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HYDROGEOLOGIC CHARACTERIZATION OF THE COLDWATER SPRING
RECHARGE AREA, CALHOUN COUNTY, ALABAMA
By Robert E. Kidd

ABSTRACT
The complex ground-water flow in the
Coldwater Spring aquifer system is the result of
complicated geologic structures, porous media
flow within the shallow unconsolidated zone,
conduit flow in karst bedrock aquifers, and
discontinuities in hydrogeologic units caused by
faulting. Recharge water in the unconsolidated
zone percolates slowly to the underlying bedrock
aquifer. The bedrock aquifer includes fractured
zones in the Chilhowee Group and solution
features in the Shady Dolomite, Conasauga
Formation, Knox Group, and Newala and Little
Oak Limestones.
Ground-water movement in the shallow
unconsolidated zone roughly follows the
topographic surface as it moves deeper into the
ground-water system. Ground water flowing south
through the bedrock aquifers is blocked by less
permeable rocks in the area of the Jacksonville
Fault; and possibly moves south and west along the
fault to discharge at Coldwater Spring. The
recharge area for Coldwater Spring encompasses
the recharge areas of the shallow unconsolidated
zone and the bedrock aquifers.
INTRODUCTION
Coldwater Spring is the primary source of
water supply for the city of Anniston, Anniston
Army Depot, and several smaller towns and
communities in the Anniston area, Calhoun
County, Alabama (fig. 1) (Anniston Water Works
and Sewer Board, 2000). An average daily use
supplied by Coldwater Spring in 1999 was 12.6
Mgal/d (million gallons per day). The peak daily
usage in 1999 was 17.7 Mgal/d. The spring is one
of the largest in Alabama, having an average
discharge of 31.2 Mgal/d.
The 1996 Amendments to the Safe Drinking
Water Act (SDWA) of 1974 requires management
of public supply wells to establish well head

protection areas (WHPAs) within which potential
contamination sources are identified. These
WHPAs are defined as the surface or subsurface
area that surrounds a public drinking water well or
wellfield where contaminants are "reasonably
likely" to move toward and reach the well or
wellfield over a given period of time. The
Alabama Department of Environmental
Management (ADEM) approved methods and
procedures for the delineation of WHPAs (ADEM,
1991). The methods include defining the local
geologic (stratigraphy, structure, lithology) and
hydrologic (aquifer characteristics, ground-water
flow direction, hydraulic gradients, and flow
divides/boundaries) conditions controlling the
occurrence and movement of ground water relative
to each well or wellfield. Procedures for
delineating WHPAs are described in Federal and
State technical guidance manuals (USEPA, 1991;
ADEM, 1991). Based on these manuals, the
preferred methods for delineation of the
hydrogeologic flow boundaries for fractured-rock
aquifer systems are by a combination of (1) flowsystem mapping, hydrogeologic mapping and
geochemical and isotopic characterization of the
ground-water system or (2) of flow-system
mapping and numerical modeling.
This report was cooperatively supported by
the city of Anniston and the U.S. Geological
Survey and provides information on the
hydrogeology and recharge area of the Coldwater
Spring aquifer system. This information will be
used to provide a basis for additional studies in the
Anniston area.

Previous Investigations
This report is based on findings of previous
investigations in the Calhoun County area and
other areas of karst hydrology. The complex
geology and hydrology of the Coldwater Spring
area have been described by many authors.
Investigations of the geology of the general area

began in the 19th century (McCalley, 1897).
Reports published before 1900 by the Geological
Survey of Alabama described mineral deposits of
the region. Smith (1907) conducted a study of
ground-water resources of Alabama. Adams and
others (1926) provided the descriptive base of most
geologic studies in Alabama since its publication.

Spring aquifer system using published literature on
hydrology and geology.

Physical Setting

Numerous studies on the hydrogeology of the
area have been made by various contractors for the
U.S. Army Anniston Army Depot (ANAD).
AN AD is located about 10 miles west of the city of
Anniston (fig. 1). These investigations include
geophysical surveys (Thompson and others, 1999),
dye-tracer tests (Science Application International
Corp., 1998), and hydrogeologic characterization
of the Jacksonville thrust fault (Science
Application International Corp., 1999).

The study area is in the Alabama Valley and
Ridge section of the Valley and Ridge
physiographic province (Fenneman, 1938). The
topography of the study area is characterized by
flat to gently-rolling northeastward trending
valleys paralleled by ridges and mountains.
Maximum local relief in the area is about 1,500
feet. The highest points are at an altitude of about
2,100 feet above sea level along the crest of
Choccolocco Mountain. The surface altitude of
Coldwater Spring is about 590 feet above sea level.
The study area is drained by tributaries of the
Coosa River (Harkins, 1965). Eastern and
southern parts of the area are drained
southeastward by Choccolocco Creek; the west
central part is drained westward by Cane and
Tallasseehatchee Creek; and the northern part is
drained by Terrapin Creek. Numerous springs
sustain the dry-weather flow of the streams.
Calhoun County has a moist temperate
climate. The mean annual precipitation of about
53 inches is fairly well distributed throughout the
year. The heaviest rainfall normally occurs in
winter and spring, March being the wettest month.
Thunderstorms generally are most frequent in the
summer, but may occur in any month of the year.
The driest month usually is October.
The average annual temperature at Anniston is
about 63°F. Temperature extremes recorded by the
National Weather Service are -5°F and 106°F
(National Climatic Data Center, 1999).

Location and Extent of the Study Area
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Purpose and Scope
The purpose of this report is to provide a
hydrogeologic characterization of the Coldwater

GENERAL GEOLOGY OF THE AREA
The stratigraphic and structural relations of the
rocks throughout the Coldwater Spring study area
are typical of the Valley and Ridge physiographic
province. Sedimentary and slightly
metamorphosed sedimentary rocks of Paleozoic
age underlie the area. These rocks have been
complexly folded and faulted into northeastwardtrending synclines and anticlines complicated by
thrust faults that generally strike northeast and dip
southeast. Fluvial deposits of Tertiary age overlie
Paleozoic formations in some parts of the study
area (fig. 2).
Consolidated rocks in the study area consists
of Cambrian to Ordovician age clastic and
carbonate rocks composed of sandstones, shales
(mudstones), cherty limestones, dolomites, and
quartzites (Osborne and Szabo, 1984). Cambrian
rocks, from oldest to youngest, include the
Chilhowee Group, Shady Dolomite, Rome
Formation, Conasauga Formation, and the lower
part of the Knox Group. The upper part of the
Knox Group, and the Newala and Little Oak
Limestone are Ordovician in age (Osborne and
Szabo, 1984).
The Chilhowee Group includes the Weisner
and Wilson Ridge Formations. The Chilhowee
Group consists of about 1,100 feet of quartzite,
sandstone, conglomerate, shale, and mudstone
(Scott and others, 1987). The Shady Dolomite
overlies the Chilhowee Group and consists of 500
to 1,000 feet of sandy dolostone and dolomitic
limestone. Much of Anniston is underlain by the
Shady Dolomite (Warman and Causey, 1962). The
Rome Formation overlies the Shady Dolomite and
consists of about 1,000 feet of mudstone, shaley
mudstone, and shale (Scott and others, 1987).
Northeast of the town of Weaver, the Rome is a
ridge-forming unit whereas southwest of Weaver it
typically forms small knolls and valleys (Osborne
and Szabo, 1984). The Conasauga Formation
overlies the Rome Formation and consists of 100 to
500 feet of mudstone and shale with interbeds of
limestone and siltstone. Throughout the outcrop
area, the Conasauga is covered by as much as 100
feet of dark-red residual clay and chert boulders
(Warman and Causey, 1962). The Knox Group of
Cambrian and Ordovician ages overlie the
Conasauga Formation and has a thickness

estimated to be about 2,000 feet (Osborne and
Szabo, 1984).
The Newala and Little Oak Limestones of
Ordovician age overlie the Knox Group. These
two formations were mapped as a unit by Osborne
and Szabo (1984). The Newala Limestone consists
of light to medium gray, thick-bedded micritic
limestone, dolomitic limestone, and dolomite. The
Little Oak Limestone consists of medium to dark
gray, thin to thick-bedded argillaceous fossiliferous
limestone. The combined thickness of these units
is about 300 to 400 feet. The Athens Shale of Late
Ordovician age consists of dark gray to black, shale
and shaley mudstone. The Athens is about 200 to
300 feet thick in the study area (Scott and others,
1987).
Carbonate rocks in the study area are deeply
weathered, and a mantle of residuum (in-place
decomposed bedrock) has developed on the
outcrops. The residuum, which consists of residual
clay and chert boulders and fragments, generally
ranges in thickness from 30 to 100 feet. Sinkholes
and depressions have developed on the surface of
the residuum in some areas, particularly where the
Knox Group crops out (Scott and others, 1987).
The residuum appears to be moderately permeable
and highly permeable where sinkholes and
depressions have formed (Schalla and others,
1984).

Structure
Paleozoic rock formations in the study area
have been extensively folded and thrust faulted by
northwestward-directed tectonic stresses (SAIC,
1999). As a result of this deformation, geologic
structures, including fault axes, fault traces and
lithologic boundaries are predominantly oriented in
a northeast-southwest direction. Northwestward
transport of the Paleozoic rock sequence along
thrust faults has resulted in the overlapped stacking
of large slabs of rock referred to as thrust sheets
(SAIC, 1999).
Smaller faults may splay off the larger basal
fault within an individual thrust sheet, resulting in
multiple stacking and repetition of rock units
(Osborne and Szabo, 1984). In the study area,
geologic contacts are generally oriented parallel to
mapped faults, and repetition of lithologic units in
vertical sequences is common.

Major thrust faults in the study area include
the Pell City fault and the Jacksonville thrust fault
(figs. 2 and 3). The Pell City fault is a regionalscale feature along which Cambrian and
Ordovician rocks have been thrust over younger
Mississippian-Pennsylvanian rocks. The smaller
Jacksonville thrust fault is a northeast-southwest
trending, fault that is a major splay of the Pell City
fault (Osborne and Szabo, 1984). Earlier reports
(Osborne and Szabo, 1984; Scott and others, 1987)
indicate that the Jacksonville Fault trends
northeastward from the vicinity of Bynum and
Coldwater Spring through Anniston to Piedmont in
the northeastern corner of Calhoun County.
Recent geologic investigation extends the trace of
the fault southwestward into Talladega County
(Thompson and others, 1999).
Coldwater and Choccolocco Mountains are
minor splays off the Jacksonville Fault that have
resulted in complex, plunging anticlinal structures
(fig. 3). Fault splays are also responsible for
repetition of the Chilhowee Group in Coldwater
Mountain (Osborne and Szabo, 1984). Northeast
of Coldwater Mountain increases in displacement
and other changes in the structural style of the
Jacksonville Fault have been attributed in part to
cross-strike structural features or discontinuities
(Drahovzal and Neathery, 1972). Osborne and
Szabo (1984) report the presence of well defined
lineaments on Coldwater Mountain that show
alignment of two large collapse structures on the
southwest end of Coldwater Mountain and
Coldwater Spring.
Structural features studied at ANAD are
indicative of structural features throughout the
study area. The U.S. Army Corps of Engineers
Topographic Engineering Center (1998) used
historical aerial photographs to map extensive
fractures in the Knox Group under and adjacent to
ANAD. Two dominant joint sets trendings N30E
and N60W were mapped at ANAD (Technos, Inc.,
1985).

HYDROLOGY
The complex ground-water flow in the vicinity
of Coldwater Spring is the result of complicated
geologic structures, shallow porous media in the
unconsolidated zone, conduit flow in the karst
bedrock, and discontinuities of hydrogeologic units

caused by faulting, jointing, and fracturing (SAIC,
1999). Previous investigations have indicated that
two variably interactive ground-water zones are
present: an unconsolidated, weathered zone and a
bedrock zone (Fauss and others, 1987; Planert and
Pritchett, 1989; Jacobs Engineering, 1994; SAIC,
1998, 1999).
The unconsolidated zone generally is a mantle
of residuum which is the product of the weathering
of the underlying parent material. The shallow
residuum often is a zone of low permeability
allowing water to occur under perched or watertable conditions. The permeability of the residuum
is typically greatest near the residuum-bedrock
contact (SAIC, 1999). Thick residuum stores
recharge water and slowly releases the water to the
bedrock aquifer or to springs and streams.
The bedrock aquifers include fractured zones
in the Chilhowee Group and solution features in
the Shady Dolomite, Conasauga Formation, Knox
Group, and Newala and Little Oak Limestones. In
areas where faulting has not displaced formations,
aquifers in each formation are probably separated
to some extent by shale, clay, and confining beds.
Movement along the Jacksonville Fault and other
associated faults has juxtaposed the aquifers so that
all are hydraulically interconnected (Scott and
others, 1987) (fig. 2).
The Coldwater Spring aquifer system is
comprised of the karst bedrock aquifer and the
overlying residuum. Recharge from precipitation
moves through the residuum to recharge the
underlying bedrock aquifer and to discharge points
in springs and streams (fig. 4).

Movement of Ground Water
The movement of ground water in the study
area is controlled by topography and the
permeability and geologic structure of the
residuum and bedrock (Scott and others, 1987).
Warman and Causey (1962) determined that in
Calhoun County the general movement of ground
water was to the south and west, based on water
levels measured throughout the county. Scott and
others (1987) presented a potentiometric map of
the shallow flow system that shows the
potentiometric surface of the system roughly
follows the topographic surface where the
potentiometric highs coincide with the mountains

and ridges in the area and the potentiometric lows
coincide with the axes of the valleys. Therefore,
ground-water movement in the shallow system is
from mountains and ridges to valleys.
Ground water in deeper carbonate rocks with
interconnected karst features can move over great
distances in less time than the shallow groundwater system. SAIC (1999) determined that the
general movement of ground water in both the
unconsolidated and bedrock aquifers was toward
the south and west. Ground water in the carbonate
rocks moving to the south is blocked by less
permeable rocks in the area of the Jacksonville
fault. Subsequently, ground water probably moves
south and west along the Jacksonville fault, joining
ground water from distant sources moving parallel
to the fault at depth. The ground water discharges
under pressure at Coldwater Spring (Warman and
Causey, 1962; Fauss and others, 1987). Warman
and Causey (1961) also noted that all large, lowvariability springs in Calhoun County are near the
trace of thrust faults.
Recent studies by SAIC (1998) at ANAD
included tracer studies that show the Knox Group
has small, solutionally enlarged voids and
conduits, however, the ground-water flow appears
to be laminar rather than turbulent. The tracer
studies also showed no detection of injected dyes at
locations outside of ANAD, including Coldwater
Spring.

Recharge Area
Scott and others (1987) estimated the recharge
area of Coldwater Spring to be about 90 square
miles. The low variability of discharge of
Coldwater Spring and the absence of turbidity in
water discharging from the spring to support their
conclusions that the spring discharges from a deep
flow system with a remote source.
The recharge area for Coldwater Spring
includes the recharge area for the shallow
unconsolidated zone that roughly follows
topography, and the recharge area for the bedrock
aquifers that is structure controlled. The recharge
area probably includes the area northwest of the
crests of Coldwater and Choccolocco Mountains
along the Jacksonville fault. Data are insufficient
to determine the northwest and northeast
boundaries of the recharge area.

SUMMARY
Coldwater Spring is the primary source of
water supply for the city of Anniston, Anniston
Ordinance Depot, and several smaller towns and
communities in the Anniston area, Calhoun
County, Alabama. The spring is one of the largest
in Alabama.
Management of public supply wells are
required to establish well head protection areas
within which potential contamination sources are
managed. The Alabama Department of
Environmental Management established approved
methods and procedures for the delineation of well
head protection areas.
The complex ground-water flow in the
Coldwater Spring aquifer system is the result of
complicated geologic structures, shallow flow in
the unconsolidated zone, conduit flow in karst
bedrock aquifer, and discontinuities of
hydrogeologic units caused by faulting, jointing,
and fracturing. Ground-water movement in the
shallow system is from mountains and ridges to
valleys. Ground water in deeper carbonate rocks
flows south until it is blocked by less permeable
rocks in the area of the Jacksonville fault (fig. 3).
Subsequently, ground water probably moves south
and west along the Jacksonville fault, joining
ground water from distant sources moving parallel
to the fault at depth.
The recharge area for Coldwater Spring
includes the recharge area for the shallow
unconsolidated zone that roughly follows
topography and the recharge area for the bedrock
aquifers that is structure controlled. The recharge
area probably includes the area northwest of the
crests of Coldwater and Choccolocco Mountains
along the Jacksonville fault. Data are insufficient
to determine the northwest and northeast
boundaries of the recharge area.
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Figure 1.-Location of the study area in Calhoun County, Alabama
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Figure 2.-Generalized geology of the area of study.
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