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FOREWORD

THE REGIONAL AQUIFER-SYSTEM ANALYSIS PROGRAM

The RASA Program represents a systematic effort to study a number of
the Nation’s most important aquifer systems, which, in aggregate, underlie
much of the country and which represent an important component of the
Nation’s total water supply. In general, the boundaries of these studies are
identified by the hydrologic extent of each system and, accordingly, tran-
scend the political subdivisions to which investigations have often arbi-
trarily been limited in the past. The broad objective for each study is to
assemble geologic, hydrologic, and geochemical information, to analyze and
develop an understanding of the system, and to develop predictive capabili-
ties that will contribute to the effective management of the system. The use
of computer simulation is an important element of the RASA studies to
develop an understanding of the natural, undisturbed hydrologic system
and the changes brought about in it by human activities and to provide a
means of predicting the regional effects of future pumping or other stresses.

The final interpretive results of the RASA Program are presented in a
series of U.S. Geological Survey Professional Papers that describe the
geology, hydrology, and geochemistry of each regional aquifer system. Each
study within the RASA Program is assigned a single Professional Paper
number beginning with Professional Paper 1400.

Gt AL,

Gordon P. Eaton
Director
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surface- and ground-water relations (Chapter B), the
hydrogeologic framework of the Valley and Ridge Physi-
ographic Province [Chapter C (this report)], and ground-
water geochemistry (Chapter D).

PREVIOUS INVESTIGATIONS

Previous investigations provide maps and descrip-
tions of the geologic units, describe the local quantity
and quality of the ground water within these units, and
establish the statistical methods for comparing the water-
yielding properties of these units. State geologic maps
show the distribution of geologic units at a scale of
1:500,000 for Alabama (Osborne and others, 1989), Geor-
gia (Lawton and others, 1976), and Virginia (Calver and
Hobbs, 1963). State geologic maps show units at a scale
of 1:250,000 for Maryland (Cleaves and others, 1968),
New Jersey (Lewis and Kummel, 1912), Pennsylvania
(Berg and others, 1980), Tennessee (Hardeman, 1966),
and West Virginia (Cardwell and others, 1968). Descrip-
tions of the geology of some individual topographic
quadrangles, counties, parts of counties, or several coun-
ties in the area have been published. Many reports
describing the ground-water resources of a county, parts
of counties, multicounty areas, or river basin are listed in
the Selected References section of this report.

The statistical methods used in this report are largely
based on those used by Knopman (1990, p. 7-9) in her
analysis of well records in the USGS Ground-Water Site
Inventory (GWSI) data base. This analysis ranked factors
that influence the water-yielding potential of the rocks in
the Piedmont and Valley and Ridge Physiographic Prov-
inces in Pennsylvania. In her analysis, she used values of
the dependent variable that were transformed by their
natural logarithm in order to work with a more symmet-
ric distribution than for untransformed data. Nonpara-
metric statistical methods were used because of the
persistence of outliers and the occasional violation of the
normality assumption when working with small subsets
of the data. Statistical analysis included monotonic corre-
lation, one-way and factorial analysis of variance, and
multiple linear regression. Readers are referred to Knop-
man (1990) for the details regarding her statistical
methods.

ACKNOWLEDGMENTS

The authors wish to express their gratitude to Jason E.
Duke and Paul A. Pearson, Student Trainees (Hydrol-
ogy), who personally collected 570 records primarily of
municipal and industrial wells in Alabama, Georgia, Ten-
nessee, Virginia, and West Virginia. They exercised con-
siderable independent judgment while adding these

records to the USGS GWSI data base in each State, com-
piling a data base for the project, and performing statisti-
cal tests and summaries on the data. Without their
unusual dedication to data collection, data verification,
and statistical analysis of the data, this report would
have been far less quantitative than in its present form.

HYDROGEOLOGIC SETTING

The complexity of the geology in the Valley and
Ridge Physiographic Province results in a large variation
in the water-yielding properties of the carbonate and
siliciclastic rocks that underlie the study area. This varia-
tion has been observed on the scale of a single county
(Clark and others, 1976, figs. 17-23; Swain and others,
1991, p. 30). Within a single geologic unit (formation,
group, or member) or combination of units, the effects of
local differences in lithology, structure, and weathering
can result in a range in water-yielding properties that
spans several orders of magnitude. If specific capacity
(the discharge of a well divided by the resulting draw-
down) is considered to be a measure of the water-
yielding properties, then the range in water-yielding
properties of a single unit can span four orders of magni-
tude and overlap the ranges of many other units (fig. 2).

GENERAL FEATURES

The Valley and Ridge Physiographic Province is
underlain by deformed sedimentary rock of Paleozoic
age that overlies metamorphic and igneous rock of Pre-
cambrian age. The metamorphic and igneous rock is not
discussed in the report because it has low permeability
relative to the sedimentary rock and occurs either at
depths greater than 1,000 ft or in limited outcrop within
the study area. The Paleozoic sedimentary rock is, in
order of abundance, carbonate rock (dolomite and lime-
stone), shale, and sandstone (Colton, 1970, p. 10). Folding
and faulting of this rock, which was initially deposited in
an almost horizontal position, has resulted in large struc-
tural features (anticlines, synclines, and thrust faults)
that include several tens of square miles. Regolith (soil,
sediment, and weathered rock) covers the consolidated
rock throughout most of the study area.

Ground water in the consolidated rock of the study
area resides in and flows through secondary openings
(joints, fractures, bedding-plane partings, and dissolu-
tion openings). The secondary openings were formed by
mechanical breakage and enlarged by chemical weather-
ing of the consolidated rock. These openings, which were
produced after the rock was lithified, contrast with the
primary openings that existed between grains in the
original sediment.
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FIGURE 2.—Variation of specific-capacity values for wells grouped by a selected dozen geologic units.
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Ground-water flow systems in consolidated rock tend
to be restricted in depth and areal extent because of the
restricted vertical extent of major weathering and the
change in geologic structure over short distances. Weath-
ering decreases with depth, thereby restricting the depth
of development of the more permeable zones. Faults
commonly restrict the areal extent of flow systems by
cutting across geologic units and juxtaposing permeable
rock and less permeable rock. Folds restrict the areal
extent of flow systems by distorting the horizontal layer-
ing and exposing both permeable and less permeable
rock units at the land surface. In addition, the wide-
spread occurrence of trellis drainage networks in the Val-
ley and Ridge Physiographic Province supplement
restrictions on the areal extent of ground-water flow sys-
tems imposed by faults and folds. For these reasons, flow
systems in the more permeable rock typically occupy a
space of a few hundreds of feet in depth by tens or hun-
dreds of square miles in area. For example, a map of the
potentiometric surface indicates that ground-water flow
in the Spring Creek basin of south-central Pennsylvania
is restricted to an area of approximately 10 mi by 17.5 mi
(Wood, 1980, p. 10-12 and fig. 5). A similar map indicates
that flow in the Carson Spring basin of the northwestern
Valley and Ridge, Tennessee, is restricted to an area of
approximately 2.3 mi by 4 mi (Webster and Carmichael,
1993, p. 5-10 and fig. 15). This is in contrast to areas of
extensive unconsolidated deposits such as the Atlantic
and Gulf Coastal Plain where flow systems can occupy a
space of many hundreds of feet in depth by thousands or
tens of thousands of square miles in area.

The largest ground-water flow systems in the Valley
and Ridge Physiographic Province discharge at large
springs (450-45,000 gal/min) that are fed by conduits in
carbonate rock. These conduits discharge at points rather
than along extended lines of seeps. In the study area in
Pennsylvania, 90 percent of springs that discharge
100 gal/ min or more produce water from carbonate rock
(Saad and Hippe, 1990, p. 8). A substantial number of
wells that discharge more than 1,000 gal/min in the
study area are located adjacent to large springs that drain
carbonate rock.

The quality and quantity of ground water in the con-
solidated rock are influenced by the depth of occurrence
of the water and the lithology of the rock through which
it flows. Freshwater occurs in usable quantities almost
everywhere in consolidated rock to depths of several
hundred feet, but tends to be deeper in carbonate rock
than in argillaceous siliciclastic rock. Freshwater, which
is in quantities too small for economic use, and brine
occur in this rock to depths of a few thousand feet. One
exception is the deep, warm freshwater in the Oriskany
Sandstone and stratigraphically equivalent or adjacent
rock units in Virginia and West Virginia. This ground

water probably circulates as deep as 1,800 ft below land
surface where it is warmed by the surrounding rock
before returning to land surface to discharge at hot
springs (Hobba and others, 1979). Compared with silici-
clastic rock, carbonate rock tends to have more variable
water-yielding properties, larger maximum potential
yields of water to wells, and water with less dissolved
iron, but greater hardness.

LITHOLOGY

Differences in the lithology of selected rock types can
account for a substantial part of the variation in the
water-yielding properties of the rock. Different
unconsolidated materials have different primary poros-
ity and permeability as a result of differences in their
grain size, packing, and cementation. Different consoli-
dated sedimentary rocks have different secondary poros-
ity and permeability as a result of differences in the way
they deform and weather. Dolomite or limestone that is
mostly free of clay or shale interbeds tends to deform
plastically or develop few fractures at great depth within
the Earth's crust. At shallow depth during weathering,
the dissolution of soluble minerals along joints, fractures,
and bedding-plane partings causes widening of these
planar openings and results in a honeycomb rock that
has variable, but commonly high, permeability. The pure
or nearly pure carbonate rock typically is covered by
only a few feet of residuum. Argillaceous carbonate rock
also tends to deform plastically and develop fewer frac-
tures. During weathering, clays are likely to swell or oth-
erwise fill the few fractures and dissolution openings,
which results in a rock that has low permeability. This
rock usually is covered by a few tens of feet of residuum.
Argillaceous siliciclastic rock generally deforms and
weathers in a manner similar to argillaceous carbonate
rock but lacks any substantial development of dissolu-
tion openings and has low permeability. Sandstone that
is mostly free of clay or shale interbeds develops frac-
tures at depth, but during weathering, these fractures are
not widened by dissolution. The permeability of clean
sandstone is higher than that of argillaceous siliciclastic
rock but lower than that of clay-free carbonate rock. Non-
argillaceous sandstone typically is covered by a few feet
of stony residuum. Thus, because these selected, sedi-
mentary rock types deform and weather differently, each
type tends to have unique water-yielding characteristics.

Differences in the thickness and texture of regolith
(unconsolidated materials) can account for a substantial
part of the variation in the water-yielding properties of
geologic materials in an area. Thick, coarse-grained
regolith has a high permeability and, where saturated,
can form a productive aquifer above the consolidated
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rock. Although thick fine-grained regolith has a low per-
meability, where saturated, it can provide abundant
recharge to the underlying aquifers in consolidated rock.
The water-yielding properties of geologic materials in
areas with thin regolith, which stores little water, are pre-
dominantly influenced by the properties of the underly-
ing consolidated rock.

CONSOLIDATED ROCK

The consolidated sedimentary rock units in the study
area represent a wide variety of rock types—dolomite;
magnesian limestone; limestone; argillaceous carbonate
rock; shale, mudstone, and siltstone; sandstone; con-
glomerate; interbedded sandstone, siltstone, and shale
(Patchen and others, 1985a, 1985b). The authors deter-
mined that most of these rock types could be grouped
into a classification wherein each class is hydrologically
unique. Under this classification, the rock types of hydro-
logic significance in the study area are these sedimentary
rocks: dolomite, limestone, argillaceous carbonate rock,
and siliciclastic rock. The distribution through time of
these rock types and local geologic units comprising
them and their location across the study area (fig. 3) are
illustrated by 21 stratigraphic columns in plate 1. For the
most part, the geologic unit names in plate 1 conform to
the usage of the State Geological Surveys. The columns
contain the map symbols used in the State geologic maps
referenced at the top of the columns in plate 1. The sym-
bols may be used to relate the map units to a particular
geologic unit, rock type, and hydrologic significance.

For the hydrologic purpose of this report, the dolo-
mite rock type includes: (1) units that are predominantly
dolomite (such as the Shady Dolomite in the Lower Cam-
brian Series), (2) a combination of dolomite and sand-
stone or chert (Gatesburg Formation and Copper Ridge
Dolomite in the Upper Cambrian Series), and (3) dolo-
mite and limestone with as much as 70 percent limestone
(Elbrook Limestone in the Middle and Upper Cambrian
Series in Virginia). The limestone rock type includes units
that are predominantly limestone (Lincolnshire Lime-
stone, Middle Ordovician Series in Virginia and West Vir-
ginia) and limestone with less than 30 percent dolomite
(Stonehenge Limestone, Lower Ordovician Series).

The argillaceous carbonate rock type includes units
that are predominantly clay-rich dolomite or limestone
(Chambersburg Limestone in the Middle Ordovician
Series in Maryland and Pennsylvania) as well as shale
units that contain abundant calcite or magnesium calcite
(Wills Creek Formation, Upper Silurian Series). The
argillaceous carbonate rock type also includes undiffer-
entiated geologic units that may be a combination of
limestone, argillaceous carbonate rock, and siliciclastic
rock (Middle and Upper Ordovician Series rock, undif-

ferentiated, in Virginia). The siliciclastic rock type
includes units that are predominantly shale with little or
no carbonate content (such as the Chattanooga Shale,
Lower Mississippian and Upper Devonian Series), silt-
stone (Maccrady Shale, Lower and Upper Mississippian
Series), sandstone (Clinch Sandstone, Lower Silurian
Series), and conglomerate (Shawangunk Conglomerate,
Lower and Middle Silurian Series in New Jersey) that
consist of clay minerals, quartz grains, or siliceous rock
fragments. In New Jersey and eastern Pennsylvania, the
siliciclastic rock type also includes a unit that contains a
substantial amount of slate (Martinsburg Shale, Middle
and Upper Ordovician Series).

Different rock types characterize different rock ages
(pl. 1). Substantial amounts of dolomite are only in the
carbonate rock that is mostly of Lower Cambrian
through Middle Ordovician Series. Limestone is com-
mon in the Cambrian and Ordovician Systems through-
out the study area, the Upper Silurian and Lower
Devonian Series in the northern half of the study area,
and the Mississippian System in the southern half of the
study area. Siliciclastic rock is particularly abundant in
rock series younger than the Middle Ordovician. The
argillaceous carbonate rock typically is in a stratigraphic
interval between siliciclastic rock and either dolomite or
[imestone.

Different rock types of the same age characterize dif-
ferent parts of the study area (pl. 1). For example, the
siliciclastic and argillaceous carbonate rocks in the Upper
Silurian and Lower Devonian Series in New Jersey (col-
umn 1) grade laterally into limestone and argillaceous
carbonate rocks in Pennsylvania (columns 3 and 4) and
into limestone and siliciclastic rocks in Maryland, Vir-
ginia, and West Virginia (columns 5-11). Within these
same two series, most geologic units are missing and the
thickness of the section approaches zero in the south-
western half of the study area (columns 12-21). Different
rock types of the same age may even characterize differ-
ent parts of the same column area (column 9, Middle
Ordovician Series) where a thrust fault has juxtaposed
rock types that originally were in compositionally differ-
ent and widely separated parts of the same depositional
basin.

REGOLITH

Regolith varies in thickness from 0 to 450 ft and in
texture from clay to gravel. It was either formed in place
by the weathering of the underlying bedrock (residuum)
or deposited after being transported from the place of
weathering (till, colluvium, and alluvium). Only a small
part of the regolith is shown on maps in this report
because of the thinness and variable texture of most of
these materials.
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southeastern edge of the Valley and Ridge Physiographic
Province, store large quantities of ground water.

Hydrogeologic terranes are regionally mappable
areas characterized by similar rock type and water-
yielding properties; areas of a particular rock type and
water-yielding properties were assigned to a particular
terrane to help water users in locating and developing
adequate water supplies. The five hydrogeologic terranes
defined in the report—alluvium, dolomite, limestone,
argillaceous carbonate rock, and siliciclastic rock—were
defined based on the relation of rock type to the nature of
water-yielding openings and water-yielding properties
as indicated by the specific capacity of wells. Consoli-
dated sedimentary rock units, which were identified
from State geologic maps, and the regolith were grouped
into the hydrogeologic terranes on the basis of the pre-
dominant lithology of mapped geologic units. Maps
showing the distribution of the hydrogeologic terranes in
the study area were compiled from the same State geo-
logic maps. The hydrogeologic terranes coincide with the
outcrop of the geologic units that have the corresponding
predominant lithology. The siliciclastic rock hydrogeo-
logic terrane includes most of the study area. The west-
ern toe of the Blue Ridge Mountains subdivision of the
dolomite hydrogeologic terrane is along the southeastern
edge of the Valley and Ridge Physiographic Province
where siliciclastic rock debris from the adjacent high-
lands covers thick residuum and dolomite. The western
toe has wells that produce more than 1,000 gal/ min.

To determine if significant differences in water-
yielding properties among the hydrogeologic terranes
could be detected, records for wells with 6,891 specific-
capacity values were retrieved from the GWSI data base
for the study area. These data were predominantly for
domestic wells on hilltops and hillsides. Building on pre-
vious investigations, the authors selected specific capac-
ity as the variable that best represents the water-yielding
properties of the hydrogeologic terranes in the study
area. Casing diameter, primary use of the water, topo-
graphic setting, hydrogeologic terrane, and hydrogeo-
logic terrane subdivision were selected as variables that
influence the value of specific capacity.

Casing diameter, primary use of the water, and topo-
graphic setting influence specific-capacity values of wells
completed in each hydrogeologic terrane. Homogeneous
data sets, which consist of all wells that have the same
characteristics with respect to casing diameter, primary
use of the water, and topographic setting, however, take
these three variables into account and allow valid conclu-
sions regarding significant differences in water-yielding
properties. All five hydrogeologic terranes showed dif-
ferences. According to results of Tukey statistical tests at
a probability (alpha level) of 0.05, 8 out of 10 pairs of
hydrogeologic terranes had significantly ~different

C25

median specific-capacity values by using homogeneous
data sets. The median specific-capacity value for public
and industrial supply wells in the western toe subdivi-
sion of the dolomite hydrogeologic terrane is more than
three times the value for comparable wells in the rest of
the dolomite hydrogeologic terrane in Virginia and West
Virginia—a significant difference.

Estimates of potential yields to public and industrial
supply wells were calculated from specific-capacity data
for the most-productive wells, which have casing diame-
ter of 7 in. or more, discharge water primarily for public
or industrial supply, and are in a valley. Median constant
drawdowns, calculated from reported drawdowns, were
determined to be between 10 and 90 ft for wells com-
pleted in each of the five hydrogeologic terranes, and
well-entrance losses were assumed to be negligible. Esti-
mated interquartile ranges in potential yields to 412 most-
productive wells in the five hydrogeologic terranes were
170 to 580 gal / min, alluvium; 210 to 1,400 gal/min, dolo-
mite; 80 to 720 gal/min, limestone; 65 to 850 gal/min,
argillaceous carbonate rock; and 70 to 280 gal/min,
siliciclastic rock.
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