descriptions

Q

Quality of ground water, 3640, 77, 96,
111, 125, 141-142, 177-178,
203, 224, 243, 263, 276-277,
291
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Quakake Junction, wells near, 247-248
Quicksand, drilling in, 173

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 Gap, 105
Rausches, 60, 62, 64, 242
Rebuck, well near, 215
Recovery of ground water, 32-36
Red Cross, well near, 215
Reed Township, well in, 118
Reilly Township, wells in, 252
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, 246
Riverside, 91, 197

wells at, 211
Roaring Brook, 120
Roaring Brook Township, wells in, 131-

132
Roaring Creek, 88
Roaring Creek Township, 88, 92

well in, 103
Roaring Creek Valley, wells in, 92
Rochester formation, 66
Rockefeller Township, wells in, 212
Rockport, water supply of, 78

wells at, 81
Rockville, 56, 105, pi. 2-A

wells at, 119
Rohrsburg, well near, 100
Rome anticline, 260
Rose Hill formation, 66
Ross Common, 176

wells at 177. 180
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, 54
Rush Township (Northumberland

County), wells in, 211-212
Rush Township. (Schuylkill County),

wells in, 247-248
Rush Township, (Susquehanna County),

wells in, 268
Rutledgedale, wells near, 281
Ryan Township, wells in, 249

Sacramento, well at, 252
St. Johns, water supply of, 144

well at, 158
St. Josephs Springs, discharge of, 105
Salem Township, (Luzerne County),

wells in, 153

Salem Township (Wayne County), wells
in, 285-286

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, 298
Schuylkill County, 236-258

analyses of waters in, 244
generalized section for, 237
map of, 238
proportion of safe water supplies

in, 40
public water supplies in, 243, 245
wells in, 246-258

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, 128
Scott Township, (Wayne County), 273

well in, 280
Scranton, 4, 120, 121
Second Mountain, 52, 105, 108-110, 241-

242
Selinsgrove, 196
Selinsgrove anticline, 59, 90, 93, 196, 199-

202 237
Selinsgrove Junction, 58, 60, 62, 64, 197
Selinsgrove lower limestone, 58
Selinsgrove shale, 59
Sereno, wells near, 99
Seven Points, well at, 212
Shale, water in, 31
Shamokin, 193
Shamokin coal basin, 196, 198, 203, 237
Shamokin Dam, 197
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, 178
Shenandoah, 236

water supply of, 244
wells near, 249

Sheppton, well at, 247
Shickshinny, wells near, 152-153
Shinn, L. A., chemical analyses of water

by, 36, 78, 97, 134, lotf, 192,
204, 225, 278, 292

Shoemaker, 173
wells at, 183

Shohola, 222
wells at, 228-229

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, 266
Skaneateles formation, 56
Skinners Eddy, 289

wells at, 290-291, 294
Slocum, well at, 153
Slocum Township, well in, 153
Smith well, log of, 166
Smithfield Township, wells in, 183-184
Snowfall, 5
SnydersviUe, 171

wells at, 188
Snydertown, wells at, 213
Sodium, occurrence of, in natural waters,

37
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, 290
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, 264

types of, 27-28
Springtown, 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
Starrucca, spring at, 278

water supply of, 279
well at, 267

Starrucca Creek, 273
State of New Jersey, wells in, 184, 224,

231
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, 297
Stratigraphy, outline of, 16
Strawberry Ridge, wells at, 200, 206
Stroud Township, wells in, 184-185

Stroudsburg, 58, 60, 170-171, 173-174
wafer 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, 83

Sunbury, 193, 197, pi. 4
water supply 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, 264
wells in, 266-271

Susquehanna Depot, water supply of, 263
Susquehanna Biver. 12-13, 15, 19, 88,

105-106. 120, 135, 138, 193,
197. 202, 236, 259, 261, 273,
287-290, pi. 2

Susquehanna Township, wells in, 1}9
Susquehanna Valley, 15, 88
Susquehanna Water Gap. 66, 68, pi. 2-A
Swartz, C. K. and F. M., quoted, 63-64
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, 185
Sybertsville. wells at, 158

Taconic disturbance, 17, 67
Tafton, wells near, 233
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, pi. 2-B
Texas Township, wells in, 284
Third Mountain, 105, 108-109
Thompson, spring at, 264, 272

water supply of, 265
wells at, 267

Thompson Township, wells in, 267
Thornhurst, wells at, 133
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, 215
Tri-state monument, 57-58, 221, 223
Trimmers Bock sandstone, 53-55, 200
Tripp Lake, well at, 266
Trout Bun Valley, 105
Trucksville, spring near, 165

water supply of, 144
wells near, 149

Tully limestone, 55
Tunkhannock, 287, 290

water supply of, 292-293
wells at, 289-290, 295-296

Tunkhannock Creek, 43, 120, 260-261,
287. 289-290

Tunkhannock Twp. (Monroe Co.), 170
well in, 187

Tunkhannock Township (Wyoming
County), wells in, 295-296

Turbot Township, wells in, 209
TurbotvUle, 196

wells at, 209
Turkey Ridge sandstone, 56
Tuscarora, well at, 254
Tuscarora sandstone, 15, '66-67, 71, 77,

107, 110, 172, 177, 196, 202,
237 242-243

Twin Lakes, welis 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, 33-35
Union Corner, well near, 211
Union Hill, well at, 269
Union Township (Luzerne County),

wells in, 152
Union Township, (SchuylkiU County),

weUs in, 246
Uniontown (Northumberland County),

weU at, 213
Uniontown (PUlow), (Dauphin County),

water supply of, 113
wells near, 115-116

UnionviUe, weUs near, 80
UnityviUe, wells near, 99
Upper Augusta Township, wells in, 212
Upper Helderberg limestone, 58
Upper .Lehigh, water supply of, 143

wells at, 160-161
Upper Mahanoy Township, wells in, 215-

216
Upper Mahantango Township, wells in,

252
Upper Paxton Township, weUs in, 114-

115

V

VaUey and Bidge province, 14, 16, 136
VaUey Township, weU in, 206
Valley View, water supply of, 245

weUs near, 252
Vernon, well at, 297
Vernon red shales, 64
Voids, 24
Vosburg, wells at, 296

W

WalcksvUle, wells at, 85
Walker Lake, well at, 229
Walker Township, wells in, 254
Wallenpaupack Creek, 274
Waller, weU near, 98
Wallpack anticline, 173
Wallpack Bend, 58, 176
Wallpack Bidge, 171, 173, 175
WallsvUle, weU at, 127
Wapwallopen, spring near, 165

water supply of, 144
wells near, 157, pi. 4

Washington Township, (Dauphin
County), weUs in, 115-116

Washington Township, (Northumber
land County), wells in, 215

Washington Township, (Schuylkill
County), weU in, 257

Washington Township (Wyoming Co.),
wells in, 296.

WashingtonviUe, wells at, 201, 206
Watsontown, 197, 204

water supply of, 203
weUs at, 208

Watsontown anticline, 196, 199-202
Water-bearing formation, occurrence and

character of, 41-68
See also particular county descrip

tions
Water table, 27, 35
Waverly, 121-122

water supply of, 126
weUs at, 123, 125, 129, pi. 4

Waymart, water supply of, 277, 279
weUs at, 284-285

Wayne County, 273-286
analyses of water in, 278
generalized section for, 274
map of, 275
pubUc water supplies in, 277, 279
weUs in, 280-286

Wayne Township, (Dauphin County),
wells in, 117

Wayne Township (SchuylkiU County),
wells in, 257

WaynesviUe, weU at, 117
Weatherly, water supply of, 78
Weigh Scales, weU at, 213
Weintz, wells at, 146
Weir Spring, wells at, 190
Weishample, weU at, 251
Weissport, water supply of, 78

wells at, 73, 75, 85
Well screens, use of, 33-35
WeUs, construction of, 32-35

fluctuations of water levels in, 20-
23, 124, pi. 4

recovery of water from, 32-36
specific capacity of, 35-36

West Brunswick Township, wells in, 255-
256

West ChiUisquaque Township, wells in,
210

West Falls, wells at, 297-298
West Mahanoy Township, wells in, 249-

250
West Nanticoke, weUs at, 140, 149-150
West Nicholson, 289
West Penn, wells at, 254
West Penn Township, wells in, 254
West Pittston, weU near, 148
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Western W^gg^jg^^ Wjn^To^p.^ in, MT

White Deer anticline, 289 221 244' 2M M7 95,White HaU, weU at, 206 AVolffs Run, water sup^y o? 142
White Haven, spring near, 165 Worden Place, water supply of'144

wells'neifr^lS^44 Sri*h* ^nshipfwells"^? 1% 144m^aMiiio w 60 Wyoming, weU near, 148
weKt, ^284 ^Tna^wof'wate^298

W^scoTwaS supply of, 111 STSpar8,^^
was saws105* 308-109 sas6 snusp-in*291-293
^wafer^y^, IV*5' 137' PL 4 Wy°miDg **&& 47' 120' « **
Wiii^i8 at' ^8' ^ 154 Wyoming VaUey Water Co.'s wells loirsWilkes-Barre Township, wells in, 154- of, 167-168 ^

155
WiUiams, K. T., chemical analyses of Y

Sfi&g & % 165' M» Springs, 106
Williams Township, 105 „
WiUiamstown, 105 Z

Wimmers, well at l«n ZionsviUe, wells near, 118
Wind Gan I4i7fi 177 £one of aeration, 27wina uap, 14, 176-177 Zone of saturation 27


