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reiriLt PHOENIXVILLE ATLAS OF CHEY COUNTY
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The U.8.Geoclogical Survey topograph-
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Areal Geology

Tha Mrunty Geology was Well Map—-1 Nor-
1920 and 1930's.

Geologically, Chester County is com-
prised of a highly complex area of folded
and altered rocks of many ages where in-
terpretation is difficult. Rocks of 2all three
origins occur: igneous, metamorphic, and

dimentary, with most major rock types
of each being present.

The basic areal geology of the County
was relatively well mapped duringthe 1920's
and 1930's by the pioneer geologist of the
Philadelphia region, Professor Florence
Bascom, then Chairman of the Geology
Department of Bryn Mawr College, and her
many associates. The Coatesville — West
Che er 5' quadrangle was published in
1932 as U. S. Geological Survey Folio No.
223, and the Phoenixville — Honeybrook
quadrangles in 1937 in U. S. Geological
Survey Bulletin No. 891. These twopublica-
tions are the hasic specific technical refer-
ence sources for Chester County and include
the most detailed geologic maps at a scale
of 1:62,500 or about 1" = 1 mile. The maps
are printed on the old 15 minute geological
survey quadrangles published around the
turn of the century and were then - anduntil
the mid 1950's (when the present 7-1/2
minute topographic quadrangles were pub-
lished) — the most accurate base maps
available. Parts of the eastern end of the
County are covered in the old Philadelphia
Folio No. 162 (1909); and a piece of the ex-
treme southwestern area is in the McCalls
Ferry-Quarryville quadrangle published in
1929 as U. S. Geological Survey Bulletin No.
799. Chester County, of course, is also in~
cluded in less detail in the new Geologic
Map of Pennsylvania published in 1960 at a
scale of 1:250,000 approximately four miles
to the inch. T° : map also contains changes
in terminology, and some previously unpub-
lished changes in areal mapping.

These maps present the most recent
information available. Owing to the soil
covering, few rock outcrops are visible and
contacts : : offen indefinite, and there is
much intergrading of rocktypes. Itis there-
fore usually impossible to indicate exact
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formation boundaries. Although there have
been some changes in terminology and
classification, these can be adjusted without
remapping.

Since the detailed maps are out of print,
it is anticipated that the Chester County
Planning Commission will later reprint a
large scale revised wversion showing all
features and resources. Meanwhile, a small
fold-out map entitled, "Geology", shows
major rock type relationships used in this
report in a generalized way. A larger scale
version of the same map showing the details
of the originally mapped rock types is avail-
able from fhe Planning Commission upon
special request.

Rock Types Have Been Grouped for S~ -
pliritv and Pr=~tical Analysis.

Rock types are classified basically
by origin, by rock type, and by age of
formation. OQf these, the rock type is the
most important for this report. Technical
differences in mineral or chemical com-
position, texture or structure, and age,
not having major effects on practical ap-
plications are not treated in this report.
These technical matters are described in
the reports listed in the geology hibli-
ography.

The bhasic rock types of most of Chester
County are crysta’ " 1e meta-igneous and
metamorphic rocks. Sedimentary rocks of
Triassic age are found in the Schuylkill
Valley Lowlands generally east of French
Creek; and meta-sedimentary limestones
and dolomites of Cambrian and Ordovician
age underly the Chester Valley.

The principal rock types, location, and
their practical properties are described in
the paragraphs that follow, and are shown
on the small fold-out map entitled, "Geol-

ogy".

Crys+°1‘*"$ Ig~anug and Metamorp™ - Rocks
Tinde. 0st us the C

Most of Chester County, except most of
the Schuylkill Valley Lowlands, are under-




lain by metamorphic rocks. These are rocks
that have been recrystallized and in many
cases hardened by intense heat and pressure
when they were far below the surface during
one or more periods of great geologic dis-
turbance. Original metamorphism took place
in early geologic times with folding and
faulting during the Appalachian Revolution.

The degree of metamorphism depends
upon the original rock type before recrys-
tallization and the relative intensity of heat
and/or pressure. These are difficult tech-
nical considerations, far heyond the scope
of this report other than to say that the
original shales were foliated and hardened
to schists and phyllites, sandstone to quartz~
ites, limestone to marble, and granites to
gneisses. There are many degrees of meta-
morphism found in the rocks.

All generally are fairly resistant to
erosion and tend to form rolling uplands.
As a group, metamorphic rocks are hard
and dense, and thus have little ground water
storage capacity, except in e fractures
and fissures. They generally make excellent
foundations, provided solid bedrock below
the weathered arsa is reached. There is
often, particularly overlying schists, a
deeply layered zone of soft, strongly weath-
ered "rotten rock™ known as "'saprolite".
Where solid unweathered bedrock is in-
volved excavation is difficult. Many types
of metamorphic rocks have value as dimen-
sion stone and a few as crushed stone.

The overlying soils tend to be silty or
clayey loams in the Glenelg Manor or
Glenelg — Neshaminy Association. These
soils are relatively susceptible to frost
action and are not the best for engineering
construction.

The major crystalline rocks, according
to Dr. E. H. Watson, Charman of Geology
of Bryn Mawr College, are:

Hybrid m»~»itic Gneisses — Most of the
County beiweou we North Valley Hills and
the Triassic Lowlands and a large portion
of the eastern part of the County are under-
lain with metamorphic rocks that were
originally both sedimentary and igneous
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rocks. These rocks were originally mapped
by Professor Bascom as gabbro (amphibo-
lites), granodiorite, Baltimore gneiss and
quartz-monzonite, but because of similar
properties and muchintergrading, the gran-
oriorite, quartz-monzonite and Baltimore
gneiss are lumped as granitic gneiss. They
are light colored "felsic" rocks. The "gab-
bro'" is really an amphibolite, is dark col-
ored, and was originally probably gabbro
or basalt.

They are hard rocks that have strong
though varying resistance to erosion and in
parts of the region form rolling uplands.
The amount of relief present varies in di
ferent localities and depends upon the rela-
tive position of the uplands above local base
level as well as local differences in rock
hardness. In the northernpart of the County,
elevations are higher and stream gradients
steeper; hence stream erosionhas cut more
deeply into the uplands with the result that
they are more strongly dissected and include
a number of moderately deep narrow val-
leys. At the head of the streamsinthe West
Chester — Paoli areas, stream gradients
are not as steep and downward erosion is
not as rapid and thus a relatively level and
undissected upland is present.

These rocks weather to a2 moderate
depth. The gabbros (which technically are
now recognized as amphibolites) and Balti-
more gneisses weather rather evenly to an
average depth of about eight feet, with the
gabbros tending toform boulders. The gran-
odiorites and quartz-monzonites, mostly
occuring to the north of the Chester Valley,
tend to weather more deeply to about 10 to
15 feet, and weather more irregularly. This
uneven weathering makes test drilling nec~
essary prior to construction of foundations
and roads.

All of the above rock types are over-
lain by either the Glenelg-Manor or the
Glenelg~Neshaminy Soil Association with
some tendency for the Glenelg-Neshaminy
Association to be more common over the
rocks originally mapped as gabbro or Bal-
timore gneiss. This may be related to the
greater unceriainty of proper functioning
of septic tanks inthe Glenelg and Neshaminy



soils formed from this parent material than
those formed from mica schists, as dis-
cussed in the soils section. The Baltimore
gneisses tend to be clayey.

Because the amphibolites are harder,
denser, and less weathered, the frac’ ‘-es
are fewer, and these types, along witn the
even denser diabases, are the poorest water
sources in the County. Water yields range
from 2 10 gzllons per minute. The other
gneisses, granodiorite, and quartz monzo-
nite, particularly the latter two, tend fto be
more deeply weathered and may yield be-
tween 0 — 60 gprn with an average of be-
tween 5 and 10 gpm.

Some of the gabbro and amphibolite
have value as crushed stone because of its
hardness and toughness. The other granitic
gneisses also have some possible use as
crushed stone, but are not widely used be-
cause better sources are available. The
Baltimore gneisses have had some use as
a building stone, but more sofromaquarries
in neighboring counties than from those in
Chester County. The Cornog quarry near
Glenmoore, producing crushed stone, mines
granitic gneiss.

All these rocks are excellent for founda~-
fion support — generally being the strongest
available — for heavy construction such as
building and dams — provided socund un-
weathered rock is reached. All granitic
gneiss may be subject to a slight amount of
rock creep or downward slippage of massive
jointed blocks: but this characteristic is
measurable only over a period of many
generations.

Pirlaring Gneiss — Pickering gneiss
has pruperties similar to those of the hy-
brid granite gneisses. The chief difference
is due to the possible presence of graphite
and to a slightly larger supply of ground
water. This rock is shown separately onthe
accompanying geology map; and is found
primarily in the vicinity of Pickering Creek
and in the area directly east of Elverson.
It has not been ust " as a crushed or build-
ing stone.

£~-rthogite — Anorthosite is foundinan
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oval shaped area about six miles long and
3-1/2 miles wide in Honeybrook, West
Nantmeal and Wallace Townships, as shown
on the fold-out Geology map. It is an un-
altered igneous intrusion with different min-
eral andch iical compositionfrom granitic
gneiss in that it contains much more pla-
gioclase feldspar. This is an unusual rock
type for this area. It is hard and similar
to gabbro in that it weathers rather slowly
to an average depth of five to eight feet.
Neshaminy — Glenelg soils overly, has
little space for ground water storage and
has a yield range comparable to gabbro of
0 — 10 gpm with an average of 5 gpm. This
rock may have value as a crushed or dimen-
sion stone, but is not now so used. Because
it contains 25 — 30% alumina, the rock might
have a long range future possibility as
aluminum ore, when cheaper electric power
is available and better sources elsewhere
are exhausted.

Pegmatite — Pegmatite dikes are lim-
iteu .n exicuc in the County and have not
been shown on the Geology map because of
their small size. Pegmatite is found in
granitic material in Schuylkill Township,
in Valley Township, in the middle of Willis-
town Township, and in New Garden and
Kennett Townships. Weathering is somewhat
irregular, this being a very coarse granitic
rock. This formation is found in a rolling
topography and because of irregular weath-
ering soils will frequently be thin to non-
existent on hilltops and as deep as 20 feet
in valleys. The pegmatites will generally
vield small quantities of water with a re-
covery ranging from ¢ 10 gpm with an
average of between 5 and 8 gpm and have
proved more reliable as a source than the
rock diabase. Pegm: ‘e contains feldspar
and quartz and was quarried in the past for
feldspar. Just over the State Line in Dela-
ware, this formation is being quarried for
kaolin. While pegmatite is a relatively hard
rock, foundations will be reasonable to ex-
cavate.

Schists -~ The most abundant rock un-
derlying most of Chester County south of
the Chester Valley (except in the eastern
portion) are schists, which are a result of
the metamorphism of soft clay shales




originally present. They are moderately
hard and tend to weather somewhat deeper
than genisses or other hard rocks. Conse~
quently, the landscape in the mica schist
area tends to be less rollingthan the granitic
gneisses north of the Chester Valley, ex-
cept where Clay Creek and Elk River steeply
down-cut in their course to the Fall Line
Zone and the Coastal Plain,

The deep weathering of this rock, occa~
sionally as much as 100', tends to improve
the percolation characteristic of the soil;
but frequently presents foundation prob-
lems. The rock material in the deeply
weathered zone is kmown as '"saprolite” or
"rotten rock’. Foundation conditions for
heavy buildings should be carefully checked
in areas underlain by schist. Deep weather-
ing is particularly a problem in some of
the southern areas and in the South Valley
Hills.

Because of the greater weathering,
schists yield more ground water, the
amounts ranging between 10 and 30 gpm to
a maximum of 70 — 100 gpm. Some of the
smaller boroughs, such as Oxford insouth~
ern Chester County, manage to obtain a
precarious municipal water supply from
wells, but are now facing shortages. The
ground water from schists is of high quality
of purity and softness.

The schists can be divided into two
phases: the northern and the southern.
Both form rolling uplands generally more
gentle than the gneisses. The two are sep-
arated by a line on the small fold-out
Geology map.

The northern phase is comprised of
two formations: the Wissahickon albite
chlorite schist and the Peters Creekschist.
The albite chlorife schist underlies and
forms the South Valley Hills while the
adjoining Peters Creek schist forms the
uplands to the south. Weathering of these
rocks is deep, particularly in certainareas
of the South Valley Hills, Foundation prob-
lems may occur because of the great
depth of weathered rock. The rock itself
has no significant commercial value. It is
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less metamorphosed than the southern

phase,

The southern phase is comprised of
Wissahickon oligoclase mica schists, which
also form rolling uplands. It, too, is deeply
weathered, with the weathered zone averag-
ing 30 to 50 ft. to bedrock with occasional
thicknesses as great as 100 ft. before
fresh bedrock is reached. Precaution in
detail foundation testing for heavy build-
ing is needed. Water yields are slightly
better than the northern phase, with fewer
dry wells. There is some possibility with
drilled wells of mica flakes clogging the
screen.

The mica schist has been extensively
quarried for building stone in the Phila-
delphia region; however, there are few
quarried in the Chester County area, per-
haps because of excessive distance from
building sites. The weathered upper por-
tion of the mica schist has some possible
value as a future source of low grade mica
for insulation products; although in compe-
tition with the preferred white mica, it
suffers the handicap of a yellow color (due
to iron content).

Diabase and Quartzite are the Most
Resistant Rocks and Thus are the

Principal Ridge Makers.

Several of the hard rocktypes, primarily
the diabases and quartzites, are particularly
resistant to erosion and consequently form
the major ridges in the County. The degree
of relief depends in a large part upon the
resistance of the surrounding rocks. Thus,
where the hard, highly resistant Chickeis
quartzites lie adjacent to the softer, more
easily eroded limestones of the Chester
Valley, very prominent ridges are pre :nt.
Similar ridges occur in the vicinity of the
contact of the diabase and the shalesunder-
lying the Triassic lowland.

The principal ridge makers are the dia-
base and the quartzite, with serpentine and
related rocks, also forr "ag uplands. All of
these rock types are shown separately on
the Geology Map.



Nishage — Diabase is a hard, tough,
ighcuus, intrusive rock, the hardest and
toughest in the County with the possible
exception of localized areas of quartzite.
Most of the diabase in the County is in the
high ridge of the upper region of French
Creek in Warwick Township. There are
some areas of older pre-Cambrian dia-
base dikes scattered throughout Baltimore
gneisses, but these are too small in areal
extent to be shown on the Geology map.

Because of its hardness, compactness
and resistance to fracturing and fissuring,
diabase has a very low porosity and few
voids. Consequently, there is little con-
tained water, with wells yielding very low
volumes that range from 0 — 5 gpm. As a
rock type, it is the poorest source of ground
water in the County and dry holes are fre~
quent.

The rock is very resistant to weathering
and tends to form into massive boulders
with minimum amounts of fine material
suitable for soil. Soils are thin (3 — 5 feet)
or non-existent. Owing to its hardness,
areas underlain by diabase are generally
unsuitable for urbanization because excava-
tions for foundations and rock cuts are ex-
tremely difficult and costly. Such areas
should bhest remain in woodland.

The rock has some value as trap rock
for non~abrasive crushed stone and paving
stone and is the source of the famous "Bel-
gium block" that paved and curbed the City
of Philadelphia. Because it takes a high
polish and is durable, its chief value is for
monument stone and a building trim known
as "black granite". Haulage over long dis~
tances to specially market is feasible be-
cause of this special value. Diabase is gen-
erally not used for dimension stone, except
locally, because of its somber black color.

Quartzi*~ — Quartzite is a strongly met-
amorphoseu s dstone that occurs as a
hard, smooth rock. Its hardness, second
only to diabase, resists erosion and
weathers slowly. As a consequence it may,
and frequently does, form high sharp ridges.

Most of these ridges, including part of
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the North Valley Hills, Welsh Mountains,
Baron Hill, Thomas Hills, and State Hills,
are Chickies quartzite areas north of the
Chester Valley. The only quartzite areas
south of the Valley are the Settler's quart~
ite which forms lower ridges over the
Toughkenamon Valley and the central ridge
in Kennett Square.

Like other hard rocks, water yields are
low, although slightly better than from dia-
base or gabbro. Average ranges are be-
tween 5 and 15 gpm.

Quartzite, particularly the Setter's
quartzite, quarried near Avondale, is a
valuable and beautiful stone. The Chickies
quartzite elsewhere has been used as a
blast furnace factory lining. Quartzite
sometimes has been used as a crushed
stone; but is not as desirable as other
competing rock types because of its lack
of cementing properties, a tencency to
brittleness, and to undue wear of crushers
due to its hardness.

Sernenting — Serpentine and related
rock typcs are moderately hard ultra-basic
metamorphic rocks formed from original
lgnecus intrusions, It is found primarily
in the area south of Oxford near the Mary-
land border. Small out-crops are also found
in the West Chester and Willistown areas.
It tends to weather slowly, but notas slowly
as diabase. A thin, poor "Chrome soil",
with little agricultural value, overlies it.

Depending upon the surrounding rock,
serpentine tends to form low, flat uplands.
Because of the poor quality of the soil and
the difficulty of excavation, the area is
known as the "Barrens''. The Pennsylvania
Department of Highways has reported that
the soils formed from serpentine are the
most difficult in the State for highway con-
struction.

The rock tends to fracture more easily
than does diabase and quartzite and thus
ground water yield may average between
10 — 30 gpm whichis sufficient for domestic
use. It contains more dissolved salts than
other rocks,




Serpentine stone, with its dis ctive
green color, was once widely used fc. auild-
ing purposes. Many of the buildings West
Chester State College and the Unive ify of
Pennsylvania are of serpentine. Th stone
lost favor when acid content in the 1iir in
urban areas caused deterioration. { cpen-
tine was also the source of the ct »mite
ore mined about a hundred years _zo. It
also contains small deposits of a“estos
of no commercial value.

The best use for areas under in by
serpentine is woodland, parks, or v y low
dengity residential development. I st of
the recently acquired Chester Coun Park
at Nottingham is underlain with sery 1itine.
Sedimentary Sandstones and Shales T.~derly
the S~koellST1 Yalley Lowlands.

In the general area east and n th of
French Creek and in the Phoenixvillc icin-
ity, as shown on the Geology map other
different rock types occur, These ar sedi-
mentary rocks — conglomerates, ales,
argillites and sandstones formed mw later
in geologic time during the late T assic
era (the early part of the Age of Re iles).
They are comprised of sands am muds
washed down from the highlands 2 1 de-
posited either in alluvial or lake er iron-
ment that then covered much of the ( unty.
The deposiis subsequently were ce =nted
and hardened into rock.

These sedimentary rocks are a rati-
fied series with bedding planes ess¢ Lially
parallel owing to initial depositoryof roded
material under water. Their thickne var-
ies from a few to several hundreds f feet
whereas the crystalline rocks are n  3sive
with thicknesses in the thousands. TF sedi-
mentary rock overly the deeper crys [ine.

They are generally much soffer tl_n the
igneous and metamorphic rocks and their
porosities are nearly always considerably
greater.

The attitudes or position of the Triassic
sedimentary series, present within the
County, is essentially flatlying witha gentle
northerly dip. However, uplift and com-~
pression of the beds, since deposition, has
resulted in a series of relatively gentle
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fol : striking east-northeast and forming
a general landscape of elongated ridges and
valleys parallel to and coincident with the
folds.

The sedimentaries, being softer, are
generally easier to excavate than are the
crystalline rocks found in the remainder of
the County. Foundation bearing strengths of
the rock formations themselves, although
generally weaker, are normally adequate for
ordinary structures. Having greater porosi-
ties, they consequently have significantly
greater yields of ground water in those in-
stances where permeabilities are suffici-
ently high as in the sands and conglomer-
ates. Water yields in rocks of this nature
depend largely on porosities rather than on
joints and fractures and that as a resultthe
probabilities of drilling large numbers of
dry holes are considerably less than in the
crystalline areas. Inrespectto both metallic
and non-metallic minerals, the sedimentary
sandstones and shales occuring within
Chester County usually are barren.

There are three formations of Triassic
sedimentary rocks identified onthe detailed
state geologic map, which are not shown
separately on the small fold-out map. They
are, beginning with the oldest, the Stockton,
Lockatong and the Brunswick formations.
These are identified as formations since
they are composed of successive layers of
different types of rocks, mostly shale,
arkosic, sandstone, argillite and conglom-
erates.

Th- Stoc™ " a2 S: ° tone — The Stockton
Formauon is vumprised of layers of arkosic
sandstone, siltstones and conglomerate ir-
regularly inferbedded with layers of red

. shale as well as fine grained silicous sand-

stones. It is located in a narrow helt along
French Creek and through much of Phoenix-
ville and Schuylkill Townships. Because of
its ease of er: .ion, the Stockton forms gently
rolling or relatively flat lowlands.

It weathers evenly, although fairly
slowly, and is overlain with thin soil, mostly
of the Penn Lansdale series. Its foundation
bearing strength is not as great as most of
the crystalline rocks, but adequate for
ordinary buildings. It is relatively easy to



excavate, d can often be removed with a

swer shovel. The Stockion has some value
1or building stone, butis too soft for crushed
stone.

The Stockton sandstone is the best source
of safe ground water in the County. Yields
will nge from 100 to 300 gpm, averaging
about 130 gpm of moderately soft water.

Recently, detailed research by the
Ground Water Branch of the U. S. Geological
Survey has shown that for ground water
purposes the Stockion should be subdivided
into three units. The middle has the best
yvields of about 130 gpm, the lower arkose
unit about “°0 gpm, and the upper shale
member only 20 gpm. These subdivisions
are not shown on the geologic map, but in
most of Chester County, the Stockton for-
mation produces from the high yielding
middle and lower units.

The Toclatong Argi''**~ Formatir— —
The Ltcaawnsg formation 1s comprisea of
dark gray fo black, thick bedded argillite
with occasional zones of thin bedded black
shale. Locally there are thin layers of
limestone and calcorgous shales and rare
sandstones. The formation is partially
n amorphized.

Because this formation is relatively
harder than the surrounding sandstones and
shales, it tends to form ridges tren’ 1g in
an east-northeast to west-southwest direc-
tion. The Lockatong is limited in Chester
County to a narrow ridge more or less
along Route 23, west of Phoenixville. It,
however, is a principal ridge maker in
Montgomery and Bucks Counties.

Because of the hard, impervious shale,
with fractures, ground water yields are
poor, averaging only 10 gpm, but along fauit
zones yields are occasionally as high as
100 gpm. The water is moderately hard.
The formation is somewhat harder fo ex-
cavate or to drill than are most ordinary
shales and sandsftones. It is used locally
as crushed stone in Montgomery and Bucks
Counties.

TI Brunswick Formation — The Bruns-
wick is a formation comprised largely of
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soft red shales with interbedded red fo
brown, fine to coarse grained quartzose
sandstones. In places it carries minor in-
terbedded shale and limestone conglomer-
ates as well as major interbedded units or
quartz pebble conglomerates.

The formation occupies the largestareal
extent of the Schuylkill Valley Triassic low-
lands generally from Spring City to Potts-
town. The Brunswick red sandstone and
shale phase is a fairly soft material and
thus readily weathers fo a low level plain.

Although it is relatively weak, it does
have sufficient strength to support all but
the heaviest buildings without special under-
pinning. Excavation is a comparatively
simple matter with a power shovel although
occasionally blasting may be necessary.

This rock has no value as crushed stone
or building stone. It is a source of a moder-
ate supply of ground water ranging from
20 -~ 40 gpm, depending upon variations
of porosity and permeability.

The quartz pebble conglomerate phase
is more prominent near the western edge
of the Brunswick formation in Chester
County. It is in this area that the generally
recognized red sandstones andshales grade
into and are interbedded with a poorly sorted
series of quartz pebble conglomerate beds.
These conglomerate beds are generally
well cemented and hence resistant to ero-
sion with a resultant formation of more
extensive uplands than are present to the
east.

The L:wnn+nmnn A Flm Mhhandnae T7allAce TUA

fina th

The Chester Valley is the County's most
distinctive topographic feature and contains
its most valuable land. It bisects the County,
running on a generallyeast~northeast west-
southwest line from Tredyffrin Township to
Atglen where it leaves the County. It is
widest to the east, particularly in East and
West Whiteland Townships and progres-
sively narrows to less than one half mile
at Atglen.




The Valley was formed not by a major
stream, but by a sequence of limestones
and dolomites down-dropped by a combina-
fion of folding and faulting to form a rela-
tively narrow band of sediments lying be-
tween the igneous and metamorphic rocks
on either side. Subsequent physical and
chemical weathering, the latter at the sur-
face as well as at the depth, has further
reduced the general level to below that of
the quartzites of the North Valley Hills and
of the Wissahickon albite-chlorite schist of
the South Valley Hills. The Valley is there-
fore defined by the limestone area.

The Hagerstown and Conestoga soils
formed from limestone are deep and well
drained; and they are the most valuable
agricultural soils in the East.

The limestone - dolomite rocks are
sedimentary in origin, having resulted from
the deposition of countless billions of shells
constructed by the microscopic animals
which existed in the waters of the seas
covering the area during the Cambrian and
Ordovician times. Within the Valley, the
beds are sharply contorted into a series of
long parallel anticlines and synclines often
overturned to the North-Northwest with both
limbs frequently compressed together, and
dipping steeply to the South-Southeast. Their
trend is parallel to that of the Valley.

The most distinctive characteristic of
these limestones is that the chemical inter-
action of air and water tends toforma weak
carbonic acid solution which in conjunction
with humic acid formed from the decay of
vegetation, slowly dissolves the limestones
and forms underground solution channels
which frequently extend over long distances.
These solution channels are significant for
urban planning. They present the danger of
sink holes and foundation collapse as well
as the hazard of ground water pollution.
Fortunately, some of the limestones of the
Chester Valley appear to be more resistant
to solution than others and none seem to
have sinks or caves to any great extent.
However, this condition does exist, pre-
dominantly in the Conestoga limestone.

There are two types of carbonate rock
present in the Chester Valley: limestone,
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which is calcium carbonate and dolomite,
which is magnesium carbonate, Many grada-~
tional phases between the two are present.
All are metamorphosed to some degree.
The types are not shown on the small
scale Geology map, but are indicated on
official geologic maps of the area. The
limestones and dolomites are of varying
degrees of purity, containing varying per-
centages of sand, shale and certain altera-
tion products.

The five distinet carbonate formations
present within the Valley occur inthe Cam-
brian and Ordovician systems of rocks.
Those formations which are Cambrian in
age include, from oldest to youngest, the
Vintage dolomite, the Kinzers limestone
and marble, the Ledger dolomite and the
Elbrook limestone. The formation occuring
in rocks of Ordovician age is the Conestoga
1i :stone.

The Wintage Dolom’“~ -— This formation
18 & udrn gray, shaly duv.umite withimpure,
light gray marble occuring at the base. It
is a thin, thinly bedded formation overlying
the Cambrian Harpers phyllite and is pres-
ent on the north side of the Valley along
with slopes of the North Valley Hills. The
Vintage is expc d along the outcrop from
Whitford P. O., just east of Downington, to
southwest of Coatesville. Small exposures
are found in the vicinity of Bacton and Mill
Lane. The Vintage has little economic value,
owing to its impurity andits small exposure
over a limited area.

The Kinzers Lin~-*--2 — This forma-
tion has a thin dark L..w.. shale at its base
overlain by a gray and white spotted lime-
stone and marble with irregular bedding.
It grades upward to a sandy limestone which
weathers into a fine porous sandstone. The
outcrops of Kinzers are thin and are found
essentially in the same areas as those of
the Vintage dolomite. It has no significant
commercial value.

T+~ Led~r Dolomite — Overlying the
Kinzers foriuadvion is the Ledger Dolomite.
This formation is comprised of a light gray,
locally mottled, massively bedded, coarsely
crystalline dolomite often silicous in the
middle part. It is a thick formation, although




in places the thickness is partially due to
repitition of beds due to both folding and
faulting. Areally it extends from the County
" 'ne near Va~ y Forge southwest to the
vicinity of Coatesville where it is over-
lapped by the Conestoga. Its maximum
extent is present in both East and West

Whiteland Townships and in the vicinity of.

Downington in East Caln Township. Soil
cover over the beds varies " ompractic 7'y
nothing to thicknesses cver 100 feet and the
rock surface, due fo irregular weathering,

presents a sawtooth like config ition.

The Ledger dolomites are economically
the most valuable deposits in the Valley.
Extensive quarrying operations are pro-
gressing at numerous locations in both
Chester and Montgomery Counties. Out-
standing in size of quarries and annual
tonnages quarried are those located at
Bradford Hills in E. Caln, Cedar Hollow in
Whiteland Township, and Valley Forge Stone
Co. near Malvern. The material quarried
finds a ready market for metallurgical re-
fractory linings, crushed stone, fluxing
agents, soil conditioners, source of lime
for plasters, and various chemical uses.

The value of these dolomites is such
that considerable areas underlain by the
Ledger formation should be held inreserve
for future quarrying operations. Although
land development has already removed ex-
tensive acreage, sufficient open land yet
exists over Ledger deposits to justify ef~
forts to prevent further urban encroach-
ment.

[~ _Elbrook L‘--~~tone - This forma-
tion 15 a light to ,...owish grey impure,
silicous, often shaly limestone. Itis a finely
laminated rock often interbedded with dolo~
mite that weathers to an earthy buff soil.
In extent, it covers much ofthe easternpart
of the Valley in Tredyffrin Township and
thin zones are present in the Downingtown
area. It has no particular economic use.

The Crnecigea Limee<tone — This for-
mation, v. wiwdvic.an age, is a bluish gray,
thin bedded, impure limestone with shale
partings. In the Chester Valley it can be
divided into two parts separated by a middle
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phyllite. The Upper Conestoga is relatively
homogeneous andis micaceous incharacter,
while the Lower Conestoga consists of alter-
nating limestones and dolomites. The entire
formation is moderately to extensively
crumpled and contorted. The latter factor
may help to explain the greater tendency of
the Conestoga limestone to underground
solution and consequent settling and sinking
of localized surface areas.

The areal extent of the Conestoga is
widespread. It extends the entire length of
the Chester Valley from Abington in Mont-
gomery County to beyond the Susgquehanna
River in Lancaster County. It lies along the
south side of the valley against the South
Valley Hills in a band varying in width from
one-half to three quarters of a’mile. West
of Coatesville, it occupies all of the Valley.

Potentially the Upper Conestoga has use
as a source of limestone for cement, andis
similar in composition to the Lower Jack-
sonburg formation, the famed Lehigh Valley
cement rock. Quarrying and milling of
cement is proceeding at West Conshohocken.
The Lower Conestogais less useful although
the rock is used as a ''cement sweetener”.
An active quarry in the lower Conestoga is
located near Howellville and the material
is used for crushed stone, etc.

*Marble — Marble is metamorphosed
limestone and thus is often harder and usu~
ally capable of taking a polish. The chief
marble in the County is the Cockeysville
marble, as shown onthe small Geology map.
Marble underlies much of the Toughkena-
mon Valley, and reaches its greatestextent
in the Avondale area. It also crops out in
the Doe Run area. The Cockeysville marble
has been widely used in the past for build-
ings and monuments; but most of the quar-
ries have now been flooded.

The Franklin limestone (marble) is an
ancient pre-Cambrian formation, probably
the oldest rock in Chester County. It crops
out in only a few places, and is of little
economic or practical importance.

Water properties are similar to lime~
stones.




Applications

The comparative applications of the geo-
logic considerations important to planning
are outlined and discussed below. These
are general comparisons and considerations
that can not replace detailed investigations
at any given site.

Chester Mounty is *~~{ly a H~~1Rock Ara=s,
‘L-il-'ln q_r_u__l Mrmtann waLler S‘I’n‘r—ume__

The quantity, quality, and reliability of
supply of ground water available depends
upon rainfall, vegetation, slope, and par-
ticularly upon the porosity and permeability
of underlying soil and rock. All ground water
in Chester County, with minor variationsin
the limestone areas, comes from rain or
snow falling on the surface immediately
above. It does not come from the Delaware
River, Pocono Mountains, or other distant
source.

Despite the relative abundance and even
distribution of rainfall, Chester County has,
for the most part, limited ground water re-
sources owing to the low porosity and per-
meability of most of the underlying rocks,
which thus cannot store and transmit large
amounts of water. The quantity and quality
of ground water available at specific loca-
tions depends upon which of the three basic
rock provinces is involved: the crystalline
rocks underlying most of the County, the
Triassic sediments lying east of French
Creek, and the limestones of Chester Valley.

Crystalli»= Pocl= — Most of the crys-
talline gramdic gueisses, schists, gab-
bros, amphibolites and anorthosites have
low porosities and permeabilities and
hence retard the storage and flow of
ground water. In these rocks, ground
water is found onlyinfractures, fissures
and weathered zones within the rock
mass. Rarely is any ground water found
deeper than 300 feet and most is found
above 100 feet. Confined (artesian) yields
are small. The gabbros, diabases, gran-
itic gneisses, quartzites and pegmatite
dikes produce the poorest yielders ofall
the average predictable ranges between
0 — 10 gpm. Many wells are dry; but

occasional wells, particularly whennear
streams may yield somewhat greater
amounts. ~ ycation drilled on a basis of
detailed geological study plus a little
trial and error have occasionally found
wells yieldingup to 100 gpm, particularly
near streams, but this is not anaverage
expectation. Drilling is difficult and ex-
pensive in these hard rocks.

The Wissahickon schistunderlying much
of the southern part of the County, be-
cause it is more deeply weathered, tends
to have slightly higher ground water
yields ranging between 10 and 20 gpm,
with occasional yields to greater than
100 gpm where a system of horizontal
or master joints are tapped. The Setter's
quartzite formation and the serpentine
areas produce lower yields. aeseyields
are generally adequate for domestic sup-
plies at low residential densities. These
vields, like most wells, do not supply
volumes and pressw ; adequatefor fire
fighting.

Ground water obtained from the crys-
talline rocks is very soft, with some of
the best quality to be found anywhere.
Hardness of water may be higher where
Pickering gneiss is associated with
limestone lenses. Because of the lack
of pe 1eability, ground water pollution
is relatively localized. Supplies within
the yield limits generally are reliable
throughout the year, unless extreme
drought conditions prevail.

Tric~~*~ Se~~nts — The County's best
grounu water yields are in the Stockton
Formation found in the vicinity of Phoe-
nixville. Here, yields will average over
100 — 150 gpm. Smaller, although rel-
atively substantial yields of 20-60 gpm,
with an average of 40-- 50 gpm, may be
obtained from the interbedded sand-
stones of the Brunswick Formation, in
the region generally east of French
Creek in the northern partof the County.
Yields are usually larger in the valleys
and away from heavily pumped wells.
Well drilling is relatively easy.



There is likely to be mutual interference
with wells spaced closer than 1000 feet
apart. Confined artesian water is present
in the Triassic rocks sothatit generally
pays to drill to depths of from 300to 600
feet. There is some danger of ground
water pollution, particularly inthe more
permeable sandstones. The chemical
quality of the water is moderately hard,
but is usually adequate for domestic pur-
poses without treatment.

I #—nnt~rnng — The limestones under-
lyj.ug wucsier Va.lley and the Cockeys-
ville marble underlying the Toughken-
amon Valley and the Doe Run area are
variable in their ground water yields.
In the limestone areas of Chester County,
ground water is primarily foundin solu-
tion channels, surface fractures andfis-
sures.

In these areas, where a large solution
channel is tapped, very large supp™ :s
may result. Otherwise yields are small.
According to reports of a well driller,
there are large diameter wells in the
limestone in Tredyffrin Township yield-
ing as high as 1400 gpm that could be
pumped to 2000 gpm, and at Frazer
yielding over 900 gpm. Often these large
supplies present in the solution channels
can be traced by following and connecting
the sink collapses. The Philadelphia Sub-
urban Water Company has employed con-
sulting geologists to help locate large
supplies.

Limestone water, because of the gen-
erally high content of dissolved minerals
such as calcium and magnesium carbon~
ates is often very hard, and should have
softening treatment for many types of
usage.

The ground water contamination haz d
is great, because contaminants can get
into the underlying water channels easily;
can often be carried long distances in
unpredictable ways; and because under-
ground water is not easily self purifying
due to a lack of air, sunshine andfilter-
ing material. At present, it is not be-
lieved there is serious contamination of

the limestone ground waters., However,
increasing urbanization with its attend-
ant problems of disposal of ever increas-
ing amounts of industrial and domestic
wastes does make it a serious potential
problem for the future.

Because of the ground water contamina-
tion danger, the Pennsylvania Dept. of
Health has recommended strongly that
septic tanks, and particularly, cess pools
and seepage pits be prohibited in lime-
stone areas; and that public water and
sewerage systems be available for all
urban development.

The small fold-out "Ground Water Re-
sources' map shows generalranges ofyield
expectancies in overall terms, but it cannot
predict accurate yields for individual wells.
More detailed study with results appearing
on a larger scale map is needed for more
accurate predictions. Fortur-~tely, during
the summer of 1963, the ( ound Water
Branch of the U. 8. Geologit 1 Survey, in
cooperation with the Pennsyl nia Geolog-
ical Survey, Dept. of Internal Tfairs, began
a three year study thatwillati mpttoobtain
detailed data on yields, mutuz nterference
of wells, and on other feature pertinent to
an understanding of the grou 1 water re-
sources of the area. A repor by the same
agencies on the Stockton Forr tionwasre-
cently published, and one is a..icipated for
the Brunswick Formation in 1754,

The Rock Structure is Genera y Good
for Foundations with Caution weeded
in Limestone Areas or Where lock
is Deeply Weathered.

The underlying bedrock of Chester
County is hard and generally troduces no
‘major problems in regard .. foundation
suitability for support of buil ™ 1gs, hazard
of rock slides and similar pr¢ ems.

However, there are two reas where
care must be taken and de led studies
based on core borings must b nade before
heavy construction is under :en. One of
these is the area underlain b; imestone of
the Chester Valley which ma :ontain sink
holes and other sclutionchanr 3. The other
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is the hard, crystalline rock areas whichare
basically excellent for foundations. How-
ever, because of deep weathering in some
of these rocks there is apt to be significant
thicknesses of badly weathered material
overlying sound bed rock. This condition
is particularly likely in the deeply weathered
mica schists which underly muchofthearea
of the County south of Chester Valley, and
in some parts of the South Valley Hills.

The suitability of any location where
dams are to be constructed depends in part
upon the ability of the rock to support the
load of the dam and in partuponimpermea-
bility of the rock formations underlying the
dam and the reservoir. Rocks heavily frac-
tured and fissured, badly wea ered, or of
such type as to permit large amounts of
seepage through pore spaces or channels
are highly unsuitable. However, for the most
part, all areas of Chester County are gen-
erally well suited for dam construction,
provided that excavations are carried below
the weathered zone. Exceptions to this are
the limestone areas of the Chester Valley
and the Triassic sandstone and shale areas
of the north and northeast portions of the
County. Because of the possibility of many
hidden unknowns such as faults and uneven
weathering, very detailed site exploration
with core borings is recommended before
any dam sites are finally located.

The cost and difficulty of excavation for
building foundations, water and sewer lines
and for grading depends upon the depth of
soils, the degree of weathering of the rocks,
and the hardness of the rock itself. Table
S-1 in the Soils Section gives average range
of depth to bedrock. In many places in the
mica schists areas, the wea ered upper
layers are soft and can be removed with a
power shovel without the costly use of ex-
plosives. Generally, most of the serpen-
tines, gneisses, amphibolites, quartzites,
and gabbros are hard and difficult to exca-
vate once unweathered material has been
removed. In general the relative depth of
weathering of the crystalline rocks is in
the following order of magnitude: diabase
(least) (0-5 ft); quartzite (1-20 ft); amphib-
olite, granitic gneiss; and schist (greatest)
(1 to 50 ft).
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The County is not in a seismic belt and,
as a result, the possible occurrance of
earthquakes is so infrequent that no special
care need be takenas a safeguardin building
practices. Ordinary sound construction will
provide feasible protection.

The ability of a rock to either transmit
or absorb explosion shock wave seems to
be related to the amount and percentage of
water it contains. Thus, most of the hard
crystalline rocks containing little water
should be ready to absorb explosion shock
within a short distance. Presumably the
sandstones and the limestones are more
susceptible to explosion shock.

There is always a very small amount of
radioactivity from rocks. Whether or not
this background radicactivity has any rela-
tion to human health or longevity is not
known. The hybrid gneisses and amphibo-
lites are believed to have the highest ra-
diation, the schists and quartzites inter-
mediate, and the sedimentary limestones,
sandstones and shales the lowest. Butin this
area, the natural background radiation is
lower than in many other places, particu~
larly places with higher elevations.

The County is Well Favored «-th
Building Store,

One of the chief contributors to the past
beauty of the Chester County countryside
was the availability for barns and houses of
attractive building stone, a resource that
most Mid-West cities lack. Most of the
County's granitic gneisses, schists, gab-
bros, limestones, sandstones and quartzites
provide satisfactory and available sources
of building stone. Of these, the Chickies and

Setter's quartzites are considered to be the

most attractive. The Wissahickon schists
were also extensively usedas building stone
in the Philadelphia area, but often much of
the weathered material must be removed
before fresh, solid rock can be gquarried.

The serpentine "greenstone” was for-
merly used in building the West Chester
State College, University of Pennsylvania,
and many local churches and stores. How-
ever, serpentine deteriorates rapidly owing



to reactions of some of its contained min-
erals . with the impurities usually pres:
in the air of industrialized cities, andhence
has lost favor as a building stone.

Useful marble has been quarried bothin
the Chester Valley and from the Cockeys-
ville marble quarries near Kennett Square.

The famous "Black Granite" or trap rock
from the diabase dike near French Creek
not only makes an excellent and dural~
monument stone but also is desirable for
trim uses. However, it is usually foo dark
and somber °~ color for general building
purposes. It appears to be the toughest,
hardest rock available and thus is excellent
for paving blocks and pier foundations.

Good Crushed Stone is Abundant.

. Chester County can partially make up
for its lack of good construction sand and
gravel through the substitution of crushed
stone aggregates of which ample supplies
are available,

The best road metal and crushed ¢ nes
are the limestones, the diabases and some
gabbros. Bchists and shales are not usually
suitable - for crushed stone. Quartzite is
marginally suitable; although hard, it does
have good cementing properties.

At present, the "~“~mestone quarries at
Bradford Hills and Howellvi ™ : are those
approved by the Pennsylvania Dept. of High~
ways as a source of crushed rock.

Minerals Aided i~ *=~ Tt Ponwamis T

vel I

Dej ‘:

The early deposits of iron, chrome, and
to a lesser extent lead, zinc, and graphite,
were of importance to the early economic
development of Chest ' County, but today
only the limestones are of major impor-
tance.

The iron ore in the diabase ridge was
the source of iron from which cannon balls
were made and supplied to the Continental
Army at Valley Forge. It provided the start
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" a steel industry at Coatesville and Phoe-
nixville. By thus bringing primary employ-
ment, the minerals indirectly helped stimu-
late land clearance, industiry, commerce,
and transportation.

The general location of these mineral
w kings are shown on the small fold-out
map, entitled "Mineral Resources™. This
map shows past workings, not necessarily
the areal extent of the mineral resource.

Iron — The only irondeposits in Chester
County are in the French Creek area in
the northern part of the County. These
deposits were created by contact meta-
morphism from the intrusion of igneous
rocks. They were worked intermittently
from 1717 to 1874 with occasional re-
vival thereafter. The mines are now
flooded and caved in.

There si""" areirondeposits in the north-
ern Chester County Hills, but they pre-
sently have no commercial importance
owing to the existence of better ores
elsewhere and the small size of the de~
posits. They lie many hundreds of feet
below the surface and cannot become
profitable until either higher grade de-
posits are exhausted, or an economic
method of recovery is discovered.

Mrrome — The first chrome mines in
e United States were found and oper-
ated in the serpentine intrusive areas
near the Maryland-Pennsylvania state
line. Mining commenced about 1810,
reached its peak in the 1840's, and
dwindled ¢ after the Civil War as better
ores elsewhere were discovered.

Because of the high quality of the early
Maryland-Pennsylvania chrome de-
posits, the area was seriously prospected
during and after World War II when
chrome became scarce with the inter-
ruption of foreign supplies. However, as
no new mining areas resulted, it is con-
sideredimprobable that further workable
chromite deposits exist, although this
has not been conclusiv "y oved.

T A and Zinc — Lead and zinc deposits
were wacovered in the Pickering Creek










3. More Exact Scientific Studies of Fu-
ture WMineral Resources — Another
techmcal need is an exact scientific
quantitive study of potential mineral re-
sources of the County. This should in-
clude chemical analysis, estimates of
depth of overburden, volumes of ore,
strike and dip of mineral bearingrocks,
and other data needed to provide arore
accurate estimate of future possibilities.
The recent airborne magnetometer sur-
vey of iron ore deposits is a beginning
and a good example of scope and methods
that should be used. It is likely that the
steel companies and quarry interests in
the area have made such studies, but
these are not available to the public.

4. More Detailed Areal Mapping — The
larger scale and more accurate topo-
graphic maps completed during the

1950's should make it possible to remap
the general areal geology in a somewhat
more detailed manner.

5. Need for Public Well Log Records —
Since the underlying rocks are covered
with overburden (except at a fewsurface
outcrops, in stream valleys, in quarries,
and road/railroad cuts) the mainsource
of basic knowledge is from borings, of
which the most comnmon are wells.

Well log records, if accurately kept, not
only provide essential information on
rock composition, but also give vital
data on water yields.

It is unfortunate that Pennsylvania, un-
like most of its neighboring states, does
not have a law requiring public filing of
this most valuable data.
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ANORTHOSITE (a)

DESCRIPTION

An igneous rock, medium-gray, containing primarily the feldspar
laboradorite.
BEDDING
None.
FRACTURING

Joints; blocky pattern; moderately developed; moderately abundant;
irregular; widely spaced; open and moderately dipping.
WEATHERING

Highly resistant; slight weathering to shallow depth; results in
smooth, rounded, large boulders. The overlying mantle is thin.

TOPOGRAPHY

Hills; medium relief; natural
slopes are fairly steep and sta-
ble.

DRAINAGE

Good surface drainage.

POROSITY

Joint fractures produce a secondary porosity of low magnitude.

GROUND WATER

Detailed ground-water studies not complete. The median vield ex-
pected might be 10 gallons per minute; yield of 25 gallons per minute
or more might be obtained from wells properly situated and devel-
oped, Wells should be located in valleys and should be drilled 200
feet deep for maximum yield.

EASE OF EXCAVATION

Blasting required; large surface and near surface boulders hamper
excavation; slow drilling rates with rotary equipment.

CUT-SLOPE STABILITY

Good cut-slope stability; able to stand in fairly steep cuts.

FOUNDATION STABILITY

Good quality foundation, for heavy structures. Should be excavated
to sound material.

CONSTRUCTION MATERIALS

Good source of road material, riprap, building stone, embankment
facing and fill.

ANTIETAM FORMATION (€a)

DESCRIPTION
Gray, buff-weathering quartzite and quartz schist.

BEDDING
Moderately well bedded to well bedded; thick.

FRACTURING

Jeint and c¢leavage planes display a blocky pattern; moderately well
developed; moderately abundant; widely spaced and fairly regular;
steeply dipping and open.

WEATHERING
Highly resistant to weathering; ] :
usually slightly to moderately w
weathered to a shallow depth; :
hackly, large, irregularly
shaped fragments result from
weathering; overlying mantle
is thin.

TOPOGRAPHY
Rough mountains of medium to high relief; natural slopes are steep
and stable,

DRAINAGE
Good surface drainage.
POROSITY

Joint and cleavage planes provide a secondary porosity of very low
magnitude,
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EASE OF EXCAVATION

Seventy-five percent of wells studied yielded 20 gpm or more; for
maximum yields, well sites must be carefully chosen; valleys, fault
zones, and other fracture zones are most favorable sites,

GROUND WATER

Requires blasting; slow drilling rates with rotary equipment; in part,
due to many quartz veins that exceed 12 inches in width; large boul-
ders may be a special prokblem; locally, highly fractured and highly
weathered and moderately easy to excavate with light power equip-
ment.

CUT-SLOPE STABILITY

Good stability in very steep cuts; locally, where highly fractured, cut-
slope stability is only fair and moderate cuts necessary.

FOUNDATION STABILITY

Good to excellent quality foundation for heavy structures; should be
excavated to sound material.

CONSTRUCTION MATERIALS

Good source for road material, riprap, building stone and embankment
facing; in some localities, refractory brick, and where intensely frac-
tured and weathered, sand is available.




BRUNSWICK

DESCRIPTION

Typically reddish-brown shale, mudstone, and siltstone; beds of green
shale and brown shale occur; very fine-grained; near base, rock is
tough, red argillite interbedded sometimes with dark-gray argillite.

BEDDING
Moderately well bedded; thin te flaggy.
FRACTURING

Joints have blocky pattern; moderately developed; moderately abun-
dant; uneven regularity; closely spaced; steeply dipping; open and
filled with guartz and calcite.

WEATHERING

Moderately resistant; moderately weathered to a moderate depth;
weathered fragments range in size from elongated and pencil-iike to
medium-sized,- irregularly-shaped blocks; smaller fragments result
from rapid hydration of minerals in exposed outcrop; overlying mantle
is moderately thick,

TOPOGRAPHY

Undulating hilis of low relief; natural slopes are moderately steep and

stabie.
DRAINAGE

Good surface drainage.
PORGSITY

Joint and bedding planes provide secondary porosity of medium
magnitude.

GROUND WATER
Highest yields obtained from wells ranging in depth from 200 to 550

feet; wells less than 2000 feet apart have generally shown some
interference.

CHICKIES

DESCRIPTION

Light-gray, hard quartzite and quartz schist; thin, interbedded, dark
slate at top, conglomerate at base.

BEDDING
Modzrately well bedded to well bedded; thick.

FRACTURING

Joint and cleavage planes
display a blocky pattern; mod-
erately well developed; moder-
ately abundant; widely spaced
and fairly reguiar; steeply dip-
pirg and open.

WEATHERING

Highly resistant to weathering; usually slightly to moderately weath-
ered to a shallow depth; hackly, large, irregularly shaped fragments
result from weathering; overlying mantle is thin.

TOPOGRAPHY
Rough mountains of medium to high relief; natural slopes are steep
and stable,

DRAINAGE
Good surface drainage.

FORMATION (Trb)

EASE OF EXCAVATICN

Weathered zone may be excav. :d moderately easy with heavy power
equipment; unweathered rock requires blasting; moderate to fast
drifling rate expected with rotary equipment, except adjacent to
diabase where rock is harder and drilling rate slow.

CUT-SLOPE STABILITY

Gentle slope cuts necessary;
fair to poor cut-slope stability;
landslides occur where cut
slopes are steep and rocks dip
toward cut.

FOUNDATION ST/ _ITY
Good quality foundation for heavy structures; should be excavated to
sound material; good drainage necessary.
CONSTRUCTION MATERIALS

Should prove good to fair source for road material and fill; part of
formation should prove excellent as source of lightweight aggregate
and material for common brick.

RGCK = T DATA

Water of Plasticity = 18 to 19%
Drying shrinkage =1 to 5%

REMARKS
Test data from USBM.

FORMATION (€ch)
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POROSITY
Joint and cleavage planes provide a secondary porosity of very low
magnitude.
GROUND WATER
Seventy-five percent of wells studied yielded gpr or more; for

maximum yields, well sites must be carefully chosen. Valleys, fault
zones, and  er fracture zones are most favorable sites.

EASE OF EXCAVATION

Requires blasting; slow drilling rates with rotary equipment, in part,
due to many quartz veins that exceed 12 inches in width; large
boulders may be a special problem; locally highly fractured and highly
weathered and moderately easy fo excavate with light power equip-
rment.

CUT-SLOF _ STABIL
Good stability in very steep cuts; I~~ally where righly fractured, cut-
slope stability is only fair and moderate cuts necessary.
FOUNDATION STABILITY
Good to excellent quality foundation for heavy structures: should be
excavated to sound material.
CONST"™ T"TICN MATERIALS

Good source for road maw., building store, and embank-
ment facing; in some localities, retractory brick and where intensely
fractured and weathered, sand is available.



COCKEYSVILLE MARBLE (cv)

DESCRIPTION
Typically a medium to coarse-grained, white to light blue-gray colored
marble, often banded with flakes of golden brown phlogopite.

BEDDING
Well bedded in thick beds.

FRACTURING
Joints have a blocky pattern; well developed; moderately abundant; reg-
ular; moderately spaced; open and usually vertical.

WEATHERING

Moderately resistant; slightly weathered surface; shallow in depth;
smooth, sandy-textured, large blocks result from long, continued
weathering; overlying mantie is variable in thickness.

TOPCGRAPHY

Low, rolling valleys; natural slopes are gentle and stable.

DRAINAGE
Good surface and subsurface drainage.

POROSITY

Joints and solution channels produce a secondary porosity of medium
to high magnitude.

GROUND WATER

Yields of up to 1000 gallons per minute or more are obtainable,

EASE OF EXCAVATION

Blasting required; bedrock pinnacles may be encountered; moderate
drilling rates with rotary equipment.

CUT-SLOPE STABILITY

Good cut-slope stability; able to stand in near-veftical cuts.

FOUNDATION STABILITY

Good quality foundation for heavy structures; thorough sinkhole and
bedrock pinnacle investigations should be made.

CONSTRUCTION MATERIALS

Good sourceé for road material, riprap, building stone, embankment
facing and fill.

CONESTOGA FORMATION (Ocs)

DESCRIPTION

Medium-gray, impure limestone with shale partings; conglomeratic
at base; in Chester Valley includes micaceous limestone, phyllite and
alternating dolomite and iimestone.

BEDDING

Crudely bedded to poorly bed-
ded; thin.

FRACTURING

Joints have an irregular pattern; poorly formed; moderately abundant;
widely spaced and have an uneven regularity; many open but scme
fitled with quartz and caicite.

WEATHERING

Moderately resistant; slightly weathered to a shallow depth; variably
weathered (impure layers weather to a higher relief); large, irregu-
larly shaped fragments result; mantle thickness is highly variable and
may be extremely thick; interface between bedrock and mantle is
usually pinnacle.

TOPOGRAPHY

Rolling valleys and hills of low relief; natural slopes are gentle and
stable,
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DRAINAGE

Good surface drainage with minor subsurface drainage; few sinkholes.

POROSITY

Joint and some solution channel openings provide a secendary
poresity of low magnitude.

GROUND WATER

Fair for public supplies and industrial use; very goed for small public
supply; excellent for demestic use,

EASE OF EXCAVATION
Requires blasting; badrock pinnacles and numerous quartz veins are
special problems; slow drilling rates with rotary equipment; quartz
veins stow drilling rate.

CUT-SLCPE STABILITY
Stable in very steep cuts.

FOUNDATION STABILITY

Good guality foundation for hea\:‘y structures; thorough investigation
for possible sink areas should be undertaken.

CONSTRUCTION MATERIALS

Good for road material, riprap, building stones, and fill.







GROUND WATER

Moderately permeable aquifer; median specific capacity of wells is
4.9 gallons per minute per foot of drawdown.

EASE OF EXCAVATION

Requires blasting; bedrock pinnacles a special problem; moderate
drilling rates with rotary equipment; locally, sandstone b slow
drilling rate.

CUT-SLOPE STABILITY

Good cut-slope ¢ ility; stable
in near-vertical curs.

POROSITY

Solution channels provide a secondary porosity of medium magnitude.

FOUND ON STABILITY

Good quality foundation for medium structures; thorough investiga-
tion for sinkholes and bedrock surface should be undertaken.

CONSTRUCTION MATERI#

Good for road material, riprap and fill.

ROCK TEST DATA

Specific Gravity = 2.61 to 3
Absorption = 0.26 to 0.80%

REMARKS
Test data from PDT.

GABBRO (g)

DESCRIPTION

Dark color; medium to coarse-grained; fresh rock consists of calcic
plagioclase, hypersthene or augite, and up to 30% quartz.

BEDDING

Banding is poorly developed; bands are massive in thickne

FRACTURING

Joints have an irregular pattern; moderately to  orly formed; mod-
erate in abundance, widely to moderately spaceg; irregular, steeply
dipping to vertical and open.

WEATHERING

Highly resistant to v hering; most exposures show slight weather-
ing, shallow depth; loose material consists of large, rectangular
blocks; overlying mantle is thin.

TOPOGRAPHY

Hills of medium relief and undulating surface; natural slopes are
fairly steep to steep and stable.

DRAINAGE
t d surface drainage.

POROSITY
Extremely low primary porosity; joints provide a very [ow secondary
porosity.
GROUND WATER

Median yield is about 15 gpm; median depth is 84 to 94 feet; yields
of 35 gpm or more should be obtainable from wells properly situ-
ated and developed; wells should be in draws; should be at least 100
feet deep, but probably not over 200 feet for maximum yield.

EASE OF EXCAVATION

Blasting required; slow drilling rates with rotary equipment.

CUT-SLOPE STABILITY

Fairly steep cuts are possible. Good cut-slope stability has been
observed.

FOUNDATION STABILITY

Fair quality foundation for heavy structures; should be excavated to
sound material.

CONSTRUCTION MATERIALS

Excellent for road material, riprap, building stone, embankment fac-
ing, and fill.

GABBROIC GNEISS (g)

“7SCRILLUON

Dark color, medium to coarse-grained; fresh rock consists of calcic
plagioclase, hypersthene or augite, and up to 30% quartz.

E  DING

Banding is well developed; bands are massive in thickness.
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WEATHERING

_High[y resistant to weathering; most exposures show slight weather-
ing; shallow depth; loose material consists of large, rectangular
blocks; overlying mantle is thin.

TOPOGRAPHY

Hills of medium relief and undulating surface; natural slopes are
fairly steep to steep and stable.




FRACTURING

Joints have an irregular pat-
tern; moderately to poorly
formed; moderate in abun-
dance; widely to moderately
spaced; irregular, steeply dip-
ping to vertical and open.

DRAINAGE
Good surface drainage.

PORGSITY

Extremely low primary porosity; joints provide 2 very low secondary
porosity.
GROUND W

Median yield is about 15 gpm; median depth is 84 to 94 feet; yields
of 35 gpm or more should be abtainable from wells properly situated
and developed; wells should be in draws; should be at least 100
feet deep, but probably not over 200 feet for maximum yield.

GRANITE GNEISS (gn)

DESCRIPTION

Light buff te light pink color; fine to medium grained text: most
mineral grains about one millimeter in diameter; essential minerals
are quartz, microline, hornblende (5 to 10%), and occasional bio-
tite; rocks are extremely resistant to abrasion and rupture.

BEDDING

Banding is poorly developed; bands are massive in thickness.

FRACTURING

Joints have an irregular pat-
tern; moderately to poorly
formed; moderate in abun-
dance; widely to moderately
spaced; irregular, steeply dip-
ping to vertical and open.

WEATHERING

Highly resistant to weathering; most exposures show slight weather-
ing, shallow depth; [oose material consists of large, rectangular
blocks; overlying mantle is thin.

TOPOGRAPHY

Rough hills of medium te high relief; natural slopes are fairly steep to

steep and stable.
DRAINAGE
Good surface drainage.

POROS. . .

remely low primary porosity; joints provide a very low secondary
porosity.
GROUND WATER

Median yield is about 17 gpm; median depth is 84 to 94 feet; yields
of 3% gpm or more should be obtainable from wells properly situated
and reveloped; wells should be in draws; should be at least 100 feet
deep, but probably not over 200 feet for maximum yield.

EASE OF EXCAVATION
Blasting required; slow drilling rates with rotary equipment.

CUT-SLOPE STABILITY
irly steep cuts are possible. Good cut-slope stability.

FOUNDATION STABILITY

Fair quality foundation for heavy structures; should be excavated to
sound material.
CONSTRUCTION MATERIALS

Excellent for road material, riprap, building stone, embankment fac-
ing, and fill.

ROCK TEST DATA

Unconfined Compressive Strength = 6,340 to 7,250 psi {dry, unweath-
ered gneiss)

REMARKS
Test data from VU,

GRANODIORITE (gd)

DESCRIPTION

A light-colored, igneous rock rich in quartz with orthoclase, plagio-
clase, various accessory minerals, biotite and hornblende.

FRACTURING
Joints; blocky pattern; moderately developed; moderately abundant;
irregular; widely spaced; open and moderately dipping.
WEATHERING

Highly resistant; slight weathering to shallaw depth; results in smooth,
rounded, large boulders. The overlying mantie is thin.
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TOPOGRAPHY

Hills; medium relief: natural slopes are fairly steep and stable.

BEDDING
None,

GROUND WATER

Detailed ground water studies not complete; the median yield ex-
pected might be 10 gallons per minute; yield of 25 gailons per min-
ute or more might be obtained from wells properly situated and
developed; wells should be located in valleys and should be drilled
200 feet deep for maximum yield.



EASE OF EXCAVATION

Blasting required; large surface and near surface boulders hamper
excavation; slow drilling rates with rotary equipment.

CUT-SLOPE STABILITY

Good cut-slope stability; able to stand in fairly steep cuts.

DRAINAGE
Good surface drainage.

POROSITY
Joint fractures produce a secondary porosity of low magnifude.
FOUNDATION STABILITY
Good guality foundation for heavy structures; should be excavated
to sound material.
CONSTRUCTION MATERIALS

Good source of road material, riprap, building stone, embankment
facing, and fill.

HARPERS FORMATION (€h)

DESCRIPTION
Dark greenish-gray phyllite and schist with quartzite layers.

BEDDING
Moderately well bedded; fissile,

ACTURING

Joint and cleavage planes display a seamy pattern; moderately devel-
oped; highly abundant; irregularly distributed and very closely spaced;
open and steeply dipping to moderately dipping.

WEATHERING

Moderately resistant; highly
and deeply weathered; com-
plete break-up of rock eccurs
frequently with medium- to
small-sized fragments result-
ing; the overlying mantle is
thin.

TOPOGRAPHY

Undulating hills of low relief; natural slopes are moderately steep
and stable.

DRAINAGE
Good surface drainage.

POROSITY

Joints and cleavage planes provide a secondary porosity of very
low magnitude.

GROUND WATER

Median reported yield is 14 gpm; specific aquifer potential unknown.

EASE OF EXCAVATION

Moderately easy with heavy power equipment; unweathered rock re-
quires blasting; quartz boulders a special problem; moderate drilling
rates with rotary equipment; some quartz veins slow drilling rate.

CUT-SLOPE STABILITY

Poor to fair cut-slope stability; rapid disintegration when exposed to
moisture for a relatively short time; gentle to moderate slope cuts
are necessary,

FOUNDATION STABILITY

Good guality foundation for heavy structures; should be excavated to
sound material.

CONSTRUCTION MATERIALS

Good for road material and fill.

ROCK TEST DATA
Permeabifity = 0 to 6 ft/day

I 1ARKS
Test data from SCS.

KINZERS FORMATION (€k)

DESCRIPTION

Dark-brown shale is considered here.

FRACTURING

Joint and cleavage planes display a seamy pattern; moderately de-
veloped; highly abundant; irregularly distributed and very closely
spaced; open and steeply dipping to moderately dipping.
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BEDDING
Moderately well bedded; fissile.

WEATHERING

Moderately resistant; highly and deeply weathered; complete break-up
of rock occurs frequently with medium to small sized fragments re-
sulting; the overlying mantle is thin.




TOPOGRAPHY

Undulating hills of low relief; natural slopes are moderately steep and
stable.

CUT-SLOPE STABILITY

Poor to fair cut-stope stability;
rapid disintegration when ex-
posed to moisture for a rela-
tively short time; gentle to
moderate slope cuts are neces-
sary.

FOUNDATION STABILITY

Good quality foundation for heavy structures; should be excavated to
sound material.

DRAINAGE
Good surface drainage.

POROSITY
Joint and cleavage planes provide a secondary porosity of very low
magnitude.
GROUND WATER
Median reported yield is 14 gpm; specific aquifer potential unknown.

EASE OF EXCAVATION

Moderately easy with heavy power equipment; unweathered rock re-
quires” blasting; quartz boulders a special problem; moderate drilling
rates with rotary equipment; quartz veins slow drilling rate.

CONSTRUCTION MATERIALS
Good for road material and fill.

ROCK TEST DATA

Specific Gravity = 2.66 to 2.81
Absorption = 0.26 to 0.64%

REMARKS
Test data from PDT.

LEDGER FORMATION (€1)

DESCRIPTION

Light-gray, massive, pure, coarsely crystalline dolomite; siliceous in
part.
BEDDING

Moderately well bedded; massive,

FRACTURING

Joints have a blocky pattern; moderately to well developed; moderately
abundant; irregularly spaced with a wide distance between fractures;
open and steeply dipping.

WEATHERING

Moderately resistant; slight to
moderate weathering to a shal-
low depth; break-up of rock
results in large blocks; over-
lying mantle is thin; pinnacles
characterize the interface be-
tween mantle and bedrock.

TOPOGRAPHY

Undulating valley of low to medium relief; natural slopes are gentle
to moderately steep and stable.

DRAINAGE

Good surface drainage; little subsurface drainage.
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POROSITY

Joints and solution channels provide a secondary porosity of low
magnitude.
GROUND WATER

Only fair water source for public supply and general industrial use;
good source for small public supply and limited industrial use; excel-
lent source for domestic supplies,

EASE OF EXCAVATION
Requires blasting; bedrock pinnacles a special problem; moderate
drilling rates with rotary equipment.

CUT-SLOPE STABILITY
Good cut-slope stability; stable in fairly steep cuts.

FOUNDATION STABILITY

Good quality foundation for medium-weight structures; sinkholes and
bedrock pinnacles should be thoroughly investigated.

CONSTRUCTION MATERIALS

Good for road material, riprap, concrete aggregate, building stone,
embankment facing and fill.

ROCK TEST DATA
Specific gravity — 2.72 +~ 2.82
Absorption = 022 to (.. _ %

REMARKS
Test data from PDT.



LOCKATCNG FORMATION (Trl)

DESCRIPTION

Dark gray to black argillite with occasional zones of black shale;
locally, thin layers of impure calcareous shale are found.

BEDDING
Moderately well developed; flaggy to thick.

FRACTURING

Joints have a blocky pattern;
moderately developed; closely
spaced; steeply dipping, and
open.

WEATHERING

Moderately resistant; moderately weathered to a shallow depth; smail,
elongate and triangular fragments result from rapid hydration of
minerals in exposed rock; overlying mantle is moderately thick.

TOPOGRAPHY

Roliing hills of medium relief; natura! slopes are moderately steep
and stable.

DRAINAGE
Good surface drainage.

POROSITY
Joint openings provide a secondary porosity; both weathered and
unweathered rocks have a low effective porosity.
GROUND WATER

Median yield about 10 gpm; yields greater than for domestic purposes
not generally available,

EASE OF EXCAVATION
Upper few feet may be excavated moderately easily but the un-
weathered bedrock requires blasting; slow to moderate drilling rate
expected with rotary equipment.

CUT-SLOPE STABILITY
Fair cut-slope stability; moderate slope cuts advisable.

FOUNDATION STABILITY

Good quality foundation for heavy structures; should be excavated
to sound material; may need grouting for extremely heavy loads.

CONSTRUCTION MATERIALS

Possible source of fill,

PETERS CREEK SCHIST (Xpc)

DESCRIPTION

A chlorite-sericite schist with quartzite.

BEDDING
Fissile to thin; usually steeply dipping.

FRACTURING

Cleavage has a platy pattern; well developed; highly abundant; dis-
plays an even regularity; very closely spaced; open and steeply
dipping. Joints are present; usually irreguiar, poorly formed, widely
spaced, steeply dipping and open.

WEATHERING

Moderately resistant; often
highly weathered to a moderate
depth, resulting in uneven,
hackly, small plate-like rubble
at the base of exposures; over-
lying mantle is thin.

TOPOGRAPHY

Undulating hills of medium relief; natural slopes are moderately
steep and stable.
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DRAINAGE
Good surface drainage.

POROSITY

Joints and cleavage provide a low secondary porosity.

GROUND WATER

An average yield of 75 gpm or more should be realized from wells
drilled in the chlorite phase on slopes or in draws to about 150 feet
deep; in the muscovite phase, wells should be about 300 feet deep for
maximum production.

EASE OF EXCAVATION

Moderately easy with heavy power egquipment; unweathered rock
will require blasting; moderate drilling rates with rotary equipment.

CUT-SLOPE STABILITY

Fair cut-slope stability; in part due to partial disintegration when
exposed to moisture for a relatively short time; moderate slope cuts
are often necessary; where fairly steep cuts are made, maintenance
is required; drainage maintenance may be required.

FOUNDATION STABILITY

Good quality foundation for heavy structures; should be excavated
to sound material.

CONSTRUCTION MATERIALS
Good source for fill; may be a source of expandable aggregate,




PICKERING GNEISS (gg)

DESCRIPTION

A graphitic gneiss; light to medium-gray in color; includes the minerals
quartz, orthoclase, hornblende, biotite, and graphite; graphite occurs
as flakes one to two millimeters in diameter, somewhat larger than
the usual grain size of the rock, and is disseminated throughout the
gneiss; graphite shows a glistening luster which is sometirmes a helpful
aid in identification of this rock.

EEDDING

Banding is distinct and very
commen; bands are flaggy in
thickness.

FRACTURING

Jeints most common fracture, platy pattern, well developed, moderate
to highly abundant, regular, moderate to closely spaced, open and
steeply dipping to vertical.

WEATHERING
Moderately resistant; deeply weathered; sometimes results in dis-
integration into very small rectangular fragments; overlying mantle
is thin.

TOPQGRAPHY

Hills; low to medium relief; natural slopes gentle to moderate and
stable.

DRAINAGE
Good surface drainage.
POROSITY

Joints produce a secondary porosity; weathered portion has a medium
porosity.

GROUND WATER

Detailed ground water studies not complete; median yield expected
might be 10 gallens per minute; yields of 35 gpm or more might be
obtained from wells properly situated and developed; wells should
be in valleys and should be 200 feet deep for maximum yield.

EASE OF EXCAVATION

Weathered portion may be excavated moderately easy with heavy
power equipment; moderate drilling rates with rotary equipment.

CUT-SLOPE STABILITY

Due to almost complete disintegration when exposed to moisture
for a relatively short time, moderate slope-cuts are necessary. Cnly
fair cut-slope stability has been observed.

FOUNDATION STABILITY

Good quality foundation, for medium to heavy structures; should be
excavated to sound rmaterial.

CONSTRUCTION MATERIALS
Fair to good source for fill,

SERPENTINE (s)

DESCRIPTION

Magnesium-rich rock derived from pyroxenite and peridotite; usually
green in color and can be fiberous.

BEDDING

FRACTURING

Joints have a platy to irregu-
lar pattern; are moderately
developed; highly abundant;
closely spaced and irregular;
open joints characteristic but
sorme filled with quartz; usually
steeply dipping.

WEATHERING
Highly resistant; shows moderate weathering, usually shallow in
depth, resulting in irregular, hackly, broken masses of medium-sized
fragments; thin overlying mantle,

TOPOGRAPHY

Undulating hills of low relief with gentle, stable slopes.

DRAINAGE
Good surface drainage.
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POROSITY

Secondary porosity of very low magnitude.

GROUND WATER
Capable of yielding small to moderate supplies; wells should be drilled
200 feet deep for maximum yield and [ocated in valleys.
EASE OF EXCAVATION
Requires blasting; slow drilling rates with rotary equipment; numerous
quartz veins contribute to slow drillability.
CUT-SLOPE STABILITY

Due to fracturing, moderate slope cuts may be necessary; fair to good
cut-siope stability.
FOUNDATION STABILITY

Excellent quality foundation for heavy structures; should be excavated
to sound material.

CONSTRUCTION MATERIALS

Good source of road material, riprap, and fill,

ROCK TEST DATA

Permeability = 1 to 615 fi./day weathered rock;
0 to 0.5 ft./day solid rock

REMARKS

Test data on serpentine from SCS; field determination,



SETTERS QUARTZITE (Xsq)

DESCRIPTION
Light-gray in color; weathered outer portion of rock is light brown
to dark brown; coarse-grained; micaceous layers.

BEDDING
Well bedded; flaggy.

FRACTURING

Joints have seamy to platy pattern; well formed; moderately abundant;
widely spaced; steeply dipping and open.

WEATHERING

Highly resistant; slightly weathered to a shallow depth; medium-sized
flat fragments result from weathering; long, continued weathering
may result in complete disintegration to sand size particles; overlying
mantle is very thin,

TOPOGRAPHY

Rolling hilis of medium relief; natural slopes are moderate and stable.

DRAINAGE
Good surface drainage.

GROUND WATER

Small supplies for domestic purposes; probably should not be drilled
deeper than 200 feet for maximum yield.

EASE OF EXCAVATION
Requires blasting except where highly weathered; several feet below
the surface may be moderately easy to excavate with power equip-
ment; slow drilling rates with rotary equipment.
POROSITY

Secondary porosity of low magnitude,

CUT-SLOPE STABILITY

Good cut-slope stability; able to stand in steep cuts; where steeply
dipping, rock shouid not be undercut.

FOUNDATION STABILITY
Excelient quality foundation for heavy structures; should be excavated
to sound material,

CONSTRUCTION MATERIALS

Good for road material, riprap,
embankment facing, fill, and
building stone.

STOCKTON FORMATION (Trs)

[ CRIPTION

Light colored sandstone, arkosic sandstone, and conglomeratic sand-
stone; includes red to purplis  :d sandstone, shale, and mudstone;
beds of conglomerate are most numerous near the base of the forma-
tion; in places, coarse conglomerates, consisting chiefly of quartz cob-
bles and boulders in 2 poorly-sorted sand matrix, occur at the base,

BEDDING
We!l bedded; thin to flaggy.

FRACTURING

Joints have seamy to platy pattern; moderately developed; highly fra
tured; very close spacing; vertical and open.

WEATHERING

Only slightly resistant; expo-
sures quickly weather to mod-
erate depth; very small,
pencil-like, platy fragments re-
sult from rapid disintegration;
overlying mantle is thin.

TOPOGRAPHY

Undulating hills of low relief; natural slopes are moderately steep
and stable.

GROUND WATER

Yields up to 300 gallons per minute obtained from wells drilled 500
feet deep; valleys drained by perennially flowing streams most fa-
vorable sites to drill; ground water is of calcium bicarbonate type;
generally good chemical quality.

EASE OF CAVATION

May be excavated moderately easy with heavy power equipment; rela-
tively fast drilling rate expected with rotary equipment.

CUT-SLOPE STABILITY

Poor to fair cut-slope stability;
due to rapid disintegration
when exposed to moisture for
relatively short time, gentle
slope cuts necessary.




DRAINAGE
Good surface drainage.

POROSITY
Primary porosity occurs in weathered portion; joint and bedding planes
provide secondary porosity in unweathered rock; high to medium total
effective porosity.

FOUNDATION STABILITY

Good quality foundation for heavy structures; should be excavated to
sound material; possibiy underdrainage required.

CONSTRUCTION MATERIALS

Only fair for fill; possibly source of brick, floor tile, and sintered aggre-
gate material.

ROCK TEST DATA
Compressive Strength — 108 to 1116 tons per sq. ft.

REMARKS
Test data from USBM.

VINTAGE FORMATION (€v)

DESCRIPTION

Dark gray, knotty, argillaceous dolomite with impure, light-gray mar-
ble at the base of the formation.

FRACTURING

Joints have a block pattern;
moderately to well developed;
moderately abundant; irregu-
larly spaced with a2 wide dis-
tance between fractures; open
and steeply dipping.

WEATHERING

Moderately resistant; slight to moderate weathering to a shallow
depth; break-up of rock results in large blocks; overlying mantle is
thin; pinnacles characterize the interface between mantle and bed-
rock.

TOPOGRAPHY

Undulating valley of low to medium relief; natural slopes are gentle
to moderately steep and stable. ‘

BEDDING
Moderately well bedded; massive.

DRAINAGE

Good surface drainage; little subsurface drainage.

POROSITY

Joints and solution channels provide a secondary porosity of low
magnitude.

GROUND WATER

Only fair water source for public supply and general industrial use;
good seurce for small public supply and limited industrial 1 ex-
cellent source for domestic supplies.

EASE OF EXCAVATION

Requires blasting; bedrock pinnacles a special problem; moderate
drilling rates with rotary equipment.

C_. SLOPE STABILITY
Good cut-slope stability; stable in fairly steep cuts.

FOUNDATION STABILITY

Good quality foundation for medium-weight structures; sinkholes and
bedrock pinnacles should be thoroughly investigated,

CONSTRUCTION MATERIALS

Good for road materials; riprap; concrete aggregate; building stone;
embankment facing; and fill.

WISSAHICKON FORMATION (Xw)

[The Wissahickon Formation includes the Albite-chlorite schist (Xwc),
Marburg schist (Xwn), and Oligoclase-mica schist (Xw).]

DESCRIPTION

Albite-chlorite schist is typically a phyllite; composed chiefly of
quartz, feidspar, muscovite, and chlorite; oligoclase-mica schist more
coarsely crystalline and excessively micaceous; feldspar more abun-
dant in the oligoclase-mica schist; Marburg schist is gray-green in
color and is a mica<chlorite-quartzite schist.

FRACTURING

Cleavage has a platy pattern;
well developed; highly abun-
dant; displays an even regu-
larity; very closely spaced;
open and steeply dipping.
Joints are present; usually ir-
regular, poorly formed, widely
spaced, steeply dipping and
open.




BEDDING
Fissile to thin; usually steeply dipping-

WEAT! NG

Moderately stant; often highly weathered to a moderate depth; re-
sulting in uneven, hackly, small plate-like rubble at the base of ex-
posure; overlying mantle is thin.

TOPOGRAPHY

Undulating hills of medium relief; natural slo
ste  and stable.

are moderately

DRAINAGE
Good surface drainage.

PQROS .. _
Joints and cleavage provide a low st 1t ' porosity.
GROUND WATER

An average yield of 75 gpm or mo  should be realized from wells
drilled in the chlorite phase on slopes or in draws to about 150 feet
deep; in the muscovite phase, wells should be about 300 feet deep for
maximum production.

EASE OF EXCAVATION

Moderately easy with heavy power equipment; unweathered rock will
require blasting; moderate drilling rates with rotary equipment.
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CUT-SLOPE STABILITY

ir cut-slope stability; in part due to partial disintegration when ex-
posed to moisture for a relatively short time; moderate slope cuts are
often necessary; where fairly steep cuts are made, maintenance is
required; drainage maintenance may be required.

FOUNDATION STABILITY

Good quality foundation for heavy structures; should be excavated
to sound material,

CONSTRUCTION MATERIALS

Good source for fill; may be a source of expandable aggregate.

ROCK TEST DATA

Permeability = 0.2 to 3.0 ft/day
Unconfined Compressive Strength = 334 to 830 psi (dry) (highly
(2~ diameter x 2" height decomposed and weath-
samples) ered mica schist)
= 30 to 40 psi (wet) (highly de-
composed and weathered
mica schist)
= 1,255 to 3,830 psi (dry) (un-
weathered mica schist)

Failure Load = 59 to 919 tons per sq. fi.
(Hard mica schist)
— 15-16 tons per sq. ft.
(Soft mica schist)

REMARKS

Permeability data from SCS; compressive strength data from vU;
load test data from Conwell & Co.
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Schist—a metamorphic rock which has a foliated structure and

splits up in thin, irregular plates.

Shai 1~ inated sediment, in which the constituent particles are

predominantly of the clay ade; fissility that is approximately

parallel to bedding.

Specific Capacity—the yield of a well divided by the drawdown
necessary to produce this yield; expressed as
minute per foot of drawdown.

Stromatofites—laminated but otherwise structureless calcareous

objects, commonly called fossil algae.

Undercla . non-bedded clay occurring below a coal seam; also

called piastic clay or soft clay.

SOURCES OF
ROCK T T DATA

Bureau of Mines (USBM), U. S. Depariment of Interior

E. L. Conwell & Co., Philadelphia, Pennsylvania

Corps of Engineers, U. $. Army, Pittsburgh District,
Philadaiphia District and Baltimore District.
(usi

Pennsylvania Department of Transportation, Bureau of Testing,

Materials, & Research and District 8-0 Soils
Engineering Office (PDT)

John H. Robinson Engineering, Inc, Erie, Pennsylvania

Soil Conservation Service, U. S, Department of
Agriculture, Harrisburg (SCS)

Villanova University, Departmen? of Civil Engineering,
Villanova, Pennsylvania (VU]

Summary of Physical Properties
of Appalachian Shales
(From F. M. Mellinger, 1969}

Unconfined Tensile Shear Strength
Unit Dry Compressive Strength Angle of Cohesion No. of
Material Weight Strength {1) Internal In Projects
Classification lbs/ft? psi psi Friction® psi Represented
y Shale I-165 30 - 1,000 250 - 1,480 6-33 95 - 1,500 12
1,000 - 2,850
lty Shale 145-169 370 - 1,000 720 - 3,200 10-54 200 - 1,970 13
1,000 - 6,300
Sandy Shale 154-167 4,850 - 13,580 1,400 - 3,140 29-60 310 - 2,660 7
Indurated Clay 131-170 55 - 1,000 790 - 1,090 10-60 18 - 600 11
1,000 - 3,520
Clay Stone 148-164 420 - 1,000 24-60 0- 600 4
1,000 - 6,000
Silt Stone 149-166 2,000 - 11,300 1,380 - 3,160 19-48 590 - 330 10
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PREFACE

The information in this report on subsurface water resources of central
Chester County will benefit all water consumers in that rapidly developing
suburban area of southeastern Pennsylvania. With a population increase in
the area of about 23 percent from 1950 to 1960 plus rapid growth of com-
mercial and industrial establishments, the great demand for water has neces-
sitated the development of subsurface water resources. Individual and com-
munity water wells, as well as industrial wells, are supplying many of the
newer establishments with water.

The water-yielding capacities of the rocks in this area differ widely from
place to place; yvields of more than 300 gallens per minute were obtained
from favorably located and properly constructed wells. The ground water
occurs in fractures and minutc openings in the vartous rock types. Based
on data collected from about 600 wells, the best yields were obtained from
wells in valieys, while the poorest yields came from wells on hills or up-
lands. The water is soft and gencrally of good quality, except for a minor
number of improperly located wells which show evidence of contamination
by eesspool or bamnyard wastcs. ‘

The information in this report should assist planners and water authori-
ttes to coordinatc water wells with avaiiable water resources. Water well
drillers will benefit through guidance toward maximum water well yields;
the data in this report will help them to know the most favorable locations
to drill, probable depths, probable yields, and the antcipated quality of the
water,
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ABSTRACT

The arca covered by this teport is in southeastern Pcnnsylvania and includes not
only central Chester County but a small amount of the adjoining Lancaster and
Delawarz Counties. The rocks underlying the area were mapped by Bascom and
Stose (1932) and arc chiefly the Baltimore Gneiss, the Glenarm Series (Setters For-
mation, Cockeysville Marble, Wissahickon Formation, and Peters Creck Schist), and
gabbro, The Chester Valley, which trends northeastward across the northwest part
of the aren, contains the Chickics Quartzite, Harpers Schist, Antictam Quartzite,
Vintage Dolomite, Kinzers Formation, Ledper Dolomite, and Elbrook Limestone of
Camhrian age; and the Conestoga Formation of Ordovician age, Small bodies of
serpentine and pegmatite are scattered throughout the area, except in thc Chester
Valley. Several diabase dikes of Triassic age trend penerally vorth or northeastward
across the area.

The ground water occurs in and moves through these rocks in fracturcs. The size,
number, and degres of interconncction of the fractures iutercepted by a well deter-
mine the well's sustained yield. Most of the formations were found to yicld water
to wells through several zones. The zoncs werc generally less than 200 feet below
the surfacc, but some in the Baltimorc Greiss were encountered at depths exceeding
300 foet.

About 10 percent of the wclls on which yicld data were obtained yielded more
than 50 gpm (gallons per minutc). and 5 percent of this group yiclded more than
330 gpm. The median depth of the wells yiclding over 50 gpm was 160 fect and
about two-thirds of these wells were situated in draws and valleys.

Depth of weathering does not exert much control on well yields; however, the
weathered zope is important as a storage reservoir where it is not highly clayey.

Topography is probably the greatest single factor affecting the yield and depth of
wells, Wells in the lower topographic positions yielded more water and were shal-
lower than those on slopes or upland areas.

Increasing metamorphic rank (from slate to gaeiss) in some of the Gleaarm for-
mations was 1 iated with a decrease in the yield of the wells, It was also associ-
ated with an increase in the depth of weathering of the rocks, as shown by the in-
crease in the amount of casing needed in the wells.

The hydrologic propertics of the formations were observed to ranpe widely even
within short distanccs. The range was sufficiently preat that the formations could
not be scparatéd from onc another on the basis of their hydrologic propertics.

Most of the water was of the ealcium-magnesium biearbonate type. The dissolved-
solids content was generally low, median 146 ppm (parts per million), the water was
soft, hardness 3 ppg (grains per gallon); aud slightly acidic, median pH 6.6,

HYDROLOGY OF CENTRAL CHESTER COUNTY

A large number of the samples analyzed appeared to bc contaminated, as indi-
cated by the abundance of nitrate, sulfate, chloride, and sodium. The sources of con-
tamination are believed to be local,

Large yields werc oblained from wells in several of the formations. The maximum
yields obtained were 270 gpm from the Baltimore Gneiss, 330 gpm from the Cockeys-
ville Marble, 350 ppm from the Wissahickon Formation, 312 gpm from the Peters
Creek Sehist, 665 gpm from the Vintage Dolomite, 150 ppm from the Ledger Dolo-
mite and Elbrook Limestonc, 175 gpm from the Conestoga Limestone, 125 gpm from
the gabbro, and 80 ppm from the serpentine.

INTRODUCTION

PURPOSE AND SCOPE

The investigation on which this report is based was undertaken to study
the occurrence of ground water in an area of metamorphic and igncous
rocks; accordingly, an area was selected that included a large number of
these rock types. Some of the principal objcctives were to determine the
relation of factors such as well yicld, well depth, depth of water-bearing
zones, depth of weathering, and chemical quality of the water to rock
type and topographic and geographic position of the well,

The study was madc in an arca undergoing rapid suburban develop-
ment so as to provide information that will aid in the cfficient utiliza-
ton of the ground-water resources.

LOCATION OF THE AREA

The arca is in southeastern Pennsylvania between 39° 52° 30” and 40° 00
N. latitude and 75° 30" and 76° 00" W. longitude. The West Chester,
Unionville, Coatesville, and Parkesburg 7Y% -minutc topographic quad-
rangles provide topographic coverage for the arca. Most of the area is in
central Chester County, but the southeast cormer of the West Chester quad-
rangle lies in Delaware County, and a narrow strip along the western border
of the Parkesburg quadrangle is in Lancaster County. (Figure 1.)

METHODS OF STUDY

An inventory was made of approximately 620 domestic, industrial, and
municipal wells, and Il-hour pumping tests were made on 94 of these
wells. Electric logs were made of five wclls and the depth and yicld of
watcr-bearing zones were determined by the brine-tracing method on the
same wells. Periodic water-level measurements were made on three wells.
Approximately 400 samples of ground water were tested in the field for
pH, hardness, and speeific conductance. More complete chemical analyses
of 31 samples were made in the laboratory of the U. §. Geological Survey.
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Figure 1. Mop of southcastern Pennsylvania showing the location of the area of this in-
veskigation.

PREVIOUS INVESTIGATIONS

Southeastern Pennsylvania is one of the classic problem areas of North
American geology and has been thought to hold the key to thc solution
of problems in both the morthern and southern Appalachians. As such,
it has been the focus of much study, and many reports have been written
about the geology of the area. For the purpose of this report, however, it
is sufficient to mention only a few.

The geology was mapped by Bascom and Stose (1932) and structural
details of part of the area were further delineated by McKinstry (1961).
Swartz (1948) offers an excellent summary of work done up to 1948,

The ground-water resources were discussed briefly by Hall (1934) in a
report on the ground water in southeastern Pennsylvania, Obmsted and
Hely (1962) described ground-water surface-water relationships in the
Brandywine basin.
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WELL-NUMBERING SYSTEM

The well-numbering system used in this report shows the location of
wells according to a latitude-longitude grid system. Each number con-
sists of three groups of digits. For example, in the number 959-532-3,
which was assigned to a well at Goshenville in the West Chester quad-
rangle, the first group. (959) is composed of the last digit of the degrees

*{39) and the two digits of the minutes (59) that define the latitude on
the south side of a l-minute quadrangle; the second group (532) con-
sists of the last digit of the degrees (75) and the two digits of the minutes
(32) that define the longitude on the east side of a 1-minute quadrangle.
The last segment (3) indicates the consecutive number assigned to the
well in this 1-minute grid. Piates 1 and 2 show the locations of selected
wells in the project area.

GEOGRAPHY
Topography and Drainage

The area of the investigation is in the Piedmont Province and lies mostly
in the Piedmont Upland Section, but it includes also the Chester Valley
—a narrow, clongate extension of the Conestoga Valley Section—which
trends northeastward across the Parkesburg and Coatesviile quadrangles
and intercepts the northwest comer of the Unionville quadrangle.

The upland is maturely dissected and slopes gently southeastward. The
highest hill is in the northwest comer of the Parkesburg quadrangle; it
reaches an altitude of 860 feet. The lowest altitude is in the southwest
corner of the West Chester quadrangle, where the Brandywine Creek
leaves the area at an altitude of about 160 feet. '

About two-thirds of the area is drained by the Brandywine Creek, which
flows into the Delaware River via Christiana River. The drainage divides
of the Brandywine are located approximately by north-south lines through
Parkesburg and West Chester. The area west of the Brandywine basin is
drained into the Susquehanna River by Octoraro Creek and its tributaries.
East of the Brandywine basin the area is drained by Chester and Ridley
Creeks, which flow into the Delaware River.
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Climate

The climate of southeastern Pennsylvania is characterized by hot, humid
summers during which temperatures reach 90° F or above on an average
of 25 days each year. Winters are comparatively mild, for temperatures
rarely reach 0° F and fall below freezing on an average of less than 100
days each year. Approximately 30 inches of snow falls each year, and the
land is snow-covered about one-third of each winter. The frost-frec period
averages about 180 days.

Climatic data are available from two stations of the U. 5. Weather Bu-
reau in the area. One set of data is recorded at the Philadelphia Electric
Co., 1 mile southwest of Coatesville; the other is recorded at the Daily
Local News, at West Chester. These data (based on a period of record
from 1931-1955) show that the area has a mean annual temperature of
about 53° F and a mean annual precipitation of about 46 inches. Monthly
averages of temperature and precipitation for each station are shown i the
following table.

Average monthly temperature and precipitation at U. §. Weather Bureau
stations for the period 1931-1955%

T1c1.u]_;t:.r:17.ure {°F) Precipitation (inches)

Month Coatesville West Chester Coatesville  West Chester
January 30.5 30.8 3.87 3.76
February 30.6 3.4 3.62 3.63
March 39.9 39.4 4.13 392
April 20.4 50.0 3.73 3.69
May 61.4 61.0 3.90 4.34
Tune 70.3 69.7 421 4.26
July 752 75.5 4.19 4.55
August 729 733 529 5.37
September 65.8 65.9 3.15 3.54
October 549 56.5 3.17 3.14
November 43.2 45.1 3.60 396
December 33.0 4R 333 3.28

1 Kavfman, N. M., 1960,

Population and Water Use

The population of the area has increased about 23 percent (to nearly
73,500) between 1950 and 1960; a rate of growth that is nearly three
tmes that of the state as a whole (7.82 percent). Most of the increase
has taken place around West Chester, in townships such as Pocopson,
Thornbury, West Gost ~ Westtown, and Willistown, where the population
has more than doublea.

The growth rate of the boroughs has been much less than the townships.
The City of Coatesville, for example, lost about 6 percent of its popula-
tion berween 1950 and 1960. The townships adjacent to each of the
municipalities show an attendant increase in population that more than
balances the latter’s growth rate.

The changes in population are producing a change in the pattern of
water use, The large municipalities such as West Chester and Coatesville
have utilized surface-water supplies and are continuing to do so. How-
ever, the increasing demand for water in the townships is being satisfied
by ground water. Individual wells are used at isolated houses and in some
of the housing developments, but community wells are used for public
supply in an increasing number of the new developments.




GEOHYDROLOGY

GEQLOGIC SETTING

The geology of southeastern Pennsylvania is cxtremely complex and
has been the subject of much study. Swartz (1948) offers an excellent
summary. More recently McKinstry {1961) has published the results of
a detailed study of the structurc of the controversial Glenarm Serics, which
underlies a large part of the area.

Geologic Structurcs

The rocks in the arca covered by this rzport range ln age from Pre-
cambrian to Ordovician, and are chichy metamorphoscd sediments, but
they include also considerable amounts of igneous rocks. Becausc of their
age and position in the Appalachian geosyncline, the rocks bave been in-
tensively folded and faulted. The prominent structurcs of the arca are
shown in Figure 2.
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Figurc 2, Map showing the major geologic structurer and zones of metamorphism (modified
from McKinstry, 1961).

The Chester Valley, a narrow, clongate featurc on the northwest limb
of a syncling in the Peach Bottom synclinorium, trends cast-northeast
across the western part of the area. The valley is underlain by Cambrian
and Qrdovician limestone and dolomite and is flanked along the northern
side by Cambrian quartzite and schist. The hills north of the valley are on
the southcast limb of the Minc Ridge anticline; they arc underlain by
Precambrian gneiss and gabbro containing small clongate intrusions of
serpenting, and by fault-slices of Cambrian quartate, schist, and carbo-
nates. Dikes and sills of pegmatite strike predominantly cast-northeastward
across the gneiss, the gajbro, and the quartzite.

South and east of Chester Valley the area is underlain chicfly by gabbro-
intruded gneiss and a group of mctamorphosed sedimcnis known as the
Gleparm Sertes. Several prominent diabase dikes of Triassic age strke
northcastward across the area.

The southwestward-plunging anticlinal West Chester Prong and the
Brandywine synclinorium are the dominant structural features in the
central part of the arca. The northcast end of the Brandywine synclino~
rium ¢xtends along the northwest flank of the West Chester Prong, where
it is termed the Marshallton Trough and is, in turn, flanked by the narrow
anticlinal Pcorhouse Prong. The synclinorium extends along the south-
east side of the West Chester Prong also—where its castern end is called
the Westtown syncline.

The recumbent Woodville anticline, which has been overturned to the
northwest, lies at the nose of the Brandywine synclinorium. The London
Grove anticline, which appears to mesge eastward into the northeast-
trending Avondale anticline. lies along the south side of the synclinorium.

The synclines arc in areas of phyllite or schist, In the anticlines, how-
ever, 2 gneissic core is exposed, and frequently this corc has been intruded
by gabbro. The flanks of the anticlines may exposc schist or marble.
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Geologic Formations

The formations, and tﬁcir thickness and generalized character are sum-
marized in Table 1. More details are given in the scction on the strati-
graphy and water-beanng properties of the rocks.

GROUND-WATER PRINCIPLES
Source

Ground water is precipitatior which has percolated downward through
the soil and openings in the rocks to a zone within which all intercon-
nected openings are filled with water under pressurc greater than atmos-
pheric. The upper surface of this zone is called the water table. Ground
water moves continuously from points of high hydraulic head to points of
lower hydraulic head and cventually w points of discharge—perbaps mto
another formation, 10 a spring, a strcam, or to a well.

Fluctuations of Ground-Water Levels

If water is added to the ground-water reservoir (aquifer) at a faster
ratc than it can bc discharged, the water level will rise in the aquifer.
The amount of recharge an aquifer receives depends upon the amount and
distribution of precipitation. Most recharge occurs during the winter and
spring months.

Despite the fact that approximately 13 percent more precipitation falls
between April and September than between Qctober and March, little re-
charge occurs during the summer and fall months, because higher tem-
peratures plus the growth of plants result in the cvapotranspiration or
consumption of nearly all precipitation. By the middle of May, generally,
water levels begin to decline and may continue to do so past the period
of bigh temperatures and the growing season. Cool and unusually wet
summers and falls may allow recharge to occur a few weeks carlier than
usual and may hold water levels slightly above their normal annual lows,
but gcnerally little recharge occurs during this period and that which does
oceur produces only a small and temporary reversal of the downward
trend of the water level.

The rate at which the water level falls and the size of the annual flue-
tuation depend chicfly on the permeability of the rocks, the height of
the water above peints of discharge, and the distance the water must
travel to the discharge point.

Platc 3 shows the water-level fluctuations in well 956-555-1 in Chester
County.

Occurrence ?

In unconsolidated rocks such as sands and gravels the water occurs
in and moves through the interstices between the grains (called primary
openings ). In consolildated clastic rocks such as sandstones and shales,
and in crystalline rocks such as limestoncs, gneisses, schists, and gabbros
that underlic the arca covercd by this report, the water is confined mainly
to fracturcs (secondary openings).

Pumping Effects

In a well supplicd from primary openings, water generally enters the
borehole throughout the entire saturated thickness of the aquifer, In a
well supplicd by secondary openings, water generally enters the borchole
in discrete zones separated from each other by nonproductive zones.

The amount of water a well is capablc of yielding depends on the size,
number, and degree of interconnection of the water-filled openings inter-
cepted by the well. It depends also on how these featurcs change ag dif-
ferent distances from the well. As the well is pumped, the water level is
drawn down in the well and in the formation surrounding the well. The
zone in which the water level is drawn down is called the conc of de-
pression. As pumping continucs, the cone deepens and grows in areal
extent as water from an ever greater area is diverted from its natural
flow path to replace the water pumped from the well. If the aquifer is









Evaluation of Well Data

In most instances well yields are not necessarily representative of the
yields that could be obtained because the bulk of the wells have becn
drilled to supply domestic needs (5-10 gpm). Because of their intended
use, they werc probably located for convenience rather than at the most
favorable site, and were drilled only to a depth sufficient to supply do-
mestic needs. A large-yielding domestic well, then, is one that intercepted
a large supply at shallow depths. What the yield would have been had the
well been drilled deeper is not known. A deep domestic well, further-
more, is generally one that could not obtain a domestic supply at shallow
depth, and is probably in an unfavorable place for a well.

Thirty-six wells, or approximately 10 percent of the wells for which
vields were reported or measured, yield over 50 gpm. These include wells
drilled for municipal supply, for community supply in housing develop-
ments, at industrial plants, at mushroom farms, and at a few private
homes. The median yield of the 36 wells was 100 gpm, and the medizn
yield of all reported yields was 15 gpm. Five percent of the high-yiclding
wells vielded over 330 gpm, whereas only 5 percent of wells inventoried
yiclded more than 38 gpm.

It is instructive to compare the parameters of the 36 high-yielding wells
with those of all the wells inventoried. The median depth of the better
wells is 160 feet—or about 60 feet more than that of the group as a
whole. About 10 percent of the high-yielding wells exceeded 300 feet in
depth, whereas only about 3 percent of all the wells were deeper than
300 feet.

Unfortunately, information on the number and depth of water-bearing
zones was not available on many of the wells, especially the high-yielding
ones. However, based on the data available, about 10 percent (4 out of
41) of the water-bearing zones of the high-yielding wells were below 170
feet, whereas only about 4.5 percent of the zones of the entire group were
decper than 170 feet.

The most striking difference between the high-yielding wells and the rest
of the wells was in their topographic positions. Two-thirds of the high-
yielding wells were in draws or valleys, whereas only one-third of all the
wells inventoried were in draws or vallcys.

Despite the fact that most of the wells were neither deep enough to
realize maximum yields nor favorably situated for such yields, an inven-
tory of the wells was necessary because there were not enough municipal
or industrial wells to provide an understanding of the factors controlling
the occurrence of ground water in the area. If it is assumed that the basis
for the location of domestic wells is the same throughout the area, it is
possible to use the data from thesc wells to evaluate the influence of such
factors as geologic formation, topographic position, and degree of meta-
morphism of the rocks.

Agnifer Hydrology

Table 2 summarizes the important parameters of the wells, except those
concerned with yielding zones. The Baltimore Gneiss, the gabbro, the Wis-
sahickon Formation, and the Peters Creek Schist (the most extensive rocks
in the area) are both the most important and the best understood of the
aquifers. A few of the rock units were so small in areal extent that hydro-
logic data on them were not available; they include the Franklin Lime-
stone, the Antietam Quartzite, and the pegmatite.

The range of the data is given in the table rather than percentiles, be-
cause data are abundant enough to mcrit the use of percentiles in only
a few aquifers. Percentiles are presented, however, in the discussion of
those few aquifers.

Table 3 summarizes data available on water-bearing zones. The table
is in two parts. Table 3-A contains a variety of information.

First, as the denominator of the fraction indicates the number of wells
penetrating any particular depth range, the denominator of the shallowest
range obviously indicates the total number of wells in that formation for
which data on depth to water-bearing zones were obtained. Thus, data were
obtained from 40 wells in the muscovite phase of the Wissahickon For-
mation. :

Second, the table indicates the maximum depth range of the wells for
which yielding-zone data were obtained. In the “normal” phase of the Bal-
timore Gneiss, for example, 4 wells exceeded 200 feet in depth and 2 were
betweer 301 and 550 feet deep. No yielding zones were encountered in
any of the 4 wells 201 to 300 feet deep, but 2 zones were encountered be-
tween depths of 301 and 350 feet.

Third, the relative abundance of zones at different depths is shown by
the value of the fraction, In the gabbro, for instance, the relative abund-
2nce of zones is seen to decrease as the depth increases. The comparison
of abundances, however, does become less sensitive as the depth increases
because of the decreasing size of the sample. Thus, the data give some
suggestion of the practical depth to which a well should be drilled in a
formation in order to obtain maximum production. In the chlorite phase
of the Wissahickon, only one zone was found below 150 feet in the 7 wells
that exceeded this depth.

Available data do not aiways fully explore the depth of the yielding
zomes in some formations {such as the Setters); so, drilling to depths
greater than those of existing wells may be recommended.

Table 3-B may be used to estimate the number of yielding zones a well
in a particular formation may be expected to intercept and to indicate
qualitatively -the performance of the well under pumping conditions. As
discussed in an earlier section, the specific capacity of a well will de-
crease as the water level is drawn down below a yielding zone; so, a well
that yields principally from a single zone, such as most of the wells in the

TABLE 2 wmmary of well data
Reported yield Specific capacity Well depth Casizg depth
Number Number  Ranpe  Median  Number Number
of Range  Median  of (gpm (gpm of Range  Median  of Range Median
Formation Wells (gpm) (gpm)}  Wells per ft) per ft) Wwells (feet) (feer)  Wells (fcet) (feet)

Baltimore Gneiss

“Normal" phasc 64 1.270 17 10 0.2-8.9 0,93 89 31-359 84 56 10-75 33

Gabbro-intruded phase 55 ¥-125 11 9 06-9.0 2.2 6% 45.265 102 50 14-69 39

Graphitic phase 3 145 15 0 L. 3 50-154 145 2 28-32 30
Setters Formation 5 1233 16 3 2-2.5 K 8 69-140 106 6 17-100 40
Cockeysville Marble 3 3-330 a0 4 -78.5 3.15 [} 33-170 86 4 20-80 42
Wissahickon Formation

Chlorite phase 41 0-80 8 18 .04-35.2 2.4 63 35-1,000 125 46 15-200 15

Muscovite phase 77 0-350 10.5 20 .06-8.4 4 115 45-400 112 &7 10-157 40
Pcters Creck Schist 35 0-312 i1.3 18 03-11.3 Lo 59 32-426 92 36 6-110 29
Chickies Quarizite [ 2-20 12 2 2 2 11 42.222 112 9 12-60 22

Hellam Conglomerate o L. L .05 3 38-170 68 1 74

Member

Harpers Schist 6 4-30 14 ) 17 7 28-160 125 5 28-120 36
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Formation

Antietam Quartzite
Vintage Dolomite
Kinzers Formation
Ledger Dolomite

Elbrook Limestone

Conestoga Limestone

Gabbro
Serpentine
Pegmatite

Diabase

Formation

Baltimore Goeiss

“Normal® phase

Gabbro-intruded
phase

Graphitic phase

Setters Formation

Cockeysville Marhle

Wissahickon Formation

Chlorite phase

Muscovite phasc

TABLE 2.—Summary of well data—Continued

Reported yicld Specific capacity ‘Well depth Casing depth
Number Rumber  Range Median  Number . Number
of Rapge Median  of (gpm {gpm of Ranpe  Medizn  of Range  Median
Wells (gpm) (gpm) Wells per ft) per ft) Wells {fect) (feet) Wells (feet) {fect)
o ... o ... o ... o ......
2 3-665 334 0 L..... 2 55-300 178 1 .. 208
0o ... L 2 £5-147 106 1 ... 4
5 7-150 25 0 .. 7 42400 118 4 5-100 40
2 15-150 82 [ 2 85-200 142 2 50-100 75
b 7-175 20 2 - 4 3 16 42-200 90 8 18-134 49
45 142-125 10 5 2- 3.9 13 52 36-235 94 39 10-87 33
4 4-10 18 D & 5 40-310 104 2z 15-108 62
o ... o I L. w0 ...,
1 % o L. T 255 1 23
TABLE 3.—Swmmary of data on water-bearing zones
Table 3-A.—Ratio of number of water-bearing zones of Table 3-B.—Percentage distribution
specified depth range to number of wells pepetrating of zoncs in wells.
this range
Degpth range, in feet Zones per well
050 53-100 101-150 151200 201-250 251-300 301-350 351-400 1 2 3 4 5 & 7
38 35 4 5 0 0 2
@ 4 15 ] "2 z 2 39 36 20 5
27 33 2 1 0
33 32 13 5 1 43 27 27 3
0 1 1
2z Tz 2 o 100
2 3 2
4 a4 4 75 0 o 2
0 0 1
1 1 " 100
iz 13 8 1 ) Q 0 0 0
¥ 2 16 7 3 3 2 2 55 25 15 5
27 36 16 8 3 2 0 0
0 40 25 13 E 3 1 1 275 45 15 5 25 25 25
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Formation

Peters Creek Schist

Chickies Qmartzite

Hellam Conglomerate
Member

Harpers Schist

Antietam Quartzite

Viatage Dolomite

Kinzers Formation

Formation

Ledger Dolomite

Elbrook Limestone

Conestoga Limestone

Gabbro

Serpentinc

Pegmatite

Diabase
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TABLE ‘wmmary of data on water-bearing zomes—Comtimued

“fable 3-A.—Ratio of number of water-bearing zones of Table 3-B.—Percentage distribution
specified depth range to sumber of wells penetrating of zones in wells.
this mnpe
Depth range, in fect Zones pexr well
51-100 101-150 151-200 201250 251-300 301-350 351-400 1 2 3 4 5 6
10 1 o Ze 0 0
n 6 3 2 1 1 5 33 o 8
1 0 1 1
3 1 a 1 25 75

6 2

3 3 333 333 333
1] 1

= 1 100

TABLE 3.-—Summary of data on water-bearing zomes—Continued

Table 3-A.—Ratio of number of water-bearing zones of Table 3-B.—Perceatage distribution
specified depth range to anmber of wells penetrating of zomes in wells,
this range
Depth range, in feet Zonces per well
51-100 10i-150 151-200 201-250 251-300 301-350 351-400 1 2 3 4 5 6
1 3 o] 4] 0 \] 0
5 3 =z 2 1 1 1 30 20
1
1 o 100
2
73 100
21 7 3 0
27 16 8 5 29 3z 21 14 4
) 1 1 4] 0 V]
2 2z T 1 1 1 50 0 50
0 0 o] 1]
1 1 1 1 1 100
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